EGN 1007 - TEST 1


MATRICES:

Solve the following system of linear equations using matrix methods in Excel.

2x1 - 7x2 + 3x3 + 5 x4 - 7x5 + 11x6 + 8x7 = 114 
5x1 + 7x2 - x3 + 9x4 - 6x5 + 3x6 - 5x7 = -11 
13x1 + 11x2 + 8x3 + 7x4 + 4x5 + 2x6 + x7 = -25 
12x1 + x2 + 6x3 + 5x4 + 9x5 + 3x6 + 11x7 = -37 
x1 - 4x2 + 7x3 - 3x4 + 9x5 - 2x6 + 6x7 = 4 
4x1 + x2 - 6x3 - 3x4 + 8x5 - 7x6 - 4x7 = -91 
-7x1 - 2x2 + 5x3 + x4 + 9x5 + 3x6 - 4x7 = -50




EXCEL SOLVER:

Engineers Association Bank of Florida has $40 million in capital, $300 million in checking account deposits, and $120 million in savings account deposits, that it wants to invest. Like any other bank, Engineers Association Bank of Florida is seeking an investment plan that results in maximizing return on investment. The bank also wants to track the risk associated with any investment plan it adopts. The following products are available for the bank to invest in:


	Investment
Product
	Return Rate (%)
	Liquid (Cash)
Component (%)
	Risk (%)

	1. Cash

	0.0
	100.0
	5

	2. Short Term 
Bonds
	4.0
	99.5
	10

	3. Government 
Bond 1 – 5 years
	4.5
	96.0
	0

	4. Government 
Bond 5 – 10 years
	5.5
	90.0
	0

	5. Government 
Bond over 10 years
	7.0
	85.0
	0

	6. Installment
Loans
	10.5
	0.0
	75

	7. Mortgage 
Loans
	8.5
	0.0
	60

	8. Commercial Loans to small businesses
	9.5
	0.0
	50




The following requirements must be followed:

1. The total investments in all products cannot exceed the total of the capital and deposits amounts.
2. At least 5% of the funds should be invested in each of the eight products, for diversification of the portfolio.

3. At least 30% of funds should be invested in commercial loans to small businesses, to maintain the banks “small business friendly” status.
4. For the risk, the bank stands to lose the specified percentage of the money it invests in that product. 
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5. Federal regulations require that a reserve of at least 14% of the checking account deposits plus 4% of the savings account deposits be maintained at all times.
6. Federal regulations require that the total of the liquid components of the investments be at least 47% of the checking account deposits plus 36% of the savings account deposits

Let x1 denote the amount ($) invested in product #1.
Let x2 denote the amount ($) invested in product #2.
:
:
Let x8 denote the amount ($) invested in product #8.

The standard form of this optimization model is as follows.

Objective function:



vvailability

                                                                                                                        [return on investment]

Subject to:



vvailability		             [total investment]




vvailability		              

                                                                                                          [diversification for product #1]





                                                                                                          [diversification for product #2]



vvailability		              

                                                                                                          [diversification for product #3]





                                                                                                          [diversification for product #4]



vvailability		              

                                                                                                          [diversification for product #5]





                                                                                                          [diversification for product #6]



vvailability		              

                                                                                                          [diversification for product #7]



vvailability		              

                                                                                                          [diversification for product #8]



vvailability		              

                                                                                                          [small business loans]



vvailability		

                                                                                               [required reserve per Fed regulation]



vvailability		

                                                                                            [liquid components per Fed regulation]



	[variable-type 1]



	[variable-type 2]



	[variable-type 3]



	[variable-type 4]



	[variable-type 5]



	[variable-type 6]



	[variable-type 7]



	[variable-type 8]




The risk associated with the investment plan is given by



vvailability                                                                               [risk]


1. Construct the standard form of the investment plan optimization model on an Excel spreadsheet.
2. Implement the investment plan in Excel Solver. 
3. What is the optimal total investment for maximization of return on investment?
4. What is the total risk associated with the optimal total investment for maximization of return on investment?
5. What is the optimal total investment for risk minimization?
6. What is the optimal total investment for risk maximization?




FREQUENCY DISTRIBUTIONS:

Consider the traffic data in the text file provided.

1. Plot the following frequency diagrams for the data
a) Histogram
b) Ogive
c) Frequency polygon

2. Compute the following descriptive statistics
a) Median 
b) Mean
c) Variance
d) Standard deviation
e) 85th percentile

3. Construct the Box-and-Whisker plot for this data




MONTE CARLO SIMULATION:

A new eye clinic has hired you to simulate their processes in order to identify areas for improving the patient experience. A patient arrives at the facility and goes through a check-in process to verify identification, update paperwork, confirm insurance co-payments and other financial information etc. The patient then proceeds to an initial consultation and testing with a nursing professional. Based on the patient’s specifics they are then moved to a consultation with an Ophthalmologist (DO) or with a Physician (MD). There is a 50%  - 50% chance of a patient seeing the DO or MD. After seeing the DO or MD, a patient goes through the check-out procedure where they make payments for service and set up for future appointments. After check-out there is a 60% chance that the patient will see the independent Optometrist on site to fit glasses and eyewear. The entire process can be broken into the following distinct steps, each described by a random variable as follows;

Step 1: Check-in: Uniform distribution, from 5 minutes to 15 minutes.

Step 2: Nurse consultation and testing: Lognormal distribution, with mean of 15 minutes and standard deviation of 7 minutes.
Step 3: DO Consultation: Lognormal distribution, with mean of 7 minutes and standard deviation of 3 minutes, or
MD Consultation: Lognormal distribution, with mean of 12 minutes and standard deviation of 5 minutes.
Step 4: Check-out: Uniform distribution, from 1 minutes to 6 minutes.
Step 5: Optometrist: Normal distribution with mean of 10 minutes and standard deviation of 4 minutes.

1. Construct a spreadsheet simulation model for the total time of the entire patient visit process.
2. Conduct a minimum of 1,000 simulations of the model.
3. Compute the following statistics for the total time of a patient visit at this facility,
a) Mode
b) Median 
c) Mean
d) Variance
e) Standard deviation
f) 95th percentile

	




	



