Homework – 3 Solutions

Discussion Question 1

The location and size of Amazon’s warehouses will have a strong impact on the inventory, transportation and facility costs experienced by the company, and also, they will drastically affect the provided service level (this effect will be particularly strong for Amazon since the company fills the customer orders directly from its warehouses).  In general, more warehouses in more locations will increase customer service levels and bring down transportation costs. However, this will also increase the company inventory costs and will incur a higher fixed cost for building the facilities and variable costs for maintaining the warehouses.

While making this decision, Amazon should take into account various

· Strategic factors (what should be the best trade-off between the average response time to be experienced by the customers and the quoted prices), 

· Technological factors (current state-of-the-art in warehouse systems and practices),

· Infrastructure factors (availability of essential infrastructure like roads, access to shipping services / couriers, etc.),

· Macroeconomic factors (cost of land / facilities, labor and taxes in various locations),

· Competitive factors (might try to exploit positive externalities with other firms), and

Discussion Question 2

Import duties and exchange rates have significant influence on global supply chains. Firms would like to manufacture in places with undervalued currencies and low import tariffs for their raw materials. If local currency is over valued and tariffs are high, firms would not like to set up plants locally, and instead they might opt for off-shoring to cut costs.

Import duties are also a protectionist tool used by local governments in their effort to support their local industry. High duties inflate the price of imported products and make them less competitive on the local market. In their effort to avoid this effect, foreign companies that want to compete in a market protected by high import duties, might opt to set up for local production (e.g., Japanese car makers setting assembly plants in US in the 80’s and 90’s).

Discussion Question 5

A key advantage for McMaster Carr’s strategy is that demand can be met with a smaller volume of inventory (due to the pooling effect; i.e., centrally kept inventory is available over a broader span of the supply chain). Also, facility costs will be lower. On the other hand, the company will experience increased transportation costs, and possible longer delays in its shipments. Finally, it will be really hard for the company to interact with its customers on a more personal basis, e.g., in case that a product needs to be returned or it needs some service. These effects will be reversed for W. W. Grainger. 

Discussion Question 6

Dell’s production is quite homogeneous with respect to the various regional markets, and it also requires quite involved and expensive technologies. Therefore, it is pertinent for the company to concentrate its production activity to a few facilities, in order to take advantage of any available economies of scale. Hence, Dell has concentrated its production to a few locations that provide good infrastructure, and cheap yet adequately sophisticated labor, that can support its production needs. Such a development is further facilitated by the fact that the end product is not too bulky or sensitive to be shipped economically and fast (by air) over long distances.

Discussion Question 7

In the case of Ford, the market is significantly less homogeneous than in the case of Dell. The officially adopted regulations and the customer preferences vary significantly from area to area / country to country. Also, cars are more expensive and cumbersome to transport. Finally, car markets seem to be more protected than the computer markets from foreign competition. Hence, Ford’s production should be expected to be more distributed than that of Dell’s. Another development supporting this effect might be the consolidation that the automobile industry has gone through during the last 10 years, over a series of mergers and acquisitions, which has left the emerging companies with an unbalanced production network and redundant production capacity.

Exercise 1

Part (a) (Formulation 1)

Data:
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= index set of states to which consultants must travel

cij = cost of travel between i and j
Dj = number of required trips to location j
fi = fixed cost of opening an office at location i
Decision Variables:
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Objective Function:
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Constraints:
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The first set of constraints ensures that there are no trips made from an office that is not opened. The second set of constraints ensures that the required number of trips is made to each state. To get the number of consultants at each office, simply divide the total number of trips out of each office by 25 and round the result up.

Part (a) (alternative formulation)

Data:
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= index set of states to which consultants must travel

cij = cost of travel between i and j
Dj = number of required trips to location j
fi = fixed cost of opening an office at location i
Mi = maximum number of consultants that can be assigned to location i
Decision Variables:
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Objective Function:
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Constraints:
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(The Mi’s appearing in the above formulation can be interpreted as the number maximum number of consultants in each office; since this part of the problem does not restrict the number of consultants in any office, Mi’s can be set to some very large number, large enough so that it does not constrain unnecessarily the set of feasible solutions. Since, it is conceivably possible that all trips might eventually be supported from a single office, Mi’s must be at least equal to the ceiling function of the total number of trips divided by 25.)

