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I. EXCEL SKILLS: LINE/SCATTER GRAPHS, ROWS AND COLUMNS, INDEX, MATCH

A. [bookmark: _Toc450123927]Line and Scatter Graphs

	Line Graphs
	Scatter Graphs

	Show change over time
	Show paired numerical data

	Show change in continuous variables
	Show correlation between variables

	X-axis doesn’t have numerical value (year, ID number
	X-axis has numerical value



How to Make a Line Graph

Source: IPEDS: National Center for Education Statistics
[image: ][image: ]

To start, you should have two sets of data, one for the X-axis and Y-axis
1. Go to the “Charts” tab and select the line graph option. Select one set of data for your X-axis and one for the Y-axis. You can either type the cells in or copy and paste them.
2. To write a title, legend, and labels for the axes, click the “Chart Layout” tab, select Format, and select each element that want to create. 

How to Make a Scatter Graph

You should have your data ready to be able to insert the graph.
1. Go to the “Charts” tab and select the scatter graph option. Select one set of data for the X-axis.
2. To write a title, legend, and labels for the axes. Click the “Chart Layout” tab, select Format, and select each element that want to create.

To edit later, you can right click the graph and click “Select Data” which brings you to this menu.
[image: ]
[image: ]

Once you have finished editing the labels you will see the extent of correlation, if any, between the values. 

To represent things like mean, median and mode, you can always go back to the “Select Data Source” menu and click “Add” under the “Series” option. These will all be represented with their own series. 
For the sake of explanation let’s take Median as an example. The “X values:” will be the actual value associated with Median. The “Y values:” will be where you want Median to appear on the chart with respect to the Y values. [image: ]

B. [bookmark: _Toc450123928]Rows and Columns

There are multiple ways to make rows and columns:
1.       Type each number in each cell. Ex: 1, 2, 3, 4, 5 in each cell.
2.       Type a number in a cell and in the next cell add 1 to the previous cell. Ex: Cell A1 contains the number 1, cell A2 formula will be “=A1 +1” and drag the cell down/across for the desired amount of numbers.
3.       Type 1 in a cell and go into the series options for the cell. Set the “step value” and “stop value” to your desired sequence of numbers. Then choose either rows or columns. Ex: Step value = 1 and stop value = 10.
4.       Type “=ROWS($A$1:A1)” or “=COLUMNS($A$1:A1)” then copy down/across the formula to the desired amount of rows or columns. To make the first cell absolute, highlight the cell and press F4.

C. [bookmark: _Toc450123929] Index

To make a sequence of numbers in rows and columns in a section:
Starting at the first cell: A1
Type “=ROWS($A$1:A1)+10*(COLUMNS($A$1:A1)-1)” this will ensure that the first number will start at 1. Again to make sure the first cell is absolute, highlight the cell and press F4.
[image: ]

That is how to do a basic box of numbers in sequence. To choose from a series of numbers:
Using the “index” function will allow you to choose the series of numbers you wish to use.
Type “index” in front of the formula we just created to choose the series of numbers.
“=INDEX($G$1:$G$50,ROWS($A$1:A1)+10*(COLUMNS($A$1:A1)-1)” This formula assumes that we have a list of numbers in cells G1 thru G50 that we are choosing from. 

D. [bookmark: _Toc450123930]Match
To locate how many numbers are the same in a series of numbers you use the match function: Type “=MATCH(458,G1:G50,0)” This will locate how many times the number 458 is in my series of numbers from my previous list of numbers in cells G1 thru G50.
[image: ]
In the example above, the number 458 was located 5 times in my series of numbers.
II. [bookmark: _Toc450123931]STANDARD DEVIATION & VARIATION, WEIGHTED AVERAGE, LIMITS

[bookmark: _Toc450123932]Question #1: Standard Deviation and Variation

Standard Deviation is a measurement of the variation between individual subjects in a population. It is calculated by finding the distance of each individual number from the mean; therefore, the first step is to find the weighted average mean of the numbers as done below:

1) Each value in column A is multiplied by its respective probability in column b. The results in column C are then added to find the weighted average mean (steps 2 and 3).
[image: /Users/ace/Desktop/SOM307/Screen Shot 2016-02-12 at 4.39.36 PM.png] 
2)
[image: /Users/ace/Desktop/SOM307/Screen Shot 2016-02-12 at 4.42.04 PM.png]

3)
[image: /Users/ace/Desktop/SOM307/Screen Shot 2016-02-12 at 4.43.17 PM.png]
4)
[image: /Users/ace/Desktop/SOM307/Screen Shot 2016-02-12 at 4.48.56 PM.png]

5) Next the distance of each value from the mean must be computed. This is done by taking each value x and subtracting from it the mean. To avoid the cancelling effect of positive and negative values, these differences are then squared. These results are put in Column D.
[image: /Users/ace/Desktop/SOM307/Screen Shot 2016-02-12 at 4.49.42 PM.png]


6) The results in column D are multiplied by the respective probabilities in column B and then are added. This value, 1.89, is the variance. The Standard Deviation is the square root of the Variance.

 [image: /Users/ace/Desktop/SOM307/Screen Shot 2016-02-12 at 4.51.22 PM.png]

7)
[image: /Users/ace/Desktop/SOM307/Screen Shot 2016-02-12 at 4.54.12 PM.png]
8)
[image: /Users/ace/Desktop/SOM307/Screen Shot 2016-02-12 at 5.08.04 PM.png]
9)
[image: /Users/ace/Desktop/SOM307/Screen Shot 2016-02-12 at 5.11.45 PM.png]

	
10)
	[image: /Users/ace/Desktop/SOM307/Screen Shot 2016-02-12 at 5.14.04 PM.png]

11)
 [image: Screen%20Shot%202016-02-15%20at%205.53.54%20PM.png]
	


[bookmark: _Toc450123933]Question #2: Weighted Average

1) The average grade in the class is the weighted average of each category. The percentage weight in column A is multiplied by the percentage grade on the assignment in column B to determine the percentage points towards the overall grade shown in column C. 
[image: Screen%20Shot%202016-02-15%20at%206.32.08%20PM.png]


2) If everything in the class EXCEPT the final has been completed, then only 60% of the overall grade has been determined. Therefore, we must take the total grade points completed so far, 53, and divide it by 60%.  The result shows that of the work completed so far, the student has earned 88% but 40% of the grade remains to be determined. 

