C0OB291, Management Science, Test 1, Spring 2009 meNa

DO NOT TURN TO THE NEXT PAGE UNTIL YOU ARE INSTRUCHD TO DO SO!

The following exam consists of FOUR problems footal of 175 points. Please keep three decimadtpan all of
your computations. To get credits, you are reglioegprovide computational details suchpegviding
equations,models, procedures, and explanations for related questions You will have 75 minutesomplete the
test. This means that you have, on average, &foniinutes for each problem or four minutes for gpegstion.

1. Write down (PRINT) your name in the blank spacevjated on the top right corner on this page.

2. This test is closed book and closed notes. Youlizng ONE 8” x 11" note card or equation sheetdQitle
only). You can write or type anything on the cargheet. You have to hand it in along with yast paper.

3. Partial credits are available and unsupported arsswidl not receive any credit even though they rhay
correct.

4. You are expected to remain in the classroom until lyave turned in your test paper. You could mbtygur
test paper back once you turn it in.

5. You must have your own calculator for the test.u¥annot use pocket PC, cell phone, PDA, or angtlike
these for your test. You cannot share calculattr anyone.

6. If you believe that someone sitting near you isating, raise your hand and quietly inform a teadf{ehis.
We'll keep an eye peeled, and your anonymity wéllrbspected.

7. If any question seems unclear or ambiguous to rgse your hand, and your teacher will attemptaafy it.
Or just put it on your test booklet, | will look &twhen | grade the test.

Pledgee On my honor asa JMU student, | pledge that | have neither given nor received any unauthorized
assistance on this examination.

Signhature




COB291, Management Science, Test 1, Spring 2009 meNa

1. You are working for Caveat Emptor, Inc., a homeetwion service that provides prospective home tsupih a
thorough assessment of the major systems in a ligseo the execution of the purchase contri@iu are
asked to forecast the average monthly heatingvatisthe information given below.

Table 1. Average Monthly Heating Costs and Forecast

A B C D E F G H
Avg
Heating
1 Month Cost SMA2 : WMA3 i EXP(0.3) Weights
2 12 96 w3 0.10
3 13 187 w2 0.40
4 14 235 wl 0.50
3 15 138 sums= 1.00
6 16 71
7 17 206 127.117 alpha(a): 0.30
8 18
2, 19

(1) (5 pts) What is the two — period simple moving agerforecast (SMA2) for the average heating costef
home in the month 19? (must show the equatiortf@g@rocess for your answer)

(2) What is the three — period weighted moving avefagecast (WMA3) for the average heating cost of the
home in the month 19 using the weights 0.5, 0.4Gahdvith the largest weight for the most recennhtho
and the smallest weight for the remote month?

a. (6 pts.) What is the equation to be used?

b. (6 pts.) What is the Excel@ formula to be usedriaCell D9?

c. (3 pts.) What is the answer for it? (must shovailleby putting numbers in the equation and
derive the answer)

(3) What is the Exponential smooth forecast for Morfifusinga value of 0.3?
a. (5 pts.) What is the equation to be used? (onlatgo, no need to put any numbers in the
equation)

b. (5 pts.) What is the Excel@ formula to be usedtfor Cell E9?



C. (3 pts.) What is the answer for it? (must shovaiieby putting numbers in the equation and
derive the answer)

Table 2. MSE and MAD(or MAE) of SMA2

A B C D z - G
Avg
Heating
1 Month Cost SMA?2
2 4 230 323.00
3 5 121 260.50
| 4 6 250 175.50
| 5 7 360 185.50
6 8 164 305.00
‘ 7 9 42 262.00
8 10 90 103.00
| 9
| 10 |MSE =

(4) As in Table 2 above, how to compute the Mean Sauireor (MSE) for the two — period simple moving
average forecast (SMA2) for months 4 to 10?
a. (6 pts.) What is the equation to be used? (onlyggn, no need to put any numbers in the
equation)

b. (6 pts.) What is the Excel@ formula to be usedtfor Cell C10?

(5) Use the data of the average heating costs andvthe period simple moving average forecasts in&abl
assume the column F in Table 2 is used to competalisolute forecasting error from months 9 to 10,
answer the following questions:

a. (6 pts) What is the equation to be used to complgan Absolute Deviation (MAD or MAE)?

b. (6 pts) What is the MAD for months 9 to 10? (musiw details and keep at least three decimal
points)

----- END of Monthly Heating Cost Forecasting with SMA, WMA and EXP -----------
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2. Table 3 below shows the Summary Output for usigge®sion analysis to forecast the average heating
costs as the function of the square footage. Ansiveefollowing questions based on the information
provided in Table 3.

