Linear Programming Tutorial
LP is a mathematical method for determining a way to achieve the best outcome (such as maximum profit or lowest cost) in a given mathematical model for some list of requirements represented as linear relationships.
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To understand the basics of Linear Programming, consider the following
constrained optimization problem:

Creative Accountants, Ltd., is a small San Francisco-based accounting partnership
specializin, the preparation of individual and simple corporate tax returns.
Prevailing prices in the local market are $200 for individual tax return preparation
and $500 for this type of corporate tax return preparation.

Five accountants run the firm and are assisted by four bookkeepers and four secre-
taries, all of whom work a typical 40-hour workweek. The firm must decide how to
target its promotional efforts to best use its resources during the coming tax prepar-
ation season. Based on previous experience, the firm expects that an average of
one hour of accountant time will be required for each individual return prepared.
Corporate return preparation will require an average of two accountant hours and
two bookkeeper hours. One hour of secretarial time also will be required for typing
each individual or corporate return.

Calculate the maximum possible profits per week for the firm if accountants draw
a salary of $2000 per week, bookkeepers earn $800 per week, secretaries are paid
$15 an hour and fixed overhead (including promotion and other expenses) averages

$6000 per week.
! Continue !
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Notice that the objective is to maximize profits by choosing the number of
different types of tax returns that are prepared. Constraining this is the total
amount of work that can be done with the given number and mix of workers.

Creative Accountants, Ltd., is a small San Francisco-based accounting partnership
specializin, the preparation of individual and simple corporate tax returns.
Prevailing prices in the local market are $200 for individual tax return preparation
and $500 for this type of corporate tax return preparation.

Five accountants run the firm and are assisted by four bookkeepers and four secre-
taries, all of whom work a typical 40-hour workweek. The firm must decide how to
target its promotional efforts to best use its resources during the coming tax prepar-
ation season. Based on previous experience, the firm expects that an average of
one hour of accountant time will be required for each individual return prepared.
Corporate return preparation will require an average of two accountant hours and
two bookkeeper hours. One hour of secretarial time also will be required for typing
each individual or corporate return.

Calculate the maximum possible profits per week for the firm if accountants draw
a salary of $2000 per week, bookkeepers earn $800 per week, secretaries are paid
$15 an hour and fixed overhead (including promotion and other expenses) averages

$6000 per week.
! Continue !
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Defining The Objective Function and Variables

In all linear programming problems, the first thing
that must be done is to decide what the objective is
and identify the variables it depends on. In this
problem, the Profits depend on the number of
Individual Tax Returns and Corporate Tax Returns
that are produced each week. The objective of the
problem is to Maximize Profit, so Profit is the
"Objective Function.” Since Profits depend on the
number of Individual and Corporate Tax Returns that
are prepared, these are the "Variables." (In
spreadsheet solvers, the variables are usually
identified in cells called "Adjustable Cells.") Ina
graphic representation, the “variables™ are what we
measure on the axes.
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Defining The Objective Function and Variables
160
The Objective (Profit) can be expressed mathematically as a
function of the variables (Individual and Corporate Returns).
This results in an equation for the Objective Function:

N
3

Profit = $200(Indiv. Returns) + $500(Corp. Returns) — Costs.

The Costs are: $10,000 accountants’ salaries.
$ 3,200 bookkeepers' salaries
$ 2,400 secretaries' wages
$ 6,000 fixed overhead

@
S

Corporate Tax Returns

Adding all the Costs, we get a total of $21,600 per week.
40 Using this formula, if there were 50 Individual Returns and 100
Corporate Returns completed, the Profit would be

calculated as $200(50) + $500(100) — $21,600 = $38,400.
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Defining The Objective Function and Variables

From this mathematical example, we can demonstrate the
Objective Function graphically. Recall our equation,

Profit = $200(Indiv. Returns)+$500(Corp. Returns)-$21,600,
and remember that Net Profits were $38,400 when Individual
Returns = 50 and Corporate Returns = 100.

