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Introduction


College students eat—a lot. This is a well known fact, and it is of great consequence. A survey of our group—members of the appropriate demographic—found that a double digit percentage of our income was spent on food.  Given the impact that this might have on our pocketbooks, a shockingly low amount of thought is put into the management of food purchase. For instance, students do not make an effort to manage their food inventory efficiently and minimize the amount of food that goes to waste. Another issue to consider is that students want to minimize the number of trips to grocery stores. We can build a Just-in-time (JIT) inventory model that is efficient when we assume that students go grocery shopping every day.  However, this is very inefficient and not applicable to our case since the JIT model is inappropriate in terms of size and frequency characteristics.  


Given these ideas, we approached the problem of purchasing food as a basic inventory management problem, with several added constraints. The question we sought to answer was this: “What is the cheapest way to fulfill our dietary requirements, while saving time and minimizing the wastage?”

Model and Solution


To model this problem, several simplifying assumptions were made. First, we assumed that the consumption of food occurs at a constant rate. This is clearly not the case—rather, the daily rate of consumption is clearly dependent on the day, time of year and other seasonal factors. Second, we assumed that transportation had a fixed cost linked only to the amount of time it took to get to and from the grocery store. Third, we assumed that students will not allow themselves to starve—that is to say, their fridge will never be empty. Fourth, it is assumed that there are only two goods: solids and liquids, or, more colloquially, only meat and drink. These goods are assumed to decay at a constant rate—which isn't true, because milk is never half bad, half good—only all bad or all good. Finally, start-up costs and an end date are ignored. It's assumed the student starts with a full fridge and goes on forever from there.


With these assumptions in mind, several parameters are set forth:

· Waste and Consumption for good 
[image: image1.emf]i

is modeled as 
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and 
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. The sum of these two terms, the net rate of output from the fridge of good
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, is modeled as 
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· The cost of each good is 
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· The capacity of the fridge is 
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.  We modeled a cost to keeping the fridge less than a certain 
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percent full.

· The fixed cost 
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of going to the grocery store.

· An inventory cost constant 
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There are some independent variables, as well:

· The time between purchases is 
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.

· The amount of each good purchased at each purchase time is 
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From this, there are a couple of further relations to be established.

· The long-term average expenditure function to minimize is: 
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· The long term average inventory cost is 
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.  This takes into account the fact that using inventory over a certain amount is irrelevant.

· The long term average purchase cost is  
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. Several cancellations are made. The most relevant is noting that 
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, since the rate of consumption of a good equals the rate of income of the good in the long run.

From here, the solution becomes immediately obvious. Naively, calculus does not suffice to solve the problem, since the expenditure function is not differentiable at all points. However, ignoring the max function, we do get a differentiable function. Using that blindly, we differentiate with respect to T, to obtain:
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This is a trivial quadratic
, with only the T term as a non-parameter, and the solution falls out.

There is a further parameter to deal with: that of the fridge's capacity: 
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--if the solved T is greater that the bound, it is simply set to the bound. To solve completely, one can rely on numerical solutions—the problem is mostly well behaved, and lends itself to simple solution by numerical methods. In addition, the particular problem does not demand an exact solution, and “rounding” would be applied in the real world.

Further Results


Several results of note emerge from the method of the model. First is that weekly cost is affected by the price of goods, but that it is not relevant to my behavior. Over the long run, I must buy as much as I consume—in the model, consumption is independent of price, which isn't true in reality. Other facets include the fact that unless the inventory cost becomes quite large, it is by and large irrelevant. Though it exists as a term and does affect both the solved 
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and the solved weekly cost, the solution if
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is zero tends to be similar to the solution when it is not.


The particular method chosen was chosen as the most direct method to handle multiple products. It is true that the possibility of a hybrid solution—where one buys in cycles, for example, exists, since there are two goods and the possibility of optimization exists between the two. However, for the sake of solubility with the given tools, the solution to use a single time space in between purchases was used, with an identical basket for each trip to the grocery store.  

Conclusion

After setting up our model, we used Mathematica to find the optimal solution.  We obtain T = .85 which implies that the time between purchase is .85 weeks, so we would go grocery shopping every .85 weeks, filling up our fridge in each visit
. This result is plausible since it is not unusual to go shopping every one to two weeks. However, there are some limitations in measurement of our model.  First, it lacks sensitivity to many parameters. For example, students have a fridge with unique fridge size, or volume. The fridge size may be an important factor in deciding inventory management since it determines the maximum capacity of the inventory stock. Although this factor was included our model as one of the constraints, our method of differentiation failed to fully reflect the effects of this constraint.  Another variable that was not fully reflected in the model is efficiency of fridge. The efficiency of fridge describes appropriate amount of inventory to maximize the capacity in percentage.  For instance, efficiency for fridge compartment will approximately be 70~80% according to related articles.  However, efficiency for freezer compartment is maximized when it is nearly 100% full.  

To reflect these real world problems, we could consider adding further constraints to our model which these factors into account, or modifying existing parameters, as in this case. Other than these, there are many other variables to be considered in order to build a model that could accurately estimate the behavior of students.  Hence, for further research, we want to include more variables and constraints that characterize the management of groceries among students.  Instead of focusing on time constraint alone, we want to expand our model so that it would be able to measure other constraints such as cost which also include electricity and transportation, and quantity of purchase for different types of food.
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