	The actual questions that you need to answer

Question (a): 

If Hong Kong had no minimum production quantity requirement, how many units of each of the 10 styles of Women’s parka would you order as part of your first production lot size of 10,000 units? (3 points)

Question (b): 

Since Hong Kong does have a minimum production requirement of 600 units for each style, how many units of each of the 10 styles of Women’s parka would you order as part of your first production lot size of 10,000 units? (6 points)


THE BELL CURVE/NORMAL DISTRIBUTION: AN OVERVIEW
1. Mean (represented by the Greek letter µ: called Mu) is simply an average. As an example, if there are 100 MBA students in this University and if one wishes to find the average height of this group, one simply has to add up all the heights and divide it by 100. 

2. Standard Deviation (represented by the Greek letter σ: called sigma). This gives us the spread of the heights of all the above students. For example, if the average height is 5’5” and if the standard deviation is 2”, then it simply means about 68% of the MBAs are between 5’3” and 5’7” i.e., 5’5”- 2” and 5’5” + 2”. This can also be stated as µ - 1σ and µ  + 1σ. In other words, 68% of this student population lies within one standard deviation from the mean (about 34% to the left and about 34% to the right). Then about 95% of the MBAs are between 5’1” and 5’9” (also stated as µ - 2σ and µ + 2σ). And about 99.7% of the MBAs are between 4’11” and 5’11” (also stated as µ - 3σ and µ  + 3σ). The percentages 68%, 95% and 99.7% are approximate but standard percentages and hold for any distribution that exhibits a normal distribution. Generally, physical characteristics (like height, weight, etc.) exhibit normal distribution properties. That is the reason, very short and very tall people are generally called outliers i.e., outside the 3+ 3 = 6 standard deviations. Note that based on the above percentages, only about 0.3% of the population lies outside these 6 standard deviations. Such normal distribution properties are exhibited in production output too. Similarly, one uses normal distribution properties to approximate sales/demand predictions – which brings us to the Sport Obermeyer Case. 
THE BELL CURVE CONCEPT LINKED TO ONE EXAMPLE RELATED OF SPORT OBERMEYER
Take Electra (one of the styles of Women’s Parkas – also listed on page 19 in the chart) for example.  Wally and his team came up with individual forecasts for each style. Based on their numbers, Wally came up with the average forecast and standard deviation for this product. 
Electra: µ = 2150 SKUs;  σ = 807.

What do these values mean? In a bell shaped curve (which is normal distribution), the mean value of 2150 will be at the center. This would mean that there is a 50% chance that 2150 units of this item will be sold. In other words, if they produce less than 2150 units, there is a greater chance (> 50%) of selling those units. If they produce more than 2150 units, there is less chance (<50%) of selling all those units.  

Now we include the standard deviation information too. Just like in the case of the “heights” example, the value for 1 standard deviation to the left will be 2150 – 807 = 1343. The value for 1 standard deviation to the right will be 2150 + 807 = 2957. What do these numbers mean? As indicated in the earlier paragraph, producing less number of units will result in a greater chance of selling those units. That is common sense in any case. But to be precise, producing 1343 units will result in a (.50+.34) i.e., 84% chance of selling those units. However, producing 2957 units will result in only a (.50 – .34) i.e., 16% chance of selling those units. 

SAMPLE PROBLEM

Note that will be solving a miniature problem as given in the Case (last page). The Case states that the total number of SKUs is equal to 200,000 units of all Sport Obermeyer’s products combined. We take a smaller version of this problem as follows:

· We only look at 10 styles of Women’s parkas;

· We assume that a total of 20,000 units are required (all 10 styles combined) for the next season;

· We assume that we can place TWO production orders with our suppliers (10,000 units before the Las Vegas show and 10,000 after obtaining feedback at the Las Vegas show);

· We will take only Hong Kong into consideration for this simplified problem i.e., the minimum lot size requirement is 600 units for any style of any product. 

Question (a): Directions and notes

· In an Excel Spreadsheet, enter the following information.

Column 1 = Style; Column 2 = Mean; Column 3 = Standard Deviation. As an example, consider Seduced. Column 1 will have Seduced; column 2 will have the number 4017 (its mean) and column 3 will have the number 1113 (its standard deviation). Note that Wally wants to use values that are twice the actual standard deviations. Therefore, we use 1113 instead of 556.

· In column 4, enter numbers that are all one standard deviation from the mean (and to the left of the mean) of each of these 10 products. You need to prepare it based on the discussion in the earlier attachment. You need to use an Excel formulas for this column. In terms of numbers, Seduced will have a value equal to 2904 (i.e., 4017 – 1 * 1113) where 4017 is the mean, 1113 is its standard deviation and 1 is the Z value (Z is the number of standard deviations from the mean). We subtract because it is to the left of the mean. You must do this for all 10 styles.

Note: Do you now agree that each of these products now have the same probability of sales i.e., a 84% chance of sales?

· Objective: Take a decision to produce 10,000 units now (i.e., before the Las Vegas show)

· Do you notice that the sum of all 10 styles in column 4 does not add up to 10,000 units?

· Do you agree that we need to reduce the sum to either 10,000 units or to a number as close to 10,000 units as possible?

· Do you agree that Z represents a value equal to 1.0 right now?

· Do you agree that you need to change the value to another value so that the sum equals 10,000 units?