Are there other combinations of | (Individual Returns) and C
(Corporate Returns) that also would yield a net profit of
$38,400?

If we look at the equation, $38,400 = $200 | + $500 C - $21,600,
the answer is apparent that there are. For example, the firm
could gain 5 Individual Returns (worth $1,000) for each 2
Corporate Returns lost (also worth $1,000) and keep the same
Profit. There is a tradeoff of 5I's for 2 C's.
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Defining The Objective Function and Variables

Another way of seeing this is to rewrite our paticular Profit
Function .
$38,400 = $200 | + $500 C — $21,600 (written il
we get

= (38,400 + 21,600)/500) — (200/500) | or
C=120-041 (written in "explicit" form)

The reason that some of the numbers are shown in blue is to
emphasize that the explicit equation, C = 120 — 0.4 |, depends
on a particular value of Profit: $38,400. If we were to have a
different Profit, the "intercept” term (see below) would change,
but the "slope™ term would not.

This equation is written in the common "slope - intercept” form
where 120 is the line's vertical axis intercept and —0.4 is the
slope of the line. To see the graphic interpretation of this, click
on the "Continue” button below.
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Defining The Objective Function and Variables

160 In the Profit function equation,
C=120-0.41
the vertical axis intercept at Point 1 is 120. The slope
. of the line, as measured from Point 2 to Point 3 is
120-¢FPoint 1 —40/100 = 0.4

@
S

Corporate Tax Returns

40
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Defining The Objective Function and Variables
We can see that there are many, many combinations of | and C
that will yield a net profit of $38,400. For example, Point 1
(where C= 120 and | = 0) or Point 2 (C = 80 and | = 100) or
Point 3 (C = 40 and | = 200) or any other point on the blue line
will yield a profit of $38,400. This line is sometimes called an
"iso-profit” line in that the profit is the same at all points on
the line. "Iso" is a prefix meaning "the same.” (Math-
ematically, these lines are called "level curves.")
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Defining The Objective Function and Variables

Recall the objective function: Profit = $200 | + $500 C.
Therefore, A Profit = $200(A I) + $500(A C) where the "A"
symbol means "change in." Along any iso-profit line

160

@
S

ratio of the prices
charged for the two
types of tax returns.

g there is no change in profit so, 0 = $200(A | )+ $500(A C)

g 120 occurs on ANY iso-profit line. This equation can be

© rewrittenas:  AC  $200

% A Lo

K Al $500 Ui4 to show .tha( the.

® slope of the iso-profit
" line depends on the

g Point 2 P
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Defining The Objective Function and Variables
160
If a greater Profit is to be realized, either more Corporate
Returns or more Individual Returns must be done—or both!
» This would shift the blue line up and to the right. Because the
g prices charged for Individual Returns and Corporate Returns
g 120 does not change, the slope of the iso-profit line is constant.
©
3
&
&
g
2 80
o =
o

40

0 40 80 120 160 200
Individual Tax Returns





image13.png
@ L P Tutorial - Mozilla F.mu_g

File Edit View History Bookmarks Tools

i o [ v maubilings e BusinessFoculy Horis P Sohvel e — _J o Mm tnear progamming tutril » @E
[ nfomash: micosof ccess 201~ | =L roblem | > L Tutorl *[=LpTutorl SLpTuol | (ntpsmcopazntii s < | + |~

Defining The Objective Function and Variables

160
Press the "Continue " button to see a demonstration of how the
value of the objective, Profit, changes as the posi
line shifts.
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Defining The Objective Function and Variables
160
Press "Continue” to see what happens if the value of the
Objective diminishes.

N
3

Profit = $58,400

Corporate Tax Returns
@
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Profit = $48,400

40 Profit = $38,400
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Defining The Objective Function and Variables

160
The value of the objective function changes as the iso-profit line

shifts. This demonstration shows a few representative values of
the objective function; there is a continuum of literally millions

E more that we have not shown.

