Chapter 9:  Technology and Cost Minimization

Econ test got you down, cheer up, because this exciting chapter lets you analyze the connection between the firm’s operations and its cost structure (yes, that was sarcasm).

Basically, you have inputs, which are combined to produce outputs.  Inputs are “factors of production.”  A “production function” {e.g. f(10 units labor, 5 units metal)=6 widgets} represents the levels of output obtained from combinations of factors of production.  Each factor of production has a cost, typically denoted by the letter “r.”   If we add an additional unit of an input, output will increase.  The change in output for a one unit increase in the input is called the “marginal physical product” or “MPP.”  This is the same concept as marginal utility, marginal revenue, etc… we are simply applying it to factors of production.  There, that wasn’t so bad, now you’re ready for chapter 9.

Algebraically:  Production Function

Basic production function:  f (x,y,z….,n)  = Output



e.g.  f(10,5) = 6
TC(x outputs) = r1y1 + r2y2 + r3y3 …. rnyn



Cobb-Douglass Production Function (very typical in econ, so unfortunately,  get used to it)



f (k,l,m)  = k1/2 l1/8 m1/4    > where k is capital, l is labor, and m is material


TC(x outputs) = rkk + rll+ rmm
Graphically:  Production Function



There are two relevant graphs:  isoquants, and isocosts.  Iso meaning one (or in this

instance fixed), and quant meaning quantity, and costs meaning… well, you get it.

Isoquant:  the basic idea is to fix quantity at a given level, and see what mix of inputs can give you the desired level of output.  Typically graphed with material on the “Y-axis”and labor on the “X-axis.”   They are usually convex to the origin, implying there is a trade-off in factor inputs (e.g., if you give up one unit of labor, you may need to add two units of material to produce the same output).  Factor inputs (y1,y2) such that f(y1,y2)=k (which is fixed, or 7 in this little drawing).  The slope is the negative of the ratio of the rate of change between the two inputs that keeps you on the same isoquant.  This also equals –MPP1/MPP2






This is the 7 widget isoquant


Isocost:  the premise here is that you fix costs, and see the tradeoff between factor inputs.  Therefore, if you add a unit of labor, you need to subtract material inputs to have the same total output.  The slope of this line is the opposite of the ratio of the prices of the inputs (e.g. –r1/r2).






Why do we care:

You may not, but if you did, it would be because you want to minimize costs, for a given output.  Cost minimization is where the slope of the isocost equals the slope of the isoquant, or where:  r1/r2 = MPP1/MPP2… graphically, this is where the two curves are tangent.

Now you basically have the core of Chapter 9, which I will walk thru in bullets.

· Isoquant diagrams display the combination of 2 inputs that make a given number of outputs.  To produce a new level of outputs, you need to move to a new isoquant.  A higher output isoquant is further from the origin than a lower output isoquant.

· Most isoquants are convex, which means if as you move along it, decreasing one factor of production and increasing another, as you take away more and more units from the first unit of production, it takes an increasing amount of the 2nd factor in order to compensate.

Finding the marginal rate of substitution along an isoquant:



(f / (y1


______

= Marginal rate of substitution of input 2 for input 1



(f / y2

· 3 nutty isoquants:
No substitution production process:
  For any level of output, there is a minimal amount of each factor of production needed, without the possibility of substituting one factor for the other.



Fixed Coefficients technology:  
Example of no-substitution process where the ratio of the efficient level of inputs doesn’t change as the level of output changes.

Constant Marginal Rates of Substition:
The opposite of non-substitution production technologies.  You can always swap a set amount of input 2 for 1 unit of input 1.





· Production functions give the same data as isoquants, but in algebraic format.  Letter “y” is used for inputs, “r” is used for price of inputs, “x” is output =>   f(y1,y2)= x,  TC(x) = r1y1+r2y2 

· While isoquants can only graph 2 inputs (or up to 3, if you want an ugly 3-d curve), production functions can be used for multiple factors of production.

· If you produce more than one good, you could have “positive production externalities” where the production of one good makes production of another good easier (full-line of cars).  Similarly, you could have “negative externalities” (management bandwidth from multiple lines).

· The whole point of isoquants and isocosts is to minimize costs.  You do this graphically, by finding the tangent point between the two curves.


Solving the cost Minimization problem algebraically.  

1. You must solve the problem algebraically if you have more than 2 inputs.

2. Find marginal physical factors:

3. This is just the partial derivative of the production function in that factor:



MPPi  =
(f / (yi

MPPj  =
(f / (yj

4. The solution at the cost minimizing level if both (i) and (j) are used in strictly positive amounts (that just means you don’t have zero of either input):




ri  

rj




________
=     ________





   MPPi
MPPj
where ri = price of i and rj = price of j

· Related topic:  returns to scale.  This is simply the relationship between inputs and outputs.

A technology has constant returns to scale if increasing the scale of all inputs by the same % increases output by precisely that percentage.


A technology has increasing returns to scale if increasing the scale of all inputs by the same % increases output by that percentage or more.


A technology has decreasing returns to scale if increasing the scale of all inputs by the same % decreases output by that percentage or more.


Usually, there is increasing returns to scale for a while and then decreasing (technology advancement spurs growth, which is eventually slowed by coordination / management ineficiencies).  Important Note:  If you have constant returns to scale then AC = MC !



λ =
% change in input



f(λy1, λy2, λy3)  = 
λmin [y1, y2, y3] – if constant returns to scale.

If we know that the firm has constant returns to scale, then:
TC (λx) = λTC(x)


If we know that the firm has increasing returns to scale then:
TC (λx) <= λTC(x)


If we know that the firm has decreasing returns to scale then:
TC (λx) >= λTC(x)

· Last topic (I swear):  Choosing Among Several Cost-Independent Production Processes.  This basically means you want to make x units of a good, and are given several processes/technologies to make these units (it makes sense to think about this as if they were multiple factories making the same product).  Each technology has its own TC (and all are typically different).   We want to divide production of the x units between the different technologies (or factories) and in the process, minimize costs.  You basically set the Marginal Costs equal to each other.

Solving:


Given a desired production level and the cost of using each production process.

1. Find total cost of each production process.

2. Take derivative of each TC function to get the Marginal Costs.

3. Check to see if it makes sense to just use one of the technologies (take the least costly production facility and plug in your desired production level into the MC. If the MC of the desired facility is greater than the one you are not using, then you know you need to use both)

4. Set MC​y1 = MCy2
5. Solve for y1 and y2 (this tells you how much you want to produce from each facility)

6. Plug in y1 and y2 into the TC functions to get the TC of production.


Graphing This.

1. Graph each individual MC function.

2. Take the horizontal sum of the individual MC functions to give you the total MC function graph.


Note:
If a facility does not start producing until a certain level has been reached, then you don’t want to use that facility to start.

Wasn’t that fun!

Slope is always the same.
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This isocost curve has a fixed dollar amount (e.g. $12 isocost)











