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Predictive Modeling and Analysis

» Logic-Driven Modeling

P Data-Driven Modeling

P Analyzing Uncertainty and Model Assumptions
» Model Analysis Using Risk Solver Platform

" NPTEL ONLINE

| IIT KHARAGPUR : CERTIFICATION COURSES



Logic-Driven Modeling

P Predictive modeling is the heart and soul of business
decisions.

P Building decision models is moreof an art than a
science.

P Creating good decision models requires:
- solid understanding of business functional areas
- knowledge of business practice and research
- logical skills

DIt is best to start simple and enrich models as necessary.

"1 NPTEL ONLINE

| IIT KHARAGPUR " CERTIFICATION COURSES

NPFTEL




Logic-Driven Modeling

Example 8.1 The Economic Value of a Customer

P A restaurant customer dines 6 times a year and spends
an average of S50 per visit.

P The restaurant realizes a 40% margin on the average
bill for food and drinks.

» Annual gross profit on a customer = $50(6)(0.40)
=S$120
» 30% of customers.do not return each year.
P Average lifetime of a customer = 1/.3 = 3.33 years
» Average gross profit for a customer = $120(3.33)
= 5400
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Logic-Driven Modeling

Example 8.1 (continued)
The Economic Value of a Customer

RXFXM
D

* V=value of a loyal customer

* R =revenue per purchase

* F =purchase frequency (number visits per year)

* M = gross profit margin

* D = defectionrate (proportion customers not
returning each year)

V=

"1~ NPTEL ONLINE
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Logic-Driven Modeling

Example 8.2 A Profit Model

* Develop a decision model for predicting profit in face
of uncertain demand.

P = profit w‘n‘
R = revenue > , ‘4 \_/‘
C = cost 7 & B G éa
. . "4 of e
p = unit price \ 1 ~
. Vs >
C = Unlt Cost Un# Prica Quantty Soid ) & F(’?;?:"ovd ) Unit Cost Fixed Cast
F = fixed cost ") T‘j =/ \“/ -/

S = quantity sold Demand
D = demand J

Q = qua ntlty Figure 8.1
produced
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Logic-Driven Modeling

Example 8.2 (continued) A Profit Model
e Cost = fixed cost + variable cost
C=F+cQ
 Revenue = price times guantitysold
R = pS
e Quantity sold = Minimum{demand, quantity sold}
S =min{D, Q}
* Profit = Revenue — Cost
P=p*min{D, Q} — (F +cQ)

"1~ NPTEL ONLINE
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Logic-Driven Modeling
Example 8 2 (continued) A Profit Model

p A B C
1 Profit Model
H_z

3 Data

° F S4OO OOO 4—1 Unit Price $40.00

N5
D 50 OOO g—l Fnl):::gz:tt Moo,ggg:gg
Q — 40’000 ﬁ_g Demand 50000

10

Compute: ool

* R= P *mln{DlQ} E Qual'j‘gé:\':s}zé o $1,600,000.00
= 40(40,000)=.1,600,000 % e s

e C=F+cQ=1,360,000 o Mmoo

. = 400,000 +24(40,000) = profit
e P=R —C=1,600,000-1,360,000 =$240,000  Furs=
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Logic-Driven Modeling

Example 8.2 (continued) A Profit Model

IIT KHARAGPUR

A B & D A B Cc
1 Profit Model 1 |Profit Model
2
3 Data Data
4 4
5 Unit Price $40.00 -4l Unit Price 40
6 Unit Cost $24.00 l 6 Unit Cost 24
7 Fixed Cost $400,000.00 ?_] Fixed Cost 400000
8 Demand 50000 8 Demand 50000
9 9
10 IHO
11 Model 11 Model
12 12
13 Unit Price 13 Unit Price =B5
14 Quantity Sold 14 Quantity Sold =MIN(B8.B18)
15 Revenue 15 Revenue =B13"B14
16 16
17 Unit Cost 17 Unit Cost =B6
18 Quantity Produced 18 Quantity Produced 40000
19 Variable Cost $960,000.00 19 Variable Cost =B17*B18
20 Fixed Cost $400,000.00 20 Fixed Cost =B7
21 21
22 Profit 22 Profit
Figure 8.2a Figure 8.2b
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Logic-Driven Modeling

Example 8.3 New-Product Development

» Moore Pharmaceuticals needs to decide whether to
conduct clinical trials and seek FDA approval for a newly
developed drug.

Estimated figures:

» R&D cost = $700 million

P Clinical trials cost = $150 million
» Market size = 2 million people

» Market size growth = 3% per year

"1+ NPTEL ONLINE
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Logic-Driven Modeling

Example 8.3 (continued) New-Product Development
Additional estimated figures

» Market share = 8%

» Market share growth = 20% per year (for 5 years)

» Revenue from a monthly prescription = $130

P Variable cost for a monthly prescription = S40

» Discount rate for net present value = 9%

Moore Pharmaceuticals wants to determine net present

value for the next 5 years and to determine how long it will
take to recover fixed costs.

