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& of modeling gross margin as a function of product breadth and depth for each of at least one class of goods retailed by each of at
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of goods at each such retail site. The method further includes maximizing the gross margin so modeled to the enterprise and, from
a that maximization, determining for at least one such retail site an optimal breadth, depth, and/or discount price, for at least one such

class of goods retailed by it.
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SYSTEMS AND METHODS FOR OPTIMIZING TOTAL MERCHANDISE
PROFITABILITY '

Cross-Reference to Related Applications

[001] This application claims the benefit of priority of U.S. Provisional Patent
Application Serial No. 60/634,428, entitled “A Model for Optimizing Total Merchandise
Profitability,” filed December 8, 2004, and hereby incorporated by reference in its

entirety
Background of the Invention

[002] Retailing can be an unpredictable business. This is especially true where fashion,
fads or other volatile external factors drive purchasing decisions. Thus, for example, an
article of clothing that is in vogue this month among teens may fall out of favor next

month, only to become popular four months later among thirty-somethings.

[003] To compensate for this, chain stores and other large retailers typically employ
general merchandise managers (GMMs). These individuals are often responsible for
setting overall merchandising, purchasing, pricing, and marketing strategies to improve
the bottom line, e.g., in the face of changes in demand. GMMs are also responsible for
allocating inventory for retail sites and making assortment decisions so that stock

available throughout the buying season will meet but, preferably, not exceed demand.

[004] Typically, a GMM (or other decision maker) is given an overall inventory budget
from which, inter alia, to make purchasing and inventory allocation decisions, e.g.,
based on estimated sales, fashion trends, and current inventory levels. Often, those
decisions are made on “gut feel” about how each retail site (e.g., store or department)

and/or product is expected to fare in the upcoming season.

[005] The art provides tools that can assist GMMs in this regard. Examples include
commonly assigned US Patent 6,910,017, entitled "Inventory and Price Decision

Support,” issued 6/21/05; US Patent 6,834,266, entitled "Clustering," issued 12/21/04;
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and co-pending and commonly assigned USSN 09/826,378, entitled "Assortment
Decisions," filed 4/4/2001; USSN 10/165,041, entitled "Markdown Management," filed
6/7/2002; USSN 09/900,706, entitled "Price Decision Support," filed 7/6/2001; USSN
10/861,772, entitled "Methods And Apparatus For Retail Inventory Budget Optimization
And Gross Profit Maximization," filed 6/4/2004; USSN 10/891,458, entitled "A Model
for Optimizing In-Season Tactical Decisions," filed 7/14/2004; USSN 11/158,264,
entitled "Methods and Apparatus for Optimizing Markdown Pricing," filed 6/21/2005;

the teachings of all of which are incorporated herein by reference.

[006] However, even in instances where GMMs must determine the budget for a
particular product (or site) based on such tools, they attempt to resolve the problem
holistically. While a GMM might have a general idea of how popular a given product

will be, the holistic approach can result in lost profit opportunities.

[007] An object of this invention is to provide improved systems and methods for

digital data processing.

[008] Another object of the invention is to provide improved such systems and methods

for use in retailing.

[009] Still another object of the invention is to provide improved such systems and

methods as improve opportunities to optimize total merchandise profitability.

[0010] Yet still another object of the invention is to provide improved such systems and
methods as assist GMMs and other decision makers in their inventory assortment and

pricing decisions.
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Summary of the Invention

[0011] The foregoing objects are among those attained by the invention, aspects of
which provide systems and methods for optimizing total merchandise profitability.
These systems and methods are based on modeling gross margin to a retail enterprise
taking into account depth, breadth, and expected discount for classes of goods sold by

the enterprise at its retail sites (e.g., retail stores or departments).

[0012] In one such aspect, the invention provides a method for optimizing merchandise
profitability that includes the step of modeling gross margin as a function of product
breadth and depth for each of at least one class of goods retailed by each of at least one
retail site in a group of sites of the retail enterprise, and as a function of the expected
discount price for each such class of goods at each such retail site. The method further
includes maximizing the gross margin so modeled to the enterprise and, from that
maximization, determining for at least one such retail site an optimal breadth, depth,

and/or discount price, for at least one such class of goods retailed by it.

[0013] In related aspects of the invention, the modeling step includes modeling the gross
margin, additionally, as function of one or more of the following: a presentation minimum for
a class of goods retailed by each site in the group of sites, a price of each of such goods, a
cost of each of such goods, a length of a selling period of each of such goods, a number of
sites in each of the groups of sites, a price elasticity of demand faced by each of such goods,

and/or the projected full-price weekly sales, as a function of breadth, for each of such goods.

