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(57) ABSTRACT 

A time-phased forecasting and replenishment system (20) for 
a retail Supply chain for inventory management, financial 
management, capacity planning and transportation planning. 
A computer(s) (28) create time-phased plans for one or more 
retail facilities, such as various types of retail stores (23) 
and/or various types of Suppliers (24). The system calculates 
projected sales for each product at each facility and calculates 
projected replenishment shipments between facilities and 
suppliers a specified number of weeks into the future. The 
calculated forecasts and replenishments are done in ways that 
account for the unique needs of retail organizations, and allow 
efficient processing and storage of the large data Volumes 
typical in many retail organizations. In particular the system 
has specified logic for handling low-volume products, and 
has a transportation and capacity planning component that 
benefits retail stores. Also, the system is designed to operate 
on a continuous basis if desired. 
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METHOD AND SYSTEM FOR RETAL STORE 
SUPPLY CHAIN SALES FORECASTING AND 

REPLENISHMENT SHIPMENT 
DETERMINATION 

RELATED APPLICATION DATA 

0001. This application is a divisional of application Ser. 
No. 09/899,593, filed Jul. 5, 2001, entitled “Method and 
System For Retail Store Supply Chain Sales Forecasting and 
Replenishment Shipment Determination.” which application 
is incorporated herein in its entirety. 

FIELD OF THE INVENTION 

0002 The invention relates to a computer-implemented 
method and system for simulating the business of retail orga 
nizations for the purposes of better managing inventories 
transportation, capacity, and finances at both retail organiza 
tions and/or Suppliers. More particularly, the invention is a 
method and system for forecasting product sales in a retail 
store Supply chain and determining replenishment shipments 
to various entities in the Supply chain. 

BACKGROUND OF THE INVENTION 

0003. The typical retail organization uses a reorder point 
system to manage inventories at the store-level. These are 
execution systems rather than planning systems. They review 
products and if the on-handbalance is below a preset number 
(the reorder point), an order is created to replenish inventory. 
If the on-hand balance is above the reorder point, no further 
action is taken. No projections are made into the future for the 
purposes of planning product requirements from the Suppliers 
or manufacturers. No projections are made for the purposes of 
planning projected inventory levels. These are strictly inven 
tory management systems designed to release orders at the 
appropriate time. 
0004. Manufacturing companies have used time-phased 
planning systems (also called DRP or Distribution Resource 
Planning or Distribution Requirements Planning) beginning 
with implementations in 1975. These systems provide pro 
jections into the future which can be used to plan product 
requirements, transportation requirements, capacity require 
ments and financial requirements. However, these systems 
are designed to meet the needs of a manufacturing organiza 
tion, and have not proved suitable for a retailer's needs. These 
systems are notable to process the large data Volumes typical 
of most retail organizations. Additionally, manufacturing sys 
tems are not designed to deal with certain needs that are 
specific to retailers. 
0005. A typical manufacturing organization of the type 
that would supply retail stores might stock several hundred to 
a thousand products at one to ten different Suppliers. This 
results in ten thousand stock keeping locations. A typical 
retailer might stock ten thousand to fifty thousand products in 
one to several thousand locations. This results in as many as 
100 million stock keeping locations. Systems designed for 
tens of thousands of Stock keeping locations could theoreti 
cally be made to work for a hundred million stock keeping 
locations, but as a result of limitations in computing resources 
and time available to complete the computing operations this 
has not been achieved in actual practice. There are numerous 
technical hurdles to overcome in order to process the amount 
of data for a retail store Supply chain during the relatively 
short time window in which the processing needs to be done 
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when the system is operated in batch processing mode. Most 
retailers get their sales history (or point of sale data or POS) 
late in the evening or in the early hours of the morning. 
Several hours later, the replenishment planning must be com 
plete in order to load trucks for deliveries. Additionally, using 
systems not designed to economically process this amount of 
data would force the retailer to purchase significantly more 
computer processing power than would be needed with a 
system designed for these Volumes (assuming Such a system 
existed). 
0006. Many retail stores stock a significant number of 
products that would be categorized as low volume or slow 
moving products. Rather than selling thousands of a particu 
lar product at a particular store during a year, the retail store 
might sell only 5 or 20 of the product in a year. While any one 
of these low-volume products do not make up a large percent 
age of a retailer's shipments, in total, low Volume products do 
constitute a significant percentage of a retailer's shipments. 
Therefore, any time-phased planning system for retail must 
include a way to deal with these low-volume products. 
0007. Manufacturing companies also stock low-volume 
products. However, the percentage of a manufacturer's ship 
ments that would be considered low volume is typically much 
less than the percentage of a retailer's shipments that would 
be considered low volume. For this reason, current time 
phased planning systems do not provide the same capabilities 
for low-volume products. 
0008 Known time-phased planning logic for calculating 
planned replenishment shipments for low-volume products 
typically gives an inaccurate picture of total demand for the 
product, of total demand for transportation planning, of total 
demand for capacity planning, and of total demand for finan 
cial planning. Such known logic Subtracts the forecast from 
the projected on-hand balance to give the new projected on 
hand balance. If the new projected on-hand balance is below 
the safety stock, a planned replenishment shipment is either 
created, or an existing planned replenishment shipment is 
automatically rescheduled to the need date. In this context, 
rescheduling means changing the receipt date from whatever 
value currently exists to the date of the forecast which caused 
the projected on-hand balance to drop below the safety stock. 
In addition, rescheduling means changing the ship date of the 
planned replenishment shipment to the receipt date less the 
lead time. 
0009. To illustrate how known logic typically handles low 
Volume products, assume a low-volume product sells Such 
that the daily forecast is 0.01 unit per day for the first day, and 
the on-handbalance in the store is 2, and the safety stock is 2. 
The projected on-hand balance calculation for the first day 
would give a new projected on-hand balance of 1.99. Since 
1.99 is less than the safety stock of 2, a planned order would 
be created for immediate shipment to the store. 
0010. This is not what most retailers would want done. The 
forecast of 0.01 units is so small that it is not appropriate to 
send one product to the store in anticipation of this sale. Most 
retailers would rather wait until a sale happens and the prod 
uct is below the safety stock before shipping a product to the 
store. For example, as long as the on-handbalance in the store 
equals the safety stock (2 in this example), no planned ship 
ments would be made to the store. 
0011. An additional consequence of the way in which 
known logic handles low-volume products is that a large 
number of planned replenishment shipments for Such prod 
ucts will tend to "bunch up' or accumulate in the first few time 
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periods. For example, several thousand planned replenish 
ment shipments for low-volume products may exist in the first 
few days, and then the number of planned replenishment 
shipments for low-volume products would drop to either Zero 
or a very small number. However, this “bunching up' does not 
represent a valid simulation of what is likely to happen. 
Instead of several thousand shipments for low-volume prod 
ucts happening in the first few days and then no shipments 
happening after that, there will typically be some shipments 
for low-volume products each day out into the future. For this 
reason, the traditional logic of time-phased replenishment 
planning does not handle low-volume products well. 
0012. In addition to planning for product replenishment, 
retailers also need to plan for transportation and capacity. 
Transportation is the weight and cube (i.e., three-dimensional 
volume) of merchandise that needs to be transported from one 
location to another. Capacity is the manpower or equipment 
needed to pick, pack, receive, and store the merchandise 
either in the distribution centers or the stores. 
0013 Traditional systems for retail have tended to be 
implemented as separate systems by function, such as a 
replenishment system, a transportation planning system, a 
capacity planning system, and so on. As a result, these sys 
tems tended to have different numbers for given products at a 
specific point in time. For example, the replenishment system 
may have a large shipment scheduled to be received into the 
distribution center in ten weeks, yet the transportation plan 
ning system, which might have been using the history of 
shipments from last year, did not show this order. As a result, 
several sets of numbers existed in these systems, as opposed 
to a single set of numbers that are used by all systems. Con 
sequently, when people in one department attempt to work 
with people in other departments, a good deal of unproductive 
time is often spent reconciling the numbers in one system to 
the numbers in one of the other systems. 