"1~ NPTEL ONLINE
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Logic-Driven Modeling

Example 8.3 (continued) New-Product Development

A B - D E F
1 'Moore Pharmaceuticals
2
3 Data

Market size 2000000
Unit {(monthly Rx) revenue 130
Unit (monthly Rx) cost 40
Discount rate 0.09

Project Costs
R&D 700000000
Clinical Trials 150000000
Total Project Costs ~B11+B812

a4
5
6
7
8
9
10
11
12
13
14
15 Model
16
17
18
19
20
21
22
23
24

Year 1 2 3 4 5
Market growth factor 0.03 0.03 0.03 0.03
Market size =85 =E19%(1+4C18) =C19%(14D18) =D19"(14E18) =E197(1+F18)
Market share growth rate 02 02 02 02
Market share 0.08
Sales =81

=B217(1+4C20) =C21%(1+D20) =D21%(1+E£20) =E21%(14F20)
~C19°C21 “D19°D21 ~E19*E21 “F19°F21

Annual Revenue = e =C22°6D%6712 =D22*$856"12 =E22'5B%$6%12 =F22'56%$6*12
25 Annual Costs ¥ =C22*6087*12 =D22*6857*12 =E22*§B§7*12 =F22*4R%7*12

26 Profit =524 B2& =C24.C26 =D24.D25  =E24.E25 =F24.726
‘ZEB/ Cumulative Net Profit[EE26EI13Y =E28+C26 =C284126 =D284E26 =E284F26 |
;; Net Present anunm]

Figure 8.3b
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Logic-Driven Modeling

Example 8.3 (continued) New-Product Development

A 4] C D E F
1 Moore Pharmaceuticals
2
3 Data
a
5 Market size 2,000,000
6 Unit ( thly Rx) re 5 13000
7 Unit (monthly Rx) cost § 40 00
8 Discount rate 9%
9
10 Project Costs
11 R&D § 700,000,000
12 Clinical Trials $ 150.000,000
13 Total Project Costs  $ 850,000,000
14
15 Model
16
17 Year 2 3 4 5
18 Market growth factor 3.00% 3.00% 3.00% 3.00%
19 Market size 1000.000 " 2.060,000 2121800 2185464 22561018 ||| NPV =
20 Market share growth rate 20.00% 20.00% 20.00% 20.00% -
21 Market share 9.60% 11.52% 13.82% 1659%| || $185 million
22 Sales 97.760 244 431 302117 araaz
23 X
24 Annual Revenue § ;"-1 9, $ 308,606,600 § 381,312,922 §471.302,771 § 682,630,225
2% Annual Costs § 7 $ 94924 800 § 117,327,053 §145.016,237 § 179,240,069 .
26 Profit $ 213,580,800 % 263.985,869 § 326,286,534 $403,290,156 PrOﬁta ble
27
28 Cumulative Net Profit| §{677,200.000) 8 (463.619,200) 5§ (199.633.331) & 126 663,203 _§ 529 943,368 in 4th year
29
a0 Net Present Valus

NPTEL ONLINE
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Logic-Driven Modeling

Single-Period Purchase Decisions

P One-time purchase decisions often must be made
in the face of uncertain demand.

Newsvendor Problem:

How many newspapers to purchase each day?

P C = cost to purchase a newspaper

» Q = number of newspapers the vendor purchases
» D = number of newspapers demanded

» R = revenue fromselling a newspaper

P S = salvage value of unsold newspapers

P Net profit = R(min{Q,D}) + S(max{0,Q—D}) — CQ
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Logic-Driven Modeling

Example 8.4
A Single-Period Purchase Decision Model

» A small candy store makes Valentine’s Day gift boxes
that cost $12 and sell for $18.

P In the past, at least 40 boxes have sold by Valentine’s
Day but the actual amount is unknown.

p After the holiday, boxes are discounted 50%.

Determine net profit on the gift boxes.

»C=12,R=18,5=9

» Net profit = R(min{Q,D}) + S(max{0,Q —D}) — CQ
=18(min{Q,D}) + 9(max{0,Q—D}) —12Q

"1~ NPTEL ONLINE

| IIT KHARAGPUR CERTIFICATION COURSES

iPFTEL



Logic-Driven Modeling

Example 8.4

A Single-Period Purchase Decision Model

* Net profit =18(min{Q,D}) + 9(max{0,Q—D}) —12Q
— e ——
A B » 4 P B
1 Newsvendor Model 1 Newsvendor Model |
2 Z_i :
3 Data 3 'Data
4 i 4
5 Selling price $§ 18.00 58 Selling price 18
6 Cost $ 1200 Gj Cost 12
¢ Discount price $ 9.00 V Discount price 9
8 8
9 Model 9 Model
10 10
58 Demand 1 Demand 41
12 Purchase Quantity 12 Purchase Quantity 44
13 13
14 Quantity Sold 14 Quantity Sold =MIN(B11,B12)
15 Surplus Quantity 15 Surplus Quantity =MAX{0,B12-B11)

17 Profit| § 237 00

17 Profit[=B14*°B5+B15*B7-B12°B6 |

1 NPTEL ONLINE
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Logic-Driven Modeling

Example 8.5 A Hotel Overbooking Model
P A popular resort hotel has 300 rooms.
P The room rate is $120 per night.
P Reservations can be cancelled by 6:00 p.m.
P Cost of overbooking is $100 per occurrence.
Determine net revenue on the rooms.
»Q=300,P=120,C=100
» D = Reservations.— Cancellations
P Net revenue = P(min{300,D}) — C(max{0,D—Q})
= 120(min{300,D})—100(max{0,D—300})

