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Related Applications

This application claims priority from U. S. Provisional Application No.

60/205,714, filed on May 19, 2000, the disclosure of which is hereby incorporated

by reference in full.

Field Of The Invention

The present invention is a dynamic pricing system for producing an

optimized price recommendation to maximize expected profits based upon

forecasted sales and price sensitivity derived from prior transaction statistics.

Background Of The Invention

Historically, there has been no way for a supplier to predict, with high
certainty"r,- the price at which a product must be sold in order to maximize profits.
Under traditional sales models, pricing decisions are made based on estimates,
such as anticipated product demand and presumed price sensitivity, in the hope
of maximizing profits. The procedure for forming these estimates is time and
labor intensive. For example, it is known in existing spreadsheet programs to
recalculate derived values automatically from data changes entered into the
spreadsheet. Display of such recalculated values facilitates evaluation of
hypothetical "what if" scenarios for making business decisions. However, this 1s
done by changing a value in a cell of the spreadsheet, resulting i1n recalculating
all variable entries dependent on the variable changed. It is not easy for the
user to see the global effect of such changes without a careful review of the
recalculated spreadsheet or separate screens showing gfaphs derived from the
recalculated spreadsheet. The result is a cumbersome iterative process in which
the user must change a value in a cell of the spreadsheet, obtain a graph of the
resulting dependent variable changes, determine whether those results are as
desired, if not, go back to the spreadsheet and make another value change in a
cell, redraw the graph, and so forth until desired results are achieved. The

process is even more cumbersome if the user desires to add a line to a graph,
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which requires the generation of new cells in the spreadsheet. An improved
system would automatically perform these functions with little input from users.

There are several difficulties in forming an automated dynamic pricing
system. One problem is that most sellers keep incomplete pricing data. For
example, while the ideal client for the system would maintain data on lost
customers, competitor prices, industry availability and the like, most sellers will
have data on only a subset of the potential drivers of market response.
Furthermore, the known dynamic pricing systemo can neither adjust rapidly to
account for changes in market conditions nor suggest different prices for

different markets.

Summary Of The Invention

In response to these and other needs, the present invention provides a

" dynamic pricing system that generates pricing recommendations for one or more

products. The system divides records of prior sales to define market segments,
such that each sale only falls into a single segment. The system then uses
pricing and sales data from these sales to determine optimal prices in view of
parameters describing the user's business objectives to produce a pricing list to
achieve these objectives. In particular, the system uses historical market data to
forecast’éxpected sales within each channel segment, product type, and a range
of future dates. Historical market data is further used to predict the effects of
price changes on the forecasted future sales. The system then estimates profits
from sales at different prices by using the sales forecasts, adjusting these sales
forecasts for the different prices, and then subtracting costs for the product
which is an input to the system. The system optionally optimizes prices given
current and projected inventory constraints and differeﬁt strategic objectives,
also known as business rules. The system therefore provides the user with
prices that maximize profits within the desired sales volume levels.

In one embodiment, after making price recommendations using the
forecasted sales numbers, the system monitors actual sales and pricing

information. The system then compares the forecasted sales statistics with the
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actual sales statistics and notifies the users of aﬁy differences, such as actual
sales volumes or prices that differ greatly from the forecasted values.

In another embodiment, the dynamic pricing system is general enough to
provide price recommendations with varying degrees of available data. In
particular, the system produces a viable pricing value estimate using available
data, and then modifies that price estimate with increased forecasting accuracy
by incorporating the new data, as it becomes available. In this way, the system
functions constantly and in real time to update and alter price recommendations

to reflect the most recently acquired sales data.

Brief Description Of The Drawings

Referring now to the drawings in which like reference numbers represent

corresponding parts throughout:
FIGS. 1 and 6 are schematic diagrams of system incorporating the

dynamic pricing system of FIG. 2 in accordance with a preferred embodiment of

the present invention;

FIG. 2 is a schematic diagram of a dynamic pricing system in accordance

with a preferred embodiment of the present invention;

FIGS. 3 —5 are output images from the system of FIG. 2 in accordance

with a pfeferred embodiment of the present invention; and
FIG. 7 is a flowchart diagram for dynamic pricing method in accordance

with a preferred embodiment of the present invention.

Detailed Description Of A Preferred Embodiment Of The Invention

As depicted in FIG. 1, the present invention provides a dynamic pricing
system 100 for automatically producing a set of price reéommendations. The
dynamic pricing system 100 is electronically connected to an input device 10 and
one or more output devices 20. The input device 10, such as a keyboard or
mouse, allows a user to provide data into dynamic pricing system 100 by
transferring information into an electronic format as needed by the dynamic
pricing system 100. Analogously, the output devices 20, such as a monitor or a

printer, presents price recommendations and other information from the
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dynamic pricing system 100 to the user in a non-electronic format. The input
and output devices 10 and 20 allow an electronic dialogue between the user and
the dynamic pricing system 100.

As depicted in FIG. 2, the dynamic pricing system 100 generally includes a
Transaction Database 120, a Normalized Sales Forecaster 130, a Price
Sensitivity Model 140, a Cost Model 150, a Sales Forecaster 160, and a price
optimizer 200. The components combine to allow the dynamic pricing system
100 to use historical data from prior transactions to form profit maximizing pricé
recommendations for future sales. The dynamic pricing system 100 specifically
uses the historical data to estimate price elasticity for a product in a particular
channel segment. The dynamic pricing system 100 further uses the historical
data to predict future product sales at current prices. The dynamaic ﬁricing
system 100 then combines the sales predictions with the price elasticity results
to form a prediction of sales levels in the market segment in the future at
different prices for the product. The dynamic pricing system 100 then
determines costs for the product and combines the costs result with the predicted
sales at the different price levels to determine a set of optimal, profit maximizing
prices for a product in different markets. The function of these individual

components is now described in greater detail.

