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SYSTEM AND METHOD FOR ENSURING ORDER FULFILLMENT

Related Applications

This application claims priority from U.S. Provisional Application Serial No.
60/243,427, filed October 27, 2000, the disclosure of which is hereby incorporated by

reference in its entirety.

Field of the Invention

Disclosed is a system and method for ensuring manufacturing order
fulfillment. In particular, the present invention pertains to a system and method for
responding to supply conflicts, such as unexpected delays in production, by rerouting

and reapplying resources.

Backeround of the Invention

It is typically advantageous for businesses to operate with relatively small
inventory levels. Lower inventory levels allow businesses to minimize storage costs.
Furthermore, lower inventory levels allow businesses to reduce risks from market
changes such as fluctuating in price or demand.

To assist a business in maintaining lower inventory levels, it is known to
provide accurate estimates of market supply and demand that are specific to the needs
of that business. For instance, U.S. Provisional Application No. 60/264,321 and U.S.
Application No. 60/243,425 (incorporated herein by reference in their entirety)
provide system methods to estimate, respectively, supply (planned arrival) and
demand (planned orders) tallies for a business’s products in particular markets. Given
this estimated supply and demand information, a business may use scheduling tools
such as U.S. Application No. 09/974,801 and U.S. Application No. 09/143,545 to
coordinate the production/procurement of a good or service with the delivery of that
good/service to clients. Similarly, given exact supply and demand data, a business
may use a tool, such as U.S. Provisional Application No. 60/243,400, to coordinate
this supply and demand. A business may further use tools such as these described in
U.S. Application Nos. 09/882,257 and 09/903,855 to organize on time low-cost

shipments of orders. All of these references are hereby incorporated by reference in
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full.

Problems for business arise from unexpected changes in supply or demand.
While the remainder of this application refers exclusively to increases in demand, it
should be appreciated that the system and method described herein are equally
applicable to unexpected decrease in supply. A typical example of an increase in
demand is an unexpected order. In response to an unexpected order, a business may
either reject that order, which is generally undesirable, or alter operations to meet the
unexpected order. When a business chooses to alter its operations, the business then
must select a least-cost strategy for satisfy the additional order while minimizing the
effect on fulfillment of existing orders. An example of an unexpected decrease in
supply is the loss of employees or the close of a factory, distribution center, or
transportation lane. In response to an unexpected change in supply or demand, the
business may need to adjust operations to meet existing order commitments.

Lack of distribution coordination and demand visibility results in excessive
inventory costs, expedited shipments, decreased customer satisfaction, and lost
revenues. A solution that orchestrates the flow and staging of inventorgz through a
multi-echelon distribution network is an ideal answer for meeting customer service

objectives while also minimizing inventory investment and logistics costs.

Summary of the Invention

The present invention provides a system and method whereby companies can
optimally resolve the conflicts with respect to product availability. Embodiments of
the invention allow users to search for product availability throughout its entire supply
chain network to address conflicts as they arise. It creates time-phased inventory
plans that meet customer requirements while minimizing inventory and maximizing
profit by ensuring that a company is carrying the right inventory at the right locations.
Using the present invention, companies can orchestrate the time-phased storage and
flow of a given product's supply to match demand by creating an optimal inventory
strategy that includes deployment plans, master production schedules, and
procurement requirements.

The present invention optimizes inventory and replenishment planning to

create time-phased inventory plans that respect multiple time horizons (i.e., days,
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weeks, and months) and that recognize the interdependencies of the network on
customer service and inventory investment. Warehouse space, shipping and receiving
capacity, and customer delivery windows are all simultaneously considered, providing
the user with real-time network visibility of planned shipments, in-transits, available
inventory, and expiring product.

By dynamically searching for product availability throughout a company's
network, the present invention minimizes lost revenue by ensuring customer
requirements are met despite unanticipated delays in production, cross-border
shipments, or transportation. In addition, through the use of user-controlled allocation
strategies, the present invention ensures that in times of prolonged product shortage,
customers continue to receive appropriate supply allocations. By launching proactive
alerts to distribution planners when product replenishments are in danger of falling
unexpectedly short, systems according to the present invention make it possible to
avoid product shortages. Conversely, the present invention also alerts a user at the
first sign of excess, obsolete, or exﬁiring inventory. Through this early intervention
process, “push” logic, and customer-specific date sensitivity tracking, potentially
unusable inventory can be appropriately redeployed within the network.

The present invention decreases expediting and inventory costs, while
maximizing customer service by orchestrating time-phased product/material flow;
optimizing inventories across a multi-echelon network; providing networkwide
visibility including customer/supplier locations; allocating critical goods during
supply shortages; and creating optimal deployment, master production, and
procurement plans.

Brief Description of the Drawings

A more complete understanding of the present invention and advantages
thereof may be acquired by referring to the following description taken in conjunction
with the accompanying drawings, in which like reference numbers indicate like
features, and wherein: ‘

Figs. 1A-1B illustrate block diagrams of a system for ensuring order

fulfillment in accordance with embodiments of the present invention.

Detailed Description of the Present Invention
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A fulfillment system 100, as illustrated in Figs. 1A-1B, allows a user to
orchestrate the time-phased storage and flow of supply to match demand by creating
an optimal inventory strategy that includes deployment plans, master production
schedules, and procurement requirements. Additionally, the user can provide end-to-
end visibility, minimize inventory investment, and reduce logistics costs while the
user minimizes customer service.

The fulfillment system 100 optimizes inventory and replenishment planning to
create time-phased inventory plans that respect multiple time horizons such as days,
weeks, and months and that recognize the interdependencies of the network on
customer service and inventory investment. Warehouse space, shipping and receiving
capacity, and customer delivery windows are all simultaneously respected, providing
the user with real-time network visibility of planned shipments, in-transits, available
inventory, and expiring product.

By dynamically searching for product availability throughout the network, the
fulfillment system 100 minimizes }ost revenue by ensuring customer requirements are
met despite unanticipated delays in production, cross-border shipments, or
transportation. In addition, through the use of user-controlled allocation strategies,
the fulfillment system 100 ensures that in times of prolonged product shortage,
customers continue to receive appropriate supply allocations. By launching proactive
alerts to distribution planners when product replenishments are in danger of falling
unexpectedly short, the fulfillment system 100 makes it possible to avoid product
shortages. Also unlike other distribution planning tools, the fulfillment system 100
also alerts the user at the first sign of excess, obsolete, or expiring inventory. Through
this early intervention process, “push” logic, and customer-specific date sensitivity
tracking, potentially unusable inventory can be appropriately redeployed within the
network.

The fulfillment system 100 of the present invention decreases expediting and
inventory costs, while maximizing customer service by orchestrating time-phased
product/material flow; optimizing inventories across a multi-echelon network,
providing networkwide visibility including customer and supplier locations, allocating
critical goods during supply shortages and creating optimal deployment master

production, and procurement plan. Additional features and benefits for the fulfillment
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system 100 include more optimal inventory planning to decrease inventory costs,
dynamic deployment, and of good to improve service. In addition, the improved
procurement optimization allows the fulfillment system 100 to decrease supply costs.
The fulfillment system 100 further increases date sensitivity in inventory to reduce
obsolescence.

Returning to As illustrated in Figs. 1A-1B, the fulfillment system 100 divided
into a distribution component 200, a deployment component 300, a production
component 400, a material allocation component 500, and a database 600. Each of
the components is described in greater detail below.

Database 600

The database 600 serves as a central information storage device through which
the other modules may access and obtain needed information for operation. The
database 600 generally contains information on the various aspects of a business's
supply chain, including:

1) a list of SKU's,

2) indication of storage location for each SKU and amount of each SKU

at each location,

3) information on how each SKU is replenished (sourcing table), such as

the source, rate, and cost of the replenishment,

4) a minimum safety level for each SKU at each location,
5) an indication of the storage cost for each SKU at each location, and
6) information on how each SKU is to be distributed: when, where, how

much, at what cost for each SKU.

Distribution Module 200

The distribution module 200 functions primarily to analyze any changes in the

supply chain data in the database 600 and then to suggest a course of action as needed
to meet existing orders and commitments despite the changes to the supply chain. A
central component of the distribution module 200 is the planning component 210 used
to generate planned arrivals and planned orders to meet replenishment requirements

for stock-keeping units (SKUs). By coordinating with deployment module 300,

5



10

15

20

25

30

WO 02/35437 PCT/US01/42797

described below, the planning component 210 also can generate recommended
shipments that consider inventory constraints in addition to demand.

In one embodiment, a user, when employing an external execution system to
release production orders and vendor orders, may use a scheduling component 220 to
provide input to that system. Data regarding scheduled receipts from that external
system can then be imported into the data storage device 600. The planning
component 210 function treats those scheduled receipts as replenishments of
inventory. |

After a planning period has begun, it can be assumed that the demand that was
forecast for the period has begun to be realized. When the planning component 210
calculates a plan, the system assumes that if a certain percentage of time has passed
within a forecast period, then an identical percentage of the forecast, as of that point
in time, has been consumed. Usually, the system 100 automatically preserves the
allocated forecast regardless of the demand to date.

In another embodiment, the user has the option of telling the system 100 to
prorate the forecast by demand to date. To prorate the forecast by demand to date, the
planning component 210 defines the start date of the proration period as the earliest
start date of the forecast records, and the proration period as the start date, plus the
duration specified by the user. The planning component 210 then accumulates
forecasted demand—that is, the portion of the allocated forecast that occurs during the
proration period for all forecast records.

Next, the user can tell the system to supplement forecasted demand with
customer orders, which may provide more timely and accurate information than the
short-term forecast. To do this, the user may first define a time period during which
the system adjusts the forecast with customer orders. Then, the user may select a
forecast adjustment rule to tell the system 100 whether and how to adjust the forecast

with customer orders. The user has several options. These options include the

following:
1) Do not supplement the forecast with customer orders.
2) The system ignores the forecast and uses customer orders as the
demand instead.
3) If the forecasted customer orders exceed the forecast, the system uses
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the forecasted customer orders. If the forecast exqeeds the forecasted
customer orders, the system spreads the difference over the duration.
This difference, added to the forecasted customer orders, then
comprises the demand.

If the forecasted customer orders exceed the forecast, the system uses
the forecasted customer orders. If the forecast exceeds the forecasted
customer orders, the system reallocates the difference over the
Customer Order Duration.

The system allocates the difference between the total forecast and total
forecasted customer orders, beginning with a last period and working
backward. "

When known customer orders exceed the forecast, the planning
component 210 takes short-term customer orders into consideration, as
well as forecast. With this rule, the user may define a second duration,
in addition to the customer order duration during which the planning

component 210 adjusts the forecast with short-term customer orders.

In one embodiment, the planning component 200 allows the user to specify a

maximum number of planned arrivals or planned orders that the planning component

210 will create for a single SKU. The planning component 210 creates a

replenishment of the planning component 210 for the SKUs or the item families.

From the SKUs the user selects, the planning component 210 determines which ones

were marked for exchange within a supply chain and generates a new replenishment

of the planning component 210 for each of those. The planning component 210 does

not calculate supply chain data for external SKUs (i.e., supply chain data from

external systems), but it does use their data in calculating the planning component

210s for other SKUs, and it will mark them for exchange.

Using the sourcing table in the database 600, the planning component 210

determines a level for each SKU. Level zero may consist of SKUs that have no

destinations or parents. Level one SKUs are sources or subordinates that replenish

SKUs at level zero. The highest-numbered level consists of source or subordinate

SKUs that have no sources or subordinates. The planning component 210 generates

planned arrivals or planned orders for one item at a time. Within each item, it plans
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generally all the SKUs at one level before planning the next level, beginning at level
zero. Going through the planning period, the planning component 210 processes all
demand for the SKU. When the planning component 210 begins planning a SKU, it
calculates new end dates for a planning lead time and the freeze period.

The planning component 210 retains existing planned arrivals and planned
orders whose arrival date or scheduled date is after those new end dates and before the
end of the existing time fence. The planning component 210 will not create new
planned arrivals or planned orders whose scheduled arrival date or scheduled date
falls within the lead time.

The user can specify whether he/she wants the planning component 210
function to retain firm planned orders within the freeze period or lead time. The
planning component 210 retains all firm planned orders whose schedule dates fall
prior to either the manufacturing freeze period or the manufacturing lead time,
whichever is longer. Otherwise, the user may want the planning component 210 to -
delete firm planned orders within the freeze period or lead time.

First, the planning component 210 determines the next date/time when a
replenishment is needed — the date/time when projected stock available becomes 0 or
less or when the projected stock falls below a minimum desired inventory level. The
planning component 210 finds that date/time by subtracting each projected demand
quantity from projected stock on hand at the source at the date/time of the demand.

The system makes sure the net requirement date is after the lead time duration
and the time fence duration, since no planned arrivals or planned orders can be
calculated within this duration. If the date is before the end of either of those
durations, the planning component 210 looks at the next open date — the earliest date
that is after those durations when the arrival calendar (for purchased SKUs) or
production calendar (for manufactured SKUs) is open. If the net requirement has not
been met at that date/time, the system 100 will generate a planned arrival or planned
order. The original needed arrival date or needed date will be the original need date,
such as the date on which the SKU must be shipped for on-time delivery.

- If the planning component 210 adjusts the scheduled shipping date of a
planned arrival because the source SKU’s allocation calendar is not open for shipping,

it also adjusts the scheduled arrival date. The planning component 210 checks the
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arrival calendar to verify that the destination is open on the new date and, if
necessary, adjusts the arrival date again.

For each date/time when a demand quantity occurs, the system calculates
projected demand as the sum of an adjusted allocated total forecast, non-forecasted
customer orders, adjusted forecasted customer orders, total shipments from this source
(to customers and for internal use), total amount in transit to customers, dependent
demand, and safety stock.

For each date/time when there is a demand quantity, the system projects stock
on hand at the destination as the sum of the current inventories on hand, the total
amount of SKU in transit into inventory that will be available by a required delivery
date, and future amounts of the SKU to be received before a delivery date.

For a distribution planning SKU that is replenished by more than one source,
the system splits the net requirements among the sources. The system then calculates
the replenishment quantities for each source.

Generally, the planning component 210 begins planning at the end of the period.
Any demand that occurs within the period is aggregated together and met with a single
planned order. The scheduled date of the order is set to the end of the period. The need
date is set to the date on which the first demand occurs, i.e., the date of the first order.
Alternatively, the planning component 210 generates planned orders to cover demand
that occurs within the period, aggregating demand, as necessary.

The planning component 210 may generate a planned replenishment (quantity
and scheduled date) at the first point in time that projected availability was less than
zero without regard to any subsequent firm replenishments. However, this behavior
may result in overproduction and overshipment of a product, since firm supply that is
actually available may not be considered. In a preferred embodiment, the planning
component 210, planning takes replenishments scheduled after the lead time into
account when calculating an initial planned replenishment.

The planning component 210 may consider the timing of the first scheduled
planned replenishment within the planning horizon. Alternatively, the planning
component 210 may observe firm replenishments within a specified time range and
reduce or eliminate earlier planned replenishments that are not needed. The planning

component 210 observes all firm replenishments within the restricted planning
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component 210 duration and reduces or eliminates earlier planned replenishments that
are not needed. Whenever a planned arrival or planned order is created prior to a firm
planned replenishment, its quantity will be the minimum amount required such that at
some point later in time, but before the restricted planning duration, the projected
available quantity will be zero.

With this embodiment, the planning component 210 determines planned

replenishment quantities and dates using the following rules, in order of priority:

1) Respect minimum and incremental rounding quantities;
2) Avoid future overstock within the restricted planning duration; and
3) Respect coverage duration and order up to quantity values.

Since this option will always eliminate situations of excess inventory by
producing temporary shortages, it is recommended for items for which excess
inventory costs are significantly greater than stock-out costs — for example,
perishable items or items that become obsolete quickly.

The planning component 210 is modified prior to the latest planned
replenishment within the restricted planning component 210 duration that brings the
projected available above zero. The user sets the length of restricted planning
component 210 duration. The restricted the planning component 210 duration is a
period of time during which the planning component 210 observes firm
replenishments that may restrict planned replenishments.

