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Although this procedure requires more work for more complex decision trees, the same
two steps—taking EMVs at probability nodes and taking maximums at decision nodes—
are the only arithmetic operations required. In addition, the PrecisionTree add-in discussed
Jater in the chapter performs the folding-back calculations for you.

b. Let the probability of the worst outcome for the
first decision, the value in cell BS, vary from

<3

solutions for problems whose numbers appear within a colored box can 0.710 0.9 in increments of 0.025, and use for 'f"llﬂs
i pe found in the Student Solution Files. in cells B3 and B4 to ensure that they remain in the
ratio 1 to 2 and the three probabilities for decision |

Level A continue to sum 1o 1.

M Several decision criteria besides EMV are suggested in ¢. Use a two-way data table to let the inputs in parts a
the section. For each of the following criteria, rank all and b vary simultaneously over the indicated ranges.
three decisions in Figure 6.1 from best to worst.
a. Look only at the worst possible outcome for each Level B

decision. 3. Some decision makers prefer decisions with low risk, but

b. Look only at the best possible outcome for each this depends on how risk is measured. As we mentioned

decision. in this section, variance (see the definition in problem 1)

¢. Look at the variance of the distribution of outcomes is one measure of risk, but it includes both upside and

for each decision, which you want to be small. (The downside risk. That is, an outcome with a large positive

variance of a probability distribution is the weighted payoff contributes to variance, but this type of “risk” is

sum of squared differences from the mean, weighted good. Consider a decision with some possible payoffs

~ by the probabilities.) and some possible costs, with given probabilitics. How

12, For the decision problem in Figure 6.1, use data tables to might you develop a measure of downside risk for such

perform the following sensitivity analyses. The goal in each a decision? With your downside measure of risk, which

is to see whether decision 1 continues to have the largest decision in Figure 6.1 do you prefer, decision 1 or deci-
EMV. In each part, provide a brief explanation of the results. sion 27 (There is no single correct answer.)

a. Let the payoff from the best outcome, the value in cell
A3, vary from $30,000 to $50,000 in increments of
$2500.

511 One-Stage Decision Problems

Many decision problems are similar to the simple decision problem discussed in the
previous section. You make a decision, then you wait to see an uncertain outcome, and
a payoff is received or a cost is incurred. We refer to these as single-stage decision
problems because you make only onc decision, the one right now. They all unfold in
essentially the same way, as indicated by the spreadsheet model in Figure 6.1 or the deci-
sion tree in Figure 6.3. The following example is typical of one-stage decision problems.
This example is used as a starting point for more complex examples in later sections.

,A. ,!’9;!5

The Acme Com'pany must decide whether to market a new product. As in many new-product situations, there is considerable
uncertainty about the eventual success of the product. The product is currently part way through the development process,
and some fixed development costs have already been incurred. If the company decides to continue development and then
market the product, there will be additional fixed costs, and they are estimated to be $6 million. If the product is marketed,
its unit margin (selling price minus variable cost) will be $18. Acme classifies the possible market results as “great,” “fair,”
and “awful.” and it estimates the probabilities of these outcomes to be 0.45, 0.35, and 0.20, respectively. Finally, the company

o — Sy s

&

e el

v




6-4 One-Stage Decision Problems 251

Although this procedure requires more work for more complex decision trees, the same
two steps—taking EMVs at probability nodes and taking maximums at decision nodes—
are the only arithmetic operations required. In addition, the PrecisionTree add-in discussed
Jater in the chapter performs the folding-back calculations for you.

b. Let the probability of the worst outcome for the
first decision, the value in cell BS, vary from

<3

solutions for problems whose numbers appear within a colored box can 0.710 0.9 in increments of 0.025, and use for 'f"llﬂs
i pe found in the Student Solution Files. in cells B3 and B4 to ensure that they remain in the
ratio 1 to 2 and the three probabilities for decision |

Level A continue to sum 1o 1.

