Managerial and Leadership
Think-Work Functions

and
Associated Concepts and Practices

Decision Making

Part 2:

Analytic Techniques and Tools

Robert D. Cecil

Fourth Edition

R. D. Cecil and Company

Human Resources Development




Copyright © 1989, 1995, 2012, 2021

R. D. Cecil and Company
All Rights Reserved.



DM-iii

TABLE OF CONTENTS

DECISION MAKING

Part 2: Analytic Techniques and Tools That Aid Decision Making

Analytic Techniquesand Tools That Aid Decision Making............ccccccoveenn. DM-31
Techniques For Analyzing the RelationshipS AmoNng ..., DM-31
Price, Revenue, Cost, Volume, and Profit

Marginal ANAIYSIS. ...ttt DM-31
Table5: Calculationsfor Determining the “ Price-Output Level” ............co....... DM-32

Where Profit IsMaximized (in Case A)
Figure 19: Graphs Depicting the Data and “ Maximum Profit..........c.ccocoeeeennee. DM-32

Price-Output Level” in Case A

Table 6: Calculations for Determining the “ Price-Output Level” .............cc....... DM-34

Where Profit Is Maximized (in Case B)
Figure 20: Graphs Depicting the Data and “ Maximum Profit..........c.ccccoeeeennee. DM-34

Price-Output Level” in Case B

COoNtribDULION ANAIYSIS ..o e s DM-36
Figure 21: An Illustration of Contribution Margin .........cccoceevvevnnieiennciennenene DM-36
Break-EVEN ANAlYSIS......cioerirriseeeses ettt sttt st DM-37
The Sales Break-Even POINt (SBEP).........ccviinreie e DM-38
Figure 22: Example of a Break-Even Chart .........cccoveevvieienvecinseceneneenenenene DM-38
The Profit Break-Even Point (PBEP) .........cccoveiiieinreenenieeese s DM-38
Financial Criteria (and Computational Techniques) fOr ........cccoveereiernnenenneienenens DM-39

Evaluating and/or Comparing Programg/Projects
Program/ProjeCt BUAGELS.........coeiiirrieeriesr ettt DM-39
Exhibit Z: Capital Program/Project Budget (for Project X) .......cccoevevrrncccnene DM-40
Average Rate of Return on Investment (ARR) ......ccoevvriinnieienseesse e DM-44
Table 7. Average Rate of Return Calculation (for Project X) .......cccocvevveveeeeeenn DM-44
(oY 0= 0t Q= o oo S DM-45
Table 8: Payback Period Calculation (for Project X) .......ccoceeeevvveenrnenerenrenenns DM-45
Exhibit AA: Worksheets for Calculating a Project's Net Present Value.............. DM-46

(NPV, or “ Discounted Present Valug”)
Net Present (Discounted) Value (NPV) ...t DM-47
Exhibit AB: Sample Worksheet for Calculating After-TaX ........coceevevreerereeeeennnns DM-50
Weighted Average Cost of Capital
Table 9: Accumulation and Discount Factors (for Interest Ratesof .................... DM-52
1% to 20%)

Exhibit AC: NPV Calculations Using the NPV Equation............cccecveeeesiennerennes DM-54
Profitability Index (P1) or Present Value Index (PVI1) ....ocvevveeeeveeeecseee v, DM-55
Benefit/Cost Ratio (or Cost/Benefit Ratio) .....ccvveeeevveeiecerercesiseesesse e DM-55

Internal Rate of REtUrN (IRR) ..o DM-56



DM-iv

Financial Tools (Statementsand Ratios) fOr ..., DM-57
Evaluating and/or Comparing the Financial
Implications of Organizational Plans

Per centagesfor Evaluating (Pro Forma) P& L FiQUIreS.......ccccovevvecinereenrecnereenenes DM-57
Profitability and INCOME RALIOS.........ccvruiriririererireeses s DM-58
Gross Margin Ratio / GrossMargin ON Net SAlES ... DM-58
Operating Ratio / Net Operating Profit Ratio..........ccoveveenreinreeneseese e DM-58
Net Profit Rate / Net Profit to Net Sales/ Return on Sales..........ocveevcevenennnnsciciennes DM-58
(Rate of) Return on Assets (ROA) / Asset Earning POWES .........cvevvenereeecnncnenesieens DM-58
(Rate of) Return on Capital Employed (ROCE) ......ccoeirvrinninenerneneses s sessenenes DM-58
(Rate of) Return on INVestment (ROI)........coveirnenrieiesee e nes DM-58
(Rate of) Return on CommON EQUILY .......ccooveeirireenerieeese e es DM-59
EarningS Per SNare (EPS).......cov sttt s nnas DM-59
Other Income and Profitability RatiOS.........ccuevveirieiinreenreese s DM-59
[T 180 Y = LA 0 =TSSR DM-59
WOrking Capital REHO.........ccvueiirerreiririeinesiee st ne e DM-59
CUITENT RO, ...ttt DM-59
QUICK RO/ “ACI T ...ttt DM-59
ADLSOIULE LiQUIdITY RELIO. ....cveveieeieeisiriecnesieie et DM-59
ACLIVITY REEIOS.... oottt st et DM-60
Receivables Turnover Ratio / Accounts Receivable TUrNOVES ...........ccovvvrninrcieiennee DM-60
Average ColleCtion PEMOU... ... DM-60
NEL SAESTO INVENLONY .....cvieiririeiieiee sttt e e ne e DM-60
[INVENLOTY TUMOVEN RELIO ...c.veveiieieeiirieeres et st DM-60
Days of Inventory / Days SaleSin INVENMTOTY ........cccoeerrrinirineneneneesesieseseseeseseeenenens DM-60
WOrking Capital TUMMOVE ........ccoueueirrieineseie s s neas DM-61
Inventory to Net Working Capital .........cccoeeerreinnninneecse et DM-61
CUITENt ASSEL TUMNOVEY .....ceiveeirereiresiee s DM-61
FIXEA ASSEL TUMOVES ...ttt DM-61
TOAl ASSEL TUMOVET ...ttt bbb DM-61
Other Ratios Involving Working Capital ItemMS........ccoveevveinnsenereecse s DM-61
SOIVENCY RBLIOS ....ecviiiieireeice sttt st b e st e s et s DM-61
Current ASSatSt0 Total DEDL ..o s DM-61
Stockholders EQUITY REEIO........covveirerieiririeenesee e sssse s DM-61
Fixed ASSESTO Nt WOITN......cocuieiiiirrere et DM-62
Total Debt to NEt WOIEh.........c.cuicr e DM-62
Times Interest Earned / Interest Coverage Ratio.........ccceeveverieerrieieneseenesee s DM-62
Other COVENagE RELIOS.......cccveeererieeresiee et be e seesens DM-62
Other Longer-Term INAICAIOIS. .......coveeirerieineree s sesssseseses e ssssesesessens DM-62
LeVEragE RALIOS......cciueieirieieerer ettt et DM-62
DEDE RELIO ...ttt bbbt DM-62
[0 U YA 1 o OSSN DM-62
(D= o7 o 1] 0 (o OSSN DM-62
Long-Term Debt t0 EQUITY REEIO.........cccovrerieirerieierieenenee s s DM-63
Operations Research (* OR”) Decison-MakingTechniques and Tools...... DM-63
LCT= T a T I 0= o) YOS DM-63
Figure 23: Smplified Illustration of Alternative Pricing Scenarios..................... DM-64

Developed Through Gaming



DM-v

Probability TREOMY ... e e DM-66
(s Y0 Y= ) OSSN DM-66
Exhibit AD: An Example of @ Payoff MatriX.......cccovevinreienrniineneeneseseseseeeenes DM-66
DECISION TTEL... .ttt b bbbttt b b enenas DM-67
Figure 24: Example of a SMple DeCISION TreL.....coovviverieerereieseeseseseeeseeies DM-69

Figure 25: Example of a More Complex DeCiSion Tree........covevnereerereeenerinnenes DM-71
“Mechanical” Toolsfor Evaluating and Comparing Alternatives.........c.cooeovvveivneens DM-71
Table of Advantages and DisadvantagesS.........cccvveirrnenrinenesinenesesee e esesens DM-72
Exhibit AE: Example of a Table of Advantages and Disadvantages................... DM-72

Table 10: Decision-Making Criteria and Their Common USES..........cccevveeinenene DM-73
Exhibit AF: Example of a Comparative MatriX..........cccereeerreiinernenesenenesenens DM-74
COMPATALVE IM AT IX .ttt st et se st e et e e senenees DM-75
“Chart of Alternatives’ for Aiding Long-Range/Strategic Planning.........c.cccce..... DM-77

and Decison Making
Figure 26: Partial/Smplified (Marketing Dept.) Long-Range Planning............. DM-78
“ Chart of Alternatives’ (Involving Sngle and Multiple Choices)
Figure 27: Example of a Decision Treefor Choosing Among Alternative.......... DM-85

Organizational Long-Range Plans

References
FOOINOE REFEIENCES ...ttt ettt et bbb e satesaeesaee e Ref-1
Other SOUrCES AN REFEIENCES. ....cveitiiece ettt s ae s ts e s saneasenen e Ref-1






DM-31

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 margina analysis, contribution analysis,
and break-even analysis. These anayses 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 severa 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 sdes) increase or decrease. Production costs
—particularly labor and materials costs—tend to
be the most variable; however, some marketing
and G& A costs can aso be variable.

b. Fixed (or overhead) codt is the sum total of al
fixed cogts. “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 cogt 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-
gina 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,® 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 unitsthat are
likely to be sold a 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 eastic.” 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 vertica line indicating that any percentage
change in price tends to result in virtually no
changein demand.]
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Table 5: Calculations for Determining the "Price-Output Level"
Where Profit is Maximized (as in Case A)

1 2 3 4 5 6 7 8
Price Quantity of Total Total Average Total Marginal Marginal
Per Unit Sales/Output Revenue Cost Cost Profit Revenue Cost
(P) (q) (TR) (TC) (AC) (TP) (MR) (MC)
($s) (Units) [1x2] [4/2] [3/4] [*] [#]
1000 750 750.00 -750 1000 250
900 275
900 1 900 1,025 1,025.00 -125 800 300
700 325
800 2 1,600 1,350 675.00 250 600 350
500 375
700 3 2,100 1,725 575.00 375 400 400
300 425
600 4 2,400 2,150 537.50 250 200 450
100 475
500 5 2,500 2,625 525.00 -125 500
-100 525
400 6 2,400 3,150 525 -750 -200 550
-300 575
300 7 2,100 3,725 532.14 -1,625 -400 600
-500 625
200 8 1,600 4,350 543.75 -2,750 -600 650
-700 675
100 9 900 5,025 558.33 -4,125 -800 700
-900 725

[*] See paragraphc. * [#] See paragraph d.

Figure 19: Graphs Depicting the Data and "Maximum Profit Price-Output Level"

(as in Case A)
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b. For each level of price and resulting quantity of

sdes/output, . . .

1. Cadculate 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
(onthe samelineg) in column 3.

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

3. Cadculate the average (production) cost per
unit (AC)—i.e, divide the total cost figure
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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 dll
the bold figures have been calculated and entered
in column 8, the light figures are found by interpo-
lation.

Identify the “maximum profit price-quantity level”
—the “P-q level—at which margina cost equals
margina 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, isthe highest).

(in column 4) by the quantity of sales/output 2. After completing the computation table, some individ-
(in column 2). In Case A, dividing the $1,350 uals may wish to view the figures in a graphic format.
total cost by 2 units of sales/output equals The following steps are taken to construct the types of
$675.00. This figure is entered (on the same graphs shown in Figures 19 and 20:
ling) in column 5.

a Left-hand graph — This graph primarily deals

Using the figures in column 3, calculate the mar-
gina (incrementa) revenue (MR) generated by
salling each additiona unit (or, asin 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 al 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.