2120

[ If one is trying to maximize profit, we want the line to shift up and

E to the right as far as possible. But, there are constraints that

2 restrict how high we can take our profit function. Itis these

g 0 constraints that we now examine. Profit = $58,400

S =
o

Profit = $48,400
40 Profit = $38,400
Profit = $28,400

Profit = $18,400

40 120 160

Individual Tax Returns

Profit = -$1,600 Profit = $8,400 ! E !
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Constraints
160

This problem has five constraints:

1. The constraint on the number of tax returns the
accountants can do in a 40-hour week.

2. The constraint on the number of tax returns the
bookkeepers can do in a 40-hour week.

3. The constraint on the number of tax returns the
secretaries can type in a 40-hour week.

4. The constraint that one can only prepare a non-
negative number of Individual Tax Returns.

5. The constraint that one can only prepare a non-
negative number of Corporate Tax Returns.

N
3

Corporate Tax Returns
@
3

The last two constraints may seem trivial, but one can
get very strange results by forgetting about this type of
constraint since negative numbers are quite
mathematically valid unless explicitly prohibited.

40
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Constraints: Accountants

There are 5 accountants who each work 40 hours per week.
This means that we are constrained by the number of tax
returns that can be prepared using 200 hours of accountant
time per week.

Since an individual tax return requires an average of 1
accountant hour, and a corporate tax return requires an
average of 2 accountant hours, the total accountant hours
used depends on the number and type of returns that are
prepared. The following equation states that relationship:

Accountant Hours =11+ 2C. (orsimply, | + 2C)

Since Accountant Hours are constrainted to be a maximum
of 200 per week, the Constraint Equation is

0 > |1+2C.

80 120 160 200
Individual Tax Returns
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Constraints: Accountants

To see how to graph the constraint as an inequality

200 > 1+2C,

it is easiest to look at the "edge” of the constraint where
200=1+2C.

This equation can be rewritten in "explicit" form as
C=100-051I.

The graph of this line is shown in red.

Corporate Tax Returns

40

120
Individual Tax Returns

160
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Constraints: Accountants

Any combination of Corporate and Personal Returns that
would be represented on a point above and to the right of
the red line requires more than 200 accountant hours-and,
therefore, is not attainable. However, it is possible to not
use all of the hours, so points to the left and below the red
line are attainable. In the next frame of this demonstration,
the solid red line is the border of the constraint; the pink
shaded area covers the part of the constraint where fewer
than 200 accountant hours are used.

Corporate Tax Returns

40

120 160
Individual Tax Returns
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Constraints: Accountants
The solid red line represents the part of the constraint that

is written
® C=100-0.51
£ while the pink tinted area represents the part of the
2120 constraint that is
o C<100-0.51.
] Note that points in the pink tinted area show combinations
K of tax returns that will not use all of the available accountant
g 20 time. In this area, mathematically there is said to be SLACK.
a In this application, the Slack represents excess capacity of
S accountants ¥

40

120 160
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160 Constraints: Bookkeepers

There are 4 bookkeepers who each work 40 hours per week.
This means that we are constrained by the number of tax
returns that can be prepared using 160 hours of bookkeeper
time per week.

N
3

Since an individual tax return does not require any book-
keeper time, but a corporate tax return requires an average
of 2 bookkeeper hours, the total bookkeeper hours used
depends only on the number of Corporate Returns that are
prepared. The following equation states that relationship:

Corporate Tax Returns
@
3

Bookkeeper Hours =2 C.

40 Since BookkeeperHours are constrainted to be no more
than 160 per week, the Constraint Equation is

160 > 2C.

