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PRODUCT PLANNING APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a national stage application
under 35 U.S.C. § 371 of International Application No.
PCT/EP2019/074413, filed internationally on Sep. 12, 2019,
which claims benefit of FEuropean Application Nos.
18199605.9, filed Oct. 10, 2018, 1899597.8, filed Oct. 10,
2018 and 18199600.0, filed Oct. 10, 2018.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates to a product planning
apparatus, to a method for product planning, as well as to a
computer program element and a computer readable
medium.

BACKGROUND OF THE DISCLOSURE

[0003] The general background of this disclosure is pro-
duction of a product that is then delivered to various
customers in various locations, where delivery is required in
a timely manner. Carrying this out in a manner that mini-
mizes overproduction, minimizes stockpiling, while at the
same time meets customer requirements is difficult. This
situation is exacerbated when the product has a lifetime that
can be short, where stock cannot then be held for extended
periods and where wastage of product, in terms of having to
through away product, then has to be minimizing. A further
complicating factor is when the product has a level of
efficacy that varies with time. Production planning in such a
situation, while meeting the above discussed requirements,
has become impossible with existing technologies.

SUMMARY OF THE DISCLOSURE

[0004] It would be advantageous to have improved means
to determine a production plan for a product.

[0005] It should be noted that the following described
aspects and examples of the invention apply also for the
product planning apparatus, the method for product plan-
ning, and for the computer program element and the com-
puter readable medium.

[0006] According to some embodiments, there is provided
a product planning apparatus, comprising:

[0007] an input unit;
[0008] a processing unit; and
[0009] an output unit
[0010] The input unit is configured to provide the pro-

cessing unit with a plurality of orders of a product, wherein
the plurality of orders is formed from open orders and
shipped orders. The input unit is configured to provide the
processing unit with a stock level of the product held in
stock. The processing unit is configured to determine an
open demand of the product to be received, wherein the
determination comprises utilization of the shipped orders,
open orders and a total forecast demand number of the
product to be received. The processing unit is configured
also to determine a net demand of the product to be received,
wherein the determination comprises utilization of the open
demand and the stock level. The processing unit is config-
ured also to determine a production plan, wherein the
determination comprises utilization of the net demand. The
output unit is configured to output the production plan.
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[0011] In an example, the input unit is configured to
provide the processing unit with a production run schedule,
the production run schedule comprising a plurality of dates
extending into the future when product production is pos-
sible. Determination of the production plan can comprises
utilization of the production run schedule.

[0012] In an example, when the shipped orders added to
the open orders is equal to or greater than the total forecast
demand number the open demand is determined as the open
orders.

[0013] In an example, determination of the open demand
comprises a subtraction of the shipped orders from the total
forecast demand number.

[0014] In an example, the total forecast demand number
comprises a summation of a plurality of sub-forecast
demand numbers extending over a plurality of future dates,
and the shipped orders comprises a summation of a plurality
of sub-shipped orders that are scheduled to arrive over the
plurality of future dates, and the open demand comprises a
summation of a plurality of sub-open demand extending
over the plurality of future dates. The sub-open demand for
a future date is the sub-shipped order for that date subtracted
from the sub-forecast demand number for that date.

[0015] In an example, when the shipped orders added to
the open orders is less than the total forecast demand
number, determination of the open demand comprises a
determination of an open forecast. Determination of the
open forecast can comprise a subtraction of the shipped
orders and the open orders from the total forecast demand
number.

[0016] In an example, the total forecast demand number
comprises a summation of a plurality of sub-forecast
demand numbers extending over a plurality of future dates,
and the shipped orders comprises a summation of a plurality
of sub-shipped orders that are scheduled to arrive over the
plurality of future dates, and the open orders comprises a
summation of a plurality of sub-open orders extending over
the plurality of future dates, and wherein the open forecast
comprises a summation of a plurality of sub-open forecasts
extending over the plurality of future dates. A sub-open
forecast for a future date is the sub-shipped order summed
with the sub-open order for that date subtracted from the
sub-forecast demand number for that date. The open forecast
is equal to a redistributed open forecast that comprises a
summation of a plurality of sub-redistributed open forecasts
extending over the plurality of future dates. The sub-open
demand for a date equals the sub-open order for that date
added to the sub-redistributed open forecast for that date.

[0017] In an example, the open orders and the total fore-
cast demand number relate to a plurality of delivery zones
having a plurality of different delivery times, wherein each
delivery zone has a different delivery time.

