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Analytic Techniques and Tools
That Aid Decision Making

As shown in Figure 1 on page I-2 of the Introduction,
analyzing is very much a part of the decision-making pro-
cess. Here we discuss some of the most widely used rev-
enue/cost/volume techniques, financial criteria and tech-
niques, operations research techniques, and decision-mak-
ing tools for aiding the analysis/evaluation and comparison
of alternatives.

Techniques for Analyzing
the Relationships Among Price,

Revenue, Cost, Volume, and Profit

First we discuss marginal analysis, contribution analysis,
and break-even analysis. These analyses can be performed
during the analytic phase or the decision-making phase. In
either case, the results are often used as inputs for making
production/sales volume and pricing decisions.

Before discussing these techniques, let us review the
definitions of several terms used below:

a. Variable cost is the sum total of all variable costs.
“Variable costs” are those operating costs that tend
to increase or decrease as operations (production
and sales) increase or decrease. Production costs
―particularly labor and materials costs―tend to
be the most variable; however, some marketing
and G&A costs can also be variable.

b. Fixed (or overhead) cost is the sum total of all
fixed costs. “Fixed costs” are those operating costs
that do not tend to increase or decrease as opera-
tions increase or decrease. General/administrative
costs (e.g., administrative and clerical costs) tend
to be the most fixed; however, some production
and marketing costs can also be fixed.

c. Total cost is composed of variable cost plus fixed/
overhead cost.

Copyright © 1989, 1995, 2012 by R.D. Cecil & Co.

Marginal Analysis

Based on microeconomic theory (economic theory ap-
plied to business), this technique can be―but is rarely
―used by managers to determine the level of unit price and
(resulting) quantity of sales/output that will maximize
profit. Profit is maximized (at least mathematically) at the
“price-output level” where the incremental or marginal cost
of producing one more unit equals the incremental or mar-
ginal revenue generated by selling that additional unit (and
where total revenue exceeds total cost by the greatest
amount).

Performing a marginal analysis involves the following
basic steps:

1. Prepare a computation table that indicates the fol-
lowing projections/estimates for each level of unit
price and resulting quantity of sales/output: the total
sales revenue generated; the total (production) cost in-
curred; the average (production) cost per unit; the total
profit earned; the marginal revenue generated; and the
marginal cost incurred. [For an adaptation of a classic
example,36 see the table for Case A in Table 5 on the
next page.]

a. Forecast a “demand curve” for the product (or
service)―i.e., estimate the number of units that are
likely to be sold at each price on some range of
possible prices. In Case A, the company has esti-
mated that it will sell 0 units at a price of $1000, 1
unit at a price of $900, 2 units at a price of $800―
and so forth. Record the prices in column 1 and
the resulting quantity of sales/output at each price
in column 2. [The demand curve in Case A
(indicated by the line “d-d” in the left-hand graph
in Figure 19) is “relatively elastic.” A completely
elastic demand curve would be a horizontal line
indicating that any percentage change in price
tends to result in a large percentage change in de-
mand. A completely inelastic demand curve would
be a vertical line indicating that any percentage
change in price tends to result in virtually no
change in demand.]





b. For each level of price and resulting quantity of
sales/output, . . .

1. Calculate the total revenue (TR) generated―
i.e., multiply the unit price (in column 1) by
the (resulting) quantity of sales/output (in
Column 2). In Case A, multiplying an $800
price times the resulting 2 units of sales/
output equals $1,600. This figure is entered
(on the same line) in column 3.

2. Using cost data, calculate the total cost (TC)
to produce that quantity of output. Enter the
figure (on the same line) in column 4.

3. Calculate the average (production) cost per
unit (AC)―i.e., divide the total cost figure
(in column 4) by the quantity of sales/output
(in column 2). In Case A, dividing the $1,350
total cost by 2 units of sales/output equals
$675.00. This figure is entered (on the same
line) in column 5.

c. Using the figures in column 3, calculate the mar-
ginal (incremental) revenue (MR) generated by
selling each additional unit (or, as in Case B on the
next page, each incremental 100 units). (The basic
definition of marginal revenue is “the incremental
revenue generated by selling one more unit.”) In
column 7 of Table 5, the bold figures are calcu-
lated by subtracting the total revenue figure at a
given level of price-output from the total revenue
figure at the next higher level of price-output. In
Case A, for example, subtracting $2,100 (at a
$700 price and 3-unit output) from $2,400 (at a
$600 price and 4-unit output) results in $300.
After all the bold figures have been calculated and
entered in column 7, the light figures are found by
interpolation. In Case A, 600 lies directly between
700 and 500, and 400 lies directly between 500
and 300―and so forth.

d. Using the figures in column 4, calculate the mar-
ginal (incremental) cost (MC) to produce each
additional unit (or, as in Case B, some incremental
number of units). (Marginal cost is essentially the
incremental variable cost incurred by producing
one more unit.) In column 8 of Table 5, the bold
figures are calculated by subtracting the total cost
at a given level of price-output from the total cost
at the next higher level of (price)-output. In Case
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A, for example, subtracting $1,725 (at a $700
price and 3-unit output) from $2,150 (at a $600
price and 4-unit output) results in $425. After all
the bold figures have been calculated and entered
in column 8, the light figures are found by interpo-
lation.

e. Identify the “maximum profit price-quantity level”
―the “P-q level―at which marginal cost equals
marginal revenue (and total revenue exceeds total
cost by the greatest amount). In Case A, for exam-
ple, maximum profit is generated at a unit price of
$700 and a 3-unit quantity of output―the “P-q
level” where marginal revenue of $400 equals
marginal cost of $400 (and where total profit, at
$375, is the highest).

2. After completing the computation table, some individ-
uals may wish to view the figures in a graphic format.
The following steps are taken to construct the types of
graphs shown in Figures 19 and 20:

a. Left-hand graph ― This graph primarily deals
with the marginal revenue and marginal cost fig-
ures in columns 7 and 8 respectively.

1. Construct a graph having a horizontal axis
labeled “quantity of sales/output,” and a
vertical axis labeled “dollars” (of marginal
revenue, marginal cost, price, and average
cost). [In Case A, the scale on the vertical
axis (“0” to $1,000) accomodates almost all
of the unit price, average cost per unit, mar-
ginal revenue, and marginal cost figures. In
Case B, however, we have constructed two
graphs. The scale of the upper graph accomo-
dates the large figures for marginal revenue
and marginal cost, but cannot clearly show
the much smaller figures for unit price and
average cost per unit. The scale in the lower
graph helps show the P and AC figures much
more clearly.]

Note: We have included Case B because (a) its
figures are closer to the larger figures that busi-
nesses normally generate; and (b) it shows how
to graph unit price and average cost figures
when these figures are much lower than the fig-
ures for marginal revenue and marginal cost― 
as they generally are in mass production/sales
operations (as opposed to job shop operations).





2. Based on the figures in columns 1 and 2 of
the computation table, plot the forecasted
demand curve for the product/service. First,
for each particular “q” (quantity of sales/out-
put) in its turn, trace upwards on a vertical
line drawn from that “q” and place a dot on it
at the point where a horizontal line drawn
from the corresponding unit price figure in-
tersects it. Then, connect all the dots (or “fair
a curve” through the dots) in order to draw
the demand curve. In Cases A and B, the
demand curve (line “d-d”) turns out to be a
straight line. [In Case B, however, the
demand curve (and average cost curve) have
been plotted on the lower graph.]

3. Based on the figures in columns 2 and 7, plot
the marginal revenue curve in the same man-
ner as above―but substitute marginal rev-
enue for unit price.

4. Based on the figures in columns 2 and 8, plot
the marginal cost curve in the same man-
ner―but substitute marginal cost for unit
price.

5. Identify the “price-output level” at which
profit is maximized. First, identify point E
―the point at which the marginal revenue
and marginal cost curves intersect. Then,
identify the corresponding price-output level.
In Case B, for example, point E lies on the
vertical line drawn upwards from a 300-Unit
quantity of sales/output. The same line is ex-
tended up to the demand curve (line “d-d”)
and intersects it at point G. At G, the cor-
responding unit price is $700.

6. Based on the figures in columns 2 and 5, plot
the average cost curve in the same manner as
above―but substitute “average cost” for
“unit price.”

7. Identify point F―the point at which the
vertical line through point E intersects the
average cost curve. In Case B, for example,
point F corresponds to an average cost per
unit of $575.

8. Total profit (at the profit-maximizing price-
output level) is represented by the shaded rec-
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tangle. In Case B, for example, the total pro-
fit of $37,500 is calculated by subtracting the
average cost per unit of $575 (at point F)
from the unit price of $700 (at point G), and
then multiplying the resulting $125 (average)
profit per unit by 300 Units.

b. Right-hand graph ― This graph shows the total
revenue, total cost, and total profit curves, which
are based on the figures in columns 3, 4, and 6
respectively.

1. In the same manner as described above, plot
the total revenue curve, the total cost curve,
and the total profit curve.

2. In either of two ways, graphically determine
the maximum total profit and the quantity of
sales/output at which profit is maximized:

a. Using the total revenue and total cost
curves ―

1. Identify each quantity (each “q” on
the horizontal axis) that lies directly
below the shaded area where the TR
curve is higher than the TC curve.

2. Where TR exceeds TC, do the fol-
lowing for each curve in its turn: At
a point on the curve directly above
each “q” identified, draw a tangent
to the curve (a straight line touching
the curve at that point) that indicates
the slope of the curve at that point.
(“Slope” is defined as the “rise” di-
vided by the “run”―or the increase
in the height of a line or curve di-
vided by the distance over which
the increase in height occurs.)

3. Find the “q” at which the slopes of
the two curves are equal and paral-
lel. As shown in the right-hand
graph for Case B, they are equal and
parallel at a “q” of 300 units. At this
“q,” the total profit of $37,500 is the
vertical distance between TR and
TC―or $210,000 minus $172,500.

b. Using the total profit curve ― Draw a
flat/horizonal (“0” slope) tangent that





Figure 21 illustrates this example: The variable cost
per unit is $3; the fixed cost per unit is $1; and the total
cost per unit is $4. The shaded area between $3.01 and
$4 represents the total potential contribution margin,
which is $.99 per unit at a unit price of $4. Any price
in the range between $3.01 and $4 will contribute rev-
enue toward the coverage of fixed cost. For example:
A unit price of $3.50 yields a $.50 contribution per
unit. Similarly, a unit price of $3.90 yields a $.90 con-
tribution per unit. [Also note the following: At a unit
price of $4, the firm “breaks even” (just covers var-
iable and fixed costs per unit). At a unit price of $4.01,
the firm just begins to make a profit (of $.01 Per unit).
At a unit price of $6, the firm makes a profit of $2 per
unit.]

Calculation of contribution ― The following calcula-
tion is usually performed in order to determine how
much a particular less-than-profitable unit price will
contribute toward covering fixed cost per unit:

Price (revenue) per unit
(-) Variable cost per unit
(=) Contribution per unit (to fixed/overhead cost)

Contribution per unit is most often calculated when a
firm has excess (unused) capacity and can sell addi-
tional units―but at some price below a normal, prof-
itable price. Although the firm will not make a profit
on such sales, whatever it charges over the variable
cost of the units sold will contribute to profit by help-
ing to cover fixed cost.

A contribution margin income statement is basically
constructed as follows:

Total sales revenue
(-) Variable production costs
(-) Variable selling and administrative costs
(=) contribution margin
(-) Fixed production, selling, and administrative

costs (including income tax)
(=) Net income

This type of income statement can be used to determine
the following:

a. the bid price on a contract (to produce some item
or render some service);

b. the optimal way to utilize production capacity; and
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c. how to generate the same profit as last year, even
though sales volume is expected to be lower dur-
ing the current year.

Note: Methods for doing the above are described
in detail in various texts on financial analysis.37

A contribution margin income statement has several dis-
advantages:

a. It fails to treat fixed overhead as a product cost.
(Thus, it is not acceptable for financial reporting
and tax purposes.)

b. Distinguishing between fixed and variable costs
can be difficult.

Break-Even Analysis

This valuable financial technique is also called “cost-
volume-profit analysis” (or CVP). It is widely used to de-
termine the following (based on factors such as variable
cost, fixed cost, sales volume, production volume, price,
and product mix):

a. the sales break-even point―i.e., the sales volume
necessary to “break even” (at least cover total
cost);

b. whether or not, given projected/estimated total unit
sales, the sales break-even point is likely to be
reached;

c. the profit break-even point―i.e., the sales volume
necessary to earn some desired level of profit/
income;

d. whether or not, given projected/estimated total unit
sales, some desired level of profit is likely to be
generated;

e. how the sales break-even point or the profit break-
even point would be affected by changes in factors
such as selling price, variable cost, fixed cost, pro-
duction volume, or product mix; and

f. the optimal proportion of fixed cost to variable
cost.

It is useful to make such determinations when (a)
starting a new project or business; (b) introducing
a new product or service; (c) expanding a project
or business; and (d) evaluating production and ad-
ministrative activities.





An increase in selling price generally reduces the
number of units that must be sold in order to break
even. An increase in either fixed cost or variable
cost generally increases the number of units that
must be sold in order to break even.

In general, break-even analysis is most justifiable
and easiest to perform when . . .

a. these factors are constant: selling price; pro-
duction efficiency; (total) fixed cost; and var-
iable cost per unit;

b. the only factor affecting (total) variable cost
is production volume;

c. Fixed cost and variable cost can be deter-
mined accurately;

d. there is only one product, or there is a con-
stant product mix (which requires additional
calculations, because more than one product
is involved); and

e. inventories do not change significantly from
period to period.

Financial Criteria (and Computational
Techniques) for Evaluating and/or

Comparing Programs/Projects

These financial tools are used in conjunction with deci-
sion-making steps 2, 3, and 4 on page DM-1. Financial cri-
teria such as the following are used to evaluate and/or
compare the financial advantages and disadvantages of al-
ternative programs/projects: profitability; average/account-
ing rate of return; payback period; net present (discounted)
value; profitability index; benefit/cost ratio; and internal
rate of return. Financial techniques are essentially the
computational methods used to calculate figures that cor-
respond to the financial criteria. (These figures are usually
calculated based on figures in the program/project budgets
that were previously constructed during the budgeting pro-
cess.)