Using the figures in column 4, calculate the mar-
gind (incremental) cost (MC) to produce each
additional unit (or, asin Case B, some incremental
number of units). (Marginal cost is essentialy 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
a agiven levd of price-output from the total cost
at the next higher level of (price)-output. In Case

with the margina revenue and marginal cost fig-
uresin columns 7 and 8 respectively.

1. Construct a graph having a horizontal axis
labeled “quantity of salesoutput,” and a
vertical axis labeled “dollars’ (of margina
revenue, margina cost, price, and average
cost). [In Case A, the scale on the verticd
axis (“0” to $1,000) accomodates amost al
of the unit price, average cost per unit, mar-
gina revenue, and margina cost figures. In
Case B, however, we have constructed two
graphs. The scale of the upper graph accomo-
dates the large figures for margina revenue
and margina 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 (@) 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 margina revenue and marginal cost—
as they generally are in mass production/sales
operations (as opposed to job shop operations).
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Table 6: Calculations for Determining the "Price-Output Level" Where Profit Is Maximized
(as in Case B)

1 2 3 4 5 6 7 8
Price Quantity of Total Total Average Total Marginal Marginal
Per Unit Sales/Output Revenue Cost Cost Profit Revenue Cost
(P) (q) (TR) (TC) (AC) (TP) (MR) (MC)
($s) (Units) [1x2] [4/2] [3/4] 1 [#]
1000 75,000 -75,000 100,000 25,000
90,000 27,500
900 100 90,000 102,500 1,025.00 -12,500 80,000 30,000
70,000 32,500
800 200 160,000 135,000 675.00 25,000 60,000 35,000
50,000 37,500
700 300 210,000 172,500 575.00 37,500 40,000 40,000
30,000 42,500
600 400 240,000 215,000 537.50 25,000 20,000 45,000
10,000 47,500
500 500 250,000 262,500 525.00 -12,500 50,000
-10,000 52,500
400 600 240,000 315,000 525.00 -75,000 -20,000 55,000
-30,000 57,500
300 700 210,000 372,500 532.14 -162,500 -40,000 60,000
-50,000 62,500
200 800 160,000 435,000 543.75 -275,000 -60,000 65,000
70,000 67,500
100 900 90,000 502,500 558.33 -412,500 -80,000 70,000
-90,000 72,500

On previous page -- [*] see paragraph c; [#] see paragraph d.

Figure 20: Graphs Depicting the Data and "Maximum Profit Price-Output Level"
in Case B
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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 vertica
line drawn from that “ " and place adot on it
a the point where a horizonta line drawn
from the corresponding unit price figure in-
tersects it. Then, connect al 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
gtraight line. [In Case B, however, the
demand curve (and average cost curve) have
been plotted on the lower graph.]

Based on the figuresin columns 2 and 7, plot
the margina revenue curve in the same man-
ner as above—but subgtitute margina rev-
enue for unit price.

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.

Identify the “price-output level” at which
profit is maximized. Frst, identify point E
—the point a which the marginal revenue
and margina 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 a point G. At G, the cor-
responding unit price is $700.

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

Identify point F—the point a 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.

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 caculated 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, tota cost, and tota 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.

In either of two ways, graphically determine
the maximum tota 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 areawherethe TR
curveis higher than the TC curve.

2. Where TR exceeds TC, do the fol-
lowing for each curve initsturn: 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 dope 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 increasein height occurs.)

3.  Find the “q" a which the dopes of
the two curves are equa and paral-
lel. As shown in the right-hand
graph for Case B, they are equd and
pardld at a“q’ of 300 units. At this
“g,” the total profit of $37,500 isthe
vertica distance between TR and
TC—or $210,000 minus $172,500.

b. Using the tota profit curve — Draw a
flat/horizonal (*0” dope) tangent that
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Figure 21: An lllustration of Contribution Margin
(Determined by Contribution Analysis)
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touches the total profit curve at its highest
point above “0” on the vertical axis. The
“q” directly below this point is the maxi-
mum-profit quantity of sales/output—or
300 units in Case B. The total profit of
$37,500 can be read off the vertical axis
at the level of the tangent.

Marginal analysis has two main advantages:

Once a profit-maximizing price-output level has
been identified, it can at least be used as a refer-
ence point when pricing and production decisions
are being made.

Its use helps get managers to think in terms of in-
cremental revenues and costs.

However, managers rarely use this tool, because they per-
ceive these disadvantages:

a.

The quantity of sales/ouput is influenced not only
by price, but also by these and other factors that
are major concerns of businesspeople: market
share; product quality; product differentiation; pro-
motion; inventory level; and cash flow.

Per unit

~
~

Profit = $4.01 and above
Profit /

’

4 $4 = "Break-even price"

'\

Contribution |

margin $0.50 contribution per unit
Variable (to fixed or "overhead" cost)
cost at a $3.50/unit price;

$1.00 contribution per unit
(to fixed or "overhead" cost)

at a $4.00/unit price

A demand curve can be difficult to forecast.

c. Marginal analysis does not account for the proba-
bilities of other possible levels of demand (sales)
at any particular price.

Contribution Analysis

The term “contribution” means contribution to fixed/
overhead cost. Contribution analysis involves using price,
variable cost, and fixed cost figures to (a) determine
contribution margin; (b) calculate contribution; and (c) pre-
pare a contribution margin income statement.

Determination of contribution margin — As shown
in Figure 21, contribution margin can be regarded as a
range of less-than-profitable but contribution-gener-
ating unit prices—i.e., prices that (a) are higher than
variable cost per unit, but are lower than total cost per
unit; and (b) could be charged in order to cover vari-
able cost per unit and also contribute revenue toward
covering fixed cost per unit. [A profitable unit price
more than covers total (variable + fixed) cost per unit;
a less-than-profitable unit price does not.]




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 aunit 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 sl 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 basicaly
constructed as follows:

Total salesrevenue
(-) 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. theoptima 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 financia analysis.*’

A contribution margin income statement has several dis-
advantages:

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

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

Break-Even Analysis

This vauable 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 tota
cost);

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

c. the profit bresk-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
sades, 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 changesin factors
such as salling price, variable cogt, fixed cost, pro-
duction volume, or product mix; and

f. the optima 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.



Figure 22: Example of a Break-Even Chart
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A. The sales break-even point (SBEP) — This is the
sales volume necessary to cover all variable and fixed
costs and at least “break even.” It can be determined
graphically or by calculation.

1. The graphic approach, illustrated in Figure 22, in-
volves these basic steps:

a. Construct a graph having a horizontal axis
labeled “production/sales volume,” and a ver-
tical axis labeled “dollars™ (of revenue and
various costs).

b. For each (incremental) level of production/
sales (from O units to X units), plot the fol-
lowing in dollar terms: (a) the fixed cost
(which is usually constant); (b) the total cost
(which consists of fixed cost plus variable
cost); and (c) the total revenue generated
(from sales of that production volume).

c.  Find the SBEP. This is the point on the graph
at which the total revenue line intersects the
total cost line. It is also the corresponding
sales (break-even) volume (on the horizontal
axis) that lies directly below the point on the
graph. (Note in Figure 22 that profit is

B.

earned where total sales revenue exceeds
total cost.)

2. The SBEP is calculated as follows:
SBEP =

Total fixed/overhead cost/unit
(allocated to product)

Contribution per unit (or price per
unit minus variable cost per unit)

The profit break-even point (PBEP) — This is the
sales volume necessary to cover all fixed and variable
costs and also generate some desired level of profit.
(In Figure 22, a PBEP is shown for one particular
desired amount of profit.) The PBEP is calculated as
follows:

PBEP =

[(Total fixed cost per unit)
+ (8 amount of desired profit per unit) ]

Contribution per unit (or price per unit
minus variable cost per unit)



An increase in salling 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 generd, break-even anaysis is mogt justifiable
and easiest to performwhen . . .

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. thereis only one product, or there is a con-
stant product mix (which requires additiona
calculations, because more than one product
isinvolved); and

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

Financial Criteria (and Computational
Techniques) for Evaluating and/or
Comparing Programs/Projects

These financia 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 programg/projects. profitability; average/account-
ing rate of return; payback period; net present (discounted)
value;, profitability index; benefit/cost ratio; and interna
rate of return. Financia techniques are essentialy the
computational methods used to calculate figures that cor-
respond to the financia 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 financia 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 financia results of programs/
projects in terms of those criteria.

During a planning process, a program/project budget is
usually prepared for each alternative programv/project. Next,
based on the projected budgetary figures for each aterna-
tive, figures for selected financia 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 aternatives before final decisions are made, and then
(2) make fina decisions.

In an interim or ad hoc sSituation involving a decision to
“undertake” or “not undertake” a single program/project, a
program/project budget is first constructed. Next, figures
for selected financid criteria are calculated based on the
program’ gproject’s projected budgetary figures. Then, the
figures for selected criteria are usually compared against
prescribed “ cut-off levels’ for those criteria. In generd, the
greater the extent to which the program’ g/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 aso 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.

Condtruction 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 magjor 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.




Exhibit Z: Capital Program/Project Budget -- for Project X

2000 2001 2002 2003 2004 2005 2006
Investment Cost
1 Cost of machinery/equipment 268,000 * Many practitioners do not enter figures on this line, because they
2 + Cost to install machinery/equipment 12,000 do not use financing cost figures to calculate figures for certain
3 = Total (depreciable) M/E cost 280,000 financial criteria.
4 + Cost of plant/office facilities ® Here we have assumed a combined federal/state tax rate of 50%
5 + Cost of land (for the sake of simplicity).

° Debt repayments are often entered on this line in order to calcu-

6 (-) Proceeeds from sale of replaced assets late net cash flow for cash budgeting purposes, but they are not
7 (-) Trade-in allowance on replaced assets taken into account when calculating "net beneficial cash flow."
8 (-) Debt Incurred to finance purchases® 4 There are often figures on this line, because a sales increase
9 + Recapture of deprec'n on replaced assets usually requires an increase in working capital.
10 = Net cash outflow on investment 280,000
Investment Benefits
(Annual) Income/Earnings
11 New/additional sales revenue generated 20,000 25,000 30,000 35,000 40,000 45,000 50,000
12 + Cost reductions/savings realized 65,000 80,000 95,000 110,000 125,000 140,000 155,000
13 (-) New/additional operating costs incurred (5,000) (5,000) (5,000) (5,000) (5,000) (5,000) (5,000)
14 (-) Depreciation expense (40,000) (40,000) (40,000) (40,000) (40,000) (40,000) (40,000)
15 (-) Interest expense®
16 = Income/earnings before tax 40,000 60,000 80,000 100,000 120,000 140,000 160,000
17 (-) Income tax® (20,000) (30,000) (40,000) (50,000) (60,000) (70,000) (80,000)
18 = Net (after-tax) income/earnings 20,000 30,000 40,000 50,000 60,000 70,000 80,000
(Annual) Cash Flow
19  Net (after-tax) earnings (line 18) 20,000 30,000 40,000 50,000 60,000 70,000 80,000
20 + Depreciation expense 40,000 40,000 40,000 40,000 40,000 40,000 40,000
21 + Net proceeds from disposal of assets 20,000
22 (-) Debt repayment®
23 (-) Net increase in working capital®
24 = Net beneficial cash flow 60,000 70,000 80,000 90,000 100,000 110,000 140,000

0r-INd



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 caled a “capita 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, usualy 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, congtruction, and in-
gtallation of capital assets. The figures are added
(asindicated 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 operationa 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
thefiguresinlines6 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 examplein 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 (asindicated by a plus sign).

Line 10 (Net cash outflow on investment) —
This figure congtitutes the (net) total of the cash
outflows (costs/expenditures) and cash inflows (re-
ceipts/credits) entered on the lines above. Line 10
almost aways 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
“beneficia lifetime” of a least five to ten years.
Others, such as large plant and equipment projects,
generaly have a beneficia 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
spreadshest is used to help generate the annual figures
in these program/project budget sections.

