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ITEC 355 Operations Management 
Team Challenge - 1
_____________________________________________________________________________________________________________________
ITEC 355 Spring 2019 - Team Challenge #1

NAME(S):	_______________________________________
_______________________________________
_______________________________________
_______________________________________
_______________________________________
· This is a team assignment and should be completed with your course project team. 
· For any questions and assistance, please contact your instructor. 
· Collaboration across teams is prohibited. Please revisit the American University’s Integrity Code before completing this assignment.
· Each team must upload one file, in pdf format, to Blackboard.
· Your answer report should include detailed answers to *all* the questions. Make sure all figures, tables, and graphs are included in your report.  Each Figure and Table should have a number and a heading, e.g.,” Table 1. Average Working Hours.” All your work – quantitative work, in particular - must be explained clearly. 
· The names of all students MUST be typed on the first page of your answer report. 
· You are advised to work on each question as a team, i.e., do NOT assign a question to a single team member and expect him/her to come up with the correct answer without any input from the rest of the team.  

GRADING CRITERIA: 
Your answer report will be graded on the quality of your answers as well as the clarity and format. Here is a breakdown of grades (out of 100 points): 
· (92 points) quality and correctness of your answers, 
· (5 point) presentation, clarity, and format of your report and your answers,
· (3 points) following the submission guidelines. 
· A late submission costs you 20% of your grade per day. For example, if you submit your work a day after the due date (24 hours), the maximum score you will earn is 80/100.




Question - 1. (9 points)  AUmazon, an online retailer, started using robots in its fulfillment centers. The first generation of robots, e.g., Kiva robots, enabled faster processing of orders in its warehouse. The products stored in the fulfillment center are placed on special shelves.  When a customer places an order, a Kiva robot carries the shelf with the ordered products to the packing area. A human employee picks the item from the shelf and packs it to fulfill the order. AUmazon is piloting a new technology that will replace the human employees by picking robots.  You can watch a video about this new technology here: 
http://disq.us/t/39my2g6
The pilot takes place at a warehouse where a staff of 70 works for 8 hours per day at a payroll cost of $20 per hour per person.  In addition to labor, this facility incurs $800 per day for rent and another $15,000 in miscellaneous expenses related to warehouse operations. AUmazon fulfills an average of 500 orders per day with Kiva robots in use.  The new picking robots will increase order fulfillment capability to 1000 orders per day. The company will lay off 60 workers and the remaining workers will get a raise to receive $22 per hour per person and will continue to work 8 hours per day to monitor the warehouse operations. However, daily miscellaneous expenses will go up to $35,000. Compute the expected change in multifactor productivity for AUmazon if they invest in the picking robots by answering the questions below.  
NOTE: SHOW ALL YOUR WORK. USE 4 DECIMAL PLACES IN YOUR CALCULATIONS.
a) (1 point) What is (are) the input(s) that would be used to calculate productivity at AUmazon? 

b) (1 point) What is (are) the output(s) that would be used to calculate productivity at AUmazon?

c) (1 point) Provide the exact formula to calculate multi-factor productivity for AUmazon. (Your answer should be in the form of an equation without any numbers or calculations.) 

d) (3 points) What is the expected percentage change in multifactor productivity at AUmazon if the company invests in the new material handling technology? NOTE: Use 4 decimal points in all your calculations. Do NOT round values to nearest whole numbers. 

e) (3 points) Conduct research and find articles on use of robots in the retail industry (online or brick-and-mortar stores). Identify three different ways in which retailers will benefit from using robots. Explain clearly how the robots will be used in the retail store or in the order fulfillment center and what the benefit will be.  Make sure you state all sources of information, including references, videos, websites, in your answer. 
 
NOTE: Your answer should be such that for the “benefit” should be associated with one or more performance metrics. For instance, using Kiva robots for retrieving items at a warehouse reduces the amount of time a service employee spends on non-value-added work (walking to a shelf to retrieve a product and walking back to the packing area with the product) and increases the processing capacity. 

Question 2. (6 points) Eagle Physical Therapy is a small facility with 6 full-time specialists (i.e., the physical therapists). The facility has 7 lounges, each equipped with a bed and medical equipment. Only one patient is served in a lounge at a time. Each patient, accompanied by one specialist, occupies the lounge for 45 minutes during a physical therapy session. A specialist spends another 15 minutes per patient in his/her office after each session to document the work done and to prepare the plan for the patient’s next visit. The patients book their sessions in advance. The facility is open for appointments 6 days a week, 8 hours a day. Each specialist works 8 hours per day for 5 days a week. The same number of appointments are scheduled each day of the week. 
NOTE: SHOW ALL YOUR WORK. USE 4 DECIMAL PLACES IN YOUR CALCULATIONS.
a) (2 points) What is the weekly lounge utilization rate if 50 sessions are booked each day? 
HINT: The weekly lounge capacity is determined by the number of operating days and the number of operating hours of the facility. 



b) (2 points) What is the weekly specialist utilization rate when 50 sessions are booked each day? 
HINT: The weekly capacity of the specialists is determined by their operating hours and operating days. 



c) (2 points) Suppose 66 sessions are scheduled per day to increase the lounge utilization rate. How many specialists can Eagle employ while keeping the weekly specialist utilization rate above 85%? 