Program/Project Budgets

Expenditures for plant and equipment, marketing pro-
grams, and other types of investments are expected to yield
financial benefits such as increased profit and/or improved
cash flow. In order to evaluate and/or compare the bene-
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fits of programs/projects in terms of various financial cri-
teria, it is first necessary to construct program/project bud-
gets. These budgets should contain capital expenditure,
P&L/earnings, and cash flow figures that can be used to (1)
calculate figures for various financial criteria, and then (2)
evaluate and/or compare the financial results of programs/
projects in terms of those criteria.

During a planning process, a program/project budget is
usually prepared for each alternative program/project. Next,
based on the projected budgetary figures for each alterna-
tive, figures for selected financial criteria are calculated.
Then, the projected financial results of the alternative pro-
grams/projects are evaluated and compared in terms of
those criteria―in order to (1) screen and/or eliminate vari-
ous alternatives before final decisions are made, and then
(2) make final decisions.

In an interim or ad hoc situation involving a decision to
“undertake” or “not undertake” a single program/project, a
program/project budget is first constructed. Next, figures
for selected financial criteria are calculated based on the
program’s/project’s projected budgetary figures. Then, the
figures for selected criteria are usually compared against
prescribed “cut-off levels” for those criteria. In general, the
greater the extent to which the program’s/project’s criteria-
related figures surpass the cut-off levels, the greater the
chance that a decision will be made to implement the pro-
gram/project.

Note: Although the implications for assets and liabili-
ties are also evaluated and/or compared, pro forma bal-
ance sheets are not constructed for individual pro-
grams/projects―unless they constitute newly ac-
quired/initiated and financially autonomous business
ventures.

Construction of a program/project budget ― The prepara-
tion of a program/project budget revolves around Items 1
through 5 on page B-15. Different budget formats are used
for different types of programs/projects. Exhibit Z on the
next page shows the budget format for a capital project.
Note that it consists of two major sections: an investment
cost section, and an investment benefits section. Also note
that the second section is further divided into two sub-sec-
tions: an income/earnings section, and a cash flow section.
Budget formats for other types of programs/projects often
consist of only the income/earnings section. Below we dis-
cuss these sections and sub-sections and the types of pro-
grams/projects in which they are either included or not
included.





A. The investment cost section: A program/project bud-
get contains this section when the acquisition of capital
assets is involved. (Capital assets are physical or tan-
gible assets such as machinery/equipment, buildings,
and land.) A program/project that involves the ac-
quisition of capital assets is called a “capital pro-
gram/project.” (Many R&D, production, marketing,
finance, and human resources programs/projects do
not involve expenditures for capital assets. Those that
do not are not considered capital programs/projects,
and, therefore, usually have a format that consists of
only the income/earnings section.)

Lines 1 through 5 ― These lines contain figures
for cash expenditures (cash payments or outflows)
associated with the purchase, construction, and in-
stallation of capital assets. The figures are added
(as indicated by a plus sign), because line 10 will
reflect the net cash outflow associated with the
acquisition of capital assets. In our example in
Exhibit Z, machines are being purchased and in-
stalled in vacant plant space―so no purchases of
buldings or land are involved. They are being in-
stalled and made operational at the very beginning
of 2000, so that they will generate financial
benefits during the entire year. (In Exhibit Z, the
different types of capital assets are shown on sep-
arate lines in order to facilitate the calculation of
depreciation. As discussed below, different types
of assets have different depreciation schedules.)

Lines 6 and 7 ― These contain figures for cash
inflows (or savings) generated by the sale of (or
trade-in allowances on) any assets being replaced.
These figures are subtracted (as indicated by a
minus sign), because they reduce the net cash out-
flow figure on line 10. In our example in Exhibit
Z, no existing machines are being replaced.

Line 8 (Debt incurred) ― This line can contain
the figure for the amount of debt incurred in order
to pay for new capital assets. (It is placed at this
point because the amount of cash that might have
to be borrowed to purchase assets is reduced by
the figures in lines 6 and 7.) Borrowed funds con-
stitute a cash inflow, and, therefore, are subtracted
in this section (as indicated by a minus sign). As
mentioned in Note “b” in Exhibit Z, many
practitioners do not enter this figure, because they
do not use it to calculate the figures for certain
financial criteria. In our example in Exhibit Z, the
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machines are being purchased out of available
internal funds, so that no additional debt will be
incurred.

Line 9 (Recaptured depreciation) ― The recap-
ture of depreciation on any replaced asset(s) is
treated as a cash outflow, and, therefore, is added
in this section (as indicated by a plus sign).

Line 10 (Net cash outflow on investment) ―
This figure constitutes the (net) total of the cash
outflows (costs/expenditures) and cash inflows (re-
ceipts/credits) entered on the lines above. Line 10
almost always indicates a net cash outflow.

B. The investment benefits section: Even though many
capital programs/projects are completed in one or two
years, most of them provide earnings and cash flow
benefits over some number of years. Many have a
“beneficial lifetime” of at least five to ten years.
Others, such as large plant and equipment projects,
generally have a beneficial lifetime of twenty to forty
years. Therefore, in order to determine a capital pro-
ject’s total financial benefits over time, a pro forma
P&L and a pro forma cash flow statement are prepared
for each year of its beneficial life. Today, a computer
spreadsheet is used to help generate the annual figures
in these program/project budget sections.

1. The income/earnings section: This pro forma
P&L section is included in all program/project
budgets. Its format is similar to a corporate P&L
statement―except that the items/lines deal with
new/additional revenues, cost savings, and costs/
expenses that are attributable only to the particular
program/project (are experienced in addition to the
benefits and costs attributable to existing or on-
going operations). The budgets for those R&D,
production, marketing, finance, and other pro-
grams/projects that involve new/additional bene-
fits and costs―but do not involve the acquisition
of capital assets―normally consist of this section
alone.

Line 11 (Sales revenue) ― The figure for
each year is calculated by multiplying the in-
tended price per unit (for the product/service)
by the forecasted/estimated new/additional
unit sales for that particular year―if any.
New/additional sales revenue figures are usu-
ally shown in marketing programs/projects
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budgets, and are often shown in R&D and
production programs/projects budgets. The
annual figures are added, because increased
annual revenues increase the income figures
on line 18.

Line 12 (Cost savings) ― The figure for
each year is the total of that particular year’s
estimated/projected savings in personnel, ma-
terials, supplies, services, and other operating
costs―if any. (Another format might be
used to list different cost items separately.)
Cost savings figures are usually shown in
production and productivity programs/pro-
jects budgets, and are often shown in market-
ing and finance programs/projects budgets.
The annual figures are added, because cost
savings increase the income/earnings figures
on line 18.

Line 13 (New/additional operating costs) ―
The figure for each year is the total of that
particular year’s estimated new/additional
personnel, materials, supplies, maintenance,
services, and other operating costs―if any.
(Again, another format might list different
cost items separately.) Many if not most pro-
grams/projects incur at least some new or ad-
ditional operating costs. The annual figures
are subtracted, because costs reduce the in-
come figures on line 18.

Line 14 (Depreciation) ― The figure for
each year is that year’s depreciation expense
―if any. Capital programs/projects involve
this expense, but others usually do not. Since
1987, machines and equipment items are
depreciated over 7 years, while buildings
(plants and offices) are depreciated over 31
years. The annual depreciation expense on a
particular asset is calculated by dividing the
cost of that asset by its depreciable life. In our
example in Exhibit Z, the (annual) $40,000
figure is calculated by dividing $280,000 (the
total for all the newly acquired machines) by
7 years. (The straight-line method of depre-
ciation is normally used.) Depreciation is
subtracted just as other expenses/costs are
subtracted in order to calculate income. (Un-
like other expenses, however, it does not in-
volve an actual cash outflow.)

Line 15 (Interest) ― The figure for each
year is that year’s interest expense (interest
owed on borrowed funds)―if any. Capital
rograms/projects often involve this expense,
because organizations often borrow funds to
pay for new capital assets. In our example in
Exhibit Z, the company did not borrow funds,
so it is not paying interest on a loan. As men-
tioned in Note “b” to Table 7, many prac-
titioners do not enter annual figures on this
line, because they do not use them to calcu-
late the figures for certain financial criteria.

Line 16 (Before-tax income/earnings) ―
Each year’s figure is calculated as follows:
New/additional revenue (+) new cost savings
(-) new/additional operating costs (-) depre-
ciation and interest expenses (=) before-tax
income/earnings.

Line 17 (Income tax) ― Each year’s tax
figure is calculated based on the before-tax
income figure and federal and state tax rates.
(Refer to recent federal and state in-struc-
tions for tax rates and correct calculation pro-
cedures.) As noted in Exhibit Z, we have
used a combined federal/state tax rate of 50%
for the sake of simplicity.

Line 18 (Net income/earnings) ― Each
year’s figure is calculated as on any P&L
(and as shown in Exhibit Z). It reflects the net
(after-tax) income/earnings that are generated
in addition to the profit/income/earnings
generated by existing or on-going operations.
The annual figures on line 18 are used to cal-
culate the average/accounting/simple rate of
return on an investment.

2. The Cash flow section: This section is used to
determine the net beneficial cash flow generated
during each year of a capital program’s/project’s
life. As mentioned earlier in the section on bud-
geting, profits/earnings are not necessarily the
same as cash flows―especially in the cases of
capital programs/projects. Therefore, the cash flow
section makes an adjustment for depreciation and
takes account of cash flows that were not included
in the income/earnings section. This whole sec-
tion is usually excluded from the budgets of other
programs/projects, because the cash flows associ-



ated with them (i.e., additional revenues, cost
savings, and additional costs/expenses) have al-
ready been taken into account in the income/earn-
ings section.

Line 19 ― The yearly figures on line 18 are
entered on this line, because they represent
beneficial cash flows that have been calcu-
lated on an “income/earnings basis.”

Line 20 (Depreciation) ― Each year’s de-
preciation expense is brought down from the
income/earnings section. It is then added
back in (as indicated by a plus sign), because,
unlike other expenses, depreciation does not
actually involve a cash outflow. In effect, this
section treats depreciation as a “positive sup-
plement” to cash flow.

Line 21 (Proceeds from asset disposal) ―
Here, a cash inflow figure is entered under
the year in which assets are sold for their (es-
timated) market or salvage value.

Line 22 (Debt repayments) ― The (total)
loan principal repayments made during each
year are entered on this line. Although these
are cash outflows, many practitioners do not
enter the figures, because they do not use
them to calculate the figures for certain finan-
cial criteria. In our example in Exhibit Z, the
company incurred no debt, and, therefore, is
not making principal repayments.

Line 23 (Net increase in working capital) ―
The figure for each year is projected and then
entered on this line. Yearly increases in sales
and operations generally result in yearly net
increases in working capital (current assets
minus current liabilities). (For example, in-
creases in inventory and accounts receivable
increase working capital, while an increase in
accounts payable decreases it.) A net in-
crease in working capital constitutes a net
cash outflow, because funds must be ex-
pended in order to finance the net increase (in
assets). Therefore, it is subtracted in this sec-
tion (as indicated by a minus sign). Although
any year’s net increase in working capital can
be 10% to 20% of an increase in sales rev-
enue, we have simply shown no figures on

DM-43

this line in Exhibit Z.

Line 24 (Net beneficial cash flow) ― Each
year’s figure is the net total of that year’s
cash inflows and cash outflows (on lines 19,
20, 21, and 23). (Yearly debt repayment fig-
ures on line 22 are often used to calculate
yearly net cash flow figures for cash budget-
ing purposes, but are not used to calculate net
beneficial cash flow figures.) Each year’s net
beneficial cash flow figure usually indicates a
(positive) net cash inflow. Yearly net benefi-
cial cash flow figures are used to calculate
figures for all but one of the financial criteria
discussed below.

Although program/project Budgets are necessary tools for
arriving at the figures used to evaluate and compare the
financial results of programs/projects, those who prepare
and use them should keep in mind two inherent problems/
limitations:

a. Many organizations’ cost accounting systems are
not sophisticated enough to distinguish accurately
between the costs attributable to proposed pro-
grams/projects and the costs attributable to exist-
ing operations.

b. Program/project budgets generally contain figures
considered to be the “most probable” or “most
realistic.” Consequently, they do not necessarily
account for other possible levels of revenues, cost
savings, costs, and cash flows that also have some
probability of occurring. [Therefore, in order to
determine the financial implications of other possi-
bilities, decision makers will often use a computer
spreadsheet to construct additional budgets con-
taining other possible (combinations of) figures.
For example, in addition to a “most probable or
realistic budget,” they may also construct a “best
case budget” and a “worst case budget.”]

Below we discuss the major financial criteria (and asso-
ciated computational techniques) that are used to evaluate
and/or compare the financial desirability of capital pro-
grams/projects. Each criterion is essentially an indicator of
how efficiently the invested dollars will work to yield fi-
nancial benefits.









In general, a capital project is more likely to be accepted
if its payback period is shorter than (a) some pre-selected
cutoff or hurdle payback period, and/or (b) the payback
periods of alternative programs/projects.

Payback period has several advantages: (a) it is easy to
understand and calculate; (b) it is a good indicator of finan-
cial risk; and (c) it is useful for initially screening alter-
natives.

Payback period also has several disadvantages: (a) it does
not account for cash flows generated following the payback
period; (b) it does not account for the time value of money;
(c) it will inappropriately indicate that very beneficial high-
cost projects having longer payback periods are less desir-
able than much less significant low-cost projects having
shorter payback periods; and (d) it uses the most probable/
realistic figures (which are more or less treated as certain-
ties). [Therefore, it is advisable to use this criterion in
conjunction with others―such as net present value and
internal rate of return.]

Net Present (Discounted) Value (NPV)

Basically, a capital project’s net present value is the dif-
ference between the net cash inflows it will generate and its
initial net cost―with all yearly cash flows discounted to
their present values in order to account for the time value of
money. A firm discounts cash flows based on its (after-tax
weighted average) cost of Capital.