SUMMARY OF THE INVENTION 

0014. One aspect of the present invention is a computer 
implemented replenishment shipment and transportation 
planning system for a plurality of products that sell in a retail 
store Supply chain. The system comprises: a) a replenishment 
shipment system that determines planned shipment dates for 
a plurality of products to a retail store in the Supply chain 
based on sales forecasts for the products; and b) one or both of 
a capacity planning system that generates capacity plans, and 
a transportation planning system that generates transportation 
plans, for the plurality of products using the planned shipment 
dates determined by the replenishment system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 For the purpose of illustrating the invention, the 
drawings show a form of the invention that is presently pre 
ferred. However, it should be understood that the present 
invention is not limited to the precise arrangements and 
instrumentalities shown in the drawings, wherein: 
0016 FIG. 1 is a schematic diagram of the system of the 
present invention and the retail store supply chain with which 
it is used; 
0017 FIG. 2 is a schematic diagram of the system of the 
present invention; 
0018 FIG. 3 is a schematic diagram of one implementa 
tion of the system; 
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0019 FIG. 4 is a schematic diagram of another implemen 
tation of the system; 
0020 FIG. 5 is a schematic diagram illustration the inter 
relationship of elements of the system and inputs to the sys 
tem at the retail level, i.e., at the top level in the supply chain; 
0021 FIG. 6 is a schematic diagram illustrating the inter 
relationship of elements of the system and inputs to the sys 
tem at the Supplier level, i.e., at the second level in the Supply 
chain; 
0022 FIG. 7 is a schematic diagram illustrating the MRP 
system of the system at the manufacturer level, i.e., at the third 
level in the Supply chain; 
0023 FIG. 8 is a schematic representation of how fore 
casts are stored in memory with the system; 
0024 FIG. 9 is a flow diagram illustrating the logic used 
for determining time periods for forecasting: 
0025 FIGS. 10a–10c are sequential flow diagrams illus 
trating the overall logic used for replenishment planning; 
0026 FIG. 11 is a flow diagram illustrating the logic used 
for converting shelf configuration into safety stock level; 
0027 FIG. 12 is a flow diagram illustrating the logic used 
for updating the safety stock using future safety stock levels; 
0028 FIG. 13 is a flow diagram illustrating the logic used 
for low-volume products; 
0029 FIG. 14 illustrates a screen display of the system 
containing information for a retail store at the top level of the 
Supply chain; and 
0030 FIG. 15 is similar to FIG. 14, except that it pertains 
to a Supplier at the second level of the Supply chain. 

DETAILED DESCRIPTION OF THE INVENTION 

0031 Referring to FIGS. 1 and 2, the present invention is 
a time-phased planning system 20 for use in a retail store 
supply chain 22 having one or more retail stores 23 (the first 
level in the Supply chain), one or more Suppliers 24 (the 
second level in the Supply chain) and one or more manufac 
turers 25 (the third level in the supply chain). Retail store 23 
can be a “bricks and mortar store of any size or type, e.g., a 
Small general store or a large “warehouse' store of a national 
chain. In addition, retail store 23 may be a so-called "clicks 
and bricks' store in which products are purchased on-line 
from a traditional store. Further, retail store 23 may be a pure 
e-commerce organization. Supplier 24 could be any one of the 
following facilities: a retail Supplier, a satellite Supplier, a 
retail depot, a wholesaler, an independent distributor, a manu 
facturer's Supplier, or a manufacturer's plant. Manufacturer 
25 could be any one of the following facilities: a manufactur 
er's distribution center, a wholesaler, an independent distribu 
tor, a manufacturer's Supplier, or a manufacturer's plant. For 
purposes of illustration, this third level in the supply chain 
will be generally referred to as manufacturer 25, recognizing 
that this level could be any of a number of different types of 
facilities, depending on the Supply chain for a particular prod 
uct. For example, a weight set might be stocked at retail store 
23, and the store supplied by supplier 24 that is a retail 
distribution center (level 2) and the retail distribution center 
Supplied by a manufacturer 25 that is a manufacturing plant 
(level 3). In another situation, this weight set might be Sup 
plied to retail store 23 by a supplier 24 that is a retail cross 
dock distribution center (level 2) and the retail cross-dock 
distribution center is supplied by a manufacturer 25 that is a 
manufacturer's distribution center (level 3), and the manufac 
turer's distribution center is Supplied by a manufacturing 
plant (level 4, not shown on the diagram). In a third situation, 
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the weight set at retail store 23 might be supplied by supplier 
24 that is an independent distributor (level 2), and the inde 
pendent distributor is supplied by a manufacturer 25 that is a 
manufacturing plant (level 3). 
0032. There are any number of other permutations of this 
Supply chain, each of which may be appropriate to the distri 
bution of a particular product to a retail store or stores. The 
important element is not the specific structure of the Supply 
chain for a particular product at a particular store, or the 
number of levels in the supply chain, but rather the fact that 
multiple customer-Supplier relationships exist in the Supply 
chain, and these can be integrated into a single planning and 
replenishment network. The levels in this network can have 
the same or different systems 20, yet the network functions as 
a whole. This is analogous to the Internet where different 
types, models, and manufacturer's computers are integrated 
into a network. Where the common language of the Internet is 
the TCP/IP protocol, the common language of the supply 
chain network is the schedule of projected replenishments 
between any two nodes in the Supply chain (e.g., a retail store 
23 and a supplier 24). 
0033 System 20 may be implemented as a software pro 
gram 26 that is executed using one or more computers 28. As 
described in more detail below, software program 26 used in 
system 20 includes a forecasting system 100, a replenishment 
system 200, an MRP system 300, a financial planning system 
400 and an exception generator 500. Computer 28 includes 
processor 30, persistent memory 32, transient memory 34, a 
database 36 of product and other information is stored in 
persistent memory 32, and a user interface 40. Persistent 
memory 32 has a relatively high capacity, and a relatively 
slow access time, and includes memory Such as magnetic or 
optical disk drives. Transient memory 34 has a relatively low 
capacity, and a relatively fast access time, and includes 
memory Such as random access memory (RAM) semicon 
ductor devices. Various elements may be included in user 
interface 40, including a monitor 42 and a keyboard 44. 
0034 Turning next to FIGS. 3 and 4, system 20 may be 
implemented in several ways. In some cases, system 20 may 
be implemented as a standalone system where computer 28 
does not deliver the results of its planning system computa 
tions to other computers but displays the results to a user. 
Alternatively, as illustrated in FIG. 3, it is desirable in some 
situations to implement system 20 in a client-server net 
worked computer system. With this implementation, com 
puter 28 is a server and is connected via network 50 to mul 
tiple client computers 52, e.g., client computers 52a, 52b and 
52C. In yet another implementation of system 20, illustrated 
in FIG. 4, computer 28 is connected via the network 54 to 
multiple user computers 56, e.g., user computers 56a, 56b and 
56c, each of which has a browser 58 for providing navigation 
capabilities within network 54. The latter would comprise the 
Internet, an intranet, an extranet, electronic data interchange 
(“EDI’) networks or other networks. User computers 56 may 
include without limitation PCs, various “thin client’ or 
“Internet appliance' devices such as pagers, cellphones, digi 
tal assistants, and other devices permitting connection to and 
navigation within the network 54. Also, in the implementa 
tion illustrated in FIG.4, computer 28 may be multiple com 
puters that are interconnected via network 54 so as to work 
together. 
0035. Describing the invention in somewhat greater detail, 
FIG. 5 illustrates how system 20 operates at the level of retail 
store 23 (FIG. 1). A conventional point of sale (POS) system 
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90 provides sales information in the form of products sold, 
quantities sold, and date sold. A suitable POS system 90 is 
sold by Cornerstone Systems of Austin,Tex., and is identified 
as BEETLE, although nearly any POS system would also 
work. This POS information is used for two purposes. The 
first purpose is to provide a sales history for use in creating a 
statistical forecast of projected sales for each product at each 
location. The second is to update the perpetual inventory in 
perpetual inventory system 92, which permits reduction in the 
on-hand balance maintained for each product at each loca 
tion. Product information 94 from a database (not shown) for 
retail store 23 is also used in calculating the sales forecasts. 
Product information 94 includes product descriptions, on 
hand product inventory and parameters used in forecasting 
and replenishment Such as typical shipping quantities, time 
periods to use in forecasting, and so on. 
0036. Forecasts from forecasting system 100 are used as 
inputs to replenishment system 200. Forecasts represent pro 
jected sales. Planned replenishments represent projected 
shipments to retail store 23, which will be received into inven 
tory. The differences between what is projected to be sold and 
what is projected to be shipped include: the amount of inven 
tory already on hand at retail store 23, the case size (or 
economical shipping size), the dates when deliveries can be 
made to the store, the lead time (or transit time) from supplier 
24 to the retail store 23, the number of days or weeks of supply 
that should be delivered at one time to prevent an excessive 
number of Small deliveries, and projected changes to the 
arrangement of products on the store shelf. As with forecast 
ing system 100, product information 94 from a database for 
retail store 23 is typically used in the replenishment planning 
process. 
0037 Projected replenishment shipments to retail store 23 
are then passed to the store's supplier 24 at the second level of 
the supply chain. This is shown in FIG. 5 by the connector 
marked A. Based on the projected replenishment shipments, 
Supplier 24 provides replenishment shipments to retail store 
23. 