Table 3. Simple Linear Regression Analysis for rage Heating Costs

A B C D E F G
1 SUMMARY OUTPUT
2 Avg Heating Cost
3 Regression Statistics 600
4 MultipleR 0.941 _— =
5 RSquare 0.886 .’00 *v
6 Adjusted R Square 0.880 200 o200 +* *
7 Standard Error 36.679 o ' o ‘ ’ ' !
8 Observations 20 0 500 1000 1500 2000 2500 3000 3500
S Square Footage
10 ANOVA
11 df SS MS F Significance F
12 Regression 1 188773.7301 188773.73 140.31 6.2158E-10
13 Residual 18 24216.46995 1345.36
14 Total 19 212990.2
15
16 Coefficients Standard Error t Stat P-vaiue Lower 95% Upper 95% t
17 Intercept -183.603 33.791 -5.433 3.669E-05 -254.596 -112.610
18 Square Footage 0.195 0.016 11.845 6.216E-10 0.161 0.230
19
20 RESIDUAL OUTPUT
21
Predicted
Square Avg Heating Avg
22 Home Footage Cost Heating
23 1 1900 198
24 2 2800 355
25 3 2500 291
26 4 2000 230
27 5 1300 121
28 6 2100 250
29 7 2400 360
30 8 2300 164
31 9 1300 42
32 10 1500 90
33 11 2300 271
34 12 1400 96
35 13 1900 187
36 14 2100 235
37 15 1800 138
38 16 1200 71
39 17 2000 206
40 18 2900 398
41 19 2600 319
a2 20 1500 72
43
a4 2200
45 500



(1) (10 pts.) What is the general linear model to exlus model the linear trend for the average hgatost
as the function of square footage of the house?

(2) Answer the following two questions:
a. (2 pts) What is the estimated value of b

b. (4 pts) How do you interpret the meaning ¢ b

(3) You are asked to predict the average heating oost fiouse with the size of 2,200 square footage:
a. (6 pts.) What is the Excel@ formula of the estirdatgression function in Cell D44 of Table 3?

b. (3 pts.) What is the predicted average heatingfoost house with the size of 2,200 square
footage? (show details)

(4) (3pts) You are asked to predict the average heatingfor a house with the size of 500 square fpmta
discuss how you would approach the problem and why?



SUMMARY QUTPUT _ Table d

Fagrassion Seatistics
Multiple R 0.953
R Square 0.908

Adjusted R Square 0.891
Standard Error 34.985

SUMMARY QUTPUT _ Table S

Fagrassion Shatistics
Multiple R 0.982
R Square 0.964

Adjusted R Square 0.901
Standard Error 47.076

Observations 20.000 Observations 20.000
LoeffoinsSandandErae 180 Feabe Lower 855 boer 855 LoafficianiSandandEmar t a0 Fewabee Loner 357 pper 357
Intercept -152.037 33547  -384d4 0001 -235.873 -68.202 Intercept 0.000 HIA  HNIA HNIA #IA A

Attic Insulation (inches  -4.832 3.328 -1470 0161 -1347 2162
Age of Funace (years  3.699 2,680 1380 0186 -1982 9379
Square Footage 0.182 0018 10227 20E-08 0144 0219

Attic Insulation (inche: =12.287 3654 ke
Age of Funace (years  3.727 3606 1034
Square Footage 0.130 0016  #hH#

0004 -19936 -4.578
036 -3881 1334
2.07E-07 0037 0.163

SUMMARY QUTPUT ~ Table 6

Fagrassion Shatistizs
Muliple R 0.882
R Square 0.778

Adjusted R Square 0.737

SUMMARY QUTPUT ~ Table 7

Fagrassion Shatistizs
Muiple R 0.905
R Square 0.820

Adjusted R Square 0.740

Standard Error 54.346 Standard Error 105.526
Observations 20,000 Observations 20,000

LooffoiensSandantEroe 1500 Feabve Loner 355 boer 355 Losficianisandand b t a0 Fewalwe Loner 357 pper 357
Intercept 424201 61167 6935 3.36E-06 234.533 553.869 Intercept 0.000 HNIA  BNIA  BNIA BNIA HNIA

AvgOutside Temp ~ -4.691 0805  -5823 257E-05 -6397 -2.985

Attic Insulation (inches  =14.152 51687 -27286 0015 -25143 -3.155
Age of Funace years  5.310 4.148 1280 0213  -348¢  14.105