M Several decision criteria besides EMV are suggested in ¢. Use a two-way data table to let the inputs in parts a
the section. For each of the following criteria, rank all and b vary simultaneously over the indicated ranges.
three decisions in Figure 6.1 from best to worst.
a. Look only at the worst possible outcome for each Level B

decision. 3. Some decision makers prefer decisions with low risk, but

b. Look only at the best possible outcome for each this depends on how risk is measured. As we mentioned

decision. in this section, variance (see the definition in problem 1)

¢. Look at the variance of the distribution of outcomes is one measure of risk, but it includes both upside and

for each decision, which you want to be small. (The downside risk. That is, an outcome with a large positive

variance of a probability distribution is the weighted payoff contributes to variance, but this type of “risk” is

sum of squared differences from the mean, weighted good. Consider a decision with some possible payoffs

~ by the probabilities.) and some possible costs, with given probabilitics. How

12, For the decision problem in Figure 6.1, use data tables to might you develop a measure of downside risk for such

perform the following sensitivity analyses. The goal in each a decision? With your downside measure of risk, which

is to see whether decision 1 continues to have the largest decision in Figure 6.1 do you prefer, decision 1 or deci-
EMV. In each part, provide a brief explanation of the results. sion 27 (There is no single correct answer.)

a. Let the payoff from the best outcome, the value in cell
A3, vary from $30,000 to $50,000 in increments of
$2500.

511 One-Stage Decision Problems

Many decision problems are similar to the simple decision problem discussed in the
previous section. You make a decision, then you wait to see an uncertain outcome, and
a payoff is received or a cost is incurred. We refer to these as single-stage decision
problems because you make only onc decision, the one right now. They all unfold in
essentially the same way, as indicated by the spreadsheet model in Figure 6.1 or the deci-
sion tree in Figure 6.3. The following example is typical of one-stage decision problems.
This example is used as a starting point for more complex examples in later sections.

,A. ,!’9;!5

The Acme Com'pany must decide whether to market a new product. As in many new-product situations, there is considerable
uncertainty about the eventual success of the product. The product is currently part way through the development process,
and some fixed development costs have already been incurred. If the company decides to continue development and then
market the product, there will be additional fixed costs, and they are estimated to be $6 million. If the product is marketed,
its unit margin (selling price minus variable cost) will be $18. Acme classifies the possible market results as “great,” “fair,”
and “awful.” and it estimates the probabilities of these outcomes to be 0.45, 0.35, and 0.20, respectively. Finally, the company

o — Sy s

&

e el

v




254 CHAPTER 6

Decision Making Under Uncertainty

‘ The Au.nc problem is a prototype for all single stage decision Problems, Wi, 3
’ asingle decision needs 10 be made. and all of the clements of the decision Probley, IP
been specified, it is easy to caleulate the required EMVs for the possib)e decisigy b
hence determine the EMV maximizing decision in a spreadsheet model. The pr(,b!:l
. . - . o
and the calculations can also be shown in a decision tree. although this doesp'y reig
provide any new information exeept possibly to give everyone involved 3 beter “picty
of the decision problem. In the next section, we examine i multistage versjon of the
problem, and then the real advantage of decision trees will become evident,
Problems Level B
7. Sometimes a “single stage™ decision ¢ > brok 8
Solutions for problems whose numbers appear within a colored box ¢an . S e 0 can be broke
be found n the Student Sofuticn Files down into a sequence of decisions. with no uncerind
resolved between these decisions. Similarty, upceid
Level A tainty can sometimes be broken down into a sequence of
- PR e P ¢ . uacertain outcomes. Here is a typical exam le. A com
4. The fixed cost of $6 miilion in the Acme problem is ‘ : ypreal example. A cony
. pany has a chance to bid on 2 government project. Th,
evidently not large cnough o make Acme abandon the g . .
. . company first decides whether to place a bid. and then
product at the current time. How large would the fixed . ; S . .
: . ifit decides 10 place a bid, it decides how much o big’
cost need 1o be to make the abandon option the best ) U N
C ot . g . Once these decisions have been made, the uncertainty i
option? Explain how the decision tree., especially the 1
S - y . ; resolved. First, the company observes whether there are
version in Figure 6.5, answers this question casily., S o . ,
- L. ) . ’ any competing bids. Second. if there is at least one com-
A Performa seasivaty analysis on the probability of 4 great ting bid. the company observes the o SI competing
] h e - the company observes the lovwesr compe
, =" market. To do this, enter formudas in celis B9 and B0 peting 'pin) . . P 8
" bid. The lowest of all bids wins the contract. Draw g 3

| (see Figure 6.4) 1o ensure that the probabilitics of “fair”

’ and “awful™ remain in the same ratio. 35 1o 20, and that ali
three probabilities continue (o sum o 1. Then let the prob-
ability of “great”™ vary from 0.25 (0 0.50 in increments of
(.05, Is it ever best to abandon the product in this range?