"1~ NPTEL ONLINE

| IIT KHARAGPUR CERTIFICATION COURSES



Logic-Driven Modeling

Example 8.5 (continued)
A Hotel Overbooking Model
Net revenue = 120(m|n{300 D}) 100(max{0 D—300})

B
1 Hotel Overbookmg Model L1 Hotel @ Overbookmg Model
2 N
3 |Data 1 . _'Data
4 4
5 Rooms available 300 . 5 Rooms available 300
6 Price  $120 6 Price 120
7 Overbooking cost  $100 7 Overbooking cost 100
8 8 |
9 Model ' 9 Model
10 10
11 Reservatio i it 30 11 Reservation limit 300
12 Customer demand 12 Customer demand 290
13 Reservations made 13 Reservations made =MIN(B11.812)
14 Canceliations 14 Cancellations 15
15 Customer arrivals 15 Customer arrivals =B13-B14
16 Overbooked customers 16 Overbooked customers =MAX{0.B15-B5)
17 17
18 Net revenue 533,000 18 Net revenue [EMIN(B15.655) B6-B16°B7_| Figure 8.5

1 NPTEL ONLINE

! IIT KHARAGPUR 3 CERTIFICATION COURSES



Logic-Driven Modeling

Analytics in Practice: 1 v \\

Using an Overbooking Model -, B

at a Student Health Clinic #
J&ﬂ—

* East Carolina University’s health clinic
experiences a large number of no-shows.

e A quality improvement team analyzed an
overbooking option.

* Analytic models developed suggested that
an overbooking rate of 7.3% would result in
savings of $95,000 per semester.
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Logic-Driven Modeling

Example 8.6 A Retirement-Planning Model

P Start work at age 22, earning'$50,000 per year.
P Expect a salary increase of 3% per year.

P Required to contribute 8% to retirement.

» Employer contributes 35% of that amount.

P Expect an annualreturn of 8% on the portfolio.

Determine the value of the retirement account when the
employee is 50 years old.

"1 NPTEL ONLINE
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Logic-Driven Modeling

Example 8.6 (continued) Retirement-Planning Model

P Salary = 1.03(previous year’s salary)

» Employee contribution = 0.08(salary)

» Employer contribution = 0.35(employee contrib.)

P Value of account = 1.08(previous value) + employee
contribution + employer contribution

A & n XN C 0 I

1 |Retireament Plan Model
2
4 [Data
a
5 Reatiremeant contribution (% of salary) (L)
6 Employer match 0 35

Annual salary increase 0.03
8 Annual roturn on investment 0.08
9
10 Model
11 .
12 - Employaa Employer
13 Aumuﬂy Contribution Contribution Balance
14 122 60000 =B145B56 ~§B56'°C14  «C144D14
15 123 = B14%(1+56857) =B16°5B%6 ~5B56°C16  =E14*(1+50%58) + C16+4D16
16 24 = B16Y145087) =D16°5B55  ~5B56°C16  ~E164(1+50%58) + C16+4D16 .
17 126 = BI6(1+5057) =B17°51L56 =HBS6°C17  =E16°(1+5088) + C17+D17 Figure 8.6a
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Logic-Driven Modeling

R 77 |Example 8.6 (continued)

i Doata

B ———— Retirement Planning
Model

; Ermployur masch x%
Annual salary incranse &Y
Anneal retusn on investment %

13 Employes  Employw
Contribution ottt
$1.400

of
€8

Value at 22 years old =
$5,400

3'3323&283;

I
-
R R L R R

Value at 50 years old =
$751,757

3
BRI R S-S -

114,398 $3.152 $3201  SrLy 7Y Figure 8.6b
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Data-Driven Modeling

Example 8.7: Modeling Retail Markdown Pricing Decisions

» In the spring, a department store introduces a new line of bathing suits
that sells for $70.

P The store purchases 1000 of these bathing suits.

» During the prime selling season, the store sells an average of 7 units per
day at full price (40 days).

» On 10 sale days, the price is discounted 30% and sales increase to 32.2
units per day.

» Around July 4%, the price is marked down 70% to sell off remaining
inventory.

P Determine total revenue from the bathing suits.
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Data-Driven Modeling

Example 8.7 (continued) . Markdonn Pricing e " |
. . 3 Data
Modeling Retail Markdown | - Ao prce 0
« . « . 5 Selling season (days) 50
Pricing Decisions 2. gt
".:O Cm,s::foxfumuo:s -
Assume a linear trend model b b12
13
between sales and price: 14 uoYy
|-’6 Full Retail Sales
daily sales = a — b(price) i "Daly sals 5118127817
e G
7=a- b(70) 21 S Retail revenue =620'617
22 Discount Sales z
322=a- b(49) 5-3 Diocm?’::c:l":: :g?ru-szan
25 Daily sales =B11 - 512'824
26 Unsit sold =MIN(B25"(B5-819) B5-820)
. . 27 Discount revenue <B26"524
Daily sales =91 — 1.2(price) B s ain 100
a0 Units sold at clearance ~MAX([D B5-820-526)
31 Cleasance revenue «B29°530 |
j; Total nrvenuc Figure 8.7
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Data-Driven Modeling