Because NPV provides precise values and reliable signals
with respect to projects, many practitioners prefer to use it
as the only criterion for making investment decisions. NPV
is used to (a) evaluate a single capital project in an interim
or ad hoc situation; (b) evaluate and compare alternative
capital projects during a planning process; and even (c)
place a value on a business.

Several methods can be used to determine NPV. The eas-
iest is to use one of the computer programs that can be
bought for this purpose. Another is to use the formula that
can be found in various financial texts. We briefly discuss
the formula on page DM-54. The method we fully discuss
here is more difficult to use, but is more accurate than other
methods in certain respects. The steps involved are des-
cribed below. They are also illustrated in the two work-
sheets provided in Exhibit AA. We describe the steps in
detail so that the reader (a) will fully understand NPV prin-
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ciples and calculations; (b) will be able to calculate NPV
“by hand” if necessary; and (c) will be able to develop his
or her own computer program or spreadsheet template for
calculating NPV.

The sample worksheets deal with a ten-million-dollar
capital (machinery/equipment) project. The machinery/
equipment would be installed in plant space that has been
vacant for some time, so no investments in buildings and
land would be involved. To finance the project, the com-
pany would use five million dollars from retained earnings
and would borrow the other five million. A budget―such
as the one in Exhibit Z―has been prepared for the first ten
years of the project’s beneficial life, and the figures have
been entered on the worksheets.

Worksheet 1 ― Calculation of after-tax cash flows

The “continuous level streams” columns (A through F)
deal with cash inflows (e.g. sales revenues) and cash
outflows (e.g., expenditures for labor, materials, sup-
plies, and services) that occur over the course of a year
and eventually add up to the figures entered in col-
umns A through F. Even though these cash flows may
occur from month to month or from quarter to quarter
rather than from day to day, they can still be treated as
uniform, continuous flows. (Less accurate NPV
methods treat these cash flows as year-end lump sums,
and thereby understate their end-of-year values.)

The “lump sum” columns deal with cash inflows/re-
ceipts (such as cash receipts from borrowing funds and
from selling facilities or equipment) and cash out-
flows/payments (such as principal and interest pay-
ments on a loan) that occur in lump sums at the end of
a year.

1. Year Column: Under this first column, number each
row from year 0 down to year “n.” Year 0 is the year
during which project facilities are being installed and
the project is not yet producing benefits or earnings.
Year 1 is the first year during which benefits or earn-
ings are being generated. Year “n” is the last year for
which cash flows are to be discounted―and is usually
the last year of the project’s beneficial or useful life.
The length of beneficial/useful life varies from project
to project. It may be five years, ten years, or as many
as fifty years. The life of the project in our example is
twenty years. We discontinued the analysis after ten
years because of the limited space on page DM-46.
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A generalization: Over time, discounted cash flows
can tend to become decreasingly significant―espe-
cially when (a) cash inflows and outflows are in the
relatively low figures; (b) cash inflows and outflows
are being discounted for about twenty years or more;
and (c) the interest rate (cost of capital) being used as a
basis for determining discounting factors is relatively
high (e.g., 11% or higher).

2. Column A ― Taxable income: For each year, record
the project’s taxable or pre-tax income/earnings. The
yearly figures would come from line 16 of a project
budget such as the one in Exhibit Z on page DM-40.
(Before-tax income equals new/additional sales/oper-
ating revenue plus cost savings minus new/additional
operating expenses minus depreciation and interest
expenses.)

3. Column B ― Depreciation: For each year, enter the
year’s depreciation expense (the amount of deprecia-
tion written off against the original capital investment).
Yearly depreciation figures would come from line 14
of a budget such as the one in Exhibit Z. Depreciation
can be calculated using either the straight-line method
or one of several accelerated methods. In our example,
it has been calculated on a straight-line basis―i.e., $10
million depreciated over five years equals a $2-mil-
lion-dollar per year depreciation expense. [We have
used five years for the sake of simplicity. Actually,
machines and equipment items are now depreciated
over seven years.] Each year’s depreciation expense is
identified in a separate column because it does not
constitute an actual cash outflow (and, therefore, will
be added back in column D).

4. Column C ― Interest expense: This column is filled
in only if a project has been financed either wholly or
partly with an outside loan. If interest would be paid in
a lump sum at the end of each year, enter each year’s
interest expense in this column―so that it will be
ssubtracted out in column D and will not be treated as
a continuous level stream. However, if interest would
be paid on some regular basis over the course of each
year (such as monthly or quarterly), do not enter fig-
ures in this column. In our example, interest (at 10% of
the unrepaid balance of the loan) would be paid in a
lump sum at the end of each year. Thus, each year’s
interest expense is shown in column C.

5. Column D ― Income before taxes (continuous cash
stream basis): For each year, calculate this figure by

adding the year’s figures in columns A and B and then
subtracting the interest figure (if any) in column C.
This adds back depreciation (because it is not actually
a cash outflow) and subtracts out any year-end lump
sum interest payments. The resulting figure constitutes
the year’s “continuous stream income/earnings cash
flow before taxes.”

6. Column E ― Tax: For each year, calculate the tax that
would paid (a cash outflow) by multiplying the figure
in column A by the organization’s (combined) fed-
eral/state tax rate. In our example, we have simply
assumed a combined tax rate of 50%. Tax payments
are considered a continuous level stream, because they
are paid to the IRS on a quarterly basis.

7. Column F ― After-tax (net) cash flow (continuous
stream): For each year, calculate this figure by sub-
tracting the tax figure in column E from the before-tax
cash flow figure in column D. The resulting figure is
essentially the “net (after-tax) continuous beneficial
cash flow.”

8. Column G ― Lump sum outflows, interest payments:
Figures are entered in this column only if (a) borrowed
funds would be used to finance a project, and (b) in-
terest payments on the loan would be made in year-end
lump sums. For each year, enter the year-end lump
sum interest payment figure (if any) with a minus sign
preceding it. In our example, interest (on the declining
balance of the $5 million loan) would be paid in end-
of-year lump sums over a five-year period. Note in
Worksheet 1 that the figures in columns C and G are
the same―except for the minus signs in column G.

9. Column H ― Lump sum outflows, other: For each
year, enter the (net) total of all “other” end-of-year
lump sum cash outflows (preceded by a minus sign).
This net figure can include (a) follow-up capital in-
vestments in subsequent years of a project’s life; (b)
borrowed funds; and (c) principal repayments on a
loan. (It should be pointed out that the format in
Exhibit AA is particularly useful when accounting for
additional capital investments in subsequent years.)
Note the following in our example: Year 0 shows a
(net) lump sum cash outflow of -$5 million. [$10 mil-
lion would be paid for machinery/equipment (an out-
flow), but $5 million would be borrowed (an inflow).
Thus, the result in year 0 would be a net outflow of
-$5 million.] At the ends of years 1 through 5, the



company would repay the $5 million loan in five an-
nual, end-of-year lump sum installments of $1 million.

10. Column I ― Lump sum inflows: For each year, enter
the total of all end-of-year lump sum cash inflows (if
any). In the cases of most capital projects, only one
figure is entered in this column―the cash inflow gen-
erated when capital assets are sold for their (estimated)
market or salvage value at the end of the last year of
their lives. Since the company in our example would
use its new machinery/equipment for about twenty
years, we would have shown a cash inflow at the end
of year 20 if page space had permitted a full-term
analysis.

11. Column J ― Tax (on lump sum inflows in column I):
For each year having a figure in column I, calculate the
tax on that figure and enter the amount of tax in
column J (preceded by a minus sign). For example: If
capital assets would be sold at the end of year 20, that
year’s tax figure would be the capital gains tax on any
proceeds in excess of the depreciated or “book value”
of the assets.

12. Column K ― Net lump sum cash flows (after taxes):
For each year, add that year’s positive and negative
figures in columns G, H, I, and J. As in our example,
the yearly sums (net totals) are usually negative figures
―and are therefore preceded by minus signs.

Worksheet 2 ― Calculation of the discounted values of
yearly cash flows

While yearly net lump sum cash flows after taxes (in
column K) can be directly discounted to their present
value, yearly after-tax continuous cash flows (in col-
umn F) should first be “accumulated” or “accrued” to
their end-of-year values. Accumulation accounts for
two facts: (a) that these cash flows occur over the
course of a year, and (b) that a dollar earned at the be-
ginning of a year is worth more than a dollar earned
later in the year. Columns M, N, and O are used to
accrue continuous level streams to their respective
year-end values.

13. Year Column ― Here again, number each row/line
from year 0 down to the last year for which cash flows
are to be discounted.
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14. Column L ― Interest rate (%): This figure is the
basis for determining the appropriate accumulation
factors (in column N) and the appropriate discounting
factors (in column R). Many firms have used the
interest rate being paid on long-term debt. Others have
used a weighted average of the rates being paid on
both short- and long-term debt. Neither of these meth-
ods is currently considered as accurate as using the
firm’s “(total) weighted average cost of capital (after
taxes),” which is the after-tax cost of all external
sources of capital―i.e., both debt and equity.

Determining the after-tax weighted average cost of
capital: See Exhibit AB on the next page.

A. Column 1: List all existing debt instruments (i.e.,
short-term loans, long-term loans, corporate
bonds, and debentures) and all existing classes of
stock (i.e., common and preferred).

B. Column 2: Enter the dollar amount of each debt
instrument, and the book value of issued/outstand-
ing stock in each class of stock. In Exhibit AB, the
second long-term loan is the five million dollar
loan for the machinery/equipment project.

C. Column 3: For each debt instrument, enter the ap-
plicable interest rate. For equities, enter the figure
that represents the total % return desired by inves-
tors. (Some practitioners simply use the figure de-
rived by dividing total dividends being paid by the
book value of a class of stock. However, various
financial experts recommend adding the rate of
capital appreciation that investors expect in order
to keep ahead of inflation. We have shown these
two rates separately in Exhibit AB.)

D. Column 4: For each source of capital, multiply the
figure in column 2 by the figure in column 3. The
result is either (a) the amount of interest being paid
to a lender, or (b) the dividends being paid to, and/
or the capital appreciation being realized by, in-
vestors.

E. Total the figures in column 2; and then total the
figures in column 4.

F. Divide the column 4 total by the c2 total. The
result is the “weighted average cost of capital be-
fore taxes.”





17. Column O ― Value at end of year (of continuous level
stream): For each year, multiply the figure in column
M by the accumulation factor in column N. The result
is the value of the continuous stream at the end of the
year.

18. Column P ― End-of-year lump sum cash flow: For
each year, simply transfer that particular year’s figure
from column K of Worksheet 1.

19. Column Q ― Total end-of-year net cash flow: For
each year, add that year’s figures in columns O and P.
The sum is the total year-end value of all cash flows
during the year. (Since the figures in column O are
accumulated to year-end, they can be added to those in
column P―as one can add apples to apples.)

20. Column R ― Discount factor: For each year, enter
that particular year’s discount factor. Discount factors
are used to translate cash flows in future years to their
present value. Note in Exhibit AA that the values of
discount factors decrease over time. This accounts for
the time value of money―i.e., the fact that dollars
earned in the future are not worth as much as dollars
earned today. Also note that the factor for year 0 is
always 1.0. Discount factors for various interest rates
can be found in compound interest tables. However,
for the reader’s convenience, we have provided Table
9, which lists discount factors for fifty years at interest
rates from 1% to 20%. [The formula for the discount
factor for year “x” is: 1/(1 + i)x―where “i” is the
interest rate and “x” is the year.]

21. Column S ― Present (discounted) values of yearly
cash flows: For each year, multiply the figure in col-
umn Q by the year’s discount factor in column R. The
result is the present (discounted) value of that year’s
total year-end cash flow―i.e., what that year’s cash
flow is worth today (at the specified interest rate in
column L).

22. Column T ― Cumulative total of present values of
yearly cash flows: The figures in this column are
derived simply by adding the present value of each
year’s discounted cash flow to the cumulative total as
of the previous year. For example, Exhibit U shows
the following: The cumulative total present value of
cash flows at year 0 is -$5,000,000. By adding the
positive $3,690,637 discounted cash flow in year 1, the
cumulative total becomes -$1,309,363. By adding the
positive discounted cash flow of $3,660,304 in year 2,
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the cumulative present value becomes a +$2,350,941.
And so forth. In other words, the project in our exam-
ple will have generated a positive present value during
year 2. It should be noted that the total cumulative
present value of this project is not the $38,481,162
shown for the end of year 10. If we had carried the
analysis out to twenty years, the project’s NPV would
have been significantly greater.

To apply this method more quickly, first design a com-
puter spreadsheet that (a) contains Worksheets 1 and 2, and
(b) automatically calculates figures in cells where formulas
can be used―including the accumulation and discount fac-
tor cells (where the formulas utilize the interest rate in
column L). Then, to compute the NPV, simply enter basic
data in the appropriate cells and let the computer perform
the calculations.

To find the (“simple”) payback period of a project such
as that analyzed in Exhibit AA, one would not use the fig-
ures in columns S or T. Instead, one would do the follow-
ing: (1) Calculate the net beneficial cash flow for each year
by subtracting the tax figure in column E from the taxable
income figure in column A, and then adding back the de-
preciation figure in column B. [Notes: These calculations
correspond to the calculations in Exhibit Z. Any interest
expense could have been subtracted from revenue in the
process of calculating pre-tax income. Practitioners nor-
mally do not account for loan repayments when calculating
payback period.] With respect to our example in Exhibit
AA, the figure for year 1 would be $5,763,000; the figure
for year 2 would be $5,803,660; the figure for year 3 would
be $6,277,416; and so forth. (2) Use the format illustrated
in Table 8 to calculate the payback period―which would
be 1.73 years in the case of the example in Exhibit AA.

Some practitioners calculate the present value (dis-
counted) payback period. (1) Calculate each year’s net ben-
eficial cash flow (in the manner described in the paragraph
above). (2) Using the discount factors in column R, dis-
count each year’s net beneficial cash flow to its present
value. Based on the figures in Exhibit AA, the present
value of the first year’s cash flow would be $5,388,405; the
present value of the second year’s cash flow would be
$5,066,595; and so forth. [Notes: Yearly net beneficial
cash flows are usually treated as end-of-year lump sums.
Practitioners normally do not include loan repayment fig-
ures in these cash flow calculations.] (3) Use the format
illustrated in Table 8 to calculate the discounted payback
period―which would be 1.91 years in the case of the
example in Exhibit AA. The discounted payback period is
longer than the “simple” payback period.