6. Sometimes it is possible for a company to influence the
uncertain outcomes in a favorable direction, Suppose
Acme could. by an carly marketing blitz, change the prob
abilities of “great,” “fair,” and “awtul” from their current
alues 100.75, 0.15. and 0.10. In terms of EM V. how much
would the company be willing to pay for such a blitz?

B The PrecisionTree Add-In

decision tree that reflects this sequence. There should
be two “stages™ of decision nodes, follow ed by two §
“stages™ of probability nodes. Then label the tree with
some reasonable monctary values and probabilities. and
perform the folding back process to find the company’s
best strategy. Note that if the company wins the contract,
its payoll is its bid amount minus its cost of complet-
ing the project minus its cost of preparing the bid. where
these costs are assumed (o be known,

Decision trees present a challenge for Excel. The challenge is 10 take advanmage of Excel’s
calculation capabilities (to calculate EMVs, for example) and its graphical capabilitics
(to draw the decision tree). Using only Excel’s built-in 10ols, this is virtually impossible
(or at least very painful) 1o do, Fortunately, Palisade has dey cloped an Excel add - in called
PrecisionTree that makes the process relatively straightforward. This add-in not only
enables you to draw and label a decision tree, but it also performs the foldi ng-back procedure
automatically and then aliows you to perform sensitivity analysis on key input parameters.
The first thing you must do to use PrecisionTree is to “add it in." We assume you have
already installed the Palisade DecisionTools Suite. Then 1o run PrecisionTree, you have

two options:

* ¥ Excel is not currently running. you can open Excel and PrecisionTree by selecting
PrecisionTree from the Palisade group in the list of programs on your computer.
*If Excel is currently running, the first option will open PrecisionTree on top of Excel.
In cither case, you will see the Welcome screen in Figure 6.8. Note the Quick Start
link. We will come back to this shortly.
Once you click OK 10 dismiss the Welcome screen, you will know that PrecisionTree

is Joaded because of the new PrecisionTree tab and associated ribbon shown in Figure 6.9,

S ————



272 CHAPTER 6 Decision Making Under Uncertainty

As you can see. Ace should nor market the product after a bad Prediciigy, Uno
prior probability of a good market is approximately .35 or higher. This ke in!uitl\-:)S

tone final sensitivity analysis. a two w ay analysis. we let the prioy D"’hah"i‘w
good market vary as before, and we let the fixed marketing cost vary from 25¢; beloy, ': ;
above its current value of S4 million. Also, e choose “Entire Model™ as he Starting ""
The results are shown in Figure 6.25. The dinmonds correspond 10 input s alyeg Where A
should hire the firm, and the triangles correspond 1o input values where Acme shoulgy, hl
the firm. The pattern indicates that hiring is bestonly when the fixed marketing ¢ x
and/or the prior probabiiity of a good marketis tow. For example, if the prior proly,
goad market is 0.5, the Acme shoutd hire the firm only if its fixed nrrketing cos g $42mi
lion or above. As another example. i Acme’s fixed marketing cost is $3.3 million, jy shoy
hire the firm only if the prior probability of & good market is 0.4 or below,

Flgure 6.25 T\-'v'O_ Way Strategy Region for Node ‘Hire firm?’
Sensitivity Analysis $5.000 1 3 5 = . . . . .
$4,800 ¢ . . . . . . . .
$4,600 * . . . . . . . .
S4 400 { . . . S . . a a
w
&
= 54'200 + * * * - * . 4 4
S
o
§ 54,000 l . . . . . 4 A . o Yos
= |
= :
S $3,800 4 . . . . a 4 a . ol
2 :
N
$3,600 4 . . . . a s 4 a
$3,400 * . . . 4 a a 4 S
|
|
$3,200 4 . . s 4 a a n s
$3,000 J~ -~ - - - T U -
= n =3 0 = 1 o [ o
~N ~ ™ m < < w n 9
S = [=] =} =} < o < c
Good (89)