· Do you agree that the value of Z (which is the number of standard deviations) needs to be increased so that it is further to the left of the mean in order to reduce the number of units of each product so that the sum is reduced to 10,000 units or a value very close to it?

Therefore, you need to figure out the appropriate value for Z so that all the 10 styles add up to a number very close to 10,000 units.

Hint: Play around with Z values between 1.0 and 1.1. Play around with Z values like 1.01; 1.02; and so on. Thus, you will be looking at a maximum of 10 values of Z. The Z value that results in column 4’s sum that is closest to 10,000 needs to be produced. If you get decimal values in column 4, then round it using the “decrease decimal” icon so that all values become integers. That would be the answer to Question (a). Note that Question (a) assumes that Hong Kong does not have the minimum production quantity requirement.
Question (b): Directions and notes

· Do you agree that the recommended quantities of some styles are much less than 600 units based on the solution obtained in 1 (a)? This is not acceptable by Hong Kong. Therefore, we need to go beyond 1(a) and come up with a solution that is acceptable by Hong Kong.

· First prepare Column 5 which generates “safety factor values” for all styles using the formula:  

(µ - 2m)/σ. After this step, sort the 10 styles in descending order of safety factor values i.e., largest to smallest. The magic number is 600 units in terms of minimum production quantity. This is also called “m” i.e., m = 600. This is because we are just considering Hong Kong in this simplified problem. Please round your values in Column 5 to 2 decimal places using the “decrease decimal” icon. 
· Do you agree that in statistics, we have a lot more confidence in the mean than any other value? Why? Because 68% of the population lies within 1 standard deviation from the mean (.3413 + .3413). In other words, most occurrences in a normal distribution are around the mean or within 1 standard deviation from the mean. 

· So now do you agree that the larger the mean, the safer the product is? What does a safe product mean in this Case? It basically means: we can easily meet the minimum production requirements of Hong Kong now and also after the Las Vegas show. As an example, Seduced has a mean of 4017. Even if we order 2000 units now, there is a very good chance we will order at least 600 units after the Las Vegas show too.

· What is the least safe product? A product which has a mean which is more than 600 units but less than 1200 units. Why? Let us take Stephanie as an example. Its mean is 1113 units. It is hard to decide how much to order right now. Let us say we order 600 units now. And assume that after the Las Vegas show, it is determined that its total sales may be around 900 units. In that case, we are not sure if we should order another 600 units after the Las Vegas show. If we do, then we may end up having unsold items. If we do not order anything at all, we may lose potential customers.

· A product whose mean is less than 600 units is neither very safe nor very unsafe. Our decisions are simple here. We either order 600 units now and then do not worry about ordering again. Or we simply wait until the Las Vegas show and then decide what to do.

Based on the results obtained in Question (a), it is very clear that some styles cannot be produced before the Las Vegas show. Why? Because they are less than 600 units and will not be accepted by Hong Kong. This brings us to a different method to handle this situation. We use a formula and pick one style at a time to eventually decide what styles to produce and what the order quantity must be.

Formula: Production Quantity = MAX (600, µ - 600 - (SFmin * σ))

where SFmin is the safety factor of the nth parka in the list; and * means multiply.

I am presenting the initial steps to answer Question (b). You need to take it from here and all your work must be shown using Excel formulas.

CASE 1: Produce 1 style

Obviously, you must pick the safest product. After you sort your table based on Column 5, Seduced will be at the top with a safety factor value = 2.53.

Seduced: Production Quantity = MAX (600, 4017 – 600 - (2.53 * 1113)). This results in a value equal to 600 units. You may get a value that is slightly over or under 600. This is because 2.53 was rounded and such negligible deviations occur due to rounding.

Does this result make us happy? NO – because our goal is to produce a total of 10,000 units. This brings us to Case 2.

CASE 2: Produce 2 styles
Seduced: Production Quantity = MAX (600, 4017 – 600 - (1.95 * 1113)) = 1247 units. Did you notice that I used a safety factor of 1.95 here? This is the safety factor of “Assault” which is the second safety style of Women’s parka. We do this because of the formula which states that SFmin has to be the safety factor of the least safe style in the number of styles you consider (2 styles in this case). In other words, it has to be the safety factor of the nth style in the list i.e., the 2nd style since we have just two styles in this Case.

The rationale: After the result of Case 1, it became obvious that we are far away from our goal of 10,000 units. Therefore, we have to produce more styles and more quantities of these styles. The logic is: I would want to bet my money on my safest styles. Therefore, we are saying that I would produce more of Seduced. In other words, I would take more risk in this style by using a lower safety factor value. Notice in the formula that, if SFmin is smaller, then µ - 600 - (SFmin * σ) is larger. That’s why we ended up getting a larger value of 1247 units as opposed to 600 units of Seduced in Case 1.
Assault: Production Quantity = MAX (600, 2525 – 600 (1.95 * 680)) = 600 units.

The above numbers add up to 1847 units. Notice that this is still far away from our goal of 10,000 units. Therefore, we need to consider Case 3 where we produce 3 styles. You need to keep going until you reach our goal of 10,000 units or very close to it (a little higher or a little lower does not matter). You will reach this goal at the end of Case 6. You need to complete all this using Excel formulas. This will be the answer to Question (b).

NOTE: I found it easy to first do the Math for Cases 3, 4, 5, and 6 first by hand and then use Excel formulas and put Cases 1, 2, 3, 4, 5 and 6 in a spreadsheet using Excel formulas. 
