[bookmark: _GoBack][image: ][image: ]

image1.png
LINEAR PROGRAMMING WITH APPLICATIONS TO HYDROSYSTEMS 57

where the lefi-hand side (LHS) of the constraint is the total waste 1o be discharged (sce
Fig. 3.1.1) and the RHS of 4 is the total allowable waste units set by the water pollution
control authority.

In addition to the two obvious constraints indicated here, there exists a rather
sublle constraint that must be incorporated in the model. A constraint is needed to
ensure that a positive amount of waste is treated. In other words, the model should
include a constraint imposing the nonnegativity on the quantity, 2z — z2, which can be
expressed mathematically as

22y~ 20

Finally, the two decision variables physically cannot be less than zero. Therefore, non-
negativity constraints of the two decision variables, z; > 0 and z; > 0, must be
included in the constraint. The final version of the mathematical programming model
for the problem, after some algebraic manipulations, can be summarized as

Max g = 521 — 23
subject to
20y — 27 <10
Az + 82y <4
20y —2,20
2, > 0andzy > 0
Examining the formulation of the developed optimization model, one recognizes
that the resulting model is an LP model. However, strictly speaking, the model
presented may not be considered as an LP model if the decision variables, particularly

2y, can only be integer values. If that is the case, the model is a mixed integer
programming model that requires a special algorithm to solve it. In fact, there are

assumptions
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FIGURE 3.1.1
Schematic diagram of manufacturing-waste treatment systcm.

on the allowable waste discharges st by the water pollution control authority. Recog-
nizing the problem objective and the constraints imposed, the model construction step
basically involves the translation of verbal descriptions of the objective and constraints
into mathematical expressions in terms of decision variables and parameters. The net
revenue of the manufacturer is determined by four items: (a) sales of finished goods (in
$ K), 10z;; (b) cost of producing goods (in $ K), 3zy; (c) cost of treating the waste
(in $ K) generated from the production process, 0.6(2z) — ,); and (d) effluent tax (in
$K) charged on unireated waste, 2(z; +0.2(2) — 2)). The profit to the manufacturer
is equal 1o the total sales minus the total costs. The objective function to the problem is
to maximize the profit which is 10z — {3z, +0.6Q2z; — 22) + 2[z + 0.2(2z; — z)]}
=521 — 5. The objective is then expressed as

Max 79 = 52, — 25

Referring to Fig. 3.1.1, the constraint on the limitation of treatment plant capacity
can be expressed mathematically as

22y — 2, <10

‘This constraint states that the amount of waste 1o be treated, 2z ~ 22, cannot exceed
the plant capacity of treating 10 units of waste. Similarly, the constraint associated
‘with the amount of total waste that can be discharged to the watercourse can be expressed
as

2340202y ~ ) < 4