One of the most important benefits of using PrecisionTree (or Excel data tables) is
that once you have built the decision trec. You can quickly run any number of sensitivity
analyses such as the ones shown. They often provide important msights that help you bet-
fer understand the decision problem. You are asked to perform other sensitivity analyses
on this example (and Example 6.2) in the problems,

PrOblemS 12. In Example 6.2, 1he fixed costs are split $4 milhon

for development and $2 million for marketing. Per

Solutions for problems whose numbers appear vathin a cofored box can form a sensitiviy analysis where the sum of these
be found in the Student Sofution Files. two fixed costs remains at $6 miilion but the split
L I changes. Specifically. let the fixed cost of development
evel A vary from $1 million 1o $5 million in increments of
In Example 6.2, Acme’s probability of technological sue- S0.5 mitlion. Does Acme's best strategy change in
cess. 0.8, is evidently large enough 10 make “continue this range? Use cither a data table or PrecisionTree's
development™ the best decision. How Jow would this Sensitivity Analysis t0ols to answer this question.

probability have 1o be to make the oppuosite decision best?
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of the ceonomy. e given in the e P06 33.a0sx.

Inlities of 4 strong, v o weak economy i

are dssessed 1o be 0.30, 050 and (.20,

pespeetiy ely. ) i

a. ldenuly the strateg) that maximizes Techwaie’s
eypected netrevenue.

b, Pertonin i sensitivity analysis on the optimal decision,
Jetting cach ol the inputs vary one at a time plos ol
minus 254 rom its base value, and summarize your
findings. Which ol the inputs appears to have the larg
oot elfect on the best solution!?

An imesion with S10.000 available o invest has the Tol
fowing options: (1) he cin investin arish free savings
sccount with a guaranteed 3¢ annual rate of return:
2y he can imvest in a fairly safe stock. where the pos
Sible annual rates of return are 6%, 84 o or 109 or
(33 he can imvest i a more risky stock, where the pos
sible annual vates of return e 190 9% cor 174 The
imvestor can place all ol his available funds inany one of
these options. o he can split his $10.000 into two S5000
imestments inany (wo of these options. The joint prob
ability distribution of the possible return cies lor the
two stocks is egiven in the {ile P06 34.x1sx.

acddently the strategy that manimizes the imvestor’s
evpected one-year earnings.

b Perform asensitiv ity analysis on the optimal decision,
Jetting the amount ivailable o invest and the risk free
retrn both vary, one at a tisme. plus or minus 1004
from their base values, and summarize your lindings.

A buyer for a Luge department store chain musi

place orders with an athletic shoe manulaciurer sy

months priog to tie 1tme the shoes will be sold in
the department stores. The buser must decide on

November 1 how many pairs of the manutacturer’s new-

est model ol tennis shoes 1o order for sale during the

coming summer season. Assume that cach pair of this
new brand of tennis shoes costs the departinent store
chain S45 per pair. Lurthermore. assume that cach par

ol these shoes can then be sold 1o the chain's custom

ers for S70 per pair, Any pairs of these shoes renmaining

unsold at the end of the summer season will be sold in

a closcout sale neat (all for $35 cach. The probability

distribution of consumer demand for these tennis shoes

during the coming sunimer season has been assessed by
market rescarch specialists and is provided in the lile

P06 33.xlsx. Finally. assume that the department store

chiam must purchase these tennis shoes from the manu-

Lacturer i lots ot 100 pairs.

acldentity the strategy that masinizes the department
store chain’s expected profitearned by purchasing and
subsequently selling paiss of the new tennis shoes. Isa
decision tree really necessary? 1 so, what does it add
to the analysis? 1 not. why not?

h. Perlorni a sensitivity analysis on the optinal decision,
letting the three monetary inputs vary one al a tine
over reasonable ranges, and summagize your findings.