1. The incomel/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/additiona 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 (Sdes 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/additiona
unit sales for that particular year—if any.
New/additional sales revenue figures are usu-
aly shown in marketing programs/projects
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budgets, and are often shown in R&D and
production programg/projects budgets. The
annua figures are added, because increased
annua revenues increase the income figures
online 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 usualy 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
online18.

Line 13 (New/additional operating costs) —
The figure for each year is the total of that
particular year's estimated new/additiona
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-
comefigureson line 18.

Line 14 (Depreciation) — The figure for
each year is that year's depreciation expense
—if any. Capita programs/projects involve
this expense, but others usualy do not. Since
1987, machines and equipment items are
depreciated over 7 years, while buildings
(plants and offices) are depreciated over 31
years. The annua depreciation expense on a
particular asset is caculated by dividing the
cost of that asset by its depreciable life. In our
example in Exhibit Z, the (annua) $40,000
figureis calculated by dividing $280,000 (the
total for al 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. Capita
rogramg/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 isnot paying interest on aloan. As men-
tioned in Note “b” to Table 7, many prac-
titioners do not enter annua figures on this
line, because they do not use them to calcu-
late the figures for certain financial criteria.

Line 16 (Beforetax income/earnings) —
Each year's figure is calculated as follows:
New/additiona 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 smplicity.

Line 18 (Net incomelearnings) — Each
year's figure is caculated 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 capita program’s/project’s
life. As mentioned earlier in the section on bud-
geting, profitsearnings are not necessarily the
same as cash flows—especialy in the cases of
capital programg/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 usualy excluded from the budgets of other
programs/projects, because the cash flows associ-




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

Line19 — Theyearly figureson line 18 are
entered on this line, because they represent
beneficia 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 (asindicated 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 disposa) —
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 principa 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 thisline. Yearly increases in sales
and operations generdly 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 capita 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 saes rev-
enue, we have smply shown no figureson
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thislinein 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 caculate
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. Y early net benefi-
cia cash flow figures are used to calculate
figures for al but one of the financia criteria
discussed below.

Although program/project Budgets are necessary tools for
arriving at the figures used to evaluate and compare the
financia 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
redistic.” 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 financia 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
redistic budget,” they may aso construct a “best
case budget” and a“worst case budget.”]

Below we discuss the mgjor financial criteria (and asso-
ciated computational techniques) that are used to evaluate
and/or compare the financia 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.
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Table 7: Average Rate of Return Calculation for Project X
(Based on the "Average Book Method" and Figures in Exhibit Z)

A B
New/Additional Net Investment

Cc

Annual

D E
Net Investment Average

Year NetlIncome at Begin'g of Year Depreciation at Year End Net Investment

(from Line 18) (from Line 10) (from Line 14) (B-C) [(B+D)/2]

2000 20,000 280,000 40,000 240,000 260,000
2001 30,000 240,000 40,000 200,000 220,000
2002 40,000 200,000 40,000 160,000 180,000
2003 50,000 160,000 40,000 120,000 140,000
2004 60,000 120,000 40,000 80,000 100,000
2005 70,000 80,000 40,000 40,000 60,000
2006 80,000 40,000 40,000 0 20,000

350,000 980,000

divided by 7 years
= $50,000 per Yr.

ARR (Average Book) = Average Net Income

divided by 7 years
= $140,000 Per Yr.

$50,000 = 36%

Average Net Investment

Average Rate of Return on Investment (ARR)

Also called the “accounting or simple rate of return,” this
old criterion is the only widely-used criterion to be calcu-
lated with income/earnings figures rather than cash flow
figures. Two methods for calculating the ARR of a capital
investment are discussed below.

A. The original book method: Here, average net in-
come/earnings is divided by the original net cost (book
value) of the investment. (As shown in column A of
Table 7 above, average net income/earnings is calcu-
lated by totalling the years’ net income/earnings
figures and then dividing that sum by the appropriate
number of years.) In our example in Exhibit Z, the
average of the yearly figures on line 18 (or $50,000) is
divided by the figure on line 10 ($280,000). Thus,
using this method, the ARR of Project X is:

ARR (original book) =

Average net income = _$50,000 = 18%
Original net investment ~ $280,000

$140,000

The average book method: This second method,
which we have illustrated in Table 7, is preferred and
more widely used. Here, the average net income/earn-
ings figure is divided by an (overall) average net in-
vestment figure (instead of the original net investment
figure). Each year’s average net investment is calcu-
lated as shown at the top of column E in Table 7,
which uses the Project X figures in Exhibit Z. (Table
7 indicates which figures come from which lines in
Exhibit Z: the yearly net income figures in column A
come from line 18; the first net investment figure in
column B comes from line 10; and the depreciation
figures in column C come from line 14.) The overall
average net investment figure is calculated by adding
the figures in column E and dividing the result by the
appropriate number of years. Thus, using this method,
the ARR for Project X is 36% (as shown at the bottom
of Table 7).

Note that, when the average net investment figure is
used instead of the original net investment figure, a
project’s ARR is doubled—e.g., 36% vs. 18%. Thus,
when capital projects are being compared, their ARRs
should be calculated using only one of the two meth-
ods—preferably the second.
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Table 8: Payback Period Calculation for Project X

(Based on Figures in Table 7)

A B Cc D

Net Investment Net Net Investment Contribution

Awaiting Paybck Beneficial Awaiting Pay-  to Payback

at Beg'g of Year Cash Flow back at Yr. End Period
Year (from Line 10) (from Line 24) (A-B) (in Years)
2000 280,000 60,000 220,000 1.00
2001 220,000 70,000 150,000 1.00
2002 150,000 80,000 70,000 1.00
2003 70,000 90,000 0.78

Payback Period = 3.78 Years

A capital project is usually accepted if its ARR is (a)
greater than some pre-selected cutoff or hurdle rate of re-
turn, and/or (b) greater than alternative projects’ ARRs.

Using the ARR has several advantages: (a) it is easy to
calculate; (b) it takes profitability into account; (c) it can be
related to financial statements; and (d) the yearly earnings
can be added in order to estimate the total earnings gen-
erated over the program’s/project’s lifetime.

Using the ARR also has several disadvantages: (a) it util-
izes income/earnings figures rather than cash flow figures;
(b) it ignores the time value of money; (c) it tends to either
overstate or understate the rate of return (compared to other
criteria); and (d) it utilizes the most probable/realistic
estimated income figures (which are more or less treated as
certainties).

Payback Period

This more widely-used criterion for evaluating and/or
comparing capital programs/projects is the number of years
it will take for a project to generate enough cash to pay for
itself. Put another way, it is the number of years that will be
required to recover the original cash expenditure through
the generation of net beneficial cash flows. In effect, this
criterion is one indicator of a program’s/project’s level of
financial risk. It is most often used by companies that are
experiencing cash problems and wish to determine how
quickly their scarce resources will be recovered and will

begin working to help improve their cash flows.

Table 8 illustrates the accepted method for calculating
payback period, which involves utilizing net beneficial cash
flow figures rather than net income/earnings figures. (Debt
repayment figures are not used to calculate the yearly net
beneficial cash flow.) Using figures in Exhibit Z, the
payback period for Project X is 3.78 years. (The first
figure in column A comes from line 10 of Table 7, and the
figures in column B come from line 24.) Note that, given
the $90,000 net beneficial cash flow generated during the
fourth year, it takes .78 of that year to recoup the remaining
$70,000 (i.e., $70,000 divided by $90,000 is .78).

If the same net beneficial cash flow—say, $75,000—is
being projected for each year of a capital project’s life, the
payback period can be calculated using the following
equation:

Payback period =
Net initial investment = $280,000
Annual net beneficial cash flow $75,000
= 3.73 years

The shorter a project’s payback period, the sooner the
investment’s recovery, the better the implications for li-
quidity, and the lower the financial risk.



Worksheet 1 -- Calculation of After-Tax Cash Flows

Continuous Level Streams of Cash

Exhibit AA: Worksheets for Calculating a Project's Net Present (Discounted) Value (NPV)

End-of-Year Lump Sum Cash Receipts/Payments

A B C D E F G H K
Taxable Income
(pre-tax) | Deprec. | Interest (cash Tax After-tax Year QOutflows After-tax
income basis) cash flow Interest Other net flows
(A+B-C) (D-E) (-) () (G+H+1+J)
-5,000,000 -5,000,000
1 7,526,000] 2,000,000f 500,000f 9,026,000{ 3,763,000| 5,263,000 1 -500,000 -1,000,000 -1,500,000
2 7,607,320] 2,000,000 400,000 9,207,320 3,803,660| 5,403,660 2 -400,000 -1,000,000 -1,400,000
3 8,554,832 2,000,000 300,000 10,254,832 4,277,416] 5,977,416 3 -300,000 -1,000,000 -1,300,000
4 9,445,171] 2,000,000 200,000| 11,245,171| 4,722,586| 6,522,585 4 -200,000 -1,000,000 -1,200,000
5 110,303,333| 2,000,000 100,000] 12,203,333 5,151,666| 7,051,667 5 -100,000 -1,000,000 -1,100,000
6 | 13,402,566 13,402,566| 6,701,283 6,701,283 6
7 | 14,364,246 14,364,246| 7,182,123| 7,182,123 7
8 | 15,757,743 15,757,743| 7,878,872| 7,878,871 8
9 | 16,900,285 16,900,285| 8,450,142| 8,450,143 9
10 | 18,006,805 18,006,805| 9,003,402| 9,003,403 10
Worksheet 2 -- Calculation of Discounted Values
L M N (o) P Q R S T
Continuous Level Streams
Interest Flow Accum. Value End-year Total Discount |Discounted| Accum.
rate Factor atend lump end-year | factor value total
(%) (Col. F) (M x N) (Col. K) O+P)
-5,000,000] -5,000,000{ 1.000 -5,000,000{ -5,000,000
1 7 5,263,000 1.035 5,447,205] -1,500,000{ 3,947,205 0.935 3,690,637| -1,309,363
2 7 5,403,660| 1.035 5,592,788 -1,400,000| 4,192,788| 0.873 3,660,304| 2,350,941
3 7 5,977,416 1.035 6,186,626] -1,300,000| 4,886,626] 0.816 3,987,487 6,338,428
4 7 6,522,585| 1.035 6,750,875] -1,200,000{ 5,550,875 0.763 4,235,318 10,573,746
5 7 7,051,667 1.035 7,298,475] -1,100,000| 6,198,475] 0.713 4,419,513| 14,993,259
6 7 6,701,283| 1.035 6,935,828 6,935,828 0.666 4,619,261| 19,612,520
7 7 7,182,123 1.035 7,433,497 7,433,497 0.623 4,631,069| 24,243,589
8 7 7,878,871 1.035 8,154,631 8,154,631 0.582 4,745,995| 28,989,584
9 7 8,450,143| 1.035 8,745,898 8,745,898 0.544 4,757,769| 33,747,353
10 7 9,003,403] 1.035 9,318,522 9,318,522 0.508 4,733,809| 38,481,162
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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: (@) it is easy to
understand and calculate; (b) it is a good indicator of finan-
cia risk; and (c) it is useful for initialy screening alter-
natives.

Payback period also has severa 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 beneficia 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/
redistic 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
initid net cost—with all yearly cash flows discounted to
their present values in order to account for the time vaue 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) evauate and compare alternative
capital projects during a planning process, and even ()
place avaue on abusiness.

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 aso 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 beneficia life, and the figures have
been entered on the worksheets.

Worksheet 1 — Cdculation 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, materias, 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 undergtate their end-of-year values.)

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

1. Year Column: Under this first column, number each
row from year O down to year “n.” Year O is the year
during which project facilities are being ingtalled and
the project is not yet producing benefits or earnings.
Year 1 isthe 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 usualy
the last year of the project’s beneficia 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 generdlization: Over time, discounted cash flows
can tend to become decreasingly significant—espe-
cialy 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) theinterest rate (cost of capitd) being used asa
basis for determining discounting factors is relatively
high (e.g., 11% or higher).