Example 8.7 (continued)

o A B
Revenue from full retail sales 1 Markdown Pricing Model
= units sold * days * price i R price 0
5 Bntory 1000
= (7)*(40)*(70) Sp L oo &
:; Intermediate markdown 0 :
= 519,600 P
1 a9
Revenue from sale weekends g b1z

17

= (32.2)*(10)*(49) e
16 Full Retail Sales

= 515,778 ¥ e e -
19 Days at retil price =57

Revenue from clearance sales 20 Unmsdetewi gEY
= leftovers * price T Dl
24 Discount price =B17(1-623)
= (1000_7(40) - 322(10))*(21) 35 g oy :?.1:»:(;3?;'2\';2%‘:119) B5-820)
= (3 9 8) ( 2 1 ) :*8 Clearance Sales e

29 Clearance price =B4°(1.89)

_ 8 3 5 8 30 Units sold at clearance “MAX(D B5-820-526)
= 1} a1 Cleasance revenue «B529'530
32 a
33 Total revenue [RC2I4C2T5C31 | Figure 8.7
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Data-Driven Modeling

Example 8.7 (continued)

Modeling Retail Markdown Pricing Decisions

a
1 Markdown Pricing Modal
=

Selling season (days) 50

Days at full retail 40 1
Intermediote markdown 0 3
Clearance markdown 07

B =

Retail price 70
loventory 1000

Demand function
LR

b12 I

Full Retail Sales

Retail price =54

Daily sales =611-512'817
Days at retail price =57
Units sold at retail =516"819

Retsil revenue 5200617

Discount Sales

Discount =58
Discount price =B17(1-823)
Daily sales =B11-512'824 )
Unsit sold =MIN(B25"(B5-819) B5-820)

Discount revens@ RB26'824 |

Clearance Sales

Units sold at clearance ~MAX(D B5-820-526)

Clearance price »B4°(1.89)

Cleasance revenue ~B29'530 |

Total revenue [SC2THE2TCIN |

ok = "4 c
1 Markdown Pricing Model
3 Dota
1 Retail price $70.00
S Invantory 1009
L) Sallling svascm (days) 50
i Diags ut bl bl 40
®  imsermadinty maskdown 0%
N Clearance markgdown ns
‘Q-v Demand Punction
11 a L)}
12 b 12
13
it Modal
10 Fult Hocall Saies
17 Rotail peice 570.09
15 Daity saies .00
% Days at retall peice "
0 Uity sobt ot rotsil L
n Roteit royenue $10,400 99
22 Discount Selos
23 Discowm %
4 Discount peica S 0e
2¢ Dty sades 2
L) Unit sedd 32
4 A - Discount mmymnue $16775 90
23 Cloarance Sales
9 Cloarance peice 2100
30 Units sold ot cloarance kL
3 | Clearance suvenua  £8 3508 00
b & 4
3 Total rovenue [JI3.796 00|

Total
revenue
= $43,736

IIT KHARAGPUR
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Data-Driven Modeling

Modeling Relationships and Trends in Data

e Create charts to better understand data
sets.

* For cross-sectional data, use a scatter
chart.

* For time series data, use a line chart.

* Consider using mathematical functions
to model relationships.

"1~ NPTEL ONLINE
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Data-Driven Modeling
* Common mathematical functions used to
model relationships in data:
Linear y.= a+ bx
Logarithmic y =n(x)
Polynomial (2" order) y = ax?+ bx + ¢
Polynomial (3"™.order) y = ax3+ bx?+ dx + e
Power y = axP
Exponential y = abX
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Data-Driven Modeling

Excel Trendline tool

Click on a chart RS rmemre oo =

» Chart tools g WL g

» Layout Ecngl || Y~

P Trendline " / j -

Choose a Trendline. I e

Choose whether to *F e |

display equation and | T |

R-squared. o
R-squared values closer to | s o }
1 indicate better fit of the | Owcto &-spawred veke on _
Trendline to the data. . l]|
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Data-Driven Modeling

Example 8.8 Modeling a Price-Demand Function

Linear demand function:
Sales =-9.5116(price) + 20512

A B C D Bk y “G H 1
1 Price.Sales Data

-
3 Price Demand B &

a4 $50.00 19964 065 ¥=-9.5116x + 20512
5 $60.00 19705855 Price-Sales Data &'« 0834

6 S70.00 20240 83

7 $50.00 196%8 807 20%00 -

8 $30.00 20095.808 20000 1 o;,;"

9 5100.00 193%0.9% 4 o 19300 ey *

10 511000 19430071 ¢ 19000 | s .

11 512000 19273685 = hhden, | . =

12 513000 18716.380) oo | [

13 5140.06 18925364 S [ *

14 515000, 19484 776
15 5160 00, 18934 879
16 S170.00 “948815.765 Price
17 5180.00 13893373
18 319000 13964622
192 520000 18443204
20 321000 18811981
2 $220.00 13561917
22 323000 15158.619
23 $240.00 1841256
24 $250.00 17771387 Figure 8.9

$0.00 550.00 510000 S1%000 S2000 3529000 S3000
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Data-Driven Modeling

Example 8.9 Predicting Crude Oil Prices

* Line chart of historical crude oilprices

Price
$140.00
$120.00 /
$100.00 )-N-.
»80.00 . ).'/‘/
60.00 *
3 v v R o
$40.00
$20.00
5_
mmmmmmmmmmmmmmm
ooooooooooooooo
ooooooooooooooo
(=] UI1 (=] (=] (=] (=] ‘:J HHHHH (p CF] CF]
T =T £ g ¥ = §g T T £ ¥ =T §g = =
= ¥ o = 2 = 4 u = 2 2 o o
Figure 8.10
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Data-Driven Modeling

Example 8.9 (continued) Predicting Crude Qil Prices

e Excel’s Trendline tool is used to fit various
functions to the data.

