Math 115B
 Project #2 Simulation
Step #1:  Finding the Winner’s Curse 

If each company bids its signal in the auction, the company with the highest signal wins the auction.  However, the highest signal is almost always more than the proven value.  So the winning company will have paid too much for the land and will make less than its fair profit margin.  The difference between the bid and the proven value for the winning company is called the winner’s curse.  This is essentially the profit that the winning company has lost because it overbid.

We want to find a way to defeat the winner’s curse.  For this we need to use a simulation of a large number of auctions to estimate the winner’s curse.

Let C be the continuous random variable which gives the largest number in a sample of 20 observations of R (remember that R is the continuous random variable giving the errors).  A sample of 20 observations of R simulates an auction because we can retrieve the signal from the error since error=signal-proven value.  (We could simulate the signals but it is more complicated because we would also have to simulate proven values.)  So in each sample of 20 observations of R the largest error is an observation of C and this is the winner’s curse for that auction.

To estimate the winner’s curse, follow these steps:

1. In a new Excel worksheet, entitled Error Simulation, put the standard deviation for your errors in cell C9.

2. Put headings Error 1, Error 2, …, Error 20 in cells F16 to Y16.  (See Error Simulation of Auction Focus.xls).

3. Using NORMINV, generate at least 5000 sets of 20 errors.  
For the standard deviation, you must enter in the standard deviation of your errors (the number entered in cell C9).

Make sure you understand where the numbers in the screen capture are coming from.

4. Calculate the minimum and maximum error for your entire simulation, putting them in cells F14 and G14 respectively.  Make sure that these numbers are within 5 standard deviations of the mean of 0.  If not, you will have to find the errors that lie outside this range and replace them. 

5. Each row of 20 errors is an auction and so we have simulated 5000 auctions.

6. To find the value of C for each auction, find the maximum error in each row using the MAX function.  Start by putting the heading Maximum in cell B16 and the values of C beginning in cell B17.

7. We now have a sample of 5000 observations of  C.  We can estimate 
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 by computing the sample mean of these observations using the AVERAGE function.  Put your answer in cell B14 and in cell B13 put the heading Expected Value of Curse (in Error Simulation of Auction Focus.xls this is called Mean Maximum).  
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 is the average of the winner’s curse over a large number of auctions.

Estimating the winner’s curse gives us a possible bidding strategy.  The possible strategy is that each company subtracts the winner’s curse (the estimated value of 
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) from its signal.  If your company has the highest signal, subtracting this amount means that you will still win the auction but you will not lose any profit.  So we have defeated the winner’s curse.  The course files call this strategy the First Plan.

Step #2:  Finding the Winner’s Blessing

In an auction where the highest bid wins, any amount that the winner pays above the second highest bid is wasted.  The difference between the highest bid and the second highest bid is called the winner’s blessing.  This is extra profit that the winning company has lost because they have bid more than they needed to in order to win the auction.

Let B be the continuous random variable which gives the difference between the largest and second largest errors in a random set of 20 observations of R.  So in each sample of 20 observations of R the difference between the largest and second largest errors is an observation of B and this is the winner’s blessing for that auction.

To estimate the winner’s blessing follow these steps:

1. Using the errors we have already simulated, find the second largest error in each row of 20 observations.  Put the heading 2nd Maximum in cell C16.  To find the second largest error in the first row, use the function LARGE(F17:Y17,2) in cell C17 (this function looks at the entries in the first row and chooses the second largest entry).   Do this for all 5000 rows. 

2. Put the heading Difference in cell D16.  Starting with cell D17, calculate the difference between the largest and second largest errors.  Remember, you have already calculated the largest error in cell B17.  This difference is the winner’s blessing for each auction.

3. We now have a sample of 5000 observations of  B.  We can estimate 
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 by computing the sample mean of these observations using the AVERAGE function.  Put your answer in cell D14 and in cell D13 put the heading Expected Value of Blessing (in Error Simulation of Auction Focus.xls this is called Mean Difference).  
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 is the average of the winner’s blessing over a large number of auctions.

Estimating the winner’s blessing gives us another possible bidding strategy.  The possible strategy is that each company subtracts the winner’s curse (the estimated value of 
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) and the winner’s blessing (the estimated value of 
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) from its signal.  We saw why we want to subtract the winner’s curse and by subtracting the winner’s blessing we will not waste the money that we would pay over the second highest bid.  So we have defeated the winner’s curse and replaced it with the winner’s blessing.  The course files call this strategy the Second Plan.

Step #3:  Optimal bidding strategy for Company 1 if all other companies subtract the curse and the blessing

Suppose that we know all of the other 19 companies will subtract the winner’s curse and the winner’s blessing.  Is it to our best advantage that we do the same or can we improve our extra profit and our chances of winning by following a different strategy, knowing that everyone else will subtract the curse and the blessing?  We want to find the most advantageous bidding strategy for our company.