Companies that use an external execution system 10 to release production
orders and vendor orders can provide input to and receive output from that system
through the scheduling component 220 feature in fulfillment system 100. After the
planning component 210 process has created planned orders, the user can export those
orders to the external execution system 10. The external system 10 modifies the
planned orders as necessary, then releases them as actual production orders or vendor
orders. The user can then import those actual orders to fulfillment system 100 as
scheduled receipts, to be used as replenishments by the planning component 210 and
scheduling component 220. As illustrated in Fig. 1B, the external system 10 may
connect to the fulfillment system 100 via an integration server 200 (connected to an
application server 30 housing the fulfillment system 100. Likewise, a web client 40

may connect to the fulfillment system 100 through web services components 50
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connected or associated with the application server 30. The scheduling component
220 recommends releasing planned orders within the scheduled receipts duration.
Scheduling component 220 determines the start date/time and duration of the period
to the planning component 210 orders for release.

The system 100 may export planned orders for release. The user may choose
to export without manually confirming. The external execution system imports the
planned orders, modifies them if necessary, creates production orders and vendor
orders, and exports scheduled receipts to fulfillment system 100. When the system
100 calculates values, it considers planned orders and scheduled receipts. The system
100 then recommends a new group of planned orders for release, to be exported to the
external execution system in the next cycle of batch processing.

Fulfillment system 100 includes several tools to help manage the user
inventory. An important part of inventory management is ensuring that the user has
planned correctly for safety stock. Safety stock is SKU inventory that must be on
hand to protect against fluctuations in demand and supply for a SKU. Fulfillment
system 100 can help the user determine how much safety stock the user requires for
each SKU to prevent shortages or stock-outs from occurring.

The planning component 210 function within fulfillment system 100 also can
help the user calculate statistical safety stock. Statistical safety stock is determined by
taking into account additional factors, such as the variability in the forecasts for
SKUs, as well as the user customer service objectives. For example, the user may
need the planning component 210 for safety stock based on a percentage of customer
orders that the user must be able to fill during each period.

- Fulfillment system 100 provides the user with several methods for calculating
safety stock. The system calculates safety stock values based on the rule the user
selects. The rules for calculating safety stock fall into four categories: manual,
forward coverage, statistical safety stock, or a combination of forward coverage and
statistical safety stock. The user may want to manually set a safety stock quantity.
The system calculates safety stock as either a quantity that the user sets an absolute
minimum stock, whichever is greater.

The user may also choose to use duration forward coverage for adjusted

independent demand, total forward coverage, or total forward coverage plus statistical
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safety stock for independent demand. These three rules calculate the number of units
of demand within the forward coverage duration, either adjusted independent demand
or total demand.

The system can use either a single safety stock forward coverage duration over
the entire planning horizon, or a time-phased forward coverage duration. With a
single forward coverage duration, the system calculates demand from the beginning of
the planning period over a specified duration.

A time-phased coverage duration allows the user to specify a different
coverage duration for different portions of the planning horizon. This feature is
valuable for companies that want to specify a longer coverage duration for specific
periods of peak demand and a shorter duration when demand is lower.

To set up a database to calculate safety stock using time-phased forward
coverage durations, the user may divide SKUs into groups that show similar
seasonality and are generally promoted at the same time. For each of these SKU
groups, the user defines a template in the database 600.

Afier the user defines the template, the user may create the data for the template.
To specify a time-phased forward coverage duration, the user may enter a value
specifying the coverage duration to be added. The user also may define the date when the
forward coverage duration takes effect. The user may assign SKUs to a template.

When system 100 calculates safety stock for a SKU that is using a safety stock
rule with a forward coverage component, it checks the template. If the SKU is assigned
to a template, the system finds the rows in the data in the database 600 that apply to the
specified template. Using the effective date specified in the template, the system
determines the total number of days of forward coverage, or the forward coverage
duration.

For any periods that fall outside of those specified in templates, the system uses a
value of zero both for the base forward coverage and the incremental forward coverage.

Using either total demand or adjusted demand, the system totals the units of
demand within the forward coverage duration; this number may be used as the safety
stock as of this number and may be added to the calculated statistical safety stock value.

‘When the user selects to use a statistical safety stock, the planning component 210

calculates a value for statistical safety stock based on the forecast error found using
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different statistical rules and levels of customer service. Before it can calculate
statistical safety stock, the system must have a Mean Squared Error (MSE) value for
each SKU. The user may import error statistics from another system application.

The user may specify the measure against which the statistical safety stock is
calculated, in terms of either unit fill or order fill. Uﬁit fill and order fill are two
standard measurements for determining if a company is meeting its objectives for
achieving and maintaining customer service. With unit fill, the statistical safety stock
is calculated to approximate the percentage of goods (units) ordered during a planning
period that can be filled from stock. With order fill, the system calculates the safety
stock to be the expected percentage of customer orders that can be completely filled
from stock. Both rules use a normal distribution. To indicate the target level of
customer service, the user may specify a value of between 0 and 1 to represent the
percentage of goods or orders that the user expects to fill from safety stock.

Alternatively, the user may use the Poisson distribution to calculate statistical
safety stock. The Poisson distribution is good for modeling customer demand for low
volume products where the demand is small and infrequent and the quantity per order
is constant, such as industrial machinery or steel used in heavy manufacturing. When
calculating statistical safety stock with a Poisson distribution, the standard deviation is
equal to the square root of the mean as expressed in Equation 1.

SSS =u (a + fxsqrt(a)

(Equation 1)
where:

u = the average demand per order in units per replenishment period.

a = the average number of orders during the lead time

f= safety factor derived from the following Table 1 based on the value of 9 statistical
safety stock customer service level. If the desired customer service level does not

appear in the table, the safety factor is derived by linear interpolation.

Table 1
Statistical Safety Stock Customer Service Safety Factor
Level
0.50 0.0
0.75 0.7
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0.80 0.8
0.85 1.0
0.90 ‘ 1.3
0.95 1.7
0.98 2.1
0.99 2.3
0.999 3.1

The user may then use Equation 2 to calculate new values for statistical safety

stock.

Lead Time
Forcast Duration

Safety Factor x \/ SKU x

(Equation 2)

The system 100 allows a user to see how the components of a SKU’s
inventory are affected by changes to its forecast or distribution plan: average cycle
stock, average intransit stock and safety stock. The user can manipulate those
inventory components by changing database values that affect the forecast or the plan,
then opening an update model or the planning component 210 process. For instance,
the user can look at the average projected available stock for the calendar period.
Traditionally, inventory consists of four components: safety stock, intransits, cycle
stock, and anticipatory stock (stock build-ups due to a promotion, for example).

As projected stock changes, the system divides the calendar period into
intervals — a new interval each time the rate changes. It then calculates an average
projected stock for each interval, based on the values at the beginning and at the end
of the interval. The system multiplies the average value for each interval by the
duration of the interval, totals the results, and divides by the duration of the calendar
period.

The system 100 also can indicate the average amount of stock intransit during the
calendar period, calculated as in the following equation 3. In this equation, is the

index set over all replenishments in the calendar period.
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Sum of (Intransit lead timeg, x LoadLine:Qty;))

Duration of Period

(Equation 3)

5 The system allows the user to evaluate the inventory position of a sourcing
network relative to its demand. For instance, the system 100 may display a table
presenting projections for the distribution network sourced from a SKU for a specific
time period. The column may let the user view the sources for an individual SKU at a

particular location.

10 Table 2 shows a sample sourcing relationship from the sourcing table and the

network membership it defines.

Table 2
Item Source Dest Effective Factor
Cookie Z A 1/5 1
Cookie A B 1/15 1
Cookie A C 1/15 1
Cookie Z D 1/23 5
Cookie C D 1/23 5
Cookie A C 2/15 0
Cookie zZ C 2/15 1
Cookie Z D 2/19 0
“Cookie C D 2/19 0
Cookie A D 2/19 1
Cookie Z A 1/5 1

Because a SKU can have multiple sources, it can be a member of many
networks at the same time. The system 100 aggregation computations account for
15 multiple memberships by assigning each membership a factor. The membership
factor is the product of the factors of the SKUSs source and any other sources above it
in the distribution network. For computational purposes the top of the network is

always assigned a factor of one. Membership is computed over the entire duration for

15



10

15

20

25

30

WO 02/35437 PCT/US01/42797

which orders will be evaluated. This is necessary to correctly evaluate an order’s
status with regard to the network.

Depending on the data contained in a column, the system uses one of two
styles of aggregation forecast or inventory.

The system uses forecast aggregation in situations where data represents
information at a particular point in time — such as demand or planned orders. When
sourcing changes occur within the middle of a coverage duration, the system
continues to aggregate the data to the network source/factor in effect at the beginning
of the coverage period. This is because the planning component 210 process does not
implement new sourcing relationships during the middle of a coverage duration
period. For example, 10 units of demand exist in a single coverage period between
1/1 12:00 and 1/5 12:00; if the network membership is terminated at 1/4 12:00, all 10
units will still be aggregated to the initial source.

Alternatively, the system uses inventory style aggregation in situations where
the data represents information as of the beginning or ending point of each time
period, depending on how the userview is configured to report inventories.

Several of the columns represent network coverage durations. These columns
determine how long the network is able to meet demand without replenishment.
While the specific supply columns used to derive the coverage duration change with
the coverage duration type, the same basic algorithm is used. Coverage duration is
calculated as the duration of demand that can be subtracted from the initial supply
without a result of less than zero. This calculation is independent of a userview
calendar. The duration calculated is not in any specific unit of measure such as Day
or Hour, but can be represented in any unit of measure currently supported by the
system’s displayed duration columns.

Network supply used in the calculation changes with the coverage duration
type. The initial demand period used in the calculation differs based on the userview
time allocation period selected. If a time allocation of Begin is used, the current
period’s demand is subtracted from the supply. If a time allocation of End is used, the
current periods supply is already reduced by the demand and is not included in the
calculation.

Many companies, particularly retail operations, have special requirements for
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handling unmet demand when generéting replenishments. With these companies, if
demand for a given item is not met, that demand goes away. For example, if a
preferred brand of laundry detergent is not available, a customer is not likely to wait
until it does become available; he or she purchases an alternate brand. So, the unmet
demand for the preferred brand would be fulfilled using the alternate brand.

To avoid inflating demand in this situation, the planning component 210
eliminates unmet demand when generating replenishments. Alternatively, in the
fulfillment system 100, the planning component 210 may always have tried to meet
all demand, even demand that was past due, by creating backorders.

In one embodiment, the planning component 210 performs an additional
adjustment to the demand for which it is generating replenishments. With this
feature, the planning component 210 reduces total demand by the amount that cannot
be met before the first replenishment is scheduled. The user can specify which
demand components the system uses to reduce demand.

To eliminate unmet, the user needs to define demand reduction methods that
specify which demand components the system is to use to reduce total demand. To do
this, the user creates a table in the database 600 for the demand reduction methods the
user wants to use. Each row in the table defines a demand reduction method,
identifies it with an identifying code, and specifies which components of demand that
demand reduction method will use when it reduces total demand.

Once the user defines demand reduction methods in the table, the user needs to
determine which SKUs will have demand adjustments and which component of
demand will be used to perform the adjustments. To determine how much demand is
unmet, the planning component 210 needs to know when the first replenishment can
be scheduled. In general, this is the first open date in the appropriate calendar after
the lead time. For purchased SKUs, this is the first date in the Arrival calendar after
the purchasing lead-time. For manufactured SKUs, this is the first date in the
production calendar after the manufacturing lead time. In either case, the planning
component 210 calculates this date and stores. In either case, the planning component
210 generally assumes that all demand after first replenishment date can be met.

Planning component 210 détermines the amount of firm supply available

before the first planned replenishment. The system 100 calculates this as the sum of
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total intransits in, planned orders, scheduled receipts, total arrivals, total intransits out
(to account for committed inventory), and on hand. Adjustments generally occur only
within the period prior to the first replenishment date. To determine how much
demand is actually unmet, the system consumes firm supply within that period. Using
the reduction method specified for the SKU, the system reduces total demand by
removing the forecast components (defined in the demand reduction method) that
cannot be met on time.

If perishable items, such as dairy or meat products, or some promotional items
are part of the user inventory, the user can use a tool provided by fulfillment system
100 to help the user calculate an optimal replenishment plan. This tool, which is a
component of the distribution planning process, manages date-sensitive inventory.
Without this component, planning component 210 does not include the shelf life of a
product in its calculations. ‘

The following sections of this document define the terms and concepts related
to date-sensitive inventory planning, describe the planning process, and tell the user
how to work with the resulting plan, describe the database components used
specifically with the tool, explain what settings the user needs to make to produce the
user’s own plan, and finally, provide examples to illustrate the feature.

To understand the concepts and the considerations that must be made in
planning the distribution of products that have a limited usable life span, the following
terms are now defined.

“Shelf life” is the amount of time an item can remain in inventory before it
expires. Since different portions of on-hand stock may have been produced at
different times, the stock also can expire over time. For example, inventory that
includes a case of canned begns produced on September 1, 2000, that expires on
September 1, 2002, could share a location with a case of beans produced on
September 1, 2001, that expires on September 1, 2003. Further, the shelf life for
certain kinds of items can vary by time and location for the same kind of item. For
example, the shelf life for a type of dairy product such as hard cheeses stored in
Canada may have a longer shelf life than the same type of item stored in Florida.
Minimum shelf life is the minimum amount of shelf life that an item must have

remaining in order for a customer to accept it.
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“Effective shelf life” (ESL) is the difference between the shelf life and the
minimum shelf life of an item. For example, an item with a shelf life of 12 days and a
minimum shelf life of 7 days would have an effective shelf life of 5 days. In other
words, since the shelf life is 12 days, and a customer will only accept an item if it has
at least 7 good days left, there are only 5 days left for planning how the item is to be
distributed. After 5 days, since no customer will accept the item, it becomes
unusable.

“Minimum effective shelf life” is the lower limit placed on the effective shelf
life of a product and is used by the planning component 210 in deriving an expiration
date for certain types of replenishments.

“The coverage cycle” is the cycle of planned replenishments that begins when
the first replenishment is scheduled and then repeats after the coverage duration
through the planning horizon. During the distribution planning process, the system
100 adjusts the coverage duration for planned arrivals and for planned orders to
maintain a feasible supply network.

“The expiration date” is the date on which a supply of an item expires. In
fulfillment system 100, the expiration date, which is one of the variables used by
planning component 210 to create a replenishment of the planning component 210 for
date-sensitive inventory, fits into one of the following categories: expiration date
determined by outside sources, hard expiration date, and derived expiration date.

Some expiration dates, such as those for scheduled receipts and on-hand
inventory, are determined by outside sources. Expiration dates for such items are set
outside the fulfillment system 100 application. For instance, the expiration may come
from an external system 10, as illustrated in the system of Fig. 1B.

A hard expiration date is used with products that have a limited shelf life
based on a date rather than a duration. An example of this type of product is a printed
calendar. A calendar that ‘includes dates from January 2000 to December 2000 is
useless on January 1, 2001. In essence, this product expires on December 31, 2000.
Similarly, many promotional products, such as holiday-specific items, may be
modeled in this way.

A hard expiration date generally takes precedence over a derived expiration

date. Consequently, the hard expiration date allows a promotional cutoff for an item

19



10

15

20

25

30

WO 02/35437 PCT/US01/42797

that also is truly perishable. For example, if a planned order had an expiration date of
March 31, 2000, and the SKU had an expiration date of March 28, 2000, the planned
order would be adjusted to March 28. Planning component 210 does not schedule
replenishments on or after the expiration date of an SKU. |

Derived expiration dates are those that are generated from within the
fulfillment system 100 application and belong to planned arrivals and planned orders
for products with a limited shelf life. The calculation of this date can vary according
to the type of inventory or replenishment, the time constraints, the location of the
item, and when the replenishment is scheduled.