[image: Screen%20Shot%202016-02-15%20at%206.36.19%20PM.png]

3) The question is, since 53% of the overall grade has been earned (88% of the first 60%) what percentage of the remaining 40% needs to be achieved in order to get an overall score of 86%. This is computed below and can also be represented mathematically as:

.53 + .4X = .86

.4 X = .33 (This shows that 33% of the remaining 40% must be earned to get 86%)

.33/.4 = .825
[image: Screen%20Shot%202016-02-15%20at%206.40.43%20PM.png]




[bookmark: _Toc450123934]Question #3: Limits

1)

[image: Screen%20Shot%202016-02-15%20at%206.45.06%20PM.png]

2)

[image: Screen%20Shot%202016-02-15%20at%206.45.47%20PM.png]





3)

[image: Screen%20Shot%202016-02-15%20at%206.52.00%20PM.png]



III. [bookmark: _Toc450123935]RANDOM VARIABLES AND UNIFORM DISTRIBUTION

A. [bookmark: _Toc450123936]Discrete and Continuous Random Variables:
· A random variable is a numerical, or quantitative description describing the results of a simulation or experiment. 
· There are two types of random variables, discrete and continuous.
· Discrete variables can take the form of finite or infinite values, typically used to count something. 
· An example of a discrete random variable could be the age of students in the CSUN MBA Program (example: 25, 27, 31, 38 years old)
· Continuous variables consist of any numerical value in an interval or collection of intervals that is typically a result of an experiment that measures something.
· An example of a continuous random variable could be the amount of water in the CSUN SRC swimming pool (example: 12,091.85792315… gallons)
B. [bookmark: _Toc450123937]Uniform Probability Distribution:
· A uniform probability distribution suggests that between any two variables in an interval, the probability of any of those variables occurring is equal. 
· An example of an experiment with a uniform probability distribution is the outcome of rolling a die. 
· In this example, the result of the experiment has can be any variable between 1 and 6, and any variable in that interval has the same probability of occurring. 
· The graph representing the probability distribution would look like a rectangle with the sides being at 1 and 6, with a height of f(x). 
· f(x)= 1/the number of possible outcomes, which is 6. 
· In this case, f(x) would be .167
· By finding the area of the rectangle one can determine the probability of any of these values occurring. 
· The probability of the result being less than 4 would be the difference of 4 and 1 multiplied by f(x), which is .167
· With this, the probability of rolling a die and getting a value less than 4 would be .5, or 50%. 
· To solve such a problem in an Excel spreadsheet is very simple to do using the difference of Minimum and maximum functions.We’ll use this excel sheet for examples.
· [image: ]
· =Abs((Min(Range maximum,prob max) - Max(ProbMin, RangeMin))*f(x)
· looking at example “c” for a uniform range of 4-9, in order to find the probablility of 0≤x≤8, one would type
· [image: ]
· [image: ]
· The range maximum is  H2 or 9
· the range minimum is J5 or 4
· The probability maximum is D2 or 8
· The probability min is F5 or 5
· f(x)= 1/(9-4) or .2, or simply M2
· So, the probability of 5≤x≤8 in the uniform range of 4&9, is .6, as shown above.
· Using still this same concept, we can also find upper and lower bound of percentiles.
· [image: ]
· For example, looking at example “g”, we will use the formula
= RangeMax - %/f(x) 
[image: ] or 9-.12/.2  = 8.4
	*for bottom percentiles you use
		=Range Min + %/f(x) or 4+ .12/.2 = 4.3
· This can become useful in situations where you must maximize profits in sales transactions. We turn to examples j&k. 
[image: ]
· Still using a uniform distribution between 4&9, J tells us, to offer $9,000, the maximum value of the antique, in order to maximize the probability of getting the piece. 
· Now, in K, a customer offers $12,000 for the piece, how much should you be willing to spend in order to maximize the profit for yourself on this piece? The 7, or $7,000 was found by using the following formula:
·  (Amount offered fro max probability Min of range)/2
· (9,000+4,000)/2 which is 6,500
· So now to figure out your profit, Amount offered,12, - price offered for maximum profit , 6.5, to give you a profit of $5,500.
· The probability of this occurring is the difference between your price offered for maximum profit, K, and range minimum, 4 multiplied by f(x), .2
· =(6.5-4)*.2 =.5




In this class session, we also learned about overage and underage costs and how they can help us find the optimum service level or service quantity using uniform distributions. 
· First, let’s look at the equations
· Underage Cost, or Cu = Sales Price- Purchase Price
· Overage Cost, or Co = Purchase Cost- Salvage Value
· Service Level = Cu/ (Cu+Co) or (Q-a)/(b-a), where Q is optimum quantity, a is the range minimum, and b is the range maximum.
· Ex 1. “Swell Productions is sponsoring an outdoor conclave for owners of collectible and classic Fords. The concession stand in the T-Bird area will sell clothing such as official Thunderbird racing jerseys.  Suppose the probability of jerseys sales quantities is uniformly (and continuously) distributed between 100 and 400.  Suppose sales price is $80 per jersey, purchase cost is $40, and  unsold jerseys are returned to the manufacturer for $20 per unit.  How many Jerseys Swell Production orders? “
· 
· Cu= 80-40 = 40
· Co= 40-20 =20
· SL = 40/(40+20) = ⅔
· Now we will use SL to find Q using the second formula of SL.
· ⅔ = (Q-100)/(400-100)
· Using simple algebra, we find that Q = 300
**Some key points to remember when making business decisions are:
1. If underage cost increases, move right, order more.
2. If overage cost increases, move left, order less.

URV Generation in Excel
Creating a series of discrete random variables within a certain range can be made easy in excel using the round and random functions.
	= round(1+(rangeMax -1)*rand(),0)
· Ex: How to generate random numbers between 1 & 38
· [image: ]
· The Round function is used to ensure we get discrete integers only. the “0” in the round function communicates that you want 0 spots after the decimal point, hence again, discrete intervals. 



IV. [bookmark: _Toc450123938]Uniform, Normal, and Standard Normal Distributions
In this lecture we learned about 3 different distributions, however, we focus on uniform distribution and normal distribution.