[0014] The method further provides methods as described above in which the modeling step

includes modeling the gross margin in accord with the relation:
GM$ =33 Nx,(P,(1-d,)-C.)

where

Ns represents a number of sites in each group of sites;
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Xes represents total units to be bought for class of goods ¢ at each site in

each group of sites s;

Pes represents a full price for an average item in each class of goods c in

each site in each group of sites;

des represents an expected discount for each class of goods c in each site in

each group of sites s; and

Ces  represents average cost goods in each class of goods c in each site in

each group of sites s.

[0015] In related aspects of the invention, the method provides for constraining the
gross margin so modeled such that a value of the depth for each class of goods at each
such site is bounded by a value that is a function of (i) the breadth of that class at that

site and of (ii) the presentation minimum of that class at that site.

[0016] Further related aspects of the invention provide methods as described above including
constraining the gross margin so modeled such that a value of the depth for each class of
goods at each such site in such group of sites is bounded by a value that is a function of an
expected discount for each such class of goods at each site in such group of sites, and of the
expected full-price weekly sales for each such class of goods at each such site in such group
of sites, and of the price elasticity for each such class of goods at each such site in such group

of sites.

[0017] Related aspects of the invention provide methods as described above in which
expected full-price weekly sales for each such class of good at each such site is based on
historical sales data. In further related aspects of the invention, the methods include using
econometric demand modeling to determine the full-price weekly sales from that historical

data.

[0018] Other aspects of the invention provide methods as described above including
constraining the gross margin so modeled such that values for depth and breadth for- each

class of goods for each site are greater than or equal to zero, and constraining a value of the
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expected discount for each class of goods for each site in a group of sites to a range of zero to

one.

[0019] Still other aspects provide for constraining the gross margin so modeled such that a
total expected buying cost of all goods over all sites does not exceed a total budget; such that
the expected buying cost for each class of goods does not exceed the a budget for that
respective class of goods; such that the expected buying cost for each retail site does not
exceed a budget for that respective retail site; and/or such that the buy for each group of sites
does not exceed a value that is a function of the space available for the average site in that

group of sites.

[0020] In further aspects, the invention provides a methods as described above further
including constraining the gross margin so modeled such that total sales of all classes of
goods in all sites is bounded by a value that is a function of (i) the depth of each such class of
goods at each such site in such group of sites and of (ii) the expected discount of each such

class of goods at each such site in such group of sites.

[0021] Still further aspects of the invention provide methods as described above including
constraining the gross margin so modeled such that a sales target for each such class of goods
is bounded by a value that is a function of (i) the depth of that class of goods in each such site
in each such group of sites and of (ii) an expected discount of that class of goods in each such

site.

[0022] In related aspects, the invention provides such a method including constraining the
gross margin so modeled such that a sales target for the retail enterprise is bounded by a
value that is a function of (i) the depth of each such class of goods in each such site in each
such group of sites and of (ii) an expected discount of each such class of goods in each such

site.

[0023] Yet other aspects of the invention provide methods for selecting an assortment of
goods for allocation and/or display at a retail site based an optimal breadth, depth, and/

or discount price determined in accord with the methods above.
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[0024] Still other aspects of the invention provide digital data processing systems operating

in accord with the methods above to facilitate optimizing total merchandise profitability

for a retail enterprise.

[0025] These and other aspects of the invention are evident in the drawings and in the

text that follows.
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Brief Description of the Drawings

[0026] A more complete understanding of the invention and, more particularly, of

embodiments thereof, may be attained by reference to the drawings, in which

[0027] Figure 1 illustrates a system according to the invention and an environment in

which methods according to the invention can operate.

[0028] Figure 2 is a flow chart depicting a method according to the invention.
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Detailed Description of the Illustrated Embodiment

[0029] Figure 1 depicts a digital data processing system according to one practice of the
invention, as well as a digital data processing environment in which methods according

to the invention can be practiced.

[0030] In the illustrated embodiment, that environment is a retailing enterprise of
international, national, local (or other) scale comprising retail sites 12 — 18. That
retailing enterprise (in this case, retail stores) can be a "chain" of commonly named and
owned stores, though, it may be a looser (or tighter) collection of related stores, that are
presumably (though not necessarily) under common control or management. Moreover,
although the retail sites depicted and discussed here are stores, they may also be
departments or other retail outlets (physical, virtual, online, or otherwise). In addition,
the term “retail enterprise” as used herein can refer to all or a subset of the retail sites

that make up the entire enterprise.

[0031] Retail sites 12 — 18 are conventional (or non-conventional) retail outlets, such
as, by way of non-limiting example, clothing stores, department stores, jewelry stores,
furniture stores, beauty supply shops, consumer electronics stores, and so forth. These
sites can have their own budgets, inventories, and retail space, the assortment,
allocation and pricing decisions for which are optimized with the methods and systems

described herein.