Determining the requirements for replenishments with a limited shelf life
necessitates another component additional to the standard planning component 210
input. That component is unusable on-hand inventory. When inventory exceeds its
effective shelf life, it can no longer be used to meet demand. This inventory is
removed from the projected on-hand inventory during the planning process. As
replenishments are created, the corresponding unusable inventory is calculated and
subtracted from the projected on- hand inventory, so that subsequent replenishments
meet the full requirement.

Among the date-sensitive replenishments for which expiration dates are
derived are those whose shelf lives vary over time, and for which, therefore,
additional shelf life data must be considered. For example, an item may have a longer
shelf life if it is produced in the winter than if the same item is produced in the
summer, These are categorized into shelf life groups to aid in deriving accurate
expiration dates. The shelf life for most items does not vary over time. However,
items with shelf lives that do vary over time can be categorized into families, or shelf
life groups, that share time variations.

The planning component 210 process derives expiration dates for planned
arrivals and planned orders using the following logic: Planned arrivals represent a
requirement on their source more than they represent a supply at their destination. In
other words, a planned arrival for a destination indicates to the source that there is a
requirement for a certain amount of inventory on a certain date at the destination.
Since the planned arrivals do not observe constraints, there is no guarantee that the

inventory will be available. Consequently, the expiration date on a planned arrival
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represents the shelf life requirement on the inventory that the source uses to meet this
shipment.

The derivation of the expiration date for a planned arrival depends on the
scheduled arrival date, the distribution planning (DRP) coverage duration, the safety
stock coverage duration, and the minimum shelf life of the destination. Note that the
shelf life duration effective at the scheduled arrival date for the destination SKU also
is important. However, while it is used to determine the feasibility of producing a
planned arrival, it is not part of the derivation of the expiration date.

The real requirement on a planned arrival is that the shipment must have a
long enough shelf life to be usable until the next planned arrival. This means that the
effective shelf life must be at least as long as the coverage duration is the length of
time for which demand is to be covered by planned arrivals. Consequently, the
effective shelf life must be greater than or equal to the coverage duration. It follows,
then, that the expiration date for a planned arrival with no safety stock is the
scheduled arrival date plus the minimum shelf life of the destination SKU plus the
coverage duration. This is true if there is no safety stock. If safety stock is part of the
inventory, it must be used before it goes bad. In such a case, therefore, the safety
stock coverage duration must be included in the derivation of the effective shelf life.

There are, however, certain exceptions to the replenishment scenarios
discussed so far. For instance, an exception arises if the planning component 210
schedules planned arrivals that bring stock on hand up to a maximum storage amount
at any time in which stock on hand is projected to fall below the minimum stock level.
For such situations, the planning component 210 includes the minimum effective shelf
life of an item in its calculations when generating a planned arrival, and the minimum
effective shelf life is the lower limit placed on the effective shelf life of a product.
For planned orders, the expiration date is the scheduled date plus the shelf life
duration that is effective at the scheduled date.

This section discusses the functional steps used in the process of planning for
inventory with a limited shelf life. Only the steps that depart from the standard
planning component 210 are described here in depth. Steps that remained unchanged,
such as forecast proration and leveling logic, are not described. Briefly, the planning

component 210:
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1. Prorates the forecast.

2. Adjusts the forecast.

3. Calculates replenishment requirements:
a. Applies leveling logic based on sourcing requirements.
b. Generates planned replenishments. This step includes expiration date,

shelf life duration, coverage cycle, maximum waste factor, and
projected unusable on-hand inventory information and applies demand
reduction logic.

c. Adjusts the coverage durations.

d. Makes adjustments to avoid waste.

4, Flags potential problems.

The application now describes the calculation of replenishment requirements
with and without destinations. For SKUs with no destinations, the planning
component 210 determines the requirements using standard planning logic, except in
the case of unusable inventory. The planning component 210 generates
replenishments to maintain non-negative projected available inventory beginning
from the first point that the projected availability goes below zero, then once for each
coverage cycle after that. For SKUs that have destinations, the distribution demand
must be treated separately from the other requirements. The reason is that forecast,
customer orders, and dependent demand can be assumed to have the same shelf life
requirements, as determined by the minimum shelf life. However, the same
assumption cannot be made for planned shipments. Since different locations can have
different minimum shelf life requirements for the same item, and these values also can
vary over time, each planned shipment must be considered individually. The first
replenishment date is the earlier of the first replenishment needed to meet distribution
demand, and the first replenishment needed to meet any other requirement (including
safety stock).

The coverage cycle begins at the first replenishment date. The coverage cycle
may be violated by distribution requirements, since inventory created for a given
coverage period may not be fresh enough for a distribution requirement late in that
coverage period. For nondistribution requirements, the coverage cycle should be

maintained, except for calendar and rounding restrictions.
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To illustrate how the planning component 210 calculates replenishments for
date-sensitive inventory, a manufactured SKU will be used that has a coverage
duration of 5 days, a shelf life of 12 days, and a minimum shelf life of 7 days. The
coverage cycle for this SKU begins on April 3,2000 00:00. So, this replenishment
should cover all nondistribution requirements through April 7, 2000, 23:59.

In addition, one of this SKU’s destinations has a lead time of two days, a
coverage duration of two days, a minimum shelf life of seven days, and needs a
shipment to arrive on April 7, 2000. This means that this replenishment should ship
on April 5, 2000. Then, the required expiration date on this shipment is (April 7 + 2
days + 7 days) April 16. If the shelf life at the destination is the same, the inventory
that is shipped must be produced on or after April 4, 2000, in order for it to be fresh
enough to meet the destination requirement. Since it must ship on April 5, 2000,
planning component 210 schedules production to meet this requirement based on the
scheduled ship date.

On the other hand, if the scheduled arrival date is April 5, 2000, instead, the
freshness requirement could be met with production on April 3, 2000. So, when
possible, the planning component 210 aggregates production intended to meet both
distribution and nondistribution requirements.

Standard planning component 210 assumes that once a product has been made,
it can always be used. Waste is not considered. Consequently, if the planning
component 210 needs to produce an entire minimum production quantity in order to
meet one unit of demand, it does so and assumes that the remainder will be consumed
over time.

The limit to the waste that the user will allow depends on several factors: the
level of customer service the user wants to maintain, the cost of production, the cost
of storage, and so on. Therefore, the user needs a way to specify, at the SKU level,
how much the user is willing to waste in order to meet demand. This means that each
SKU must have a maximum waste factor. This value is applied to the larger of the
minimum replenishment quantity and the incremental replenishment quantity.

The product of the maximum waste factor and the largest replenishment
quantity is referred to as the “maximum allowable waste.” The planning component

210 reduces waste caused by rounding quantities for planned orders and planned
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arrivals, as follows: If a planned order results in an unusable quantity that exceeds the
maximum allowable waste, the planned order is reduced by the incremental quantity
until either the unusable quantity is equal to or less than the maximum allowable
waste or the planned order quantity equals the minimum quantity. If producing only
the minimum quantity results in an unusable quantity that exceeds the maximum
allowable waste, then the order is eliminated.

If a planned arrival results in an unusable quantity that exceeds the maximum
allowable waste, the planned arrival is reduced by the incremental quantity until either
the unusable quantity is equal to or less than the maximum allowable waste or the
planned arrival quantity equals the minimum quantity. If an arrival of only the
minimum quantity results in an unusable quantity that exceeds the maximum
allowable waste, then the arrival is eliminated.

Calendar restrictions can force the user company to produce inventory at less
than ideal times and to ship it earlier or later than is optimal. In standard planning
logic, planned arrivals are created at the destination based on when they are needed.
After all of the destinations have been processed, the source adjusts the planned
arrivals based on calendar restrictions. In general, this means shipping earlier than
needed. If inventory is shipped too early, the inventory may spoil before the demand
it was intended to meet occurs.

The distribution planning (DRP) logic for perishable items departs from
standard planning component 210 to account for the source’s calendar. This means
that planned arrivals may intentionally be scheduled for later than they are needed.
The manufacturing planning (MPS) logic has similar differences. In other words,
instead of making inventory early because of restrictions in the production calendar,
inventory may need to be produced later. This adjustment of schedule dates may
cause problems for planned arrivals, particularly if the shipment needs to be
scheduled early.

One of the consequences of avoiding waste of an item is failing to meet the
demand for that item on time. Standard planning component 210 dictates that some
forms of demand are not retained if the demand is not met. In other words, sales are
lost. Using standard planning logic, demand can usually be met on time or early.

Using date-sensitive inventory waste logic, however, replenishments are delayed,
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thereby risking lost sales. To counter the effects of delaying replenishments, demand

- reduction logic is used throughout the entire planning horizon instead of ending at the

first replenishment date.

For date-sensitive inventory, in addition to the exceptions mentioned thus far,
planning component 210 generates exceptions to alert the user to aging inventory. It
is important to know when inventory has less than its minimum shelf life left because
it might be good for alternate uses. For example, aging inventory might be used for
promotional purposes, such as giveaways, or charitable purposes, such as donations to
food banks. It also is important to know when to dispose of inventory that is no
longer usable. For instance, the planning component 210 generates the following
exceptions when the planning component 210 encounters inventory that has less than
the minimum shelf left but has not yet expired, or planning component 210 encounters
inventory that has expired.

The material planning component 230 of fulfillment system 100 calculates
dependent demand for SKUs that are subordinates in a bill of material. The planning
component 210 function (in the DRP component) creates planned arrivals and
planned orders to cover demand for SKUs. With the material planning component
230, the planning component 210 also calculates dependent demand for SKUs that are
subordinates in bills of material. The planning component 210 creates replenishment
plans for subordinate SKUs. When the planning component 210 determines the level
number of each SKU to be planned to ensure that parents are plannéd before
subordinates, the planning component 210 creates replenishment plans for the SKUs
or item families the user selects. For the planning component 210, an item family
includes parents and subordinates. That is, the item family is not just one item at
multiple locations and may also include other items.

Deployment Module 300

The deployment component 300 generates recommended shipments and
allows the user to create and manage vehicle loads based on those recommended
shipments. The deployment component 300 also provides the user with an integrated
solution for implementing best practice distribution planning and transportation
planning processes. Recommended shipments produced by the deployment

component 300 can be used to construct transportation plans and build shipment
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requirements into loads.

To manage the deployment process in the deployment component 300, the
user uses the planning component 210 to create recommended shipments based on
both the demand at the destination SKUs and the actual stock available at the source.
The planning component 210 stores the recommended shipments it creates in the
database 600. Similarly, the user may employ a dynamic deployment component
211 option in the planning component 210, to resolve deployment exceptions using
surplus inventory from alternate sources. Alternatively, the user may use an
automated load builder 310, to combine recommended shipments into vehicle loads,
or a load manager 320, to review and change loads, or manually create new loads.

Overall, the deployment process begins with the planning component 210,
which creates a replenishment plan, then generates recommended shipments to cover
the planned arrivals. The following sections explain the tasks the user needs to
perform to generate recommended shipments.

Definition of terms

Deployment component 300 uses the terms described below.

Available To Ship Date: The earliest date that product is available for a

recommended shipment and the source is open to ship product.

Allocation strategy: Defines the priorities for allocating stock to meet specified

categories of demand when the source is limited.

Coincident demand: Demand of the same type and priority that occurs at the same

point in time at one or more locations. Coincident demand can occur:

L. During limited processing within the minimum allocation duration, when the
planning component 210 is processing firm planned arrivals or demand based on an
allocation strategy at one or more locations with the same location priority. When the
planning component 210 is processing safety stock, all locations are considered to be
of equal priority.

2. During unlimited processing (beyond the minimum allocation duration), when
the planning component 210 is recommending shipments to meet planned arrivals. In
the case of unlimited processing, all locations are considered to be of equal priority.
3. Beyond the recommend shipments duration, when the planning component

210 is in Push mode.
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Constrained mode: A processing mode in which the planning component 210 checks

to see whether stock is limited within the minimum allocation duration. In
unconstrained mode, the planning component 210 assumes there are no constraints on
supply when recommending shipments from a source SKU. A recommended
shipment is made for every planned arrival within the recommend shipments duration.
Fair share: Calculation that the planning component 210 uses to determine which
portion of stock goes to each piece of demand when source stock is insufficient to
meet all coincident demand.

Lead time: The transportation time between two points for a specific transportation
mode.

Limited: If a source location is unable to meet all demand that occurs within the
minimum allocation duration due to stock unavailability (as opposed to a closed
calendar), then the source is said to be limited. Being able to meet demand also
includes meeting that demand on time.

Limited-stock allocation logic: Logic that the planning component 210 uses during

the minimum allocation duration to recommend shipments when source stock is
limited.

Location Priority: Designates an order of precedence among locations in the event

that supply is limited within the minimum allocation duration. Demands at locations
with highest priority (1) are met first. The planning component 210 does not consider
location priority when it processes safety stock.

Major Ship Quantity: The minimum quantity for which deployment will create

recommended shipments. The quantity is based on shipping lanes and can vary over
time.

Minimum Allocation Duration: Duration during which the planning component 210

tests for limited stock. Stock cannot be limited outside of the minimum allocation
duration. Nevertheless, stock can run out after the duration while the planning
component 210 is trying to meet demand.

Minor Ship Quantity: Once the major ship quantity has been fulfilled, subsequent

increments in recommended shipment quantities must be in this quantity. Minor
shipping quantity is based on shipping lanes and can vary over time.

Needed Arrival Date: The date on which product is needed, calculated by
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Distribution Planning.

Needed Shipping Date: The last possible date that product can be shipped and still
arrive on the Needed Arrival Date.

OHPost: The last time current on-hand values were posted for an SKU. Typically,
this is set after transaction data has been imported.

Partial Recommended Shipment: If the planning component 210 does not have

enough stock to meet all the demand but can meet part of the demand, it creates a
partial recommended shipment. It meets the remainder of that demand if
replenishment stock is made available at a later date.

Planning Duration: The amount of time which, when added to OHPost, defines the

time interval during which Planning Component 210 will generate planned arrivals to
meet demand.

Push Mode: A processing mode that tells the planning component 210 to recommend
shipments to meet any demand (except independent demand and safety stock) that
occurs after the recommend shipments duration and prior to the end of the planning
duration, if any stock remains at the source. With push mode, the planning ‘
component 210 ships all available stock when it becomes available. The opposite of
push mode is shipping stock when it is needed.

Recommend Shipments Duration: Duration during which the planning component

210 generates recommended shipments. The user sets this value on the planning
component 210 properties dialog before the user opens the planning component 210
process.

Scheduled Arrival Date: The date on which the planning component 210 determined it

could deliver the replenishment. This date is typically the scheduled shipping date
plus the lead time, plus any time required for an arrival calendar adjustment. The
scheduled arrival date can fall after the needed arrival date, indicating that stock was
not available on time and/or a calendar forced the shipment to be late. The scheduled
arrival date can occur prior to the needed arrival date, indicating that supply was
available earlier and a calendar forced the planning component 210 to find an earlier
arrival date so that the shipment would not be late.

Stock Available Duration: Duration during which the planning component 210

considers replenishments at a location as available inventory.
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Transportation Window: A period of time beginning with the available to ship date

and ending with the needed arrival date during which the system 100 can reschedule a
shipment for cost purposes.

The planning component 210 can recommend shipments in one of two modes:
either unconstrained or constrained. In unconstrained mode, the planning component
210 assumes there are no constraints on supply when recommending shipments from
a source SKU. By default, source stock is unlimited. In constrained mode, the
planning component 210 checks to see whether stock is limited within the minimum
allocation duration. Source stock is limited if it is projected to become negative at
any time during this duration. If it is limited, the planning component 210 uses
limited-stock allocation logic to allocate stock to destination SKUs (and the source, if
the source SKU is one of the locations with demand) within this duration.

For unconstrained mode, the user needs to define sourcing shipping quantities
and then store this data in the database 600. Otherwise, for constrained mode, the
user sets the following database components: sourcing, assign allocation,
recommended shipments, and arrival calendars, set stock available duration and
minimum allocation duration, assign location priorities, assign allocation strategies,
and set push mode.

