ISyE 3104: Introduction to Supply Chain Modeling: Manufacturing and Warehousing

Instructor: Spyros Reveliotis

Spring 2002

Homework #5

Due Date: Friday, 4/5/02

Reading Assignment:

· From Chapter 5 in your textbook: Opening section, Section 5.1 and Section 5.3 upto subsection 5.3.2 (Pg. 146 - it is advisable to read the rest of this section, but it is not considered as part of the covered material…)

· From Chapter 12 in your textbook: The opening section and Sections 12.1 and 12.2.

· The PowerPoint slides on Aggregate Planning and Master Production Scheduling presented in class, accessible at: http://www.isye.gatech.edu/~spyros/courses/IE3104/course_materials.html (item 7).

Problem set:

1. From your textbook: Problems 5.1, 5.2, 5.3, 5.4, 5.10 and 5.11 (for 5.11, just provide the formulation modeling the new situation).
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A local firm manufactures children's toys. The projected demand over the next four months for one particular family of toy robots is as follows:

a. Assume that a normal workday is 8 hours. Hiring costs are $350 per worker and firing costs (including severance pay) are $850 per worker. Holding costs are $4.00 per aggregate unit held per month. Assume that it requires an average of 1 hour and 40 minutes for one worker to assemble one toy. Shortages are not permitted. Assume that the ending inventory for June was 600 of these toys and the manager wishes to have at least 800 units on hand at the end of October. Assume that the current workforce level is 35 workers.

b. Find the minimum constant workforce plan for the four months and the total hiring, firing and holding costs of that plan.

c. Determine the plan that corresponds to demand chasing, i.e., that changes the workforce level each month to most closely match the demand, and compute the cost(s) of this plan.

3. Computing a Master Production Schedule for the McGuinnes & Co. Microbrewery.

In this problem you are invited to use the tabular (spreadsheet-based) approach to develop a 6-month (26 weeks) MPS for the McGuinness microbrewery case study presented in class.  A complete description of the case study and the spreadsheet discussed in class that can support your calculations, can be downloaded from the course Web-site (http://www.isye.gatech.edu/~spyros/courses/IE3104/course_materials.html). A detailed description of the faced situation is as follows:

a. At the beginning of 2001, McGuinness & Co. had in its inventory the following quantities from each of the five products:

Product
Avail. Inventory (in cases)

Pale Ale
800

Stout
400

Winter Ale
750

Summer Brew
0

Octoberfest
0

Furthermore, at that point, the company was brewing a full fermentor for each of the first two products, with these production lots requiring another week of fermentation for the pale ale (i.e., this lot would be available at the beginning of week 2), and two more weeks of fermentation for the stout (i.e., this lot would be available at the beginning of week 3).

Finally, using the forecasting techniques discussed in class, and the information available in his order records, Mr. McGuinness was contemplating that the demand for each of the company five products over the next six months (26 weeks), would evolve as follows:

Product
W1
W2
W3
W4
W5
W6
W7
W8
W9
W10
W11
W12
W13

Pale Ale
350
340
300
300
300
300
300
300
300
300
300
300
300

Stout
170
170
160
160
165
165
165
165
175
175
175
175
190

Winter Ale
320
330
310
310
265
265
265
265
180
180
180
180
150

Summer Brew












40

Octoberfest














Product
W14
W15
W16
W17
W18
W19
W20
W21
W22
W23
W24
W25
W26

Pale Ale
300
300
300
300
300
300
300
300
300
300
300
300
300

Stout
190
190
190
200
200
200
200
215
215
215
215
225
225

Winter Ale
150
150
150
50










Summer Brew
40
40
40
100
100
100
100
170
170
170
170
225
225

Octoberfest














Using the above data, and the information in Word document describing the McGuinness & Co. Microbrewery case study regarding (i) the production (fermentation) lead times for each brew, (ii) the production capacity of the microbrewery, and (iii) the company policy regarding the maximal allowed shelf-life, develop a production schedule for the next 26 weeks. In the preparation of this schedule you should also consider that, under the current operational conditions, the company produces the various products only in lots of a full or half fermentor (this was, indeed, the situation for the senior design project!) 
In your work, you can utilize the spreadsheet presented in class (and available at the course Web-site). Remember, that the green cells in this spreadsheet correspond to the input data required for the problem definition, the orange/brown cells introduce your scheduling decisions (i.e., when to initiate production for each product, and how much to produce in each lot) in the overall computation, while the remaining white cells implement all the additional computations needed in order to evaluate the feasibility and quality / performance of your schedule.  Also, as indicated in class, the overall spreadsheet computation is organized in a number of segments, with the top segment assessing the feasibility of any tentative schedule w.r.t. the available production capacity (i.e., fermentor capacity and availability), while the remaining segments compute the projected inventory position for each product, based on the current product availability (i.e., initial inventory position and scheduled receipts), its demand profile, and the contemplated scheduled releases (i.e., the (tentative) production plan w.r.t. this product). 

Notice that there is a possibility that you will find out that the satisfaction of the entire (projected) demand with the current production resources and product availability is impossible. In that case, and considering the fact that the company experiences intense growth, the best strategy for Mr. McGuinness would be to expand its production capacity by buying and installing another (or possibly more) fermentor(s). However, in your work consider that, due to financial constraints, the company cannot afford the purchase of another fermentor in the immediate future, and discuss how Mr. McGuinness should deal with any arising schedule infeasibilities.

At the end of this part of your work, please, turn in (i) the proposed production schedule, (ii) the resulting spreadsheet, and (iii) a supporting document explaining and justifying your proposition.

i. Suppose that Mr. McGuinness hired the services of an accountant who, after some thoughtful analysis of the company operations, informed him that his operational cost breakdown is as follows:

ii. Every initiation of a new production lot costs $s1 if the utilized fermentor had been used previously for the production of the same type of beer, and $s2 dollars otherwise.

iii. Carrying one case of inventory from on week to the next costs $hi, i=1,…5, depending on the type of beer.

iv. Backordering a case of beer for one week costs $bi, i=1,…,5, depending on the type of product being backordered.

v. Finally, the variable production cost of producing one case of beer is equal to $c.

Develop a formula that estimates the total cost of the production schedule developed in part (a). (As you can see, once this formula is implemented in the provided spreadsheet, it can allow the development of MPS's that are evaluated and "optimized" according to the more "standard" considerations of inventory control theory.)

b. An additional concern that arises in the development of feasible production schedules is the accommodation of any preventive maintenance of the production equipment that might reduce the nominal production capacity over certain periods of the planning horizon. Suppose the McGuinness & Co. Micro brewery runs a preventive maintenance program that necessitates the removal of each fermentor for certain predetermined time intervals over the considered planning horizon (measured in weeks - typically in the order of one to three weeks since these fermentors might have to be taken to the facility of the sub-contractor supporting the maintenance program). Discuss how you would modify the provided Excel spreadsheet in order to incorporate the maintenance effects in your calculations.

Extra credit (50%)

Provide a mathematical (mixed integer) prorgamming formulation for production scheduling problem as it arises in the McGuinness case study presented in class. In your formulation, consider that backorders are not allowed, and the optimized objective is the minimization of the inventory holding cost (i.e., set up cost is not an issue - the main value of this formulation is that it would provide a definite answer on whether there exists a feasible production schedule or not).
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