0038 FIG. 6 illustrates how system 20 operates at the level 
of Supplier 24, i.e., at the second level of Supply chain. In this 
case, there is typically no statistical forecasting system. 
Instead, the projected replenishment shipments from the 
replenishment system 200 for retail stores 23 are summarized 
and used in place of a statistical forecast. The Sum of these 
projected shipments provides a more accurate projection of 
demand on Suppliers 24 than a statistical forecast based on 
historical shipments. In some situations, it may be desirable 
to use a small statistical forecast at this second level of the 
Supply chain. For example, a Supplier 24 that is a retail dis 
tribution center can supply a number of retail stores 23, and in 
addition service customer orders for products not normally 
stocked at Some stores, or service telephone or Internet cus 
tomer orders for products to be shipped directly to customers. 
In any of these situations, the projected shipments to the 
stores are added to a statistical forecast representing the cus 
tomer demand for products ordered from stores where these 
products are not stocked or the demand from telephone or 
Internet sales, to give the total demand at the retail distribu 
tion center or other supplier 24 at the second level in the 
Supply chain. 
0039. The sum of the projected replenishment shipments 
to retail stores 23 is used as input to replenishment system 200 
at Suppliers 24. The Sum of the projected replenishment ship 
ments to retail stores 23 represents what will be shipped out of 
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Suppliers 24. Planned replenishment shipments to Suppliers 
24, when the second level in the Supply chain, represent 
projected shipments from other Suppliers 24 and manufactur 
ers 25 at lower levels in the supply chain. Depending on the 
product and stores, the second and third levels of the Supply 
chain could be any number of different types of facilities, 
Such as wholesalers, independent distributors, manufactur 
er's distribution centers, manufacturing plants, and so on. 
Differences between what will be shipped from the second 
level in the Supply chain (Suppliers 24) and what is projected 
to be shipped into this level include: the amount of inventory 
already on hand at the Suppliers, the case or pallet size (or 
economical shipping size), the dates when deliveries can be 
made to the suppliers, the lead time (or transit time) from the 
supplier to the suppliers, the number of days or weeks of 
supply that should be delivered at one time to prevent an 
excessive number of small deliveries, shelf configuration and 
projected changes to safety stock at the Suppliers. As with 
replenishment system 200 at the level of retail store 23, prod 
uct information from the organization's database is used in 
the replenishment planning process for Suppliers 24. 
0040. As mentioned earlier, many supply chains have mul 

tiple levels of Suppliers, each Supplying one another. This is 
shown by the connector in FIG. 6 marked B. 
0041 FIG. 7 illustrates system 20 at the level of manufac 
turer 25, which is the third level of the supply chain. As 
mentioned earlier, manufacturer 25 could be a wholesaler, 
independent distributor, manufacturer's distribution center, 
or manufacturing plant. Assuming the third level is a manu 
facturing plant, the projected replenishment shipments are 
input into manufacturing planning system 300. In the situa 
tion where the Supply chain for a product or set of products is 
from a manufacturing plant direct to the retail store 23, the 
systems shown in FIG. 6 would be absent, and the projected 
shipments represented by connector A would drop down and 
be identical to connector B on FIG. 6. In effect, the lack of a 
distribution center-type supplier 24 means this level is absent 
from the Supply chain, and the store-level systems repre 
sented in FIG. 5 would connect directly with the manufactur 
ing systems represented in FIG. 7. 
0042. Manufacturing planning system 300 used by most 
manufacturers is a time-phased planning system. Generally, 
these systems are called MRP, MRP II, Material Require 
ments Planning, Manufacturing Resource Planning, Enter 
prise Resource Planning, or ERP systems. Like the DRP 
systems mentioned above, these MRP systems provide pro 
jections into the future which can be used to plan product 
requirements, capacity, and finances. Manufacturing plan 
ning system 300 starts with a forecast of customer demand. 
Customers using time-phased planning system 20 electroni 
cally transmit their projected replenishment shipments to 
manufacturer 25. The latter can use this information instead 
of a statistical forecast of customer needs, providing more 
accurate projections of future shipments to customers. Manu 
facturer 25 creates a master production schedule based on the 
anticipated customer needs. This is a schedule of future pro 
duction. The masterproduction schedule is then broken down 
into the detailed material and capacity requirements. The bill 
of material is used to identify what materials go into each 
product, and the quantities of each that are needed. This 
information, in addition to the quantities of material that are 
on hand and on order from Suppliers, and the appropriate 
ordering quantities for different items, are all used to create 
the detailed time-phased plan for material. The detailed time 
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phased plan for material is then extended by the routing to 
give the detailed capacity requirements. A routing is a list of 
manufacturing steps, showing the number and skill level of 
labor hours required, the type of machinery required. These 
capacity requirements are then Summarized by labor skill 
level and equipment and used to make decisions on hiring, 
Subcontracting, acquiring new equipment, and so on. The 
detailed material and capacity plans in addition to the antici 
pated customer demands can then be multiplied by the cost 
and selling price information to provide financial projections 
which can be used to do cash planning, profit projection, and 
so on. Manufacturing planning system 300 receives valuable 
input from system 20 in the form of more accurate projected 
customer demands. 

Forecasting 

0043 System 20 is designed to permit extremely large 
numbers of products to be planned on relatively inexpensive 
computers. This allows organizations with very large 
amounts of data, like retailers for example, to be able to use 
system 20. Two different methods are used to streamline the 
processing: (1) storing forecasts in weekly, monthly, and 
longer time periods, and (2) converting these forecasts into 
daily time periods for a user-specified number of weeks, and 
then weekly time periods for the remainder of the planning 
horizon. 

0044) Referring to FIGS. 2 and 8, it is a fact that many 
retail stores 23 sell relatively low volumes for many of the 
products they stock. For example hot sauce may only sell 
eighteen units per year. It is difficult to say exactly when one 
of these bottles of hot sauce will sell. However, it is reason 
able to forecast that an average of one and a half will sell each 
month. Given this level of imprecision, there is no reason to 
store four weekly forecasts in database 36 as compared to one 
monthly forecast. Reading four weekly forecasts from data 
base 36 is a relatively expensive operation in terms of com 
puter processing as compared to reading one monthly fore 
cast from the database and breaking the monthly forecast into 
daily and weekly forecasts in memory. FIG. 8 illustrates this 
processing. A single monthly forecast 110 is read from data 
base 36 which is stored in persistent memory 32. In transient 
memory 34, forecast 110 is then broken into a user specified 
number of daily forecasts, say fourteen daily forecasts 112 for 
weeks 1 and 2 and weekly forecasts 114 for the remaining 
weeks such as weeks 3 and 4. 

0045 Similarly, the replenishment calculations are done 
using the fourteen daily forecasts 112 and two weekly fore 
casts 114 for weeks 3 and 4 using average values for the 
forecast quantity. FIG. 8 illustrates a one-month planning 
horizon for simplicity. Most retailers would use planning 
horizons of 3 to 12 months. 