[0032] Each retail site 12 — 18 can include one or more interconnected point of sale
(POS) terminals 12a — 18c. These provide for inventory tracking, as well as for pricing
and collection of monies from retail patrons at the time of sale. Though POS terminals
are used for these purposes in the illustrated embodiment, it will be appreciated that in
other embodiments these functions may be exercised by other mechanisms known in the

art, automated or otherwise.

[0033] Illustrated distribution center 20 is a central inventory location, such as a
warehouse, from which goods are delivered to retail sites 12 — 18. That distribution

center 20, further, can include a workstation 20a that tracks inventory. This can be a
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personal computer, mainframe, other digital data processor or apparatus of the type

known in the art for inventory tracking.

[0034] Data store 26 represents a repository of inventory and sales information from
retail sites 12 — 18, as well as inventory information from distribution center 20. This
may be part of a general back office management function, e.g., that additionally
includes overall corporate financial tracking and management, or otherwise. In the
illustrated embodiment, the store 26 comprises storage devices 26a — 26d, which are
coupled to network 24, via server and/or data-base management system 26e.
Information regarding inventory and sales therefrom is communicated from the POS

terminals in each of the sites 12 — 18 to data store 26 via router/modems, as illustrated.

{0035] Network 24 comprises one or more networks or other communications media
over which components 12 ~ 20, 26, 28, 30 and 32 communicate. In the illustrated
embodiment, these comprise a local area network (LAN), wide area network (WAN),
public network, private network, or a combination thereof, whether wireless, wired,

satellite based or otherwise.

[0036] Illustrated optimization workstation 28 comprises processor section 28a
(comprising a central processing unit, dynamic storage, input/output control, and the
like), a monitor, keyboard and other user input/output devices 28b, and printers or other
output devices 28c, networked or otherwise — again, all of the type commercially
available in the marketplace. The workstation 28 is programmed or otherwise operated
in accord with the teachings hereof for optimizing profitability and, in connection

therewith, inventory allocation/assortment and/or pricing for retail sites 12 — 18.

[0037] Thus, for example, the workstation 28 can be coupled for communications with
back office data store 26, via network 24 or otherwise, to gather sales and inventory
information from sites 12 — 18 and distribution center 20. Workstation 28 uses that
information to determine inventory allocation, assortment and/or pricing (e.g., as
described below) that optimizes profitability for the enterprise, to output reports for

review and implementation by personnel acting on the enterprise's behalf, and/or to
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directly implement optimal assortment and/or pricing decisions. Workstation 28, by
way of further example, can send suggested inventory requirements to buyers, who
procure the necessary goods. Alternatively, or additionally, data can be sent directly to
suppliers, thereby providing them with greater lead times and data for estimating the

future needs of the enterprise.

[0038] The configuration shown in Figure 1 is merely an example of one of the many
with which the invention may be practiced. For example, it will be appreciated that the
physical and/or virtual locations of these sites may vary from that shown in the drawing.
Thus, these sites may be distributed and/or co-located, physically, virtually or
otherwise, in combinations other than shown here.  Further, while illustrated
environment 10 includes a vériety of different types of sites, those skilled in the art will
appreciate that choice of sites and their connectivity to the enterprise headquarters 30

and/or optimization workstation depends on the needs of the enterprise.

[0039] Traditionally retail enterprises have provided a budget for the various retail sites
and/or for the various classes of goods, and then relied on GMMs or others (e.g.,
department or division managets) to optimize the inventory assortment. For example, if
a retailer wished to double its investment in a particular category of goods, the GMM
might guess at an optimal breadth, depth, and pricing strategy for those goods.
However, in some cases making an estimation or “gut” decision leads to inefficient use

of capital or even monetary losses.

[0040] As used herein, the terms “goods,” “products” and the like typically refers to
articles retailed by an enterprise; however, it also refers to the broader category of
products, whether in the nature of articles, services or otherwise that such an enterprise
retails. The term “class” or “classification” is used in the conventional retail/marketing
sense to refer to a type of good (or service) retailed by the enterprise. The term “depth”
refers to a quantity of goods of the same class. By way of example, for a given product
or class of products, inventory depth can be increased or decreased by adjusting the size
of lots purchased. The term “breadth” refers to variety of goods of a given type or

class. For example, if the goods are t-shirts, breadth refers to how many different sizes

-10-
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(e.g., xsmall, small, medium, etc.) to carry and/or how many different styles to include
(color, texture, type of neck, etc.). The expected or projected “discount” refers to the
expected price markdown needed to sell the full inventory of a particular product. In

the discussion below, discount is typically expressed as a percentage of full price.