0 40 80 120 160 200
Individual Tax Returns
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160 Constraints: Bookkeepers
We can easily see that the inequality,
160 > 2C
» can be simplified to
€
£ 80 > C.
2120
§ The constraint can be broken into two parts that show the
g equality and inequality parts: 80 =C and 80 > C.
% The line below shows the equality part of the constraint.
g 80
o =
o

0 40 80 120 160 200
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Constraints: Bookkeepers

The golden line shows that Bookkeepers can work on a
maximum total of 80 Corporate Returns. Since they do not
assist with Individual Returns, the number of Individual
Returns that are prepared is not affected by the available
time from bookkeepers. As far as bookkeepers are
concerned, the firm could do any number of Individual
Returns and not affect available bookkeeper time.

160

N
3

g

Corporate Tax Returns
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Constraints: Bookkeepers

The tinted area shows the “inequality” part of the constraint.
Bookkeepers can do less than 80 Corporate Returns...and
that will result in SLACK or unused bookkeeper capacity.

160

N
3

Corporate Tax Returns
g8
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Constraints: Secretaries

There are 4 secretaries who each work 40 hours per week.
This means that we are constrained by the number of tax
returns that can be prepared using 160 hours of secretary
time per week.

Since an individual tax return requires an average of 1
secretary hour regardless of type of return (Corporate or
Individual), the total secretary hours used depends on the
number and type of returns that are prepared. The following
equation states that relationship:

Secretary Hours =11+ 1C. (orsimply, | +C)

Since Secretary Hours are constrainted to be a maximum of
160 per week, the Constraint Equation is

160 > 1+ C.
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Constraints: Secretaries

We can easily see that the inequality,

160 > 1+C

can be broken into two parts that show the equality and
inequality parts: 160=1+C and 160 >1+C.

The line below shows the equality part of the constraint.
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Constraints: Secretaries

The green line shows that secretaries can do either 160
Corporate Returns or 160 Individual Returns or a linear
combination of the two. (Mathematically, the linear

@
g combination allows for negative values, but that must be
5 120 ruled out by other constraints, not this one.) Secretaries
§ can type fewer returns than shown by combinations on the
ol green line. This involves combinations that lie to the
% left and below the green line.
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o
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Constraints: Secretaries

The tinted are represents combinations of Corporate and
Individual Returns that do not use all of the available
secretary time. Mathematically, there is said to be SLACK in
the form of excess secretarial capacity.
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160 Constraints: Non-negative Returns
A "trivial” but very real set of constraints allows the
mathematical formulation of the problem to make sense
in the context of the application. As seen with the
constraints involving the available time from accountants,
bookkeepers, and secretaries, mathematically it is
possible to have a negative number of tax returns be
prepared. Since that possibility does not make sense in
this problem, we must explicitly add constraints that
require that both the number of Corporate Returns and
the number of Individual returns be greater than or equal
to zero.
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Constraints: Non-negative Returns

160
These constraints are very simple:
C20 and120.
120 The Corporate Return constraint, C > 0, is shown by the

line that coincides with the horizontal axis and the
shaded area above it.
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160 Constraints: Non-negative Returns

These constraints are very simple:
C20 and120.

The Individual Return constraint, | > 0, is shown by the
line that coincides with the vertical axis and the shaded
area to the right of it.
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Constraints: Non-negative Returns

160
These constraints are very simple:
C20 and120.

120 Combining these constraints, we see the darker grey area
that coincides with the positive axes and the area above
and to the right of them.
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Constraints: Putting Them All Together

Start with the Accountants' Time constraint (red, pink).
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Constraints: Putting Them All Together

Start with the Accountants' Time constraint (red, pink).
Add the Bookkeepers' Time constraint (gold, yellow).

Corporate Tax Returns
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8 120
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Constraints: Putting Them All Together

Start with the Accountants' Time constraint (red, pink).
Add the Bookkeepers' Time constraint (gold, yellow).
Add the Secretaries' Time constraint (green).
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Constraints: Putting Them All Together

Start with the Accountants’ Time constraint (red, pink).
Add the Bookkeepers' Time constraint (gold, yellow).
Add the Secretaries' Time constraint (green).

