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Lecture - 42
Financial Risks Associated with the Development of a New Product - I1

Dear students, in the previous lecture, we discussed the basic concepts of simulation. Then, we
started to solve a problem of risk analysis while introducing a new product. In this lecture we
will continue the same example and also solve another problem of risk analysis while
introducing a new product with small variation. So, the agenda for this lecture is a risk analysis
example of a new product introduction, which we are going to continue from the previous

lecture.

We are going to solve another problem of risk analysis while introducing a new product with

a small variation.
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Example

* Product Name: Portable Printer
+ Selling Price = $249 per unit e
* Administrative Cost = $400,000
* Advertising Cost = $600,000
* Probabilistic input:
— Direct labour cost = $ 45 per
unit
— Parts cost = $90 per unit
— First year demand = 1500 units
Anderson, D. R, Sweeney, D. J., Williams, T. A, Camm, J. D., & Cochran, J. J. (2018). An fo science’ quantitat

I am just recollecting what you did in the previous lecture. That company is looking to

introduce a new product whose product name is a portable printer; The selling price is given,
administrative cost and advertising cost are given, and the probabilistic input labor cost, parts

cost, and first-year demand.
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What if analysis

* Profit = (5249- Direct labour cost per unit - Parts cost per unit)
Demand - $1,000,000

Profit = (249-C,-C,)(x)-1,000,000

+ (1=direct labour cost
* (2= Parts cost
* X=First year demand

Anderson, D. R., Sweeney, D. J., Williams, T. A, Camm, J. D, & Cochran, J. J. (2018). An introd o g science. q

So, the profit function is, which | have seen with what-if analysis, there is a 249 - C; - C,

multiplied by demand - subtracting the overhead charges.

Direct Labour Cost (C1)
Direct | Probability

Labour Cost
per unit
543 0.1
544
$45, =2
546 0.2
547 0.1

Anderson, D. R, Sweeney, D. J., Williams, T. A, Camm, J. D., & Cochran, J. J. (2018) An o science. q
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Because the labor cost is an uncertain input, that follows a probability distribution. So, the input

for labor cost is which follows an empirical distribution like this.
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Parts Cost (c2) - Uniform Distribution

120
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The cost of the parts follows a uniform distribution.
I 0909090909000 |

First Year Demand(x) - Normal Distribution

0 = 4500 units

Standard
Deviation

1A = 15,000

Anderson, D. R, Sweeney, D. J., Williams, T. A, Camm, J. D., & Cochran, J. J. (2018). An o science q

And the first year demand follows normal distribution.
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Value for the direct labor cost per unit ()

*  Aninterval of random numbers is assigned Didlbort | Mol | Cniie b odbmmes
to each possible value of the direct labor st T
cost in such a fashion that the probability of
generating a random number in the interval —
is equal to the probability of the [ﬂ _ﬂ_ i W”gm"“
corresponding direct labor cost. % g

+  Table shows how this process is done. _Sl'l l i Ubdestald

* The interval of random numbers from 0 up T — i
to but not including 0.1 is associated with a 4 b Seabt
direct labor cost of $43, the interval of % P Uistall
random numbers from 0.1 up to but not b - L
including 0.3 is associated with a direct 4 0 Wikl

labor cost of $44, and so on. p
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Now how to find out the values for the direct labour cost that is for your C 1? First, what we

are going to do? An interval of the random numbers is assigned to each possible value of the
direct labor cost in such a fashion that the probability of generating a random number in the
interval is equal to the probability of the corresponding direct labor cost. For example, you see

the table which is on the right-hand side.

This empirical distribution is given to us at 43, 0.1, 44, 0.2, 45, 0.4, 46, 0.2, and 47, 0.1. Now,
we are going to find out the cumulative probability 0.1 + 0.2=0.3,0.3 + 0.4=0.7,0.7 + 0.2 =
0.9, and 1. So, here we are working we are going to make an interval for random numbers;
what is that? 0 but less than point 1, then start from 0.1 but less than 0.3 start from 0.3 less than
1.7; why do you get this 0.7 from the cumulative probability 0.7 but less than 0.9, 0.9 less than
1.