0046 Pareto's Rule applies to products in the typical retail 
store. Eighty percent of the products sell in Small Volumes and 
a monthly or less frequent forecast is appropriate. Only 
twenty percent or less of the products in the typical retail store 
require weekly forecasts be stored in database 36. 
0047. In a typical store with thirty thousand products, 
weekly forecasts 112 would create a database 36 with 1.56 
million forecast rows (or records). By storing the forecasts in 
weekly, monthly, and longer time periods, the number of 
forecast records is reduced to 330 thousand forecast rows (or 
records), or about 20 percent of the number of records that 
would be required if weekly forecasts were stored. 
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0048 Turning next to FIGS. 2, 8 and 9, forecasting system 
100 uses various logic to determine the time periods for 
forecasting. In the flow diagram of FIG.9, as well as in other 
flow diagrams in the Figures, it is to be appreciated that the 
logic or operations represented are implemented in conven 
tional manner using Software programming languages, archi 
tectures, data flows and other features known to those skilled 
in the art. Processor 30, together with memory 32 and 34. 
reexecutes logic or operations implemented by the Software 
by creating reprogrammable logic and other circuits to 
execute such logic or operations in the Software. Discussing 
how known forecasting periods are determined, if at step 120 
it is determined that an override to a normal forecast period is 
specified, then override time period is used, as indicated by 
step 122. For example, if a product would normally be fore 
cast using monthly forecasts 110, but a planner or analyst 
wants to override this logic and force the system to use weekly 
forecasts 114, this logic will cause forecasting system 100 to 
forecast in weekly time periods. System 20 permits users to 
specify an override to the forecasting time period at several 
levels. For example, users can set a category of products to 
weekly, monthly, or longer forecasting time periods. Addi 
tionally, users can specify a forecasting time period for a 
certain product at a certain location (retail store 23 or Supplier 
24). 
0049. If an override is not specified, the logic proceeds to 
step 124 where a determination is made if the projected 
annual sales forecast for a product at a location exceeds the 
user-specified threshold for weekly forecasting (100 prod 
ucts, for example). If so, weekly forecasting is used, as indi 
cated by step 126. If not, then the logic proceeds to step 128. 
0050. At step 128 a determination is made if the projected 
annual sales forecast for a product at a location is less than the 
user-specified threshold for weekly forecasting (a sales rate of 
100 products year, for example), and greater than the user 
specified threshold for monthly forecasting (a sales rate of 12 
products per year, for example). If so, then monthly forecast 
ing is used, as indicated by step 130. If not, then the logic 
proceeds to step 132. 
0051. At step 132 a determination is made if the projected 
annual sales forecast for a product at a location is less than the 
user-specified threshold for monthly forecasting (a sales rate 
of 12 products per year, for example). If so, then a longer time 
period is used for forecasting, as indicated by step 134. The 
longer period may be user specified, and could be any length 
of time, but for purposes of illustration might be one quarter 
of a year, or one-half a year. 
0052. In the case of monthly or longer forecast periods, 
weekly forecasts are accumulated into months (four or five 
weeks) or longer periods, and are then stored in the database 
36, as indicated by step 136. 

Replenishment Planning 

0053 Referring next to FIGS. 2 and 10, system 20 pro 
vides projected replenishment shipments using replenish 
ment forecasts using replenishment system 200. The latter 
performs replenishment plans in daily time periods for a 
user-specified number of weeks, and then converts to weekly 
time periods for the remainder of the planning horizon. 
0054. In the near term, it is essential to do replenishment 
planning in days. Suppliers 24 need to know what products 
must be shipped today, tomorrow, and so on. It is not good 
enough to say what has to be shipped this week and not 
specify when during the week the products should be shipped. 
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0055. However, in the longer term, it is not important to 
schedule in terms of days. Weekly scheduling is adequate. For 
example, Suppliers 24 do not need to know what day a product 
will be shipped twenty weeks from today. That far into the 
future, planning in weekly and monthly time periods is Suf 
ficient. 
0056 Assuming for example, that two thousand computer 
instructions need to be executed for each time period which is 
planned, a company planning fifty-two weeks into the future 
in daily time periods would have to execute 728 thousand 
computer instructions for each product. If this same company 
were to plan four weeks into the future in daily time periods 
and remaining forty-eight weeks in weekly time periods, only 
152 thousand computer instructions would have to be 
executed, or about twenty percent of the instructions needed 
to plan entirely in days. 
0057 The logic for accomplishing replenishment plan 
ning is illustrated in FIGS. 10a–10c. The process begins at 
step 220 by reading a series of rows from the database 36 and 
then loading the rows into arrays in transient memory 34. 
These arrays include forecast, in-transit, planned replenish 
ment and shelf change information for a product with respect 
to which projected replenishment shipments are to be gener 
ated. Next, at step 221, a determination is made if the product 
has other products in its group (packs and cartons of cigarettes 
for example). If so, then at step 222 these products are added 
to the arrays. 
0.058 Next, at step 225, the process commonly referred to 
as netting is performed. This is accomplished by reducing the 
beginning on-hand balance by the forecast quantity. Then at 
step 226, a determination is made if the resulting projected 
on-hand balance is less than the safety stock. If not, this 
process is repeated. If at step 226 the projected on-hand 
balance is determined to be less than the safety stock, then a 
planned replenishment shipment is calculated at step 227. 
There, the quantity of the planned shipment is calculated 
based on the preferred shipping quantity, desired number of 
days of Supply, dates when the store can receive deliveries, 
and other ordering parameters. The planned shipment dates 
(ship date and receipt) are then calculated in step 228. Next, 
the newly calculated planned replenishment shipment is com 
pared to the existing planned shipment from database 36 in 
step 229. If they are not the same, database 36 is updated in 
step 230. Finally, or if at step 229 no difference is determined 
to exist, the planned replenishment shipment is added to the 
projected on-hand balance in step 231 and the process con 
tinues. 

Safety Stock 
0059 Another feature of replenishment system 200 is the 
calculation of time-phased safety stock levels based on the 
current and future arrangement of products on the shelves of 
retail stores 23. As explained above, planned replenishment 
orders which are calculated without accounting for the future 
changes in shelf configuration will be inaccurate. Conse 
quently, they have limited use in planning for products at 
Suppliers 24 (the second level in the Supply chain, a retail 
distribution center for example), and planning projected 
inventory levels at retail stores 23 and suppliers 24. 
0060. The current and future shelf configurations are 
stored in database 36. This is done in such a way that shelf 
planning systems (or planograms) can be easily interfaced 
with other aspects of system 20, e.g., replenishment system 
200. Database 36 preferably stores the following shelf con 
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figuration information: the number of facings (product facing 
the consumer), the minimum number of rows deep required to 
create an attractive display, the maximum number of rows 
deep which will fit in the space allocated to this product, the 
amount of backroom safety stock (safety stock maintained in 
a location other than the store shelf), and the date this con 
figuration becomes effective. For example, a product may 
have three facings, and should have a minimum of one row 
deep (or three products) to create an attractive display. The 
maximum number of rows is six, since no more than eighteen 
products will fit in the space allocated to this product. No 
additional units should be kept as safety stock in addition to 
the quantity on the shelf. Another example would be a mat 
tress, where one mattress is kept on the display floor, and 
another is kept in the back. There is not enough room to store 
two mattresses on the display floor, but it is important to have 
two mattresses in stock. If a mattress were not stocked in the 
back, and someone were to buy the mattress on display, there 
would be nothing to display until the next shipment from the 
Suppliers or Supplier. 
0061 FIG. 11 illustrates the logic in replenishment system 
200 for converting shelf configuration into safety stock level. 
Initially, at step 250, the current shelf configuration is con 
Verted into a safety stock level by multiplying the facings by 
the minimum rows deep needed for an attractive display. 
Next, at step 252, a determination is made if shelf changes are 
needed. If there are any future shelf changes, the logic pro 
ceeds to step 254 where shelf change arrays are loaded. Next 
at step 256, these arrays are converted into future safety stock 
levels, and this second array is later tested as part of the 
process to determine when to schedule a planned replenish 
ment shipment. After this step, or if there are no future shelf 
changes step 252, the logic proceeds to step 258. There, the 
next steps in the replenishment planning process can be 
executed as discussed below and illustrated in FIG. 12. 
0062 FIG. 12 illustrates the logic in replenishment system 
200 for using future safety stock levels determined at step 256 
to update the safety stock. FIG. 12 expands on steps 225 and 
226 shown in FIG.10a and discussed above. First, as depicted 
at step 264, each sales forecast for a product is subtracted 
from the projected on-handbalance for the product to give the 
new projected on-handbalance. The sales forecast was loaded 
from database 36 into transient memory 34 in steps 220 and 
222, as shown in FIG. 10a and discussed above. 
0063) Next, at step 266, a determination is made if there is 
a shelf change in the future safety stock level from step 256 
with a date prior to the forecast which was just subtracted. If 
so, then the current safety stock is replaced with the safety 
stock from the future shelf change, as indicated at step 268. 
After this step, or if there is no such shelf change, then the next 
steps in the replenishment process are carried out, as depicted 
by step 258. These steps begin with step 226 shown in FIG. 
10a. 