Transaction Data

The system 100 stores a record of prior transactions in a transaction
database 120. The user may input this information using the input device 10 or,
as described below, transaction data may be automatically fed into the
transaction database 120 from outside sources, for example, by monitoring
shipments to customers. It should be appreciated, howéver, that the particular
manner and method of processing and storing transaction data may be selected
as necessary to fulfill the user's needs. In particular, the present invention
relates to the analysis of transaction data and does not generally concern the
collection of this data. In fact, the dynamic pricing system 100 adjusts to create
accurate price recommendations where the data collection 1s flawed or

incomplete, as describe in greater detail below.
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Typically, a pre-prbcessor 110 analyzes transaction data so that the
transaction database 120 is it is organized in a usable, functional manner. In
this way, the transaction database may have any usable storage format, as
needed for quick and consistent data access. In one embodiment, the transaction
database 120 is a multi-dimensional database for On Line Analytical Processing
(OLAP). Multi-dimensional databases facilitate flexible, high performance
access and analysis of large volumes of complex and interrelated data, even
when that data spans several applications in different parts of an organization.
Aside from its inherent ability to integrate and analyze large volumes of
enterprise data, the multi-dimensional database offers a good conceptual fit with
the way end-users visualize business data. For example, a monthly revenue and
expense statement with its row and column format is an example of a simple
two-dimensional data structure. A three-dimensional data structure might be a
stack of these worksheets, one for each month of the year. With the added third
dimension, end-users can more easily examine items across time for trends.
Insights into business operations can be gleaned and powerful analysis tools
such as forecasting and statistics can be applied to examine relationships and
project future opportunities.

The transaction data in the transaction database 120 generally includes
information that specifies the details of each transaction, such as the date of the
transaction, the transacted product, the price for the transacted products, the
parties involved in the transaction, etc. Each transaction has several attributes
specifying its different features, and by exploiting the similarities within the
attributes, the transactions can be grouped by market segments. Furthermore,
different market segments may be grouped into mutually exclusive and
collectively exhaustive sets called channel segments (CS). Within this disclosure,
channel segments are defined to be aggregations of transactions along market
segment dimensions. For example, geographic area, size of sales, method of
delivery, buyers' characteristics, etc. may be used to define channel segments.
The channel segments are specified by the user through the input device 10, and
the channel segments must combine to form a mutually exclusive, exhaustive set

on the universe of all sales transactions (the “market”). In other words, each and
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every sale can be classified into only one channel segment. These channel
segments are the level at which product prices will be recommended and are the
level at which the dynamic pricing system 100 computes forecasts. Broadly
defining the channel segments improves numerical analysis by increasing the
number of samples for analysis. However, broadly defining the channel
segments limits possible gains to the user/seller increase profits from specifically
pricing multiple smaller channel segments.

[deally, the user may view the transactién database 120 to review the
prior transactions, as illustrated in FIG. 3. Each transaction 121, in the
illustrated transaction database 120 includes a product identifier 122 a channel
segment identifier 123, a quantity of sale identifier 124, and a sales price

identifier 125.

PRICE SENSITIVITY ..

A price sensitivity model (PSM) 140, FIG. 2, uses the information in the
transaction database 120 to predict price sensitivity of buyers for the product(s)
in issue. In other words, the PSM 140 mathematically estimates how changes in
price for a product affect buyers' demand for that product. The pr;ice sensitivity
calculations from the PSM 140 are important because the dynamic pricing
system 100 uses these calculations to predict changes in sales of the product at
different prices when producing a profit maximizing price for the product. For a
specific channel segment, the PSM 140 generally models price sensitivity for a
particular product through a function that varies with price P to represent the
relative changes in sales volumes X. The parameters for the price sensitivity
function, Fps(P), may be empirically determined through surveys, experiments,
or analysis or, otherwise, may be supplied by the user through the input device
20. Alternatively, the dynamic pricing system 100 may dynamically determine
the parameters for the Fps(P) from analyzing the transaction data in the
transaction database 120 according to known accounting and statistical methods.
In other words, the PSM 140 looks to see how price changes in the past have
affected sales within the channel segment and uses these results to predict the

effect of future price adjustments. The dynamic pricing system 100 determines
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separate price sensitivity functions Fps(P) for every product and channel

- segment.

In one implementation, the PSM 140 looks to changes in sales prices and
models the changes in sales as a function of changes in prices (6X/6P). This
method is premised on the assumption that price has an instantaneous 1mpact
on sales volume and that this impact is consistent over time. The PSM 140
therefore assumes that sales volume is strictly a function of the price level. In
this implementation, the PSM assumes that at a starting or reference price Pref,
all the demand for the particular product turns into sales. If a transaction takes
place at a final price Psnal, different than Pies, then the transaction quantity i1s
assumed to be different than what it would have been at the reference price. The
transaction quantity is then normalized using a normalization factor that 1s
produced by thé price sensitivity function, Fps(P). For example, if 100 units of
product are sold at Pgnai = $30/unit, where Prer=3$35/unit and Fps (Pfina1)=0.9,
then the normalized transaction quantity is 100/0.9 = 111, implying pricing the
product at $30 in this channel segment would result in the sale of 111 units.