However, NPV also has several problems/limitations
common to all criteria: (a) its accuracy depends upon the
accuracy of estimated/projected revenue, expense, and cap-
ital expenditure figures in a project’s budget; and (b) it
utilizes the “most probable/realistic” figures, which are
more or less treated as certainties.

Profitability Index (PI) or
Present Value Index (PVI)

This “project ranking index” is often used when budget-
ary constraints exist and it is desirable to compare alter-
native projects based on an index of their profitability. Al-
though it uses the same variables as the NPV formula
shown above (where NPV = PV - CI), it uses them differ-
ently. In the following equation, CI is divided into PV
(instead of being subtracted from it):

PV [the total present value of net beneficial
cash flows in years 1 through n]

PI = ------------------(divided by)-----------------------
CI [the total (discounted value of) net capital

investment cash outflows]

Using the figures in Exhibit AC, the PI or PVI for the
project (in Exhibit AA) would be 4.83 (or $48,285,896
divided by $10,000,000). This figure indicates that every
dollar invested will return $4.83. [To calculate the PI or
PVI using the figures in Exhibit AC, add the $10,000,000
capital investment to the $38,481,162 figure at the bottom
of column T (because it was subtracted from yearly cash
flows in column H and thereby decreased the cumulative
figures in column T), and then divide the resulting
$48,481,162 by $10,000,000 (the CI) to get 4.85.]

In general, a project is accepted if its PI or PVI is (a)
equal to or greater than 1; and/or (b) greater than the PIs or
PVIs of alternative projects.

Using the PI or PVI has several advantages: (a) it ac-
counts for the time value of money; and (b) it can be used
by those who prefer to compare projects based on index
numbers rather than NPVs.

However, it also has several problems/limitations: First,
it has the same problems/limitations that are common to
NPV and other criteria. Second, the project having the
highest index number is not always the project having the
highest NPV. (In general, given capital rationing, the pro-
ject having the highest PI/PVI should be selected over
alternative projects having higher NPVs.)
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Benefit/Cost Ratio (or Cost/Benefit Ratio)

The equation for this project-ranking criterion is basically
the same as for PI and PVI. Here, however, the resulting
figure is expressed as a ratio instead of an index number. It
is the ratio of (a) the total present value of yearly net
beneficial cash flows to (b) the total (discounted value of)
net capital investment cash outflows during a project’s life.
Using the figures in Exhibit AC, the equation would look
and be solved like this:

Benefit/Cost Ratio = PV (or PV:CI) = $48,285,896
CI $10,000,000

= 4.83, or the ratio, 4.83:1 (“4.83 to 1”)

If the project had involved follow-up capital invest-
ments having a total (discounted) value of $2,000,000, then
the benefit to cost ratio would be 4.02:1.

Although current practice is to calculate a capital pro-
ject’s B/C ratio using discounted cash flows (as above), a
few individuals still use an antiquated and less accurate
method. Without discounting any figures, they simply add
yearly net income/earnings (without depreciation added
back), and then divide that sum by the total net capital
investment.

To calculate a capital project’s cost/benefit ratio, which
some practitioners prefer to use, simply do the reverse:
First, divide the total (discounted value of) net capital in-
vestments by the total present value of yearly net beneficial
cash flows. Then express the result as a ratio. For example:
$10,000,000 divided by $48,285,896 equals .21―which,
expressed as a C/B ratio, is .21:1 (“0.21 to 1”).

To calculate the B/C ratio of a non-capital program/pro-
ject (which does does not involve the acquisition of capital
assets), it is common practice to divide total projected bene-
fits (new/additional revenue + cost savings) by the total
projected new/additional costs involved. This is often done
to compare alternative annual (one-year) non-capital pro-
grams/projects. Because the B/C ratios of non-capital
programs/projects are calculated differently, they should
not be compared with the B/C ratios of capital projects.

Using a capital project benefit/cost ratio (or cost/benefit
ratio) has several advantages: (a) it takes account of the
time value of money; and (b) it can be used by those who
prefer to compare ratios rather than NPVs.

However, it also has the the same basic problems/limi-
tations as NPV.
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Internal Rate of Return (IRR)

This widely-used criterion for evaluating, comparing, and
ranking Capital Projects also involves discounted cash
flows. IRR can be defined as the simple return on the
amount that remains “internally invested” in a project. It
can also be defined as the interest rate at which PV is equal
to CI. In other words, it is the rate at which NPV (or PV -
CI) equals 0. With NPV set to 0, then . . .

NPV = PV - CI = 0 where . . .

NBCF1 NBCF2 NBCFn

PV = ------------ + ------------ + . . . + ------------
(1 + IRR) (1 + IRR)2 (1 + IRR)n

Determining a project’s IRR (solving the equation for
IRR) involves trial and error calculations. Two approaches
are outlined below.

A. When using (a) a computer program for determining
NPV, or (b) a computer spreadsheet that contains the
worksheets in Exhibit AA (and uses formulas to calcu-
late accumulation and discount factors at any given
interest rate), take these basic steps:

1. Calculate the project’s NPV using the after-tax
weighted average cost of capital as the interest
rate.

2. If the NPV is positive (higher than “0”), recom-
pute the NPV using a higher rate. As long as a re-
computation produces a positive NPV, increase
the rate and recompute―until NPV equals “0” (or
very close to it).

If the NPV is negative (lower than “0”), re-
compute the NPV using a lower rate. As long as a
recomputation produces a negative NPV, decrease
the rate and recompute―until NPV equals “0” (or
very close to it).

3. IRR usually lies between two whole rates (such as
16% and 17%), one of which just produces a posi-
tive NPV and the other of which just produces a
negative NPV. Thus, it is usually necessary to in-
terpolate between the two rates to find an exact
IRR of, say, 16.6%.

B. When using the format in Exhibit AC (which does not
accumulate continuous level streams to their year-end

values), take the basic steps outlined below.

Given a CI of $10,000,000 in Exhibit AC, PV
would have to be $10,000,000 in order to have an
NPV of “0.” Thus, it would be necessary to de-
termine the IRR at which PV would equal
$10,000,000.

1. Calculate the total PV (of all yearly net beneficial
cash flows) using the after-tax weighted average
cost of capital as the interest rate.

2. If the total PV is greater than CI, recalculate PV
using a higher rate. As long as a recalculation pro-
duces a PV greater than CI, increase the rate and
recalculate―until PV equals CI (or very close to
it).

If the total PV is less than CI, recalculate PV using
a lower rate. As long as a recalculation produces a
PV less than CI, decrease the rate and recalculate
―until PV equals CI (or very close to it).

3. In order to determine the exact IRR, interpolate
between the two rates that straddle the rate where
PV equals CI. [The IRR of the project in Exhibit
AC lies closest to 61%―which can be found by
interpolating between (a) a rate of 60%, where the
PV would be $10,163,361 (or $163,361 above the
$10,000,000 CI), and (b) a rate of 61%, where PV
would be $9,995,599 (or only $4,401 below the
$10,000,000 CI).]

In general, a project is accepted if its IRR is (a) equal to
or greater than a required/hurdle rate of return (which is
usually a firm’s cost of capital, perhaps adjusted upward to
account for risk); and/or (b) greater than the IRRs of al-
ternative projects.

Using IRR has several advantages: (a) it accounts for the
time value of money; (b) it is an easily understood measure
of rate of return; (c) it serves as a means for ranking pro-
jects when capital is being rationed; and (d) it can be used
by those who prefer to measure value in terms of rate of re-
turn rather than dollars of NPV.

However, it also has problems/limitations: (a) calculation
by hand is time-consuming; (b) it can produce misleading
results when yearly cash flows are uneven and/or vary from
positive to negative; and (c) it is not the best indicator of
alternative projects’ relative size, significance, and organ-
izational worth.



Financial Tools (Statements and Ratios)
for Evaluating and/or Comparing

the Financial Implications of
Organizational Plans

While financial criteria are used to evaluate and compare
alternative programs/projects, financial statements and ra-
tios are used to evaluate and/or compare the financial impli-
cations of (alternative) organizational plans. (They are also
used and the end of a period to evaluate the financial results
of operations.)

The basic financial statements used during a planning
process are the pro forma P&L (or operating) statement, the
cash budget, and the pro forma balance sheet. (See the ex-
amples in Exhibits W, X, and Y on pages B-42, B- 48,
and B-52 respectively.)

As discussed in the section on budgeting, organizations
normally construct pro forma financial statements in order
to project and then evaluate the overall financial results of
their planned operations. In fact, during planning processes,
organizations that formulate several alternative sets of goals
and associated plans will usually construct separate pro
formas for each alternative set. Then, in order to choose
among alternative sets of goals/plans during the decision-
making phase, they will (a) use the (separate) pro forma
P&Ls to evaluate and compare the sales, costs, and profit
figures associated with the alternatives; (b) use the (separ-
ate) cash budgets to evaluate and compare cash flows asso-
ciated with the alternatives; and (c) use the (separate) pro
forma balance sheets to evaluate and compare the asset and
liability implications of the alternatives.

(Alternative sets of) these pro forma financial statements
are evaluated and compared after the following annual or
long-range planning process steps have been taken: (1) (al-
ternative sets of) goals have been formulated; (2) alterna-
tive plans (programs/projects) have been formulated and
translated into action plans; (3) program/project budgets
have been prepared; (4) alternative programs/projects have
been initially screened, evaluated/compared, and selected
based on the financial criteria discussed in the section
above; (5) recommended goals, plans (programs/projects),
and budgets have been forwarded to higher levels of man-
agement for review and final decision making; and (6) (al-
ternative sets of) pro forma financials have been prepared
based on (alternative sets of) goals/plans.

Since we have already discussed these financial tools at
length on pages B-43 to B-45, pages B-47 to B-53, and
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pages B-53 to B-56, we will only discuss financial ratios at
this point.

Financial ratios are basically measures or indicators of
significant relationships between specified P&L and/or bal-
ance sheet figures.

Different ratios deal with different financial matters―
e.g., income and profitability; short-term liquidity; the
financial implications of operational activities; lever-
age; and long-term financial strength and solvency.

Financial ratios are written as formulas that relate one
particular figure to another. Some measure the rela-
tionship between two P&L figures, some measure the
relationship between two balance sheet figures, and
some measure the relationship between a P&L figure
and a balance sheet figure.

Financial ratios are calculated by dividing one of the
figures (the numerator) by the other (the denominator).
While the resulting figures for some ratios are actually
expressed as ratios, the resulting figures for many ra-
tios are expressed as percentages. The resulting figures
for a few ratios are expressed as, for example, index
numbers or number of days.

Although the resulting figures for some ratios mean
something all by themselves, the resulting figures for
most ratios are meaningful only when they are com-
pared against the following: (a) an organization’s
goals; (b) an organization’s historical data; (c) intel-
ligence data on competitors; and/or (d) industry norms
and averages (which are reported in business alma-
nacs, Commerce Department publications, and indus-
try journals). It should be kept in mind that industry
norms and averages vary from industry to industry.

Below we briefly describe some of the most widely-used
financial ratios. Since our descriptions are basic and do not
deal with all the finer points involved, we recommend that
the reader refer to texts on financial analysis for more in-
depth discussions.38

Percentages for Evaluating
(Pro Forma) P&L Figures

In addition to the figures for each expense and profit item
in a (pro forma) P&L, many if not most organizations also
show each figure as a percentage of net sales. These per-
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centage figures are usually compared with historical data
and industry norms and averages in order to measure a
firm’s ability to manage production, sales, and G&A costs
and to generate profits on sales. For example: If a firm’s
cost of goods sold as a percentage of net sales is 75%, and
the industry average is 68%, the firm may not be managing
the costs of materials, labor, and factory overhead as effec-
tively as it might.

Three of these percentages are equivalent to the first three
ratios described below.

Profitability and Income Ratios

A. Gross Margin Ratio, Gross Margin on Net Sales,
or Gross Profit on Net Sales

equals Gross profit
Net sales

A measure of the spread between cost of goods sold
and net sales revenue, this indicates the extent to
which the firm’s average selling price (which includes
a mark-up over costs) covers all expenses and results
in a profit. This ratio, which is normally expressed as a
percentage, can vary widely from company to com-
pany within an industry. [Gross profit = net sales -
cost of goods sold.]

B. Operating Ratio or Net Operating Profit Ratio

equals Operating income (or EBIT)
Net sales

This ratio, which is normally expressed as a percent-
age, indicates the profitability of sales resulting from
the normal conduct of business. A figure in the 15-
25% range is considered normal for most manufactur-
ing firms. [Operating income (or EBIT) is earnings
before (deductions for) interest and taxes (and perhaps
certain “extraordinary expenses”).]

C. Net Profit Rate, Net Profit to Net Sales,
Return on Sales, or Profit Margin Ratio

equals Net profit (or income/earnings after taxes)
Net sales

This indicates the percentage of each sales dollar that
ends up as profit (on the ottom line). A high profit
margin is more desirable than a low profit margin. In
some industries, this figure can be as low as 1%―and
even lower; but in other industries, it can be as high as
10-15%―and even higher.

The next four ratios are calculated using both P&L and
balance sheet figures. They are essentially measures/
indicators of a firm’s ability to earn a return on in-
vested dollars.

D. (Rate of) Return on Assets (ROA)
or Asset Earning Power

equals Net income
Total assets

Expressed as a percentage, this ratio measures how ef-
ficiently a firm utilizes the dollars invested in its assets
to generate earnings. [A number of practitioners use
average net assets as the denominator. This is calcu-
lated by adding the total assets at the beginning of a
year to the total assets at the end of the year, and then
dividing that sum by 2. Also, some practitioners use
operating profit (or income/earnings before taxes) as
the numerator.] ROA should be used in conjunction
with ROI, because ROA ignores capital structure,
whereas ROI is based on it.