So, we have formed an interval; why are we forming this interval? Suppose what we are doing
is randomly generating a number. Suppose that a random number, says, follows between, say,
0.09. So, 0.09 will be here, which means that we will be capturing the direct labor cost as 43.
So, the interval of random numbers from 0 up to but not including 0.1 is associated with the

direct labor cost of 43 dollars.

The interval of random numbers from 0.1 up to but not including 0.3, this one is associated

with the direct labor cost of 44 dollars and so on.
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Value for the direct labor cost per unit

* With this assignment of random number DidlborCt | Pobblty | e el rndtnumles
intervals to the possible values of the direct labor i i
cost, the probability of generating a random e i
number in any interval is equal to the probability
of obtaining the corresponding value for the W T Wbt
direct labor cost. —

+  Thus, to select a value for the direct labor cost, " -
we generate a random number between 0 and 1. M v R Unbtat
If the random number is at least 0.0 but less than
0.1, we set the direct labor cost equal to $43. # W Vit bal]
If the random number is at least 0.1 but less than : : 9
0.3, we set the direct labor cost equal to g;u, % now bt tind
and so on.

] oo 09 ks
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So, with this assignment of random number intervals to the possible values of direct labor cost,
the probability of generating a random number in any interval is equal to the probability of
obtaining the corresponding value for the direct labor cost. So, any probability between 0.0 and
0.1 will have an equal chance of getting the direct labor cost of 43; thus, to select the value for

the direct labor cost, we generate random numbers between 0 and 1.

If the random number is at least 0.0 but less than 0.1, we say the direct labor cost is 43, the
randomly generated number, if the random number is at least 0.1 but less than 0.3, we say the

direct labor cost is 44 dollars, and so on.

Random generation of 10 values for the direct labor
Tria | Random Direct labor COSt per umt
1 | number cost$
1 09109, 41 o L Y CA A ——
2 02841/ 4 et Pty
3 06531 45

W oo (00t losthntlL.
4 00367 43
5 03851 15 W wow _teshat
6 02757 4 :V % uow D3t bnl]
7 06859 45 —

% now Ut n0s
8 0646 45
5 oam & G  w 13 st

ﬁ
10 08077 46
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So, for example, look at the table which is on the left-hand side; | have randomly generated a
number, say 0.91. So, in the table, which is on the right-hand side, | have formulated an interval
of random numbers, say 0.91. So, | will look at the table on the right-hand side where the 0.91



is this interval. So, the value for direct labor cost is 47, which is why 47. So, this next random

number 0.28, this random number | got with the help of Excel.

Or we can get it with the help of a calculator, but here we are. This course is on a spreadsheet.
So, we are going to use Excel for generating random numbers. So, using a RAND function so
RAND = RAND when I type I will get this random. So, 0.28 if it is a 0.28 where that will lie
point 0.28, so 0.28 is here, so it will be 44. If it is a 0.65, there is a 0.65; 0.65 will be here. So,
it is 45 like these 10 random numbers | have generated.

Then, 1 assigned the direct labor cost with the help of this interval of random numbers. How
did I find this interval of random numbers? | know the lower limit, but I found the cumulative
probability will be the upper limit for each interval, like that | have extended up to all the direct

labor cost values.
[ A

Value of the parts cost(%)

¢ Each trial in the simulation also requires a

value of the parts cost and first-year demand. Parts Cost (c2) - Uniform Distribution

*  Let us now turn to the issue of generating
values for the parts cost.

*  The probability distribution for the parts cost
per unit is the uniform distribution shown in
Figure

Anderson, D. R, Sweeney, D. J., Williams, T. A, Camm, J. D., & Cochran, J. J. (2018). An infroduction to management science. quantitative

Now, we will generate the value for the part cost, which is our c2. Each trial in the simulation

also requires a value for part cost and the demand for the first year. Let us now turn to the issue
of generating values for parts cost. The probability distribution for the parts cost per unit is the

uniform distribution, as shown in the figure.
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Value of the parts cost

*  Because this random variable has a different
probability distribution than direct labor Parts Cost (c2) - Uniform Distribution
cost, we use random numbers in a slightly
different way to generate values for parts
cost.

10

*  With a uniform probability distribution, the
following relationship between the random
number and the associated value of the
parts cost is used:

Anderson, D. R, Sweeney, D. J, Williams, T. A, Camm, J. D., & Cochran, J. J. (2018), An fo science. q

Because this random variable has a different probability distribution than the direct labor cost,

the direct labor cost followed an empirical distribution. If it follows empirical distribution, we
have found the random number interval, then we randomly generated a number, then we have
seen where that randomly generated number falls on that interval, and then we captured the

corresponding direct labor cost.