[0041] The inventor has recognized that depth, breadth, and price interact in
complicated and sometimes unexpected ways, particularly, when other constraints such
as budget, sales targets, retail space, presentation minimums, or other factors are
considered. To overcome drawbacks in the prior art, the systems and methods described
herein use a model to optimize all three factors (breadth, depth, discount) over all or a
portion of an enterprise’s retail sites. In addition, the model allows the enterprise to
include a variety of constraints that honor “comp” (i.e., comparative) sales growth,

available budget, available space, presentation minimum, etc.

[0042] For example, given an increased budget for a particular class of goods, the
model employed in the illustrated embodiment allows an enterprise to determine if
retailers should double their depth at the current breadth or double the breadth at the
current depth, or expand both breadth and depth. Moreover, the depth and breadth
values can be determined over groups of retail sites. This is an important calculation
since, if at the current breadth and depth, a retail site is close to exhausting its full price
sales potential, then adding depth would be inefficient. The addition of depth would
only lead to markdowns. Instead, the model will indicate that adding breadth would be
the best way to generate incremental full-price demand. However, the model can also
determine if adding breadth would be efficient. For example, adding breadth typically
involves more fixtures on the sales floor (i.e., the new goods require retail space) and
this results in some other class of goods losing floor space. The model might determine
that adding some depth may be optimal since the additional depth will not require more

fixtures/space, just more frequent replenishments.

[0043] In the illustrated embodiment of the invention, workstation 28 — by way of non-
limiting example — operates in accord with the methods described herein, utilizing the

model discussed above (and further detailed below), to allow for optimization of
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profitability, by modeling gross margin as a function of, inter alia, depth, breadth and
discount. By maximizing the gross margin so modeled, the workstation determines an
optimal breadth, depth, and discount for the contemplated goods. The model is
constrained such that the determined values result in an inventory allocation in which
supply is in line with demand and in which presentation minimums are honored. The
model is also constrained, in some embodiments, based on comp sales growth, available

budget, available space, presentation minimum, among other factors.

[0044] Output from the workstation 28 executing that model can be, by way of non-
limiting example, a chart of the type below, detailing the depth, breadth and expected
discount for each class of goods (e.g., Class A, Class B, and so forth) retailed by each
store (or other site) in the enterprise so that the total gross margin (GMS$) dollars are
maximized, while honoring constraints of the type mentioned above. Though the model
can be executed on a store-by-store basis, a department-by-department basis, or
otherwise, in the illustrated embodiment, it is executed on the basis of store group-by-

store group (where each store group comprises one or more stores).

Store Group 1 [Store Group 2 [Store Group . .. [Store Group n

Class A
Class B
Class ...
Class Z

[0045] Depending on implementation needs, the workstation 28 can accept and utilize a
number of inputs for purposes of exercising the gross margin model. For example,
inputs related to the retail sites can include presentation minimums (i.e., the minimum
count of goods available for display to cusfomers), store budget, display space, and/or
number of stores. Further inputs can include, for example, expected, full retail price of
the goods and/or the wholesale cost of the goods; space needed (fixture space) per item;
projected or expected demand and the length of the selling season; price elasticity for

each class of goods in each group of stores and/or estimated sales.

-12-
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[0046] In the discussion that follows, these and other exemplary inputs are represented
by the variables listed below. Other embodiments may use a greater or lesser number of

inputs, in addition to, or instead of, these:

PM.s presentation minimum for class ¢ in each store of store group s

P full price for the average item in class ¢ in each store of store group s
Ces unit cost for the average item in class c in each store of store group s
/4 length of the selling season (e.g., weeks in selling season)

N number of stores

Yes price elasticity for class c items in each store of store group s

Des(yes)  expected full-price weekly sales for class ¢ in each store of store

group s as a function of breadth (ycs)

[0047] Likewise, in the discussion that follows, outputs from the model executed by
workstation 28 are expressed by the variables below. Again, other embodiments may

provide a greater or lesser number of outputs, instead or in addition:

Xes total units to be bought for class c in each store of store group s
Ves breadth to be carried for class ¢ in each store of store group s
des expected discount for class ¢ items in each store of the store group s

[0048] More particularly, workstation 28 executes a model in which total sales and

gross margin dollars (“GM?”) are defined as:

Sales=Y Y N,x P (1-d,)

[

Equation 1

GMS$ = ZZNsxm (P,(1-4d,)-C,) Equation 2

[0049] The workstation finds optimum values for the outputs (Xcs Yes des) by maximizing

GMS$ in Equation 2. Those skilled in the art will appreciate there are a variety of ways
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to accomplish such a maximization, including by way of non-limiting example, use of

general-purpose optimization tools such as Microsoft Excel’s Solver.

[0050] During maximization, a variety of constraints are or can be imposed. In the
illustrated embodiment, these require the model to (1) satisfy presentation minimums
for the retailed goods, (2) keep supply and demand balanced, and (3) limit breadth and

depth outputs to positive values.

