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In an environment where customer demand of an item depends on its price –e.g. a retail store, it is important to have a good pricing strategy. A pricing strategy that tells the manager how long the item should be in full price and when to discount it and by how much, and so on. Basically, the more the price of an item is discounted, the more its customer demand. But reducing the price means earning fewer margins per item sold. Thus, the basic idea of a pricing strategy is to discount when the lift in sales compensate for the margin lost. However, the demand of each discount of an item is not deterministic. We cannot foresee the demand of an item in the future at each discount price. Therefore, we look at the history. 

Now the question is what kind of information we have to derive from the historical data. Obviously, what we need is the expected sales per week at each discount. So we can determine the appropriate time and rate of discount which will compensate for its lost in margin. Let’s look at an example of historical data and how to estimate the required information.

The following table shows 12 weeks of history of sales for an item in a retail store. 

	Item
	Week
	Quantity

on hand
	Price
	Discount 
	Sales

	1
	1
	2000
	$    60
	Full price
	75

	
	2
	1925
	$    60
	Full price
	138

	
	3
	1787
	$    60
	Full price
	109

	
	4
	1678
	$    54
	10%
	117

	
	5
	1561
	$    54
	10%
	141

	
	6
	1420
	$    54
	10%
	81

	
	7
	1339
	$    48
	20%
	304

	
	8
	1035
	$    48
	20%
	218

	
	9
	817
	$    48
	20%
	148

	
	10
	669
	$    36
	40%
	299

	
	11
	370
	$    36
	40%
	290

	
	12
	80
	$    36
	40%
	80


From the table, the item was sold at full price ($60) for the first 3 weeks then discounted at 10% from week 4 to week 6. Discounted at 20% from week 7 to week 9. Finally, discounted at 40% from week 10 until it drove the on-hand inventory to 0 in week 12. 

We can summarized this sale data by calculate the average sales per week at each discount.

	Average
	Price
	Estimated Avg. Sales

	Full Price
	$       60
	107.3

	10%
	$       54
	113.0

	20%
	$       48
	223.3

	40%
	$       36
	223


By looking at the table above, we might draw an immediate conclusion that we shouldn’t discount at 40% because it almost result in the same demand as 20% discount. This is, however, wrong. In averaging the sales for 40% discount, we couldn’t take in to account the last week of the history because the sales of that week was determined by the remaining on-hand inventory, not the real demand for the item. The more accurate value should be (299+290)/2 = 294.5 which is the average between week 10 and 11.

	Average
	Price
	Estimated Avg. Sales

	Full Price
	$       60
	107.3

	10%
	$       54
	113.0

	20%
	$       48
	223.3

	40%
	$       36
	294.5


Before going to the matter of how we can use these values to formulate a new pricing strategy, we can use them to evaluate our previous pricing strategy. We can determine what we should have done in the past given the same customer response. The result will be an ideal perfect foresight strategy to which our real strategy can be compared. 

Moreover, the difference between the revenue we actually made and the revenue we should have made if we can foresee the demand is very crucial because it tells us how much we should invest in building a strategy or the item. For example,  if we made $90,000 on an item and the retrospective review tells us that we should have made 5% more if we used the best strategy, we can deduct that the new strategy shouldn’t worth  more than 0.05(90,000) = $4,500. This also tells us which item or area we should focus our limiting effort on by its value. All in all, we should invest our effort in the area that gives higher return and we should in the amount that does not exceed the return. 

Now come to our main attention of how can we use this information in order to change or establish a new pricing strategy to use with other product in the future? For example, if the above information is from 1994 sale history of black pouches and we are to establish a pricing strategy for sandals in 2003, there will be number of variations we have to considered such as; population, price, product, economy, etc. So, in order to apply the information, we have to eliminate as much as possible aspects of this data that are specific to product, time, location, etc. 

Considering we need the price elasticity of the demand (customer response), we can calculate the percentage of lift in sales for each discount price. Then we can estimate the lift given a discount for any items in the future. 

The following table shows the average sales 16 items at their full price and at different discounts. (After normalized the sales at full price for each item to 1)

	 
	Ratio of Sales Rates

	Item
	Full Price
	10%
	20%
	40%

	1
	1
	1.30
	-
	-

	2
	1
	1.34
	-
	-

	3
	1
	1.39
	-
	-

	4
	1
	1.27
	-
	-

	5
	1
	1.23
	-
	-

	6
	1
	-
	1.83
	-

	7
	1
	-
	1.77
	-

	8
	1
	-
	1.83
	-

	9
	1
	-
	1.79
	-

	10
	1
	-
	1.44
	-

	11
	1
	-
	-
	2.63

	12
	1
	-
	-
	2.94

	13
	1
	-
	-
	3.00

	14
	1
	-
	-
	2.67

	15
	1
	-
	-
	2.81

	16
	
	
	
	

	Mean
	1
	1.31
	1.73
	2.81

	Std Dev
	-
	0.06
	0.16
	0.16


From the table, we can see that even though the items are different, the consumer’s reaction for the prices is pretty much constant. (Standard deviations are small) Hence, it can be claimed that we can use this data to forecast the demand of other product in the future. Using the mean value of average sales at each discount, we get the expected percentage lift in sales for any products. (In this case, 31% lift for 10% discount and so on) 

To establish a pricing strategy using the information of the lift in sale at each discount obtained earlier, we formulate a linear programming model. First, we’ll need the initial sales data of the item along with its full price. The answer we’re expecting is – with in the underlying season, How many weeks to sell at each discount until we run out of inventory?

Model 

For this example, we assumed that

- Full price of the underlying product = $60

- Salvage value of the item = $25

- The item has to be sold at full price for at least 1 week

- The underlying season last 15 weeks

- Initial inventory = 2000 items.

- The lift in sale of each discount follows the above data

Parameter:

P = Average Sales Rate at Full Price

x[price] = Weeks we sell at price

S = Units we salvage

Objective: maximize the total revenue 
max P*(60x[60] + 54*1.31x[54] + 48*1.73x[48] + 36*2.81x[36]) + 25S

Constraints:

- Total Weeks = Weeks in the Season

s.t.     x[60] + x[54] + x[48] + x[36] <= 15 


- Total Sales and Salvage = Initial Inventory

s.t. P*(x[60] + 1.31x[54] + 1.73x[48] + 2.81x[36]) + S = 2000

- The item has to be sold at full price for at least 1 week

s.t.      x[60] ( 1 (This is a bound. Like x[54] ( 0) 

- non-negativity

s.t.    x[60], x[54], x[48], x[36], S >= 0

Given an initial weekly sale of 90, the solution of the model is as followed. 

	Initial Weekly Rate
	90
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	 
	Full Price
	10% off
	20% off
	40% off
	Salvage
	 

	Price
	 $          60.00 
	 $        54.00 
	 $           48.00 
	 $       36.00 
	 $       25.00 
	 

	Sales Lift
	1
	             1.31 
	               1.73 
	           2.81 
	 
	 

	 
	 
	 
	 
	 
	Salvage
	Total

	Weeks at
	               1.00 
	             7.12 
	               6.88 
	               -   
	 
	            15.00 

	Sales
	             90.00 
	         837.45 
	             1,073 
	               -   
	               -   
	        2,000.00 

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	Salvage Revenue
	Total Revenue

	Revenues
	 $          5,400 
	 $      45,222 
	 $         51,482 
	 $            -   
	 $            -   
	 $      102,105 


The solution suggested that at initial weekly sale of 90 at full price ($60), we should discount 10% after 1 week and remain at the same price for 7.12 weeks. Then discount at 20% and sell until we run out of inventory. The expected revenue is $102,105. 