A. [bookmark: _Toc450123939]Uniform Distribution
· Is sometimes known as a rectangular distribution, this distribution has a constant probability; any outcome has the same probability of happening as any other outcome. 
· To calculate the height of a uniform distribution you use the formula: F(x)=1/B-A, where B is the maximum value in the distribution and A is the minimum value in the distribution. 
              
	[image: P(x)]
	[image: =]
	[image: {0 for x<a; 1/(b-a) for a<=x<=b; 0 for x>b]

	
	
	


For Example:
If we have a uniform distribution that width measures 0 to 5 we can calculate the height by simply using the formula F(X) = 1/b-a, f(x) = 1/(5-0) =.02. This height represents the probability of any outcome occurring. 
[image: UniformDistributionPic.JPG]
 To create a uniform distribution on excel, using random variables we do as follow.
1. You create a column that says Uniform and start with a 0 (1st Column). After that you go to Series and in the step value you enter the numbers that you are interested on (for example: STEP VALUE 0.01, STOP VALUE 5) and press column.
2. Then you create another column with the title F(X) (2nd Column), in this column we use =1/ (a-b), then we drag down the number calculated.
3. To create a graph we go to INSERT then we look at our graphs and go to INSERT AREA CHART and click on the first one.
4. Then we click on the graph and go to SELECT DATA (Chart Design Tab) and click on EDIT HORIZONTAL ACCESS and CLICK ON UNIFORM DATA (1st Column). Then click OKAY. 

B. [bookmark: _Toc450123940]Normal Distribution
· Normal Distribution has its own mean (µ “mu”), standard deviation (σ “sigma), all normal distributions have the same basic bell shape.
· It is symmetric – you can cut it in half and it mirrors the same distance from its mean 
· Mean and Median are the same
· The standard normal distribution is a normal distribution with µ=0 and σ =1
· [image: http://tse1.mm.bing.net/th?&id=OIP.M40365d4d520563eaf76c43f25bff05e4H0&w=299&h=171&c=0&pid=1.9&rs=0&p=0&r=0]Empirical Rule is used in the normal distribution below.  

· 68% will fall within the first Standard Deviation 

· 95% within the first two Standard Deviation

· 99.7% will fall within three Standard Deviation



Normal Distribution – two types of random variables
A. Discrete Random Variables - (count things) for example, number for heads in a 10 coin flip, number of females of democrats in a sample.
B. Continuous Random Variable :
a. – (based on measurements) unaccountability infinite number of values (values within an interval on the real line) many possible values. For example, time to complete a task, exam score – complete a task is continuous because it can take you 5 min – 3 hours not a specific time to count (continuous). 
b. A continuous random variable X has a normal distribution if its value falls into a smooth (continuous) curve with a bell-shaped pattern. 

Changing an x-value to a z-value – z-formula

STEPS: To find Probabilities for a Normal Distribution
1. Draw a picture of the distribution
2. Translate the problem into one of the following: p(X<a), p(X>b), or p(a<X<b). Shade the area on your picture.
3. Standardize to a Z score formula using the 
Z-formula:
Z=x- µ/σ
4. Look up the z-score on the Z-Table and find its corresponding probabilities (USE Z-TABLE)
5a. If you need a “less than” probability (p(X<a) you are done)
5b.If you need a “greater than” probability p(X>b) take 1- result from step 4. 
5. If you need a “between –two-values” probabilities – that is, p(a<X<b) – do Steps 1-4 for b (the larger of the two values) and again for a (the smallest of the two and subtract the results)

C. [bookmark: _Toc450123941]Standard Normal Probability Distribution

A random variable that has a normal distribution with properties of mean (μ) = 0 and a standard deviation (σ) =1, has a standard normal probability distribution.  Letter z designates this particular normal random variable.
[image: Screen Shot 2016-02-26 at 10.56.20 PM.png]
Example
Mean (μ) =18
Standard deviation (σ) =6
If P(x ≥ 22) =?




       Distance from the mean is 4 (22-18)
[image: Screen Shot 2016-02-27 at 2.23.05 AM.png]Positive is 
  right-tailed and negative is left-tailed.
22-18/6 = 4/6 or z=0.66666 standard deviation to the right








Use excel to find P(x ≥ 22) =?
Distance from the mean is 4 (22-18)
Positive is right-tailed and negative is left-tailed.
22-18/6 = 4/6 or z=0.66666 standard deviation to the right

                                        Use excel to find P(x ≥ 22) =?
Distance from the mean is 4 (22-18)
Positive is right-tailed and negative is left-tailed.
22-18/6 = 4/6 or z=0.66666 standard deviation to the right


Use excel to find P(x ≥ 22) =?
[image: Screen Shot 2016-02-27 at 10.13.01 PM.png]Z Value=0.666666667 or 0.67
Probability to the left: P (z≤22) = 0.747507462, which equals 75%. 

Probability to the right: P(z ≥ 22) of  0.252492538, which P(x ≥ 22) equals 25%.  

[image: Screen Shot 2016-02-27 at 2.29.26 AM.png]
Using Excel to find the probability of a stock out if the z value of a probability =.5
[image: Screen Shot 2016-02-28 at 1.48.04 PM.png]
1.644853627 or 1.64 is the z value of probability .5
9.869121762 or 9.87 is to the right
28 (27.86912176 rounded) need to be in stock in order to be 95% sure you will not be out of stock
0.047790352 probability of a stock out, which is 4.7% (less than 5%)

Raising the re-order point from 22 to 28, the probability of stock out decreases from .22 to .5

200 = average demand during lead time
28 = standard deviation during lead time

What level of inventory should be ordered with 90% confidence that there will not be a stock-out?
[image: Screen Shot 2016-02-28 at 3.22.08 PM.png]
[image: Screen Shot 2016-02-28 at 4.20.43 PM.png] 
By using excel it was determined the level of inventory that should be ordered with a 90% confidence that there will be no stock out is 235.8834438.