[0051] For example, the breadth and depth can be limited such that the presentation
minimum is met for each class and store group. This requires that the total units (i.e.,
goods) bought for each class in each store of the store groups be greater than or equal to
the presentation minimum for the respective class and stores times the breadth to be
carried for each class in each store of the respective store groups. In the illustrated
embodifnent, that constraint is defined by Equation 3, though in other embodiments it

may be defined otherwise.

X 2 Y PM Vs,c Equation 3

[0052] Workstation 28 of the illustrated embodiment further constraints the model such
that supply and demand do not fall out of synchronization and specifically, for example,
such that projected demand should not fall below supply for any product. In one
embodiment, this constraint is achieved globally by comparing the total supply against
the total demand such that store-to-store variations are not included in the calculations.
In this case, it will be assumed that the distribution of goods can be adjusted if the
demand within a single store or group of stores exceeds or fails to meet the supply
earmarked for the particular store or group of stores. Alternatively, the calculation can
be made on a store-by-store basis if the distribution system is not flexible enough to
quickly adjust to store specific variations. In the illustrated embodiment of the
invention, this constraint is defined by Equation 4, though in other embodiments it may

be defined otherwise.

-14 -
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Vs,c Equation 4

[0053] Still another constraint to Equation 2 is that the total units bought and the

breadth to be carried cannot be negative. In addition, the expected discount should be

between zero and one where it is expressed as a percentage of full sales price. Clearly,

a negative depth or breadth and/or a positive discount would be nonsensical.

In the

illustrated embodiment, these constraints are defined by Equations 5a, 5b, and S5c,

though in other embodiments they may be defined otherwise.

Vs,c Equation 5a
Vs,c Equation 5b
Vs,c Equation 5c¢

[0054] In addition to the above discussed constraints, a number of additional (optional)

constraints can be imposed. Exemplary optional inputs for such additional constraints

include:

Se

Bes
B
B
Fe

AR;

chain-level sales target for class ¢ (e.g., as a percentage value

multiplied by year long comp sales)

chain-level sales target for department as a whole (e.g., as a

percentage value multiplied by year long comp sales)
total investment budget

budget for class c in store group s

total budget for store group s

total budget for class ¢

spaced needed (F stands for fixture) per class c item

available space in each store of store-group s

-15-
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Rs number of replenishments in season for stores in store-group s

[0055] In the illustrated embodiment, the additional constraints relate to the comp sales
targets. For example, the model can be limited to outcomes which meet the total sales
and/or the sales targets for individual classes of goods. Here, these constraints are
defined by Equations 6 and 7, respectively, though in other embodiments they may be

defined otherwise.

ZZN.J”PQ(I -d,)28 Equation 6

4

Y Nx P(1-d,)25, Equation 7

[0056] Budget guidelines can also provide useful constraints. For example, the model '
can be limited to outcomes where the total buy does not exceed the total budget. In the
illustrated embodiment, Equation 8 provides one such constraint, though in other

embodiments that constraint may be defined otherwise.
zzccxxcs <B Equation 8

[0057] Alternatively, or additionally, the buy for an individual store, class of goods,
and/or class/store group combination can be limited by their respective budget’s. In the
illustrated embodiment, these budget constraints are defined by Equations 9 through 11,

respectively, though in other embodiments the may be defined otherwise.

ZCC.\'xCJ' S Bs
c Vs Equation 9

ZCC.\'le.\' S BL'
s Ve Equation 10
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Ccsxc.r <B cs VS,C

Equation 11

[0058] Space availability with the individual retail stores can also limit the model since
the buy should not exceed the space capacity for the stores. Clearly, inventory will need
to work its way through the supply chain and some excess inventory can be stored in the
distribution center. However, inventory should be mostly on-hand during the sales
period for which the inventory was purchased. In some embodiments, the available
space constraint requires the buy to be equal to or less than the average space capacity
for the average store in each store group. Equation 12 expresses this limitation and is
used with Equation 2 of the illustrated ex‘nbodiment to limit the model, though other

embodiments may express this limitation otherwise.

meFc < AFR, Vs Equation 12

[0059] If budget or space constraints are not included in the model, then it is possible
that the model would recommend excessively high breadth or depth values. These
values can be constrained if necessary. However, high depth values would imply high
discount (due to the constraint on supply exceeding demand), leading to a negative GM
value. Since a negative GM value would not be chosen (i.e., GM is being maximized),

constraints on excessively high depth values are optional.

[0060] If none of the optional constraints are included (i.e., Equations 6 through 12),
then the model can be applied separately for individual class/store groups. The model
can be split into several independent assortment breadth/depth models, one for each
class-store group. Alternatively, at least some of the optional constraints are included
and used to restrict the values output by maximizing Equation 2. In this case, the

outputs are calculated across multiple store groups and classes of goods.