The PSM 140 may determine the Fpg(P) from a logistic model, as that
developed by Belgian mathematician Pierre Verhulst. The logistic model 1s
frequently used in biological population studies and assumes upper and lower
asymptéi:es on changes. Therefore, price sensitivity function can be estimated

through the following equation:
Fps(P) = 0.2 * {1 - [ArcTan(o*(Psna — Prer)) * 2/P1]} (Eq. I),

where the value of o is empirically determined according to the transaction
records. For example, if the PSM 140 1s selecting betweén two possible options
for o (say a1 and og), the PSM 140 then chooses the value for o that best
corresponds to the sales and price numbers from prior transactions. Equation 1
has asymptotes at 0.0 and 2.0, so sales cannot be negative and price reductions
can, at most, double sales volumes. Another result of using Fiquation 1 1s that

sales volumes do not change when prices do not change.
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The PSM 140 can similarly generalize the price sensitivity function of

Equation 1 through the following equation:

exp (Ko + K1+ P)
N S S ———— (Eq. 2)
1+ exp (Ko + K1+ P)

where K; > 0 and r = 0.2. In Eq. 2, the variable r represents the maximum
possible rate of change for price sensitivity function, and the K; represent market
factors that limit the maximum rate of change r at time period 1. As before,
Equation 2 concludes that Fps(Prer) = 1, so that sales within the channel
segments do not change if prices do not change. The r and K; are determined
using known statistical techniques by analyzing the transaction records and
parameters related the product's price elasticity. Also, the model may further
assume that Fps (O) = 2, so that offéring free products doubles consumption of
that product within the channel segment. Other functional forms for Fps are
possible, corresponding to alternative expressions for equations 1 and 2.

Alternatively, the PSM 140 may use a linear model. In the linear model,
Fps(P) is a line defined by a slope estimating the change in sales per change in
price aﬁd an intersect on the price axis at which sales volume is zero.

The system 100 may display the results produced by the PSM 140, as
illustrated in FIG. 4. Specifically, FIG. 4 illustrates the display of a price
sensitivity model type 141 used to analyze the product in each channel segment
and price sensitivity model variables values 142a and 142b. The FIG. 4 further
illustrates the display of graphs 143 of price sensitivity curves using the linear
model between maximum and minimum prices, ‘

If the transaction database 120 includes lost sales data that represents
the number of sales lost through changeable conditions such as insufficient
inventory, then a lost sales model (LSM) 135, FIG. 2, could employ a win
probability function, Fwp, analogous to the price sensitivity function Fps of the
PSM 140. The win probability function takes a control variable as its

independent variable (such as inventory levels) and produces an estimate of

3



10

15

20

29

30

CA 02409918 2002-11-19

WO 01/91001 PCT/US01/16116

increased sales for the product in the particular channel segment as the control
variable is varied. Typically, the control variable for the win probability function

is either price or an adjusted margin for the channel segment.

SALES FORECASTER

Using transaction information from the transaction database 120, a

Normalized Sales Forecaster (NSF) 130, FIG. 2, predicts future sales within the

particular channel segment assuming that the reference price 1s charged. In
particular, the NSF 130 functions as a generic, univariate time-series iforecaster
to predict sales volume, assuming that a constant reference price 1s applied
throughout the forecast horizon. The NSF 130 may further forecast the number
of total offers made as well as normalized sales quantities.

The Sales Forecaster (SF) 160 then uses the sales forecast from the NSF
130 and price sensitivity conclusions from PSM 140 and to predict sales for the
product within the channel segment at different prices. Specifically, the SF 160
predicts decreases in sales from increase in prices and increases in sales from
decreases in product prices. The dynamic pricing system 100 then uses the sales
forecasts from the SF 160 to determining profit-maximizing prices for various
products within various channel segments.

The accuracy of the sales forecasts from the NSF 130 and the SF 160
allows the dynamic pricing system 100 to produce reasonable pricing
recommendations. In forecasting future sales, the NSF 130 and the SF 160 use a
defined forecast horizon that specifies how far in the future to forecast sales, and

the accuracy of the sales forecast is improved by using shorter-term forecast

horizons where possible since short-term forecasts are intrinsically more

accurate. Because the date range over which forecasts are made may depend on
the length of restocking intervals, these intervals should be chosen carefully. In
the case of very long restocking cycles, the dynamic pricing system 100 can
model the restocking intervals as a series of shorter forécast horizons.

The accuracy of the sales forecast may be further improved by a clear,
sound definition of loss if lost sales data is available. The sales forecasts from the

NSF 130 and the SF 160 may be further improved by using relatively few
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channel segments and by grouping the separate products into a manageable set
of model categories. A smaller number of channel segments means more
historical data for each channel segment and fewer channel segments to manage.
Likewise, a smaller number of model categories results in more historical data
for each model categories and fewer model categories to manage.

In one embodiment, the NSF 130 and the SF 160 use the information from
the transaction database 120 to produce a total sales, Xsku, for a particular
product (SKU) in a channel segment (CS) over a range of time (tj) by summing
sales for that product in that channel segment over that range of time.
Similarly, an aggregate sales total, ZXsku, for multiple products (SKUl..n)min the
channel segment, is found by summing the sales total Xsku for each of the
products. The system can then determine a product’s fraction of total sale
volume by dividing sales total for a particular product by the aggregate sales
total for multiple products. The dynamic pricing system 100 then forecasts a
group of products' daily sales volume by channel segment. |

The dynamic pricing system 100 may perform forecasting through known
statistical methods, such as linear regression or non-linear regression analysis
using curve-fitting based on exponential, poWer? logarithmic, Gompertz, logistic,
or parabola functions. In addition, numerous averaging, smoothing, and
decomp;).sition techniques to increase the accuracy of statistical forecasts are
known and may be employed by the dynamic pricing system 100. As will be
appreciated by one skilled in the art, the NSF 130 and the SF 160 may employ
any commercially available forecasting program. | |