Under the Second Plan, we subtracted the curse and the blessing from our signal.  The curse plus the blessing is an amount by which we adjusted the signal.  Henceforth, we will think of any amount that we subtract from our signal as a signal adjustment.

We will begin by assuming that every company, including our own, adjusts their signals by the curse and the blessing.  Later on, we will change the signal adjustment for our company.

To find the optimal strategy, follow these steps:

1. Begin a new worksheet, entitled Signal Adjustment, in the same workbook with your simulation by recreating the tables in cells D16 to G24 of Signal Adjustment of Auction Focus.xls.  Make sure that you put the tables in the same cells in your worksheet.  At this stage, you only need to copy the format of the tables and not the actual formulas found there.  We will add the necessary formulas later on.

2. Add in the values that you found for the winner’s curse and the winner’s blessing.

3. For the signal adjustment for Company 1, put in the sum of the curse and the blessing.  Later on you will change the signal adjustment for Company 1.  For the signal adjustment for all other companies, put in the sum of the curse and the blessing.  This will remain constant

4. Copy the headings in the table in cells B26 to V27 in Signal Adjustment of Auction Focus.xls, making sure that you add two additional columns for the extra two companies.  Make sure that you start the table in cell B26 of your worksheet.  So your headings will go to X27.  In this table we will calculate new errors for the simulated auctions after we have adjusted our signal and find the company that will win the auction.

5. To get the new errors, subtract the signal adjustment for each company from the errors you have already simulated.  So under the heading for Company 1, you will subtract the signal adjustment for Company 1 from each of the errors for Company 1 in your Error Simulation worksheet.  For example, in cell D28 enter the formula ='Error Simulation'!F17-'Signal Adjustment'!$F$18 .  Then drag the formula down that column.  For each of the remaining companies, you will subtract the signal adjustment for all other companies from each of the errors for that company.  For example, in cell E28 enter the formula ='Error Simulation'!G17-'Signal Adjustment'!$G$18.  Then drag the formula down that column.  You will also need to drag this formula across and down the table appropriately.  At the end you should have 5000 sets of 20 new errors.

6. After the last row of your errors, add a new row similar to row 5028 of the first table in Signal Adjustment of Auction Focus.xls.  Remember, you have two more companies than the class project.  This row will be used for the HLOOKUP function later.

7. Each set of these 20 new errors simulates an auction.  We want to determine the winning company for each auction.  The company with the largest error is the winner (think about why this is true).  Find the largest error in each row using the MAX function.  Enter these values starting with cell X28.

8. Now that we have found out the winning company for each auction, we want to determine the         extra profit made by the winning company.  So we make another table, starting in cell Z27.  Begin by copying the column headings in Y27 to AP27 of Signal Adjustment of Auction Focus.xls.  Remember to add two additional columns for your two extra companies.

9. We start by finding the auctions that Company 1 won.  In cell Z28, enter the formula =IF(B28=1, -X28, “”).  This formula checks if Company 1 has won the first auction. If it has, then it returns extra profit made by Company 1 for that auction.  Note that extra profit is the proven value minus the signal and the error is the opposite (signal – proven value) so the extra profit and the error are the same but have opposite signs.  If Company 1 did not win the auction, the cell is left empty.  Drag this formula down for all 5000 rows (you should stop at Z10027).

10. We want to do the same thing for all the companies.  So for Company 2, put the formula =IF(B28=2, -X28,””) in cell AA28 and drag down all 10000 rows.  Do the same thing for all of the remaining companies, remembering to change the formula B28=2 to B28=3, B28=4,… appropriately.

11. Go to the bottom of the table you have just constructed.  We want to find the probability of winning for each company.  In cell Z5028, enter the formula =COUNTIF($B28:$B5027,1)/5000.  This counts the number of times Company 1 won the auction and divides by the total number of auctions.  In cell AA5028, enter the formula =COUNTIF($B28:$B5027,2)/5000.  You need to enter a similar formula for each company.  Remember to make the appropriate change in the formula.

12. Next, we want to determine the mean extra profit if the company wins.  In cell Z5029 enter the formula =AVERAGE(Z28:Z5027).  Drag this formula across the row.

13. Now we want to find the expected value of the signal adjustment for each company.  This is the long term average extra profit the company makes with this particular signal adjustment.  In cell Z5030, enter the formula =SUM(Z28:Z5027)/5000.  (Think about why this is a different value than the previous step.)  Drag this formula across the row.

14. After completing these computations we have to fill in the table in cells F22 to G24.  In cell F22 enter =Z5028.  In cell F23 enter =Z5029.  In cell F24 enter =Z5030.  In cell G22 enter =AVERAGE(AA5028:AS5028).  This is the average of the probabilities for the remaining companies.  In cell G23 enter =AVERAGE(AA5029:AS5029).  This is the average of the mean extra profit for the remaining companies.  In cell G24 enter =AVERAGE(AA5030:AS5030).  This is the average of the expected value of the signal adjustment for the remaining companies.