Example:

  X= 24000
· = 20000 (average)
       σ = 5000 (SD) 
      =NORM.DIST(24000,20000,5000,1)
      = 0.788145 (The P on the left side of 24000 - each time the inventory level drops to 24,000 units the company needs to replace order)
      In 78.81 % of the order cycles, the warehouse will not have a stock out.  Risk = 21.19. (The P on the right side of the 24000) [image: ]20000
Probability of 
Excess inventory
78.81
24000
21.19
Probability of 
Out of stock


An electronics superstore is carrying a 60”  LEDTV for the upcoming Christmas holiday sales. Each TV can be sold at $2,500. The store can purchase each unit for $1,800. Any unsold TVs can be salvaged, through end of year sales, for $1,700. The retailer estimates that the demand for this TV will be Normally distributed with mean of 150 and standard deviation of 15.  How many units should they order? 
Note: If they order 150, they will be out of stock 50% of the time.
Which service level is optimal? 80%, 90%, 95%, 99%??
Cost =1800, Sales Price = 2500, Salvage Value  = 1700  (2500-1800=1700)
Underage Cost  = Marginal Benefit = p-c =  2500-1800 = 700Probability of 
Shortage

[image: ]0.125
1.15
0.875
Probability of 
Excess inventory



(Cu+Co)=700+100=800
Optimal Service Level = SL* = P(LTD ≤ ROP) = Cu/(Cu+Co)
P(X>=N)= 7/8
Or in NVP  Terminology SL* = P(R ≤ Q*) = Cu/(Cu+Co)=700/800 = 0.875 ( On Excel sheet, type 700/800 then push ENTER, it would come out 0.875, this is the P and would be on the left side.)
=NORM.INV(0.875,150,15) then push ENTER, it would come out about 167 units.
LTD =N(150,15)
ROP = LTD + Isafety
= LTD + zσLTD                                                  ROP = 168
= 150+1.15(15)
Isafety = 17.25 = 18                          Risk = 12.5%         


V. [bookmark: _Toc450123942]Moving Average, Exponential Smoothing, Regression

A. [bookmark: _Toc450123943]Moving Average:
· Frequently centered, it is more convenient to use past data to predict the following period directly. 
· If you want to forecast demand for May with a 4-month moving average for example, we can take the average sales from Jan, Feb, Mar, and Apr. 
· January sales= 100, February sales= 120, March sales= 140, and April Sales=210; n=4 (number or periods)
· Forecast for May = (100 + 120 + 140 + 210)/4 = 570/4 = 142.5
· The longer the moving average period, the more the random elements are smoothed, but lags the actual demand. 
· In a forecasting model using simple moving average the shorter the time span used for calculating the moving average, the closer the average follows volatile trends. 
Double click on the file below to view examples of Moving Average:




B. [bookmark: _Toc450123944]Exponential Smoothing:
· Exponential Smoothing is as forecast technique that computes a weighted moving average of the current actual demand and forecast. 
· Exponential Smoothing is the most used forecasting technique. The most recent occurrences are more indicative of the future (highest predictable value) than those in the more distant past. We should give more weight to the more recent time periods when forecasting. Each increment in the past is decreased by (1-alpha). The higher the alpha, the more closely the forecast follows the actual demand. 
· Ex: A prior forecast demand was 230, a related actual demand was 250, and a smoothing constant alpha of 0.1, what is the exponential smoothing forecast for the following period?
· Forecast = 230 + 0.1 x (250-230) = 232
Double Click on the file below to view examples of Exponential Smoothing:




C. [bookmark: _Toc450123945]Regression:

· Can be used to test the relationship between X-variables and Y-variables (the strength of the relationship reflects the ability to predict the dependent variable based on a change in the independent variable).  A strong relationship means that Y can be forecasted based on X. (For, example, an R2 of .9 means that 90% of the change in Y can be explained by a change in X).
· To run a regression, click the Regression tool in the Statistic Analysis Tool Pack on Excel ( If Data Analysis  does not appear under the Data tab, then you have to activate the Add-in by going to File, Options, Add-ins, Analysis Tool Pack) then select regression from the list and fill in the X and Y variables. 	
· This will give you a summary output which will include a R2 (R-squared) value 
· A high R square means the X and Y variables have a strong relationship between them
· A low R square value means the X and Y variables do not have a strong relationship
· Also included in the summary output will be a P-value
· In order for the X and Y variables to have a strong relationship, they need a high R square along with a low P-value
· P-value should be less than 1, and the smaller the value the stronger the relationship is between the X and Y variables. Generally a P value of less than .05 is considered significant. 
Double click on the file to view a sample data set and regression:



VI. [bookmark: _Toc450123946]STANDARD NORMAL DISTRIBUTION
 
 
Standard Normal Distribution

Definitions:
x= variable between -∞ and ∞
𝜇=mean between -∞ and ∞
𝝈=Standard Deviation >0
𝝈2=Variance >0

Normal Distribution equation:
x~N(𝜇,𝝈2)= x is distributed normally with mean 𝜇 and variance 𝝈2 where 𝜇=0 and 𝝈2=1.

The probability is the area under the curve.

How to standardize normal distribution:

x - 𝜇
 𝝈

Example ppt pg 24

A random variable x with mean of 𝜇 , and standard deviation of σ is multiplied by 2 generates the random variable y=2x. 

We already know that x: (𝜇 , σ) 

Then y=2x → y:(2𝜇 , 2σ)

.𝜇= 10,000 (0.05) = 500   			σ = 10,000 (0.05) = 500

Excel function =norm.inv(rand(), mean, Standard Deviation)
		=norm.inv(rand(), 500,500)
Example PPT pg 40

Lead time = 5 days
Average daily demand = 50
StdDev of daily demand = 10

𝜇=50x5=250
σ = 50x1=50

Adding 2 random variables

y=x1+x2

.Mean     =    𝜇(y)=  𝜇 (x1)  +   𝜇(x2) = 2𝜇
Variance = 𝝈2(y)= 𝝈2(x1) + 𝝈2(x2) = 2𝝈2
StdDev   =   𝝈(y)=  √ (𝝈)

D=200		StdDev=25		LT=25		@90%
D=50		StdDev=10		LT5		@90%

.Mean     =    𝜇(y)=  200+50
Variance = 𝝈2(y)= 𝝈2(x1) + 𝝈2(x2) = 2𝝈2  ?????
StdDev   =   𝝈(y)=  √ (𝝈)  ??????


[bookmark: _Toc450123947]Example 


At Dot Com, a Large retailer of popular books demand is constant at 32,000 books per year. the cost of placing an order at 32,000 books over year. the cost of placing order to replenish stock is $10, and the annual cost of holding is $4 per book, Stock is received five working days after an order has been placed. No backordering is allowed. assume 300 working days a year.
 
