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Additional revenues do not necessarily hcrease 
profits when operating costs are also lkely to 
herease. But when operathg costs are fixed by 
preplanning or infleGble opera"cng budgets any 
hcjcease of total revenues becomes an additional 
contribution to total profits. And when operating 
costs become essentially insensitive to the day -t o-day 
decisions of the production and marketing manager a 
number of profit m a ~ h z a t i o n  problems c m  be 
solved shp ly  and quickly by using a pencil and a 
piece of paper, a forecast of market prices, and a 
simple mathematical model. Snodgrass and ~rench '  
point out thahome problems can be solved by using 
a ""kmsportation" algorithm that ~ g h t ,  for instance, 
be used to find a least-cos"e.olution for transporting 
warehouse supplies from 25 different locations t o the 
demands of 25 different delivery points. Supply must 
equal demand in this typical ""-l;ansportation" al- 
gorithm problem, but problem of this dhension 
actually have fillions of prospective trial-and-error 
so l~ t ions .~  

This note dlustrates how a modified form of the 
""B;arnsportation" a lgor i th  can be used by the wood 
products production or marketing manager to solve 
many marrket-related problems, especialPy in those 
eases where revenues can be hcreased more rapidly 

Abstract: Mathematical models can be used to solve 
quickly some simple day -to-day marketkg problems. 
This note explains how a sawmill production manager, 
w11o has an essentially fixed-capacity mill, can solve 
several optimization problems by using pencil and 
paper, a foreciast of market prices, and a simple 
algorithm. One suck problem is to maxiMze profits in 
an operating period where total costs are insensitive to 
the re~rangement of production schedules. 
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than any associated increase in cost. 
To illustrate how revenue m a ~ ~ z a t i o n  problems 

can be solved with a shp le  a lgori th  we will assume 
an example of a s a w ~ l l  operation that anticipates 
the production of: 

4 ~ l l i o n  board feet of lumber in June 
5 ~ f l i o n  board feet of lumber in July 
7 ~ l l i o n  board feet of lumber in Aumst 
4 ~ l l i o n  board feet of lumber in September 

Variation h outputs have been dowed to com- 
pensate for lost t h e  for hoEdays, down"cime for 
mgntenance, m d  slowdows due to weather. Fur- 



themore, these monthly- apgraodmtions of produc- 
tion may need to be adjusted sMng to the variations 
in the rates at which difhrent t k b e r  species may be 
manufactured, 

The fotd volume of t h b e r  that will supply this 
production is located in t hee  different sites. One site 
holds 6 ~ l l i o n  board feet of ponderosa pine; 
mother, 10  hio on board feet of white fir; and the 
third, 4 dUion board feet of Douglas-fir . Each site is 
eqiudy accessible to logwg. Even if this t h b e r  is 
not equdly accessible we may assume that tkne total! 
cost for logghg will be the regardless of the 
t h e  sequence in which the different species are 
deEvered to the f i l l .  

The example assumes that the n%lU manager has a 
4-months forecast of the product recovev values -for 
ponderosa pine, white fir, and Douglas-fir for June, 
July, Aupst ,  and September. A forecast that turns 
out to be either && or low will not necessardy 
jislfluence the solution to the problem in this example. 
It is the change in the differentials of values between 
different t h e  periods that de t ednes  the resdts. 
Thus a iforecast may overesthate, or underestaate 
the level of mrke t  prices and still correctly solve a 

To maxhize revenues, production and marketkg 
activities must be coordbated. The foregoing condi- 
tions of supply iyd demand asre Glustrated in the 
wonkkg format of a transportation model (fig. I) .  
The objective of the problem is to sell as much of 
each species as possible at the Eghest vdues. The 
solution will be an op tha l  production schedule based 
upon the expectations of market prices. The follow- 
ing steps p r o ~ d e  an op tha l  solution : 

1. Compute for each co lum the difkrence be- 
tween the lowst  price in each co lum and each 
forecasted price in the s m e  co lum (fig. 2). Place 
these values b the corner section of the cell with each 
price. Differences indicate the range above the lowest 
price for each price listed in the co lum,  

2. Compute the difference between the largest 
md second largest values to be found ]in the corner 
sections for each row and each co lum (fig. 3). Hace 
these vdues around the rim of the model. 