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-
aing revenue plus cost savings minus new/additiona
operating expenses minus depreciation and interest
expenses.)

Column B — Deypreciation: For each year, enter the
year's depreciation expense (the amount of deprecia
tion written off against the original capital investment).
Y early 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. Actudly,
machines and equipment items are now depreciated
over seven years,] Each year's depreciation expenseis
identified in a separate column because it does not
condtitute an actual cash outflow (and, therefore, will
be added back in column D).

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
alump 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 trested 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-
uresin 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 expenseis shown in column C.

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

adding the year’ sfiguresin 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.”

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-
erd/dtate tax rate. In our example, we have smply
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.

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 beneficia
cash flow.”

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 aminus 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 signsin column G.

Column H — Lump sum outflows, other: For each
year, enter the (net) total of al “other” end-of-year
lump sum cash outflows (preceded by a minus sign).
This net figure can include (a) follow-up capita 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, theresultin year Owould be a net outflow of

-$5million] Attheends of years 1 through 5, the
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12.

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

Column | — Lump sum inflows: For each year, enter
the total of al 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 capita assets are sold for their (estimated)
market or salvage vaue 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.

Column J — Tax (on lump sum inflows in column I):
For each year having afigurein column |, 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.

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. Asin our example,
the yearly sums (net totals) are usualy negative figures
—and are therefore preceded by minus signs.

Worksheet 2 — Calculation of the discounted values of

13.

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 vaues. Accumulation accounts for
two facts: (a) that these cash flows occur over the
course of ayear, 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.

Year Column — Here again, number each row/line
from year O 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 al externa
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 smply 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 alender, or (b) the dividends being paid to, and/
or the capital appreciation being redlized by, in-
vestors.

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

F. Divide the column 4 total by the c2 total. The
result is the “weighted average cost of capital be-
fore taxes.”
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Exhibit AB: Sample Worksheet for Calculating the "After-Tax
Weighted Average Cost of Capital"

1 2 3 4
Sources of capital Amount Rate Cost
Debt
Short-term loan 500,000 x 8% = 40,000
Long-term loans ) 10,000,000 x 14% = 1,400,000
(2) 5,000,000 x 10% = 500,000
Corporate bonds (none)
Debentures (none)
Equity
Common stock 20,000,000 x 10% = 2,000,000
X X% =
Preferred stock (none)
TOTALS: 35,500,000 3,940,000

3,940,000 / 35,500,000 = 11.10% (rounded) before-tax weighted avg. cost of capital;

then, 11.10% x .50 (Tax) = 5.55% after-tax weighted avg. cost of capital

G. To calculate the “after-tax weighted average cost of

capital,” multiply the before-tax figure by the firm’s
combined federal/state tax rate, and then subtract the
amount of tax from the before-tax figure. If the
weighted average cost of capital before taxes were
14% (as in Exhibit AB), and if the combined tax rate
were 50%, the after-tax weighted average cost of capi-
tal would be 7%.

In the view of many financial experts, this figure
more accurately reflects the “real” cost of capital.
[t accounts for the fact that interest expense is de-
ducted from revenue for tax purposes, thereby
reducing a firm’s tax bill and saving money. It also
accounts for the fact that dividends are paid out of
after-tax earnings, which include tax savings from
“leveraging” (using debt to finance operations and
gain a greater return for stockholders).

For each year, enter the after-tax weighted average
cost of capital figure in column L of Worksheet 2.
The same figure is generally used for all the years
—even though an organization’s debt/equity struc-

15.
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ture or interest rates and dividend payments might
change slightly over time.

Column M — Flow (continuous level streams): For
each year, simply transfer that particular year’s figure
from column F of Worksheet 1.

Column N — Accumulation factor (continuous level
streams): This figure is used to accumulate or accrue
continuous level streams to the end of a year. Since the
interest rate (cost of capital) figures in column L are all
the same, the accumulation factor is the same for all
years. Note in Exhibit AA that an accumulation factor
is greater than 1. When it is multiplied times the con-
tinuous flow throughout the year (in column M), it
increases the value of cash flows occurring earlier in
the year (because they are worth more than cash flows
occurring later in the year). Accumulation factors for
various interest rates can be found in compound inter-
est tables. However, for the reader’s convenience, we
have provided Table 9 (pages DM-52 and 53), which
lists accumulation factors for interest rates from 1% to
20%. [The formula for an accumulation factor is: 1 +
(i/2)—where “i” is the interest rate. |
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Column O — Vaue 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.

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

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 applesto apples.)

Column R — Discount factor: For each year, enter
that particular year's discount factor. Discount factors
are used to trandate cash flows in future years to their
present vaue. 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 O is
aways 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 + i)x—where “i” is the
interest rate and “x” isthe year.]

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
columnL).

Column T — Cumuléative total of present values of
yearly cash flows: The figures in this column are
derived smply 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 O 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 vaue 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 vaue 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 spreadshest 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 (“simpl€”) 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 cdculations
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 yearsin the case of the examplein Exhibit AA.

Some practitioners caculate the present vaue (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 beneficia
cash flows are usualy treated as end-of-year lump sums.
Practitioners normally do not include loan repayment fig-
ures in these cash flow caculations] (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.
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Table 9: Accumulation and Discount Factors (for Interest Rates of 1% to 20%)

Interest Rates: 1% 2% 3% 4% 5% 6% 7% 8% 9% 10%

Accumulation 1.005 1.01 1.015 1.02 1.025 1.03 1.035 1.039 1.044 1.049

Factors (for 1 yr):

Discount

Factors:

Year 1 0.990 0.980 0.971 0.962 0.952 0.943 0.935 0.926 0.917 0.909

2 0.980 0.961 0.943 0.925 0.907 0.890 0.873 0.857 0.842 0.826
3 0.971 0.942 0.915 0.889 0.864 0.840 0.816 0.794 0.772 0.751
4 0.961 0.924 0.888 0.855 0.823 0.792 0.763 0.735 0.708 0.683
5 0.951 0.906 0.863 0.822 0.784 0.747 0.713 0.681 0.650 0.621
6 0.942 0.888 0.837 0.790 0.746 0.705 0.666 0.630 0.596 0.564
7 0.933 0.871 0.813 0.760 0.711 0.665 0.623 0.583 0.547 0.513
8 0.923 0.853 0.789 0.731 0.677 0.627 0.582 0.540 0.502 0.467
9 0.914 0.837 0.766 0.703 0.645 0.5692 0.544 0.500 0.460 0.424
10 0.905 0.820 0.744 0.676 0.614 0.558 0.508 0.463 0.422 0.386
11 0.896 0.804 0.722 0.650 0.585 0.527 0.475 0.429 0.388 0.350
12 0.887 0.788 0.701 0.625 0.557 0.497 0.444 0.397 0.356 0.319
13 0.879 0.773 0.681 0.601 0.530 0.469 0.415 0.368 0.326 0.290
14 0.870 0.758 0.661 0.577 0.505 0.442 0.388 0.340 0.299 0.263
15 0.861 0.743 0.642 0.555 0.481 0.417 0.362 0.315 0.275 0.239
16 0.853 0.728 0.623 0.534 0.458 0.394 0.339 0.292 0.252 0.218
17 0.844 0.714 0.605 0.513 0.436 0.371 0.317 0.270 0.231 0.198
18 0.836 0.700 0.587 0.494 0.416 0.350 0.296 0.250 0.212 0.180
19 0.828 0.686 0.570 0.475 0.396 0.331 0.277 0.232 0.194 0.164
20 0.820 0.673 0.554 0.456 0.377 0.312 0.258 0.215 0.178 0.149
21 0.811 0.660 0.538 0.439 0.359 0.294 0.242 0.199 0.164 0.135
22 0.803 0.647 0.5622 0.422 0.342 0.278 0.226 0.184 0.150 0.123
23 0.795 0.634 0.507 0.406 0.326 0.262 0.211 0.170 0.138 0.112
24 0.788 0.622 0.492 0.390 0.310 0.247 0.197 0.158 0.126 0.102
25 0.780 0.610 0.478 0.375 0.295 0.233 0.184 0.146 0.116 0.092
26 0.772 0.598 0.464 0.361 0.281 0.220 0.172 0.135 0.106 0.084
27 0.764 0.586 0.450 0.325 0.268 0.207 0.161 0.125 0.098 0.076
28 0.757 0.574 0.437 0.333 0.255 0.196 0.150 0.116 0.090 0.069
29 0.749 0.563 0.424 0.321 0.243 0.185 0.141 0.107 0.082 0.063
30 0.742 0.552 0.412 0.308 0.231 0.174 0.131 0.099 0.075 0.057
31 0.735 0.541 0.400 0.296 0.220 0.164 0.123 0.092 0.069 0.052
32 0.727 0.531 0.388 0.285 0.210 0.155 0.115 0.085 0.063 0.047
33 0.720 0.520 0.377 0.274 0.200 0.146 0.107 0.079 0.058 0.043
34 0.713 0.510 0.366 0.264 0.190 0.138 0.100 0.073 0.053 0.039
35 0.706 0.500 0.355 0.253 0.181 0.130 0.094 0.068 0.049 0.036
36 0.699 0.490 0.345 0.244 0.173 0.123 0.088 0.063 0.045 0.032
37 0.692 0.481 0.335 0.234 0.164 0.116 0.082 0.058 0.041 0.029
38 0.685 0.471 0.325 0.225 0.157 0.109 0.076 0.054 0.038 0.027
39 0.678 0.462 0.316 0.217 0.149 0.103 0.071 0.050 0.035 0.024
40 0.672 0.453 0.307 0.208 0.142 0.097 0.067 0.046 0.032 0.022
41 0.665 0.444 0.298 0.200 0.135 0.092 0.062 0.043 0.029 0.020
42 0.658 0.435 0.289 0.193 0.129 0.087 0.058 0.039 0.027 0.018
43 0.652 0.427 0.281 0.185 0.123 0.082 0.055 0.037 0.025 0.017
44 0.645 0.418 0.272 0.178 0.117 0.077 0.051 0.034 0.023 0.015
45 0.639 0.410 0.264 0.171 0.111 0.073 0.048 0.031 0.021 0.014
46 0.633 0.402 0.257 0.165 0.106 0.069 0.044 0.029 0.019 0.012
47 0.626 0.394 0.249 0.158 0.101 0.065 0.042 0.027 0.017 0.011
48 0.620 0.387 0.242 0.152 0.096 0.061 0.039 0.025 0.016 0.010
49 0.614 0.379 0.235 0.146 0.092 0.058 0.036 0.023 0.015 0.009
50 0.608 0.372 0.228 0.141 0.087 0.054 0.034 0.021 0.013 0.009
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Interest Rates: 11% 12% 13% 14% 15% 16% 17% 18% 19% 20%

Accumulation 1.054 1.059 1.064 1.068 1.073 1.078 1.083 1.088 1.092 1.097

Factors (for 1 yr):

Discount

Factors:

