Chapter 1. Linear Applications.

3. Cost, revenue, profit.

In business, analysis of costs and prices is important to estimate company’s progress. The manufacturing costs consist of fixed costs (rent, equipment, etc) and variable costs (labor, materials, distribution).

Cost = fixed costs + variable costs

Fixed costs remain constant during certain time, while variable costs depend on the quantity of items produced. 

Example 1. To launch a new production of electronic modules company needs $10,000 - fixed costs. In addition, production of each electronic module requires another $50 per item – variable cost. Using linear model, determine the cost of 1000 items produced. 

3.1. Cost function.

Let x = number of items produced, C(x) – total manufacturing cost. 

Linear equation of total costs as a function of number of items will be:

y = C(x) = 10000 + 50x

To find cost of producing 200 items we substitute x = 200 to obtain



C(200) = 10,000 + 50(200) = 20,000

To graph this linear function, we need 2 points. We have found one pair of values: C(200) = 20,000 ( this is one point with coordinates (200, 20,000). 

The other point already is implied in problem text: $10,000 of fixed costs exist even if 0 items are produced, so the second point: (0, 10,000). Plot these points and draw a line through them.
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3.2. Revenue and profit functions.

Now suppose that the company sells modules for $150 each. The revenue from sales of x items will be 150x: 

y = R(x) = 150x
(
linear function with a slope of 150
Both cost and revenue functions are shown on the next graph:
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The profit the company makes on electronic modules will be a difference between the revenue and the cost:

P(x) = R(x) – C(x) 


The slopes of all three functions P(x), R(x) and C(x) represent marginals:

Marginal revenue = slope of R(x) = $150.

Marginal cost = slope of C(x) = $50.

Marginal profit = slope of P(x) = $100.

3.3. Break-Even Analysis.

Comparing Revenue and Cost functions we see that R(x) is steeper and starts from 0, while cost function starts at 10000 and has less slope. The profit defined as a difference P(x) = R(x) – C(x) is negative at small numbers of items sold, then it decreases up to 0 and increases to the positive side.

The point where cost and revenue are equal is called break-even point:

R(x) = C(x)

On the graph it the point of crossing two lines: R(x) and C(x). 
Substituting functions by their equations, we have:

150 x = 50x + 10000

100 x = 10000

x = 100

Conclusion: at x < 100 company has losses (cost of production < revenue);



at x = 100 company breaks even;



at x > 100 company has profit (revenue > cost).
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