Similarly, for each source/destination pair for which the user wants the
planning component 210 to recommend shipments, the user defines the portion of the
destination SKU’s replenishments that comes from a particular source SKU, and for
each source/transportation mode combination, the transportation lead time or else a
default transportation lead time for the transportation mode.

The user can change the sourcing for a particular destination over time using
the effective date. Based on the effective date, the planning component 210 uses the
source that is effective during the period into which the needed arrival date of the
recommended shipment falls.

Deployment uses three calendars: an allocation calendar, a recommended
shipments calendar, and the arrival calendar. These calendars are defined, then
assigned to either destination or source SKUs, depending on what they are used for
allocation. Calendars determine whether the source is open or closed for shipping.

The planning component 210 also uses Allocation Calendars to spread the forecast
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over time.

An allocation weight assigned to each calendar period determines whether
there is a forecast for the period and whether the source is open or closed for shipping
in that period. If an allocation weight is 0, the source is closed for shipping and the
forecast is set to 0. If the allocation weight is greater than 0, the source is open for
shipping and there can be a forecast for that period. If the source is closed for
shipping, the planning component 210 tries not to schedule shipments for that period.
If it has to schedule a shipment during a closed period, it generates an exception
message in the SKU exception table. Then, the system must aggregate safety stock
and forecast and aggregate recommended shipments.

The planning component 210 uses the intervals in the recommended shipments
calendar to aggregate recommended shipments generated in constrained mode, when
stock is limited, for all types of demand such as demand specified by an allocation
strategy plus firm planned arrivals and safety stock.

The planning component 210 groups together all recommended shipments
with the same item, source, and destination whose schedule shipping date falls within
a given interval. The quantity of the recommended shipment is the sum of the
recommended shipments being aggregated. The scheduled shipping date of the
aggregated recommended shipment is the beginning of the recommended shipments
calendar interval. The available to ship date of the new aggregated recommended
shipment is the latest available to ship date of all the recommended shipments that
were combined together. The deployment component 300 then schedules
recommended shipments generated when stock is unlimited. Each source SKU must

have a recommended shipments calendar. Arrival calendars define the periods when

‘the destination is open for receiving. The planning component 210 tries not to

schedule shipments to arrive during closed periods of the arrival calendar. The
planning component 210 uses the durations described in this section to determine how
much inventory is available to ship, and whether supply is limited.

When planning component 210 is running in constrained mode, the system
determines whether source stock is limited based on the quantity of stock on hand at
the source and the amount of stock that becomes available during the stock available

duration. Replenishments that fall outside the stock available duration are not
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considered available.

If you set the stock available duration longer than the minimum allocation
duration, the planning component 210 uses the end date of the minimum allocation
duration. With minimum allocation duration, source stock is limited if it is projected
to become negative at any time during this duration. The planning component 210
uses a planning duration during push mode. During push mode, planned arrivals that
fall beyond the recommend shipments duration but within the planning duration are
met as recommended shipments. The planning component 210 uses a recommend
shipments duration to determine how far out over the planning horizon to recommend
shipments. The user sets this duration when you open the planning component 210
process.

The diagram in Fig. 7 illustrates one possible sequence for the stock available
duration, the minimum allocation duration, and the recommend shipments duration.
Any of the end dates may be the same. The end of the stock available duration should
occur on or prior to the end of the minimum allocation duration, the end of the
minimum allocation duration should occur on or prior to the end of the recommend
shipments duration, and the end of the recommend shipments duration should occur
on or prior to the end of the planning duration.

When the planning component 210 is running in constrained mode and source
stock is limited within the minimum allocation duration, you can tell the planning
component 210 which locations have priority over others when meeting demand. The
planning component 210 will meet demand (firm planned arrivals and demand based
on an allocation strategy) at locations with highest priority first. The planning
component 210 does not consider location priority when it processes safety stock.

When the planning component 210 is run in constrained mode and source
stock is limited within the minimum allocation duration, you can define the priorities
for allocating stock to meet specified categories of demand. To do this, the user first
defines allocation strategies by setting the priority for these demand types where
different demand categories can share the same priority: dependent demand, adjusted
allocated total forecast, distribution demand, forecasted customer orders, and
nonforecasted customer orders the user may then assign the strategy to source SKUs.

When source stock is limited, the allocation strategy determines the order in
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which the planning component 210 allocates stock to meet demand within a given
location priority. For example, if the user assigns a priority of 1 to distribution
demand, 2 to dependent demand, 3 to forecasted customer orders, 4 to nonforecasted
in customer orders, and 5 to adjusted allocated total forecast, within each location
priority the planning component 210 will allocate stock to meet distribution demand
first. If there is inventory remaining after it meets distribution demand, it allocates
stock for dependent demand, followed by forecasted customer orders, and so on.

The major shipping quantity and the minor shipping quantity affect
recommended shipment quantities. Major shipping quantity is the minimum quantity
that the planning component 210 uses when recommending shipments. Minor
shipping quantity is an incremental shipping unit size, such as a case or tier. It is best
to set major shipping quantity as a multiple of minor shipping quantity. The user can
define different shipping quantities for each destination replenished by the same
source. The user also can change these quantities over time.

The push option tells the planning component 210 to push stock out of the
source when it becomes available instead of waiting until it is actually needed at the
destination. When the planning component 210 is in push mode, it sets the scheduled
shipping date to the available to ship date. When pushing, the scheduled shipping
date will usually fall within the stock available duration unless a closed calendar
causes the shipment to be delayed.

The planning component 210 process creates a replenishment of the planning
component 210 and recommends shipments for the SKUs or item families the user
selects. First, the planning component 210 creates planned arrivals. Then it
recommends shipments to cover the planned arrivals. When the planning component
210 begins recommending shipments for an SKU, it may delete all existing
recommended shipments for that SKU from the database 600.

The planning component 210 does not use calendars (allocation,
recommended shipments, or arrival) when it recommends shipments in unconstrained
mode. It assumes that the dates of the planned arrivals (which the planning
component 210 calculated using the allocation and arrival calendars) are valid.

The planning component 210 recommends shipments that are constrained by

the quantity of stock on hand at the source. In constrained mode, the planning
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component 210 determines whether source stock is limited during the minimum
allocation duration. If a source location is unable to meet all demand that occurs
within the minimum allocation duration due to stock unavailability (as opposed to a
closed calendar), then the source is said to be limited. Being able to meet demand
also includes meeting that demand on time.

To determine whether source stock is limited, the planning component 210
calculates stock that becomes available within the stock available duration.
Replenishments that fall outside the stock available duration are not considered
available. When determining whether source stock is limited, the planning
component 210 includes recommended shipments in source stock only if their arrival
date is within the stock available duration.

The planning component 210 calculates the quantity of source stock that is
available to ship as the sum of SKU on hand, including safety stock, scheduled
receipts into the source within the stock available duration, total intransits into the
source SKU within the stock available duration, and total recommended shipments
into the source SKU within the stock available duration, minus intransit amounts that
are still considered part of the source on hand.

Alternatively, planned orders and firm planned orders also may include the
supply calculation at the source.

If there is enough stock at the source to meet demand — that is, source stock
is not limited with the minimum allocation duration, the planning component 210
converts planned arrivals to recommended shipments. The planning component 210
determines the earliest date on which there is at least a major ship quantity on hand.
If there is enough stock available on this date to meet the planned arrival quantity,
then the planning component 210 meets it. If the stock level is lower than the planned
arrival quantity (but equal to at least a major ship quantity), the planning component
210 creates a recommended shipment rounded down to major and minor shipping
quantities. Planning subtracts the quantity of the recommended shipment from the
planned arrival. The remaining planned arrival quantity is retained as part of demand.
The planning component 210 then repeats the process for the modified planned
arrival.

The planning component 210 sets the available to ship date to the earliest date
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on which there was at least a major ship quantity on hand. If the push option is
inactive, the planning component 210 sets the scheduled shipping date to the need to
ship date. Otherwise, the planning component 210 sets the scheduled ship date of the
recommended shipment to the available to ship date.

If two or more recommended shipments have the same item, source,
destination, need arrival date, scheduled arrival date, and available to ship date, the
planning component 210 aggregates them— that is, it creates one recommended
shipment whose quantity is the sum of the quantities of the individual recommended
shipments. If there is coincident demand at multiple locations, the planning
component 210 performs a fair-share allocation as described below.

While pushing, if the planning component 210 does not have enough stock to
meet coincident demand at multiple locations (regardless of location priority), the
planning component 210 must perform fair-share allocation (see the section).
Example

Table 3 shows how the planning component 210 creates recommended
shipments when source stock is not limited within the minimum allocation duration.

Assume the following set of planned arrivals in Table 3:

Table 3
Source Destination NeedShipDate Quantity
A B 1/2/99 50
A C 1/2/99 100
A B 1/4/99 50
A C 1/4/99 100
A B 1/6/99 50
A C 1/6/99 ‘ 100
A B 1/8/99 50
A C 1/8/99 100
A B 1/10/99 50
A C 1/10/99 150
A C 1/12/99 150
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Further assume the following set of scheduled receipts in Table 4:
Table 4
Location SchedDate Quantity

A 1/2/99 200
A 1/3/99 200
A 1/4/99 100
A 1/5/99 100
A 1/6/99 100
A 1/7/99 50

Assume an on-hand quantity of 250 at source location A. Also assume a daily

recommended shipments calendar.

The planning component 210 generates the recommended shipments shown in

Table 5 and Table 6. In Table 5, the push option is set to "Yes," so the scheduled to

ship date is set to the available to ship date. In Table 6, the push option is set to "No,"

so the scheduled to ship date is set to the need to ship date. In both examples, no two

records have the same item, source, destination, need to arrive date, scheduled arrival

date, and available to ship date, so the planning component 210 does not perform any

further aggregation.
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Table 5
Final recommended shipments (unlimited stock, pushing)
‘ Need to Ship Available to | Scheduled Ship
Source Destination Date Ship Date Date (Pushing) | Quantity
A B 1/2/99 1/1/99 1/1/99 50
A C 1/2/99 1/1/99 1/1/99 100
A B 1/4/99 1/1/99 1/1/99 34
A C 1/4/99 1/1/99 1/1/99 66
A B 1/4/99 1/2/99 1/2/99 16
A C 1/4/99 1/2/99 1/2/99 24
A B 1/6/99 1/2/99 1/2/99 50
A C 1/6/99 1/2/99 1/2/99 100
A B 1/8/99 1/3/99 1/3/99 50
A C 1/8/99 1/3/99 1/3/99 100
A B 1/10/99 1/3/99 1/3/99 13
A C 1/1099 1/3/99 1/3/99 37
A B 1/10/99 1/4/99 1/4/99 24
A C 1/10/99 1/4/99 1/4/99 76
A B 1/10/99 1/5/99 1/5/99 13
A C 1/10/99 1/5/99 1/5/99 37
A B 1/12/99 1/5/99 1/5/99 13
A C 1/12/99 1/5/99 1/5/99 37
A B 1/12/99 1/5/99 1/6/99 24
A C 1/12/99 1/6/99 1/6/99 76
A B 1/12/99 1/7/99 1/7/99 13
A C 1/12/99 1/7/99 1/7/99 37

36




5

WO 02/35437

PCT/US01/42797

Table 6
Final recommended shipments (unlimited stock, not pushing)
Need to Ship Available to | Scheduled Ship
Source Destination Date Ship Date Date (Pushing) | Quantity
A B 1/2/99 1/1/99 1/2/99 50
A C 1/2/99 1/1/99 1/2/99 100
A B 1/4/99 1/1/99 1/4/99 34
A C 1/4/99 1/1/99 1/4/99 66
A B 1/4/99 1/2/99 1/4/99 16
A C 1/4/99 1/2/99 1/4/99 34
A B 1/6/99 1/2/99 1/6/99 50
A C 1/6/99 1/2/99 1/6/99 100
A B 1/8/99 1/3/99 1/8/99 50
A C 1/8/99 1/3/99 1/9/99 100
A B 1/10/99 1/3/99 1/10/99 13
A C 1/10/99 1/3/99 1/10/99 37
A B 1/10/99 1/4/99 1/10/99 24
A C 1/10/99 1/4/99 1/10/99 76
A B 1/10/99 1/5/99 1/10/99 13
A C 1/10/99 1/5/99 1/10/99 37
A B 1/12/99 1/5/99 1/12/99 13
A C 1/12/99 1/5/99 1/12/99 37
A B 1/12/99 1/6/99 1/12/99 24
A C 1/12/99 1/6/99 1/12/99 76
A B 1/12/99 1/7/99 1/12/99 13
A C 1/12/99 1/7/99 1/12/99 37

When source stock is not limited and push mode is selected, deployment

component 300 generates recommended shipments that satisfy all the demand at the

destination over the entire planning duration before it considers any demand at the

source, such as customer orders or safety stock.
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The user may tell deployment component 300, when source stock is not
limited and push mode is selected, to recommend shipments that meet independent
demand and safety stock at the source, as well as demand at the destinations, through
the minimum allocation duration. With this setting, deployment component 300
considers both source and destination demand equally.

In this embodiment, deployment component 300 covers demand in the
following sequence. First, independent demand and safety stock at the source within
the minimum allocation duration are covered. Then, the deployment module 300
addresses independent demand and safety stock at the destinations within the
minimum allocation durations. Next, all other types of demand, including
independent demand and safety stock, at the destinations for the time periods between
the minimum allocation durations and the recommend shipments duration, are
addressed. Finally, all other types of demand, including independent demand and
safety stock, at the destinations for the time periods beyond the recommend shipments
duration, but within the planning horizon.

Otherwise, deployment module 300 may cover demand by first addressing
independent demand and safety stock at the destinations within the minimum
allocation duration and then all types of demand, including independent demand and
safety stock, at the destinations for the time periods between the minimum allocation
duration and the recommend shipments duration. Next, all types of demand,
including independent demand and safety stock, at the destinations for the time
periods beyond the recommend shipments duration, but within the planning horizon
are addressed. Finally, the deployment module 300 addresses the independent
demand and safety stock at the source within the minimum allocation duration.

If stock is limited within the minimum allocation duration, the planning
component 210 first determines the location priority level of each destination SKU.
For each location priority level, it allocates available stock to cover firm planned
arrivals. Next, for each location priority level, the planning component 210 allocates
stock to meet demand based on the priority level of each category of demand.
Finally, the planning component 210 allocates stock to cover safety stock for all
destinations.

Because stock is limited, the Available to Ship Date of at least one
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recommended shipment will fall after the Need to Ship Date. The priority the user
assigns to different demand categories determines how the planning component 210
calculates the Available to Ship Date. Later demand with a higher priority will have
an earlier Available to Ship Date than earlier demand with a lower priority.

For recommended shipments generated to meet firm planned arrivals and
safety stock, the planning component 210 aggregates, as explained above. For
recommended shipments generated to meet an allocation strategy, the planning
component 210 aggregates shipments with the same Item, Source, Destination, and
Scheduled to Ship Date. These dates have already been adjusted to accommodate the
recommended shipments calendar.

Whenever there is coincident demand and there is not enough stock at the
source to meet it, the planning component 210 uses Fair-Share Allocation to
determine the percentage of the available inventory to allocate to each destination.
When the planning component 210 performs fair-share allocation, it uses the
calculation shown below. Locations(1..n) are assumed to have the same priority and,
in the case of allocation strategy, demand has the same priority for Equation 4.

demand at Loc(n) at time(t)
total demand at all Locs(1...n) at time(t)

X remaining stock

(Equation 4)

The planning component 210 includes the source location in the fair-share
allocation if there is demand at the source with the same priority as the destination
and the source has the same location priority as its destinations. When allocating
safety stock, the planning component 210 includes the source location in the fair-
share allocation if there is safety stock demand at the source. Location priority is not
considered when allocating safety stock.

When stock is limited, the planning component 210 does not wait for enough
stock to recommend a complete shipment; it ships what it can as early as it can. As
soon as enough stock becomes available within the stock available duration to allow
the planning component 210 to recommend a shipment that at least meets the major
ship quantity, the planning component 210 recommends a partial shipment. It then

retains the unmet demand within the minimum allocation duration. If stock
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subsequently becomes available within the Stock Available Duration, the unmet
demand is the next demand that the planning component 210 processes.