Which of the inputs appears to haine the kugest efiedt
on the best solation?

36, Two construction compaiies e bidding against one

another for the right to constrodt & new community cen
ter building. 1he first construction company., Fine Line
Homes, believes that its competitor. Buttalo Valley
Construction, will place a bid for this project according
w the distzibution shown in the nile 106 36.x1sx. 1w
thermore. Fine Line Homes estinates thai it will cost
S160.000 for its own company to constraet this build
ing. Given its fine reputation and long standing service
within the local community, Fine Line Tomes believes
that it will likely be awarded the project i the event
that it and Bulialo Valley Construction submit exactly
the same bids. Find the bid that masimizes Fine Line's
expected profit. Is avdecision tree really necessary 2 If so.
what does it add to the analysis? U not why not?

You have sued vour employer lor damages sutiered

when vou recently slipped and el onan icy surface tha

should hive been treated by your company 's physical
plant department. Your injury was sulficientdy serious

that you. in consultation with your attorney., decided o

sue your company for S500.000. Your company s insw

ance provider has oftered to settle this suit with you out
of court. W you decide to reject the setdement and go to
comt. your attorney is confident that you will win the
case but is uncertain about the amount the court wall
avard you in damages. He has provided his assessment
of the probability distribution of the court’s award o you
in the file P06 37.x1sx. [n addition, there are extra legal
fees ol S10,000 you will have to pay il you go Lo court

Fer S be the insurance provider's proposced out ol-court

settlement Gn dollags). For swhich values of $ will you

decide 1o aceept the settlement? For which values ol $
will vou choose 1o take your chances in count! Assume
that your goal is to maximize the expected net payoll

Trom this litgation.

Consider a population of 2000 people. 800 of whom are

women. Assume that 300 of the women in this popula-

tion earn at least $60.000 per vear. and 200 of the men
carn at least $60LO00 per year.

a What is the probability that a tandomly selected per
son from this population carns fess than $60.000 per
yew !

b1t a randomly selected person is observed to camn Jess
than S6O.000 per year. what is the probabilits that this
Person is i nn’

¢ aandomly selected person is obsersed to carn at
Jeast $60.000 per vear. what is the probability that this
person is 4 wonan?

Yearly atttomobile inspections are requined for ses

idents of the state of Pennsy lvania. Suppose that 184

of all inspected cars in Pennsy lania have problems that

necd 1o be corrected. Unloriunately. Pennsy vania state
inspections fail to detect these problems 124 of the
tine. On the other hand. assume that an inspection never
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decision tree that reflects this sequence. There should
be two “stages™ of decision nodes, follow ed by two §
“stages™ of probability nodes. Then label the tree with
some reasonable monctary values and probabilities. and
perform the folding back process to find the company’s
best strategy. Note that if the company wins the contract,
its payoll is its bid amount minus its cost of complet-
ing the project minus its cost of preparing the bid. where
these costs are assumed (o be known,

Decision trees present a challenge for Excel. The challenge is 10 take advanmage of Excel’s
calculation capabilities (to calculate EMVs, for example) and its graphical capabilitics
(to draw the decision tree). Using only Excel’s built-in 10ols, this is virtually impossible
(or at least very painful) 1o do, Fortunately, Palisade has dey cloped an Excel add - in called
PrecisionTree that makes the process relatively straightforward. This add-in not only
enables you to draw and label a decision tree, but it also performs the foldi ng-back procedure
automatically and then aliows you to perform sensitivity analysis on key input parameters.
The first thing you must do to use PrecisionTree is to “add it in." We assume you have
already installed the Palisade DecisionTools Suite. Then 1o run PrecisionTree, you have

two options:

* ¥ Excel is not currently running. you can open Excel and PrecisionTree by selecting
PrecisionTree from the Palisade group in the list of programs on your computer.
*If Excel is currently running, the first option will open PrecisionTree on top of Excel.
In cither case, you will see the Welcome screen in Figure 6.8. Note the Quick Start
link. We will come back to this shortly.
Once you click OK 10 dismiss the Welcome screen, you will know that PrecisionTree

is Joaded because of the new PrecisionTree tab and associated ribbon shown in Figure 6.9,
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One of the most important benefits of using PrecisionTree (or Excel data tables) is
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evpected one-year earnings.

b Perform asensitiv ity analysis on the optimal decision,
Jetting the amount ivailable o invest and the risk free
retrn both vary, one at a tisme. plus or minus 1004
from their base values, and summarize your lindings.