But here, the part cost follows a uniform distribution. So, with the uniform probability
distribution, the following relationship between the random numbers and the associated value
of the parts cost is used. So, what point we need to say is that the way we are generating random
numbers is slightly different for finding the value for part cost because this follows a uniform

distribution.

Random Number Generation for parts cost = Uniform
distribution

Part Cost=a+r (b-a)

r = random number between 0 and 1
a = smallest value of parts cost
b = largest value of part cost

Anderson, D. R, Sweeney, D. J., Williams, T. A, Camm, J. D., & Cochran, J. J. (2018). An to science. q




So, here is what we are going to see. To get the part cost, we are going to use the expression a
+r multiplied by (b —a); a is the smallest value of parts cost, b is the largest value of parts cost,
r is the random number between 0 and 1. So, this expression is used for generating random
numbers that follow uniform distribution, where the lower limit is a and the upper limit is b, so
if this is a this is b.

Part Cost = a+r (b-a)

So, this is the expression used to get a random number that follows a uniform distribution
whose mean value is lower, and the upper value is b. This number is called a pseudo-random

number. It is not valid between 0 and 1.

Random Number Generation of 10 Values for first
year Demand

=norm.inv(rand(),Mean, Standard Deviation)
= Norminv(RAND (),15000,4500)

=NORM.INV(RAND(), Mean, Standard Deviation).

Anderson, D. R, Sweeney, D. J., Williams, T. A, Camm, J. D, & Cochran, J. J. (2018). An o science q
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The third input is the demand, first year demand. So, how we can get values for first-year
demand? So, in Excel, we can use this function norm.inv rand mean value and standard

deviation value.

=NORM.INV(RAND(), Mean, Standard Deviation).

So, the naming here is rand asset, the mean is 15000, and the standard deviation is 4500. This

IS given in advance. So, this is a format for entering into the Excel. So, what we will do?

If we use this function, we will get a set of random numbers that follow normal distribution
whose mean is 15000 and standard deviation is 4500. So, now we have learned how to generate
values for your labor cost, part cost, and demand. These inputs are used to get your profit. So,
these examples | am going to explain with the help of excel. I will go back to Excel.

Dear students, now | am going to explain how to use excel for the simulation. So, here | have

entered the values. The values selling price per unit is 249 dollars, the administrative cost is



4,00,000, and the advertisement cost is 6,00,000. In this problem, there are three inputs: The
three inputs are the labor cost. So, look at this highlighted cell here, direct labor cost per unit.

Please look at this, this is given to us 43 44, and the probability is also given.

So, in between, | have entered the probability upper limit. So, that is nothing but the random
number interval. So, for any value between 0 to 0 and 1, the value of a rand value for c1, that
is, the labor cost, is 43. For any random numbers between 0.1 and 0.3, the value for labor cost
is 44. This is another input. Look at the next input, c2, which is a part cost that follows a

uniform distribution.

So, the lower limit is 80, the upper limit is 100, and another variable input is demand. The mean
of demand, which follows the normal distribution mean, is 15000, and the standard deviation
is 4500. So, what have | done? First, | have entered 500 trials. Look at this up to 500 trials. So,
after entering 500 trials, so | need the value for labor cost. You see, | am using a function called
VLOOKUP.

So, VLOOKUP and B21 keeper cursor and B21 = VLOOKUP RAND, then you have to select
the table A10 to C14 this table A10 to C14 this table. In this table, you have to select; after that,
you see comma 3; what is the 3? Because the values in the third column have to appear in B21,
that is why there is a syntax for VLOOKUP; randomly, it will generate a number that number
will be searched into the table between A10 to C14.

If those randomly generated numbers follow in a particular interval, the corresponding values
in the C3 column, that is, the third column in the table, will be captured. For example, here, see
that 45 because what is the 45? 45 is the random value of the randomly generated number,
which is between 0.3 and 0.7. That is why | got 45. So, 44, how | get here? You can press the
F9 function. You see that now it is a 46. The trial one, the value of labour cost is 46; why is it
467

Because the RAND function generated a random number, the number was between 0.7 to 0.9,
which is why we are getting 46. So, we got the labor cost. The next one is this labor cost I have
dragged up to 500. The next one is the cost of the parts. We know that the part cost follows
uniform distribution, and then we know the expression for generating random numbers that

follow uniform distribution; what is that?