In Table 7, Locations A and B have coincident demand on 1/10, as shown in
the first row. The planning component 210 uses fair-share allocation to calculate each
destination’s portion of the 180 units on hand; it meets 60 of Location A’s demand
and 120 of Location B’s demand with partial shipments, as shown in the second row

of the table. The unmet demand (40 for Location A and 80 for Location B) is carried

forward.
Table 7
Creating partial shipments to meet coincident demand
On Hand: 180
Date: 1/10 Date: 1/10 Date: 1/11 Date: 1/1
Demand Qty: 100 Qty: 200 Qty: 50 Qty: 75
Loc: A Loc: B Loc: A Loc: B
Recommended Shipments Date: 1/10 Date: 1/10
Qty: 60 Qty: 120
Loc: A Loc: B
Date: 1/10 Date: 1/10 Date: 1/11 Date: 1/1:
Demand Qty: 40 Qty: 80 Qty: 50 Qty: 75
Loc: A Loc: B Loc: A Loc: B

Since safety stock demand does not accumulate across the periods of the
recommended shipments calendar, the planning component 210 retains the balance of
unmet safety stock demand only within the period of the recommended shipments
calendar that it is working with. After a new period begins, it discards any unmet
safety stock demand.

When the planning component 210 performs fair-share allocation to meet
coincident demand, it creates a demand list sorted by location in ascending
alphabetical order (A-Z). Starting with the first location in the list, it uses fair-share
allocation to determine each location’s portion of the available stock. If there is

unmet demand after the first fair-share allocation, the planning component 210 creates
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another demand list, this time sorted in the reverse order (descending alphabetical).
Beginning with the first location in that list, it performs fair-share allocation. If there
is still unmet demand after the second fair-share allocation, the planning component
210 reverses the sort order of the list again (to ascending alphabetical) when it creates
the list of unmet demand.

After the planning component 210 allocates stock to each location, it may
round the quantity based on the ﬁlaj or and minor ship quantities specified for each
source/destination pair. The source must have enough stock remaining to equal the
smallest major ship quantity of all the locations with coincident demand, or the
planning component 210 does not create a recommended shipment. When the
planning component 210 recommends shipments, it uses a combination of major ship
quantity and minor ship quantity to meet requiréments. Major ship quantity is the
minimum quantity that the planning component 210 uses when planning
recommended shipments to meet requirements — that is, the planning component 210
tries to calculate recommended shipments whose quantity is at least the major ship
quantity.

It the planned arrival quantity is less than or equal to major ship quantity, the
recommended shipment quantity is major ship quantity. If the planned arrival
quantity is greater than major ship quantity, the planning component 210 uses the
following equations to determine the recommended shipment quantity:

Planned arrival quantity - MajorShipQty
MinorShipQty

= Number of MinorShipQuantities

If demand is greater than the major ship quantity, the planning component 210
adds as many minor ship quantities as necessary to meet requirements. If enough
stock is available, the planning component 210 rounds the number of minor ship
quantities up to the next minor ship quantity. If there is not enough stock available,
the planning component 210 adds as many minor ship quantities as it can to meet
requirements.

For example, if the planned arrival quantity is 59, major ship quantity is 20,
and minor ship quantity is 10, the planning component 210 creates a recommended
shipment using one major ship quantity, plus 4 minor ship quantities.

The larger the major and minor ship quantities, the more they can affect the
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results of the fair-share allocation. Since the planning component 210, and not the
user, determines the order in which locations with the same location priority are
processed, a large major ship quantity can cause the source to run out of inventory
before it can allocate stock to all locations.

The planning component 210 works with five dates when it recommends
shipments: available to ship date, needed arrival date, scheduled arrival date, needed
shipping date, and scheduled shipping date. The planning component 210 adjusts the
dates of all constrained recommended shipments during both limited and unlimited
processing. When the planning component 210 adjusts dates, it creates exceptions for
planned arrivals and the corresponding recommended shipments generated during
unlimited processing.

When the planning component 210 adjusts dates, it follows these steps. First,
the planning component 210 sets need to arrive date to the point in time when demand
occurs. Since all types of demand, including forecasted demand, start at one minute
past OHPost, the need to arrive date will be set to one minute past OH Post or later.
Second, set need to ship date to the need to arrive date minus the lead time. Third, set
the scheduled ship date to the need to ship date; set the scheduled to arrive date to the
need to arrive date. Fourth, determine available to ship date. Fifth, set the scheduled
to ship date to the beginning of the recommended shipping calendar period that falls
on or after the available to ship date. The schedule to ship date must never be earlier
than the available to ship date. Sixth, set the scheduled to arrive date to the scheduled
to ship date plus the lead time. Seventh, if pushing, set the scheduled to ship date to
the available to ship date. Set the scheduled to arrive date equal to the scheduled ship
date plus the lead time. Eighth, adjust the scheduled to ship date if the shipping or
receiving calendar is closed on the scheduled date (but do not set the scheduled to
ship date earlier than the available to ship date).

Example

The following examples show how the planning component 210 creates

recommended shipments when source stock is limited within the minimum allocation

duration. Assume the following set of planned arrivals in Table 8.

42



WO 02/35437

PCT/US01/42797

Table 8
Source Destination Need to Ship Date Quantity
A B 1/1/99 75
A C 1/1/99 100
A C 1/2/99 100
A B 1/3/99 125
A C 1/3/99 100
A C 1/4/99 100
A B 1/5/99 110
A B 1/7/99 75
A B 1/9/99 25

These planned arrivals exist to cover the following types of demand in Table 9:

Table 9
Location Schedule Date Quantity Demand Type
B 1/1/99 75 nonforecasted customer order
C 1/1/99 100 forecasted customer order
C 1/2/99 100 forecasted customer order
B 1/3/99 125 nonforecasted customer order
C 1/3/99 100 forecasted customer order
C 1/4/99 100 forecasted customer order
B 1/5/99 110 nonforecasted customer order
B 1/7/99 75 nonforecasted customer order
B 1/9/99 25 nonforecasted customer order

Forecasted customer orders and nonforecasted customer orders have the same

priority, and Locations B and C have the same location priority. Next, assume the

following set of scheduled receipts in Table 10:
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Table 10
Location Schedule Date Quantity
A 1/1/99 100
A 1/2/99 100
A 1/3/99 100
A 1/4/99 100
A 1/5/99 100
A 1/6/99 100
A 1/7/99 100
A 1/8/99 100

Also, assume an on-hand quantity of 0 as of OH Post at source location A. The
planning component 210 then generates the interim recommended shipments (before

aggregation) shown in Table 11.
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Table 11
Limited recommended shipments before aggregation
Source Dest. Need to Available | Scheduled | Scheduled Quantity

Ship Date to Ship Shipment | Shipment

Date Date Date (Not

(Pushing) Pushing)
A B 1/1/99 1/1/99 1/1/99 1/1/99 43
A C 1/1/99 1/1/99 1/1/99 1/1/99 57
A B 1/1/99 1/2/99 1/2/99 1/2/99 32
A C 1/1/99 1/2/99 1/2/99 1/2/99 43
A C 1/2/99 1/2/99 1/2/99 1/2/99 25
A C 1/2/99 1/3/99 1/3/99 1/3/99 75
A B 1/3/99 1/3/99 1/3/99 1/3/99 14
A C 1/3/99 1/3/99 1/3/99 1/3/99 11
A B 1/3/99 1/4/99 1/4/99 1/4/99 56
A C 1/3/99 1/4/99 1/4/99 1/4/99 44
A B 1/3/99 1/5/99 1/5/99 1/5/99 55
A C 1/3/99 1/5/99 1/5/99 1/5/99 45
A C 1/4/99 1/6/99 1/6/99 1/6/99 100
A B 1/5/99 1/7/99 1/7/99 1/7/99 100
A B 1/5/99 1/8/99 1/8/99 1/8/99 10
A B 1/7/99 1/8/99 1/8/99 1/8/99 75
A B 1/9/99 1/8/99 1/8/99 1/9/99 15

aggregates them. For recommended shipments generated to meet firm planned

arrivals and safety stock, the planning component 210 aggregates shipments to

prevent duplicate rows. For recommended shipments generated to meet other

demand, the planning component 210 aggregates shipments with the same item,

source, destination, and scheduled shipment date. These dates have already been

adjusted to accommodate the recommended shipments calendar.
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Table 12 shows a final aggregated shipments that the planning component 210
writes to the recommended shipping table. The planning component 210 aggregates
the last two recommended shipments to Location B in Table 12 because the available

to ship dates are the same.
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Table 12
Final recommended shipments (limited stock, pushing)
Source Dest. NeedShip ATS Date Scheduled Quantity
Date Shipping
Date
(Pushing)
A B 1/1/99 1/1/99 1/1/99 43
A C 1/1/99 1/1/99 1/1/99 57
A B 1/1/99 1/2/99 1/2/99 32
A C 1/1/99 1/2/99 1/2/99 68
A C 1/2/99 1/3/99 1/3/99 86
A B 1/3/99 1/3/99 1/3/99 | 14
A B 1/3/99 1/4/99 1/4/99 56
A B 1/1/99 1/1/99 1/1/99 43
A C 1/3/99 1/4/99 1/4/99 44
A B 1/3/99 1/5/99 1/5/99 55
A C 1/3/99 1/5/99 1/5/99 45
A C 1/4/99 1/6/99 1/6/99 100
A B 1/5/99 1/7/99 1/7/99 100
A B 1/5/99 1/8/99 1/8/99 100

When stock is limited within the minimum allocation duration and dual

sourcing is in effect, the planning component 210 have destinations defined in the

database 600, whose replenishments come from more than one source. With Dual

Sourcing Deployment, when it determines needs by demand type, applies the same

percentage split to a destination’s on hand as it applies to the destination’s demand,

ensuring that demand at the destination is not underestimated.

Deployment Component 300

The deployment component 300 may be a tool for the short-term

implementation of the results of the planning logic. Horizons may be generally short,
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and the period over which detailed allocation decisions needed to be made was even
shorter.

Deployment component 300 is preferably a tactical tool, requiring longer
horizons. If the user company uses the deployment component 300 over a longer
horizon, the user may implement the allocation rules specifically designed to
accommodate these longer durations.

The deployment component 300 offers the user four deployment logic options.
With one option, the deployment component 300 sorts requirements in order by
location priority, demand priority, and the need to ship date. With this rule, the
deployment component 300 uses the earliest available stock to meet the highest
priority demand. The deployment component 300 sorts demand in order by the need
to ship date, from earliest (longest lead time) to latest (shortest lead time). It
recommends shipments to meet demand for the destination SKU with the earliest need
to ship date (or longest lead time) first, followed by the destination with the next
earliest NeedShipDate, and so on. If two or more destinations have demand with the
same need to ship date (and the same location and demand type priority), and there is
not enough stock to meet demand, the deployment component 300 uses a fair-share
method to distribute the available stock to all destinations, according to their demand
percentages.

Alternatively, the deployment component 300 sorts requirements in order by
location priority, demand priority, or need to arrive date. With this rule, the
deployment component 300 uses the earliest available stock to meet the highest
priority demand. The deployment component 300 sorts demand in order by need to
arrive date, rather than need to ship date.

If two or more destinations have demand with the same need to arrive date
(and the same location and demand type priority), and there is not enough stock to
meet demand, the deployment component 300 uses a fair-share method to distribute
the available stock to all destinations, according to their demand percentages.
Alternatively, the deployment component 300 sorts requirements in order by demand
priority, location priority, and need to ship date.

The deployment component 300 logic uses the latest inventory that becomes

available when or before a shipment must be made to meet the highest priority
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demand. The deployment component 300 allocates inventory to locations with
planned arrivals whose NeedShipDates fall within the minimum allocation duration,
according to the priority of the demand that these arrivals are intended to cover.

If inventory is inadequate to meet the requirements on a given shipping day,
the deployment component 300 uses a fair-share method to distribute stock among
coincident demands. Coincident demands are planned shipments with the same need
to ship date. The deployment component 300 rounds fair-share values, and shortages
are made up as inventory becomes available. Alternatively, the deployment
component 300 sorts requirements in order by demand priority based on the allocation
strategy assigned to the SKU, location priority, and need to arrive date.

Temporary shortages within the stock available duration can occur frequently,
especially for clients using constrained production planning. If the planning
component 210 selects one of the first two, the deployment component 300 invokes
allocation logic whenever it encounters a shortage, even when the shortage can be
alleviated by subsequent replenishments. Alternatively, with long duration rules (last
two), the deployment component 300 handles this situation by interpreting the
minimum allocation duration differently. The deployment component 300 determines
available inventory through the stock availability duration. The stock availability
duration is not limited to the minimum allocation duration.

With relatively short-term rules, the deployment component 300 uses the
earliest available stock to meet the highest priority demand, without regard to whether
subsequent replenishments can be used to meet demand in a timely manner. Lower
priority demands may not be met if the stock that could be used to meet them is
already reserved for the higher priority demand. This can be particularly true for
safety stock. Alternatively, the deployment component 300 logic with last two rules
uses the inventory that becomes available latest on or before the date on which the
shipment must be made. If inventory is inadequate to meet the requirements on a
given shipping day, the deployment component 300 fairshares the amount available
among the coincident demands. Likewise, with the first two rules, the deployment
component 300 meets all demands at the highest priority location before it meets
demands at any lower priority locations.

Whereas, with deployment logic for the section two rules, demand priority
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takes precedence over location priority. The deployment component 300 meets the
highest priority demand at the highest priority location, followed by the highest
priority demand at the second highest priority location, and so on. This method
makes it more likely that the deployment component 300 will be able to meet higher
priority demands at all locations.

If source inventory is inadequate to meet requirements at some point before
the minimum allocation duration, the deployment component 300 uses allocation
processing. The deployment component 300 allocates available inventory to
locations, including the source. After allocating inventory based on location priority,
the deployment component 300 allocates based on the allocation strategy.

In another embodiment, the dynamic deployment component 211 is an option
in the Planning that provides an alternative method for generating recommended
shipments that can be used to resolve shortages. Dynamic deployment component
211 resolves shortages at destination SKUSs by generating recommended shipments
from possible sources for the lowest cost. Optionally, the optimization algorithm used
by dynamic deployment component 211 can be instructed to ship on existing lanes
whenever feasible, or to find alternate sources with the lowest restocking cost that are
as close as possible to the location being replenished.

First, the user defines the sources for dynamic deployment component 211 to
consider when it resolves shortages at destination SKUs. Dynamic deployment
component 211 builds a model of the user distribution network using all the sources
for a particular destination Y. When a destination location has a shortage, dynamic
deployment component 211 resolves it by moving inventory from sources with a
surplus for the lowest cost.

Dynamic deployment component 211 determines which locations have surplus
inventory and which have a shortage. Dynamic deployment component 211
calculates shortage quantities for a location using the dynamic deployment component
211 Safety Stock Factor (safety stock factor) and dynamic deployment component
211 and Shortage Duration (shortage duration). Dynamic deployment component 211
calculates the minimum level of safety stock that needs to be maintained at a location.
Dynamic deployment component 211 recognizes that a location has a shortage when

on hand inventory falls below minimum safety stock, and on hand remains below
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minimum safety stock for longer than the Shortage Duration.

Dynamic deployment component 211 attempts to generate recommended
shipments whose quantities will restore the location’s on hand to a level at or above
minimum safety stock. Shortage is calculated as a daily instantaneous value at the
latest time the location is open for receiving, based on the destination calendar.
Dynamic deployment component 211 determines the minimum level of safety stock
that must be maintained at a location. Surplus is the incremental quantity of product
that can be removed from a location without reducing the on hand below the
minimum safety stock level at any time within the dynamic deployment component
211 horizon, as described below. Surplus is calculated as a daily instantaneous value
at the first minute of the day. Recommended shipment quantities are subtracted out.