Financial Planning 
0064 Referring to FIG. 2, another feature of system 20 is 

its financial planning system 400. Financial planning system 
400 is typically used by financial planners to more accurately 
estimate what is likely to happen in the future, and compare 
this projection to various budgets and other financial data. 
Financial planning system 400 multiples the projected sales 
forecasts by the selling price of the products and the cost of 
the products. This results in a projected financial plan show 
ing the projected sales dollars, the projected cost of goods for 
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those sales, and consequently the projected gross margins. 
Financial planning system 400 also multiplies the projected 
replenishment shipments by the cost of the products. This 
results in a projection of purchases, useful in cash flow plan 
ning. Using projected Sales forecasts, financial planning sys 
tem 400 calculates a projected inventory. This is also multi 
plied by the cost of the products, resulting in a projected 
inventory investment in dollars, also useful in cash planning. 

Transportation and Capacity Planning 
0065 Replenishment system 200 maintains transportation 
and capacity planning information more efficiently than prior 
art retail Supply chain distribution systems. Separate systems 
are typically used in the prior art for planning in each of the 
areas of replenishment, transportation and capacity. Replen 
ishment system 200, by contrast, calculates, maintains and 
stores transportation and capacity planning information 
along with other data on planned replenishment shipments in 
a single location, i.e., database 36. In this approach, the 
Weight, cube, picking hours, receiving hours, packaging, 
repacking, Sorting and cleaning describe the planned replen 
ishment shipment in addition to the quantity of the shipment, 
the projected ship date, the projected receipt date, and so on. 
If desired, replenishment system 200 may include one or both 
of the capacity planning and transportation planning func 
tionality. 
0066. The advantage in this method is that it provides the 
bulk of the computer processing for capacity planning and 
transportation planning at little additional cost, since the 
planned replenishment shipments must be calculated as part 
of replenishment planning. If, as part of replenishment plan 
ning, the transportation planning and capacity planning num 
bers are also updated, the incremental computer processing is 
very small compared to a system where replenishment plan 
ning is done in one system and transportation planning and/or 
capacity planning are done in other systems. This is because 
one of the most expensive operations in this type of system is 
accessing and updating the database. If the system accesses 
and updates the database once for replenishment, transporta 
tion, and capacity planning, this is less costly in terms of 
computer processing than accessing and updating the data 
base once for replenishment planning, again for transporta 
tion planning, and yet again for capacity planning. 
0067. One implementation of this aspect of the invention 
would be to include the capacity planning and transportation 
planning information in the table of planned replenishment 
shipments in database 36 which is a single relational database 
management system. Another implementation would be to 
include the capacity planning and transportation planning 
information in the same object in a single object-oriented 
database management system. The present invention encom 
passes implementations in other types of databases as well. 
While information used for capacity and transportation plan 
ning may be obtained from other sources, including other 
databases, the results of the capacity and transportation plan 
ning are stored in the same database as the planned replen 
ishment shipments. 
0068. Under certain circumstances there are additional 
transportation or capacity requirements beyond weight, cube, 
picking hours, and receiving hours, e.g., set up or cleaning of 
products. These additional requirements may be stored sepa 
rately, or in the same location as the other transportation or 
capacity requirements. This allows for situations where more 
resources need to be planned (in addition to weight, cube, 
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picking hours, and receiving hours) for a product without 
incurring the processing to read the planned replenishment 
shipments from the database for every product in every loca 
tion. Only the products with these additional resources need 
to be subjected to this processing either by virtue of their 
separate location or through tagging or otherwise identifying 
the products as having additional resources associated there 
with. Since most retailers have few, and sometimes no, addi 
tional resources that need to be planned, this approach pro 
vides the necessary capabilities but without incurring the 
significant costs associated with reading the planned replen 
ishment shipments from database 36 for all products at all 
locations. An advantage of integrating capacity and transpor 
tation planning with replenishment shipment planning, as 
described above, is that both capacity and/or transportation 
planning and replenishment shipment planning can be com 
pleted within the time period benchmarks described below for 
batch processing runs. 

Batch and Continuous Planning 
0069. System 20 may be operated in batch mode or con 
tinuous mode. In batch mode, transactions happen and are 
processed and then the forecasting and replenishment ship 
ment planning processes discussed above are executed. For 
example, a point-of-sale transaction would reduce the on 
hand balance for a product which, because a transaction 
occurred relative to such product, would be replanned in the 
next batch run. Typically, replanning occurs in batch mode 
only for those products that underwent a transaction since the 
last batch processing. While batch mode processing is typi 
cally conducted once a day, it may be conducted more fre 
quently or less frequently. 
0070 Alternatively, system 20 may be operated in con 
tinuous mode. As transactions for a product happen and are 
processed, the forecasting and replenishment shipment plan 
ning processes discussed above for each transaction are 
executed, and if appropriate, the product is immediately re 
forecast or re-planned. For example, following a point-of-sale 
transaction system 20 will reduce the on-hand balance as 
discussed above, and also immediately recalculate the 
planned replenishment shipments for the product. Or, follow 
ing a database maintenance transaction to override the fore 
cast, system 20 will update the database and also immediately 
recalculate the projected sales. Similar updating is provided 
upon the occurrence of other transactions that would invali 
date the projected sales. Also, projected replenishment ship 
ments are re-planned upon the occurrence of transactions that 
would invalidate the planned replenishment shipment. 
0071. One advantage of continuous processing is that the 
forecast and planned replenishment shipment projections in 
system 20 are up-to-date throughout the day and reflect the 
situation as it exists now, rather than as of the end of the last 
batch. Another advantage of continuous processing is less 
computer hardware is needed to process a given number of 
products on the system. Many retailers have a relatively short 
“window' or amount of time in which to process the day's 
transactions and make the new projections available to the 
warehouse management system and Suppliers. For example, a 
retailer may have a four-hour “window' based on the fact that 
the POS (Point-Of-Sale) data may not be available until 1 a.m. 
and the picking lists for shipments must be available at 5 a.m. 
on the same day. Therefore, if 2 million transactions and the 
associated re-forecasting and re-planning must be completed 
in four hours, the retailer will need a larger and/or more 
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powerful computer or set of computers than would be the case 
if the 2 million transactions and associated re-forecasting and 
re-planning could be completed over a time period of 24 
hours. 

