Chapter 22
Elementary Applications of Programming Techniques in Working-Capital Management

1. To use linear programming as a test for short-term financial decisions, the firm or manager must first identify the controllable decision variables involved. Second, the objective must be defined as a linear function of the controllable decision variables. The objective in finance is generally to maximize the profit contribution or market value of the firm, or to minimize the cost of production. Next, we must define the constraints and express them as linear equations or inequalities of the decision variable. This will usually involve (a) determination of capacities of scarce resources involved in the constraints, and (b) derivation of a linear relationship between these capacities and the decision variables.

In working capital, the function is sometimes referred to as the trea​sury function. Typical activities include minimizing receivables, manag​ing payable levels, managing cash, and managing inventory. Often, because of management’s desires or loan agreements, there is a need to have work​ing capital components set to a certain level or within a range.

2. In a linear programming model, the objective function represents the cri​terion or objective to be maximized or minimized, represented as a linear function of the controllable decision variables. Symbolically, an ob​jective function takes on the following form:

Maximize (or minimize) Z = clxl + c2x2 + c3x3 + ... + cnxn ,

where xi represents the quantities of output (for instance), Z is the objective to be optimized, and ci is a constant coefficient relating to profit contribution (or costs).

    In starting toward an optimal solution, the firm is subject to con​straints which limit the ability of the firm to achieve its goal. In the linear programming model formulation, constraints usually take the follow​ing form:
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where all, a12,…, amn represent constant coefficients of, say, input quantities, and bl,  b2,…, bm are the firm’s capacities of the contraining resources. A final constraint of xj 
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0 is given to ensure that the decision variables to be determined are non-negative.

Whereas the standard linear programming model is given as above, every problem has an associated “dual” problem which provides another way to view the original solution. Where the standard model is: 
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, the “dual” will look like: 
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, subject to 
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. Each constraint in the dual problem can be thought of as a simple marginal cost vs. marginal revenue constraint.

The variables in the constraints of the dual problem are shadow prices, or marginal values for the different constraints whose values when found, are such that their marginal cost is equal to their marginal revenue in the optimal solution, and their marginal cost is greater than their margi​nal revenue for those not in the optimal solution.

3. Whereas linear programming (LP) models optimize only one dimension of a problem, goal programming (GP) can be used when two or more dimensions are considered, that is, when there is more than one goal or objective to be optimized. With GP, management can consider multiple goals with different priorities. Rather than maximizing or minimizing, an objective function is formulated that measures the absolute deviations from desired goals, and this objective function is then minimized. In the GP formulation, con​straints can be violated, but such violations are penalized based upon the user’s priorities.

The GP problem is then formulated as

    Minimize  
[image: image6.wmf]1

n

iiii

i

Zwdwd

++

=

=+

å


such that

      
[image: image7.wmf]1

*

,  ,  0,  ,0

ii

nnnnxii

bxdd

bxddycZxdd

-+

-+-+

+-

+-=££³

M


where bi is the ith row of the matrix B introduced above, 
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 is the desired value for the ith objective, 
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 are the priority weights attached respectively to underachievement and overachievement of the ith goal value, and 
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 are the actual deviations below and above the ith goal value.

4. Finding good solutions is a difficult task even for a small, single de​pository bank. Finding good solutions for dozens or hundreds of deposi​tory banks clearly requires some kind of systematic procedure. Mathe​matical programming is such a procedure; it incorporates sophisticated versions of each scheduling technique and appropriately reflects trade​offs between direct transfer cost, excess balances, and any dual balances. This method “manages about a target,” allowing a target balance to adjust to reflect the transfer frequency. It is more general than any specific versions, such as trigger point or periodic frequency; this is desirable, since typical solutions to actual problems rarely have a uniform trigger level.

Thus this mathematical programming model properly trades off the components of transfer scheduling cost, and includes each of the three generic scheduling procedures discussed in this chapter,

5. Using the simplex method, we first introduce slack variables into the constraints to form a system of equalities. A tableau is then con​structed representing the objective function and equality constraints:

	
	
	Real variables
	
	Slack

	
	
	xl
	x2
	x3
	
	x4
	x5
	x6
	x7

	Slack
	x4
	
	
	
	
	
	
	
	‘xxx’

	
	x5
	
	
	
	
	
	
	
	‘xxx’

	
	x6
	
	
	
	
	
	
	
	‘xxx’

	
	x7
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	Objective Coefficients
	
	
	