Avg Outside Temp -0.472 1023 Hide

Attic Insulation (inches  7.237 8.087  Hhk
Age of Funace (years 24,938 S.674  HiH#

0651  -2630 1687

0380 -9.765 24.358
0001 12606  37.330

SUMMARY QUTPUT _ Table 8

Fagrassion Shauistizs
Muiple R 0.954
R Square 0.910

Adjusted R Square  0.893
Standard Error 34.566

SUMMARY QUTPUT _ Table 3

Fagrassion Seavstizs
Muiple R 0.991
R Square 0.982

Adjusted R Square 0.921
Standard Error 33.557

Observations 20.000 Observations 20.000
LoaffoinsSandantEroe 1500 Feabve Lower 855 boer 355 LoaficianiSandand o t a0 Fewalbee  Loner 357 pper 357
Intercept -14.725 97842 -0150 0882 -222.352 132.902 Intercept 0.000 HNIA  HNIA HNIA #AIA A

Square Footage 0155 0023 5254 787E-05 00%2 0217
Avg Outside Temp 131 0.861 -1531 0145 -34S 0508
Attic Insulation (inches -6.841 3604  -1838 0076 -14482 0.793

Square Footage 0.150 0.008  #ike
Avg Outside Temp -1437 0334 Hibe
Attic Insulation (inches  -7.162 2,822 HHk#

142€-12 0133 0168
00005 -241  -0.733
00212 -1316 _ -1207

SUMMARY QUTPUT _ Table 10

Fagrassion Ratishios
Multiple R 0.948
R Square 0.838

Adjusted R Square 0.879
Standard Error 36.879

SUMMARY QUTPUT _ Table 11

Fagrassion Shatistizs
Multiple R 0.988
R Square 0.976

Adjusted R Square 0.94
Standard Error 36.655

Observations 20,000 Observations 20,000
LosffoinsSandandbror 1 Sat Foalwe Loner 357 foper 5% Losffciansandand Eor t Sat - Fewalwe Loner 357 foper 357
Intercept -139683 85374  -1636 0121 -320667 41301 Intercept 0.000 HNIA  HNIA BNIA #IA A

Age of Funace [years 3,149 2,850 1105 0286 -2833 9191
Square Footage 0.172 0023 5908 226-05 010 023
Avg Outside Temp  -0.497 0846  -0.587 0565 -2230 1297

Age of Fumnace (years  2.405 2343 0816
Square Footage 0.128 0012 Huue
Avg Outside Temp -1.766 0353  HiH#

0426  -3817 8627
S.24E-03 0103 0153
00001 -2512  -1.021




(5) Tables 4 to 11show the Summary Output tables forelgression model to predict the average heatiag ¢
(Y) as a function of the average outside tempeeatuwinter (), the amount of attic insulation in the
house (%), the age of the furnace in the housg)&nd the size of the house measured in squaréfge
If the company wanted to build a regression modeigionly THREE independent variables out of the
four to predict the average heating cost of thesesés, what variables should be used? What is the
criterion used in your choice?

a. (5pts) What variables should be used and whyfdwShe detailed reasoning process to your
conclusion in each step of the whole process.

b. (5 pts) What is the criterion used in your chaiteach step of your reasoning process?

3. One hundred doctors were asked this hypotheticgdtopn: In a routine examination, you find a lump@ female
patient’s breast. In your experience, only 1 dut@ such lumps turns out to be malignant; blidsafe, you
order a mammogram X ray. If the lump is malign#imeye is a 0.80 probability that the mammogranh wil
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identify it as malignant; if the lump is benignetk is a 0.90 probability that the mammogram wléiritify it as
benign. In this particular case, the mammogramtifies the lump as malignant. In light of thesammogram
results, what is your estimate of the probabilitgttthis lump is malignant? You may use the foifaable to
facilitate your answers. Please keep 3-decimatpof accuracy and show details for each typgrobabilities
with equations and appropriate notations.

Table 12. Probabilities

A B G D E F G
Prior Probability

1
2
3
4 Conditional Probability
5
6
7
8
9

10 | Joint Probability
11

12

13

14

15

16 |Posterior Probability
17

18

19

20

21




(1) (3 pt) Based on your results above, what is theadsdity that a randomly selected patient has agren
lump? (must show details with equations and apjmtgonotations)

(2) (5 pts.) Based on your results above, among thematwith malignant lumps, what is the probabithpt
a randomly selected patient is identified as magiifi (must show details with equations and appateori
notations)

(3) (5 pts ) Based on your results above, what is thbgbility that a randomly selected patient hasezia
benign lump or is identified as having a benignp@nimust show details with equations and appragpriat
notations)

(4) (5 pts.) Based on your results above, among thasenps identified as having malignant lumps, what
the probability that a randomly selected patiemst tmalignant lump? (must show details with equation
and appropriate notations)

(5) (5 pts) For a patient with a lump in her breds, mammogram identifies the lump as malignanthef t
100 doctors surveyed, 95 gave probability of arotiftb. What is the correct probability?  You nmay
need much computation if you have answered questibove.