In a preferred embodimént, the NSF 130 and the SF 160 are adapted to
forecast sales cycles in which the number of prior sales varies predictably over a
period of time. To forecast these sales cycles accurately, the NSF 130 and the SF
160 may forecast each day-of-week separately; i.e., forecast the Monday time
series separately from Tuesday, Wednesday, etc. The NSF 130 and the SF 160
can then perform an analysis of variance (ANOVA) or t-test to detect which days
of the week are statistically “different” in their mean level. Alternatively, the
NSF 130 and the SF 160 can aggregate across weeks and forecast the aggregate

series, applying a multiplicative (average proportion of whole week) factor to

10
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employ Association of Risk and Insurance Managers of America (ARIMA)
methods that explicitly model time lags and cyclical dependencies. The above
techniﬁues may similarly be generalized to different time cycles, such as day-ot-
month cycles, days-to-end-of-month cycles, and week-of-month cycles.

The NSF 130 and the SF 160 may evaluate accuracy of the sales forecast
through known methods to determine "Goodness of Fit" statistics. If the forecast
does not have a good fit, the dynamic pricing system 100 can improve the results
by changing the forecasting procedure, such as using non-linear regression to

determine the forecast.
The results of the NSF 130 may be displayed to the user, as 1llustrated 1n
FIG. 5. FIG. 5 is a spreadsheet 131 with a column 132 listing forecast demand

for a product in a channel segment.

COST MODEL
The pricing system 100 further includes a Cost Model (CM) 150, FIG. 2,

that calculates costs assumptions used in determining the profit maximizing
prices. The CM 150 may operate by accepting inputs from the users through
input device 10. In this way, the function operates only to produce revenues and
uses the user's cost estimates in considering profits.

In a preferred embodiment of the system 100, however, the CM 150
examines externally provided data to determine a base product cost that
represents the actual costs to the seller for the product. For manufacturers, the
base product cost represents the costs of acquiring raw materials and turning
these materials into one unit of finished good, and for resellers, the base product
cost represents actual amount paid to acquir‘e one unit of the product.

The base product cost only includes the expenses intrinsicall& related to
acquiré a unit of the product and does not include all costs associated with the
production and/or acquisition of the product. For example, advertising costs are
not a base product cost because the sales of additional units of the product do not
intrinsically increase this cost. Some other additional costs are overhead costs,

inventory and handling costs, administrative costs, development costs, warranty

11



10

15

20

20

30

CA 02409918 2002-11-19

WO 01/91001 PCT/US01/16116

costs, training costs, and freight costs. These types of additional costs' mdy be”
handled as product cost adjustments by the dynamic pricing system 100, so that
the costs may be considered when determining profit-maximizing prices. In a
preferred embodiment, the dynamic pricing system 100 allows users to provide
the incremental and/or percentage adjustments for each product. The total cost
for the product, the base cost modified by all of the adjustments, 1s referred to as
adjusted product cost.

In one embodiment, the CM 150 may account for differenées in costs for
transactions in different channel segments. The costs for sales in different
channel segments may be due to different methods of distribution, differences in
location or other common characteristics of sales in the channel segments. The
CM 150 may dynamicaﬂy determine these costs by evaluating the prior
transaction data. Preferably, the dynamic pricing system 100 also allows the
user to input incremental and percentage adjustment components for product
sales in the channel segment to produce an adjusted product cost. In this way,
the user has access to different types of cost metrics by initializing the
adjustment factors with different values.

In addition to channel segment specific adjustments which consider the
additional costs associated with the product at the channel segment level, it 1s
possiblé that a seller needs special cost considerations for specific buyers, or
buyer specific cost adjustments. For example, sales to a particular buyer may be
more expensive because of greater transaction and delivery costs. The CM 150
may dynamically determine the additional costs for any particular buyer by
evaluating the prior transaction data, using known statistical analysis
techniques. The dynamic pricing system 100 also preferably allows the user to
supply costs adjustment for product sales to particular Buyers, to produce a
buyer adjusted product cost.

In another embodiment, the CM 150 further accounts for any discounts
given to a buyer for large volume sales. These discounts are generally modeled
through a function that represents the increasing discount as the sales volumes
increase. For example, the discount may be a step function that produces

increasing discount amounts with increasing amounts of sales. The dynamaic

12
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pricing system 100 treats a discount as a cost because the discount diminishes
expected profit from a particular sale but does effect other transactions within

the channel segment.

System 100 may also display costs and discount numbers to the user, 1s
illustrated in the spreadsheet 131 of FIG. 5. The spreadsheet 131 includes an

adjusted cost column 151 and a discount column 152 for each product in each

- channel segment.

SUPPLY FORECAST

In one embodiment, the system 100 further considers inventory levels. In
particular, a basic premise of the dynamic system 100 1s that future sales cannot
exceed future inventory levels. Accordingly, the dynamic pricing system 100
caps sales forecasts at the forecasted inventory levels. In the dynamic pricing
system 100, a Supply Forecaster (SUF) 190 forms an estimate of the future
inventory in each channel segment. The SUF 190 may form an inventory
forecast using any known accounting techniques and typically looks to current
inventory levels and expected future changes to the inventory levels, such as
sales and restocking. Where the seller may purchase unlimited additional
inventory, the system can operate without the SUF 190 since any level of sales
may be .aiccomplished. The SUF 190 may also be replaced with a corresponding
third party system to provide the same supply inputs.