[0018] In an example, the processing unit is configured to
determine a supply plan of product to the plurality of
delivery zones, the determination comprising utilization of
the open demand and stock level.

[0019] In an example, the product has an associated shelf
life, and wherein determination of the supply plan comprises
utilization of the shelf life.

[0020] In an example, the product has a level of efficacy
that varies with time, and wherein determination of the
supply plan comprises utilization of how the level of efficacy
varies with time.
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[0021] Inan example, the product has a half-life, with this
being a duration in time over which the level of efficacy of
the product halves.

[0022] In an example, the input unit is configured to
provide the processing unit with at least one product receiv-
ing factor of receivers of the product. Determination of the
supply plan can then comprise utilization of the at least one
product receiving factor of receivers.

[0023] In an example, the at least one product receiving
factor of receivers of the product comprises at least one body
weight of a receiver in kilograms.

[0024] In an example, the processing unit is configured to
determine for each delivery zone a characteristic weight
distribution for receivers based on data provided from the
input unit. The at least one receiving factor of receivers of
the product can comprise the characteristic weight distribu-
tions in the plurality of deliver zones.

[0025] In an example, the at least one product receiving
factor comprises an amount of seed a receiver wants to
purchase.

[0026] In an example, determination of the supply plan
comprises matching the levels of efficacy of at least some of
the products held in stock with the at least one product
receiving factor of receivers of the product for receivers
comprised within the open demand.

[0027] In an example, the matching comprises identifying
two separate products held in stock that have a combined
efficacy that matches a receiving factor of a receiver of the
product.

[0028] In an example, determination of the production
plan comprises utilization of the supply plan.

[0029] In an example, the processing unit is configured to
determine the total forecast demand number, the determi-
nation comprising utilization of at least one probability of
product re-receipt.

[0030] In an example, the input unit is configured to
enable a user to input the at least one probability of product
re-receipt, and wherein the input unit is configured to
provide the processing unit with the at least one probability
of product re-receipt.

[0031] In an example, the input unit is configured to
provide the processing unit with information relating to
historical product receipt, and wherein the processing unit is
configured to determine the at least one probability of
product re-receipt on the basis of the information relating to
the historical product receipt.

[0032] In an example, the historical products relate to
products being received by one or more receivers on one or
more occasions.

[0033] In an example, the processing unit is configured to
determine a temporal receipt distribution extending into the
future, wherein the determination comprises utilization of
the information relating to the historical product receipt.
[0034] In an example, determination of the receipt distri-
bution comprises a determination of a probability of product
receipt for different days of the week.

[0035] In an example, the input unit is configured to
enable a user to input information relating to at least one
period of time in the future when product receipt will not
occur. The input unit is configured to provide the processing
unit with the information relating to at least one period of
time in the future when product receipt will not occur.
Determination of the receipt distribution can comprise uti-
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lization of the information relating to at least one period of
time in the future when product receipt will not occur.

[0036] In an example, the input unit is configured to
provide the processing unit with a first demand number of a
product to be received and/or having already been received
over a first period of time. The first demand number of the
product comprises a second demand number of the product
to be received and/or having already been received by a first
plurality of receivers who have previous to the first period of
time not received the product. The first demand number of
the product comprises also a third demand number of the
product to be received and/or having already been received
by a second plurality of receivers who have previous to the
first period of time received the product on one or more
occasions. The total forecast demand number comprises a
first sub-total forecast demand number of the product to be
received over a second period of time subsequent to the first
period of time, wherein the second period of time is in the
future. The processing unit is configured to determine the
first sub-total forecast demand number, wherein the deter-
mination comprises utilization of the at least one probability
of product re-receipt. Determination of the first sub-total
forecast demand number comprises a determination of a first
forecast demand number of the product to be received by a
proportion of the first plurality of receivers. The determina-
tion of the first forecast demand number comprises a mul-
tiplication of the second demand number of the product with
a probability of product re-receipt for a receiver having
received the product on only one occasion. Determination of
the first sub-total forecast demand number comprises deter-
mination of a second forecast demand number of the product
to be received by a proportion of the second plurality of
receivers. The determination of the second forecast demand
number comprises at least one multiplication of the third
demand number of the product with at least one probability
of product re-receipt for a receiver having received the
product on at least two occasions.