What is Dot Com’s optimal order quantity?
EOQ= (2(32,000)(10)4) = 400 units
 
What is the optimal number of orders per year?
DEOQ = 32000 / 400 = 80 orders / year
 
What is the optimal interval (in working days) between orders?
TBO = EOQ D = 400 / 32000 = .0125 year
convert .0125 yr 300 days /year = 3.75 days
 
What is demand during the lead time
L = 5
d=32000300= 106.67 or 106 per week
DDLT =dL= 106.67(5) = 533.35 or 533 units
 
What is the reorder point?
R = demand during lead time = d L = 106.675
Optimal reorder point is 533.35 or 533 units
 
What is the inventory position immediately after an order has been placed?
EOQ = 400 , R = 533
                    	400 + 533 = 933


VII. [bookmark: _Toc450123948]EXPONENTIAL AND POISSON PROBABILITY DISTRIBUTIONS

A. [bookmark: _Toc450123949]Exponential Probability Distribution

a. Times between arrivals
b. Distance between two variables
c. Time required or duration to complete or execute certain matters
d. Used primarily of service and inter-arrival times.
e. Mean and Standard Deviation are equal. 
f. Exponential Probability Distribution is always skewed to the right with a measure of 2
Exponential Distribution=
Definition: Exponential distribution with parameter 

[image: ]
[image: ]
[image: ]






B. [bookmark: _Toc450123950]Poisson Probability Distribution

A. Number of speed bumps on a given street interval.(Lassen St. through Nordhoff)
B. Number of vehicles arriving at an In-n-Out drive through
C. Used also to indicate amount of calls of tickets to a music concert
D. Used to indicate an estimation of the number of occurrences through a given interval.
E. Discrete random variable (infinite amount:1,2,3 etc.)
F. Probability the same for intervals equaling the same length.
G. Poisson provides an appropriate description of the number of occurrences within a given interval.
H. The occurrence or non-occurrence of in any interval is independent of any other occurrence or nonoccurrence in any other interval
I. No stated upper limit. Probability function applicable for discrete integer numbers x=1, 2, 3 etc.
J. X value will become large enough so that f(x) will become zero in practical instances.

[image: ]






Formulas and Rules

x = the number of occurrences in an interval
   	f(x) = the probability of x occurrences in an interval
     	m  = mean number of occurrences in an interval
       	e = 2.71828
     	x! =  x(x – 1)(x – 2) . . . (2)(1)


Double click icon to view Examples of these distributions:




[bookmark: _Toc450123951]VIII. Regression, Exponential & Poisson Distributions, and Exponential Random Variable

Review:
1. Regression Report: Using the “Data Analysis” tool under “data,” create a report using X and Y values.
A) Important items to look at:
Intercept coefficient, x variable coefficient, x variable p-value, Rsquare, Standard error. (*In regression standard deviation is standard error)
Beginning:
2. Exponential & Poisson Distributions
	A)
[image: ]
	B) = expected or mean in terms of time
Rate per unit of time = 1/
Mean = StdDev
Example: If a person comes every 3 weeks, then the rate= 1/3
*Careful: Lambda = 1/ 𝜇

C) In excel:
(𝑥)=1/𝜇 𝑒^(−𝑥/𝜇)  =   Expon.dist(x,1/ 𝜇, 0)

(𝑥)=1- 𝑒^(−𝑥/𝜇)    = Expon.dist(x,1/ 𝜇, 1)

0= Height of the curve
1= Probability

(𝑥≥𝑋1)=1−(𝑥≤𝑋1)=1−1+𝑒^(−𝑥/𝜇)   = 1-1+ 𝑒^(−𝑥/𝜇)  = Exp (−𝑥/𝜇)


D) Using Solver:
Set Objective: (−𝑥/𝜇)
Click on “Value of” : 100%- percentage you are looking for
By changing Variable Cells: Pick a cell.

3. Exponential Random Variable
A)
[image: ]
B) Creating a set of random numbers

To create numbers ranging from a(the small number) to b(the largest number)
We do: a(b-a)Rand()  

If we have mean and standard deviation, and we want the numbers rounded, then we use:
Uniform:
=Round(mean+(Stdv-mean)* rand(), 1) 
Normal:

=Norm.inv(Rand(), mean, Stdv) 

Exponential:
= - 𝜇*Ln(Rand())



4. Exponential & Poisson

Exponential= between occurrences
Poisson = per interval

A) Poisson distribution 
In order to find the Poisson distribution we excel.

Poisson.Dist(x, mean, 0 OR 1) 
B) 1 = true = Cumulative = Probability of  X or less
0 = False = Probability = exactly X

[bookmark: _Toc450123952]IX. Forecasting for Regression and Seasonality

Today we are starting with our actual data 
[image: ]
We are trying to get to a graph with our real data along with the forecast. 
[image: ]
We want to make the procedure independent of data so it can work with any set of data. Looking at the graph we see a pattern. It goes in sets of five points, starting low making its way up and then back to low again. This shows us seasonality, with periods of low sales and high sales. Since it renews every five periods we assume periodicity is 5 periods.
The next steps would be to remove the seasonality, find a trend, forecast a trend, and then add back seasonality. One way to remove seasonality is to get the average of each of the five periods. We take the centered moving average by finding the average by getting the average of the five periods in relation to the third number. We will then add the moving average to the graph.
1)Click on the points on the graph
2)Right click and choose select data
3)Click add
4)Select the moving average column for your X-Values and keep your original X-Values. 


This gives us information without the seasonality.
[image: ]

Next we use regression analysis to estimate the trend of the data we just put on the graph. There are two ways to do this. The first way
1)Go to the data tab
2)Choose data analysis and pick the regression
3)Select your averages column as your Y-Value
4)Keep your original X-Values

The benefit to this way is that we get key factors like coefficient of determinations, standard error, and P- Values. The downside to this way is that there is less flexibility. If we change some of our data, it will not show in our regression. From our regression analysis, there are key factors that we look at. First off we take a look at our coefficients.  We call them b0(intercept) and b1(X Variable), and we use them to create our equation (Y=b0+b1*X). Another important number is R Squared. Since this number is a decimal, we want it as close to one as we can get it. The observation tells us how many numbers we used to calculate the regression. The standard error represents the standard deviation of our forecast. We also want to look at the P-Value of b1. This number we want as small as possible (close to zero). 