The goal of dynamic deployment component 211 is to move product from
sources with a surplus to destinations with shortages for the lowest cost. The user can
run dynamic deployment component 211 based only on transportation costs, or the
user can set values in the database 600 to tell dynamic deployment component 211 to
also consider the costs of stocking out or restocking a location.

To calculate the total cost of shipping one unit of product from one location to
another, dynamic deployment component 211 looks to the cost of shipping one unit of
product from one location to another using a specific transportation mode, the initial
cost per unit of a stock shortage at a location, the cost of product arriving late, the cost
per unit of restocking a location when its surplus inventory is used to resolve a
shortage, and the cost of creating a load on a new lane.

The user also defines several properties for dynamic deployment component
211. For instance, the user may define a dynamic deployment component 211
duration that specifies the period of time during which dynamic deployment
component 211 resolves deployment exceptions. The duration the user specify, added
to OH Post, defines the dynamic deployment component 211 horizon. The user can
define either a dynamic deployment component 211 duration or a stock available
duration, or both instead. For destination SKUs, the user also can specify a dynamic
deployment component 211 duration. Similarly, a user may define a dynamic
deployment component 211 new lane penalty that controls the additional

transportation cost assessed to create a load on a new lane.
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In one embodiment, the user may select whether dynamic deployment
component 211 considers it preferable to hold stock at the source locations, rather
than the destinations, or vice versa. In other embodiments, the user may specify
preferences in the dynamic deployment component 211 corporate 211. For instance,
if there is an overall shortage in an item family, dynamic deployment component 211
may meet later shortages early instead of meeting earlier shortages even one day late.

Similarly, if there is an overall shortage in an item family, dynamic
deployment component 211 may meet shortages with lohger durations (earlier) over
shortages with shorter durations (later), regardless of whether the shortages are met on
time or late.

The automated load builder 310 recommended shipments into feasible vehicle
loads, based on a solution strategy that the user specify. The user can then review and
revise these loads.

To create and manage vehicle loads, the automatic load builder 310 uses the
following data, which are generally contained or transferred to the database 600. One
key fact is the earliest date on which a recommended shipment is allowed to arrive at
a destination. If the destination location is closed on the earliest arrival date, the
system 100 adjusts the date to the location’s prior open time. Another key fact is the
starting date of the load, as specified by the user.

The automatic load builder 310 also looks to load tolerance, which is a
percentage used to determine when a load is full. A load is full when the mode of
transportation is filled to capacity, plus or minus the load tolerance.

"Look Ahead Days" are the number of days that a recommended shipment is
allowed to be delivered prior to its need to arrive date. The users specify a value for
look ahead days or the automated load builder 310 uses a default value.

A "Look Ahead Shipment" is a recommended shipment that, when pulled
forward and added to a load, will arrive at the destination prior to its deeded arrival
date, but not earlier than its earliest arrival date.

Must Go Days is the number of days that automated load builder 310 uses to
define a period of time, from the dispatch date, during which recommended shipments
must leave the source in order to arrive at the destination by the needed arrive date.

The user specifies a value for must go days or the automated load builder 310 uses a
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default value.

A Must Go Shipment is a recommended shipment whose needed ship date

falls within the must go window then, the automated load builder 310 includes at least
one must go shipment on every load it creates.

The Must Go Window is a period of time that is defined by adding the Must
Go Days to the Dispatch Date.

A Needed Arrive Date is the date when a shipment is needed at the

destination.

A Needed Ship Date is the latest date that the recommended shipment must be

shipped in order to arrive at the destination location by the needed arrive date.

A recommended shipment is said to be pulled forward when, by adding it to a
load, it will arrive at the destination prior to its needed arrive date.

The following sections contain information on the tasks that the user needs to
perform before the system can generate vehicle loads.

Unlike allocation and recommended shipments calendars, which are defined
by SKU, calendars for the automated load builder 310 are defined by location. The
automated load builder 310 is used in source and destination calendars to determine
when locations are open for shipping and receiving.

The source calendar determines when a source location is open for shipping.
Based on the source calendar the user defines, the automated load builder 310 adjusts
the needed ship date if it falls on a date when the source location is closed.

The determination calendar determines when a destination location is open to
receive a load. If the earliest arrival date falls on a date when the destination location
is closed, the automated load builder 310 adjusts the date to the next earliest date that
the location is open.

Before the user generate vehicle loads, the user must define a solution strategy
that automated load builder 310 will use when it builds loads. This strategy
determines which recommended shipments must be included in a load, establishes the
criteria for determining when a load is full, limits how early recommended shipments
can arrive at a destination, and sets the priority for adding recommended shipments to
a partially filled load.

A “must go” shipment is a recommended shipment that must leave the source
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within the must go days in order to be delivered at the destination on the needed arrive
date.

The system adds the “must go days” to the dispatch date to define a time
window. Shipments whose needed ship date falls within this window are considered
to be must go shipments. The automated load builder 310 generally includes at least
one must go shipment on every load that it creates. If none of the recommended
shipments between a source and destination qualifies as a must go shipment, the
automated load builder 310 cannot generate a load for that source/destination pair and
processing terminates.

The first recommended shipment that automated load builder 310 adds to a
load is a must go shipment. Subsequent recommended shipments added to the load
may or may not be must go shipments, depending on how much weight the user
solution strategy places on the must go reward.

The user also can tell the automated load builder 310 to use the Scheduled
Arrival Date instead of the needed arrival date to determine the date on which a
shipment must be delivered at a destination.

A load tolerance option on the automated load builder 310 may define a
percentage that automated load builder 310 uses to determine when a load is full. A
load is full when the mode of transportation is filled to capacity, plus or minus the
percentage the user specifies. A transportation mode’s capacity can be measured in
weight, volume, pallets, and cases. A load is considered full if the load tolerance
percentage is met in at least one of these measures.

In trying to build complete loads, the automated load builder 310 may add
recommended shipments to the load whose Needed Arrival Date falls after the load is
scheduled to arrive at the destination. The earliest date that a recommended shipment
is allowed to arrive at a destination is determined by the Look Ahead Days parameter.
Look Ahead Days specifies the number of days prior to its NeedArrivDate that a
recommended shipment can be delivered. Automated load builder 310 calculates the
earliest arrival date for a recommended shipment as Need ArrivDate minus Look
Ahead Days.

Alternatively, the user can tell automated load builder 310 to use the

Scheduled Arrival Date instead of the needed arrival date to determine the date on
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which a shipment must arrive at a destination.

When the automated load builder 310 builds a load, the first recommended
shipment it adds to the load is a must go shipment. It then completes the load by
adding additional recommended shipments.

Five options on the automated load builder 310 dialog allow the user to define
the priority for adding shipments to a partially filled load. Each of these options has
either a reward or penalty associated with it. The user assigns a value to each, based
on the importance of a particular option to the user company’s load building
objectives. The automated load builder 310 calculates a priority value for each
recommended shipment between the source and destination it is working with by
adding values for rewards and subtracting values for penalties. The recommended
shipment having the highest value is added to the load first, followed by the next
highest value, and so on.

The user sets priorities by entering values associated with several costs,
including a “Pull ahead” penalty imposing a penalty for each day that a recommended
shipment is pulled forward if it is added to a load; a “same item” reward representing
benefits from an item that is already on the load; a “split penalty” imposing a penalty
on a recommended shipment that must be split in order to add it to a load; a “not full
penalty” that imposes a penalty on a recommended shipment that, when added to a
load, does not fill the load completely; and a “must go” reward to reward a must go
shipment. Some of these options can conflict, depending on how they are set. For
example, a recommended shipment may be penalized for being pulled forward by one
day, but then rewarded for being an item that is already on the load. To determine
how to set these options so that they best meet the user company’s objectives, the user
might want to start out by setting them all to zero, then setting values for one or two at
a time and analyzing the results.

To complete a load, the automated load builder 310 adds recommended
shipments one at a time. To determine the order in which recommended shipments
are added, a priority value is calculated for each recommended shipment based on the
reward and penalty factors. The automated load builder 310 sorts recommended
shipments by priority, from highest to lowest. The recommended shipment with the
highest priority is added to the load first. Every time the automated load builder 310
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adds a shipment to a load, it automatically recalculates priority values and resorts
recommended shipments by priority. Reprioritizing the shipments optimizes the load,
since the priorities guide the algorithm into generating better quality loads.
Alternatively, the user can tell the automated load builder 310 not to recalculate
priority values every time, but just to use the values it calculated the first time.

The automated load builder 310 builds loads using the transportation mode(s)
defined for the source and destination. The user can define alternate transportation
modes for the automated load builder 310 to use in the event it cannot fill the load
using the primary or preferred transportation mode.

When the automated load builder 310 builds a load, it first tries to fill it using
the preferred transportation mode. If it cannot fill the load using the preferred mode,
it tries to fill the load using the mode with the next highest rank. If it cannot fill the
load using any of the transportatibn modes specified for the source and destination it
is working with, it selects the mode with the best fill (based on the Load Tolerance).
For instance, light loads may go by airmail.

A recommended shipment may qualify as a must go shipment with one
transportation mode and not with another. This is because the transportation lead
times between transportation modes may differ, causing the needed ship date of a
recommended shipment to fall on a different day.

The automated load builder 310 finds the optimal load configuration by
attempting to place all recommended shipments on all available alternate carriers.
This behavior assumes that all transportation modes are interchangeable. If
transportation modes are not interchangeable (truck and rail, for example), the
automated load builder 310 uses only the defined modes of transportation it builds
loads and does not consider any alternatives.

With the automated load builder 310, the user can simulate what the industry
refers to as a “Double Pup” transportation mode by defining two trailers for a
transportation mode. Automated load builder 310 creates two separate loads instead
of one for a transportation mode with two trailers. Each load is written to the
database 600 as a separate record.

Both loads must adhere to the load tolerance the user specifies. For example,

if the user specifies a load tolerance of plus or minus 2 percent, then each load must
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be at least 98 percent full. The automated load builder 310 will not create one load at
100 percent full and the other at 96 percent full. If automated load builder 310 cannot
fill both loads to capacity plus or minus the load tolerance, it goes to the next highest
ranked transportation mode.

In another embodiment, the user can tell the automated load builder 310 to
take carrier weekend travel patterns into account when it calculates the ship date of a
load. The automated load builder 310 generates vehicle loads from the recommended
shipments between one source and destination at a time. For each source and
destination that it works with, it follows these following steps.

First, the automated load builder 310 selects target recommended shipments to
start the load, sorts recommended shipments according to needed arrival date, and
selects a target recommended shipment. The target recommended shipment is a must
go shipment with the earliest Need Arrival Date that has some quantity that has not
already been assigned to a load. (Must go shipments with later needed arrive dates
become candidate shipments for the load. Next, the automated load builder 310
selects the preferred transportation mode for the recommended shipment. Then, the
automated load builder 310 creates a load using the selected transportation mode. The
load will be empty to begin with: The automated load builder next adds target
recommended shipment to load. For the set of recommended shipments between the
source and destination, the automated load builder 310 determines which
recommended shipments are candidates to add to the load. A recommended shipment
is a candidate if it is a look-ahead shipment with some quantity remaining that has not
been added to a load. Subsequently, the automated load builder 310 calculates
priority values for all the candidate recommended shipments and assigns priority
values.

The automated load builder 310 adds shipments to load, by selecting the
shipment with the highest priority, adding that shipment to the load, and continuing to
add shipments to the load in order by priority, until there are no more shipments that
can be added to the load. Next, the automated load builder 310 tests whether the load
is full. If the load is full, the automated load builder 310 commits the load and goes to
create the next load.

If the load is not full, the automated load builder 310 determines whether the
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current transportation mode has the best fill percentage so far. Ifit does, the
automated load builder 310 stores it in case there are no other transportation modes to
complete the load.

The automated load builder 310 checks for alternate transportation modes, and
specifically, the automated load builder 310 checks the Network for alternate
transportation modes, and if no alternate transportation modes are defined, the
automated load builder 310 commits the best load and assigns a not full status.

If alternate transportation modes are defined, the automated load builder 310
determines fill percentage for current transportation mode by finding the next highest
ranking transportation mode and try to fill the load. If the load is full, the automated
load builder 310 commits it and starts forming a new mode. If the load cannot be
filled using that mode, the automated load builder 310 tries the transportation mode
with the next highest rank and continues to try alternate transportation modes, in order
by rank.

When a transportation mode is found that fills the load, the automated load
builder 310 commits the load and starts creating a new load.

If there are no more transportation modes defined and the load is not full, the
automated load builder 310 selects a transportation mode with best fill percentage.
After the automated load builder 310 creates a load, it subtracts the quantity of the
recommended shipment that it used in the load from the unused recommended
shipment quantities.

Load Manager 320

After automated load builder 310 has created vehicle loads, the user can
review and revise them using the Load Manager 320. The user also can use Load
Manager to manually create vehicle loads and fill them with recommended shipments.

Load Manager allows the user to select data by SKU, item, or location. Using
that data selection, it retrieves data from the database 600 using two different
selection keys SKU or location. To access two incompatible datasets, using a single
data selection, Load Manager 320 converts the user data selection to one that it can
use for both tables.

The system 100 determines the source and destination locations the user wants

to work with based on the user data selection. It displays all the lanes for those
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sources and destinations: a lane is a combination of source, destination, and
transportation mode. The user may select the lanes she wants to work with. Also, the
user can work with multiple lanes for the same source and destination.

The distribution of date-sensitive inventory introduced the concepts related to
the distribution of perishable items and presented the steps necessary for calculating a
replenishment of the planning component 210 for that inventory were outlined.
Deployment of inventory differs from the distribution of inventory in that distribution
determines the requirements and deployment attempts to meet them. Consequently,
when planning component 210 generates planned arrivals, it schedules replenishments
to support those requirements. Deployment logic, on the other hand, must find the
inventory to meet the requirements.

To understand the concepts and the considerations that must be made in
deploying products that have a limited usable life span, a new term specific to date-
sensitive inventory is now introduced.

"Minimum shelf life tolerance" is a term specific to the deployment of date-
sensitive inventory. It is the allowable variance that can be tolerated within the
minimum shelf life duration. For example, if the minimum shelf life for an item is 7 -
days, and the tolerance is 1 day, a requirement can be met with inventory that has a
shelf life of only 6 days.

The planning component 210 generates recommended shipments for date-
sensitive inventory in either constrained or unconstrained mode. If the mode for a
date-sensitive SKU is unconstrained, the planning component 210 uses standard
deployment logic to convert the planned shipment into a recommended shipment
while at the same time preserving the expiration date. If the mode is constrained,
however, the planning component 210 uses logic specific to inventory with a limited
shelf life. This section discusses how the planning component 210 process generates
recommended shipments for constrained, date-sensitive SKUs.

The first thing that the planning component 210 does in the process of
recommending shipments is to determine the supply that it has to work with. To
ascertain the supply, the planning component 210 must have the following
information for existing inventory and usable replenishments:

1. Available date - the first date on which the inventory can be shipped,;
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2. Expiration date - the date on which the inventory cannot be used for

any purbose; and

3. Quantity or the existing amount of inventory.

The planning component 210 sorts this list by available date and expiration
date from earliest to latest. The replenishments fall into two categories according to
their dates of availability. If the stock available duration is zero, the replenishments
are available on or before on-hand post. If the stock available duration is greater than
zero, then the types or replenishments included are those that are available on or
before the end of the stock available horizon (on-hand post plus the stock available
duration). These types include scheduled receipts that are available on or before the
end of the stock available horizon, intransits that are available on or before the end of
the stock available horizon, recommended arrivals that arrive on or before the end of
the stock available horizon, and planned orders that are available on or before the end
of the stock available horizon. The expiration date for scheduled receipts, planned
orders, recommended arrivals, and intransits are already part of the data, in the
database 600.

Before it can meet distribution demand, the planning component 210 must
account for inventory that has already been committed, i.e., outbound intransits and
firm planned shipments. This means that the planning component 210 should:

For outbound intransits, cover the requirements for (quantities at the source
that are on-hand and have not shipped), and (quantities at the source that are still
included in the on-hand inventory, but the load has shipped) to ensure that the on-
hand inventory actually exists for firm planned shipments, the planning component
210 must create recommended shipments to meet these firm planned shipments.

