Sections A to G	ADM2303 				Fall 2015
	Assignment#3
[bookmark: _GoBack]Question#1:

a. 'Computer Repair Services' receives on average, 4 service calls every hour.  Calculate the following probabilities.
i. There will be no service call in the first 20 minutes.
ii. There will be a service call between 21 and 33 minutes. 

Solution:
4 service calls(sc)/hr ==> 4 sc/60 min ==> 1 sc/15 min
Let T: RV indicating time between calls
Then P[t1 < T < t2] = e(-λt1) - e(-λt2) where
E[T] = 1/λ = 15 min/sc and λ = 1/15min
i. P[No Service Call in first 20 min] = 1 - P[Service Call in first 20 min]
				    = 1 - P[(t1 = 0) < T < (t2 = 20)]
				    = 1 - { e(-1/15 *0) - e(-1/15*20)}
				    = 1 - {e(0) - e(-1.3333)}
				    = 0.2636 (26.36%)
ii. P[(t1 = 21) < T < (t2 = 33)] = e(-1/15*21) - e(-1/15*33)
			      = e(-1.40) - e(-2.20)
			      = 0.2466 - 0.1108
			      = 0.1358 (13.58%)
				  
b. The "Mean Time Between Failure" also known as MTBF for a given electronic equipment is 3 years.  
i. Calculate the probability that the equipment will fail between the second and third year.
ii. If only 10% of the equipment is expected to fail by the end of the first year, what should be the MTBF for this electronic equipment?
iii. From what you calculated in part "ii." of this sub-question, describe in your words the importance of quality control and warranty based recalls of the equipment produced.
Solution:
Let T: RV indicating time between failures
Then P[t1 < T < t2] = e(-λt1) - e(-λt2) where
E[T] = 1/λ = 15 min/sc and λ = 1/t_M where t_M = MTBF
i. MTBF = t_M = 3 yrs, and λ = 1/3 (yrs)
 P[(t1 = 2) < T < (t2 = 3)] = e(-1/3*2) - e(-1/3*3)
			= e(-2/3) - e(-1)
			= 0.5134 - 0.3679
			= 0.1455 (14.55%)
ii. P[(t1 = 0) < T < (t2 = 1)] = e(-1/t_M *0) - e(-1/t_M*1)
			= 1 - e(-1/t_M*1)
But this probability must be 0.1.  Hence
		0.10 = 1 - e(-1/t_M)
Thus,		e(-1/t_M)	= 0.90
		ln{ e(-1/t_M)} = ln{0.9}
			-1/t_M * 1 = ln{0.9}
				-1/{ln(0.9)} = t_M
This gives 	t_M = 9.4912
The MTBF must be 9.4912 yrs.
iii.  It can be seen that if warranty is for a period of 1 yr and you do not want more than 10% of the product to be serviced for warranty recalls within the first year, then you must have confidence in the consistency of the quality of the electronic equipment you produce (or quality control) but you must also ensure that the design, components used and manufacturing process must be of the highest quality to make the product have an MTBF of 9.4912 years.  You can convince yourself that if your MTBF is going to be only 4.4814 yrs, you will have 20% of your product have a failure within the first year!  

Question#2:

Large investment banks do massive amount of electronic trading based on some very sophisticated software they develop and use effectively.  Individual investors do not have the benefit of such dedicated specialized software and as such, when they do on-line trading, their success rate is about 30%.  If an individual engages in on-line trading for 100 times, calculate:
a. the expected value and standard deviation of the number of successful trades.
Solution:
Let X: RV indicating the # of successful on-line trades.
Here X ~ b(n = 100, p = 0.3, x)
{E[X] = n p} = 100 * 0.30 = 30

  
b. the approximate probability that more than 36 trades will be successful.
Solution:
Discrete	Continuous
P[X > (x = 36)] = P[X > (x = 36.5)]

	            = 
		= 1 - P[Z < (z = 1.4184)]
		= 1 - 0.9222
		= 0.0778 (7.78%:  More accurate approximate value is 7.80%).  This is the 'Approximate' value. 
c. what conditions need to be satisfied and corrections to be used do the calculation in part "ii" above.
Solution:
b(n, p, x) --> N(μ,σ) is only valid if,
i. n p >10 and n q > 10 simultaneously , and if 
2. The continuity Correction is used to go from the 'Discrete' domain of the binomial distribution to the 'Continuous' domain of the normal distribution.  In this case,
P[X > (x = 36)] must be corrected as P[X > (x = 36.5)], since '>' implies 'to the right' and '36' extends from 35.5 to 36.5 and as such [X > (x = 36)] must be corrected as [X > (x = 36.5)].

d. Calculate the precise value of the probability by using MiniTab and an appropriate distribution.
Solution:
P[X > (x = 36)] = 1 - P[X <= (x = 36)]
		= 1 - CDF(36), where CDF(36) gives the Cumulative Distribution Function of 36 in MiniTab.  Now,
MTB > cdf 36;
SUBC> binomial 100 .3.
 
Cumulative Distribution Function 

Binomial with n = 100 and p = 0.3

 x  P( X <= x )
36     0.920120

Thus, P[X > (x = 36)] = 1 - 0.9201
			= 0.0799 (7.99%).  This is the 'Precise Value'.
e. If % error is defined as (Approximate Value - Precise Value)/(Precise Value)* 100, calculate this % error and comment on your calculation based on approximate method.  How good is your approximation?
Solution:


This is approximately 1/38 th of one percent and it 'under-estimates' the precise value a little.  This can be considered as an excellent approximation.