Next we will create a regression line for our graph. We create our equation from earlier in the next column. Make sure to lock your b0 and b1 since you will be dragging it down. 

[bookmark: _GoBack]1)Right click on the graph and select data
2)We select the data we just created as our Y-Value

This is what it looks like when you add the regression line to the original data
[image: ]

When you add all the data to one graph you get:
[image: ]

The second method is to use the trend equation in excel (=TREND(y-values,x-values,known x)). The benefit to this is that if a number changes in your original data, it automatically changes in your trend function. The downside to this method is that it does not provide you with additional information like the regression does. This gives us the regression line. To find the seasonality we divide our original data by our regression data.  You then average every fifth number that you get from this information. Copy this down to get the seasonality for each of the five periods.
Our last step is adding the seasonality back into the graph. We do this by multiplying the regression information by the corresponding seasonality for the period. Make sure to use VLOOKUP to get the right corresponding seasonality. This will get us our final forecast. 
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Moving Average Practice.xlsx
Sheet1

		Moving Average						Example 1								Let's Develop 3-week and 6-week moving average forecasts for demand in week 13





		Week		Demand		MA(3wk)		Forecast				Week		Demand		MA(6wk)		Forecast

		1		1300								1		1300

		2		1356								2		1356

		3		1442		1366						3		1442

		4		1576		1458						4		1576

		5		1716		1578						5		1716

		6		1832		1708						6		1832		1537

		7		1996		1848						7		1996		1653

		8		2028		1952						8		2028		1765

		9		2048		2024						9		2048		1866

		10		2200		2092						10		2200		1970

		11		2214		2154						11		2214		2053

		12		2420		2278						12		2420		2151

		13										13

		Moving Average						Example 2				Knowing if forecast technique is good

		t		At		3-P-MA		Forecast				Deviation		AD

		1		1368

		2		1758

		3		1020		1382

		4		1470		1416		1382				88		88

		5		1008		1166		1416				-408		408

		6		1530		1336		1166				364		364

		7		1572		1370		1336				236		236

		8		1488		1530		1370				118		118

		9		1704		1588		1530				174		174

		10		1566		1586		1588				-22		22

		11		1548		1606		1586				-38		38

		12		1236		1450		1606				-370		370

										MAD				202				MAD= Mean Absolute Deviation

		13								Forecast				1450

								Standard Deviation of Error = 						252.5				So, this means that average forecast for week 13 has a normal distribution ft which is =1450 and standard deviation of 1.25(MAD) which is 252.5. Therefore the actual demand for next period with more than 99% probability to be between 1450-750 to 1450+750. 

						Assume MAD (just to make a round #) =								250



		1.Find the deviation of (At-Forecast) beginning from first forecast 

		2. Find the Absolute value of the Deviation to have all positve numbers

		3. Add the AD numbers and then divide by the number of periods to get MAD, in this example they cover 9 periods so divide by 9



		4. Standard Deviation of Error = 1.25*(MAD)

		Moving Average						Example 3

		Note: The technique that is the best is the one that has the minimum MAD number

		When comparing MAD between techniques in specific data it must be compared to same amount of periods.

		t		At		3-P-MA		Forecast		Error		AD		6-P-MA		Forecast		Error 		AD

		1		1368

		2		1758

		3		1020		1382

		4		1470		1416		1382		88		88

		5		1008		1166		1416		-408		408

		6		1530		1336		1166		364		364		1359

		7		1572		1370		1336		236		236		1393		1359		213		213

		8		1488		1530		1370		118		118		1348		1393		95		95

		9		1704		1588		1530		174		174		1462		1348		356		356

		10		1566		1586		1588		-22		22		1478		1462		104		104

		11		1548		1606		1586		-38		38		1568		1478		70		70

		12		1236		1450		1606		-370		370		1519		1568		-332		332

										MAD =		159.7								195

		13								Forecast=		1450								1519

		1. Data will be compared from period 7 to period 12. (Since we need the same amount of periods)

		2. We compare the MAD numbers from both 3-P-MA and 6-P-MA. Since 159.7 < 195 the forecasting using 3-P-MA is better for this set of data.



		Tracking Signal						Example

		Tracking Signal is Second measure of effectiveness to help us find out if our forecasting technique is reliable. Reliability means quality over time, also means the forecasting is good and will remain good over time.





		TS=		∑(actual-forescat)/MAD						or 		TS=		(# of periods)*(∑(actual-forecast)/∑|actual-forecast|)

		t		at 		Ft 		|At-Ft|		SUM |At-Ft|		MAD		At-Ft		SUM (At-Ft)		Ts

		1		690

		2		680		690		10.0		10		10.0		-10.0		-10.0		-1.0

		3		720		685.0		35.0		45.0		22.5		35.0		25.0		1.1

		4		680		702.5		22.5		67.5		22.5		-22.5		2.5		0.1

		5		740		691.3		48.8		116.3		29.1		48.8		51.3		1.8

		6		670		715.6		45.6		161.9		32.4		-45.6		5.6		0.2

		7		660		692.8		32.8		194.7		32.4		-32.8		-27.2		-0.8

		8		710		676.4		33.6		228.3		32.6		33.6		6.4		0.2

		9		660		693.2		33.2		261.5		32.7		-33.2		-26.8		-0.8

		The expected value of tracking signal is that Actual is sometimes > than Forecast and vice versa. Therefore the expected value of a set of random positive and negatives is Zero. Zero devided by a positve number is Zero. The Tracking singal should have two characteristics; 1. it should remain between the Upper Control Limit(UCL) and Lower Control Limit (LCL) 2. It shouldnt show any specific pattern, should always look random.









		If the tracking singal is out of control limits then the forecasting method is not reliable. But if the tracking signal is within the control limits and is always positve, then that means Actual is > than Forecast. That means we are underestimating demand. If there is a pattern it might be due to seasonality in demand.