[0061] In some embodiments of the invention, the workstation 28 employs a

methodology wherein prior sales data is used to determine price elasticity and/or
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expected full-price weekly sales as a function of breadth, i.e., Dcs. These sales response
functions can be determined in a variety of ways, such as, for example by applying
standard economic demand modeling techniques. Once the sales response functions are
so determined, they can be solved by non-linear programming methods or other
mathematical tools and methods. The number of variables will be on the order of
thousands where the number of stores is, for example, in the range of 1 to 100 and the

number of classes of goods is for example 10 to 1000.

[0062] Figure 2 is a flow chart showing steps executed by illustrated workstation 28 in
optimizing the gross margin model — and thereby determining an optimum inventory
assortment and discount price — for a current or future sales period. Those skilled in
the art will appreciate that a different set and/or sequence of steps can be executed in

accord with the teachings hereof.

[0063] In step 40, workstation 28 accepts inputs of the type defined above for the Gross
Margin maximization model itself, e.g., Equation 2. These inputs can be entered by a
user operating a keyboard, loaded from a file stored in data store 26, downloaded or

obtained directly from retail sites 12 — 18, or otherwise.

[0064] In step 42, the workstation accepts inputs pertaining to the constraints to be used
in determining optimal depth, breadth, and discount pricing while maximizing the
model. These constraints can be preprogrammed and/or entered by a user as described
above. In the illustrated embodiment, constraints related to presentation minimums,
demand as a function of supply, and minimum values (i.e., non negative values) for
depth and breadth are preprogrammed. The user can then chose, if desired, additional
constraints, e.g., as discussed above, related to budget, sales targets, retail space, and/or

otherwise.

[0065] In step 44, the workstation initializes an optimization tool. In the illustrated
embodiment, this is Microsoft Excel’s Solver, though other maximization tools can be
used instead or in addition. Where Microsoft Excel is used, the following can be

identified:
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. A cell(s) defining the metric to be maximized by Solver (or other
maximizing tool). In one embodiment these cells define gross margin as

expressed by Equation 2.

. An array of cells defining the inputs, including, for example, a
presentation minimum for a class of goods in each store in a group of
stofes, a price for the goods, a cost for the goods, a length of the selling
period, a number of stores in each of the groups 6f stores, a price
elasticity, projected full-price weekly sales as a function of breadth, and

combinations thereof.

. Cells defining the variables based on the various inputs. These cells can
include variables or values defined as a function of another variable and/

or values.

. Cells defining constraints, such as, for example, the constraints expressed

in Equations 3 through 12.

[0066] In step 46, the optimization tool is executed in order to maximize gross margin
in view of the above described constraints. Assuming a valid solution exists, the

optimal values for breadth, depth, and/or price discount will result.

[0067] In step 48, the output generated by the optimization tool can be presénted ina
report for use by the GMM, CFO, store manger, inventory manager, buyer, supplier or
other decision maker in determining budget allocations, breadth, depth, and/or discount
for the individual departments that maximize profitability in the current or upcoming
period. For example, the report can be sent to a purchasing manager for procuring
inventory in line with the inventory assortment suggested by the optimum breadth,
depth, and price discount. The report can also be used a distribution manager to
determine the proper allocation of inventory such that an optimum inventory assortment
is delivered to retail sites. In addition, a retail manager at a retail site can receive the
report and use the displayed information to determine which goods to display.

Alternatively, or in addition, the set of inventory assortment/budget figures is delivered
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to an accounting and/or banking interface module 36. e.g., as shown in Figure 1, which
automatically or semi-automatically funds (e.g., via e-commerce, electronic or other
communications with accounting and/or banking systems, as indicated in the drawing)
actual or virtual bank accounts from which the respective departments draw for

purposes of inventory acquisition.

[0068] Those skilled in the art will appreciate further features and advantages of the
invention based on the above-described embodiments. Accordingly, the invention is not
to be limited by what has been particularly shown and described, except as indicated by

the appended claims.

[0069] What is claimed is:
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CLAIMS
1. A method for optimizing merchandise profitability, comprising:
A modeling gross margin for a retail enterprise as a function of at least
1. product breadth and product depth for each of at least one class of goods
retailed by each of at least one retail site in a group of sites of that retail
enterprise, wherein each group of sites comprises one or more retail sites, and
il. expected discount price for each such class of goods at each such retail site in
such group of sites,
B. constraining the gross margin so modeled,
C. determining, for at least one such retail site in such group of sites, an optimal breadth,

optimal depth, and optimal discount price, of at least one such class of goods retailed
by that site, wherein the determining step includes maximizing the gross margin for

the retail enterprise.