Question 3. (7 points) (Before solving this question refer to Example 2 in the Breakeven Analysis and Capacity Planning Exercises Handout. A video solution is under Module 2 at Course Documents on BB.) 
EagleShare is a popular new ridesharing app.  Usage has been increasing rapidly, and the founders have realized that they need to upgrade their data center, as their servers will soon be unable to handle the level of activity.  The metric EagleShare uses to measure activity is the number of “requests.”  A request occurs each time a passenger or driver searches for a ride, accepts or rejects a ride, and completes a ride.  Currently, they are averaging 10,000 requests per day.  The average marginal profit associated with a request (ignoring any server costs) is $0.20.

Since they are not IT architecture experts, they have decided to outsource hosting and management of their servers.  They are considering three possible 1-year contracts.  The server usage involved with each contract has been converted into number of requests.

Contract A costs $20,000, and includes 400,000 requests.
Contract B costs $50,000, and includes 1,200,000 requests.
Contract C costs $100,000, and includes 3,000,000 requests.

For the sake of simplicity, assume that when a contract’s capacity is reached, app users will temporarily switch to a competitor; EagleShare will receive no more profit for the year, but will not suffer any additional goodwill cost or loss of future revenue.

NOTE: SHOW ALL YOUR WORK. USE 4 DECIMAL PLACES IN YOUR CALCULATIONS.
a) (1 point) If EagleShare were not anticipating any growth, and expected the average rate of 10,000 requests per day to continue for the next year, which contract should they choose?

b) (3 points) Compute the breakeven point (in # of requests) for each of the three contracts.

c) (1 point) For what # of requests would the profit with Contract A and with Contract B be equal?

d) (1 point) For what # of requests would the profit with Contract B and with Contract C be equal?

e) (1 point) If expected demand for the next year is 1,000,000 requests, what is the capacity cushion with Contract B?

Question 4. (15 points) Eagle Manufacturing produces baseball and cricket balls on a weekly basis. The resources needed to produce baseballs and cricket balls are leather, cutting, dyeing, sewing and packaging time. Each baseball requires 0.5 square feet of leather and each cricket ball requires 0.4 square feet of leather. The cutting, dyeing, sewing and packaging time for each ball and its profit are given below.
	     
	Hours required per ball
	

	Product
	Cutting
	Dyeing
	Sewing
	Packaging
	Profit per unit

	Baseball
	1
	0.7
	2.05
	0.6
	$7 

	Cricket ball
	1.35
	0.65
	2
	1
	$11 



Each week a total of 2400 hours of cutting, 1760 hours of dyeing, 4800 hours of sewing and 1600 hours of packaging time are available. Also, the company has 1280 square feet of leather available each week. The company has to determine the optimal product mix (i.e., production quantities that maximize profits). You will formulate an LP model to determine the optimal solution using Excel Solver.  
NOTE: SHOW ALL YOUR WORK.
a) (2 points) What are the decision variables? How many decision variables are there? Clearly explain the decision variables in English and provide the mathematical notation used in the algebraic formulation of the decision problem.

b) (2 points) What is the objective function? Clearly explain the objective function in English and provide the mathematical formulation.

c) (2 points) What are the constraints of the problem? Clearly explain each constraint in English and provide the mathematical formulation.

d) (1 points) Are there any sign or type restrictions in your formulation? Why or why not? Clearly explain the sign and type restrictions (if any). 

e) Prepare a spreadsheet to determine the optimal production mix of using Excel Solver. 
i. (2 points) Provide a screenshot of your spreadsheet model. The screenshot should show all the cells involved in formulating the optimization problem.  NOTE: Do not copy and paste your spreadsheet to your answer report as an Excel object. Instead, capture a screenshot in Excel and paste this as an image. 

ii. (2 points) Provide a screenshot of your spreadsheet with the formula view. You can switch from normal view to formula view in Excel by clicking the CTRL and ~ keys on your keyboard simultaneously. 

iii. (2 points) Prepare the Solver model by logging all the information to the Solver Parameters window in Excel. Provide a screenshot of the Solver Parameters window.

iv. (2 points) Solve the optimization problem using Excel Solver. What is the optimal solution, i.e. the optimal cost and the optimal values of decision variables?

Question 5. (25 points) Malmsholmen is a furniture manufacturer. They have a contract with a big box discount furniture retailer. This year, Malmsholmen has a contract to manufacture 5 types of products for the retailer. Each product goes through four production stages (departments) before being shipped to the retail stores: cutting, sanding, fitting, and finishing. The production-hour requirements in each department for each product is provided in Table-Q5.1. Malmsholmen’s profits per unit are also given in the same table below. 
	