[0037] In an example, the third demand number of the
product comprises a fourth demand number of the product,
and the second plurality of receivers comprises a third
plurality of receivers who have previous to the first period of
time received the product on only one occasion. The fourth
demand number of the product is a demand number of the
product to be received and/or having already been received
by the third plurality of receivers. Determination of the
second forecast demand number comprises determination of
a third forecast demand number of the product to be received
by a proportion of the third plurality of receivers. Determi-
nation of the third forecast demand number comprises a
multiplication of the fourth demand number of the product
with a probability of product re-receipt for a receiver having
received the product on only two occasions.

[0038] In an example, the third demand number of the
product comprises a fifth demand number of the product.
The second plurality of receivers comprises a fourth plural-
ity of receivers who have previous to the first period of time
received the product on at least two occasions. The fifth
demand number of the product is a demand number of the
product to be received and/or having already been received
by the fourth plurality of receivers. Determination of the
second forecast demand number comprises determination of
a fourth forecast demand number of the product to be
received by a proportion of the fourth plurality of receivers.
Determination of the fourth forecast demand number com-
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prises at least one multiplication of the fifth demand number
of the product with at least one probability of product
re-receipt for a receiver having received the product on at
least three occasions.

[0039] In an example, the fifth demand number of the
product comprises a sixth demand number of the product.
The fourth plurality of receivers comprises a fifth plurality
of receivers who have previous to the first period of time
received the product on only two occasions. The sixth
demand number of the product is a demand number of the
product to be received and/or having already been received
by the fifth plurality of receivers. Determination of the
fourth forecast demand number comprises determination of
a fifth forecast demand number of the product to be received
by a proportion of the fifth plurality of receivers. Determi-
nation of the fifth forecast demand number comprises a
multiplication of the sixth demand number of the product
with a probability of product re-receipt for a receiver having
received the product on only three occasions.

[0040] In an example, the fifth demand number of the
product comprises a seventh demand number of the product.
The fourth plurality of receivers comprises a sixth plurality
of receivers who have previous to the first period of time
received the product on at least three occasions. The seventh
demand number of the product is a demand number of the
product to be received and/or having already been received
by the sixth plurality of receivers. Determination of the
fourth forecast demand number comprises determination of
a sixth forecast demand number of the product to be received
by a proportion of the sixth plurality of receivers. Determi-
nation of the sixth forecast demand number comprises at
least one multiplication of the seventh demand number of
the product with at least one probability of product re-receipt
for a receiver having received the product on at least four
occasions.

[0041] In an example, the total forecast demand number
comprises a second sub-total forecast demand number of the
product to be received over a third period of time subsequent
to the second period of time. The processing unit is config-
ured to determine the second sub-total forecast demand
number, the determination comprising utilization of the first
sub-total forecast demand number of the product to be
received over the second period of time and at least one
probability of product re-receipt that does not include the
probability of product re-receipt for a receiver having
received the product on only one occasion.

[0042] In an example, determination of the second sub-
total forecast demand number comprises a determination of
a first additional forecast demand number. Determination of
the first additional forecast demand number comprises a
multiplication of the first forecast demand number with a
probability of product re-receipt for a receiver having
received the product on only two occasions. Determination
of the second sub-total forecast demand number comprises
a determination of a second additional forecast demand
number. Determination of the second additional forecast
demand number comprises at least one multiplication of the
second forecast demand number with at least one probability
of product re-receipt for a receiver having received the
product on at least three occasions.

[0043] In an example, the second additional forecast
demand number comprises a third additional forecast
demand number. Determination of the third additional fore-
cast demand number comprises a multiplication of the third
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forecast demand number with a probability of product
re-receipt for a receiver having received the product on only
three occasions.

[0044] In an example, the second additional forecast
demand number comprises a fourth additional forecast
demand number, Determination of the fourth additional
forecast demand number comprises at least one multiplica-
tion of the fourth forecast demand number with at least one
probability of product re-receipt for a receiver having
received the product on at least four occasions.

[0045] In an example, the second additional forecast
demand number comprises a fifth additional forecast
demand number. Determination of the fifth additional fore-
cast demand number comprises a multiplication of the fifth
forecast demand number with a probability of product
re-receipt for a receiver having received the product on only
four occasions.

[0046] In an example, the second additional forecast
demand number comprises a sixth additional forecast
demand number. Determination of the sixth additional fore-
cast demand number comprises at least one multiplication of
the sixth forecast demand number with at least one prob-
ability of product re-receipt for a receiver having received
the product on at least five occasions.