3. Select the row or co lum with the largest rim 
value and assign as much production as possible to 
the cell with the corner section holding the highest 
value (fig. 3). Adjustments of the app ro~mt ions  of 
production capacities can be made at this point to 
account for the different rates at which different 
species may be manufac"crlre. 

4. Cross -out production capacity scheduled and 
suppfies of t h b e r  as they become eAausted (fig. 33). 

Figure 4-A fter wmple~ng  the first 
assignment re-determim the rim 
values for the rows and columns 
that have not been depleted bx 
assimments, Ag(ain, select the row 
or column with the peal-est rim 
value and assign as much produc- 
tion as possible to the cell w'th the 

Figure l -Doduetion capacities, 
gmber supplies, kend w r k e t  fore- 
cast of prices, by time pe~ods, are 
stated in the working formt  of a 
&ansportation mdeli or algorithmm 

seatest corner sect&n value. 003s 
out the depleted timber supply. 

Fipre 2-The numbem in the cor- 
ner sections of each cell are the 
dgfereuzces bemeen the p ~ c e  fore- 
cast for that cell and the bwest 
p ~ c e  fmcclst listed in that wlumn. 
T%ese dqferences indicate the mPzge 

above the lowest price for each 
p ~ c e  forecast ia each column. 

Fimre 5 -Repeat steps i1lus1~vated in 
fiprres 3 and 4 until all possible 
assignmen& are ma&. 
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Fimre 3-The values placed around 
the rim of the Pansportatz'sn model 
are the dfff'nrences bemeen the 
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Figure 6-When the reatest pz'm 
val~e occurs at the same time in 
bo th a row and a column, (and the 
comer section value in the cell at 
the junction is the largest in 'neither 
the row or column, the0 (assign us 

5. R e - d e k h n e  the differences between the two 
largest corner section values remahing-o~tting the 
row(s) andlor colum(s) crossed out (fig. 4)* 

6. Repeat steps 3 &rough 5 until all possible 
assignments are made (figs. 3, 6, 7). The final solution 
is to be found in Bpre  7* 

7. If the greatest difference occurs at the s m e  
time in both a row and a colum, and the corner 

mu& volume to this @neton cell 
0s possible. In this emmple, two 
cells satisfy this mle. Either cell can 
be asstig~~ed first. 



section value in the cell at the junction is the largest 
in either the row or co lum then assign as much 
volume to this junction cell as possible. If not, assign 
as much volume in either the row or co lum,  
wherever the algebraically largest element exists. 

8. If the greatest difference occurs at the s a c :  
t d e  in two or more rows (or colums), then assign as 
much volum as possible to the cell with the greatest 
corner section value. 

HE the Iforecast in our example is correct, the 
optimal solution will generate a total revenue of 
$ % ,770,000: 

2MM board feet X $109.00/M board feet = 

$218,000.00 
2MM board feet X 8'%.00/M board feet = 164,000.00 
5MM board feet X 80.001M board feet = 400,000.00 
5MM board feet X 76.001M board feet = 380,080.00 
2MM board feet X 84.001M board feet = 168,000.00 
4MM board feet X 110.00IM board feet = 440,000.00 

Total revenue = $4. ,770,000.00 

If equal amounts of each species are produced and 
sold at each price level, the total revenue will be 

Figure '3-AH optimk solution is 
final& avlived at witk all produc- 
tion capacities satisfied by ay~ equal 
amount of tPPzber suppb.  

$1,7$9,480.00. Selling equal mounts  of each species 
at each. price level may tend to avoid the uncertainties 
of the market, but in the example an optjinaal 
program would generak an extra $10,520.00 of 
revenue a tno  extra costs. 

This example illustrates an op tba l  solution. 
Somethes the first answer may not be an only 
solu"con. Extensions of this techique can provide 
dternative solutions where they exist. Mso, in some 
problems, evaluations can be m d e  where costs do 
vary with the dternative decisions that are avadable. 
This can be accomplished by first deducting variable 
costs from the price forecast of the products in the 
time periods to which the cost accrue. 

The approach described in this note is most useful 
when approximate solutions are sufficient, and when 
the additional time and cost of using other methods 
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