Year 1 0.901 0.893 0.885 0.877 0.870 0.862 0.855 0.847 0.840 0.833

2 0.812 0.797 0.783 0.769 0.756 0.743 0.731 0.718 0.706 0.694
3 0.731 0.712 0.693 0.675 0.658 0.641 0.624 0.609 0.593 0.579
4 0.659 0.636 0.613 0.592 0.572 0.552 0.534 0.516 0.499 0.482
5 0.593 0.567 0.543 0.519 0.497 0.476 0.456 0.437 0.419 0.402
6 0.535 0.507 0.480 0.456 0.432 0.410 0.390 0.370 0.352 0.335
7 0.482 0.452 0.425 0.400 0.376 0.354 0.333 0.314 0.296 0.279
8 0.434 0.404 0.376 0.351 0.327 0.305 0.285 0.266 0.249 0.233
9 0.391 0.361 0.333 0.308 0.284 0.263 0.243 0.225 0.209 0.194
10 0.352 0.322 0.295 0.270 0.247 0.227 0.208 0.191 0.176 0.162
11 0.317 0.287 0.261 0.237 0.215 0.195 0.178 0.162 0.148 0.135
12 0.286 0.257 0.231 0.208 0.187 0.168 0.152 0.137 0.124 0.112
13 0.258 0.229 0.204 0.182 0.163 0.145 0.130 0.116 0.104 0.093
14 0.232 0.205 0.181 0.160 0.141 0.125 0.111 0.099 0.088 0.078
15 0.209 0.183 0.160 0.140 0.123 0.108 0.095 0.084 0.074 0.065
16 0.188 0.163 0.141 0.123 0.107 0.093 0.081 0.071 0.062 0.054
17 0.170 0.146 0.125 0.108 0.093 0.080 0.069 0.060 0.052 0.045
18 0.153 0.130 0.111 0.095 0.081 0.069 0.059 0.051 0.044 0.038
19 0.138 0.116 0.098 0.083 0.070 0.060 0.051 0.043 0.037 0.031
20 0.124 0.104 0.087 0.073 0.061 0.051 0.043 0.037 0.031 0.026
21 0.112 0.093 0.077 0.064 0.053 0.044 0.037 0.031 0.026 0.022
22 0.101 0.083 0.068 0.056 0.046 0.038 0.032 0.026 0.022 0.018
23 0.091 0.074 0.060 0.049 0.040 0.033 0.027 0.022 0.018 0.015
24 0.082 0.066 0.053 0.043 0.035 0.028 0.023 0.019 0.015 0.013
25 0.074 0.059 0.047 0.038 0.030 0.024 0.020 0.016 0.013 0.010
26 0.066 0.053 0.042 0.033 0.026 0.021 0.017 0.014 0.011 0.009
27 0.060 0.047 0.037 0.029 0.023 0.018 0.014 0.011 0.009 0.007
28 0.054 0.042 0.033 0.026 0.020 0.016 0.012 0.010 0.008 0.006
29 0.048 0.037 0.029 0.022 0.017 0.014 0.011 0.008 0.006 0.005
30 0.044 0.033 0.026 0.020 0.015 0.012 0.009 0.007 0.005 0.004
31 0.039 0.030 0.023 0.017 0.013 0.010 0.008 0.006 0.005 0.004
32 0.035 0.027 0.020 0.015 0.011 0.009 0.007 0.005 0.004 0.003
33 0.032 0.024 0.018 0.013 0.010 0.007 0.006 0.004 0.003 0.002
34 0.029 0.021 0.016 0.012 0.009 0.006 0.005 0.004 0.003 0.002
35 0.026 0.019 0.014 0.010 0.008 0.006 0.004 0.003 0.002 0.002
36 0.023 0.017 0.012 0.009 0.007 0.005 0.004 0.003 0.002 0.001
37 0.021 0.015 0.011 0.008 0.006 0.004 0.003 0.002 0.002 0.001
38 0.019 0.013 0.010 0.007 0.005 0.004 0.003 0.002 0.001 0.001
39 0.017 0.012 0.009 0.006 0.004 0.003 0.002 0.002 0.001 0.001
40 0.015 0.011 0.008 0.005 0.004 0.003 0.002 0.001 0.001 0.001
41 0.014 0.010 0.007 0.005 0.003 0.002 0.002 0.001 0.001 0.001
42 0.012 0.009 0.006 0.004 0.003 0.002 0.001 0.001 0.001
43 0.011 0.008 0.005 0.004 0.002 0.002 0.001 0.001 0.001
44 0.010 0.007 0.005 0.003 0.002 0.001 0.001 0.001
45 0.009 0.006 0.004 0.003 0.002 0.001 0.001 0.001
46 0.008 0.005 0.004 0.002 0.002 0.001 0.001
47 0.007 0.005 0.003 0.002 0.001 0.001 0.001
48 0.007 0.004 0.003 0.002 0.001 0.001 0.001
49 0.006 0.004 0.003 0.002 0.001 0.001
50 0.005 0.003 0.002 0.001 0.001 0.001
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Exhibit AC: NPV Calculations Using the NPV Equation

(and Figures in Columns A, E, and B in ExhibitAA) ~ ___.--- ("divided by")

Year Net beneficial cash flow 1 1+ = PV of year's
(A - E + B) = NBCF cash flow

1 (7,526,000 - 3,763,000 + 2000,000) = 5763000 / 1.07o0r(1.07)' = 5,385,981
2 (7607,320 - 3,803,660 + 2 000,000) 5,803,660 / 1.14or(1.07)° = 5,090,930
3 (8554832 - 4277416 + 2,000,000) = 6,277,416 [ 1230r(1.07)° = 5,103,590
4 (9445171 - 4,722,586 + 2,000,000) 6,722,585 | 1.320r(1.07)* = 5,092,867
5 (10,303,333 - 5,151,666 + 2,000,000) 7,151,667 | 1.410r(1.07)° = 5,072,104
6 (13,402,566 - 6,701,283 + 0 ) 6,701,283 | 1.510r(1.07)° = 4,437,936
7 (14,364,246 - 7,182,123 + 0 ) 7,182,123 | 1.620or (1.07) = 4,433,409
8 (15,757,743 - 7,878,871 + 0 ) 7,878,871 | 1.730r (1.07)® = 4,554 261
9 (16,900,285 - 8,450,143 + 0 ) 8,450,143 | 1.850r (1.07)° = 4,567,645
10 (18,006,805 - 9,003,403 + 0 ) = 9003403 / 1.980r(1.07)"° = 4,547 173
Total PV = 48,285,896

NPV = (PV-Cl) = ($48,285,896 - $10,000,000) = $38,285,896

NPV can also be calculated using the equation found in
many financial references:

NPV = PV - CI

“PV” is the total present value of all years’ net bene-
ficial cash flows (from year 1 through year n, the last
year of the projects’s life.The equation for PV is:

NBCF, NBCF,
PV = + +....+
(1+1) (1 +iy’

“NBCF” is the net beneficial cash flow for the year
indicated (by a subscript).

“i” is the “interest rate” (the firm’s after-tax weighted
average cost of capital). Note that in the years after
year 1, the quantity (1+i) is taken to the power indi-
cated (e.g., in year 2 it is squared, in year 3 it is cubed,
and in year “n” it is taken to the “nth” power).

“CI” is the (total) capital investment—i.e., the total net
cash outflow resulting from the acquisition of capital
assets. This figure should include not only (a) the
initial investment made in year O (or perhaps at the be-
ginning of year 1), but also (b) any additional/supple-
mental capital investments made in subsequent years
of the project’s life. (Note: Rather than simply adding
any subsequent investments to the initial investment,
calculate a more accurate ClI by first discounting sub-
sequent investments to their respective present values

and then adding those values to the initial investment.)
With reference to the example in Exhibits U and W,
the CI would be $10,000,000.

Exhibit AC illustrates this NPV calculation using the
figures in columns A, E, and B of Exhibit AA. Note, how-
ever, that the total (cumulative) NPV figure at the bottom
of column T in Exhibit AA is somewhat higher than the
NPV calculated in Exhibit AC. This is mostly due to the
fact that the method illustrated in Exhibit AA accumulates
continuous level streams to their respective year-end values
—instead of treating them as year-end lump sums and
thereby understating their year-end values (as does the
method illustrated in Exhibit AC). It is also due to the fact
that the method illustrated in Exhibit AA takes account of
the timing of all cash flows—including principal repay-
ments on borrowed funds and subsequent capital expendi-
tures. [Note: Dividing a year’s NBCF by the quantity (1 +
i)* will produce virtually the same figure as multiplying that
year’s NBCF by the discount factor for “i” in year X. Any
slight difference between the two figures is due to dividing
and multiplying by decimals that have been rounded off to
the nearest hundredth or thousandth.]

In general, a project is accepted if its NPV is (a) positive
(greater than 0); and/or (b) greater than the NPVs of alter-
native projects.

Using net present value has two main advantages: (a) it
accounts for the time value of money; and (b) it can be used
in conjunction with other project evaluation and compari-
son criteria.



However, NPV dso has severa problems/limitations
common to al criteria: () 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/redlistic” 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 - ClI), it uses them differ-
ently. In the following equation, CI is divided into PV
(instead of being subtracted fromit):

PV [thetotal present value of net beneficid
cash flowsin years 1 through n]
Pl = - (divided by)
Cl [thetotal (discounted value of) net capita
investment cash outflows]

Using the figures in Exhibit AC, the Pl 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 Pl or
PV 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 Cl) to get 4.85.]

In genera, a project is accepted if its Pl or PVI is (a)
equd to or greater than 1; and/or (b) greater than the Pls or
PVIs of aternative projects.

Using the Pl or PVI has severad advantages: () 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 NPV's.

However, it also has several problems/limitations: First,
it has the same problemg/limitations that are common to
NPV and other criteria. Second, the project having the
highest index number is not aways 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 NPV's.)
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Benefit/Cost Ratio (or Cost/Benefit Ratio)

The equation for this project-ranking criterion is basically
the same as for Pl and PVI. Here, however, the resulting
figure is expressed as aratio 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 ook
and be solved like this:

Benefit/Cost Ratio = PV (or PV:Cl) = $48,285,896
Cl $10,000,000
=4.83, or theratio, 4.83:1 (“4.83t01")

If the project had involved follow-up capital invest-
ments having atota (discounted) vaue 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 individuas still use an antiquated and less accurate
method. Without discounting any figures, they smply add
yearly net income/earnings (without depreciation added
back), and then divide that sum by the total net capita
investment.

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

To calculate the B/C ratio of a non-capital program/pro-
ject (which does does not involve the acquisition of capita
assets), it is common practice to divide total projected bene-
fits (new/additiona revenue + cost savings) by the total
projected new/additional costs involved. Thisis often done
to compare dternative annual (one-year) non-capital pro-
grams/projects. Because the B/C ratios of non-capital
programg/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 severa advantages: (a) it takes account of the
time vaue of money; and (b) it can be used by those who
prefer to compare ratios rather than NPV's,

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

This widely-used criterion for evaluating, comparing, and
ranking Capita Projects aso involves discounted cash
flows. IRR can be defined as the simple return on the
amount that remains “internaly invested” in a project. It
can also be defined as the interest rate at which PV is equal
to Cl. In other words, it is the rate at which NPV (or PV -
Cl) equals0. With NPV setto 0, then. ..

NPV =PV-Cl =0 where. ..
NBCF, NBCF, NBCF,
PV = + +...+
(1+IRR) (1+IRR)? (1+IRR)"

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 spreadsheset that contains the
worksheets in Exhibit AA (and uses formulasto calcu-
late accumulation and discount factors at any given
interest rate), take these basic steps:

1. Cdculate the project's NPV using the after-tax
weighted average cost of capitd as the interest
rate.

2. If the NPV is poditive (higher than “0"), recom-
pute the NPV using a higher rate. Aslong asare-
computation produces a positive NPV, increase
the rate and recompute—until NPV equals “0" (or
very closetoit).

If the NPV is negative (lower than “0"), re-
compute the NPV using a lower rate. Aslong as a
recomputation produces a negative NPV, decrease
the rate and recompute—until NPV equals“0" (or
very closeto it).

3. IRR usualy 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 usualy 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 streamsto their year-end

values), take the basic steps outlined below.

Given a Cl 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 a which PV would equd
$10,000,000.

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

2. If thetotal PV is greater than Cl, recaculate PV
using a higher rate. Aslong as arecalculation pro-
duces a PV greater than ClI, increase the rate and
recalculate—until PV equals Cl (or very close to

it).

If thetotal PV islessthan Cl, recalculate PV using
alower rate. Aslong as arecaculation produces a
PV less than ClI, decrease the rate and recalcul ate
—until PV equals Cl (or very closeto it).