Logarithmic y =13 In(x) + 39 R? =0.382
Power y = 45,96x0-0169 R? =0.397
Exponential y=50.5e%0%1x R?=0.664

Polynomial 2° y:=0.13x2— 2.4x + 68 R%?=0.905
Polynomial 3°y=0.005x> — 0.111x?
+ 0.648x+59.5 R?=0.928*
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Data-Driven Modeling

Example 8.9 (continued) Predicting Crude Qil Prices

* Third Order Polynomial Trendline fit to the data

Price

$140.00

¥ =0.0052x>-0.1111x* +0.6483x + 55.497 "™
$120.00 R =0.9282
5100.00

580.00

56000 oAt g

$40.00

$20.00

MMMMMMMMMMMMMMM
DDDDDDDDDDDDDDD
DDDDDDDDDDDDDDD

Figure 8.11
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Analyzing Uncertainty and Model Assumptions

What-If Analysis

* Spreadsheet models allow youto easily evaluate
what-if questions.

 How do changes inmodel inputs (that reflect key
assumptions) affect model outputs?

e Systematic approaches to what-if analysis make
the process easier and more useful.
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Analyzing Uncertainty and Model Assumptions

Example 8.10 Using Excel for What-If Analysis

* Uncertain demand in the Profit Model.

A B C D EN . F MG H I

1 Profit Model

2

3 Data Demand Qty. Sold Revenue  Cost Profit

4 25000 =MIN(E4,$B518) =5B%13"F4 =5C$19+5C%20 =G4-H4

5 Unit Price 40 30000 =MIN(E5S.$B%18) =$B$13*F5 =$C$19+5C$20 =G5-H5

6 Unit Cost 24 35000 =MIN(E6.$B8%18) =3$B%13*F6 =3C$19+3C$20 =G6-H6

7 Fixed Cost 400000 [ 40000 =MIN(E7,5B$18) =3B$13*F7 =3C$19+8C$20 =G7-H7

8 D d 50000 45000 =MIN(ES8,$B%$18) =$B$13*F8 =3$C$19+5C%20 =G38-H8

9 50000 =MIN(E9,$B%$18) =3$BS$13*F9 =$C$19+3C3$20 =G9-H9
10 55000 =MIN(E10,58$18) =$B$13*F10 =$C$19+8C$20 =G10-H10
11 Model | 60000 =MIN(E11,$8%$18) =$B$13*F11 =5C$19+5C$20 =G11-H11
12

13 Unit Price =B5

14 Quantity Sold =MIN(B8.B

15 Revenue

16

17 Unit Cost =B6

18 | Quantity Produced 40000

19 Variable Cost
20 Fixed Cost
21

22 Profit Figure 8.12a
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Analyzing Uncertainty and Model Assumptions

Example 8.10 (continued)

Using Excel for What-If Analysis

A B [¢ D E F 6 | H I .
1 Profit Model \ y v Profit
2 .
3 Data Demand Qty. Sold Revenue  Cost Profit INncreases
4 25000, 25000 $1,000,000 $1,360,000 $(360,000) until
5 Unit Price $40.00 30000 . 30000 $1,200,000 $1,360,000 $(160,000)
6 Unit Cost $24.00 35000 35000 $1.400,000 $1,360,000 $ 40,000 demand
7 Fixed Cost $400,000.00 | 40000 40000 $1,600,000 $1,360,000 $ 240,000
8 Demand 50000 45000 40000 $1,600,000 $1.360,000 $ 240,000 equals the
9 50000 40000 $1,600,000 $1,360,000 $ 240,000 ]
10 , 55000 40000 $1,600,000 $1,360,000 $ 240,000 quantity
11 Model 60000 40000 $1.600,000 $1.360,000 § 240,000
12 _ produced.
13 Unit Price <
14 Quantity Sold
15 Revenue
16
17 Unit Cost
18 Quantity Produced
19 Variable Cost
20 Fixed Cost $400,000.00
21
22 Profit Figure 8.12b
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Analyzing Uncertainty and Model Assumptions

Example 8.10 (continued)
Using Excel for What-If Analysis

kN A 4
What-If Chart for Uncertain Demand
$300,000
200,000 | — e e +
100,000 /
= ¥ £
£ s51100000) /e
$(200,000) //
5(300,000) 7
$(400,000) . . . : : : : .
25000 30000 35000 40000 45000 50000 55000 60000
Demand
Figure 8.13
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Analyzing Uncertainty and Model Assumptions
Data Tables

P Data Tables summarize the impact of one or two
inputs on a specified output.