E. (Rate of) Return on Capital Employed (ROCE)

equals Net income____________
Average long-term debt + Average equity

Expressed as a percentage, this ratio indicates how ef-
ficiently a firm utilizes its capital structure (total in-
vested dollars) to generate earnings. [The denominator
is calculated by adding the figures for beginning-of-
year equity plus long-term debt to end-of-year equity
plus long-term debt, and then dividing that sum by 2.
Equity = capital stock (both common and preferred) +
capital surplus (the amount over par value paid for
stock) + retained earnings.]

F. (Rate of) Return on Investment (ROI)

equals Net income_
Average equity



Expressed as a percentage, this ratio measures how ef-
ficiently the dollars invested by common and preferred
shareholders generate a return (in terms of earnings).
[Average equity is calculated by adding total equity at
the beginning of the year to total equity at the end of
the year, and then dividing that sum by 2. Total equity
is calculated as above.]

G. (Rate of) Return on Common Equity

equals Net profit - Preferred stock dividends_
Net worth - Par value of preferred stock

Expressed as a percentage, this ratio measures how ef-
ficiently the dollars invested by common stock share-
holders generate a return. [Net worth is the same as
total equity.]

H. Earnings Per Share (EPS)

equals

Net income/earnings - Preferred stock dividends
Average number of outstanding common shares

Expressed in dollars, this indicates the earnings per
share of common stock. [The denominator is calcu-
lated by adding beginning-of-year and end-of-year out-
standing shares of common stock, and then dividing
that sum by 2.]

I. Other Income and Profitability Ratios include: net
profit to tangible net worth; net operating profit rate of
return; management rate of return; and price-earnings
ratio.

Liquidity Ratios

Liquidity is a firm’s ability to convert current assets into
cash in order to meet its current or short-term financial obli-
gations. Accounting for the fact that some non-cash assets
can be converted into cash more readily than others, vari-
ous liquidity ratios indicate how readily various combina-
tions of current assets can be converted into cash. Thus,
these ratios are of interest to short-term creditors (suppliers
and bankers) and financial managers.
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A. Working Capital Ratio

equals Current assets
Total assets

This ratio indicates the proportion of total assets that
are not fixed assets (not equipment, buildings, or land).
Although it is used as an indicator of liquidity, it is not
as stringent as the next three ratios. (Be careful not to
confuse the name of this ratio with “working capital,”
which is the difference between current assets and
current liabilities.)

B. Current Ratio

equals Current assets_
Current liabilities

This is the most often used liquidity ratio. The higher
the current ratio, the higher the liquidity. In general, a
firm is considered “liquid” if it has a current ratio of
about 2:1. [Current assets considered to be liquid are
cash in bank, marketable securities, accounts receiv-
able, and inventory. Current liabilities include items
such as accounts payable, taxes payable, and (current)
notes/loans/bonds payable.]

C. Quick Ratio or “Acid Test”

equals

Cash + Marketable securities + Accounts receivable
Current liabilities

This more stringent ratio indicates a firm’s ability to
cover its current obligations without having to sell off
inventory, which can take some time to sell (convert to
cash).

D. Absolute Liquidity Ratio

equals Cash + Marketable securities
Current liabilities

Since this ratio excludes receivables, which cannot be
converted to cash as readily as marketable securities, it
is an even more stringent indicator of short-term li-
quidity.
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Activity Ratios

The following ratios are used to measure the effective-
ness and efficiency of various operational activities in fi-
nancial terms. Most of them are also indicators of liquidity,
because they indicate how quickly cash inflows tend to be
generated.

A. Receivables Turnover Ratio
or Accounts Receivable Turnover

equals Total credit sales_____
Average accounts receivable

This indicates the number of times per year that ac-
counts receivable turn over (are collected as cash in-
flows). In general, it is more desirable to have a rela-
tively high turnover, because funding receivables can
be costly. [The denominator is calculated by adding
beginning-of-year and end-of-year receivables, and
then dividing that sum by 2.]

B. Average Collection Period

equals (Accounts & notes receivable) x 365
Annual net credit sales

This indicates the average number of days it takes for
receivables to become collections. A high number of
days (e.g. more than 120) usually indicates a need to
review/revise credit and collection policies/activities.
(Notice that the receivables figure in the numerator can
include notes held on customers’ credit balances.)
[This indicator is the inverse of the previous ratio. For
example: If receivables turn over 6 times per year, then
the average collection period is about 60 days (360/
6).]

Other activity ratios involving credit sales include: the
collection index; the past due index; and the bad debt
loss index.

C. Net Sales to Inventory

equals Net sales
Inventory

Usually expressed as a ratio, this is an indicator of how
effectively inventory is controlled with respect to sales
activity. Especially when sales volume is relatively
steady, a low figure tends to indicate that inventory is
too large.

D. Inventory Turnover Ratio

equals Cost of goods sold
Average inventory

This indicates the number of times per year that inven-
tory “turns over.” In general, inventory should be
“moved” or turned over as quickly (or as many times)
as possible in order to minimize inventory carrying
costs. Thus, in general, a low figure indicates a slow-
moving Inventory, slow cash generation, and the need
for more effective inventory control. [Average inven-
tory is calculated by adding the beginning-of-year and
end-of-year inventories, and then dividing that sum by
2.]

E. Days of Inventory or Days’ Sales in Inventory

equals Average inventory____
Avg. daily cost of goods sold

or
Inventory _ x 365

Cost of goods sold

Expressed in number of days, this is another measure
of the effectiveness of inventory control and the re-
sulting implications for cash generation. The first for-
mula indicates average days during a year. [Average
inventory and average daily COGS are calculated by
adding the beginning-of-year and end-of-year figures,
and then dividing the two separate sums by 2.] The
second formula indicates days of inventory as of a par-
ticular date (given the figures on that date). Unlike the
relationship between receivables turnover and average
collection period, the second formula is not the inverse
of the inventory turnover ratio.

The following activity ratios revolve around working
capital and various asset items. Again, working capital
= current assets - current liabilities.



F. Working Capital Turnover

equals

Net sales or Net Sales______
Net working capital Average working capital

Expressed as a ratio, this indicates the efficiency with
which the dollars invested in working capital help gen-
erate sales―and the degree to which efficiency is im-
paired by slow-turning assets. In general, a high ratio
is preferrable to a low one. [A number of practitioners
use average working capital instead of net working
capital. Average working capital is calculated by add-
ing the beginning-of-year to end-of-year figures, and
then dividing that sum by 2.]

G. Inventory to Net Working Capital

equals Inventory____
Net working capital

Often expressed as a percentage instead of a ratio, this
measures how much working capital is tied up in in-
ventory―and also indicates the degree of overstock-
ing. In general, a low percentage is preferrable to a
high one.

H. Current Asset Turnover

equals

(COGS + selling & G&A expenses + taxes – depreciation)

Net working capital

This indicates the number of times that net working
capital (current assets - current liabilities, or net current
assets) is/(are) used to pay expenses. In general, a high
ratio is preferrable to a low one. (COGS is cost of
goods sold. Depreciation is subtracted because it does
not constitute an actual cash outflow.)

I. Fixed Asset Turnover

equals Net sales______
Average net fixed assets

The number of times that fixed assets turn over, this
indicates the efficiency with which a firm utilizes its
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fixed assets (equipment, buildings, land) to generate
sales. In general, a high figure is preferrable.

J. Total Asset Turnover

equals Net sales____
Average total assets

The number of times that total assets turn over, this
indicates the efficiency with which a firm utilizes all
its assets (both current and fixed) to generate sales.
Again, a high figure is preferrable to a low figure. A
low figure tends to indicate excessive investment.

K. Other Ratios involving Working Capital Items in-
clude: current liabilities to inventory; net working
capital to total assets; working capital per dollar’s
sales; net profits on net working capital; and funded
debt (long-term liabilities) to net working capital.

Solvency Ratios

Most of the following ratios indicate a firm’s financial
viability and strength over a longer term. They are of partic-
ular interest to banks, other creditors, financial managers,
and many stockholders―all of whom tend to be concerned
about how a firm is capitalized.

A. Current Assets to Total Debt

equals Current assets_________
Current debt + Long-term debt

The higher this ratio, the more that creditors are pro-
tected by working capital.

B. Stockholders’ Equity Ratio

equals Stockholders’ equity
Total assets

A high ratio indicates longer-term financial viability as
a function of the equity base. It also indicates the rela-
tive ease with which fixed interest charges and matur-
ing debt obligations can be met. A low ratio indicates
possible future difficulties.
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C. Fixed Assets to Net Worth

equals Fixed assets___
(Tangible) net worth

The lower this ratio, the the greater a firm’s flexibility
with respect to financing current operations. [Net
worth equals equity (capital stock + surplus + retained
earnings). Here, (net) fixed assets do not include in-
tangible assets.]

D. Total Debt to Net Worth

equals Current debt + Long-term debt
(Tangible) net worth

This ratio indicates the degree to which a firm depends
on creditors to fund its operations. In general, creditors
prefer a ratio of about 1:1. When total liabilities ex-
ceed net worth (and the ratio is higher), creditors are
shouldering more financial risk than stockholders.

E. Times Interest Earned or Interest Coverage Ratio

equals Earnings before interest and taxes (or EBIT)
Interest expense payable on debt

This indicates how many times (how sufficiently)
earnings will pay fixed interest charges on long-term
debt. In general, a higher figure is preferrable to a low-
er figure.

Other coverage ratios include: debt cash flow cover-
age ratio; preferred stock cash flow coverage ratio;
common stock cash flow coverage ratio; preferred div-
idend coverage ratio; total coverage ratio; and total
fixed charge coverage ratio.

F. Other Longer-Term Indicators include: Return on
Residual Equity; Dividend Payout Ratio; and Dividend
Yield Ratio.

Leverage Ratios

A firm is “leveraged” when, in addition to equity, it util-
izes debt―especially long-term debt―to finance its opera-
tions. Debt is usually less costly than equity, because

interest on debt is tax-deductible, whereas dividends are
not. Debt is used as a “lever” to acquire more income-gen-
erating assets and thereby increase earnings for stock-
holders.

Leverage ratios indicate the proportionate contributions
of owners and (vs.) creditors to the funding of operations.

A. Debt Ratio

equals

Total debt (or Current debt + Long-term debt)
Total ssets

Expressed as either a ratio or a percentage, this indi-
cates the proportion of total funds provided by credi-
tors. For most manufacturers, the percentage is usually
under 35-40%.

B. Equity Ratio

equals Common shareholders’ equity
Total capital employed

Expressed as either a ratio or a percentage, this indi-
cates the proportion of capitalization (total funding)
provided by shareholders of common stock. (Common
equity includes retained earnings.)

C. Debt/Equity Ratio

equals Total Debt or
Equity

Total debt (or Long-term debt + Preferred stock)
Equity (owned by common stockholders)

This indicates the relative positions of (degrees of fi-
nancial risk assumed/borne by) creditors versus own-
ers. Some practitioners calculate this ratio using the
first formula, which indicates the relative positions of
creditors versus common and preferred shareholders.
Some practitioners calculate it using the second for-
mula, which indicates the relative positions of creditors
and preferred stockholders versus common stockhold-
ers. High ratios indicate more risk and less protection
for creditors. [Some practitioners also calculate this
ratio by dividing total liabilities by total assets.]



D. Long-Term Debt to Equity Ratio

equals Long-term debt
Total equity

This ratio indicates the proportions of debt and equity
that comprise the “permanent” or “long-term” funding
of a business. [Total equity = common stock + pre-
ferred stock + surplus + retained earnings.]

Operations Research (“OR”)
Decision-Making Techniques/Tools

Earlier, in the section on the analysis phase, we discussed
the following operations research techniques: linear and
nonlinear programing; queuing theory; information theory;
servo theory; symbolic logic; and simulation models. (See
pages A-25 to A-28.) These techniques are applied during
the analysis phase to (1) analyze systems of variables, (2)
identify cause and effect relationships among the variables,
and (3) express the relationships as mathematical equations.

Once having been developed during the analysis phase,
several tools―linear and nonlinear equations and simula-
tion models―are also used during the decision-making
phase to test, play “what if” with, evaluate, and/or compare
alternative programs/projects and consolidated organiza-
tional plans. For example: By altering certain (independent)
variables in linear and nonlinear equations to reflect differ-
ences in production and distribution programs/projects, de-
cision makers can determine how (dependent) variables
such as production volume, production costs, and distribu-
tion efficiency would be affected. Similarly, by altering (in-
dependent) variables in production, marketing, and finan-
cial simulation models to reflect differences in production,
marketing, and financial programs/projects, decision mak-
ers can determine how (dependent) variables such as pro-
duction volume, production costs, sales, and profits would
be affected.

Since we have already discussed the techniques men-
tioned above, we turn our attention at this point to several
additional OR techniques and tools that are usually devel-
oped during the decision-making phase to evaluate, test,
play “what if” with, compare, and choose alternatives.
These techniques are game theory and probability theory
―both of which involve diagrammatic tools.
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Game Theory

This decision-making technique is used not only in games
such as checkers and chess, but also in competitive busi-
ness situations, where decisions are made under conditions
of conflict, uncertainty, and risk. It is primarily applied dur-
ing decision-making steps 1.1 and 1.2 on page 105 of the
book (N-GMD) to help analyze/evaluate (alternative) mar-
ket-oriented strategies/tactics. Applying game theory is
often called “gaming.”39

Several assumptions underlie game theory: (a) the player
will try to maximize gains and/or minimize losses; (b) the
player will make rational decisions; and (c) the player’s
opponent will do the same.

Two terms are used in connection with game theory:
Minimax is the minimum of a set of maxima―i.e., the
smallest of the maximum possible losses or undesirable
outcomes resulting from the implementation of a strategy.
Maximin is the maximum of a set of minima―i.e., the
largest of the minimum possible gains or desirable out-
comes resulting from the implementation of a strategy.

The objective of gaming in business is to identify an opti-
mal strategy or solution (some series of moves or acts) that
will maximize gains and minimize losses―regardless of
what the competition might do.