3. In order to determine the exact IRR, interpolate
between the two rates that straddle the rate where
PV equals Cl. [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) arate of 61%, where PV
would be $9,995,599 (or only $4,401 below the
$10,000,000 Cl).]

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

Using IRR has severa advantages: (a) it accounts for the
time value of money; (b) it is an easily understood measure
of rate of return; () it serves as a means for ranking pro-
jects when capita 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 problemg/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
aternative 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
aternative programs/projects, financial statements and ra-
tios are used to evaluate and/or compare the financia impli-
cations of (aternative) organizationa plans. (They are also
used and the end of a period to evaluate the financia results
of operations.)

The basic financia 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- 43,
and B-52 respectively.)

As discussed in the section on budgeting, organizations
normally construct pro forma financia statements in order
to project and then evaluate the overdl financia results of
their planned operations. In fact, during planning processes,
organizations that formulate several alternative sets of goals
and associated plans will usualy construct separate pro
formas for each alternative set. Then, in order to choose
among aternative 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 aternatives; (b) use the (separ-
ate) cash budgets to evaluate and compare cash flows asso-
ciated with the aternatives, 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) (a-
ternative sets of) goals have been formulated; (2) aterna
tive plans (programs/projects) have been formulated and
trandated into action plans; (3) program/project budgets
have been prepared; (4) dternative 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 fina decision making; and (6) (a-
ternative sets of) pro forma financials have been prepared
based on (aternative sets of) goal/plans.

Since we have adready 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 financia ratios at
this point.

Financia 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
financid implications of operational activities; lever-
age; and long-term financid strength and solvency.

Financial ratios are written as formulas that relate one
particular figure to ancther. 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.

Financia 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 al by themselves, the resulting figures for
most ratios are meaningful only when they are com-
pared againgt the following: (&) an organization’s
gods; (b) an organization's historical data; (c) intel-
ligence data on competitors; and/or (d) industry norms
and averages (which are reported in business ama
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
financid ratios. Since our descriptions are basic and do not
deal with al the finer points involved, we recommend that
the reader refer to texts on financial anaysis for more in-
depth discussions.®

Per centages for Evaluating
(ProForma) 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 usualy 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 afirm's
cost of goods sold as a percentage of net salesis 75%, and
the industry average is 68%, the firm may not be managing
the costs of materials, labor, and factory overhead as effec-
tively asit might.

Three of these percentages are equivaent to thefirst three
ratios described below.

Profitability and Income Ratios

A. GrossMargin Ratio, GrossMargin 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 al expenses and results
in aprofit. This ratio, which is normally expressed asa
percentage, can vary widely from company to com-
pany within an industry. [Gross profit = net saes -
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

equas 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 sheset figures. They are essentially measures/
indicators of a firm's ability to earn a return on in-
vested dollars.

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

equals _Netincome
Total assets

Expressed as a percentage, this ratio measures how ef-
ficiently afirm 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 oniit.

(Rate of) Return on Capital Employed (ROCE)

equas Net income
Average long-term debt + Average equity

Expressed as a percentage, this ratio indicates how ef-
ficiently a firm utilizes its capital structure (tota 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.]

(Rate of) Return on Investment (ROI)

equas 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. Tota equity
is calculated as above]

G. (Rateof) 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. EarningsPer Share (EPS)
equas

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 financia 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

equas  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 liahilities.)

Current Ratio

equas Current assets
Current liabilities

This is the most often used liquidity ratio. The higher
the current ratio, the higher the liquidity. In generd, 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 liahilities include items
such as accounts payable, taxes payable, and (current)
notes/loang/bonds payable.]

Quick Ratioor “Acid Tes”

equas

Cash + Marketabl e 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 sometime to sell (convert to
cash).

. AbsoluteLiquidity 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 Usudly expressed as aratio, thisis an indicator of how

effectively inventory is controlled with respect to sales
The following ratios are used to measure the effective- activity. Especially when sales volume is relatively

ness and efficiency of various operational activities in fi- steady, a low figure tends to indicate that inventory is

nancial terms. Most of them are also indicators of liquidity, too large.

because they indicate how quickly cash inflows tend to be

generated.

A. Recelvables Turnover Ratio

or Accounts Receivable Tur nover

equas 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 generd, it is more desirable to have arda
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.]

Average Collection Period

equals (Accounts & notesreceivable) 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)
[Thisindicator 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
lossindex.

Net Salesto Inventory

equals Netsaes
Inventory

Inventory Turnover Ratio

equas Cost of goods sold
Average inventory

This indicates the number of times per year that inven-
tory “turns over.” In genera, inventory should be
“moved” or turned over as quickly (or as many times)
as possible in order to minimize inventory carrying
costs. Thus, in generd, a low figure indicates a slow-
moving Inventory, ow 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]

Daysof Inventory or Days Salesin Inventory

equas 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 formulais 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

equas
Net sales or Net Sales
Net working capita Average working capital

Expressed as aratio, 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 dow-turning assets. In general, a high ratio
is preferrable to alow one. [A number of practitioners
use average working capital instead of net working
capital. Average working capita is calculated by add-
ing the beginning-of-year to end-of-year figures, and
then dividing that sum by 2.]

Inventory to Net Working Capital

equas Inventory
Net working capital

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

H. Current Asset Turnover

equas

(COGS + sling & 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) id(are) used to pay expenses. In general, ahigh
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.)

Fixed Asset Turnover
equas 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. Ingeneral, ahigh figureis preferrable.
J.  Total Asset Turnover

equas Net sales
Average total assets

The number of times that total assets turn over, this
indicates the efficiency with which a firm utilizes al
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 liagbilities) to net working capital.

Solvency Ratios

Mogt of the following ratios indicate a firm's financial
viability and strength over alonger 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 afirmis capitalized.

A. Current Assetsto Total Debt

equas 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

equas Stockholders' equity
Total assets

A high ratio indicates longer-term financial viability as
afunction of the equity base. It aso 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 Assetsto Net Worth

equas Fixed assets
(Tangible) net worth

The lower this ratio, the the greater a firm’s flexibility

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

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 + L ong-term debt
(Tangible) net worth

This ratio indicates the degree to which afirm depends
on creditors to fund its operations. In genera, 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. TimesInterest 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 figureis preferrable to alow-
er figure.

Other coverage ratios include: debt cash flow cover-
age ratio; preferred stock cash flow coverage rétio;
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.

L everage Ratios
A firmis “leveraged” when, in addition to equity, it util-

izes debt—especialy long-term debt—to finance its opera-
tions. Debt is usualy less costly than equity, because

of ownersand (vs.) creditors to the funding of operations.

A. Debt Ratio

equas

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%.

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.)

Debt/Equity Ratio

equals Tota Debt or
Equity

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

This indicates the relative positions of (degrees of fi-
nancia 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

equas 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. [Tota 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,
severd tools—linear and nonlinear equations and simula
tion models—are aso used during the decision-making
phase to test, play “what if” with, evaluate, and/or compare
aternative programg/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-
cison makers can determine how (dependent) variables
such as production volume, production costs, and distribu-
tion efficiency would be affected. Similarly, by atering (in-
dependent) variables in production, marketing, and finan-
cial smulation 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 dready 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 decison-making phase to evauate, te,
play “what if” with, compare, and choose aternatives.
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 decison-making steps 1.1 and 1.2 on page 105 of the
book (N-GMD) to help analyze/evaluate (aternative) mar-
ket-oriented dtrategiedtactics. Applying game theory is
often called “gaming.”*

Severa assumptions underlie game theory: (a) the player
will try to maximize gains and/or minimize losses; (b) the
player will make rational decisons; 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 businessis 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 organizationa
acts; (3) subsequent organizational acts in response to com-
petitive responses; (4) subsequent competitive reactions to
organizationa responses; (5) any further acts and events,
and eventualy (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 smplified illustration of pricing strategies being
considered by a company that produces a commodity.
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Figure 23: Simplified lllustration of Alternative Pricing Scenarios
Developed Through Gaming (Propositional Logic)
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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 smplified
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 aso simpli-
fied because it does not deal with al 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 sdles and tota 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 dternative acts are de-
picted as an “act fork.” (Other dternatives not con-
sidered here—such as reducing or raising price by
other percentages—are indicated by dashed lines in
Figure 23.)

With respect to dternative 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 financia 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 aternative acts B
and C.

After identifying possible competitive responses to each
of itsinitial 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 aso 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 smpify Figure 23, we have cut
off the analysis following the second set of company acts.)

Finaly, a 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
usualy revolves around (a8) 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—especialy when various combina-
tions of marketing mix factors are taken into account.
Much of the difficulty can be attributed to the menta ina-
bility to visualize and keep track of al the possible scen-
arios. Thus, in order to use this technique effectively, it is
usualy necessary to draw a diagram of possible acts and
events—Ilike 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.
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Exhibit AD: An Example of a Payoff Matrix

(1) (2)

Possible  Estimated
outcomes probability

Alternative Courses of Action

[Buy 1000 Gadgets

"Buy 2000 Gadgets

(3) (4)
Potential Expected
income®  value

[(2) x (3)]

(5) (6)
Potential Expected

income®  value

[(2) x (5)]

Sell 1,000 60% (.60)
Gadgets
Sell 2,000 40% (.40)
Gadgets

Overall Expected Value:

$5,000 $3,000

$5,000°  $2,000

$5,000

$2,000 $1,200

$10,000  $4,000

$5,200°

? Potential income equals total (sales) revenue minus total (purchase) cost.
® Only 1,000 gadgets would be sold, since only 1,000 would be purchased.
¢ The best apparent alternative -- given the data provided.

At present, applications of game theory are not as fully
developed, mathematically reliable, and sophisticated as
they will undoubtedly become. Even so, computerized
models that utilize the type of diagram in Figure 23 have
already been developed.

Probability Theory

This is a more statistical OR approach for evaluating and
comparing alternatives under conditions of conflict, uncer-
tainty, and risk. Unlike other financial techniques and cri-
teria, however, it expressly takes uncertainty into account.

The term “probability” refers to the estimated likelihood
that some possible event will occur. For example, if one be-
lieves that an event has a 60% chance of occurring (is like-
ly to occur 6 times out of ten), one would assign a 60% (or
.60) probability to that event. [A probability is expressed
as either a percent or its decimal equivalent. Probabilities
range from 0% or .00 (no likelihood of occurrence) to
100% or 1.00 (a certainty of occurrence).]

Objective probabilities are either known or based on
historical data. Here, one infers from experience or
historical data that something is likely to happen in ac-
cordance with some predicted pattern.

Subjective probabilities are based on intuition, “gut
feel,” or “guesstimates.”

Probability theory can be applied in conjunction with (a)
a payoff matrix, and (b) a decision tree. Both of these tools
are constructed during decision-making step 1-1.3 on page
105 of N-GMD to help make single-choice decisions with
respect to alternative plans or solutions.

A. Payoff Matrix
This visual tool provides a tabular format for . . .
a. indicating and keeping track of alternative acts

(courses of action) and possible subsequent events
and/or outcomes;



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

c. caculating and indicating the expected values of
the possible outcomes of dternative courses of
action; and

d. calculating, indicating, and comparing the overall
expected values of aternative 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)]. (Thissm-
plified example does not take into account many other
possible acts and events—such as the possibility of
sdling 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 overal expected value for “Buy
1000,” Ms. Black’s best alternativeisto 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 arisk taker nor arisk avoider).]

A payoff matrix has the advantages mentioned in the
introductory paragraph. I1ts 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. Decison Tree

A decision tree is an even more useful tool for making
decisons 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
dternatives 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 financia techniques and
several other OR techniques, it can aso 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).

Thetreein Figure 24 (page DM-69) is a diagrammetic
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 adecision tree;

1. Firgt, draw atree that outlines significant acts and
eventsin alogica manner.

a A treeisdrawn from left to right, showing se-
quences of acts and events. At the left sideis
an initial “act fork” having a “main branch”
for each magjor or basic aternative act. Many
trees—especialy those involving a “do” or
“not do” decison—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 branchesthereisa
terminal expected value (the expected vaue
of the outcome).