Finally add the non-negativity constraints (grey).
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Constraints: Putting Them All Together

The only area that all of these constraints have in common
is shown as the cross-hatched area. This is known as the
FEASIBLE SPACE because all points in the feasible space
comply with ALL of the constraints. Any point outside of
the feasible space violates at least one constraint.
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Constraints: Putting Them All Together

If we clean up the hodge-podge of overlapping constraints,
we can see the feasible area more easily.
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Constraints: Putting Them All Together

A little more trimming will finish cleaning up the picture.

Corporate Tax Returns
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Constraints: Putting Them All Together

160
The color of the boundary of the feasible space indicates
which constraint is "binding” along that part of the
2 border: the red line tes where the Accountants’
3420 g; the gold line indicates where
& the Bookkeepers' Time constraint is binding; and the
% green line indicates where the Secretaries’ Time
E constraint is binding. The two axes indicate where the
s non-negativity constraints are binding.
S 80
S
o
40

0 40 80 120 160 200

Individual Tax Returns
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Solving the Linear Program

160
The final step in solving the linear program is to optimize
the objective subject to the constraints. Earlier we
demonstrated how the objective function (Profits)

120 increases as the iso-profit line shifts up and to the right.

But, we now know that the achievability of the profits is
constrained to a combination of Corporate and Individual
Returns that is in the feasible set.
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Solving the Linear Program

160

‘We have redrawn the original Profit line that occurred
when Profits = $38,400. Since this iso-profit line lies

[ entirely outside of the feasible space, it is impossible to

5 achieve profits of $38,400 with these constraints.
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Solving the Linear Program

On the other hand, if we set the Profit at $8,400 we can
see that the iso-profit line could shift up and to the right
and still be in the feasible area.

Press the "Continue™ button to see how far the iso-profit
line can shift until it maximizes the Objective Function of
Profits.
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160 Solving the Linear Program
The iso-profit line has shifted out as far as it can go; it
is touching the feasible area at only one point — where

2 the firm processes 80 Corporate Tax Returns and 40

% 120 Individual Tax Returns.

©

% Profits at this point are $26,400.

&

% That's the solution.

S 80

g Now, we can make a few additional observations... E
40

0 40 80 120 160 200
Individual Tax Returns
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160 Solving the Linear Program

At the optimal solution, notice that only two constraints
are binding: the Accountant's Time constraint (red) and
the Bookkeeper's Time constraint (gold). This means
that the other constraints are not binding...i.e. preventing
the profits from being higher. This also means that the
other constraints have SLACK in them at the optimum.
For example, at the optimum shown, the firm will have
excess capacity of Secretarial Time since the firm is only
using 120 hours of the 160 secretarial hours available.
(Recall that since one hour of secretary time
is required for either type of return, if they
are preparing 80 C's and 40 I's, they
are only working 120 hours.)
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Individual Tax Returns
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Solving the Linear Program

To see the Slack, or "excess capacity' graphically in our
example problem, we show the Secretary constraint
again. The optimal solution lies within the green shaded
area and not on the edge of the constraint. So, for ex-
ample, if 40 I's are to be prepared, it would be possible
for up to 120 C's to be prepared. But, since that cannot
happen--because there are not enough book-
keepers or accountants--there will be idle
secretary time (Slack) of 40 hours. Note

that this is the equivalent of 1 full-time
secretary. (Perhaps that secretary
could be assigned other duties!)
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120 160
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Solving the Linear Program

The two non-negativity contraints also have "Slack,"

but, in this particular problem that is exactly what we
would hope for and expect. One could ask why we even
bothered to specify them. Though it would not have
mattered in this particular case, IT IS ALWAYS A VERY
GOOD IDEA TO SPECIFY ALL CONSTRAINTS--EVEN
THOSE YOU DO NOT THINK WILL MATTER. Sometimes,
such constraints surprise you and ARE binding. Leaving
them out of the problem specification in such a situation
would yield an incorrect calculation of the optimal point.
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Solving the Linear Program

160
The solution to a linear programming problem will always
occur on the boundary of the feasible area. Furthermore,
it will always occur at a "corner” of the feasible area.