The thought processes involved are the same as those
involved in playing chess. Opponents use proposition logic
to think ahead about the moves and counter-moves that
they could make within the context of their respective
strategies. In other words, they mentally test possible sce-
narios, asking, “If we were to make a certain move, how
might our competition respond, and how might we then
respond to the competition’s move(s)―and so on?”

The mechanics of gaming involve anticipating the future
in terms of scenarios (chains or sequences of acts and
events): (1) the organization’s initial alternative acts; (2)
possible competitive responses to initial organizational
acts; (3) subsequent organizational acts in response to com-
petitive responses; (4) subsequent competitive reactions to
organizational responses; (5) any further acts and events;
and eventually (6) the final outcomes of sequences of acts
and events.

For an example, see Figure 5.1 on page 109 of N-GMD,
which is a simplified illustration of pricing strategies being
considered by a company that produces a commodity.





Note: Many products are differentiable in terms of fac-
tors such as design, quality, and features. However,
commodities such as sugar, oil, and basic steel shapes
are difficult to differentiate in any terms other than
price, delivery, and service. Figure 23 is simplified
partly because it deals only with pricing. (It would be
much more complicated―but more realistic―if it also
dealt with other marketing factors.) It is also simpli-
fied because it does not deal with all possible acts and
events.

Let us say that the company in Figure 23 is one of the
low-cost producers, wants to maximize long-range profit-
ability to the extent possible, and is considering the fol-
lowing basic pricing strategies:

A. Reduce price by X% in order to gain market share
(and thereby increase sales and total profit even
though profit margin would be decreased to some
extent).

B. Maintain price at the present competitive level.
C. Raise price by X% in order to increase profit mar-

gin (and thereby increase total profit, even though
sales and market share would be decreased to
some extent).

Note in Figure 23 that these alternative acts are de-
picted as an “act fork.” (Other alternatives not con-
sidered here―such as reducing or raising price by
other percentages―are indicated by dashed lines in
Figure 23.)

With respect to alternative pricing strategy A, the com-
pany would do well to consider how one or more compet-
itors could possibly respond to the initial act―e.g.: (A1)
maintain present price; (A2) counter by reducing price by
the same amount; or (A3) counter by reducing price by a
greater amount. [It should be noted that the anticipation of
these possibilities should be based on an analysis of com-
petitors’ (a) past actions; (b) apparent engineering, produc-
tion, cost, marketing, and financial capabilities; and (c) ap-
parent competitive strategies and tactics.] Notice in Figure
23 that these possible events are depicted as an “event
fork,” and that event forks also follow alternative acts B
and C.

After identifying possible competitive responses to each
of its initial acts, the company would then do well to con-
sider the possible ways in which it might respond to com-
petitive reactions. For example, in response to event A2, it
could (A2a) reduce price even more, or (A2b) maintain
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price at the initially reduced level. (These events should
also be anticipated based on the analysis of competitors.)
Notice in Figure 23 that these alternative acts are depicted
as an “act fork,” and that act forks also stem from the other
preceding events.

Next, the company would do well to anticipate the ways
in which competitors could respond to the previous com-
pany acts, and then anticipate how it could respond to their
responses, and so on. (To simpify Figure 23, we have cut
off the analysis following the second set of company acts.)

Finally, at the end of each chain of acts and events, the
company should indicate the outcome (terminal value). In
Figure 23, estimated total profit would be calculated by
multiplying the resulting unit sales by the resulting profit
margin per unit sold. [Note: There is usually a trade-off
between market share and profitability. The net effect of in-
creased market share (sales) at the expense of decreased
profit margin―or the net effect of increased profit margin
at the expense of decreased market share (sales)―depends
on costs, market sensitivity to prices, and other factors.]

Where commodities are involved, the optimal strategy
usually revolves around (a) becoming or remaining the
lowest-cost producer; (b) charging competitive prices; and
(c) offering the quickest delivery and best service possible.
Such a strategy would give the company in our example the
flexibility to do the following: (a) maintain its current price
in its major market territory; (b) perhaps reduce price and
gain sales outside its market area; (c) counter pricing chal-
lenges by competitors (and keep them intimidated); and (d)
delay making price increases when costs are rising signifi-
cantly throughout the industry.

It should be apparent that gaming can be extremely com-
plicated and difficult―especially when various combina-
tions of marketing mix factors are taken into account.
Much of the difficulty can be attributed to the mental ina-
bility to visualize and keep track of all the possible scen-
arios. Thus, in order to use this technique effectively, it is
usually necessary to draw a diagram of possible acts and
events―like the visual tool, Figure 23.

Note: A diagram like Figure 23 can be developed into
a decision tree that accounts for the probabilities of
events occurring. Decision trees will be discussed be-
ginning on page 110 in N-GMD and DM-67 in this
addendum.





b. indicating and keeping track of the estimated prob-
abilities of possible outcomes associated with al-
ternative courses of action;

c. calculating and indicating the expected values of
the possible outcomes of alternative courses of
action; and

d. calculating, indicating, and comparing the overall
expected values of alternative courses of action.

Example: (See Exhibit AD on the opposite page.)
Ms. Black, a purchasing manager, is deciding whether
to buy 1000 or 2000 gadgets for resale. The antici-
pated selling price is $8 per unit. The cost is $3 per
unit. After careful consideration, she has estimated a
60% probability that 1000 gadgets can be sold, and a
40% probability that 2000 gadgets can be sold. She
has calculated the expected values shown in columns 4
and 6. Note that if she buys 1000 gadgets, her com-
pany will make $5,000 if it sells 1000 [(1,000 x $8)
minus (1000 x $3)]; but, because she bought only
1000, it will make the same $5,000 even if it receives
orders for 2000 [(1000 x $8) minus (1000 x $3)]. On
the other hand, if she buys 2000 gadgets, her company
will make only $2,000 if it sells 1000 [(1000 x $8)
minus (2000 x $3)]; but it will make $10,000 if it sells
all 2000 [(2000 x $8) minus (2000 x $3)]. (This sim-
plified example does not take into account many other
possible acts and events―such as the possibility of
selling leftover gadgets at a lower price, or buying
more gadgets in order to fill greater demand than ex-
pected.)

To find the overall expected value of each alternative
(Buy 1000 or Buy 2000), Ms. Black has added the two
expected values in column 4 ($3,000 + $2,000 =
$5,000) and column 6 ($1,200 + $4,000 = $5,200).
Since the overall expected value for “Buy 2000” is
$200 greater than the overall expected value for “Buy
1000,” Ms. Black’s best alternative is to buy 2000. [In
effect, she has calculated weighted averages of the fig-
ures―the estimated probabilities being the “weights.”
Simply adding the expected values in columns 4 and 6
is legitimate if one is “indifferent to risk” (i.e., is nei-
ther a risk taker nor a risk avoider).]

A payoff matrix has the advantages mentioned in the
introductory paragraph. Its main disadvantage is that it
can become rather difficult to follow when many al-
ternatives and possible outcomes are involved.
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B. Decision Tree

A decision tree is an even more useful tool for making
decisions under conditions of uncertainty and risk. It
displays the same information as a payoff matrix, but
does so more diagrammatically. It can display (a) the
alternatives that require an immediate decision; (b)
events and their estimated probabilities of occurrence;
(c) future decision points (involving subsequent acts);
and (d) the values of outcomes of alternatives. Because
it is capable of incorporating financial techniques and
several other OR techniques, it can also display, for
example, gaming scenarios, positive and negative cash
flows, and net present values of cash flows (at the ter-
minal positions at the ends of branches).

The tree in Figure 24 (page DM-69) is a diagrammatic
representation of the payoff matrix in Exhibit AD.

The following are some of the most basic concepts,
rules, procedures, and guidelines for constructing and
using a decision tree:

1. First, draw a tree that outlines significant acts and
events in a logical manner.

a. A tree is drawn from left to right, showing se-
quences of acts and events. At the left side is
an initial “act fork” having a “main branch”
for each major or basic alternative act. Many
trees―especially those involving a “do” or
“not do” decision―have only two main
branches. Some trees, however, have three,
four, or even more main branches.

b. The structure of the tree indicates the se-
quences of acts, events, and final outcomes
involved. As in a PERT diagram, there is a
distinct set or series of branches for each dis-
tinct sequence or series of acts and events. At
the right end of each set of branches there is a
terminal expected value (the expected value
of the outcome).

c. When drawing a tree, several basic rules
should be followed:

1. Acts and events are usually―but not nec-
essarily―shown on a tree in the chrono-
logical order in which they occur.
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2. Act forks should not follow act forks.
Combinations of acts should be shown on
a single act fork.

3. Event forks can have so many branches
that they become “event fans.” Event fans
are dealt with using mathematical ap-
proaches that will not be discussed here.

4. Event forks or fans can follow prior event
forks or fans.

5. The ends of all branches should reflect
the same cut-off date, so that the corres-
ponding terminal values will all be accu-
rate as of the same date.

2. Fill in information on the tree.

a. Label all acts and events (if this was not done
as the tree was being drawn).

b. Taking each event on the tree in its turn,
assess/estimate the event’s probability and re-
cord the figure in parentheses (as shown in
Figure 24). Probabilities are not assessed for
acts―only for events. Also, the probabilities
on any single event fork or fan must add up
to 100% (or 1.0).

Probability assessments/estimates should be
made by the most qualified engineering, pro-
duction, marketing/sales, financial, human re-
sources, and/or management personnel. As
discussed in detail on pages 117 and 118 of
N-GMD, they should make their assessments
as objectively and realistically as possible,
being especially careful not to (a) estimate
higher than realistic probabilities because of
their preferences for events or outcomes, or
(b) estimate lower than realistic probabilities
because of their aversions to events or out-
comes.

c. Taking each act and event on the tree in its
turn, indicate the positive or negative cash
flow associated with it. Estimates of cash
flows should be made by the most qualified
personnel, using the best data available and
their own best judgment. Here, too, personnel
should be careful not to underestimate or

overestimate figures because of their prefer-
ences for or aversions to acts, events, and
eventual outcomes.

d. Taking each terminal (end) point in its turn,
calculate the expected (net) terminal value by
adding up all the positive and negative cash
flows on the route (sequence of branches)
leading to that point.

3. “Solve” the tree.

a. If the person using the tree on an organiza-
tion’s behalf can make the assumption that
top management and stockholders are “indif-
ferent to risk” (are neither risk-taking nor
risk-avoiding), he or she can determine the
best decision by working backwards on the
tree (making calculations from right to left) in
the following manner:

1. At each event fork on the right-most posi-
tion on the tree, multiply each terminal
value at the end of that fork by the prob-
ability of the event leading to that ter-
minal value. Then add the results. Take,
for example, the lower event fork in Fig-
ure 24. The result, $5,200, is found by
multiplying $2,000 by .60 (and getting
$1,200), multiplying $10,000 by .40 (and
getting $4,000), and then adding $1,200
and $4,000.

2. Indicate the result in a box having an ar-
row pointing to the point of the fork―as
shown in Figure 24. (In the case of Fig-
ure 24, there need be no further computa-
tions. “Buy 2000” has a value of $200
more than “Buy 1000.”)

3. If a tree has more act and event forks than
the tree in Figure 24, continue making
computations from right to left. Figure 25
is such a tree. We will explain the compu-
tations for that tree below.

b. If it is not appropriate for the person using the
tree to assume organizational indifference to
risk, then solving a tree mathematically is
coniderably more complicated. In fact, it is
too complicated to explain here.
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b. If ABC tooled to machine all the parts, tooling
would cost $10,000 (a cash outflow) and produc-
tion (an event) would cost $95,000 (another cash
outflow). At the end of that branch, therefore, the
terminal value would be $10,000 (-5,000 +20,000
-10,000 -95,000).

If Mr. Wilson decided not to build the prototype,
the terminal value would be $0 (nothing gained,
nothing lost).

The basic decision: Should ABC build the proto-
type or not?

With all the information on the tree, all one need
do is make appropriate computations, working
from right to left. If Mr. Wilson were “indifferent
to risk,” he would perform these calculations as
follows:

First, working with the top event fork (the top two
branches), he would compute the $16,000 figure
[$16,000 = (.80 x $19,000) + (.20 x $4,000)] and
then write it in the box with an arrow pointing to
the end of the “tool to stamp” act (and the point of
the fork).

Next, working with the third branch from the top,
he would write that branch’s $10,000 terminal val-
ue in a box with an arrow pointing to the end of
the “tool to machine” act (a point directly below
the point of the event fork above). Since the fork at
the end of “tool to stamp” has a $16,000 value, but
the branch at the end of “tool to machine” has only
a $10,000 value, he would write the larger $16,000
figure in a box with an arrow pointing to the end
of the “XYZ orders” event (and the point of the
stamp vs. machine act fork).

Next, working with the fourth branch from the top,
he would write the -$5,000 terminal value in a box
with an arrow pointing to the end of the “XYZ not
order” event.

Then, he would calculate the value of “build pro-
totype.” To do so, he would (1) multiply the “XYZ
orders” value of $16,000 by the probability of .50;
(2) multiply the “XYZ not order” value of -$5,000
by the probability of .50; (3) add the two resulting
figures (+$8,000 -$2,500 = +$5,500); and (4)
write the $5,500 figure in a box with an arrow

pointing to the end of the basic act, “build proto-
type.”

The best choice, “build prototype,” would then be
clear. Based on mathematical expectations, build-
ing the prototype would result in a value of
$5,500, while not building the prototype would re-
sult in a value of $0.

Using a decision tree has all the advantages mentioned
in the introductory paragraph. Even if it is not “solved”
mathematically, it still enables decision makers to visu-
alize, keep track of, and consider all the aspects of a
situation. Imagine, for example, how it would help
structure, visualize, and analyze the competitive pric-
ing situation illustrated in Figure 23.

It also has several disadvantages: First, it can be very
difficult to contruct and solve a tree that deals with a
very complicated decision-making situation. (This par-
ticularly applies to, for example, a tree that outlines
complex gaming scenarios.) Second, making a deci-
sion based soley on mathematical expectations regard-
ing cash flows does not take account of other decision-
making criteria that could be equally important in a
particular situation. Third, one must learn many con-
cepts, rules, procedures, and mathematical techniques
in order to use this tool properly in any type of deci-
sion-making situation. (It would require several hund-
red pages to explain all of them.)