P Excel data table types:
One-way data tables — for one input variable

Two-way data table — for two input variables
To construct a data table:

} Data D:ta'il'ablte : li]?
» What-If Analysis cokam et o =

[ oK ][ Cancel ]
» Data Table [

"1~ NPTEL ONLINE
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Analyzing Uncertainty and Model Assumptions

Example 8.11

A One-Way Data Table for Uncertain Demand

Create a column of demand ﬂ,,,‘,ﬁ;:q & CTo T e T+
21
Values (Column E) Ifz— Data Demand __$240,000.00
. 5 Unit Price $40.00
Enter =C22 in cell F3 |L_§j niccost  satco
8 Demand 50000
(to reference the output cell). s
Highlight the range E3:F11. - — —
Choose Data Table. I
16
Enter B8 for Column input cell. 16| Quantity Produced #0000
\ 19 Variable Cost $960,000.00
(tells Excel that column E'is 2 [ S400,006.0
d m nd I ) Data Table IM 22 Profit
e a vaiues Row input cell: @ Figure 8.15a
Column input cell: @j
Figure 8.14
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Analyzing Uncertainty and Model Assumptions

Example 8.11 (continued)
A One-Way Data Table for Uncertain Demand

A 4 48 NPC D E F
1 |Profit Model
2
The Data Table tool 3 Data : Demand _5240,000.00
. 4 25000 $(360,000.00)
computes the P rofit 5] Unit Price | 540.00 30000 $(160,000.00)
@_1 UnitCost  $24.00 35000 $ 40,000.00
i 7 Fixed Cost $400,000.00 40000 $ 240,000.00
values in column F s Demand 50000 45000 $ 240,000.00
9 50000 $ 240,000.00
(bGlOW $24O;000) 104 55000 $ 240,000.00
|w‘_Model 60000 § 240,000.00
A
£, N Unit Price $40.00
14 Quantity Sold 40000
|[16 Revenue $1,600.000.00
16
17 Unit Cost $24.00
18  Quantity Produced 40000
19 Variable Cost $960,000.00
20 Fixed Cost 5400,000.00
21
22 Profit $240,000.00 Figure 8.15b
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Analyzing Uncertainty and Model Assumptions

Example 8.12
One-Way Data Tables with Multiple Outputs
* Create a second output, revenue.

e, O c. .. D P G G
Enter =C15 in cell G3. 1. Profit Model
: i P Saaomns0 $1.600.000.00
1 1 . 3 Data | Demand ,000. 600,000,
Highlight E3:G11. [ 25000 3(350.000.00) $ 1.000,000,00
Unit Pric@, 54000 | 30000 $(160.000.00) § 1,200,000.00
Choose Data Table . Unit Cost . 524 00 | 35000 $ 40.000.00 $1.400,000.00
p d in th %}1 Fixed Cost $400:000 00 | 40000 § 240.00000 $1.600,000.00
: Domand 50000 | 45000 5 24000000 §1.600,000.00
roceed as in the '3. | 50000 $ 240,000.00 $1.600,000.00
; 109 | 55000 § 240.000.00 $1,600,000.00
previous example. 11 Mode! | 60000 § 240.000.00 §1,600,000.00
Excel computes the BN Ve
44 ), Quontiy Soid 40000
revenues values. . e R
Unit Cost 52400
Quantity Produced 40000
Variable Cost $360,000 00
Fixed Cost $400,000.00
Profit Figure 8.15
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Analyzing Uncertainty and Model Assumptions

Example 8.13
A Two-Way Data Table for the Profit Model
e Evaluate the impact of both unit.price and unit cost

c y E F G H 1 J

Create a column of
unit prices (F5:F15).

Create a row of unit
costs (G4:14).

Enter =C22 in cell F4.

Select F4:J15.

Choose Data Table.

Unit Cost
Unit  |$240,000.00 $22.00 $23.00 $24.00 $25.00)
Price $35.00 [ = =
$36.00
$37.00

$38.00 Data Table tool

$39.00
@l computes these

$42.00

$43.00 cell values.
$44.00
$1,600,000.00 $45.00

$960,000.00|
$400.000.00

Figure 8.17a

Enter B6 for Row input cell.
Enter B5 for Column input cell.
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Analyzing Uncertainty and Model Assumptions

Example 8.13 (continued)
A Two-Way Data Table for the Profit Model

A B G D E Yy 4 e 4 H I J
1 |Profit Model
2
3 Data Unit Cost
4 Unit $240,000.00 $22.00 $23.00 $24.00 $25.00
5 Unit Price $40.00 Price $35.00¢ $120,000.00 $80,000.00 $40,000.00 $0.00
6 Unit Cost $24.00 $36.00 $160.000.00 $120,000.00 $80,000.00  $40.000.00
7 Fixed Cost $400.000.00 $37.00 $200,000.00 $160,000.00 $120,000.00 $80.000.00
8 Demand 50000 $38.00 $240,000.00 $200,000.00 $160,000.00 $120,000.00
9 { $39.00 $280,000.00 $240,000.00 $200,000.00 $160,000.00
10 | $40.00 $320,000.00 $280,000.00 $240,000.00 $200,000.00
11 Model $41.00 $360,000.00 $320,000.00 $280,000.00 $240.000.00
12 $42.00 $400.000.00 $360,000.00 $320.000.00 $280.000.00
13 Unit Price $40.00 $43.00 $440,000.00 $400,000.00 $360,000.00 $320,000.00
14 Quantity Sold 40000 $44.00 $480,000.00 $440,000.00 $400,000.00 $360.000.00
15 Revenue $45.00 $520,000.00 $480,000.00 $440,000.00 $400.000.00
16
17 Unit Cost $24.00
18 Quantity Produced 40000
19 Variable Cost $960.000.00
20 Fixed Cost $400.000.00
21
22 Profit Figure 8.17b
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Analyzing Uncertainty and Model Assumptions

Excel’s Scenario Manager

 Allows creation of scenarios — sets of values that are
saved and can be substituted in. worksheets.