In the case of the intransits if the planning component 210 can find inventory
that matches the expiration date of an intransit and is available on or before the
intransit is scheduled to ship, then it draws from this inventory to meet the
requirement. Otherwise, if the planning component 210 cannot find an appropriate
match, it must use inventory that expires later than the expiration date on the intransit
and is available on or before the intransit is scheduled to ship.

If the planning component 210 still can not match up its inventory, then there

is probably an error in the status codes of the intransits. In this case, an exception is
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flagged to indicate that requirements for outbound intransits could not be met. The
planning component 210 would then reduce the freshest available inventory until the
intransits had been met or there was no inventory remaining. For firm planned
shipments with a limited shelf life, the expiration date information is considered using
date-sensitive inventory logic.

To determine requirements, the planning component 210 separates destination
demand and demand from the source, and lists the information needed for
recommending shipments. For destination demand, the planning component 210 uses
all of the planned shipments with scheduled dates that fall within the recommended
shipment horizon (on-hand post plus the recommended shipment duration). The list
includes the destination location. This is the shipment quantity rounded by the major
and minor quantities in the database 600, the scheduled ship date of the planned
shipment, the expiration date of the planned arrival, and tolerated date, which is the
expiration date of the planned arrival less the minimum shelf life tolerance duration.

For demand from the source, the planning component 210 uses customer
orders at the source, dependent demand, and forecast. The customer order and
dependent demand data includes: the source location, the quantity needed for the
order, the scheduled ship date of the customer order or the date that the dependent
demand occurs, the expiration date which is the scheduled ship date plus the
minimum shelf life of the source SKU, and the tolerated date which is the expiration
date of the planned arrival minus the minimum shelf life.

Since forecast information takes the form of a continuous curve, the planning
component 210 breaks it up in order to assign expiration dates to the demand. To do
this, the planning component 210 uses the source’s recommended shipments calendar.
The planning component 210 separates the forecast into buckets defined by the
calendar. It then adds the slotted forecast to the list. Forecast list includes source
location, the quantity is forecast that falls within the calendar bucket, the scheduled
ship date as the beginning of the period defined by the bucket, the expiration date as
the end of the period defined by the bucket plus the minimum shelf life of the source
SKU, and the tolerated date as the expiration date less the minimum shelf life. This
list should be sorted by the scheduled ship date and the expiration date, from earliest

to latest.
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In the next step, the planning component 210 must determine if there is
enough inventory to meet the demand and if the inventory meets freshness
requirements. To do this, the planning component 210 compares the scheduled ship
dates and required expiration dates for demand that falls within the minimum
allocation horizon to the available dates and expiration dates on the supply side. If the
planning component 210 encounters a situation where there is enough inventory, but
it is not fresh enough to meet the demand expiration date requirement, it compares the
supply expiration date to the demand tolerated date instead. If the demand can be met
using the tolerated date, the planning component 210 considers the demand to be met
with an exception.

Otherwise, if a demand cannot be met on time within the minimum allocation
horizon, and if tolerated freshness requirements cannot be met, then there exists a
limited inventory condition. In other words, the planning component 210 must still
collapse the requirements within the minimum allocation horizon to their component
demands to determine the allocation priorities.

There is a limited inventory condition and detailed requirements should be
developed. If the inventory is not limited, the initial requirement list is adequate to
develop the recommended shipments.

Detailed requirements for the source location were developed as described
above. Similar information must be developed for the destinations. To do this, the
planning component 210 must determine what demands are covered by which
planned arrivals for each planned arrival that is scheduled to ship within the minimum
allocation horizon. The planning component 210 generally uses the same allocation
rules described above.

However, since more detail is needed on the destination’s forecast data than
would be provided by simply looking at the coverage duration, the planning
component 210 uses deployment logic to slot the forecast data into the sources
recommended on the shipment calendar. Also, the planning component 210 assigns
expiration dates and tolerance dates to each of the destination’s detailed requirements.

Because the freshness of the product must be considered, the planning
component 210 needs to prioritize the requirements regardless of whether or not the

condition of the user inventory is limited. The user may want to send the fresher
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product out to higher priority locations, when possible. Clearly, requirements must be
prioritized when there is a limited inventory condition, since this determines how the
available inventory is allocated.

Currently, there are several possible recommended shipment allocation rules.
The system may always ship the earliest available, usable supply to the highest
priority demand at the highest priority locations, based on when the inventory is
scheduled to ship. Alternately, the system 100 may always ships the earliest
available, usable supply to the highest priority demand at the highest priority
locations, based on when the inventory needs to arrive. Otherwise, when inventory is
not limited and does not utilize the freshness tolerance, the system 100 may ship the
earliest available usable supply to the lowest priority locations first, thus saving the
fresher product for the higher priority locations.

Consequently, the planning component 210 has four possible ways of sorting
the detailed requirements list. If the inventory is limited or the freshness tolerance
option is used, the planning component 210 sorts the detailed requirements list in
order by scheduled ship date, location priority, demand priority, and expiration date.
If the inventory is limited or the freshness tolerance option is used, the planning
component 210 may sort the detailed requirements list in order by needed arrival date,
location priority, demand priority, or expiration date. If the inventory is not limited
and the freshness tolerance option is not used, the planning component 210 sorts the
detailed requirements list in order by scheduled ship date, descending location
priority, and expiration date. If inventory is not limited and freshness tolerance option
is not used, the planning component 210 may sort the detailed requirements list in
order by needed arrival date, descending location priority, and expiration date.

When requirements have been prioritized, the planning component 210 can
generate recommended shipments to meet them. The planning component 210
attempts to meet each requirement in the detailed requirements list in order, using
inventory with earliest available dates that fall on or before the scheduled ship date
and the earliest expiration dates that fall on or after the required expiration date. If the
planning component 210 cannot find all the inventory available on or before the
scheduled ship date and has expiration dates that fall after the required expiration

date, it uses the tolerance date of the requirement instead of the expiration date as the
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guideline for inventory to use. If the planning component 210 still cannot find
inventory that is available on time and is fresh enough to meet the tolerance
requirement, then it tries to meet the requirement using inventory that is available
later. If, however, the demand type of the requirement is one that is allowed to be
ignored by the destination’s demand reduction strategy, this unmet requirement is
removed from the list.

If there are matching location priorities, demand priorities, scheduled ship
dates, and need ship dates on two or more requirements, the planning component 210
considers this to be a coincident demand. If the supply that the planning component
210 uses to meet these requirements is less than the sum of the requirements, the
inventory is allocated based on the location’s portion of the total requirement.

If there are multiple entries from the same location with matching demand
priorities, schedule ship dates, and need ship dates, then the planning component 210
combines these into a single requirement for allocation purposes, reducing the
portions it can ignore on subsequent allocations, as mentioned above.

In the deployment component 300 of fulfillment system 100, the user can
specify potential alternates, or substitutes, for an item, and tell deployment to
automatically ship the substitute when inventory of the original item runs out. This
feature is particularly useful for modeling promotions that involve items with multiple
design variations and limited supply that are switched according to a predetermined
schedule. For example, suppose an item is part of a promotion that lasts for four
weeks. After the four weeks is over, the first item is no longer available and a
different promotional item is scheduled to be used instead. If there is enough
inventory of the first item to cover all four weeks of the promotion, the items can be
switched as scheduled. But what happens if the first item runs out before the
scheduled switchover? With the alternate items feature, the next scheduled item is
automatically shipped instead.

’ To implement the alternate items feature into the user database, the user needs
to set up substitution relationships for each item for which the user wants deployment
module 330 to use substitutes. Specifically, the user defines an item and specifies a
list of substitutes for that item, discontinue and effective dates determining the time

period during which the item can be used as a substitute, substitution preference and a
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substitution logic.

The following example in Table 13 shows a sample substitution list. This
example models a holiday promotion for a warehouse store that is giving out free
chocolate Santas (Item 100-00-0000) with any purchase of $10.00 or more. The
promotional chocolate Santa is one ounce of milk chocolate, wrapped in red and green
foil. Additional items that represent design variations of the promotional Santa—
different types of chocolate and different colored foil wrapping—also exist. Since it
is anticipated that stores could run out of the promotional chocolate Santas prior to the
end of the promotion, these design variations have been defined as substitute items.

Table 13

Substitution list defined for the Santa promotion

Item | Substitute Description Priority Eff. Disc. Dr:
Date Date | Qua
100-00-0000 | 100-00-0001 | 1-oz. milk choc 1 11/26/99 | 12/26/99 1.
grn/blue foil
Santa
100-00-0000 | 100-00-0002 | 1-oz. dark choc 2 11/26/99 | 12/26/99 L.

red/gm foil Santa

100-00-0000 | 100-00-0003 | 1-oz. dark choc °3 11/26/99 | 12/26/99 1.

grn/blue foil
Santa

100-00-0000 | 100-00-0004 | 1-oz. white choc 4 11/26/99 | 12/26/99 1.

red/grn foil Santa

100-00-0000 | 100-00-0005 | 1-oz. white choc 5 11/26/99 | 12/26/99 1.

grn/blue foil
Santa

100-00-0000 | 200-00-0001 | 1-oz. milk choc 6 11/26/99 | 12/26/99 1.

red/brwn foil

turkey

The substitution list in Table 13 tells the system to use 100-00-0001 if there is
not enough 100-00-0000 to meet the demand. The list then tells the system to use
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100-00-0002 if it is unable to use 100-00-0001 to fulfill the unmet requirements of
100-00-0000, and so on. Note that the Priority 6 substitution uses a different item to
allow the substitution of unused inventory from prior promotions.

Substitution logic is included as part of the planning component 210 process.
Since substitute items have their own requirements (and cannot be used as substitutes
until their requirements have been met), the planning component 210 uses substitution
logic after normal planning and deployment logic have been performed. In addition,
since it is possible that a location could meet all of the requirements for a given item
by receiving a shipment from a location other than its normal source, the planning
component 210 also executes dynamic deployment prior to running substitution logic.

Once planning, deployment, and dynamic deployment logic have executed,
substitution logic can determine how much demand needs to be met by substitute
SKUs and the amount of inventory available to meet that demand. The demand of the
primary SKU that the substitute SKUs need to meet is the difference between the -
demand for the primary SKU (planned arrivals) and the supply of the primary SKU
(recommended arrivals). The primary SKU is an item with demand that may be
satisfied using another item. The supply that a substitute SKU has available to cover
the unmet requirements of the primary SKU is the excess inventory of the substitute
SKU after meeting its requirements. If a substitute SKU does not have excess
inventory, substitution logic rejects it as a substitute and uses the next priority
substitute specified by the user. '

Substitution logic needs to know which SKUs need additional inventory.
Also, since a substitute item might be used to cover the demands of several unrelated
items, substitution logic needs to make sure that items with the greatest need receive
substitute inventory before items with lesser need. To determine which SKUs need
supplemental shipments and the order in which they should be processed, substitution
logic uses information in the database 600.

The user may choose different rules for determining which items receive
substitute inventory first. For instance, items with the largest shortage quantity may
receive substitute inventory first. Alternatively, items with the longest shortage
duration may receive substitute inventory first. Alternatively, items with the earliest

date of shortage may receive substitute inventory first.
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If there is not enough inventory to cover all of the primary SKU’s unmet
demands, substitution logic may use substitute items to meet the demand. Unlike
normal deployment logic, which uses an allocation strategy to prioritize demand
types, substitution logic allocates the substitute’s excess inventory based on the total
quantity of the unmet planned arrival. It does not consider which types of demand are
unmet at the destination. Likewise, substitution logic may consider demands that are
met late to be unmet.

Substitution logic determines which items can be used as substitutes.
Demands are passed on to less preferable substitutes until either all demands are met
or all substitutes have been used. Since substitutes are defined at an item level,
substitutions are considered from the source’s perspective—that is, the source dictates
which SKUs are shipped to meet unmet demand, rather than the destination “asking”
for a certain substitute. The system 100 allows the user to track when substitution
logic has recommended shipments of substitute items to meet the demand of the
primary item.

Production Module 400

The production component 400 is an early warning system that gives the user
time to smooth out the expensive peaks and valleys in the user production schedule.
With the long-range view provided by the production component 400, the user has
time to build up inventory, increase capacity, or take other measures to avoid periods
of resource overload or underuse. The production component 400 enables the user to
quickly evaluate alternative plans by focusing on exceptions, not details.

The production component 400 begins with a master production planning
component 210 (planned ofders) produced by planning component 210. The master
production planning component 210 meets all demand, but it may not be feasible
because it overloads resources. The production component 400 improves the master
production planning component 210 by shifting resource load from overloaded
periods to other periods (or to other resources through the use of alternative
production methods). It also allows the user to shift load to other resources or other
locations where there is excess capacity.

In one embodiment, the production component 400 includes a load leveler 410

that automatically levels loads, using strategies and rules the user has specified to
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smooth the peaks and valleys in the master production plan. It levels loads by moving
planned orders to other periods on the resource or, by using alternative production
methods, to another resource at the same location. The user can use the load leveler
410 at any time after planned orders have been created. The user can run load leveler
410 in batch—immediately after Plan, for example. In this way, the production
component 400 can recommend solutions that better avoid imbalanced inventory
levels.

Another embodiment of the production component 400 includes a tool kit 420
that allows the user to manually fine-tune the plan. The user can move load on a
resourcé: to an earlier or later period. The user may want to move loads from one
resource to another at the same plant. If necessary, the user can shift production from
an overloaded resource at one plant to a resource with excess capacity at another
plant. Also, the user may create intentional imbalance, such as increasing inventory
levels before holidays.

Preferably, the user sets up the database 600 in a specific order, because data
in certain locations may rely on data located at other locations. For more information
on forming the database 600, please refer to co-owned applications U.S. Serial No.
60/264321 for “system and method for allocating the supply of critical material
components and manufacturing capacity.” For instance, the user may group SKUs
into a family to enable the user and the system to manipulate loads for many SKUs at
once instead of working with one at a time.

As described above, load leveler 410 automatically levels the loads in a master
production plan. Using strategies defined by the user, the load leveler 410 tries to
eliminate all resource overloads within the planning horizon by moving excess load to
another time period, another production method, or another location, or by deleting
the excess load. The data selections for load leveler 410 should include all resources
whose loads the user wants to level.

Data selections also may include additional resources if the user wants the
system to simultaneously apply constraints to all resources. That is, the user may
include resources that are not to be leveled but that are used by production methods
that also use the resources that are being leveled. The load leveler 410 will not violate

the constraints on those resources. If moving a load would result in a move that
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would violate a constraint on any currently selected resource, the original move will
not be made.

The load leveler 410 calculates existing load that résults from planned orders
and scheduled receipts. To determine the initial value of planned order load in each
period on each resource, the load leveler 410 must determine which resource is used
for each existing planned order. For planned orders using resources whose load is
being leveled, the system must determine when the planned order will place load on
the resource.

To determine the scheduled receipts load on a resource, the system includes all
scheduled receipts for SKUs whose preferred production method uses that resource
and whose date of use falls within the planning horizon.

The user also may designate whether scheduled receipts are included when
calculating the load on a production resource. The system 100 then assumes that all
scheduled receipts represent production.

Alternatively, the production component 400 does not include scheduled
receipts when it calculates the load on a production resource. This setting allows the
user to use scheduled receipts to model items that do not place a load on a production
resource — for example, purchased items or product inventory, such as wine or
cheese, that have been set aside for aging.