A buyer for a Luge department store chain musi

place orders with an athletic shoe manulaciurer sy

months priog to tie 1tme the shoes will be sold in
the department stores. The buser must decide on

November 1 how many pairs of the manutacturer’s new-

est model ol tennis shoes 1o order for sale during the

coming summer season. Assume that cach pair of this
new brand of tennis shoes costs the departinent store
chain S45 per pair. Lurthermore. assume that cach par

ol these shoes can then be sold 1o the chain's custom

ers for S70 per pair, Any pairs of these shoes renmaining

unsold at the end of the summer season will be sold in

a closcout sale neat (all for $35 cach. The probability

distribution of consumer demand for these tennis shoes

during the coming sunimer season has been assessed by
market rescarch specialists and is provided in the lile

P06 33.xlsx. Finally. assume that the department store

chiam must purchase these tennis shoes from the manu-

Lacturer i lots ot 100 pairs.

acldentity the strategy that masinizes the department
store chain’s expected profitearned by purchasing and
subsequently selling paiss of the new tennis shoes. Isa
decision tree really necessary? 1 so, what does it add
to the analysis? 1 not. why not?

h. Perlorni a sensitivity analysis on the optinal decision,
letting the three monetary inputs vary one al a tine
over reasonable ranges, and summagize your findings.

Which of the inputs appears to haine the kugest efiedt
on the best solation?

36, Two construction compaiies e bidding against one

another for the right to constrodt & new community cen
ter building. 1he first construction company., Fine Line
Homes, believes that its competitor. Buttalo Valley
Construction, will place a bid for this project according
w the distzibution shown in the nile 106 36.x1sx. 1w
thermore. Fine Line Homes estinates thai it will cost
S160.000 for its own company to constraet this build
ing. Given its fine reputation and long standing service
within the local community, Fine Line Tomes believes
that it will likely be awarded the project i the event
that it and Bulialo Valley Construction submit exactly
the same bids. Find the bid that masimizes Fine Line's
expected profit. Is avdecision tree really necessary 2 If so.
what does it add to the analysis? U not why not?

You have sued vour employer lor damages sutiered

when vou recently slipped and el onan icy surface tha

should hive been treated by your company 's physical
plant department. Your injury was sulficientdy serious

that you. in consultation with your attorney., decided o

sue your company for S500.000. Your company s insw

ance provider has oftered to settle this suit with you out
of court. W you decide to reject the setdement and go to
comt. your attorney is confident that you will win the
case but is uncertain about the amount the court wall
avard you in damages. He has provided his assessment
of the probability distribution of the court’s award o you
in the file P06 37.x1sx. [n addition, there are extra legal
fees ol S10,000 you will have to pay il you go Lo court

Fer S be the insurance provider's proposced out ol-court

settlement Gn dollags). For swhich values of $ will you

decide 1o aceept the settlement? For which values ol $
will vou choose 1o take your chances in count! Assume
that your goal is to maximize the expected net payoll

Trom this litgation.

Consider a population of 2000 people. 800 of whom are

women. Assume that 300 of the women in this popula-

tion earn at least $60.000 per vear. and 200 of the men
carn at least $60LO00 per year.

a What is the probability that a tandomly selected per
son from this population carns fess than $60.000 per
yew !

b1t a randomly selected person is observed to camn Jess
than S6O.000 per year. what is the probabilits that this
Person is i nn’

¢ aandomly selected person is obsersed to carn at
Jeast $60.000 per vear. what is the probability that this
person is 4 wonan?

Yearly atttomobile inspections are requined for ses

idents of the state of Pennsy lvania. Suppose that 184

of all inspected cars in Pennsy lania have problems that

necd 1o be corrected. Unloriunately. Pennsy vania state
inspections fail to detect these problems 124 of the
tine. On the other hand. assume that an inspection never