Actual	7	8	9	10	11	12	1572	1488	1704	1566	1548	1236	3-P-MA	7	8	9	10	11	12	1336	1370	1530	1588	1586	1606	6-P-MA	7	8	9	10	11	12	1359	1393	1348	1462	1478	1568	
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Forecasting- Exponential Smoothing Practice.xlsx
Sheet1

		Forecasting 2: Exponential Smoothing

		Example 1

				Forecast for week 9 using α = 0.1

												α =		0.1

				Week		Demand 		Forecast				F3= (1-α)F2 +  αA2

				1		200

				2		250		200

				3		175		205

				4		186		202

				5		225		200

				6		285		203

				7		305		211

				8		190		220

				9				217

		Example 2

				Week 		Demand		Forecast				α =		0.4

				1		200

				2		250		200

				3		175		220

				4		186		202

				5		225		196

				6		285		207

				7		305		238

				8		190		265

				9				235

		When comparing α to n in moving average just remember that the bigger the n the smaller the α. So a smaller α means a smoother curve as seen on the graph.



		In order to see which α is better we need to compare them using MAD. And we choose the forecast with the LOWER MAD.



		Example 3

				Week		Demand		Forecast for  α=0.1		AD		Forcast for  α=0.4		AD				MAD=the sum of all AD/number of periods in this case 7. week 1 does not contain AD.

				1		200

				2		250		200.00		50.00		200.00		50.00

				3		175		205.00		30.00		220.00		45.00

				4		186		202.00		16.00		202.00		16.00

				5		225		200.40		24.60		195.60		29.40

				6		285		202.86		82.14		207.36		77.64

				7		305		211.07		93.93		238.42		66.58

				8		190		220.47		30.47		265.05		75.05

								MAD=		46.73				51.38

		SO: in this specific data  α=0.1 is lower and the best option.

		Visiual representation when α goes down.

		 α=		1

		t		At		Ft

		1		200

		2		250		200

		3		175		250

		4		186		175

		5		225		186

		6		285		225

		7		305		285

		8		190		305

		Example 4

		Exponential Smoothing Forecast

				 α=		0.5		MAD =		927

				Period		At		Ft		Dev		AD		MAD		Sum Dev		TS				What if table

				1		13400		13912		-512		512		512		-512		-1.000				Alpha		927

				2		14100		13656		444		444		478		-68		-0.142				0.1		1017

				3		14700		13878		822		822		593		754		1.272				0.2		897

				4		15100		14289		811		811		647		1565		2.418				0.3		886

				5		13400		14695		-1295		1295		777		271		0.348				0.4		901

				6		16000		14047		1953		1953		973		2223		2.286				0.5		927

				7		12700		15024		-2324		2324		1166		-100		-0.086				0.6		960

				8		15400		13862		1538		1538		1212		1438		1.186				0.7		997

				9		13000		14631		-1631		1631		1259		-193		-0.153				0.8		1036

				10		16200		13815		2385		2385		1371		2191		1.598				0.9		1078

				11		16100		15008		1092		1092		1346		3284		2.440				1		1130

				12		13500		15554		-2054		2054		1405		1230		0.875						Min=		886

				13		14900		14527		373		373		1326		1603		1.209

				14		15200		14713		487		487		1266		2089		1.651

				15		15200		14957		243		243		1198		2333		1.948

				16		15800		15078		722		722		1168		3054		2.616

				17		16100		15439		661		661		1138		3715		3.265

				18		16400		15770		630		630		1110		4346		3.916

				19		15300		16085		-785		785		1093		3561		3.259

				20		15900		15692		208		208		1048		3768		3.594

				21		16300		15796		504		504		1022		4272		4.178

				22		15500		16048		-548		548		1001		3724		3.721

				23		15800		15774		26		26		959		3750		3.912

				24		16000		15787		213		213		927		3963		4.273



Demand	200	250	175	186	225	285	305	190	alpha = 0.1	200	205	202	200.4	202.86	211.07400000000001	220.46660000000003	alpha = 0.4	200	220	202	195.6	207.35999999999999	238.416	265.0496	week









Actual	2	3	4	5	6	7	8	250	175	186	225	285	305	190	Forecast	2	3	4	5	6	7	8	200	250	175	186	225	285	305	
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Linear Regression Practice.xlsx
Regression

		X = Number of Hours Studied

		Y = Score (out of 100) on Exam

		STUDENT		X		Y

		Student 1		0		15

		Student 2		1		22

		Student 3		2		19

		Student 4		3		28

		Student 5		4		26

		Student 6		5		25

		Student 7		6		33

		Student 8		7		45

		Student 9		8		42

		Student 10		9		50

		Student 11		10		59

		Student 12		11		57

		Student 13		12		60

		Student 14		13		63

		Student 15		14		68

		Student 16		15		81						SUMMARY OUTPUT

Ryan Imhof: This data is the output of going to "Data Analysis" as indicated in the instructions.

		Student 17		16		75

		Student 18		17		76						x

		Student 19		18		79						Multiple R		0.9605485326

		Student 20		19		84						R Square		0.9226534835

Ryan Imhof: NOTE: Generally R2 of 80% or more is considered "strong." This R2 indicates that studying has a large impact on grades. Try changing the numbers around and rerun this test to see how R2 changes. 

		Student 21		20		82						Adjusted R Square		0.9199863622

		Student 22		21		83						Standard Error		7.5336804006

		Student 23		22		84						Observations		31

Ryan Imhof: This means that 31 students were sampled in this study. Generrally, the larter the sample the more reliable the results will be and a sample of 30 is usually considered adequate. 


		Student 24		23		87

		Student 25		24		70						ANOVA

		Student 26		25		89								df		SS		MS		F		Significance F

		Student 27		26		99						Regression		1		19634.0661290323		19634.0661290323		345.9360839371		1.1633286674065E-17

		Student 28		27		94						Residual		29		1645.9338709677		56.7563403782

		Student 29		28		95						Total		30		21280

		Student 30		29		96

		Student 31		30		98								Coefficients		Standard Error		t Stat		P-value		Lower 95%		Upper 95%		Lower 95.0%		Upper 95.0%

												Intercept		21.7943548387		2.641990621		8.2492173383		0.0000000043		16.3908773063		27.1978323711		16.3908773063		27.1978323711

												X Variable 1		2.8137096774		0.1512799429		18.599357084		1.1633286674065E-17		2.504307454		3.1231119009		2.504307454		3.1231119009

												REGRESSION FORMULA:

Ryan Imhof: Try plugging in differend X values and seeing how close it is to the actual Y value in Column C
		

Ryan Imhof: NOTE: Generally R2 of 80% or more is considered "strong." This R2 indicates that studying has a large impact on grades. Try changing the numbers around and rerun this test to see how R2 changes. 		