4. The Gorman Manufacturing Company must decide wiétheake a component part P at its own plant or to
purchase the component part P from a supplier. rédting profit is dependent upon the demandHer
product. The following payoff table shows the patgd profit (in thousands of dollars).

Table 13. Payoff Table

A B C D E F
1 LowDemand MediumDemand HighDemand
2 MakeP -20 40 100
3 Purchase P 10 45 70
4

Based on their experience, the probabilities of émd high demands are 0.10 and 0.50 respectively.
(1) You must show details with appropriate equatiordstearms and keep 3 decimal points.

a. (6 pts) Use the payoff table and other informateailable to compute the expected monetary
values (EMV) and Max EMV.

b. (8 pts) Construct the decision tree to find thpezted monetary values (EMV) and Max EMV for
the problem. Each branch and note of the trealdhme clearly labeled with its name, payoff,
probability, and any results derived from its supsnt notes and branches. You could refer to
existing results either given or derived for preguestions without redo them again.

C. (4 pts.) What is the maximum or optimal expecteafip(EMV) = ? (You
must show details. You could refer to existingutesseither given or derived for previous
questions without redo them again.)
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d. (4 pts.) What is the optimal strategy for the veramiad why?

(2). What are the Expected Value with Perfect imfation (EVwPI) and the Expected Value of Perfetarimation
(EVPI)?

a. (8 pts) Construct the decision tree to find theétted Value with Perfect Information (EVwPI)
for the problem. Each branch and note of thegheild be clearly labeled with its name, payoff,
probability, and any results derived from its sujusmt notes and branches. You could refer to
existing results either given or derived for prexguestions without redo them again.

b. (3 pts.) What is the Expected Value of Perfeabdmfation (EVPI) for the problem? (You must
show details)

(3) Do not use any information in previous problemsve@ the portion of the expanded decision tree with
potential market research for the situation beldgsume the Company is asked to pay $15 for a teliab
market research report. You should use ONLY tfa&imation on this expanded decision tree. Assume
EVwPI is $110. No need to pull back the tree. y@ir convenience, you may see:

62.04 =-35*0.213 + 25 *0.34 + 85 * 0.6387.

11



0.0213
LowDemand

20 as

0.34

Make P MedDemand

[ !
0 62.04 40 25

0.6387
MarketStudy HighDemand !
I ——
(15.00) 90.00 100 85

100

NoMarketStu

|
1

100

(6 pts) Compute the Expected Value with Sampleriné&tion (EVwSI) and the Expected Value of
Sample Information (EVSI) for the problem. Youshshow details.

(4 pts) Computer the Expected Value of Perfectrmfdion (EVPI). You should show details.

(3 pts) Compute the efficiency of the sample infation and discuss your findings. You must
show details.

(3 pts) What choice would you recommend to the Gamgdor the whole situation (with or
without the market research) and why?
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(4) With the Company information in Problem 4 reprodiibere for convenience, suppose the following data
are also available.

Table 13. Payoff Table

A B C D E F
1 LowDemand MediumDemand HighDemand
2 Make P -20 40 100
3 PurchaseP 10 45 70

4

Based on their experience, the probabilities of émal high demands are 0.10 and 0.50 respectively.

a. (5 pts) Use the Payoff table, the probabilities, & finish a sketch of Market Study portion oé th
expanded decision tree on the next page. It shinaldde each branch and note as required.

Joint Probability

LowDemand | MediumDemand | HighDemand
Favorable 0.01 0.16 0.3 0.47
UnFavorable 0.09 0.24 0.2 0.53

0.1 0.4 0.5

Posterior Probability

LowDemand | MediumDemand | HighDemand
Favorable 0.021 0.340 0.638
UnFavorable 0.170 0.453 0.377

a. (3 pts) Label appropriately the path of Market Resle, High Demand, UnFavorable Report, and
to Purchase P. Each branch and note of this poofithe tree should be clearly labeled with its
name, payoff, and probability.

MarketStudy
I

90.00

(15.00)

100
NoMarketStu

100
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