	


    Next we try to obtain a new feasible solution. First we identify the largest incremental profit (
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) associated with one of the variables, say x3. This indicates that x3 is the variables whose value should be increased from its present level of zero. Dividing the column of figures under x3 into the corresponding figures in the last column (‘xxx’), we obtain quo​tients of which, say, the smallest positive quotient is associated with x6’ Thus x6 should be assigned a value of zero in the next tableau. We then set the five numbers under the x3 column at 0, 0, 1, 0, 0, where the 1-value corresponds to the row x3. For the third row, x3, the values take on the same values as given by x6 in the original tableau. We then multi​ply the third row by the original values of the third column (excluding row 3), and combine their results with the first, second, fourth, and fifth rows to obtain new coefficients for the next tableau. If we find in examining the next tableau that there is still a positive value in the 
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 row, this will indicate that further optimization is available. The procedure carried out above is then repeated until there are only zero or negative values in row 
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, where the function cannot be optimized any further.

6. Although not a subject for extensive discussion in this text, short-term financial planning can be aided through the use of programming techniques combined with basic accounting information such as cash, inventory, accounts receivable, accounts payable, and short-term loan agreements. Finance theory aids in performing the proper analysis and evaluation of accounting information before and after it is used in programming models.
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Figure 1-15




Max :   Z = x + 2x2
such that  
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i) Shown above is the graphical solution to the linear programming prob​lem presented. The feasible region is shown by the shaded area. Any point in this feasible region is a decision that satisfies all constraints simul​taneously. For example, xl = 0, x2 = l0 is a feasible solution. However, other interior points might be superior Examination of the objective function will answer this. Since it is linear, its derivatives are constant. For example,
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For any interior solution, the derivatives imply that the best direc​tion is along a line with slope 2/1 = 2.0. This direction gives the greatest possible rate of increase of E. ISO-E lines can be drawn using x1 + 2x2 = say, 6, 4, 8. These lines are drawn on the graph.
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The object of the problem is to be on the highest attainable iso-E lines. Clearly the optimal solution cannot be in the interior of the feasi​ble region. Therefore the optimal solution is at a corner point. The corner points can be solved algebraically for each pair of constraints. The two interior corner points are shown on the graph. Inserting these point values into the objective function, we find that the optimal solu​tion is at (4/3, 8/3), where the objective function is maximized at 6 2/3. Similarly, solving this problem using the simplex method discussed in Question 5, we arrive at the optimal solution x1 = 4/3, x2 = 8/3 as follows:

	  Tableau 1 

	
	Real variables
	
	Slack variables
	

	
	x1
	x2
	
	x3
	x4
	x5
	 

	x3
	1
	 1
	
	1
	0
	0
	4

	x4
	3
	 1
	
	0
	1
	0
	10

	x2
	1
	 4 
	
	0
	0
	1
	12

	
	objective function
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	1
	 2
	
	0
	0
	0
	


	  Tableau 2 

	
	x1
	x2
	
	x3
	x4
	x5
	

	x1
	  3/4 
	0
	
	1
	0
	-1/4
	1

	x4
	2 3/4
	0
	
	0
	1
	-1/4
	7

	x2
	 1/4
	1
	
	0
	0
	1/4
	3
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	 1/2
	0
	
	0
	0
	-1/2
	


	  Tableau 3 

	
	x1
	x2
	
	x3
	x4
	x5
	

	x3
	1
	0
	
	  4/3
	0
	-1/3
	 4/3

	x4
	0
	0
	
	-11/3
	1
	 2/3
	10/3

	x5
	0
	1
	
	 -1/3
	0
	 1/3
	 8/3
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	0
	0
	
	 -2/3
	0
	 1/6
	


From Tableau 3 we see that the solution minimizing the objective function is to produce 4/3 radios and 8/3 TV sets.

ii) As will be discussed in Chapter 22, linear programming can be used to perform longer-term financial planning and forecasting. Conflicting finan​cial constraints can be combined in arriving at an optimal solution. Com​bining policy, accounting, economic, and legal constraints, Carleton’s model of Chapter 22 can forecast future balance-sheet and related financial ratios.

iii) The objective function can be formulated to optimize or maximize shareholder wealth, stated most commonly by maximizing share price. Share price can be valued in various ways, such as the stream-of​-dividends approach used by Carleton. It is important, however, that the objective function be stated in a linear form, or translated into a linear expression.
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