Ais the A, A is E8, E8 is the A; A is your lower limit + random numbers RAND, then the
difference between your E9 and E8 that is b - a so that | got here 91, then | have dragged up to
all 500. The next one is the demand; we know the demand follows which distribution normal
distribution. So, we need to have a set of random numbers that follow normal distribution

whose mean is 15000, standard deviation is 4500 = norm.inv RAND function, mean.

The mean is your E13 15000, standard deviation of E14. So, you see that | got the value of
demand, so if | press F9, see there, it keeps changing. So, | have also dragged up to all 500,
and then | wrote expression for the profit. What is the expression for profit? Your selling price

- labor cost that is your B21 - parts cost C21 then multiplied by the demand is a per unit cost.

So, when you multiply by the demand that is a D21, you will get the overall profit - your C4 -
C5. What is the C4 and C5? Our administrative expenses and advertising expenses. So, in E21,
| am getting an expression for the profit. So, | have also dragged up to all 500. Next we need
to have the statistics of the simulation model. First the mean profit, what is the mean profit?

So, the mean profit is the average value of the profit column, then the standard deviation, then
the minimum profit. We have the function minimum of profit column, then maximum profit
then max in the profit column function. The number of losses, you see that here is how I am
defining losses. Count if in the profit column if any value is less than 0. So, wherever that

means, wherever there is a negative profit, | am counting that scenario so that iteration is a loss.

So, now we have 41. So, out of 500, 41 times, we got the negative value, which is the number
of losses. Then how am | defining the probability of loss? The probability of loss is number of
losses divided by total number of iterations. Here, 41 upon 500, so the probability of loss is
8%. So, what we will do is look at this E500 and 28 when | keep on when | keep on pressing
F9 when you look at the probability of loss.

Most of the time, the probability loss is below 10%, 6%, 9%, 8%, 9%, and 10%. But most of
the time, when | press F9, the probability of loss is below 10%. So, the risk of introducing this
new product is 10%. But when you look at the mean profit you see that this is 6, 93, 624 dollar
mean profit. So, now, what am I going to do? | am going to plot the profit function. So, | have

converted it into the F column. | have converted the profit in terms of 1000.



So, after | convert it into 1000, | am going to draw a, so this is my profit function. I am going
to select this. Now, I am going to draw a histogram and insert the recommended chart. Then
there is an option for a histogram.

E
506 9,50,053 950,
507 14,24,778 1425
508 18,78,861 1879

509 8,83,136 883 Chart Title
510 339,471 339
511 2,902,162 292

512 216,519 217
513 416,244 416/
514 10,63,747) 1064/
515 3,453 3
516 8,97,562 69|
517 249,132 249
518 9,14,219) 914
519 9,06,167 906
520 1,390,485 -139)

523 6,93,624 2

Look at this histogram chart if you see that in the y-axis of frequency. You see that the highest
extreme right has the highest profit because all the values are in terms of thousands. So, it will
be 2,156,000. So, even though the risk is below 10% there is a chance of getting higher profit.
So, the conclusion that we are learning from this Excel model is the risk of introducing a new

product is only 10%.

But looking at our maximum profit we can take the 10% risk, so that is my conclusion now. |

will go back to my percentage now.
I @4

Summary statistics
Mean profit 728990.11
Std deviation 506548.0909
Minimum Profit -752383.6154
Max. profit 2242573.017
No. of Loss 87
Probability of Loss
Anderson, D. R., Sweeney, D. J, Williams, T. A, Camm, J. D., & Cochran, J. J. (2018). An introd: to g science q




Here, | brought the summary statistics. What are the summary statistics 1 found? This is not
because it is a simulation, or this value may change. So, the mean profit is 7,28,000, the
standard deviation is 5,06,000, the minimum loss is 7,52,000, the maximum profit is 22,42,000
for that particular set of random numbers, and the number of losses is 28. So, the probability
of loss is only 5%. By looking at this 5% and the maximum profit, so we are concluding that

we can take the risk of introducing this new product.
N ~ |

8 :

So, this shows the probability distribution of our profit function. Look at this; this follows a

normal distribution. Look at this in the highest value. So, it is 2029 to 2239, and all the values
are in terms of thousand. So, there is the highest chance for profit where we are getting losses
here, we are getting lost up to this, see that up to get up to this we are getting losses. But we

notice that the loss is, most of the time, below 10%.