Ryan Imhof: This means that 31 students were sampled in this study. Generrally, the larter the sample the more reliable the results will be and a sample of 30 is usually considered adequate. 
				Y = 21.79 + 2.81X



Effect of Hours Studied

Y	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	15	22	19	28	26	25	33	45	42	50	59	57	60	63	68	81	75	76	79	84	82	83	84	87	70	89	99	94	95	96	98	
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u= expected or mean in terms of time
Rate per unit of time =1/u
Mean = StdDev
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If p=5min, compute £(3)
£(3) =EXPON.DIST(3,1/5,0) =0.1097
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Exponential and Poisson.xlsx
EXP

		mu		5		 =mean		 =Std Dev

		0		0.2		0.2		0		0								=(1/$B$1)*EXP(-A2/$B$1)

		1		0.1637461506		0.1637461506		0.1812692469		0.1812692469								=EXPON.DIST(A2,1/$B$1,0)

		2		0.1340640092		0.1340640092		0.329679954		0.329679954								=1-EXP(-A2/$B$1)

		3		0.1097623272		0.1097623272		0.4511883639		0.4511883639								=EXPON.DIST(A2,1/$B$1,1)

		4		0.0898657928		0.0898657928		0.5506710359		0.5506710359

		5		0.0735758882		0.0735758882		0.6321205588		0.6321205588

		6		0.0602388424		0.0602388424		0.6988057881		0.6988057881

		7		0.0493193928		0.0493193928		0.7534030361		0.7534030361

		8		0.0403793036		0.0403793036		0.798103482		0.798103482

		9		0.0330597776		0.0330597776		0.8347011118		0.8347011118

		10		0.0270670566		0.0270670566		0.8646647168		0.8646647168

		11		0.0221606317		0.0221606317		0.8891968416		0.8891968416

		12		0.0181435907		0.0181435907		0.9092820467		0.9092820467

		13		0.0148547156		0.0148547156		0.9257264218		0.9257264218

		14		0.0121620125		0.0121620125		0.9391899374		0.9391899374

		15		0.0099574137		0.0099574137		0.9502129316		0.9502129316

		16		0.0081524408		0.0081524408		0.959237796		0.959237796

		17		0.006674654		0.006674654		0.96662673		0.96662673

		18		0.0054647445		0.0054647445		0.9726762776		0.9726762776

		19		0.0044741544		0.0044741544		0.9776292281		0.9776292281

		20		0.0036631278		0.0036631278		0.9816843611		0.9816843611

		21		0.0029991154		0.0029991154		0.9850044232		0.9850044232

		22		0.002455468		0.002455468		0.9877226601		0.9877226601

		23		0.0020103671		0.0020103671		0.9899481643		0.9899481643

		24		0.0016459494		0.0016459494		0.991770253		0.991770253

		25		0.0013475894		0.0013475894		0.993262053		0.993262053

		26		0.0011033129		0.0011033129		0.9944834356		0.9944834356

		27		0.0009033162		0.0009033162		0.9954834191		0.9954834191

		28		0.0007395727		0.0007395727		0.9963021363		0.9963021363

		29		0.0006055109		0.0006055109		0.9969724453		0.9969724453

		30		0.0004957504		0.0004957504		0.9975212478		0.9975212478





5	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	0.2	0.16374615061559639	0.13406400920712788	0.10976232721880529	8.9865792823444313E-2	7.357588823428847E-2	6.0238842382440427E-2	4.9319392788321301E-2	4.0379303598931077E-2	3.3059777644317306E-2	2.7067056647322542E-2	2.2160631672466777E-2	1.8143590657882503E-2	1.4854715642866776E-2	1.2162012525043595E-2	9.9574136735727896E-3	8.152440795673243E-3	6.6746539920652164E-3	5.4647444894585125E-3	4.4741543712331208E-3	3.6631277777468361E-3	2.9991153640955407E-3	2.4554679806136873E-3	2.0103671489267172E-3	1.6459494098040061E-3	1.3475893998170934E-3	1.1033128841521544E-3	9.0331618852253323E-4	7.3957274329658647E-4	6.0551094907516315E-4	4.957504353332717E-4	 =mean	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	0.2	0.16374615061559639	0.13406400920712788	0.10976232721880529	8.9865792823444313E-2	7.357588823428847E-2	6.0238842382440407E-2	4.9319392788321287E-2	4.0379303598931077E-2	3.3059777644317306E-2	2.7067056647322542E-2	2.2160631672466777E-2	1.8143590657882496E-2	1.4854715642866776E-2	1.2162012525043592E-2	9.9574136735727896E-3	8.152440795673243E-3	6.6746539920652138E-3	5.4647444894585125E-3	4.4741543712331182E-3	3.6631277777468361E-3	2.9991153640955407E-3	2.4554679806136873E-3	2.010367148926715E-3	1.6459494098040048E-3	1.3475893998170934E-3	1.1033128841521544E-3	9.0331618852253323E-4	7.3957274329658582E-4	6.0551094907516261E-4	4.957504353332717E-4	 =Std Dev	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	0	0.18126924692201818	0.32967995396436067	0.45118836390597361	0.55067103588277844	0.63212055882855767	0.69880578808779781	0.75340303605839354	0.79810348200534464	0.83470111177841344	0.8646647167633873	0.8891968416376661	0.90928204671058754	0.92572642178566611	0.93918993737478207	0.95021293163213605	0.95923779602163384	0.96662673003967392	0.97267627755270747	0.97762922814383435	0.98168436111126578	0.9850044231795223	0.98772266009693155	0.98994816425536647	0.99177025295097998	0.99326205300091452	0.99448343557923924	0.99548341905738735	0.99630213628351705	0.99697244525462414	0.99752124782333362	
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		Uniform		Normal		Exp

		80		80		50

		20		20								=$A$2+($A$3-$A$2)*RAND()

		32.7		28.5512527831		16.6010088541						=NORM.INV(RAND(),$B$2,$B$3)

		64.9		85.6536590387		30.5071309588						=-$C$2*LN(RAND())

		20.6		44.5416245454		3.6943187507

		41.8		113.8688344146		29.8717425217

		25.3		68.7957142921		58.5679001566						0.0000000004

		26.4		54.9440536172		52.9889899107

		51.0		65.953277708		44.3884652809
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