Therefore, we strongly recommend that the reader
study a text on probability theory and decision trees
before fully relying on this decision-making tool. A
number of available texts40 cover topics such as: (a)
concepts and procedures involved in constructing
trees; (b) the elimination of unnecessary acts, events,
or scenarios; (c) the mathematical treatment of event
fans; (d) the handling of “contextual cash flows”; (e)
the use of net present values; (f) what to consider when
assessing probabilities; (g) the use and calculation of
“conditional probabilities”; and (h) the mathematical
calculation of probabilities when there is not indiffer-
ence to risk.

Having said that, we still recommend using this tool
―at least to help structure, visualize, and gain insight
into any important decision-making situation.











b. gain insights that lead to formulating modifications
(solutions) for eliminating or at least minimizing
potential problems and contingencies;

c. gain insights that lead to integrating or combining
alternatives;

d. organize and keep track of information, insights,
and conclusions;

e. evaluate alternatives, weighing their advantages
against their disadvantages;

f. compare the advantages and disadvantages of var-
ious alternatives; and

g. choose the best alternative(s).

Steps for constructing and utilizing a table of advantages
and disadvantages:

1. Set up a three-column table such as the one shown
in Exhibit AE.

2. Review the decision-making criteria established
during the analytic phase.

3. Based on the decision-making criteria being used,
do the following for each alternative in its turn:

a. Identify/anticipate (“brainstorm”) all the pos-
sible outcomes, results, consequences, or ef-
fects of implementing the particular alterna-
tive.

b. Identify and list all its advantages and dis-
advantages in the appropriate columns. [As
discussed on page 118 of N-GMD, make a
conscious effort to keep personal attitudes
(e.g., preferences and aversions) from impair-
ing objectivity.]

c. Evaluate whether or not the alternative’s ad-
vantages outweigh its disadvantages.

4. Compare alternatives, asking these major ques-
tions: Do the overall advantages (advantages mi-
nus disadvantages) of an alternative outweigh the
overall advantages of other alternatives? In other
words, given all the advantages and disadvantages
of various alternatives, which alternative (or com-
bination of alternatives) best meets decision-mak-
ing criteria (comes closest to maximizing benefits
while minimizing undesirable or negative effects)?

5. Choose an alternative (or combination of alterna-
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tives) for implementation. (Or, better yet, use the
information in the table of advantages and disad-
vantages as inputs to a comparison matrix, and
then make a decision based on the matrix.)

Using a table of advantages and disadvantages has these
advantages: (a) it is simple and easy to use; (b) it induces
deeper thought; (c) it enables more thorough consideration
of alternatives; and (d) it helps prevent mistakes.

However, using this tool also has several disadvantages:

a. Individuals have a tendency to write down advan-
tages and disadvantages in a disorganized manner
―e.g., as they occur to them.

b. Although decision-making criteria are implicit in
statements of advantages and disadvantages, the
relative importance being attached to those criteria
is not always readily apparent.

c. Criteria-related information cannot be formatted in
a manner that enables mathematical determination
of the best alternative.

Many decision makers make choices based on such a ta-
ble. More sophisticated decision makers use the table as a
worksheet in preparation for constructing and using a Com-
parison Matrix.

Comparison Matrix

This tool displays more information in a more criteria-
oriented, concise, organized, and useful tabular format for
evaluating and comparing alternatives.

As illustrated in Exhibit AF, it does all the following:

a. It explicitly compares all alternatives in terms of
the same criteria, which are listed down the left-
hand column.

b. It explicitly indicates the relative importance (pri-
ority or rank) that is being attached to each deci-
sion-making criterion.

c. It indicates the relative weight that is being as-
signed to each criterion.

d. For each criterion, it also indicates the following
with respect to each alternative: relevant data; a
score (relative to the other alternatives); and a
weighted score.

e. It enables computation and comparison of the al-
ternatives’ total weighted scores.
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Steps for constructing and utilizing a comparison matrix:

1. On a separate sheet of paper . . .

a. List all the general and specific decision-
making criteria or parameters that were se-
lected during the analytic phase.

* Include any new criteria identified during
the use of a table of advantages/disad-
vantages.

* Add any other criteria that are considered
applicable to the the particular decision-
making situation.

b. Choose the criteria that will actually be used
as the bases for making a decision.

* Give this choice considerable thought.
Using the wrong criteria can lead to mak-
ing a non-optimal decision.

* Select criteria within the context of long-
and/or short-term goals and plans.

* Limiting and very critical or key criteria
can be labeled “Musts”/”Limitations”/
“Needs.” Although no limiting, “cut-off,”
or “Go/No Go” criteria are included in
Exhibit AF, one such criterion might be:
“total cost not exceed $X.”

* Important but less critical criteria can be
labeled “Wants.”

* In general, ten to twelve criteria are con-
sidered adequate. Using fewer than four
or five does not cover enough bases. Us-
ing more than ten or twelve can overly
complicate the decision-making process.

c. Rank the selected criteria in their (relative)
order of importance.

* If, for example, there are ten criteria, they
can be ranked from 1 (highest priority)
down to 10 (lowest priority).

* The order of importance will depend up-
on the circumstances being faced by an
individual or group. With respect to Ex-
hibit AF, for example, a decision maker
might assign a higher priority to the
amount of “debt incurred” if the organiza-
tion were deeply in debt and were tightly
controlling capital expenditures. Another

decision maker might assign a much
higher priority to “environmental impact”
if extremely hazardous waste materials
were involved.

* Ranking is not necessarily easy, but it
helps to sort out trade-offs among criteria
and establishes a framework for assigning
weights to criteria in step 3.

2. Construct a matrix that accomodates the number
of criteria and alternatives involved.

a. In the left column, list the selected criteria in
descending order by rank―i.e., the highest
priority at the top, down to the lowest prior-
ity. (The criteria can be listed in any order,
but listing them in descending order makes
the matrix easier to understand and use.)

b. In the next column to the right, indicate each
criterion’s priority or rank.

c. Fill in concise titles for alternative projects,
solutions, or sets of goals/plans across the top
of the matrix.

3. Assign a weighting factor (or weight) to each cri-
terion and write it in the appropriate column.

* In general, the higher a criterion’s priority,
the more weight it is given.

* The simplest weighting system involves us-
ing the same number of weights as there are
rankings. In other words, if there were ten
criteria ranked from 1 down to 10, weights
could be ranged from 10 (highest weight fac-
tor) down to 1 (lowest weight factor). Sim-
plicity, however, can reduce precision when
it does not account for small but significant
differences in the importance of criteria. For
example: If this system had been used in
Exhibit AF, it might have been necessary to
give both “NPV” and “Benefit/cost ratio”
weights of 10, even though NPV was ranked
slightly higher in importance than B/C ratio.

* A more accurate weighting system utilizes a
larger number or range of weights in order to
reflect small yet significant differences in the
relative importance of criteria. For example:
In Exhibit AF, the range of weights has been
doubled (from 10 to 20). This enables a deci-



sion maker to show that NPV (ranked # 1) is
slightly more important than B/C ratio
(ranked # 2). Accordingly, NPV has been
given a weight of 20, and B/C ratio has been
given a weight of 19.

* It is important to take this step before filling
in data and scores for alternatives. It helps
prevent personal attitudes from impairing ob-
jectivity.

* Weights should be determined with consider-
able thought. The validity of total weighted
scores largely depends upon their accuracy.

4. For each criterion in its turn, . . .

a. Fill in appropriate information in the “Data”
column under each alternative.

* Data can be filled in for quantitative/ob-
jective criteria.

* Concise comments can be filled in for
qualitative/subjective criteria.

* Filling in data or comments is not abso-
lutely necessary. However, doing so dis-
plays key information for review by deci-
sion makers and other interested parties.

b. Determine and fill in a (relative) “raw score”
for each alternative (based on comparison of
the information in the data columns under the
alternatives).

* The most common method, which has
been used in Exhibit AF, is simply to rank
the alternatives. Thus, if there are three
alternatives, they can be ranked from 3
(best of the alternatives) down to 1 (worst
of the alternatives).

* A more precise method is to assign scores
that reflect degrees of desirability and un-
desirability―e.g., +3 (most desirable),
+2, +1, 0 (neutral), -1, -2, -3 (most unde-
sirable).

* The most precise method is to assign
scores from, say, 10 (a high score) to 1 (a
low score). This method is more compli-
cated, because it involves determining rel-
ative scores by ranging the data regarding
alternatives on a scale from, say, 10 to 1.
This can require some calculation and in-
terpolation.
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* Using the second and third methods,
more than one alternative can have the
same score.

* Like weights, scores should be deter-
mined with considerable thought, especi-
ally when using the second and third
methods mentioned above. The validity of
total weighted scores largely depends
upon the accuracy of raw scores.

c. Compute (and fill in) each alternative’s
weighted score. Simply multiply the (raw)
score for each alternative by the criterion’s
weight factor.

5. Total the weighted scores in the columns under the
alternatives, and then write the total weighted
scores at the bottom of the matrix.

6. Choose the alternative(s) having the highest total
weighted score(s).

A “Chart of Alternatives” for Aiding Strategic/
Long-Range Planning and Decision Making

When we discuss single-choice and multiple-choice deci-
sions, we use only annual, interim, and ad hoc decision-
making situations as examples. That is because strategic/
long-range planning situations are considerably more com-
plex―especially when organizations and their units formu-
late alternative sets of goals and associated strategies/tac-
tics, programs/projects, action plans, and budgets. Choos-
ing one integrated set of alternatives from a number of pos-
sible combinations of alternatives can be extremely compli-
cated and difficult. In such situations, we have found what
we call a “chart of alternatives” to be a very useful planning
and decision-making aid.

Figure 26 on the next page is a partial and somewhat
simplified example of this tool. It can be developed and
used during the planning phase, and then can be used again
(in conjunction with other decision-making tools) during
decision-making steps at various organizational levels―in
order to help deal with complexity.

More specifically, this diagram can be used to help do the
following:

a. keep track of the numerous alternatives being
identified and formulated;





b. identify and keep track of appropriate combina-
tions or sets of alternatives;

c. break down larger, more complex decisions into
series of more discreet decisions;

d. keep track of where the organization and its units
are in the planning process;

e. determine where single-choice decisions and mul-
tiple-choice decisions should be made;

f. make (tentative) single-choice and multiple-choice
decisions that reduce the number of combinations
of alternatives to be evaluated and compared;

g. identify the combinations/sets of alternatives that
are to be subjected to final decision making.

Structure of a Chart of Alternatives: Although Figure
26 looks like a decision tree, it is not. It can be more
appropriately described as a “chart or diagram of alter-
native combinations of acts.”

We have chosen to use a marketing department
chart as an example for two reasons: First, in stra-
tegic/long-range planning, other operating areas’
strategies/tactics and programs/projects generally
support market-oriented plans. Second, marketing
charts tend to be the most complex, because it is
necessary to integrate various strategies/tactics and
programs/projects relating to the “marketing mix.”

The Strategies/Tactics columns in this example illus-
trate a partial “network” of combinations of alternative
marketing mix strategies/tactics―i.e., product (or pro-
duct mix) alternatives; distribution channel alterna-
tives; push promotion alternatives (for getting products
into channels and through channels to consumers); pull
promotion alternatives (for getting consumers to the
point of sale); and pricing alternatives. A complete
chart of alternatives would show all combinations of
strategies/tactics―not just those associated with Pro-
duct Mix A (as in Figure 26).

This “network” of alternative acts can also be
drawn as the initial act branches on a decision tree.
For example, the top branch (act line) would be:
Mix A - Channel A - Push A1 - Pull A1 - Pricing
A1. An act fork involving Mix A and Channels A
and B would have 24 “act lines.” If Channels A+B
had also been shown, there would be another 12
“act lines” on the fork. Mix B would involve more
“act lines”―and so forth.
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The Programs/Projects columns essentially form a ta-
ble of alternative combinations of programs/projects
and accompanying action plans and budgets (for im-
plementing selected combinations or sets of strate-
gies/tactics).

Note that the programs/projects and plans/budgets
shown in Figure 26 are associated with only one
particular combination of strategies/tactics―i.e.,
Mix A - Channel A - Push A2 - Pull A1 - Pricing
A3. A complete chart of alternatives would show
the programs/projects/plans/budgets for other (se-
lected) sets of strategies/tactics.

Also note that, for each program/project, we have
shown three alternative action plans and associated
budgets―i.e., a maximum plan/budget, a mini-
mum plan/budget, and an adjusted plan/budget. As
in the case of strategies/tactics, various combina-
tions of programs/projects and their alternative
plans/budgets can also be shown as “act lines” on
an act fork. However, if all programs/projects were
to be implemented (as we have assumed), if deci-
sions were essentially being made concerning
which combinations of plans/budgets were to be
implemented, and if the alternative combinations
of plans/budgets in Figure 26 were shown on an
act fork, there would be 59,049 act lines on the
fork. A tabular format greatly simplifies a complex
act fork.

The rows at the bottom of a table (for a particular
set of programs/projects associated with a partic-
ular combination of strategies/tactics) are used to
indicate the financial results associated with those
alternative combinations of plans/budgets.

Using a Chart of Alternatives as a planning and deci-
sion-making tool at the unit level: Although planners
and decision makers can utilize networks and tables in
a variety of ways, a marketing department might take
the basic steps described below. [These steps reflect
the integration of decision-making steps into the plan-
ning steps outlined in Figure 7-B on page PP-5 (or Fig-
ure 5.1b on page 71 of N-GMD.]