Question#3:
Here ROI stands for "Return On Investment" in dollars, and f[x1∩y1] stands for P[x1∩y1].
X: RV indicating ROI/unit  of Investment of one type
Y: RV indicating  ROI/unit of investment of another type
Following is the relevant information giving the "Joint" and "Marginal" probabilities (also called distributions) for the two investment types, X and Y.


   
	Random Variable
	Y = (y1 = 6)
	Y = (y2 = 10)
	Total/Marginal

	X = (x1 = 4)
	f[x1∩y1] = 0.10 
	f[x1∩y2] = 0.5
	f[X = x1] = 0.6

	X = (x2 = 6)
	f[x2∩y1] = 0.30 
	f[x2∩y2] = 0.1
	f[X = x2] = 0.4

	Total/ Marginal:
	f[Y = y1] = 0.40
	f[Y = y2] = 0.6
	1.0



a. Calculate the E[X], Var[X], STD[X] and CV[X] 
Solution:

($)

($)2


b. Calculate the E[Y], Var[Y], STD[Y] and CV[Y]
Solution:

($)

($)2


c. Calculate Cov[X,Y] and Correlation Coefficient "ρ"
Solution:



 (Negative correlation)
d. If RV 'Z' indicates 200 units of RV 'X' and 100 units of RV 'Y' and this RV 'Z' makes up your investment portfolio, calculate E[Z], Var[Z], STD[Z] and CV[Z].
Solution:


e. By comparing the various coefficients of variation, what can you say about the volatility of the three RVs?  Can you say why this is so in the above situation?
Solution:
{CV[Z] = 0.0994}  < {CV[X] = 0.2041} < {CV[Y] = 0.2333}
The 'Investment Portfolio' (or RV 'Z') is the least volatile of the three RVs.  This is because the negative correlation, ρ or negative covariance, Cov[X,Y], reduces the variance and standard deviation of 'Z'.   Since the expectation is not affected and remains the same, CV[Z] reduces.
f. Based on your reasoning, can you generalize a very important investment principle?
Solution:
It is always a good idea to have investment vehicles which have a negative correlation between them to reduce the volatility of the portfolio and make it less "risky".  Generally Stocks and Bonds do have a negative correlation and as such, they should always be in the portfolio mix with the guiding principle that "do not put all your eggs in basket"!

Question#4
The following data was recorded for the "Age" of the various participants in a sports activity at a community centre.
Age:1
   20   32   36   37   29   20   27   30   25   37   22   20   20   36   38
   32   35   25   24   32   20   27   23   26   28

Use MiniTab to obtain the answers to following questions and draw the required diagrams.
a. Find values of Mean, Median, Standard Deviation
Solution:
MTB > describe c1
 
Descriptive Statistics: Age:1 

Variable   N  N*   Mean  SE Mean  StDev  Minimum     Q1  Median     Q3  Maximum
Age:1     25   0  28.04     1.23   6.17    20.00  22.50   27.00  33.50    38.00

{Mean1 = X-Bar1} = 28.4, {Median1 = Md1} = 27.00 and {StDev1 = s1} = 6.17
b. Find values of First, Second and Third Quartile and the Inter Quartile Range (IQR).
Solution:
Q1 = 22.50, {Q2 = Md} = 27.00 and Q3 = 33.50
IQR = Q3 - Q1 = 11.00 
c.  Draw the boxplot, histogram, stem and leaf diagrams.  Based on boxplot, what you roughly  say about the the data.   Can you identify the Median by looking at the stem and leaf diagram?
Solution:
MTB > boxplot c1
 


This boxplot suggests that the data is reasonably symmetric and has no outliers.
MTB > histogram c1;
SUBC> nintervals 6.



MTB > stem c1
 
Stem-and-Leaf Display: Age:1 

Stem-and-leaf of Age:1  N  = 25
Leaf Unit = 1.0

 5   2  00000
 7   2  23
 10  2  455
(3)  2  677
 12  2  89
 10  3  0
 9   3  222
 6   3  5
 5   3  6677
 1   3  8
It can be seen that the bracketed cumulative frequency column shows:
(3)	2	6 7 7
This is the Median class and the (25 + 1)/2 = 13 th observation is 2 and 7 which is 2*10+7 = 27.
Thus 27.0 is the Median value.
It was found that the 14 th observation was recorded incorrectly.  It should have been '56' instead of 36.  In light of this, answer the following by using MiniTab.
d. Find values of Mean, Median, Standard Deviation.  Can you see something unusual about the values of Mean, Standard Deviation and Median when you compare them with what you found in part 'a' above?
Solution:
MTB > describe c2
 
Descriptive Statistics: Age:2 

Variable   N  N*   Mean  SE Mean  StDev  Minimum     Q1  Median     Q3  Maximum
Age:2     25   0  28.84     1.64   8.20    20.00  22.50   27.00  33.50    56.00

  {Mean2 = X-Bar2} = 28.84, {Median2 = Md2} = 27.00, {StdDev2 = s2} = 8.20

The Median is unaffected (affected little) but the Mean is  affected noticeably and the Standard Deviations affected considerably.
1
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receive
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on average
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4 service calls every hour.


  


Calculate the 


following probabilities.


 


i. There will be no service call in the first 20 minutes.


 


ii. There will be a service call between 21 and 33 minutes.


 


 


 


Solu
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4 service calls(sc)/hr ==> 4 sc/60 min ==> 1 sc/15 min
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b. The "Mean Time Between Failure" also known as MTBF for a given electronic e


quipment is 3 


years.  


 


i. Calculate the probability that the equipment will fail between the second and third year.


 


ii. If only 10% of the equipment is expected to fail by the end of the first year, what should be the 


MTBF for this electronic equipment?
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i. From what you calculated in part "ii." of this sub
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importance of quality control and warranty based recalls of the equipment produced.
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