Low Volume Products 

(0072 Referring to FIGS. 2 and 13, another feature of 
replenishment system 200 is specialized logic for determin 
ing time-phased forecasting and planned replenishment ship 
ments for low-volume products. The objective of this logic is 
to reasonably distribute such planned replenishment ship 
ments in a manner that is similar to what is likely to actually 
happen. Such distribution provides a valid simulation of real 
ity, which is then used to plan for products at the Supplier 
(either distribution center, wholesaler, or manufacturer), to 
plan for transportation (weight and cube), to plan for capacity 
(hours needed to receive the products and hours needed to 
pick and ship the products), and to do financial planning 
(projections of sales, purchases or replenishment shipments, 
inventory levels, gross margins, and so on). 
0073 FIG. 13 depicts specialized logic used to forecast 
low volume products. At step 401 each product is checked to 
determine whether or not the product is a low-volume product 
and therefore should use this specialized logic. If the fore 
casting for a given product is being done in time periods that 
are greater than or equal to a forecast time period that is 
indicative of a low-volume product, then this specialized 
low-volume forecasting logic is used. This forecast time 
period is typically in the range of one to three months, 
although periods of greater and lesser length may also be 
selected. 
0074 An important concept in this specialized logic is to 
distribute shipments of low-volume products over the fore 
cast time period so as to simulate actual demand for a product. 
One approach for achieving such distribution is through the 
use of probability and seasonality of the product. More par 
ticularly, planned replenishment shipments for each product 
may be determined based on a combination of a random 
number for the product and the selling profile for the product 
over the course of the year. 
0075. At step 402 a random number is created for each 
product (if this number does not already exist from a prior 
processing run) using random number generation techniques 
well known to those skilled in the art. Generally, the number 
of random numbers selected is identical to the number of 
products that are determined to be sold in low volumes, e.g., 
100 random numbers are selected when there are 100 low 
Volume products. Alternatively, it may be acceptable to select 
fewer random numbers than the number of low-volume prod 
ucts that exist, and use each random number for several prod 
ucts. For example, 25 random numbers could be selected for 
100 low-volume products, with each random number being 
associated with four products. Also, when multiple units of a 
given product are forecast to be sold in a given forecast 
period, a random number is selected for each product. For 
example, if 2.5 products are forecast to be sold during a 
forecast period, the same random number is typically used to 
assign a specific date to all the forecasts for this product. An 
alternative solution is to assign a different random number to 
each forecast time period (Such as 90 days), or to assign a 
different random number to each integer representation of a 
forecast (i.e., two random numbers for a forecast of 2 over a 
90 day time period). Typically, the random numbers range 
between Zero and one. However, in Some cases satisfactory 
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results may be obtained using random numbers falling in 
other ranges, although additional calculations will generally 
be required when using such other ranges, as discussed below. 
0076 Next, as indicated by step 403, a time period offset is 
determined for each product. When the random numbers fall 
in the range Osxs 1, the time period offset is determined by 
multiplying the random number times one (the number of 
units of the product) times the number of days in the prede 
termined time period. Thus, if the random number for a given 
product is 0.5 and the time period is 90 days, then the offset is 
0.51x1 x90 days=45 days (before making any adjustments for 
the selling pattern of the product over the course of a year). 
0077. If a group of 50 low-volume products were each 
given random numbers, and assuming these random numbers 
were evenly distributed between Zero and one, applying these 
random numbers to the forecast date determined by forecast 
ing system 100 would yield an even distribution of forecast 
representations over the forecast time period. To illustrate this 
distribution, consider the products with small numbers 
assigned to them such as 0.01. The random number multiplied 
by the number of days in the forecast period gives the offset 
from the start date of the forecast. So, in this case where the 
random number is 0.01, and the forecast time period is 90 
days, the calculated offset is 0.9 which when rounded to an 
integer gives 1 day. With an offset of one day, this particular 
forecast would be represented in the system on January 2; one 
day from the start date of January 1. Next consider the case 
where the random number assigned to a product is 0.99. This 
particular forecast would be represented in the system at a 
date near the end of the forecast time period: either on or near 
March 31. Similarly, all the other products in this group of 50 
products would have random numbers assigned to them, and 
these numbers would be used to represent the forecast on a 
particular date. Taken in total, the sum of these forecasts for 
low-volume products would resultina total of 50 units spread 
nearly evenly over the dates from January 1 to March 31. 
0078 If it is desired to distribute shipments within the 
forecast period using random numbers that fall outside the 
range 0sXs 1, e.g., in the range 1sXs 10, then after the 
number is multiplied by the number of days in the predeter 
mined period the result must be normalized. Such normaliza 
tion should be performed so that the offsets determined for all 
the low-volume products are substantially uniformly distrib 
uted over the number of days in the predetermined time 
period. 
007.9 For a product with a flat selling pattern over the 
course of a year, use of the random number distribution tech 
nique discussed above represents a reasonable simulation of 
reality. While any given product will probably sell on a dif 
ferent day than the representation of the forecast (January 2, 
for example), the sum of the sales for the group of products 
achieves such reasonable simulation of reality. So, for the 
example discussed above, fifty of these low-volume products 
will probably sell during the period from January 1 through 
March 31. While the sales are not likely to be the same each 
day, the pattern will be reasonable for a product that sells at a 
fairly even rate throughout the forecast period. 
0080 However, most products do not have a flat selling 
profile or pattern over the course of a year. Instead, they sell 
more during one time of the year than another. Garbage bags 
would be an example of this phenomenon. In certain climates 
garbage bags sell in greater Volumes during the spring 
(cleanup) and the fall (bagging leaves). 
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I0081. Therefore, this seasonal profile or pattern may 
optionally be applied to more accurately represent the place 
ment of these integer representations of the forecast, and 
hence replenishment shipments (assuming no excess inven 
tory exists at the retail store), on a particular date. This is done 
in step 404. The effect of the profile is to put more of the 
integer representations in particular weeks than in other 
weeks. 
I0082. The seasonal profile is accomplished using the sell 
ing profile. The selling profile is typically in the form of 
weekly percentages which represent the percentage of the 
annual total sales for a product that are expected to occur per 
week (such as 2% for a particular week, 5% in another week, 
and so on), although other representations of selling patterns 
could be used. 
I0083) System 20 puts more or less integer representations 
of forecasts in a particular week through the use of an adjust 
ment for the first forecast representation and an accumulator 
for the Subsequent forecast representations, although other 
mechanisms could also be used. The adjustment works by 
accumulating the weekly percentages for the forecast period. 
For example, in a situation where a product sells at a nearly 
uniform rate throughout the year, the weekly percentages 
would be somewhat less than 2% per week (100%/52). There 
fore, for a forecast period of 90 days for example, the sum of 
these percentages might be 25%. The adjustment calculation 
then applies the random number to the accumulated total. For 
example, if the Sum of the weekly percentages for a given 
product in the forecast period is 25%, and the random number 
for the product is 0.5, then the calculation yields 12.5%. This 
calculated number is used to determine where to place the 
integer representation of the forecast. The logic starts at the 
beginning of the forecast time period, and begins to accumu 
late the weekly percentages. When the sum of these percent 
ages equals or exceeds the calculated number (12.5% in the 
example above), the date of that week becomes the date of the 
integer representation of the forecast. In understanding the 
intent of this logic, it is helpful to consider three situations. 
I0084. In the first situation, the weekly percentages in the 
early part of the forecast time period are zero. Therefore, 
when the weekly percentages are accumulated, they will not 
exceed the calculated number (12.5% in the example above), 
and therefore no integer forecast representations will be 
placed in these early weeks. This is appropriate since the Zero 
percentages indicate the probability of selling the product 
during these weeks is very Small. 
I0085. In the second situation, the weekly percentages in 
the early part of the forecast time period are fairly large, say 
5% or 10% per week. Therefore, when the weekly percent 
ages are accumulated, they will exceed the calculated number 
(12.5% in the example above) within the first few weeks. 
Again, this is appropriate since the larger weekly percentages 
indicate the probability of selling the product during these 
weeks is high. 
I0086. In the third situation, the weekly percentages 
throughout the forecast time period are the same (a little less 
than 2% per week). Therefore, when the weekly percentages 
are accumulated, they will exceed the calculated number 
(12.5% in the example above) halfway through the selling 
period. Again, this is appropriate since the randomization 
number in this example is 0.5 indicating that the integer 
representation of the forecast would be halfway through the 
forecast period (before adjusting for any differences in sales 
from one week to the next). 
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0087. For subsequent integer forecast representations, an 
accumulator reconstructs the weekly forecasts from the sell 
ing profile, and these are accumulated until they reach the 
number one. For example, if a given week represents a fore 
cast of 0.2, and the forecast for the next week represents 0.3, 
and the forecast for the third week represents 0.7, then the 
accumulator would be 0.2 in the first week, 0.5 in the second 
week (0.2+0.3), and 1.2 in the third week (0.2+0.5+0.7). 
Since the accumulator has exceeded the number one in the 
third week, the date of the third week is the date where the 
integer representation of the forecast is made. The integer of 
1 is then Subtracted from the accumulator, and the process can 
continue to represent additional integer forecast representa 
tions where the forecast quantity is greater than one. Other 
approaches can use statistical weighting to put more integer 
forecast representations in higher selling weeks than in lower 
selling weeks. 
0088 Using the group of 50 low-volume products men 
tioned above, the sum of the integer representations of the 
forecasts during the higher-selling weeks would be a greater 
number than the sum of the integer representations of the 
forecasts during the lower-selling weeks. As a result, more 
products are projected to be shipped during higher-selling 
weeks. 