If forecast horizon ends before a restocking date, then all of current
inventory may not be available for use to satisfy the demand through the
forecasting horizon. In this case, the SUF 190 determines how much of the
current inventory is available to satisfy a future demand through the forecast
horizon. One simple approach uses a linear approximat.ion in which an amount
of new inventory is added constantly, rather than using a step function having
large, sudden changes in the inventory levels. For example, available inventory
may be approximated as the current inventory multiplied by the ratio of the

forecast horizon divided by the time until the next restocking.
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PRICE OPTIMIZER
Referring to FIG. 2, the dynamic pricing system 100 includes a Price

Optimizer (OPT) 200 that produces a set of optimal prices that maximize total
profit under given constraints across all channel segments, where the constraints
are defined either by the general settings of the pricing problem or by specific
rules selected by the user. The OPT 200 creates the profit maximizing prices
using various data, including the product cost data from the CM 150 and the
séles forecasts from the SF 160.

The OPT 200 generally assumes that a product sells at a single price for a
particular channel segment. Difference in prices may be modeled in the form of
volume discounts, as described in the above discussion of cost calculations. The
OPT 200 then estimates profits from different sales for a product within the
channel segment at different prices. In particular, the OPT 200 looks to

ITp,cs = Xp,cs * (P cs — Ccs) (Egq. 3),

where Pcs is the price for the product in the channel segment, Ccs 1s the costs
per product in the channel segment, Xp cs is the forecasted sales of the product in
the channel segment at price P, and Ilp,cs is the expected profit from the
product;é sales in the channel segment at price P. As described above, SF 160
forecasts Xp,cs by using the forecasted future sales at current price levels, as
determined by NSF 130, and then adjusting the number of forecasted sales by
the price elasticity of buyers in the channel segment, as determined by PSM 140:

Xp.cs = Xprefcs * Fps(P) (Eq. 4)

where Xpretcs is the normalized sales forecast at current price from the NSF 140
and Fps(P) is the price sensitivity adjustment to sales at price P. Likewise, CM
150 determines the costs per product within the channel segment. The OPT 200
cenerally starts at a base price, Prase, and gradually increases the price by a set
increment, The OPT 200 then suggests the particular price(s) for the product
that maximize profits within the channel segment. The OPT 200 may present
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generally presents the prices through a graphic user interface (GUI) on a display
monitor.

In one embodiment, the OPT 200 looks only to changes in profits caused
by increases in prices. In this implementation, the OPT 200 can recommend a
price increase that maximizes profits, generally a price that does not
substantially decrease sales volumes while increasing revenues per product.

In another embodiment, the OPT 200 makes a more global analysis by
performing estimates of a seller's profit levels within multiple relevant channel
segments and provides prices for the multiple channel segments. This way, a
seller may sacrifice profits within one channel segment to increase profits in a
second channel segment. For example, the seller having a limited total inventory
to be distributed in all channel segments may be better off selling less items 1n a
first market to increase profits in a second market.

In the above-described analysis to determine optimal prices for a product,
the OPT 200 uses several basic assumption, such as the pricing and sales of one
product do not effect the pricing and sales of a second product. As a result, the
amount of the forecasted sales equals the normalized forecasted sales times the
price sensitivity adjustments. Furthermore, the OPT 200 may optionally assume
that there are a minimum and a maximum allowable price within a channel
segment. Given these assumptions, the OPT 200 can always produce one or
more profit maximizing prices.

The OPT 200 may also assume a minimum and a maximum number of
sales within the channel. The OPT 200 may optionally further assume that
there is a maximum difference in prices for a product in two channel segments,
where this maximum difference is an absolute amount ('such as prices cannot
differ by more than $10) or a relative ratio in prices (such as prices cannot differ
by more than 10%). As the OPT 200 makes additional assumptions, it becomes
increasing likely that a set of profit maximizing prices does not exist because a
solution is not possible within the assumption. The OPT 200 then starts

ignoring assumptions until a solution becomes possible.
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The assumptions are stored in the strategi¢ objectivés (of business rules)
database, 210. The users may adjust these assumptions according the realities
of the products and markets. For example, where pricing or sales of a first
product effect pricing or sales of a second product, the OPT 200 cannot assume
that demand (or sales) for one product is independent of demand (or sales) for
other products and that cross-product price elasticity does not exist. The OPT
200 must therefore use a sales forecast from the SF 160 that accounts for this
dependency, and then product pricing that maximizes sales from both products.
The sales for two products may be positively correlated, so that the sale of one
product increases sales of the second product. Alternatively, sales of the two
products may be negatively correlated, where sales of the first product decrease
sales of the second product, such as products that are substitutable. In this caée,‘
a decrease in the price of the first product increases demand for this product
while decreasing demand and sales for the second product. The dynamic pricing
system 100 can account for these market conditions through altering the
operation of the SF 160 so that forecasts of the demand of a certain product, in
addition to using the historical demand data for that product, also examine the
historical demand data for related products. The OPT 200 may consider
cross-product elasticity in determining the optimal prices. Typically, total
forecasted profits for the first product then becomes the originally expected

profits plus any adjusts to profits caused by sales of the second product to reflect

the codependence of the two products:

&(Total Profit) d(sales of product 1)
---------------------------- = mmemmmmmemcccmmmemeeae—————--- * Unit Profit (Product 1) +

d(price of product 1) d(price of product 1)

d(sales of product 1)

(Sale of Product 1) S +
S(price of product 1)

d(sales of product 2)
------------------------------ * Unit Profit (Product 2) (Eq. 5).
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In the above-described operation, the OPT 200 further assumes that
unsold inventory does not incur any actual or opportunity cost. To improve the
price prediction, the sellers may provide an estimate of storage costs for unsold
inventory that is included in the calculations of the PM 150. For example, the
OPT 200 may employ cost accounting that treats any unsold inventory as a cost
against future profits. The user must specify how to value inventory at the end
of the forecasting horizon and/or restocking date. Issues that arise include
valuing excess inventory at the end of the decision period, as well as any
opportunity costs associated with carrying the items over a sales period and how
to capture any increase in product that occurs during storage (appreciation) until
the next period. Similarly, the OPT 200 should consider cost of lost sales due to
insufficient inventory.