	 
	Production-Hour Requirements at Each Department (hours/unit)
	 

	Component
	
	Unit Profit
($ per unit)

	
	Cutting
	Sanding
	Fitting
	Finishing
	

	Table
	0.75
	2.25
	1.75
	0.75
	$12

	Bed
	1.25
	1.75
	3.75
	1.00
	$14

	Dresser
	1.50
	2.25
	2.25
	1.25
	$15

	Desk
	1.25
	2.75
	2.50
	1.00
	$12

	Chair
	1.00
	1.50
	3.25
	0.75
	$10


Table-Q5.1. Production hour requirements and unit profits of products.

The total production hours available per month at each department and the retailer’s minimum monthly production requirement are given in Table-Q5.2 and Table-Q5-3, respectively. Malmsholmen must meet the minimum production requirements to avoid paying penalties. Any units produced beyond the minimum requirements are repurposed and sold to other companies. (That is, Malmsholmen has the market power to sell as many units as it produces.) The unit profit earned by selling a product to other companies after fulfilling the demand for the retailer is the same as in Table-Q5.1. 

	
Department
	Production Capacity (production hours available per month)

	Cutting
	3000

	Sanding
	5000

	Fitting
	5500

	Finishing
	2000


Table-Q5.2. Monthly production capacity	

	Product
	Required Minimum Monthly Production Level to meet the retailer’s demand (units/month)

	Table
	120

	Bed
	140

	Dresser
	200

	Desk
	330

	Chair
	370


Table-Q5.3. Minimum monthly production requirements to meet the retailer’s demand
You are asked to determine the optimal production plan (i.e., the monthly production plan that maximizes profits) for Malmsholmen. You will formulate a linear programming model to determine the optimal solution using Excel Solver.  

NOTE: SHOW ALL YOUR WORK.
a) (2 points) What are the decision variables? How many decision variables are there? Clearly explain the decision variables in English and provide the mathematical notation used in the algebraic formulation of the decision problem.

b) (2 points) What is the objective function? Clearly explain the objective function in English and provide the mathematical formulation. 

c) (6 points) What are the constraints of the problem? Clearly explain each constraint in English and provide the mathematical formulation. 

d) (1 points) Are there any sign or type restrictions in your formulation? Why or why not? Clearly explain the sign and type restrictions (if any). 

e) Prepare a spreadsheet to determine the optimal production plan using Excel Solver. 
i. (2 points) Provide a screenshot of your spreadsheet model. The screenshot should show all the cells involved in formulating the optimization problem.  NOTE: Do not copy and paste your spreadsheet to your answer report as an Excel object. Instead, capture a screenshot in Excel and paste this as an image. 

ii. (2 points) Provide a screenshot of your spreadsheet with the formula view. You can switch from normal view to formula view in Excel by clicking the CTRL and ~ keys on your keyboard simultaneously. 

iii. (2 points) Prepare the Solver model by logging all the information to the Solver Parameters window in Excel. Provide a screenshot of the Solver Parameters window in Excel. 

iv. (2 points) Finally, solve the optimization problem using the Simplex LP method in Excel Solver. What is the optimal solution (the optimal objective function value) and the optimal values of decision variables (monthly optimal production plan)? 



f) (2 points) Malmsholmen is considering improvements in its production process. Upgrading to digitally controlled cutting will reduce the cutting time of each product by 10%. What will be the new optimal production plan and the optimal monthly profit after investing in the new cutting machines? Please also explain why is there a change or no change in the optimal solution. 

g) (2 points) A new retailer, HighKEA, has approached Malmsholmen. HighKEA will pay more per product (hence unit profit per product will be higher) but requires Malmsholmen to meet HighKEA’s demand first, i.e. before their current retailer or any other company’s demand.  Malmsholmen knows that it has enough production capacity to meet the demand of both retailers combined. Should they sign a deal with HighKEA before HighKEA discloses the exact monthly demand requirements? Clearly explain why or why not.  

h) (2 points) For the next year, Malmsholmen has a new contract with their current retailer. This changes the minimum production requirements to meet demand. The furniture designs and the production process (hence the production hour requirements) are unchanged; refer to the information in Table-Q5.1 and Table-Q5.2.  The new monthly demand is given in Table-Q5.4.

	Product
	Required Minimum Monthly Production Level (units/month)

	Table
	150

	Bed
	180

	Dresser
	250

	Desk
	350

	Chair
	390


Table-Q5.4. Minimum monthly production requirements of products for the next year

What is the optimal monthly production plan that maximizes profits given the new production requirements? What will be resulting percentage change in optimal profit per month (from this year to the next)? (Compare the new optimal profit to the optimal profit in part e.) 
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