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

1. Actsand 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
asingle act fork.

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

4. Event forks or fans can follow prior event
forksor 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. Fll ininformation on the tree.

a

Label all acts and events (if thiswas not done
asthetree was being drawn).

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

t0 100% (or 1.0).

Probability assessments/estimates should be
made by the most quaified 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 redlistically as possible,
being especidly careful not to (a) estimate
higher than redlistic 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.

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 qudlified
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.

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’ thetree.

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 decison 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 termind
value a 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 vaue of $200
more than “Buy 1000.”)

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

If it isnot appropriate for the person using the
tree to assume organizationa indifference to
risk, then solving a tree mathematicdly is
coniderably more complicated. In fact, it is
too complicated to explain here.
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Alternative Courses of Action

Buy 1000 Gadgets Buy 2000 Gadgets
(1) (2) 3) 4) (5) (6)
Possible  Estimated Potential Expected Potential Expected
outcomes probability income®  value income®  value
[(2) x (3)] [(2) x (5)]
Sell 1,000 60% (.60) $5,000 $3,000 $2,000 $1,200
Gadgets
Sell 2,000 40% (.40) $5,000°  $2,000 $10,000  $4,000
Gadgets
Overall Expected Value: $5,000 $5,200°

# Potential income equals total (sales) revenue minus total (purchase) cost.
® Only 1,000 gadgets would be sold, since only 1,000 would be purchased.
¢ The best apparent alternative -- given the data provided.

Another example: Figure 25 is an example of a some-
what more complex decision tree. The concepts, pro-
cedures, rules, and guidelines mentioned above are re-
flected in its construction. This tree diagramatically
depicts the following situation:

ABC Company has an opportunity to build a prototype
control unit for XYZ Company. If it worked better
than the control presently being used by XYZ, XYZ
would place an order for 5,000 units at a price of $24
each (or a cash inflow totaling $120,000). As shown
on the tree, ABC’s chief engineer has calculated that
building the prototype would cost $5,000 (a cash out-
flow). After thorough consideration, ABC’s owner and
president, Mr. Wilson, has estimated that there is a
50% probability that XYZ would order the units based
on a successful test of the prototype. (Thus, there is a
50% probability that it would not place the order.)

As shown at the end of the “not order” branch, the ter-
minal value would be -$5,000 (i.e., the cost to build
the prototype).

If XYZ were to order, ABC would have the two
choices represented by a second act fork:

a. If, trying to reduce machining costs, ABC tooled
to stamp some of the control’s parts at a cost of
$14,000 (a cash outflow), the stampings would
either work or fail. If they worked, production
costs would total $82,000 (another cash outflow).
At the end of that branch, therefore, the terminal
value would be $19,000 (or -5,000 +120,000
-14,000 -82,000). If the stampings failed, ABC
would have to pay $2,000 (a cash out-flow) for
additional tooling plus another $95,000 (a cash
outflow) for production costs, thereby generating a
total cash outflow of $97,000. At the end of that
branch, therefore, the terminal value would be
$4,000 (-5,000 +120,000 -14,000 -97,000). Upon
consultation with his chief engineer, Mr. Wilson
has estimated an 80% probability that the stamp-
ings would work, and a 20% probability that they
would fail.
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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 al 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
thefork).

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 maching” 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 termina value in a box
with an arrow pointing to the end of the “XY Z not
order” event.

Then, he would calculate the value of “build pro-
totype.” To do so, hewould (1) multiply the“XYZ
orders’ vaue of $16,000 by the probability of .50;
(2) multiply the “XY Z 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)
writethe $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-
sultin avalue of $0.

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

It dso has several disadvantages: Firg, 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 pagesto 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 decison-making tool. A
number of available texts® 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 “contextua cash flows’; (e)
the use of net present values; (f) what to consider when
assessing probabilities; (g) the use and calculation of
“conditiona probabilities’; and (h) the mathematical
calculation of probabilities when there is not indiffer-
enceto 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.
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Figure 25: Example of a More Complex Decision Tree

Oles $19,000

$16,000

$4,000

Works  (1.0) $10,000
- $95,000
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Tabular Tools for
Evaluating and Comparing
Alternatives

One or both of two tools—a Table of Advantages and
Disadvantages and a Comparison Matrix—can be used
during decision-making steps 2 through 5 on page 105 of
N-GMD to evaluate, compare, and choose among alterna-

+ -$5,000
: Cem— —_
— $0
EXPECTED
EVENT FORK ACT FORK EVENT FORK/LINE TERMINAL
VALUES

tive solutions to problems, alternative programs/projects,
and alternative sets of goals and plans. While decision-
making criteria are actually the bases for evaluating and
comparing alternatives, these tools are essentially “mechan-
ical or visual aids” for helping to organize, evaluate, and
compare the criteria-related figures, ratios, and insights that
have been derived through the application of financial and
operations research techniques and tools.
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Exhibit AE: Example of a Table of Advantages and Disadvantages

make cheaper.
Get part immediately.

Are several reliable sources.
Save capital for other projects.

tion and quality.
b. Not learn technology.
Union react negatively.
d. Incur added shipping damage

o

| Alternatives | | | Advantages | | ] I-Disadvantag_;es |
I |

1. Make Part X | a. Have control over production | a. Can buy for less than can
| and quality. | make.
| b. Assure inventory. | b. Must buy several new
| c. Use excess plant space. | machines.
| d. Learn technology for future | c¢. Must borrow and incur
| application. | financing costs.
| | d. Not know technology.
| | e. High start-up and operating
| I costs short-term.
| | f. Low quality initially.
I I
I I

2. Buy Part X | a. Save money. Sources can | a. Not have control over produc-
I I
I |
I I
I |
I I

® Q200

Many decision-making criteria are listed in Table 5.1 on
page 106 of N-GMD. Keep in mind that these criteria
should be selected during the analysis phase of a planning
process based on the identification of parameters that are
key to organizational and/or unit success.

Table 10 on the next page lists a number of decision-
making criteria. We have used columns to to indicate (a)
those that are often used to compare alternative solutions to
problems; (b) those that are often used to compare alterna-
tive programs/projects; and (c) those that are often used to
compare alternative sets of goals and plans.

Table of Advantages and Disadvantages

This is the simplest and most often used of the two tools.
(See the example in Exhibit AE.) It is basically a tabular
format having three columns. Alternatives are listed in the
first column. The advantages of each alternative are listed
in the second column, which is usually titled either “Ad-
vantages,” “Pros,” or “Pluses.” The disadvantages of each
alternative are listed in the third column, which is usually
titled either “Disadvantages,” “Cons,” or “Minuses.”

Not incur financing costs.

costs

Advantages. pluses. or pros are those outcomes, re-
sults, consequences, main effects, or side effects of an
alternative’s implementation that are considered func-
tional, desirable, positive, good, or right—e.g., bene-
fits, gains, or strengths. In various ways and to various
degrees, they represent the fulfillment of “needs” or
“wants” expressed in the decision-making criteria be-
ing used.

Disadvantages, minuses, or cons are those outcomes,
results, consequences, main effects, or side effects of
an alternative’s implementation that are considered
dysfunctional, undesirable, negative, bad, or wrong—
e.g., losses, problems, dilemmas, risks, vulnerabilities,
limitations, or weaknesses. In various ways and to var-
ious degrees, they represent the violation, impairment,
or lack of fulfillment of “needs” or “wants” expressed
in the decision-making criteria being used.

A table of advantages and disadvantages helps do all of
the following:

a. identify/anticipate significant advantages and dis-
advantages of alternatives;



Table 10: Decision-Making Criteria and Their Common Uses
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QUANTITATIVE / OBJECTIVE
SO|CP|PL SO|CP|PL
Profitability S|OJO0 Time span to resuits (o] el ke
Total revenues S|O]O Time span of commitment Ll Kol Ke)
Total operating costs $|0|0 Time span to reach volume §1010
Cost savings 0}J0}0O Contribution SjO
Growth (el K¢ Sales break-even point S]0O|0O
Return on investment (ROI) 0| O Profit break-even point S]O|O
Total capital expenditure 0|0 Payback period S|O
Installation costs 0 Net present value (NPV) (0] KO
Start-up costs 0 Accounting rate of return (ARR) 0
Retained earnings used 0|0 Profitability index (#) 0
Debt incurred 0|0 Benefit/cost ratio 0|0
Debt expense 0]O Internal rate of return (IRR) 0]
Resources conserved S|]O0{0O Overall expected terminal value 0j0|0O
Market position S]OJO Liquidity S1S8]0
Unit sales S|O}J0 Working capital S|S}|O
Market share S]10]0 Debt/equity ratio S|S0
Productivity S|0}O Inventory turnover S|S]0O
Productive capacity S[O}0O Net worth S|S]|O
Utilization of capacity S]O]O Earnings per share (EPS) S{S]|O
Time span to completion S|O|O Stock price S|S]O
QUALITATIVE / SUBJECTIVE
CP|PL

Probability of success

Certainty of results

Legal acceptability

Patentability

Compatibility w/ other goals/plans

Environmental effects

Ease of implementation

Safety

Degree of change involved

Managerial development

Complication of current operations

Disruption of current operations

Flexibility (to modify plan)

Organizational development

Vulnerability to . . .
Economic phenomena

Reversibility of action

Business cycles

Control of results

Seasonality of demand

Precedent set

Technological change

Competitiveness

Competitive responses

Diversification

Supply sources

Financial stability

Governmental intervention

Technological innovation

Union opposition

Product/service quality

Product/service innovation

Impact on personnel:
Employee welfare

Effects on other products

Employee job satisfaction

Ability to service (customers)

Employee performance

Product life cycle (obsolescence)

Resuiting relationships with . . .

v|v|v|v|v|n|n|o|o|u|w|uxlofo]o|o|o|ojo|o|o|o|o|o]
o|o|olo|olo|ojo|o|ojo]o|o|o|ololo]olo|olo|olo|o
olo|o|o|olo|o|o|o|o|o|olo|o|o|olo|ololo|o|ololo

Availability of parts/materials Suppliers

R&D know-how Customers

Production know-how Employees/union

Marketing know-how Community
Regulatory agencies

o|olojo|o [o|olo |o|o|o|o|o|w|w|o |o|o|o|o|o|o]8
olo|ololo |ololo [o]olo|olo|ojolo  |w|w|o|o|o|o]lD
olololojlo |[ololo |o|o|o|olojololo |olo|o|o|w|ol R

SO = Alternative solutions to prdblems; CP = Alternative capital projects;
S =Sometimes; O = Often

PL = Alternative plans;



Exhibit AF: Example of a Comparative Matrix

- PROJECT A PROJECT B_ PROJECT C
CRITERIA / PARAMETERS Priority/|Weight Data Raw | Wghtd Data Raw | Wghtd Data Raw | Wghtd
rank [factor score| score score| score score| score
Musts / Limitations / Needs
Highest net present value (NPV) 1 20 50,000,000 3 60 40,000,000 1 20 45,000,000 2 40
Highest benefit/cost ratio 2 19 6:1 1 19 9:1 38 10:1 57
Least debt incurred 18 5,000,000 1 18 3 54 3 54
Sub-total score: 97 112 151
Wants
Shortest payback period 4 16 3 yrs. 2 32 4 yrs. 1 16 2.5 yrs. 3 48
Best L-T competitive position 5 15 3 45 1 15 2 30
Least time to completion 6 12 1yr. 1 12 6 mo. 3 36 8 mo. 2 24
Least disruption of operations 7 10 1 10 2 20 3 30
Greatest ease of implementation 8 1 8 3 24 2 16
Most technological innovation 9 4 12 1 4 2 8
Least environmental impact 10 1 3 3 1 1 2 2
Sub-total score: 122 116 158
Total Weighted Score: 219 228 T 309

YL-INA



f.

g.

gain insightsthat lead to formulating modifications
(solutions) for eliminating or at least minimizing
potential problems and contingencies;

gain insights that lead to integrating or combining
aternatives;

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

evaluate aternatives, weighing their advantages
againg their disadvantages;

compare the advantages and disadvantages of var-
ious dternatives, and

choose the best aternative(s).