1. Plan: Identify/formulate alternative strategies and
tactics (based on sales goals and on in-depth anal-
yses of products, consumers, channels of distri-
bution, competitive promotion and pricing prac-
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tices, and market problems and opportunities) The
formulation of each alternative strategy/tactic in
each area is generally the result of making multiple
choice decisions concerning ways to improve, cor-
rect, control, or otherwise influence various factors
or variables. [In Figure 26, we have assumed that
strategies/tactics (and programs/projects) are being
formulated for a 10-year period, but that budgets
are being prepared―and financial results are be-
ing projected―for at least a 20-year period.]

a. Identify/formulate alternative product mix
strategies/tactics [Due to limited page space,
we have not indicated alternative mixes B, C,
and D in Figure 26.]

b. Identify/formulate alternative distribution
strategies/tactics (that involve possible chan-
nels or combinations of channels for reaching
targeted consumers) [For product mix A in
Figure 26, the alternatives might also include,
for example, channel C and combinations
A&B, A&C, B&C, and A&B&C.]

c. Identify/formulate alternative push promotion
strategies/tactics and alternative pull promo-
tion strategies/tactics (given alternative prod-
uct mixes and alternative distribution chan-
nels) [In Figure 26, there could easily be
more than two push and pull alternatives as-
sociated with each alternative combination of
product mix and channel strategies/tactics.]

d. Identify/formulate alternative pricing strate-
gies/tactics (given the above) [In Figure 26,
strategy 1 might be “price above the com-
petition,” strategy 2 might be “price with the
competition,” and strategy 3 might be “price
below the competition.”]

2. Construct a network that illustrates alternative
combinations of strategies/tactics (as in Figure 26)

* It may be necessary to use a poster-size sheet
of paper (or even a larger surface) to show all
combinations.

* As in Figure 26, alpha-numeric codes may be
used to represent strategies/tactics.

* The various combinations can be shown on
an act fork instead of a network.

3. Make a series of single-choice decisions (before
proceeding to formulate programs/projects and ac-
companying action plans and budgets). Because
of the time and complexity involved, most market-
ing or strategic planners will not attempt to formu-
late programs/projects (and accompanying action
plans and budgets) for all the possible sets or com-
binations of strategies/tactics. Instead, keeping in
mind that product, channel, promotional, and pric-
ing strategies/tactics affect each other, they will
usually screen the alternative combinations of
these strategies/tactics and select certain combina-
tions by making a series of initial/tentative single-
choice decisions. (In effect, they are “pruning”
less effective combinations from the network.)

* Because programs/projects and accompany-
ing action plans and budgets have not yet
been formulated, there are few meaningful
numbers and quantitative criteria that can be
used at this point. Thus, these single-choice
decisions are generally made based on mar-
ket analyses, simulation models, gaming
scenarios, and qualitative/subjective criteria
such as (a) compatibility and synergy among
different types of strategies/tactics; (b) long-
range competitiveness (given industry projec-
tions and gaming scenarios); and (c) flexi-
bility to deal with foreseen and unforeseen
problems and opportunities.

* To help evaluate and compare alternatives
and make these single-choice decisions, use a
tTable of advantages/disadvantages and/or a
comparison matrix.

* With respect to Mix A in our example, deci-
sion makers have initially/tentatively chosen
the following combination: Mix A - Channel
A - Push A2 - Pull A1 - Price A3. (They
might also choose a combination involving
Mix A and Channel B.) They would then go
on to do the same for combinations of strate-
gies/tactics associated with Mix B, Mix C,
and so forth.

Take the following steps for each selected
combination of strategies/tactics in its
turn:

4. Formulate broad/basic long-range programs/pro-
jects for implementing each initially selected com-
bination of strategies/tactics. In the programs/pro-



jects column of Figure 26, we have shown only
two programs/projects for each of the marketing
mix areas―i.e., two for product, two for channel,
and so forth. There may be more programs/pro-
jects under each area. (The various programs/pro-
jects are described in the next column to the right.)

* The formulation of each program/project usu-
ally involves making multiple-choice deci-
sions concerning actions to be taken with re-
spect to improving, correcting, controlling, or
otherwise influencing various factors/varia-
bles in that particular area. Because action
plans and budgets have not yet been formu-
lated, these multiple choices are generally
made based on more qualitative/subjective
criteria.

# Product programs/projects are often for-
mulated with assistance from R&D per-
sonnel. Pricing programs/projects are
generally formulated based on (a) produc-
tion cost projections (provided by the pro-
duction department); and (b) competitive
pricing scenarios.

# Some programs/projects will involve cap-
ital expenditures for facilities and equip-
ment, while others will not.

* As indicated in Figure 26, most marketing
managers will plan to implement all long-
range programs/projects in order to deal with
all areas of the marketing mix. (Managers in
other operating areas will usually do the same
with respect to all the areas that concern
them.) The question, therefore, is not really
“which programs/projects should be imple-
mented over the long-term?” Rather, it is
“what should the relative size and cost of
each program/project be in order to maximize
benefits, minimize problems, and make the
most effective use of limited resources?”

* The relative size and cost of programs/pro-
jects associated with a particular combination
of strategies/tactics partly depend upon the
relative priorities of those programs/projects.
In Figure 26, the programs/projects in the
various areas have been ranked from 1 (high-
est priority) to 10 (lowest priority).
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5. Construct a Table of Programs/Projects (with As-
sociated Plans/Budgets) columns (as shown in Fig-
ure 26)

* The table in Figure 26 is a “summary table.”
For example: The terms “Max-Pln Budg,”
“Min-Pln Budg,” and “Adj-Pln Budg” only
represent actual budgets, which are construct-
ed on separate spreadsheets. The terms “Totl
Max,” “Totl Min,” and “Totl Adj” only rep-
resent “X Years” of totals for the maximum,
minimum, and adjusted columns. We recom-
mend reconstructing the tabular format in
Figure 26 on a computer spreadsheet that
contains actual maximum, minimum, and ad-
justed budgets. The computer spreadsheet
can then be used to calculate the max, min,
and adj totals (for each of “X years”) at the
bottom of the table. Once this has been done,
the NPV for each of the three columns can be
calculated and the figures can be entered on
the bottom line of the table in Figure 26. (In
Figure 26, only the NPV figures are actually
shown.)

* Note that alpha-numeric codes can be used to
represent programs/projects associated with a
particular combination of strategies/tactics.

6. Formulate several basic alternative long-range ac-
tion plans and accompanying (cash flow) budgets
for each program/project (that is associated with a
selected combination of strategies/tactics)

For each program/project in its turn . . .

a. Formulate these two basic alternative action
plans: (a) a maximum plan designed to maxi-
mize results over the planning period; and (b)
a minimum plan designed to produce mini-
mum acceptable results over the period. (The
adjusted plan will be formulated after the sets
of max plans/budgets and min plans/budgets
have been evaluated.)

b. Prepare a budget for each action plan in its
turn (using a budget format similar to the
one in Table 7 on page DM-44)

* If an organization is planning for a 10-
year period, it should construct cash flow
budgets for a period of at least 20 years.
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This accounts for at least some of the fi-
nancial benefits derived from any capital
expenditures made toward the end of the
10-year planning period.

* The figures for each year should include:
(a) capital expenditures (cash out-flows)
for facilities, equipment, and other assets
(over the planning period of, say, 10
years); and (b) cash outflows for expenses
(over, say, 20 years). (In the cases of indi-
vidual marketing programs/projects, these
separate budgets should not include sales
revenue figures. Revenue (cash inflow)
figures should be calculated later, taking
into account the effects of all the market-
ing programs/projects working together.)

* It is not necessary to formulate alternative
budgets for pricing programs. However,
the effects of pricing programs must be
taken into account when determining
sales revenues (cash inflows).

7. Calculate the (yearly) total financial results of
(plans)/budgets in the maximum column ― and
then in the minimum column [See the first para-
graph under Step 5 above.]

* Most planners will use the “most proba-
ble” projected figures, because making
calculations involving other possible fig-
ures and their probabilities is very compli-
cated.

a. Calculate total capital expenditures [for each
of the (10) years]

b. Calculate total expenses (including deprecia-
tion) [for each of the (20) years]

c. Calculate total revenue [for each of the (20)
years]. Multiply price times the (projected)
sales volume. To determine the actual selling
price, take account of pricing programs/plans
involving discounts and pricing deals. To de-
termine sales volume, estimate the sales that
will result from implementing the plans as-
sociated with all the programs/projects in-
volved. (In long-range marketing planning, it
is very difficult to estimate the sales volume
and revenue attributable to each particular
type of program/project.)

d. Calculate total cost savings [for each of the
(20) years]

e. Indicate total depreciation [for each of the
(20) years]

f. Calculate the total net beneficial cash flow
generated [for each of the (20) years]. As in
Table 7 on page DM-44, subtract expenses
from revenues, add savings, and add back de-
preciation.

g. Calculate the net present value of (20) years’
cash flows (and enter the figure on the bot-
tom line of the table in Figure 26) [Again,
this is the only figure actually shown in the
maximum and minimum (and adjusted) col-
umns.]

8. Develop adjusted plans/budgets for each program/
project (in its turn)

* Perform steps 6 and 7 with respect to the ad-
justed plans/budgets column.

* The adjusted column might contain adjusted
budgets for all the related programs/projects.
Or, as shown in Figure 26, it might contain
max budgets for some (high priority) pro-
grams/projects, min budgets for some (low
priority) programs/projects, and adjusted bud-
gets for other programs/projects.

* Given the “benchmarks” provided by the
max and min columns, the adjusted plans/
budgets column can be used to play “what if”
with, and to negotiate, various combinations
of max, min, and adjusted budgets. Adjust-
ments can account for the following: (a) the
relative priorities of programs/projects; (b)
the timing of capital expenditures; (c) guide-
line goals, plans, and budgets; (d) budgetary
constraints; and (e) planning inputs provided
by other departments.

9. Make a multiple choice decision, choosing at least
two or three alternative combinations of strategies/
tactics and associated programs/projects and plans/
budgets for final (single-choice) decision making
(at the top organizational level)



* To help make these choices, use a compari-
son matrix with criteria such as these: (a)
NPV; (b) total cost; (c) total capital expendi-
tures; (d) long-range competitiveness; (e)
long-range profitability; and (f) flexibility.

Using a Chart of Alternatives as a planning and
decision-making tool at the organizational level:

Figure 27 on page DM-85 is a simplified example. It
integrates the choices/recommendations provided by
the marketing department, the production department,
and other departments (whose choices/recommenda-
tions have been lumped together in order to simplify
the chart). [Although Figure 27 has been structured in
a network format, it can also be drawn as an act fork
having 64 act lines.]

* Here, we have shown only two alternative
combinations of marketing strategies/tactics.
Each has a max-plans budget and an adjust-
ed-plans budget (for the implementation of
all programs/projects associated with each al-
ternative combination of strategies/tactics).

Note: The max-plans budgets have been
chosen for consideration because, given their
projected results, it could be desirable to fin-
ance them. The adjusted-plans budgets have
been chosen over the min-plans budgets, be-
cause they reflect rational adjustments based
upon the consideration of tradeoffs among
programs/projects and their action plans.

* At the ends of the marketing department’s
branches, we have also shown only two com-
binations of production strategies/tactics. For
the same reasons mentioned in the note
above, each has a max-plans budget and an
adjusted-plans budget (for the implementa-
tion of all associated production programs/
projects and plans). These strategies/tactics
and associated programs/projects and plans/
budgets generally involve, for example, (a)
facilities/equipment; (b) the most cost-effec-
tive mix of new and old production technolo-
gies; and (c) productivity-enhancing and cost-
reducing activities.
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Note: Each alternative combination of pro-
duction strategies/tactics and associated pro-
grams/projects and plans/budgets should be
predicated on the sales volume projection as-
sociated with the marketing department
branch that immediately precedes it. This
means that the production department should
(1) base its initial planning on initially-
screened plans of the marketing department;
and (2) delay making its final choices until it
can base them on the final alternatives select-
ed by the marketing department.

* At the ends of the production department’s
branches, we have shown only two alterna-
tive combinations of other departments’ (inte-
grated) strategies/tactics. And, for the same
reasons mentioned above, each has a max-
plans budget and an adjusted-plans budget
(for the implementation of all associated pro-
grams/projects and plans). The finance de-
partment’s strategies/tactics and associated
programs/projects and plans/budgets gener-
ally involve the financing of capital expendi-
tures (and other areas). The human resources
department’s strategies/tactics and associated
programs/projects and plans/budgets gener-
ally involve procuring and training the human
resources required to implement (organiza-
tional) plans. And so forth. (We have inte-
grated all these plans on the third set of
branches in order to simplify the organiza-
tional chart.)

Note: Here, each alternative combination of
strategies/tactics and associated programs/
projects and plans/budgets should be predi-
cated on the sales and production volumes
and the financial requirements associated
with the marketing/production branches that
immediately precede it. This means that other
departments should (1) base their initial plan-
ning on initially-screened plans of the mar-
keting and production departments; and (2)
delay making their final choices until they
can base them on the final alternatives select-
ed by the marketing and production depart-
ments.
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It is assumed that departments will have cal-
culated the NVPs of their selected alterna-
tives before the following steps are taken at
the organizational level.

1. Construct an Organizational Chart of Alternatives

* Use either a network or an act fork format.

2. Enter the marketing department’s, production de-
partment’s, and other departments’ NPV figures
beneath the max and adjusted branches (as shown
in Figure 27)

* The marketing department’s NPVs are al-
most always positive, because they reflect
revenues from sales (which are the largest if
not only cash inflows). Other departments’
NPVs are usually negative, because, even
though they may include cost savings, they
normally reflect larger cash outflows for ex-
penses and capital expenditures.

3. Add the NPVs along each set of branches and in-
dicate the total NPV at the end (terminal position)

4. Make a final decision as to which combination of
(departmental) strategies/tactics and associated
programs/projects and plans/budgets to implement

* Make this decision based on total NPVs ―
or use a comparison matrix that lists alter-
natives having the highest NPVs and also
compares them in terms of criteria such as
these: (a) long-range competitiveness; (b)
long-range profitability; (c) total cost; (d) to-
tal capital expenditures; (e) financing/debt re-
quired; and (f) flexibility.

5. Modify/finalize unit/departmental and (consoli-
dated) organizational long-range strategies/tactics,
progams/projects, action plans, and budgets based
on final top management decisions

* Retain all planning inputs and tools so that
they can be (a) updated prior to each sub-
sequent year’s annual planning process, and
(b) used to help develop annual plans.
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