[0047] In an example, the second demand number of the
product comprises a user provided order demand number of
the product to be received and/or having already been
received for the first time by one or more receivers.
[0048] In an example, the second demand number of the
product comprises a user provided forecast demand number
of'the product to be received for the first time by one or more
receivers.

[0049] According to some embodiments, there is provided
a method for product planning, comprising:

A) providing a processing unit with a plurality of orders of
a product, wherein the plurality of orders is formed from
open orders and shipped orders;

B) providing the processing unit with a stock level of the
product held in stock;

C) determining by the processing unit an open demand of the
product to be received, wherein the determination comprises
utilization of the shipped orders, open orders and a total
forecast number of the product to be received;

D) determining by the processing unit a net demand of the
product to be received, wherein the determination comprises
utilization of the open demand and the stock level; and

F) determining by the processing unit a production plan,
wherein the determination comprises utilization of the net
demand.

[0050] According to other embodiments, there is provided
a computer program element for controlling an apparatus as
described above, when carrying method steps as described
above.

[0051] According to other embodiments, there is provided
a computer readable medium having stored computer ele-
ment as previously described.

[0052] Advantageously, the benefits provided by any of
the above aspects equally apply to all of the other aspects
and vice versa.

[0053] The above aspects and examples will become
apparent from and be elucidated with reference to the
embodiments described hereinafter.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0054] Exemplary embodiments will be described in the
following with reference to the following drawings:

[0055] FIG. 1 shows a schematic set up of an example of
a product demand forecasting apparatus;

[0056] FIG. 2 shows a method for product forecasting;
[0057] FIG. 3 shows a schematic set up of an example of
a product planning apparatus for a perishable product;
[0058] FIG. 4 shows a method for product planning;
[0059] FIG. 5 shows a schematic set up of an example of
a product supply apparatus for a perishable product;
[0060] FIG. 6 shows a method for product supply;
[0061] FIG. 7 shows a detailed example of a high level
overview of the overall process;

[0062] FIG. 8 shows a detailed example of a high level
overview of forecast generation;

[0063] FIG. 9 shows a detailed example of a high level
overview of the supply planning;

[0064] FIG. 10 shows a detailed example of a high level
overview of the IT system carrying out the overall process;

[0065] FIG. 11 shows an example of a Markov Chain used
in modelling the demand number of customer orders to be
placed;

[0066] FIG. 12 shows an example of supply to different

parts of the world having different delivery timescales;
[0067] FIG. 13 shows a schematic example of calculations
undertaken to determine a picking day in the overall process;
[0068] FIG. 14 shows a schematic example of determina-
tion of the picking day;

[0069] FIG. 15 shows an example of splitting logic used in
in splitting open demand across derived weight intervals;
and

[0070] FIG. 16 shows a graphical representation of an
example of the production plan.

DETAILED DESCRIPTION OF EMBODIMENTS

[0071] FIG. 1 shows an example of a product demand
forecasting apparatus 10. The apparatus 10 comprises an
input unit 20, a processing unit 30, and an output unit 40.
The input unit is configured to provide the processing unit
with a first demand number of a product to be received
and/or having already been received over a first period of
time. The first demand number of the product comprises a
second demand number of the product to be received and/or
having already been received by a first plurality of receivers
who have previous to the first period of time not received the
product. The first demand number of the product comprises
a third demand number of the product to be received and/or
having already been received by a second plurality of
receivers who have previous to the first period of time
received the product on one or more occasions. The pro-
cessing unit is configured to determine a total forecast
demand number of the product to be received. The total
forecast demand number comprises a first sub-total forecast
demand number of the product to be received over a second
period of time subsequent to the first period of time. The
second period of time is in the future. The processing unit is
configured also to determine the first sub-total forecast
demand number. The determination of the first sub-total
forecast demand number comprises utilization of at least one
probability of product re-receipt. Determination of the first
sub-total forecast demand number also comprises a deter-
mination of a first forecast demand number of the product to
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be received by a proportion of the first plurality of receivers.
The determination of the first forecast demand number
comprises a multiplication of the second demand number of
the product with a probability of product re-receipt for a
receiver having received the product on only one occasion.
Determination of the first sub-total forecast demand number
also comprises a determination of a second forecast demand
number of the product to be consumed by a proportion of the
second plurality of receivers. The determination of the
second forecast demand number comprises at least one
multiplication of the third demand number of the product
with at least one probability of product re-receipt for a
receiver having consumed the product on at least two
occasions. The output unit is configured to output the total
forecast demand number.