2. The method of claim 1, wherein the constraining step includes constraining the gross

margin so modeled such that

1. presentation minimums for each such class of goods are satisfied at each such

retail site in such group of sites,

ii. expected demand for each such class of goods at each such retail site in such
group of sites does not fall below supply of that class of goods at that site,
where the expected demand is determined as a function of product breadth and

price discount of that class of goods at that retail site,
iil. an expected buying cost of the goods does not exceed a budget therefor,

iv. a sales target for the goods is a function of comp sales of those goods over a

prior selling period,
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V. a number of units of goods to be bought does not exceed a value that is a

function of the space available therefor.

3. The method of claim 1, wherein the modeling step includes modeling the gross

margin in accord with the relation:

GM$ = ZZNJ'X“('PCS (l—dcs)_ccs)

where

N; represents a number of sites in each such group of sites;

Xcs represents total units to be bought for class of goods ¢ at each such site
in such group of sites s;

Pes represents a full price for an average item in class of goods ¢ in each
such site in each such group of sites;

des represents an expected discount for each such class of goods ¢ in each
such site in each such group of sites s; and

Ces  represents average cost for goods to be bought for each such class of
goods ¢ in such site in such group of sites s.

4. The method of claim 1, wherein the modeling step includes modeling the gross

margin, further, as function of one or more of: a presentation minimum for a class of

goods in at least one site in a group of sites, a full price of an average item in each

class of goods in at least one site in a group of sites, a unit cost of an average item in

cach class of goods in at least one site in a group of sites, a length of a selling season

for the retail enterprise, a number of sites in each of the groups of sites, a price

elasticity of demand faced by goods in each class in at least one site in a group of

sites, and expected full-price weekly sales for goods in each class of goods in at least

one site in a group of sites as a function of breadth for each of such goods.

-22.



WO 2006/063077 PCT/US2005/044314

5. The method of claim 1, wherein step (B)(i) includes constraining the gross margin so
modeled such that a value of the depth for each class of goods at each such site is
bounded by a value that is a function of the breadth of that class at that site and of the

presentation minimum of that class at that site.

6. The method of claim 1, wherein step (B)(i) includes constraining the gross margin so
modeled such that the depth for each such class of goods at each such site satisfies the

relation:

xCS 2 yL’SPM(.‘S VS’C

where,

Xes represents total units to be bought for class of goods c at each such site

in such group of sites s;

Yes represents the breadth of class of goods c at each such site in such

group of sites s; and

PM  represents the presentation minimum for each class of goods c at each

such site in such group of sites s.

7. The method of claim 1, wherein step (B)(ii) includes constraining the gross margin so
modeled such that a value of the depth for each class of goods at each such site in
such group of sites is bounded by to a value that is a function of an expected discount
for each such class of goods at each site in such group of sites, and of the expected
full-price weekly sales for each such class of goods at each such site in such group of
sites, and of the price elasticity for each such class of goods at each such site in such

group of sites.

8. The method of claim 1, wherein step (B)(ii) includes constraining the gross margin so
modeled such that the depth for each such class of goods at each such site satisfies the

relation:
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10.

11.

12.

xCS S (1 - dCS )_’Yﬁ WDCS (yCS) Vs’c

where,

Xes represents total units to be bought for each such class of goods ¢ in

such site in such group of sites s;

des represents expected discount for class of goods ¢ in such site in such

group of sites s;
W represents a length of a selling season for the retail enterprise; and

Des(yes) represents expected full-price weekly sales for such class of goods ¢

in each such site in such group of sites s as a function of breadth (ycs).

The method of claim 8, further comprising the step of determining the expected full-
price weekly sales Des(yes) for each such class of good at each such site based on

historical sales data.

The method of claim 8, further comprising the step of determining the expected full-
price weekly sales Dcs(ycs) for each such class of good at each such site by applying

econometric demand modeling techniques to sales data.

The method of claim 1, wherein step (B) further includes constraining the gross
margin so modeled such that values for depth and breadth for each class of goods for
each site are greater than or equal to zero and constraining a value of the expected
discount for each class of goods for each site in a group of sites to a range of zero to

one.

The method of claim 1, wherein step (B) further includes the step of constraining the
gross margin so modeled such that a total of expected buying cost of all goods over

all sites does not exceed a total budget.
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13.

14,

15.

16.

17.

The method of claim 1, wherein step (B) further includes the step of constraining the
gross margin so modeled such that the total expected buying cost for all the classes of

goods for all the retail sites satisfies the relation
Y>cC.x,<B

where,

Xes represents total units to be bought for each such class of goods ¢ in

such site in such group of sites s;

Css  represents average cost for goods to be bought for each such class of

goods ¢ in such site in such group of sites s; and
B represents total budget.

The method of claim 1, wherein step (B) further includes the step of constraining the
gross margin so modeled such that the expected buying cost for each class of goods

does not exceed the a budget for that respective class of goods.