The objective function simply minimizes the total cost, which is the sum of fixed cost (of opening an office) and the variable cost (of travel between an office and a state).

The first set of constraints enforces the condition that there cannot be any trips from and office location if no office is opened there (is actually redundant). The second set of constraints enforces the condition that consultants cannot be assigned to an office location where no office is opened. The third set makes sure that the required number of trips is made to each of the states. The fourth set of constraints makes sure that the total number of trips out of a given office location will not exceed 25 times the number of consultants assigned there, so that no consultant will have to make more than 25 trips. The last set enforces the appropriate integrality restrictions.

Note that, in the proposed formulation, Ki is a non-negative real number and therefore might come out to be fractional. In fact, Ki’s must be more accurately interpreted as the total labor required to support the trips assigned to the i-th office, measured in single-consultant labor time. To get the number of actual consultants needed at each office, you simply need to round up the corresponding Ki value. Also, notice that while no explicit cost is associated with each Ki, their values will be kept to a minimum, because they are linked with yij’s which are being minimized in the objective function.

Part (b)

Simply take the second formulation in part (a) and put each of the Mi=10, for all i=1,2,3,4.

Part (c)

The decision of assigning all the consulting projects to a given home office lowers the complexity of the system and will therefore involve less coordination. However, this will likely raise the total cost since it may not be the optimal solution (it is impossible to do better than the optimal solution).

Exercise 2

Data:
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Decision Variables:
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Objective function:
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Constraints:
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The first two sets of constraints ensure that total amount shipped from a plant does not exceed the amount produced there. These constraints also implicitly make sure that if a plant is not opened, then nothing is shipped from there. The third set of constraints ensures that the demand at each market is met. The fourth set of constraints ensures that either a larger capacity plant is opened at location i, or a lower capacity plant is opened, but not both. The last set enforces integrality requirements.

Exercise 3

Data:

I = {1,2,3,4,5} = index set of plant sites

J = {1,2,3,4,5} = index set of market sites

pi = minimum percentage of capacity at which plant i must be run

Ki = upper limit on production for plant i
ci = production cost at plant i (in local currency at i)

c’ij = cost of transportation from plant i to market j (in local currency at i)

Dj = market demand for market j

ei = number of U.S. Dollars that one unit of local currency would buy

Decision Variables:
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Objective Function:
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The objective function minimizes the total cost (production cost + transportation cost). The first set of constraints ensures that the total amount shipped from a plant does not exceed the amount produced there. The second set of constraint sets the bounds on production. The third set makes sure that the total demand of each market is satisfied.

For part (a), the above formulation will work. For part (b), simply remove the second set of constrains. Since we are removing constraints, the objective function should improve in values (become lesser). For part (c), the best way is to simply change the values of capacity at each plant and see if this change results in an improvement of the objective value; this approach is known as “what-if” analysis. To account for fluctuation in exchange rates, Sunchem must apply the methodology of Chapter 6 in your text book.

Numerical Solutions for Exercises 1 - 3

Exercise 1:

Part (a): Optimal solution is to open only one office at location 2 (Tulsa).

Part (b): Optimal solution is to open facilities at office locations 2,3 and 4 (Tulsa, Denver and Seattle). They each have 8, 10 and 9 consultants assigned, respectively.

Exercise 2:

Optimal solution is to build low-capacity factories at locations 1,2 and 4 (New York, Atlanta and San Diego).

Exercise 3:

Part (a): The optimal solution involves the following production requirements at various plants – 


US: 92.5 tons/year


Germany: 475 tons/year


Japan: 50 tons/year


Brazil: 200 tons/year


India: 62.5 tons/year

Total cost = $5939812

Part (b): If there are not limits on amount produced at each plant the optimal cost goes down to $121849.

Part (c): If capacity at each plant is increased by 10 tons/year, then the optimal cost is $5789833 (which, as expected, lies in-between the previous two answers)
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