[0072] A receiver here can mean a person who will receive
the product in order to be treated by the product. A receiver
can also mean someone who will purchase the product. A
receiver can also mean someone who receives the product,
such as a wholesaler who may initially receive the product,
and then subsequently sell the product to an end user. A
receiver can also mean someone who purchases the product
directly as an end user.

[0073] A probability of re-receipt means a probability that
a receiver, such as a patient or hospital that will treat a
patient with a medicament (an example of a product) or a
farmer who buys seed (another example of a product), who
has previously received the product on n occasions (n=1, 2,

3,4,5,6...)will require to receive the product an n+1th
time.
[0074] In this manner, information in the form of one or

more probabilities of a user re-receiving the product,
whether they have or will have received the product on one
or more occasions, is used in conjunction with information
relating to product received by receivers who have already
received the product in order to determine product forecast
information that can also take into account first time receiv-
ers.

[0075] Thus, the second demand number of the product
relating to the first plurality of receivers can relate to orders
that have already been received and orders that have been
received and the product already received.

[0076] This provides a forecast of product receipt going
into the future, that can be used for planning of production,
planning of storing, planning of delivery, of product, pro-
viding for increased efficiency, optimized production of
product to match forecast, minimization of storage facilities,
and reduced wastage of products that have a limited shelf-
life. In other words, a prediction or forecast is made of the
product that may be needed (may need to be received). This
includes for example, medicament that may need to be
received for the treatment of a patient, seed that may need
to be received by farmers or wholesalers who themselves
would then supply farmers.

[0077] In an example, the first period of time is a week.
[0078] Inanexample, the first period of time is a fortnight.
[0079] In an example, the first period of time is four
weeks.

[0080] In an example, the first period of time is a month.
[0081] Inan example, the second period of time is a week.
[0082] In an example, the second period of time is a
fortnight.

[0083] In an example, the second period of time is four
weeks.
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[0084] In an example, the second period of time is five
weeks.

[0085] In an example, the second period of time is six
weeks.

[0086] In an example, the second period of time is seven
weeks.

[0087] In an example, the second period of time is eight
weeks.

[0088] In an example, the second period of time is nine
weeks.

[0089] In an example, the second period of time is ten
weeks.

[0090] In an example, the second period of time is a
month.

[0091] In an example, the second period of time is two
months.

[0092] In an example, the second period of time is three
months.

[0093] In an example, the second period of time is four
months.

[0094] In an example, the second period of time is an

integer number of times larger than the first period of time.
[0095] Inan example, the first period of time is in the past.
[0096] In an example, the second period of time is of the
same duration as the first period of time.

[0097] In an example, the second period of time is of a
longer duration that that for the first period of time.

[0098] In an example, each occasion of previous receipt
occurred in a different period of time.

[0099] In an example, the third demand number of the
product comprises a user provided order demand number of
the product to be received and/or having already been
received on one or more occasions.

[0100] In an example, the product is a quantity of seeds.
[0101] In an example, the product is a medicinal product.
[0102] In an example, a particular example of the product

has a shelf life that is shorter than the second period of time.
[0103] In an example, a particular example of the product
has a level of efficacy that varies with time.

[0104] In an example, a particular example of the product
can be characterized by a half-life, with this being a duration
in time over which a level of efficacy of the product halves.

[0105] In an example, the product is radioactive.

[0106] In an example, the product comprises radium.
[0107] In an example, the product comprises radioactive
iodine.

[0108] In an example, the product is a quantity of seed.
[0109] In an example, the determination of the total fore-

cast demand number comprises at least one rounding pro-
cess. In this way, an integer number can always be gener-
ated.

[0110] In an example, the at least one probability of
product re-receipt comprises a probability that a receiver
having received the product only once will receive the
product for a second time.

[0111] In an example, the at least one probability of
product re-receipt comprises a probability that a receiver
having received the product only twice will receive the
product for a third time.

[0112] In an example, the at least one probability of
product re-receipt comprises a probability that a receiver
having received the product only three times will receive the
product for a fourth time.
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[0113] In an example, the at least one probability of
product re-receipt comprises a probability that a receiver
having received the product only n times will receive the
product for an n+1 time.