Data
What-If Analysis
Scenario Manager
Add
Enter a Scenario Name
Changing Cells:
Enter cell references
to include in scenario.

- NPTEL ONLINE
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Add Scenario

| 2 e

Scenario name:

Changing cells:

Ctrl+dick cells to select non-adjacent changing cells.

Comment:

Protection

vent changes

¥

Cancel

Figure 8.18
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Analyzing Uncertainty and Model Assumptions
Scenario Manager (continued) e ——

ilg $a$6 |5 |

P After entering Changing Cells, 2w |
a Scenario Values dialog box @e ] [ (o=
appears. P ]

--------

» Enter values for each of the | =
changing cells. )

» From the Scenario Manager, S
choose Summary.

» Choose a PivotTable or Summary.
Enter Results cells for the output
computations.

"1 NPTEL ONLINE
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Analyzing Uncertainty and Model Assumptions

Example 8.14 Using the Scenario Manager for the Markdown
Pricing Model

P Evaluate 4 strategies for pricing.and discounts on the
bathing suits in the Markdown Pricing Model.

» Days at full price  Price discount on sale days

10 10%
20 20%
30 30%
40 40%

"1~ NPTEL ONLINE
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Analyzing Uncertainty and Model Assumptions

Example 8.14 (continued)

1

J
3
5
6
7
L}
]
10
11
12
13
14
15

lt

lE
19
20
23

24
2
B
29
20

a2

22 Discoumt Sales
23

A
Markdown Pricing Model

Dota
Retaif price
Inventory
Selling season (days)
Days at full retail
Intarmediata markdown
Clearance markdown
Demand lunction
"
b

Model

S0 00
1000
40

40%
70%

Full Retall Sales
Retall prico
Dally sales
Days at ratail price
Units sold at retail

Ratail

Dhcalﬂ;mmn $17.052 00!

Clearance Sales
Claarance price
Unins sold at clearance
Clear

ance revenue  §5.5M 00

Total revente SEE2UE0]

E F i H
Scenarios Tenten  Twenty/twes :ly Thinyhthiny Formy/Tony

Daoys ot Tl eotail peice 10 30 a0
Inteemedinte matkdown 10% 2 r'». 30% 403

In the Add Scenario dialog box
Scenario Name:

Ten/ten
In the Scenario Values dialog;
=E2 for changing cell B7
=E3 for changing cell B8

Choose Summary.

Enter C33 (total revenue) for
the Result cell.

A Summary table is generated.

' IIT KHARAGPUR
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Repeat for the other scenarios.

Figure 8.19




Analyzing Uncertainty and Model Assumptions

Example 8.14 (continued) Using the Scenario Manager for the Markdown
Pricing Model

bl Scenario Summary

3 Current Values: Ten/ten Twenty/twenty Thirty/thirty Forty/forty
5 _Changing Cells:

6 $8%7 40 Q 20 30 40
7 $B%8 40% 10% 20% 30% 40%
8 Result Cells:

9 $C$33 $41,188.00 $50,302.00 $47,264.00 $44,226.00 $41,188.00

10 Notes: Current Values column represents values of changing cells at
11 'time Scenario Summary Report was created. Changing cells for each
12 'scenario are highlighted in gray.

——

Figure 8.20

The largest profit results from using the Ten/ten strategy.
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Analyzing Uncertainty and Model Assumptions

Goal Seek

Goal Seek allows you to alter the dataused in.a formula in order to
find out what the results will be.

P Set cell contains the formula that will return the result you're

seeking. — e
» To value is the target value you .
want the formula to return. To vaue: |
» By changing cell is the location Byg"aEg'"g::' T Camd@']
of the input value that Excel [ )
can change to reach the target.

"1~ NPTEL ONLINE
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Analyzing Uncertainty and Model Assumptions

Example 8.15 Finding the Breakeven Point in the OQutsourcing
Model (using Goal Seek)

N A B
* Find the value of demand ! T V i
o 0 3 Data
at which manufacturing A —
cost equals purchased cost Js. Unit variable cost s
8

e Set Ce// - B19 Goal Seek =) 199 Purchased "°"‘§ﬂ§‘l'{i§{ 175

Set cell: \_— @ B reduction voelume
« Tovalue: 0 e T =

) By changingcell: | E3 14 Model

* By Changlng [_w&m_] Kca"—@'! :: Total manufacturing cost $175,000
j» = / 17 Total purchased cost $175,000
Ce//' Blz' Fleure 821 :S Cost differfel]ce 50
The breakeven volume is 1000 units. = Decision Manifacture

Figure 8.22
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Model Analysis Using Risk Solver Platform