15. Now we can use this worksheet to try different signal adjustments for Company 1.  Remember we are assuming that all of the other companies adjust their signals by subtracting the curse and the blessing.  We want to determine the best signal adjustment for Company 1 assuming that all of the other companies subtract the curse and the blessing.  The best signal adjustment for Company 1 is the one which gives the largest expected value of adjustment (the number in cell F24), because the expected value is the long term average extra profit the company makes (and clearly you want this number to be the largest possible).  

16. Start a new worksheet called Strategy.  Copy the table headings in cells B12 to C13 in the sheet Strategy of Auction Focus.xls, into the same cells in your Strategy worksheet.  Try different signal adjustments for Company 1 (assuming that all other companies subtract the curse and the blessing) in cell F18 of your Signal Adjustment worksheet.  For each signal adjustment you try, recalculate the Signal Adjustment sheet and in the table in the Strategy worksheet record the signal adjustment and the expected value of adjustment for Company 1 (in cell F24).   You should do this for 10 different signal adjustments.

17. Create a scatter plot of expected value (the y axis) against the signal adjustment (the x axis) from the table you just created in the Strategy worksheet.

18. Add a polynomial trend line of degree 4 to your scatter plot.  Make sure to display the equation of the trend line on the chart.  Make a table similar to the one in cells B34 to C38 of the Strategy worksheet in Auction Focus.xls in the same cells in your Strategy worksheet.  Copy the coefficients of the equation of the trend line into the appropriate cells.

19. The equation of the trend line is the function f(a) which gives the expected value of the signal adjustment when Company 1’s signal is adjusted by a million dollars.

20. We want to find the maximum possible expected value and so we need to maximize f(a).  To do so copy the table in cells D33 to G35 in the Strategy worksheet of Auction Focus.xls into the same cells in your Strategy worksheet.  You will also need to copy the formulas in cells F35 and G35.

21. Remember where the function is maximum, the derivative is 0.  So use Solver to find the value of a that makes f’(a)=0.  Check on the graph that the value you found is a maximum.  The value of a that maximizes f(a) is the signal adjustment your company would make in order to maximize its long term average extra profit (assuming all other companies subtract the curse and the blessing).

Subtracting the signal adjustment you just found from your company’s signal is the best strategy for your company given that all of the other companies subtract the curse and the blessing from their signals.

Step #4:  Optimal bidding strategy for Company 1 if all other companies subtract the curse only.

Now suppose that we know all of the other 19 companies will subtract just the winner’s curse from their signals.  As before, we want to find the most advantageous bidding strategy for our company knowing that everyone else will subtract the curse.  We could proceed as before, by making small changes to the Signal Adjustment and Strategy worksheets.  However, this is time consuming.  Instead, we will take a short cut by using the file Auction Equilibrium.xls.

Auction Equilibrium.xls automates the computations that you did in the previous step; that is it will find the best signal adjustment for Company 1 given a signal adjustment for all of the other companies.  To run Auction Equilibrium.xls you need to enter the number companies that will be bidding on a lease, the standard deviation of the signal errors and a signal adjustment that will be used by all of the other companies.

Run Auction Equilibrium.xls using the value of the curse as the signal adjustment for all of the other companies and your standard deviation of the errors.  From this you will get the signal adjustment for your company that will maximize your long term average extra profit given that all of the other companies subtract the curse. 

Subtracting the signal adjustment you just found from your company’s signal is the best strategy for your company given that all of the other companies subtract only the curse from their signals.

How does the best signal adjustment found for your company in steps 3 and 4 compare with the assumed signal adjustments for all of the other companies?

Step #5:  A Stable Bidding Strategy

The strategies found in steps 3 and 4 are not stable in the sense that the other companies can do the same calculations and change their strategies to maximize their long term average extra profit.  We have no reason to believe that the other companies will stick to the strategies of subtracting the curse and the blessing or just the curse.  So all of  the companies have incentive to deviate from the strategy.  Can we find a strategy where no one will have an incentive to deviate from the strategy?

We have seen that if we know what all of the other companies will do, we can find the best strategy for Company 1.  A signal adjustment as is a stable strategy if our best response to an adjustment of as by all of the other companies would be to adjust by as also.  This is stable in the sense that no company has an incentive to deviate from the strategy.  That is, no company can improve their maximum extra profit by changing to a different strategy.  This type of stable bidding strategy is called a Nash Equilibrium.

From your earlier observations, between what two numbers do you think that the signal adjustment for the stable bidding strategy will occur?

To find as use Auction Equilibrium.xls as before.  Start by taking the number that is half way between the best signal adjustment you found in step 3 and the best signal adjustment you found in step 4.  This number will be the first signal adjustment for all other companies in Auction Equilibrium.xls.  Run Auction Equilibrium.xls and note the signal adjustment for Company 1.  
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