120 This means that the optimal solution to a linear

programming problem can be found by evaluating the
objective function at each of the corners bounding the
feasible area and selecting the corner where the
objective is optimized.
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160 Solving the Linear Program

Corners of the feasible area occur at a point where two
constraints are both binding. Using this fact allows one
to solve for specific values of the variables.

N
3

In our example, the optimal point of 40 I's and 80 C's was
calculated by noting that it occurs where the accountant
and bookeeper constraints are both binding:

Binding Accountant Constrail 200=1+2C
Binding Bookkeeper Constraint: 80=C

@
S

Corporate Tax Returns

Solving these two equations
simultaneously yields

2

0 40 80 120 160 200
Individual Tax Returns

40
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Solving the Linear Program

By calculating the values of the variables at each corner,
and using that information to determine the values of the
respective objective function, one can quickly find the

160

g optimal solution. The chart below shows the values at

g 120 each corner.

[ Corner C I Profit

K A 80 0 $18,400

2 B 80 40 $26,400

g [ 40 120 $22,400

2 80 D 0 160 $10,400

S E 0 0 -$21,600 ¥

Corner B yields the highest
Profit...and is the solution
to the problem!
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Answering the Question.

Solving a mathematical problem does NOT mean that
you are done. One still must interpret the results and
answer the questions addressed in the problem. In our
example, the firm had to "decide how to target its pro-
motional efforts to best use its resources during the
coming tax preparation season. " How they promote
themselves will depend on how their current client mix
differs from their optimal target. Regardless, as the tax
season unfolds, they will have to monitor how they are
doing in achieving their target and make suitable
adjustments. Who knows, perhaps that
would be a good use of that
40 hours of slack
secretarial timell!
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160

Corporate Tax Returns
@
3

40

This concludes the basic introduction to Linear Programs.
However, there are some extensions to the basic problem
of solving the linear program covered under the topic of
"Sensitivity Analysis." Before going on, you should under-
stand the topics covered to this point.

To review the last section on Solving the Linear Program,
press the "Review" button

To start the tutorial at the beginning, press the
"Beginning" button.

To continue to Sensitivity Analysis,
press the "Continue" button.
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SENSITIVITY ANALYSIS

You now know the basic basic ideas behind SOLVING a linear
program, but there many additional "what if" questions that one
can ask within the context of the problem.

In our example, one could ask "What if accountants worked some
overtime? How would that affect the profits? What if bookkeepers
worked more? What if secretaries worked more?"

or

"What if we change the relative prices that we charge for corpor-
ate and individual tax returns? How would that affect which con-
straints are binding and thereby change the optimal usage of
resources?"
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SENSITIVITY ANALYSIS

One type of "what if" or "sensitivity" analysis asks this type of
question:

"How would the optimal value of the objective function change

if a particular constraint was changed by one unit?" Put another
way, "How sensitive is the optimal value of the objective function
to a unit change in a constraint?"

Notice carefully how the above question is worded; it asks
what the CHANGE in the objective function will be if there is a
MARGINAL change in a constraint.

Many computer programs report this value as a "SHADOW PRICE"
while others report it as a "DUAL VALUE." The former is an econ-
omic interpretive term while the latter is a more generic mathe-
matical designation (though there are economic interpretations

of "duality" that your instructor or textbook can explain).
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SENSITIVITY ANALYSIS

In our problem, a SHADOW PRICE of $200 is associated with the
constraint that we only have 200 hours per week that accountants
can work

This means that if the accountants were to put in one hour extra
work per week (to a new total of 201 hours between them), the
profits would increase by $200. Conversely, if accountants put in
one less hour (to 199 hours), profits would fall by $200.