Example 8.16 Creating Data Tables with Risk Solver

Platform (for Profit Model) 1 P : .
3 Data
Create a one-way data table to evaluate L S— —
. . . . . 6 Unit Cost $24.00
profit as the unit price is varied between $35 . |- Fixed ot 34900000
and $45. :
11 Model
Risk Solver 5 UnitPrice  $40.00
14 Quantity Sold 40000
Select Ce” BS, 12 Revenue $1,600,000.00
17 : Unit Cost $24.00
Click Parameters in the ribbon. o Versbecomt " sasoo000
L. 20 Fixed Cost §400,000.00
Select Sensitivity. - ]
Figure 8.2
B v e e e e - T
B A =5 & 5 = & ﬂ g of dw T w7 O § e
Mogel! Dictiibutions Coomlatsans ile .u" Deczionm Can trakeds Ongectas Gimulate  Optinoe [\ -'.—.-.-: ™ - il fostmm Oplion

- NPTEL ONLINE
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Model Analysis Using Risk Solver Platform

Example 8.16 (continued) Creating Data Tables

Enter the lower (35) and upper (45) price values.

— = =
[ Funci |2 )
Function Arguments \
PsiSenParam
Values or Lower |35 v 5= 35
Upper | 45| Y =45
BaseCase y » i) =
= 40
PsiSenParam provides a list of different values that a variable should have during sensitivity analysis.
Upper
Formula result = $40.00
Help on this function [ OK ] [ Cancel

Figure 8.24
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I
Model Analysis Using Risk Solver Platform

Example 8.16 (continued) Creating Data Tables

Sorstiviy Aapen =)
Select cell C22. e
.; ¥ ot sodel p Down

Reports | B = e
Sensitivity O
Parameter Analysis A 5 Wl

1 Profit Model |

3 Data

4

5 Unit Price $40.00 szt

6 Unit Cost 524.00 ] proft modd o, | e

7 Fixed Cost  $400,000.00 & sest o | @ stss

8 Demand 50000

9

11 Model

12

13 Unit Price $40.00

ImWnﬁq Sold 40000
|_15 Revenue $1,600,000.00

16

17 Unit Cost $24.00 J Vary Paramaters Indepercert!;

18 Quantity Produced 40000 Major dovs Ports: 11 Mnor s P 11

19 Variable Cost $960,000.00

20 Fixed Cost $400,000.00 - _

21 OK Concel

22 Profit | Figure 8.25

1 NPTEL ONLINE

! IIT KHARAGPUR 7- CERTIFICATION COURSES



I
Model Analysis Using Risk Solver Platform

Example 8.16 (continued) Creating Data

Data Table created by Risk Solver r'\ .4 B
1 $B%5 [profit model.xlsx]profit model''$C$22
24%35.00 $40,000.00
3 $36.00 $80,000.00
|4 537.00 $120,000.00
5 |535.00 $160,000.00
6 |$39.00 $200,000.00
Unit price versus profit 1_540.00 $240,000.00
: 8  541.00 $280,000.00
whenunit cost = $24 9 $42.00 $320.000.00
10 [ 543.00 $360,000.00
11/544.00 $400,000.00
12 | $45.00 $440,000.00
Figure 8.26
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I
Model Analysis Using Risk Solver Platform

Example 8.16 (continued) Creating Data Tables

» 3D Chart for a two- (e
way data table when
both unit price and
unit cost are varied.

» Charts
» Sensitivity Analysis [ %
» Parameter Analysis

» Vary parameters
independently

"1~ NPTEL ONLINE

! IIT KHARAGPUR 3 CERTIFICATION COURSES



I
Model Analysis Using Risk Solver Platform

Tornado Chart

 Shows the impact that variation in.a model input has on some
output while holding all other inputs constant.

* Shows which inputs are the least and most influential on the
output.

* Helps you select the inputs that you would want to further
analyze.

"1~ NPTEL ONLINE
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Model Analysis Using Risk Solver Platform
Example 8.17

Creating a Tornado Chart in Risk Solver Platform

PrOfit Model “ Hdd-8e 4 y R R ool e =)
A A A= G D oY
Select cell C22. oo, W oo s o000 A
§5 oooi_w::wunsn 100.00 S J IJ Os ] 000 | Delne  Lower Uper
Parameters W ? . “
Iden tl:fy :?::. _ 35000 4000
y -
) sB82 . 45000 5000
A 10% change in unit | § i
price (B5) | L
affects profit the most.
Next is unit cost (B6). \
[w-=-] .
Figure 8.28
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Keywords
 Data table » Polynomial function
* Exponential function »»Power function
* Linear function » R? (R-squared)
e Logarithmic function ) 'Scenarios
* Newsvendor » Tornado chart

problem
* One-way data table
e Overbook

* Parametric
sensitivity analysis

» Two-way data table
» Validity
» What-if analysis
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Case Study: Perfformance Lawn Equipment (8)

Recall that PLE produces lawnmowers and a medium size
diesel power lawn tractor.

Predict net income for the next 3 years.

Determine which variables” are uncertain and might
change in the future. Discuss any assumptions that you g
make.

Perform what-if, scenario, and parametric sensitivity
analysis on the 3'years.of net income.

Construct a tornado chart and write a formal report
summarizing your results.
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VS,
Books to read

e Business Analytics by J R Evans
e Business Analytics for Managers by H N Laursen

" NPTEL ONLINE

! IIT KHARAGPUR 3 CERTIFICATION COURSES



‘ &1 NPTEL ONLINE
| IIT KHARAGPUR " CERTIFICATION COURSES