The method of claim 1, wherein step (B) further includes the step of constraining the
gross margin so modeled such that the expected buying cost for each retail site does

not exceed a budget for that respective retail site.

The method of claim 1, wherein step (B) further includes the step of constraining the
gross margin so modeled such that a total number of units to be bought for each group
of sites does not exceed a value that is a function of the space available for the

average site in that group of sites.

The method of claim 1, wherein step (B) further includes the step of constraining the
gross margin so modeled such that the total buy for each group of sites satisfies the

relation
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18.

19.

szSF‘C S AF;RS

where,

Xes represents total units to be bought for each such class of goods ¢ in

such site in such group of sites s;
F. represents space needed for each item in class of goods c;

AFs  represents available space in each such site in each such group of sites

s; and

Rs represents the number of replenishments in a selling time period for

each such site in each such group of sites s.

The method of claim 1, wherein step (B) further includes the step of constraining the
gross margin so modeled such that total sales of all classes of goods in all sites is
bounded by a value that is a function of the depth of each such class of goods at each
such site in such group of sites and of the expected discount of each such class of

goods at each such site in such group of sites.

The method of claim 1, wherein step (B) further includes the step of constraining the
gross margin so modeled such that a sales target for the retail enterprise satisfies the

relation

Y > Nx P (-d)=zS

s§TCesTcs
c s

where,

Xcs represents total units to be bought for each such class of goods ¢ in

such site in such group of sites s;

N; represents a number of sites in each such group of sites;
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20.

21.

22.

23.

24.

25.

Pes  represents a full price for an average item in class of goods ¢ in each

such site in each such group of sites;

des represents an expected discount for each such class of goods ¢ in each

such site in each such group of sites s; and
S represents a sales target for the retail enterprise.

The method of claim 1, wherein step (B) further includes the step of constraining the
gross margin so modeled such that a sales target for each such class of goods is
bounded by a value that is a function of the depth of that class of goods in each such ‘
site in each such group of sites and of an expected discount of that class of goods in

each such site.

The method of claim 1, wherein step (B) further includes the step of constraining the
gross margin so modeled such that a sales target for the retail enterprise is bounded by
a value that is a function of the depth of each such class of goods in each such site in
each such group of sites and of an expected discount of each such class of goods in

each such site.

The method of claim 1, further comprising the step of selecting an assortment of
goods for allocation to a retail site based on the optimal breadth, depth, and discount

price determined in step (C).

The method of claim 1, further comprising the step of selecting an assortment of
goods for display at retail site based on the optimal breadth, depth, and discount price

determined in step (C).

The method of claim 1, further comprising the step of selecting goods for display at a
said retail site based on the optimal breadth, depth, and discount price determined in

step (C).
A method for optimizing merchandise profitability, comprising:

modeling gross margin for a retail enterprise in accord with the relation:
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GM$=Y Y N.x,(P,(1-d,)-C,)

GMS$ represents gross margin for the retail enterprise;

Ns represents a number of sites in each such group of sites;

Xcs represents total units to be bought for class of goods c at each such site
in such group of sites s;

Pes represents a full price for an average item in class of goods ¢ in each
such site in each such group of sites;

des represents an expected discount for each such class of goods c in each
such site in each such group of sites s; and

Ces  represents average cost for goods to be bought for each such class of
goods ¢ in such site in such group of sites s;

B. - constraining the gross margin so modeled such that

i

where,

a depth for each such class of goods at each such site satisfies the relation:

xL‘S 2 yCSPML‘S vsic

Yes

PM

represents total units to be bought for class of goods c at each such site

in such group of sites s;

represents the breadth of class of goods ¢ at each such site in such

group of sites s; and

represents the presentation minimum for each class of goods c at each

such site in such group of sites s;
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ii. expected demand for each such class of goods at each such retail site in such

group of sites does not fall below supply of that class of goods at that site in

accord with the relation:

X S(A=d )" WD_ (y,) Vsc

where,

Xes

des

W

represents total units to be bought for each such class of goods ¢ in

such site in such group of sites s;

represents expected discount for class of goods ¢ in such site in such

group of sites s;

represents a length of a selling season for the retail enterprise; and

Des(yes) represents expected full-price weekly sales for such class of goods ¢

in each such site in such group of sites s as a function of breadth (Yes),

iii. values for depth and breadth for each class of goods for each site are greater

than or equal to zero,

iv. a value of an expected discount for each class of goods for each site in a group

of sites to a range of zero to one, and

C. determining, for at least one such retail site in such group of sites, an optimal breadth,

optimal depth, and optimal discount price, of at least one such class of goods retailed

by that site, wherein the determining step includes maximizing the gross margin for

the retail enterprise.
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