This is extremely useful information because it answers the
"what if" question that the business owner would have
regarding the maximum rate of overtime pay that could

be paid the accountant without eating into the existing profits.
In economic terms, in this example, this SHADOW PRICE is the
Marginal Revenue Product of the accountants at the
profit-maximizing optimum.

Let us look at the graphic interpretation of this. m
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160 SENSITIVITY ANALYSIS

We start with the final diagram from the last section.
Because we are going to view the effects of a smail

120 change in the accountant's constraint, we will have
to zoom in on the area around the optimum in order
to view the effect.
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@
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SENSITIVITY ANALYSIS

Corporate Tax
o0
o

Recall that the GOLD line is the boundary of the book-
keepers' time constraint and the RED line is
the boundary of the accountant's time
contraint. The BLUE iso-profit
line is shifted as far out
as it can go. The

profit is
' $26,400

|,/
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SENSITIVITY ANALYSIS

Increasing the amount of available accountants’ time
by one hour causes the RED constraint to
shift upward and to the right. This
shift enlarges the feasible space.
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SENSITIVITY ANALYSIS

The original optimum is inside the new,
expanded feasible space. Therefore, the
objective line (iso-profit line) can
shift to reflect a higher
level of attainable

7 -

7

profits.

(o]
o
N

Corporate Tax





image61.png
@ L P Tutorial - Mozilla Firefox
File Edit View History Bookmarks Tools Hel

Back  Forw

| - Sy

£ : @ 4

G e 5/LP_Solve2. %3y

A [ = wowmsubilings.edu/BusinessFacuty/Herris/LP_Solve2 htm reaadiSo ] hneavpmg:ammmgtutana\A S
[ > LP Tutoral x| > Lp Tutorial [ Lp Tutorial | PR nttpewwwondyntucidons x| + | <

i Infomash: microsoft acce...* | > LP Problem

Corporate Tax

SENSITIVITY ANALYSIS

To show this we will bring the iso-profit
line to the forefront and shift it to the new
optimum.
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SENSITIVITY ANALYSIS

At the new optimum, the profit is $26,600, or $200
more that at the original optimum. One more
individual tax return can be prepared
but no more corporate returns
are possible because that
would require more

bookkeepers.
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SENSITIVITY ANALYSIS

Before leaving this section on the sensitivity of the objective to changes in
the contraints, it is helpful to note a few things:

* This demonstartion only showed the effect on profit if there was a mar-
ginal increase in the amount of accountant time available. One could
have done the same for the other constraints--bookkeepers' time, and sec-
retarial time. Also, we demonstrated an increase in accountants' time, but
we could have shown the same effect for a decrease in accountants' time.

* The SHADOW PRICE

ill be $0 if the constraint is not binding. In our

example, the secretarial time is not binding (we know that because there is
SLACK in the secretarial time constraint). This makes sense because the
secretaries are not working the fully-allocated time at the optimum. There-
fore increasing the amount of time they can work will have no affect on
output and profitability; it will merely result in additional idle time for the

secreres T
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Linear Programming: The Basic Idea

Every day, you are confronted with challenges that are similar to those
expressed as "linear programs.” We all have goals or "objectives" that we
want to achieve. Usually the goals can be stated in the form of "maximizing"
or "minimizing" something. Examples would be to maximize the score you
receive on the next test, or make decisions that will maximize your wealth, or if
you are a baseball pitcher, minimize your Earned Run Average.

Confounding our ability to achieve our goals are roadblocks or “constraints™
that limit the degree to which we can optimize (either maximize or minimize)
any particular objective.

These facts mean that you — and everyone else - must engage in what is
called "Constrained Optimization.” Put another way, we all attempt to make
decisions that optimize our objectives subject to the constraints that we face
in doing so.

Linear programming is a tool that allows one to solve these types of problems
if (1) the problem can be expressed mathematically, and (2) if the objectives
and constraints can be expressed as linear functions of the variables.
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