To level the loads on selected resources, load leveler 410 first determines
which selected resources are to be leveled. The load leveler 410 then determines the
sequence in which those resources will be leveled, based on the preferences provided
by the user. The load leveler 410 then, starting with the first resource, applies a
specified strategy. The system 100 works with one resource at a time to complete the
remainder of these procedures for one resource before processing the next resource.
Next, the load leveler 410 applies each step in the strategy until there are no more
overloads on the resource or until the last step has been applied. Next, the load
leveler 410, for each step, determines whether loads are to be leveled by SKU or by
family starting at either the first or the last period in the planning horizon and
scanning the master production planning component 210 until the first overloaded
period is found. Next, the load leveler 410, for each overloaded period in which more

than one SKU or family has planned orders, determines the sequence in which to
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process SKUs or families in an effort to remove the excess load. Next, the load
leveler 410, starting with the first SKU or family, tries to remove the overload and
determines how many times to try moving the load for each SKU or family. Next, the
load leveler 410 after the maximum number of tries (or after the load has been moved
to the end of the planning horizon), and if the resource is still overloaded, processes
the next SKU or family. The new planned orders rule, load offset duration,
production calendar, and planned order schedule dates interact to determine the
date/time for planned order quantities that are moved. Next, the load leveler 410, if
load was moved to a different plant, creates firm planned arrivals from the new plant.
Next, the load leveler 410 when there is no more overload in the period or when all
SKUs or families have been processed, finds the next overloaded period and attempts
to address the overload. After the load leveler 410 attempts to address overloads in all
periods, it next attempts to level the next resource.

In the constrained production planning module (CPP) 430 in the production
component 400, a load offset duration indicates the duration in calendar days between
the point in time when the load is placed on a critical resource in the manufacture of a
given planned order, and the point in time when that planned order is considered
available to ship. Load offset duration represents any additional time required after a
production step before the finished good is available, such as holding or curing time.
The load offset duration also can be used to specify a production duration—the period
of time in which a manufactured order must be actively worked on during a given
production method step. If each production step requires a period of days to
complete, then the difference in load offset duration from one step to the next is the
production duration for that step. Production duration is measured in calendar days,
since the load offset duration represents calendar days from load to completion.

If the user uses load offset duration to model production duration, the user
may find that representing production duration in calendar days does not meet the
user’s business needs. A CPP production duration feature alternatively allows the
user to measure production duration in manufacturing days, instead of calendar days.
With this feature, production duration for a resource represents the number of
working days that a given manufactured order needs to spend in production on that

resource— days on which the resource must be open. In practice, production duration
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can stretch around weekends and holidays, as long as the total number of open

resource days is respected.

Material Allocation 500

For materials whose supply does not match demand, the material allocation
component 500 adjusts existing replenishment plans to make them feasible in terms of
material availability. The material allocation component 500 consists of a non-
interactive function, constrained material planning (CMP). When using CMP, the
user may determine whether the system’s objective is to minimize costs or to
maximize profitability. The resulting replenishment plans are compatible with the
distribution and production components 200 and 400.

CMP also can prevent oversupply—for example, if the demand for end
products is too small to consume supplies of an intermediate product that cannot be
stored. The system can increase production of the parent SKU by moving future
production to an earlier date in order to consume the entire supply of the intermediate.

To use the material allocation component 500, the user should set up the
database 600 and specify properties for the material allocation component 500
process. The user first sets the values for each SKU that is to have a material-
constrained supply plan. A SKU is an item at a location. Before the user defines a
SKU, the user first defines its item and location. When defining the item, the users
may specify certain characteristics such as size or quality. The user also defines
possible connections between locations for each of the transportation modes. The
user also may provide bill of material (BOM) data that defines the relationships
between parent SKUs and their subordinates. The user may also define the portion of
a destination SKU’s replenishments that come from each of its source. The system
100 may use the sourcing data when creating an unconstrained replenishment plan.
The material allocation in material/allocation component 500 produces supply plans
that are constrained by material availability, based on the user's supply the planning
component 210 goal, to minimize costs or maximize profits.

The CMP function in material allocation component 500 produces supply
plans that are constrained by material availability. The system can generate a feasible

material-constrained supply planning component 210 for each parent or destination
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SKU whose demand is greater than the projected supply of one or more of its
subordinates or sources.

From a source or subordinate where the user does not want to carry inventory,
CMP also can try to push inventory out to destinations and parents. It moves planned
arrivals and planned orders to earlier periods to consume excess supply.

The user sets the goal of supply planning component 210— either to minimize
costs or to maximize profits. The CMP then automatically matches the demand for
and availability of critical materials based on a set of constraints that the user
configures. If those constraints prevent a feasible plan, the system notifies the user so
that the user can relax some of the constraints.

For each selected SKU, the CMP creates a material-constrained supply
planning component 210 to satisfy demand within a CMP horizon for the
demand/supply tree. The demand/supply tree consists of all the SKUs that are related
to the selected SKU through the Bill of Material (BOM) and Sourcing data in
database 600. For certain source and subordinate SKUs, the CMP tries to eliminate
inventory by moving planned orders for parents and planned arrivals to destinations to
earlier periods. The following sections summarize the steps involved in those
procedures. When multiple SKUs are competing for the same constrained material,
CMP must determine which SKU’s demand will be met next.

To select an SKU with independent demand, the CMP first seeks the SKU that
maximizes the objective value, based on the current Objective property. The CMP
then selects the SKU whose demand falls in the earlier period. The CMP next selects
the SKU with the smallest SKU identifier. Overall, the CMP distinguishes among
Critical SKUs that have an existing supply that cannot be changed, Constrained SKUs
that are parents or destinations of critical SKUs, and Unconstrained SKUs that are not
constrained or critical.

When the user opens a CMP process, the system 100 first determines the
starting period of the CMP horizon for each SKU in the demand/supply tree based on
the information in the database 600. The CMP will search for supply to satisfy
demands that fall within the CMP horizon for each parent and destination. It
generally assumes there is no supply before the horizon and infinite supply after the

horizon. The CMP then performs a series of passes to meet different types of
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demand. Specifically, the CMP identifies the earliest unsatisfied demand of a
particular type, then searches for supply to meet that demand. Supply may come from
inventory, production, or sourcing.

If inventory of any SKU is negative because of firm and then dependent
demand or distribution demand, the CMP finds supply to bring it up to 0 and then
meets minimum required demand resulting from firm planned arrivals, firm planned
orders, or scheduled receipts. The CMP also may reallocate supply by time period in
order to make the supply planning component 210 more just-in-time (i.e., not supply
SKUs too early). The CMP then allocates supply to cover safety stock.

The CMP works one period at a time, for each pass, the CMP determines
whether the demand can be met from existing supplies, including firm planned orders
and firm planned arrivals. If additional supply is needed and the SKU is not critical,
CMP determines whether sources or subordinates can provide additional supply at
any time within the CMP horizon. If so, it adjusts existing nonfirm or CMP-firmed
planned orders or planned arrivals or creates new ones if none exist. The planned
orders and planned arrivals for constrained materials cannot exceed the available
supply. When adjusting or creating planned orders, the CMP tries to make as few
changes as possible to the quantities and dates in the existing supply plan. For each
period, the material allocation component 500 compares planned orders created by
CMP to existing nonfirm and CMP-firmed planned orders according to the rules in

Table 14.
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Table 14
If the planned order created by CMP and New Planned Then...
is ... Order/Planned Arrival

Ruleis...
greater than the total existing CMP- Begin Increase the quantity of the
firmed and nonfirm planned orders in earliest existing nonfirm
the period planned order

End Increase the quantity of th
latest existing nonfirm
planned order

less than the total existing CMP- Begin Decrease the quantity of tt
firmed and nonfirm planned orders in latest existing nonfirm
the period planned order(s)

End Decrease the quantity of tt
earliest existing nonfirm
planned order(s)

Equal to the total existing CMP- Begin or End Make no changes

firmed and nonfirm planned orders in

the period

When CMP creates a new planned order or planned arrival, the need date is

assumed to fall within the period containing the demand. However, if there is no

feasible supply in that period, CMP uses the next later period when supply is

available. CMP assigns periods to other dates associated with planned orders and

planned arrivals, then assigns specific dates. At this point, the CMP may set a time

fence for all selected SKUs that are either constrained but not critical, or selected

noncritical parents and destinations of SKUs. The CMP determines the period

containing the time fence, then sets the time fence date to the last minute in that

period.

The CMP next firm all non-firm planned orders and planned arrivals that are

inside the CMP Firm Duration. In one embodiment, the CMP tries to consume the
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SKU’s inventory by moving planned arrivals and planned orders for its destinations
and parents to earlier periods. To select the next subordinate or source SKU with
excess inventory to process, CMP selects subordinates and sources before parents and
destinations. If there are multiple SKUs to select from, it may select the one with the
smallest SKU identifier. To select the next parent or destination whose planned order
or planned arrival will be moved earlier, the CMP generally looks for either the SKU
having the earliest order/arrival date or the SKU having the lowest inventory carrying
cost of parent or destination.

CMP performs a series of passes, in which it finds supply to meet unmet
demand. In one of those passes, CMP reallocates supply by time period in order to
make the supply planning component 210 more just-in-time.

Distribution and CPP can use the material-constrained planned orders and
planned arrivals as input. The distribution planning component 330 will not delete
any firm planned orders. CMP will not delete firm planned orders that were firmed
by the user, but it can change firm planned orders firmed by CMP the next time it
runs. The user may need to run planning component 210 before or after running
CMP.

After running CMP, the user can run CPP to adjust the master production of
planning component 210 (within the period covered by the material-constrained
supply plan) to meet resource constraints without violating material constraints. By
defining the critical materials as resources, the user enable CPP to adjust the master
production of planning component 210 without violating the material constraints,
resulting in a supply planning component 210 that is simultaneously constrained by
both material and resource capacity.

The user also may want to run the planning component 210, then CPP, then
CMP. This would be appropriate when CPP produces a master production of
planning component 210 in which some subordinate SKUs are critical materials.
CMP can then adjust the production of planning component 210 of parent SKUs as
necessary to ensure that it is feasible in terms of material availability.

The foregoing description of the preferred embodiments of the invention has
been presented for the purposes of illustration and description. It is not intended to be

exhaustive or to limit the invention to the precise form disclosed. Many modifications
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and variations are possible in light of the above teaching. For instance, the method of
the present invention may be modified as needed to incorporate new communication
networks and protocols as they develop. It is intended that the scope of the invention
be limited not by this detailed description, but rather by the claims appended hereto.
The above specification, examples, and data provide a complete description of the
manufacture and use of the composition of the invention. Since many embodiments
of the invention can be made without departing from the spirit and scope of the

invention, the invention resides in the claims hereinafter appended.
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What is claimed:
1. A method for fulfilling an existing order that requests a desired item

by a desired time, the method comprising the steps of:

creating a supply chain model using data describing various
activities in a supply chain;

determining the requirements of the order;

checking said supply chain model to determine the availability
of said desired item by said desired time;

if said desired item is unavailable by said desired time,
modifying the supply chain as needed to fulfill the order; and
modifying the supply chain model to reflect the changes in the
supply chain needed to fulfill the order.

2. The method of claim 2, wherein said step of checking said supply

chain model considers inventory, production, manufacturing, distribution, and

transportation resources needed to deliver said desired item by said desired time.

3. The method of claim 1, further comprising the steps of:

determining an alternative item if said desired item is
unavailable by said desired time;

checking said supply chain model to determine the availability
of said alternative item by said desired time;

if said alternative item is unavailable by said desired time,
modifying the supply chain as needed to fulfill the order with
the alternate item; and

modifying the data defining the supply chain model to reflect
changes in the supply chain needed to fulfill the order with the

alternate item.

4. The method of claim 3, wherein said alternative item is predetermined.
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The method of claim 1, further comprising the steps of:

if said desired item is unavailable by said desired time,
determining an alternative time at which said item is available;
adjusting the supply chain as necessary for delivery of said
desired item by said alternative time; and

modifying said supply chain model to reflect the adjustments to
the supply chain.

The method of claim 5, comprising the steps of

forming said alternative time by offsetting said desired time by
a predetermined interval; and
checking the supply chain model to determine the availability

of said desired item by said alternative time.

The method of claim 1, further comprising the steps of:

canceling a prior order; and

after canceling the prior order, rechecking the supply chain
model to determine the availability of said desired item by said
desired time;

adjusting the supply chain as necessary for delivery of said
desired item by said desired time; and ’

modifying said supply chain model to reflect the adjustments to
the supply chain.

The method of claim 7, further comprising the steps of:

creating a list of active orders in the supply chain model; and
selecting the prior order from the active orders that are lower in

priority than the existing order.

The method of claim 1 further comprising the steps of:

monitoring changes in the supply chain model needed to ensure

on-time delivery of said order; and
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- intermittently providing a report on the status of these changes

in the supply chain model.

10. The method of claim 1 further comprising the steps of:

- monitoring new changes in the supply chain;

- modifying the supply chain model to account for these
monitored changes;

- adjusting the supply chain as needed to ensure on-time
fulfillment of the existing order in spite of the changes to the
supply chain; and

- updating the supply chain model to reflect the adjustments to
the supply chain.

11. The method of claim 1, further comprising the steps of:
- if multiple schemes exist in the supply chain model to make
said desired items available by said desired time, determine by
a low-cost scheme; and

- delivering said order using said low-cost scheme.

12. The method of claim 1, further comprising the steps of:

- if multiple schemes exist in the modify the supply chain to
make said desiréd items available by said desired time,
determine by a low-cost scheme; and

- delivering said order using said low-cost scheme.

13. The method of claim 1, wherein said desired time is a time

interval and said order requests delivery of said desired item during said time interval.

14. The method of claim 1, wherein said desired item comprises a set of
multiple products.
15. The method of claim 14, wherein said promised delivery includes two
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or more of said products.

16. The method of claim 15, wherein said multiple products are delivered

in one shipment.

17. The method of claim 1, wherein said order further specifies a desired
location and wherein said step of checking the supply chain model considers delivery

to said desired location.

18. The method of claim 17, wherein said desired location includes a range

of sites and wherein the order is delivered at one of these sites.

19. The method of claim 1, wherein the order specifies delivery of the
desired item from a single source in the supply chain and wherein said step of

checking supply chain model only considers delivery from single sources.

20. The method of claim 19, wherein the order specifies a particular source
in the supply chain and wherein said step of checking the supply chain model only

considers delivery from this particular source.

21. The method of claim 1, wherein said step of modifying the supply
chain as needed to fulfill the order avoids future overstock within a planning duration.
22, The method of claim 1, wherein said step of modifying the supply
chain as needed to fulfill the order maintains preset minimum inventory levels at one

or more locations.

23. A system for fulfilling an order requesting a desired item by a desired
time, the system comprising:
- a database containing supply chain data; and
- a server having
a) ameans for analyzing said supply chain data to

- determine whether said desired item may be delivered by said
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desired time,

b) a means for modifying said supply chain as needed to
deliver said desired item by said desired time, wherein said
modifying means determines a low-cost method to modify said
supply chain, and

c) means to adjust the supply chain data to account for the

modifications to the supply chain.

24, The system of claim 23 further comprising one or more application

protocol interfaces (APIs) that allow the system to connect to outside systems.

25. The system of claim 23 further comprising user-interface that allows a

user to access and interact with the system.

26. The system of claim 25, wherein said user-interface allows the user to

access and interact with the system over a distributed network.

27. The system of claim 26, wherein said distributed network 1s the
Internet.
28. A system for fulfilling an order, the system comprising:

- a database; and
- a server having a distribution module with a planning

component.

29. The system of claim 28, wherein the distribution module further

comprises a dynamic deployment component.

30. The system of claim 28, wherein the distribution module further

comprises a scheduling module.

31. The system of claim 28, wherein the distribution module further
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comprises a material planning component.

32. The system of claim 28, wherein the server further comprises a
production module.

33. The system of claim 32, wherein said production module comprises a
load leveler.

34. The system of claim 32, wherein said production module comprises a

tool kit to access and modify settings of the server.

35. The system of claim 32, wherein said production module comprises a

constrained production planning component.

36. The system of claim 28, wherein the server further comprises a
deployment module.

37. The system of claim 36, wherein said deployment module comprises a
load builder.

38. The system of claim 36, wherein said deployment module comprises a
load manager.

39. The system of claim 36, wherein said deployment module comprises a

distribution planning module.

40. The system of claim 28, wherein the server further comprises a

material allocation module.
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