0089. By applying the process discussed above and illus 
trated in steps 401–404, replenishment system 200 will create 
planned replenishment shipments at the date where the fore 
cast is first represented as an integer rather than "bunching 
up' the planned replenishment shipments near the current 
date. This is because the date at which the forecast is repre 
sented is the date when the projected on-hand balance is 
reduced below the safety stock. For example, if a product has 
a safety stock of 2 and an on-hand balance of 2, the projected 
on-hand balance will drop below the safety stock on the date 
of the integer representation of the forecast. This is also the 
date when the planned replenishment shipment should be 
delivered to bring the projected on-hand balance up to (or 
above) the safety stock. 
0090. In the example above, one product would have a 
planned replenishment shipment on January 2. Another 
would have a planned replenishment shipment on March 31, 
and so on. The planned replenishment shipments for the 
group of 50 low-volume products, when totaled by date 
would create a pattern similar to the pattern described above 
for the forecast representations. Assuming no excess inven 
tory at the stores, the Sum of the planned replenishment ship 
ments would be greater in the higher-selling weeks than the 
Sum of the planned replenishment shipments during the 
lower-selling weeks. If excess inventory existed at Some of 
the stores, then no planned replenishment shipments would 
be needed to these stores, and so the distribution of planned 
replenishment shipments over the days in the forecast period 
might not be the same as the representation of the forecasts as 
integers during the same time period. 
0091 For clarity of description, the example above illus 
trated the situation where the forecast was for a single unit of 
a given product during the forecast period. However, there is 
no restriction on the quantity of forecasted sales for a given 
product during a given forecast period. For example, a fore 
cast quantity of 3 could exist for the time period between 
January 1 and March 31. In this case, the forecast would be 
represented as two or three integers with quantities of one on 
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two or three dates throughout the forecast period from Janu 
ary 1 through March 31 using the accumulator logic 
explained above. 
0092. The example above included a single time period 
(90 days) and a single planning horizon into the future (90 
days). The actual implementation of this aspect of the inven 
tion is not so restricted. Some products could have 90-day 
forecasts, other products 180-day forecasts, and so on. Addi 
tionally, the planning horizon might be one year, 40 weeks, 26 
weeks, etc. In the case of a one-year planning horizon, four of 
the 90-day forecasts explained above would exist for the 
product in the example. The first might extend from January 
1 to March 31, the second from April 1 to June 30, and so on. 
The example also has the forecasts starting and ending on the 
dates which correspond to the beginning and ending dates of 
a month. The actual implementation of this logic in the inven 
tion is not restricted in this way and the starting and ending 
dates for forecasts can be any date. 
0093 Use of the low-volume product logic also provides a 
more accurate simulation of reality for transportation plan 
ning information (weight and cube), whether or not included 
as an integral aspect of system 20. Rather than showing large 
weight and cube requirements in the first few days, followed 
by Zero or near Zero demands later in the time period, the 
pattern is more like what will actually happen, with greater 
weight and cube in the higher-selling weeks. 
0094. Additionally, the low-volume product logic pro 
vides similar benefits for capacity planning information 
(equipment and manpower), as well as the financial planning 
information (projected sales, projected shipments or pur 
chases, projected inventory levels, projected storage space 
requirements, and so on). The result of using the randomiza 
tion calculation in combination with the selling profile or 
pattern gives a more accurate projection of the future for these 
types of information. 

User Interface 

(0095 FIG. 14 illustrates the primary user display 502 for 
a product at the level of retail store 23. Display 502 is 
designed to allow an analyst to quickly visualize the situation 
on a product or group of products identified at 503. Top 
section 504 of display 502 shows all exception messages for 
this product or group of products. 
0096 Primary user display 502 is designed to permit the 
analyst to obtain additional information quickly and easily. 
Icons 506 on tool bar 508 provide a number of different 
graphs and spreadsheet displays, as does drop-down menu 
510. The example in FIG. 14 shows a weekly forecast graph 
512, a weekly replenishment graph 514, and a weekly replen 
ishment spreadsheet 516. The weekly forecast graph shows 
sales from prior years, as well as the forecast. The analyst can 
Zoom in on the graph 512 to display more detail where nec 
essary. The weekly replenishment graph 514 shows the pro 
jected inventory level illustrating the “sawtooth' curve show 
ing the impact on inventory where shipments are projected to 
be received increasing the inventory and where sales gradu 
ally reduce the inventory level to near the safety stock level. 
The weekly replenishment spreadsheet 516 shows the same 
information in a spreadsheet format. Rows on the spreadsheet 
show the forecast, any quantities in-transit to retail store 23 
from Supplier, projected replenishment shipments, the safety 
stock level, and the projected on-hand balance. 
0097. The analyst can maintain database 36 without leav 
ing this display. The database maintenance drop-down menu 
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518 allows access to the different database tables. This would 
be used, for example, to correct the missing or incorrect 
category record. In this case, an exception message exists for 
a category record not found. 
0098 FIG. 15 illustrates the primary user 502 display for 
a product or group of products at the Supplier 24. In this 
situation, the forecast graph shows the Sum of the projected 
replenishment shipments to the stores. In the upper right of 
FIG. 15, a spreadsheet 532 shows what is called the depen 
dent demand information. This provides a listing by date of 
the stores creating demand on Supplier 24. For example, on 
Sep. 22, 1998, eleven stores are creating a total demand of 
twelve on suppliers 24 for this product. 
0099 System 20 is sufficiently flexible in its design to 
permit implementation in various computer systems and net 
works, as described above. Referring to FIGS. 3 and 4, large 
corporate users will typically implement system 20 using 
either the client-server network described above and illus 
trated in FIG. 3, or a browser-based system as shown in FIG. 
4, where network 54 is an intranet network. This permits 
product forecasting and replenishment ordering to be per 
formed by a centralized business group, thereby obtaining the 
benefits of large-volume orders, ready use of standard busi 
ness processes, and other benefits. 
0100 Alternatively, system 20 is adapted for use with 
Small retail stores 23. Such as general Stores, convenience 
stores not affiliated with a national chain or franchise, and 
other independent stores or groups of stores. In many cases, 
such retail stores 23 lack access to sophisticated forecasting 
and replenishment planning tools. Also, such retail stores 23 
cannot afford to employ a trained analyst to run Such tools, 
given that only a few minutes of an analyst's time would be 
required in any given day to run the tools. Further, Small retail 
stores 23 may lack connections to Vendors and Volume pur 
chasing power that large businesses enjoy. 
0101 To address these problems that small and/or inde 
pendent retail stores 23 face, system 20 may be implemented 
Such that program 26 provides the central application pro 
gram for a Web-based forecasting and replenishment plan 
ning and ordering service. Referring to FIG. 4, when system 
20 is implemented to provide such service, network 54 is the 
Internet or other wide area wired or wireless network, includ 
ing combination wired and wireless networks. User comput 
ers 56 are PCs or other computing devices having a browser 
for navigating in network 54, and computer 28 is a computer 
(or computers) used by the service organization providing the 
forecasting and replenishment planning and ordering Ser 
vices. For example, user computer 56a may be a PC used by 
a general store in Vermont, user computer 56b may be a 
personal digital assistant or other Internet appliance used by a 
gas station convenience store in Mississippi and user com 
puter 56c may be a wireless set-top box used by large inde 
pendent bookstore in California. All of these user computers 
56 are connected via network 54 to the service provider's 
computer 28. 
0102 Turning now to FIGS. 3-5, at the end of each busi 
ness day, sales information is downloaded from point of sale 
system 90 on user computer 56 at retail store 23 via network 
54 to the service provider's computer 28. System 20 at the 
service provider then performs the forecasting, replenish 
ment planning and replenishment ordering, described above, 
for retail store 23. This service can be provided using analysts 
trained on system 20, given the overall volume of products 
and locations being planned. Because the service provider is 
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typically providing Such services for a large number of retail 
stores 23, it can transmit the projected Schedule of planned 
replenishment shipments to the various manufacturers 25 (the 
third level in the Supply chain in many instances, such as a 
manufacturer's distribution center). This reasonably accurate 
projection of future purchases by the next higher level in the 
Supply chain, e.g., Supplier 24 at level 2 (perhaps a retail 
distribution center in this example) allows manufacturer 25 to 
provide higher levels of customer service with less inventory 
and higher productivity because there are fewer “surprises.” 
As a result, manufacturer 25 typically provides discounts in 
exchange for this information. This is in addition to the sig 
nificant advantages provided by System 20 itself, as discussed 
above. As a consequence, Small, independent retail stores 23 
are able to have access to the same systems and system 
benefits as large chain stores and franchises. 
0103 Most of the processing for system 20 is done in large 
batch processing runs, typically in the middle of the night, 
although the system can also be run in a continuous mode. 
This includes updating the on-hand balance through the per 
petual inventory system 92, recalculating forecasts in the 
forecasting system 100, and recalculating planned replenish 
ment shipments in the replenishment system 200. In the 
course of this processing, the processes described above are 
used to meet the needs of retail organizations. An important 
advantage of the present time-phased planning system 20 is 
that forecasting of projected sales and determination of pro 
jected replenishment shipments for a very large number of 
products (100-400 million product/location combinations) 
may be achieved using a computer 28 (FIG. 2) that is rela 
tively inexpensive and is of relatively limited computing 
capacity. For example, benchmarking of system 20 was per 
formed using a single server manufactured by Dell Computer 
Corporation having two 500 MegaHertz microprocessors 
sold by Intel Corporation under the trademark PENTIUM and 
having the X86 instruction set used in Such microprocessors 
sold in the year 2000, and 1 Gigabytes of transient memory. 
The benchmarking revealed that system 20 is capable of 
forecasting projected sales one year into the future for 50,000 
products, each having an associated location, e.g., retail store 
23, where net changes occurred for 15,000 product/location 
combinations using 715,000 associated sales history records, 
and generating the appropriate exception messages, in about 
10 minutes, assuming an average of 50-60% utilization of the 
microprocessors over the entire forecasting process. As used 
herein, including in the claims, "net change” means recalcu 
lation of a forecast or planned replenishment shipment with 
respect to a given product/location combination when some 
thing has occurred to render the prior forecast or planned 
replenishment shipment invalid. In addition, the benchmark 
ing revealed such computer can recalculate the planned 
replenishment shipments one year into the future for Such 
product/location combinations using the sales forecasts ref 
erenced above and generate the appropriate exception mes 
sages in about 10 minutes, assuming an average of 50-60% 
utilization of the microprocessors over the entire replenish 
ment planning process. Given the relatively limited periods of 
time generally available to perform the processes described 
above, system 20 provides a highly cost efficient approach to 
forecasting and replenishment planning and ordering in a 
retail store Supply chain. 
0104 New forecasts are typically generated in any given 
day for only some of the products stored in database 36. 
However, the forecast that forecasting system provides for 
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any given day covers all products stored in database 36, not 
just those where a net change occurred. For products with 
respect to which a net change did not occur, the last-generated 
forecast is used. It is also to be appreciated that replenishment 
system 200 does typically perform replenishment planning 
with respect to just the set of products that underwent a net 
change in connection with generation of the forecast used by 
the replenishment system. Any products in the total set of 
products in database 36 may, however, undergo replenish 
ment planning, although typically not all Such products. For 
example, using the product quantities specified in the bench 
marking study above, replenishment system 200 typically 
does not perform replenishment planning with respect to all 
15,000 product/location combinations undergoing a net 
change during forecasting. However, the product/location 
combinations subjected to replenishment planning are drawn 
from the 50,000 product/location combinations available. 
0105 While the present invention has been described in 
connection with a preferred embodiment, it will be under 
stood that it is not so limited. On the contrary, it is intended to 
cover all alternatives, modifications and equivalents as may 
be included within the spirit and scope of the invention as 
defined in the appended claims. 
What is claimed is: 
1) A computer-implemented replenishment shipment and 