The OPT 200 also does not account for uncertainty in supply and demand.
Instead, the OPT 200 treats these factors as deterministic once supply and
demand are forecasted. The SUF 190 and the SF 160 could easily be modified to
incorporate an uncertainty factor. Alternatively, the demand and supply could
be modeled as stochastic processes having a known mean and variance, such as
lognorn:iél functions. The OPT 200’s objective function of the optimization is
then replaced by an function to maximize expected total profits.

The OPT 200 also operates under the assumption i:hat competitor data is
not available. Competitor data relates to information on the prices and sales of
competing products in the same channel segments. Where this information 1s
available, the dynamic pricing system 100 could improve sales forecast, since the
price and supply of competing products obviously affecté sales. For example, the
existence of a closely related product at a lower price substantially limits the
ability of the seller to increase prices. The PSM 140 and the SF 160 may use
known techniques to incorporate and use the competitor data.

In another embodiment, the dynamic pricing system 100 uses available
information on competitors in the OPT 200’s determination of optimal, profit

maximizing prices. For example, a Competitor Response Model (CRM) 170 uses
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historical data on competitor pricing and supply information to'modify the price
sensitivity findings of the PSM 140 and sales forecasts of the SF 160. These
adjustments are based on the logical assumption that the price and availability
of substitute products within a market influence the price sensitivity of
consumers and similarly affect future sales. The OPT 200 could use known
techniques to determine the demand elasticity of a certain product with respect
to the competitor price and incorporate that in the objective function.
Alternatively, the control variable within the system to determine price
sensitivity (currently the price of the product) can be replaced by the ratio of the
seller’s price of the product to the competitor’s price or the difference of the two

values.

Therefore, the dynamic pricing system 100 may produce optimized price
recommendations by exploiting a broad range of available pricing and sales data.
If this broad range of market information 1s available, the dynamaic pricing
system 100 can model the size of the potential market as well as thek market’s
sensitivity to price. The dynamic pricing system 100 forms a sales fc;recast, as a
function of price and time, by modeling the market size from the market’s price
sensitivity. The dynamic pricing system 100 can then evaluate this sales
forecast with respect to the available supply data and the seller’s strategic
objectivéé to generate the optimized price recommendation. Unfortunately, a
broad range of market data is rarely available.

However, in most cases, the dynamic pricing system 100 must analyze the
market using less-than-perfect pricing information. For example, if loss data 1s
unavailable or not meaningful, market size is difficult to capture. A more direct
way to achieve a price recommendation is to forecast sales directly as a function
of price and time. In this way, the system bypasses the need to model market
size and response but possibly produces less accurate forecasts.

Similarly, the dynamic pricing system may make optimized price
recommendations even where data on some drivers of market response 1s
unavailable because some important market drivers can be captured reliably in
data. For instance, the overall supply in the market 1s an observation that may

be more qualitative than quantitative. As a result, corresponding adjustments to
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the price or market response need to be made on a simpler basis WithTnput 1rom
the user as the size of the adjustment to the final price or the shift to market
response. These adjustments can be achieved through overrides to the sales
forecasts, demand forecasts, or market response, or more directly, by a simple
percentage adjustment to the price recommendation derived from the available
data. The user may choose which adjustments to make.

The price recommendations from the price optimizer 200 may be further
modified by a post-processor 240 to allow the system 100 to address various
issues not explicitly addressed in the other components. A miscellaneous
parameters database 250 stores parameters which are used to adjust prices to
reflect behavior not represented in the above models. This may include 1items
such as vendor and channel management rules, as well as industry/market
availability.

System 100 may store the price recommendations 1n a price
recommendation database 260 so that the system 100 can later access the price

recommendations. The price recommendation database 260 may also store the

assumptions/forecasts used to form the price recommendations.

ALERT GENERATOR

In another embodiment, the dynamic pricing system 100 further includes
an alert generator 220, FIG. 2, that operates after a new set of product prices has
been generated or a new day’s worth of transactions has been loaded. The alert
generator 220 notifies the user of any significant changes in prices or other
product characteristics, including the number of actual units sold or actual
margin that may indicate when actual sales behavior differs significantly from
earlier forecasted behavior. . |

The user can choose, through the input device 10, conditions that cause
the alert generator 220 to give notices, and these selected alert conditions are
stored in an alert database 230. For example, the alert generator 220 may
inform the user when statistics in the actual sales different from the expected,
forecast values. For any particular product in a channel segment, the alert

cenerator 220 may look at inventory statistics, the number of sales, the actual
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price of the products in the sales, the actual costs, revenues or the actual prouts.
The alert generator 220 notifies the user when the actual numbers differ from
the forecasted values determined by other components of the dynamic pricing
system 100. ‘

In order to make these comparisons, the alert generator 220 stores the
results from the OPT 200. The alert generator 220 further receives and analyzes
data from the actual transactions, to compare the transactions with the
forecasts. The alert generator generally operates by éomparing new entries in
the transaction database 120 with forecasts contained in the price
recommendation database 260.