By looking at the extreme possibility of getting higher profit. We can conclude that since the
loss is below 10%, we can conclude that there is no risk for the introduction of this new product.



Product Introduction Problem 2 - Statement

+The management of a Manufacturing Company is considering the
introduction of a new product.

+ The fixed cost to begin the production of the product is $30,000.

+ The variable cost for the product is uniformly distributed between 516
and $24 per unit.

+ The product will sell for $50 per unit.

' 18

Now, we are going to solve another problem, which is the introduction of a new product. What
is the problem statement? So, the management of a manufacturing company is considering the
introduction of a new product. The fixed cost to begin the production of the product is 30,000
dollars, and the variable cost for the product is uniformly distributed between 16 dollars and

24 dollars per unit.

Here, the variable cost follows a uniform distribution. The product will sell for 50 dollars per

unit.

Product Introduction Problem 2 - Demand Distribution

+ Demand for the product is best described by a normal
probability distribution with a mean of 1200 units and a
standard deviation of 300 units.

Anderson, D. R., Sweeney, D. J., Willams, T.A. Camm, J. D.. & Cochran, J. J. (2018). An introduction to management science: quantitative approach. Cengage leaming
Then, we talk about the demand for that product. The demand for the product is best described
by a normal probability distribution with a mean of 1200 units and a standard deviation of 300

units.



Product Introduction Problem - Questions

+ Develop a spreadsheet simulation and use 500 simulation trials to
answer the following questions:

- a. What is the mean profit for the simulation?
- b. What is the probability that the project will result in a loss?

- ¢ What is your recommendation concerning the introduction of the
product?

‘ 2

What are the questions that need to be answered? So, first develop a spreadsheet simulation
and use 500 simulation trials to answer the following questions: a. What is the mean profit for
the simulation? Then, what is the probability that the project will result in a loss indirectly?
What is the risk of introducing the new product? Then what is your recommendation

concerning the introduction of the product?
.

Inputs & Outputs
+ Inputs
- Variable Cost per Unit
- Demand
+ QOutput
- Profit
. 21

Now, we will discuss the inputs and outputs for the simulation model. There are two inputs;
the first input is the variable cost per unit, which follows a uniform distribution. The second

input is demand, which follows normal distribution. The output of the model is profit.



Excel Formulae

Roxn(h-%

+ Cost per Unit: =Least Cost +RAND()*(Highest Cost - Least Cost)

+ Demand: =NORMINV(RAND(),Mean,St. Dev.)

Se—

* Profit: (Selling Price per Unit - Variable Cost per Unit)*Demand - Fixed

Cost

0 . :

So, what are the different Excel formulas that you are going to use? The first one is that we
have to find out the variable cost per unit; it is given that variable costs follow a uniform
distribution. So, we have to generate a set of random numbers which follow a uniform
distribution. So, we have seen the formula for generating random numbers which follow a
uniform distribution. What is the formula? The least cost is the + RAND, the highest cost is b

and the least cost.

So, this will be a. This will be our random number. This is (b — a). What is the b? Highest cost
- least cost. So, another input is demand, which follows a normal distribution. The formula
which is used for generating numbers that follow normal distribution is NORMINV RAND
mean and standard deviation. So, the profit function is selling price per unit - variable cost per
unit; then, when you multiply, you will get the overall profit - fixed cost. So, we will get the
net profit.

=NORM.INV(RAND(), Mean, Standard Deviation).

So, I will solve this problem now with the help of Excel. So, now I will open the Excel model,
and then I will explain it to you.

Now, | am going to explain these 500 trials of simulation with the help of Excel. So, what are
the information is given to us? One is the selling price per unit is 50 dollars, and the fixed cost
is 30,000 dollars. So, another important input is the variable cost following uniform
distribution. The smallest value is 16 dollars, and the largest value is 24 dollars. Another input

is the demand for the product. So, which follows a normal distribution?