transportation planning system for a plurality of products that 
sell in a retail store Supply chain, the system comprising: 

a) a replenishment shipment system that determines 
planned shipment dates for a plurality of products to a 
retail store in the Supply chain based on sales forecasts 
for said products; and 

b) a transportation planning system that generates trans 
portation plans for said plurality of products using said 
planned shipment dates determined by said replenish 
ment system, wherein said transportation plans are 
determined at Substantially the same time as said 
planned shipment dates. 

2) A system according to claim 1, wherein said planned 
shipment dates and said transportation plans are stored in a 
single database. 

3) A system according to claim 1, wherein said transpor 
tation plans include weight of at least Some of said plurality of 
products. 

4) A system according to claim 1, wherein said transpor 
tation plans include cube for at least Some of said plurality of 
products. 

5) A system according to claim 1, wherein said planned 
shipment dates and said transportation plans are determined 
relative to a first plurality of products that is a subset of a 
second plurality of products that is larger than said first plu 
rality of products in accordance with a first benchmark com 
prising determining (i) said planned shipment dates for one 
year in the future in a first time period and (ii) said transpor 
tation plans for one year in the future in a second time period, 
when said first plurality of products is 15,000 in number, said 
second plurality of products is 50,000 in number, the product 
sales history records are 715,000 in number, there is a net 
change for only said first plurality of products, and said pro 
jected sales and said first projected replenishment shipments 
are determined using a computer capable of executing, in 
either of said first time period and said second time period, no 
more than an equivalent number of instructions to what can be 
executed by a computer having two X86 instruction set 
microprocessors, one gigabit of transient memory and at no 
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more than an average of 60% utilization of said two micro 
processors, in either of said first time period and said second 
time period, wherein said first time period and second time 
period are each less than 20 minutes. 

6) A system according to claim 1, further including a 
capacity planning system that generates capacity plans for 
said plurality of products using said planned shipment dates 
determined by said replenishment system. 

7) A system according to claim 1, further including a fore 
casting system for determining said sales forecasts for said 
plurality of products. 

8) A computer-implemented replenishment shipment and 
capacity planning system for a plurality of products that sell 
in a retail store Supply chain, the system comprising: 

a) a replenishment shipment system that determines 
planned shipment dates for a plurality of products to a 
retail store in the Supply chain based on sales forecasts 
for said products; and 

b) a capacity planning system that generates capacity plans 
for said plurality of products using said planned ship 
ment dates determined by said replenishment system, 
wherein said capacity plans are determined at Substan 
tially the same time as said planned shipment dates. 

9) A system according to claim 8, wherein said planned 
shipment dates and said capacity plans are stored in a single 
database. 

10) A system according to claim 8, wherein said capacity 
plans include picking hours for at least Some of said plurality 
of products. 

11) A system according to claim 8, wherein said capacity 
plans include receiving hours for at least some of said plural 
ity of products. 

12) A system according to claim 8, wherein said capacity 
plans include at least one of packaging, repackaging, cleaning 
and Sorting requirements for at least Some of said plurality of 
products. 

13) A system according to claim 8, wherein said planned 
shipment dates and said capacity plans are determined rela 
tive to a first plurality of products that is a subset of a second 
plurality of products that is larger than said first plurality of 
products in accordance with a first benchmark comprising 
determining (i) said planned shipment dates for one year in 
the future in a first time period and (ii) said transportation 
plans for one year in the future in a second time period, when 
said first plurality of products is 15,000 in number, said sec 
ond plurality of products is 50,000 in number, the product 
sales history records are 715,000 in number, there is a net 
change for only said first plurality of products, and said pro 
jected sales and said first projected replenishment shipments 
are determined using a computer capable of executing, in 
either of said first time period and said second time period, no 
more than an equivalent number of instructions to what can be 
executed by a computer having two X86 instruction set 
microprocessors, one gigabit of transient memory and at no 
more than an average of 60% utilization of said two micro 
processors, in either of said first time period and said second 
time period, wherein said first time period and second time 
period are each less than 20 minutes. 

14) A system according to claim 8, further including a 
forecasting system for determining said sales forecasts for 
said plurality of products. 

15) A method of determining replenishment shipments and 
transportation plans for a plurality of products that sell in a 
retail store Supply chain comprising the steps of: 
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a) determining planned shipment dates for a plurality of by said replenishment system, wherein said transporta 
products to a retail store in the Supply chain based on tion plans are determined at Substantially the same time 
sales forecasts for said products; and as said planned shipment dates. 

b) generating transportation plans for said plurality of 
products using said planned shipment dates determined ck 