Optimally, the user can also specify the time period from which the alert
generator 220 compares expected results to actual results. For instance, the user
may select the previous day, previous week, previous month, or previous year.
Likewise, the thresholds chosen for alerts may be chosen to vary by the time
span selection since a small deviation from expected profits may be important in

the short term but may not matter over an extended period.

Integration of Dynamic Price System
As illustrated in FIG. 6, the dynamic pricing system 100 may coexist

within éqlarger framework 400. In particular, the system 100 may interact with
various elements in the user's supply chain, including, a warehouse 410, a
production center 420, and a purchasing center 430 to insure that supply
matches appropriately with the demand forecasted by the dynamic pricing
system 100. The dynamic pricing system 100 further sets prices in view of
in{fentory levels. Similarly, the dynamic pricing system 100 connects to sales
sites for the user, such as a store 440 and a mail order center 450. In this way,
the dynamic pricing system 100 sets sales prices and monitors actual sales at the
sales sites 440 and 450. Much like a feed back loop, the dynamic pricing system
100 uses the sales data to adjust prices to the sales chain and inventory requests
to the supply chain.

Based on this model, a dynamaic pricing process 500 is illustrated in FIG.

7. Specifically, the dynamic pricing system collects past sales data, step 510 and
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uses this data to forecast future sales at different prices, step 520. Using results
from the step 520, the dynamic pricing system selects prices that optimize
profits, step 530. The profit maximization may be adjusted accordingly by
choosing conditions, step 540. In step 550, the seller then sells in each channel
segment at the recommended prices from the step 530. New sales information
reflecting the price recommendations from the step 530 are collected, step 560,

and added to the other past sales data (step 510), and the process repeats from
the start.

Conclusion

The foregoing description of the preferred embodiments of the invention
has been presented for the purposes of illustration énd description. It is not
intended to be exhaustive or to limit the invention to the precise form disclosed.
Many modifications and variations are possible in light of the above teaching. It
is intended that the scope of the invention be limited not by this detailed

description, but rather by the claims appended hereinafter.
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What is claimed:

1.

A system for dynamically pricing a product, the system comprising:
means for collecting and storing data on past sales;

means for forecasting normalized future sales volume based upon
the past sales data;

C. means for forecasting normalized future sales volume based upon
the past sales data;

d. means for determining price sensitivity of consumers to changes in
price of the product based upon past data;

e. means for forecasting future sales volume at different prices by
adjusting the normalized future sales volume forecast by the price
sensitivity; and

f. means for defermining an Optimal price that maximizes profits

using the future sales volume forecast and costs for the product.

The system of claim 1 further comprising means for classifying the past
sales into one or more channel segments, whereby each of the past sales 1s

classified into only one channel segment.

The system of claim 2, wherein the means for determining an optimal

price determines an optimal price in each of the channel segments

The system of claim 2, wherein the costs for the product include a different

channel segment cost 1n each of the channel segments.

The system of claim 1, wherein the means for detérmining an optimal

price accounts for one or more strategic objectives.

The system of claim 5, wherein one of said strategic objectives is a

minimum price for the product.
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The system of claim 5, wherein one of said strategic objectives is a

maximum price for the product.

The system of claim 5, wherein one of said strategic objectives 1s a

minimum sales volume for the product.

The system of claim 5, wherein one of said strategic objectives 1s a

maximum sales volume for the product.

The system of claim 1 further comprising a means for forecasting a
response of a competitor to a change in the price of the product by the
seller, whereby the means for forecasting future sales volume at different

prices accounts for the competitor's response.

The system of claim 1 further comprising for a means for determining lost
sales data, whereby the means for forecasting future sales volume at

different prices accounts for the competitor's response.

The system of claim 1 further comprising a means for alerting the seller of

an occurrence of a pre-specified event.

The system of claim 12, wherein the means for alerting the seller
compares prices for actual sales to the optimal price, and the pre-specified

event 1s a difference between the actual sales and the optimal price.

The system of claim 12, wherein the means for alérting the seller
compares actual sales at the optimal price to the forecasted sales volumes

at the optimal price.
The system of claim 14, wherein the pre-specified event occurs when a

ratio of actual sales volume to the forecasted sales volume 1s less than a

first pre-specified amount.
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16. The system of claim 14, wherein the pre-specified event occurs when the
forecasted sales volume exceeds the actual sales volume by more than a

second pre-specified amount.

17. The system of claim 1, wherein the mean for determining price sensitivity

uses a logistic mathematical model.

18. A method of dynamically pricing a product, the method comprising the

steps of:

a. collecting data on past sales;

b. forecasting normalized future sales volume based upon the past sales
data;

c. determining price sensitivity of consumers to changes in price of the
product based upon the past sales data;

d. forecasting future sales volume at different prices by adjusting the
normalized future sales volume forecast by the price sensitivity; and

e. determining an optimal price that maximizes proﬁté 'using the future

sales volume forecast and costs for the product.

19. The method of claim 18 further comprising the step of dynamaically

determining the costs for the product.

20. The method of claim 18 further comprising the step of classifying the past
sales into different channel segments, wherein each of the past sales 1s
classified into only one of the channel segments and wherein the step of
forecasting future sales at different prices further comprises forecasting

future sales in each of the channel segments.

21. The method of claim 20, wherein the costs for the product include a

different channel segment cost for each of the channel segments.
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The method of claim 20, wherein the step of determining an optimal price

is performed for each of the channel segments.