So, the mean of the normal distribution is 1200, and the standard deviation is 300 units. First,
we are going to generate the variable cost per unit using the following formula. So, what is C7?
C7 has the smallest value + RAND, and C8 has the largest value - smallest value. So, |
generated this variable cost for 500 trials. For the next one, we have to generate random

numbers that follow a normal distribution.

So, we use this formula equal to norm inv RAND, so the mean is your G7, and the standard
deviation is G8. You see that | have frozen to that cell so that because | am going to drag it
while dragging, the cell value should not change. So, | have randomly generated the demand.
So, | have extended up to 500 iterations. Now, look at the profit formula. The profit is the

selling price, which is a 50-dollar C3 - variable cost per unit.

So, we will get the per unit product that we multiplied by the demand, which is C13. So, we
will get the overall profit from that by subtracting the fixed cost. So, we will get the net profit,
so | have extended it to 500 trials. When | go back, see that | dragged this formula for 500
trials. Now, you see the summary statistics. The first one is the mean profit. So, | have the profit

column there | have used the formula of average.

Then, the standard deviation was D13 to D512. Then, for minimum profit, | used the minimum
formula, and for maximum profit, | used the maximum formula, which is the number of losses.
So, whenever the profit becomes negative, | consider the loss. So, | have counted out of 500
how many times we have incurred the last. So, if the percentage shows 132, then the probability

of loss is. So, the probability of loss is the number of losses dealers by 500.

When | keep on pressing F9, you see that the probability loss is now 26.4%. Most of the time,
the probability loss is about 20, 20%. So, what we are concluding overall from this model is
that, for this problem with this product, if you introduce this product, there is a 20% or more
probability of loss. This is the inference from the problem. Now, | will go back to the

presentation.



Solution

+ . What is the mean profit for the simulation? ~ Summary Statistics
Mean Profit 6101.849

- Simulation results vary, with most results ¢ o 9392235

having a mean profit between $5,500t0  inimum Profit 119599
$6,500. Maximum Profit 34147.37
No. of losses 134
Probability of loss 0.268
Anderson, D. R., Sweeney, D. J., Williams, T. A., Camm, J. D., & Cochran, J. J. (2018). An introduction to management science: quantitative approach. Cengage learning.
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So, what is the first question? What is the mean profit for the simulation? | have just taken a
snapshot of the summary statistics. So, simulation results vary, with most results having a mean

profit between 5500 dollars to 6500 dollars.
I @4

Solution

* b. What is the probability that the project Summary Statistics

will result in a loss? Mean Profit 6101.849
- Most simulations have 120 to 150 SHEOAITE e on e
. ; P Minimum Profit -19599
simulation trails with a loss. F— P

- Therefore, the probability of a loss is No. of losses 134
inbetween 0.24 and 0.30 Probability of loss 0.268

‘ : u
The next question is, what is the probability that the project will result in a loss? So, this is a
very important question because we are introducing a new product. We have to know the risk
of introducing this product. When you look at this the number of losses, most simulations have
120 to 150 simulation trials with a loss. Therefore, the probability of loss is between 0.24 and
0.30.

So, what we are inferring from here is that there is a 24 to 30% chance that there will be a loss

if you introduce this product.



Solution

* ¢ What is your recommendation concerning the introduction of the
product?

- The project appears too risky

- The probability of a loss is relatively high

- And the mean profit ranges between 55,500 and $6,500
- The potential gain is not worth taking the high risk

Anderson, D. R., Sweeney, D. J., Wiliams, T.A., Camm, J. D., & Cochran, J. J. (2018). An introduction to management science: quantitative approach. Cengage leaming

So, for part ¢, what is your recommendation concerning the introduction of the product?

Because the last percentage is very high. So, we are concluding the project appears to be too
risky. The probability of loss is relatively high, and the mean profit ranges between 5500 dollars
and 6500 dollars. The potential gain is not worth taking the high risk. So, we conclude that the

introduction of this product is not advisable.

Because there is more chance that you may incur a loss, in this lecture, we have completed the
problem of risk analysis of the introduction of a new product that we have begun in the previous
lecture. Then, we have taken another problem and analysed the financial risk associated with
the development of the new product. In the next lecture, we shall discuss how to use simulation

to solve inventory problems. Thank you very much.