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

1

Set up athree-column table such as the one shown
in Exhibit AE.

Review the decison-making criteria established
during the analytic phase.

Based on the decision-making criteria being used,
do thefollowing for each aternative in itsturn:

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

b. Identify and list al 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. Evauate whether or not the dternative's ad-
vantages outweigh its disadvantages.

Compare dternatives, asking these mgor 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 aternatives, which alternative (or com-
bination of aternatives) best meets decision-mak-
ing criteria (comes closest to maximizing benefits
while minimizing undesirable or negative effects)?

Choose an dternative (or combination of aterna-
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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: (@) it is simple and easy to use; (b) it induces
deeper thought; (c) it enables more thorough consideration
of dternatives; and (d) it helps prevent mistakes.

However, using thistool aso has several disadvantages:

a

Individuas have a tendency to write down advan-
tages and disadvantages in a disorganized manner
—e.g., asthey occur to them.

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.

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 ata
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.

Asillustrated in Exhibit AF, it doesall the following:

a

It explicitly compares al dternatives in terms of
the same criteria, which are listed down the left-
hand column.

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

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

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

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. Onaseparate sheet of paper . ..

a

List al 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.

Choose the criteria that will actually be used
asthe bases for making adecision.

* Give this choice considerable thought.
Using the wrong criteria can lead to mak-
ing anon-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 labded “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 genera, 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.

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 decison 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

decison 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
weightsto criteriain step 3.

Construct a matrix that accomodates the number
of criteriaand alternativesinvolved.

a

In the left column, list the selected criteriain
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.)

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

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

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

*

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

The smplest 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). Sm-
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
dightly 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
dightly more important than B/C ratio
(ranked # 2). Accordingly, NPV has been
given aweight of 20, and B/C ratio has been
given aweight 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 criterioninitsturn, . ..

a

Fll in appropriate information in the “Data’
column under each dternative.

* 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.

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

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

* 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 (ahigh 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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* Usng 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 dternative's
weighted score. Simply multiply the (raw)
score for each dternative by the criterion’s
weight factor.

5. Total the weighted scores in the columns under the
aternatives, and then write the total weighted
scores &t the bottom of the matrix.

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

A “Chart of Alternatives’ for Aiding Strategic/
L ong-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, programg/projects, action plans, and budgets. Choos-
ing one integrated set of aternatives from a number of pos-
sible combinations of aternatives can be extremely compli-
cated and difficult. In such situations, we have found what
we call a“chart of alternatives’ to be avery useful planning
and decision-making aid.

Figure 26 on the next page is a partiad 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 organizationa 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;



Figure 26: Partial/Simpified (Marketing Dept.) Long-Range Planning "Chart of Alternatives"
(Involving series of multiple and single choices)
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STRATEGIES / TACTICS PROGRAMS / PROJECTS
(Alternative Sets of Strategies/Tactics) (with Alternative Action Plans and Budgets)
~ Prod. Chanli(s) Promotion I"ricing Prog/Proj Descrptn Priority Alternative (10-Year) Action Plans & (20-Year) Eudgets
Mix of Dist. Push Pull (Rel.) | Maximum Pin/Budg | Minimum Pin/Budg | Adjusted Pin/Budg
(1) (2 (3)
Prc A1
PL A1 < Prc A2 /Product
Prc A3 P/P Aa Design 1 Max-Pin Budg Min-PIn Budg Max-Pin Budg
Psh A1 P/P Ab Packaging 9 Max-PIn Budg Min-PIn Budg Min-Pin Budg
Prc A1
PL A2 < Prc A2 Channel
Prc A3 P/P Aa Ntwrk dev. 7 Max-PIn Budg Min-PIn Budg Adj-Pin Budg
P/PAb  Dlvry syst 8 Max-Pin Budg Min-Pin Budg Adj-Pin Budg
Promo Psh
P/P A2a Salesforce 3 Max-PIn Budg Min-Pin Budg Max-Pin Budg
P/P A2b Sales aids 10 Max-PIn Budg Min-Pin Budg Min-PIn Budg
rc Al
PL A2 Prc A2 Promo Pull
Prc A3 P/P Ala Broadcast 4 Max-PIn Budg Min-Pin Budg Adj-Pin Budg
P/PAlb  Printmedia 5 Max-PIn Budg Min-Pin Budg Adj-Pin Budg
Prc B1
PL B1 Prc B2 Pricing
Prc B3 P/P A3a Retail 6 Max Plan Min Plan Adj Plan
Psh B1 P/P A3b Channel(s) 2 Max Plan Min Plan Max Plan
Prc B1
PL B2 Prc B2 Totl capital expend's (10 yrs) Totl Max Totl Min Totl Adj'd
Prc B3
ChniB Totl Expenses (20 yrs) Totl Max Totl Min Totl Adj'd
Prc B1 Totl revenues (20 yrs) Totl Max Totl Min Totl Adj'd
PL B1 Prc B2 Totl cost savings (20 yrs) Totl Max Totl Min Totl Adj'd
Prc B3 Totl depreciation (20 yrs) Totl Max Totl Min Totl Adj'd
Psh B2 Totl net cash flow (20 yrs) Totl Max Totl Min Totl Adj'd
rc B1
Mixes PL B2 Prc B2 Qet Present Value of Flows $X sY $Z
B,C, Prc B3
and D
ChnisA&B
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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
arein 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 aternativesto be evaluated and compared,;

g. identify the combinations/sets of aternatives 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 ater-
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 partia “network” of combinations of alternative
marketing mix strategies'tactics—i.e., product (or pro-
duct mix) dternatives, distribution channel aterna-
tives; push promotion alternatives (for getting products
into channels and through channels to consumers); pull
promotion dternatives (for getting consumers to the
point of sae€); and pricing dternatives. A complete
chart of aternatives would show al combinations of
strategies/tactics—not just those associated with Pro-
duct Mix A (asin Figure 26).

This “network” of dternative acts can aso be
drawn as the initia act branches on a decision tree.
For example, the top branch (act line) would be:
Mix A - Channel A - Push Al - Pull Al - Pricing
Al. 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 aternative combinations of programs/projects
and accompanying action plans and budgets (for im-
plementing selected combinations or sets of sStrate-
giedltactics).

Note that the programs/projects and plans/budgets
shown in Figure 26 are associated with only one
particular combination of dtrategies/tactics—i.e.,
Mix A - Channegl A - Push A2 - Pull Al - 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 aternative action plans and associated
budgets—i.e.,, a maximum plarn/budget, a mini-
mum plan/budget, and an adjusted plan/budget. As
in the case of dtrategiesitactics, various combina
tions of programg/projects and their aternative
plang/budgets can aso be shown as “act lines’ on
an act fork. However, if al programs/projects were
to be implemented (as we have assumed), if deci-
sons were essentialy being made concerning
which combinations of plans/budgets were to be
implemented, and if the alternative combinations
of plang/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. Pan: ldentify/formulate alternative strategies and
tactics (based on sales goals and on in-depth anal-
yses of products, consumers, channels of distri-
bution, competitive promaotion and pricing prac-
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tices, and market problems and opportunities) The
formulation of each alternative strategy/tactic in
each areais generaly 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 financia results are be-
ing projected—for at least a 20-year period.]

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

b. ldentify/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 aternatives might also include,
for example, channel C and combinations
A&B,A&C,B&C, and A&B&C]

c. ldentify/formulate alternative push promotion
drategies/tactics and aternative 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 aternatives as-
sociated with each aternative combination of
product mix and channel strategies/tactics.]

d. Ildentify/formulate alternative pricing Strate-
giesltactics (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.”]

Congruct a network that illustrates aternative
combinations of strategies/tactics (asin Figure 26)

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

*  Asin Fgure 26, apha-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 al 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
usualy screen the aternative combinations of
these strategies/tactics and select certain combina-
tions by making a series of initial/tentative single-
choice decisons. (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 generaly made based on mar-
ket analyses, smulation 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 evauate and compare aternatives
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 initidly/tentatively chosen
the following combination: Mix A - Channel
A - Push A2 - Pull Al - 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-
gieshtactics 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 strategiesitactics. Inthe programs/pro-




jects column of Figure 26, we have shown only
two programg/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-
dly 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 generaly
made based on more qualitative/subjective
criteria.

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

# Some programg/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 al long-
range programs/projects in order to deal with
al areas of the marketing mix. (Managersin
other operating areas will usually do the same
with respect to al the areas that concern
them.) The question, therefore, is not redly
“which programg/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 programg/projects in the
various areas have been ranked from 1 (high-
est priority) to 10 (lowest priority).
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5. Congtruct a Table of Programs/Projects (with As-

sociated Plang/Budgets) columns (as shown in Fg-

ure 26)

*

The table in Figure 26 is a “summary table.”
For example: The terms “Max-Pin Budg,”
“Min-PIn Budg,” and “Adj-PIn 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 actualy
shown.)

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

6. Formulate severa basic aternative 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 initsturn . ..

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.)

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

* If an organization is planning for a 10-
year period, it should construct cash flow
budgets for aperiod 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 programg/projects working together.)

* |tisnot 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. Cdculate the (yearly) tota financia results of

(plans)/budgets in the maximum column — and

then in the minimum column [See the first para-

graph under Step 5 abovel]

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

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

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

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

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

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

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

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 (initsturn)

*

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

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

Given the “benchmarks’ provided by the
max and min columns, the adjusted plang/
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 godls, plans, and budgets; (d) budgetary
congtraints; and (e) planning inputs provided
by other departments.

9. Make amultiple choice decision, choosing at |east

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, (€)
long-range profitability; and (f) flexibility.

Using a Chart of Alternatives as a planning and

decision-making tool at the or ganizational level:

Figure 27 on page DM-85 is a smplified 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 aternative
combinations of marketing strategies/tactics.
Each has a max-plans budget and an adjust-
ed-plans budget (for the implementation of
al programs/projects associated with each al-
ternative combination of strategies/tactics).

Notee 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 al associated production programs/
projects and plans). These dtrategiedtactics
and associated programs/projects and plans/
budgets generdly involve, for example, (a)
facilitiesequipment; (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 aternative 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 initiadl planning on initialy-
screened plans of the marketing department;
and (2) delay making its final choices until it
can base them on the final aternatives select-
ed by the marketing department.

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

Note: Here, each aternative combination of
strategies/tactics and associated programs/
projects and plans/budgets should be predi-
cated on the sales and production volumes
and the financia requirements associated
with the marketing/production branches that
immediately precede it. This means that other
departments should (1) base their initia plan-
ning on initialy-screened plans of the mar-
keting and production departments; and (2)
delay making their final choices until they
can base them on the final aternatives select-
ed by the marketing and production depart-
ments.
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1

2.

3.

It is assumed that departments will have cal-
culated the NVPs of their sdected aterna
tives before the following steps are taken at
the organizationa level.

Construct an Organizational Chart of Alternatives

* Use either anetwork or an act fork format.

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 usualy negative, because, even
though they may include cost savings, they
normally reflect larger cash outflows for ex-
penses and capital expenditures.

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

4, Make afind 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 ater-
natives having the highest NPVs and also
compares them in terms of criteria such as
these: (&) long-range competitiveness, (b)
long-range profitability; (c) total cost; (d) to-
tal capital expenditures; (€) financing/debt re-
quired; and (f) flexibility.

5. Modify/finalize unit/departmental and (consoli-

dated) organizationa long-range strategies/tactics,

progams/projects, action plans, and budgets based

on fina top management decisions

*

Retain al 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.



Figure 27: Simplified Example of an Organizational
Long-Range Planning "Chart of Alternatives"
(Based on units' recommended alternatives)
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