The method of claim 18, wherein the step of determining an optimal price

includes accounting for one or more strategic objectives.

The method of claim 23 further comprising accepting and storing one or

more strategic objectives from the seller.

The method of claim 23, wherein one of said strategic objectives 1s a

minimum price for the product.

The method of claim 23, wherein one of said strategic objectives is a

maximum price for the product.

The method of claim 23, wherein one of said strategic objectives is a

minimum sales volume for the product.

The method of claim 23, wherein one of said strategic objectives 1s a

maximum sales volume for the product.

The method of claim 18, wherein the step of forecasting future sales

volume further accounts for inventory of the product.

The method of claim 29, wherein the inventory accounts for the forecasted

sales for the product at the optimal price.

The method of claim 18, wherein the step of forecasting future sales

volume further accounts for an expected response of a competitor.

The method of claim 18, wherein the step of forecasting future sales

volume further accounts for lost sales data.
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The method of claim 18, further comprising the step of comparing actual

sales at the optimal price to forecasted sales volumes at the optimal price.

The method of claim 33 further comprising the step of adjusting the

optimal price to account for actual sales. -

The method of claim 33 further comprising the step of alerting the seller
when the ratio of actual sales volume to forecasted sales volume at the

optimal price is less than a first pre-specified amount.

The method of claim 33 further comprising the step of alerting the seller
when the actual sales volume is less than the forecasted sales volume by

more than a second pre-specified amount.

The method of claim 18, wherein the step of determining an optimal price

further comprising accounting for a volume discount for the product.

The method of claim 18, wherein the step of determining price sensitivity

further comprises using a logistic mathematical model.

The method of claim 18, wherein the step of determining price sensitivity
further comprises accounting for a relationship between sales of the

product and a second product.

A dynamic pricing network for determining a recommended price for a
product, the network comprising:
a database storing information on prior transactions of the product;

a normalized sales forecast module that accesses the information in the

database to form a normalized forecast of future sale volumes;

a price sensitivity module that accesses the information in the database to

" determine price sensitivity of consumers to changes in price of the product;
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a sales forecast module that uses the normalized forecast and the price

sensitivity to form a forecast of Tuture sales volumes at each of multiple different

prices;

a costs module that accesses the information in the database to determine

costs for the product; and

an optimizer that recommends a profit-maximizing price using the

forecast of future sales volumes and the costs.

41.

42.

43.

44

45.

and

The dynamic pricing network of claim 40 further comprising a pre-
processor that accesses the information in the database and classifies the
past transactions into one or more channel segments, whereby the pre-

processor classifies each of the transactions into only one channel

segment.

The dynamic pricing network of claim 41, wherein the optimizer further

determines an optimal price in each of the channel segments.

The dynamic pricing network of claim 41, wherein the cost module further

determines a cost in each of the channel segments.

The dynamic pricing network of claim 40 further comprising a strategic
objectives database storing data on one or more strategic objectives,
wherein the optimizer accesses the strategic objectives database and

accounts for one or more strategic objectives when recommending the

- profit-maximizing price.

The dynamic pricing network of claim 40 further comprising:

an alert condition database that stores one or more alert conditions;

an alert generator that notifies a user when one of the alert

conditions occurs.
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46. An article of manufacture, which comprises a computer readable mealunm:”
having stored therein a computer program for dynamically determining 2
price for a product, the computer program comprising: |
(a) a first code segment which, when executed on a computer, defines a

database storing information on prior transactions of the product;

(b) a second code segment which, when executed on a computer, defines a
normalized sales forecast module that automatically forms a normalized forecast
of future sales;

(c) a third code segment which, when executed on a computer, definés a
price sensitivity module that automatically determines price sensitivity for the
product; :

(d) a fourth code segment which, when executed on a computer, uses the
normalized forecast and the price sensitivity to form forecasts of future sales of
the product at different prices;

(e) a fifth code segment which, when executed on a computer, determines
costs for the product; and

(f) a sixth code segment which, when executed on a computer, uses the
forecast of future sales at different prices and the costs to automatically

recommend a profit-maximizing price.

47. A program storage device readable by a machine, tangibly embodying a
program of instructions executable by a machine to perform method steps

for dynamically determining a price a product, said method steps

comprising :
a. collecting data on past sales;
b. forecasting a normalized future sales volume under current

conditions 1identified in the past sales data;

C. determining price sensitivity of consumers to changes in price of the
product based upon the past sales data;

d. forecasting an adjusted future sales volume at different prices by
adjusting the normalized future sales volume forecast by the price

sensitivity; and
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e. determining an optimal price that maximizes proits using tne

adjusted future sales volume forecast and costs for the product.
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Back to Main Screen

13

MAXIMIZE TOTAL MARGIN - §
SUBJECT TO TOTAL SALES <= TOTAL SUPPLY ‘ |

PRICE >= COST for each product/channel segment combination
strategic abjectives PRICE >= MIN_PRICE for each product/channel segment combinat{on

PRICE <= MAX_PRICE for each product/channel segrment combination

SALES >= MIN_SALES for each product/channel segment combination

SALES <= MAX_SALES for each product/channel segment combination
x11: price of Product 1/Channe! 1 'S 12945
x12: price of Product 1/Channel 2 S 131.00
x13: price of Product 1/Channe! 3 'S 12043
t11: quarttity sold Product 1/Channel 1 [ 1524 0.29 nommalization factor for Product1/Channel
t12: quantity sold Product 1/Channel 2 { 818 | 0.18 normalization factor for Product1/Channel2
t13: quantity sold Product 1/Channel 3 0.51 normalization factor for Product1/Channel3
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