[0114] According to an example, the third demand number
of the product comprises a fourth demand number of the
product, and the second plurality of receivers comprises a
third plurality of receivers who have previous to the first
period of time received the product on only one occasion.
The fourth demand number of the product is a demand
number of the product to be received and/or having already
been received by the third plurality of receivers. Determi-
nation of the second forecast demand number comprises a
determination of a third forecast demand number of the
product to be received by a proportion of the third plurality
of receivers. Determination of the third forecast demand
number comprises a multiplication of the fourth demand
number of the product with a probability of product re-
receipt for a receiver having received the product on only
two occasions.

[0115] According to an example, the third demand number
of the product comprises a fifth demand number of the
product, and the second plurality of receivers comprises a
fourth plurality of receivers who have previous to the first
period of time received the product on at least two occa-
sions. The fifth demand number of the product is a demand
number of the product to be received and/or having already
been received by the fourth plurality of receivers. Determi-
nation of the second forecast demand number comprises a
determination of a fourth forecast demand number of the
product to be received by a proportion of the fourth plurality
of receivers. Determination of the fourth forecast demand
number comprises at least one multiplication of the fifth
demand number of the product with at least one probability
of product re-receipt for a receiver having received the
product on at least three occasions.

[0116] According to an example, the fifth demand number
of the product comprises a sixth demand number of the
product, and the fourth plurality of receivers comprises a
fifth plurality of receivers who have previous to the first
period of time received the product on only two occasions.
The sixth demand number of the product is a demand
number of the product to be received and/or having already
been received by the fifth plurality of receivers. Determina-
tion of the fourth forecast demand number comprises a
determination of a fifth forecast demand number of the
product to be received by a proportion of the fifth plurality
of receivers. Determination of the fifth forecast demand
number comprises a multiplication of the sixth demand
number of the product with a probability of product re-
receipt for a receiver having received the product on only
three occasions.

[0117] According to an example, the fifth demand number
of the product comprises a seventh demand number of the
product, wherein the fourth plurality of receivers comprises
a sixth plurality of receivers who have previous to the first
period of time received the product on at least three occa-
sions. The seventh demand number of the product is a
demand number of the product to be received and/or having
already been received by the sixth plurality of receivers.
Determination of the fourth forecast demand number com-
prises a determination of a sixth forecast demand number of
the product to be received by a proportion of the sixth
plurality of receivers. Determination of the sixth forecast
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demand number comprises at least one multiplication of the
seventh demand number of the product with at least one
probability of product re-receipt for a receiver having
received the product on at least four occasions.

[0118] According to an example, the total forecast demand
number comprises a second sub-total forecast demand num-
ber of the product to be received over a third period of time
subsequent to the second period of time. The processing unit
is configured to determine the second sub-total forecast
demand number. The determination comprises utilization of
the first sub-total forecast demand number of the product to
be received over the second period of time and at least one
probability of product re-receipt that does not include the
probability of product re-receipt for a receiver having
received the product on only one occasion.

[0119] In an example, the second forecast demand number
of the product comprises a user provided order demand
number of the product to be received and/or having already
been received for the first time by one or more receivers
multiplied by the probability of product re-receipt for a
receiver having received the product on only one occasion.

[0120] Inan example, the second forecast demand number
of the product comprises a user provided forecast demand
number of the product to be received for the first time by one
or more receivers multiplied by the probability of product
re-receipt for a receiver having received the product on only
one occasion.

[0121] In other words, the forecast can be modelled in
terms of a Markov Chain, where the modelling process
moves from one state to the next state (from time period to
time period into the future) and where the forecast for
subsequent time periods depends on the forecast for a
previous time periods. To put this another way, the stochastic
model allows the modelling of the re-receipt of receivers,
depending upon the current demand number of product
being received.

[0122] In an example, the third period of time is a week.
[0123] In an example, the third period of time is a fort-
night.

[0124] In an example, the third period of time is four
weeks.

[0125] In an example, the third period of time is a month.
[0126] In an example, the third period of time is of the

same duration as the first period of time.

[0127] According to an example, determination of the
second sub-total forecast demand number comprises a deter-
mination of a first additional forecast demand number.
Determination of the first additional forecast demand num-
ber comprises a multiplication of the first forecast demand
number with a probability of product re-receipt for a
receiver having received the product on only two occasions.
Determination of the second sub-total forecast demand
number comprises a determination of a second additional
forecast demand number. Determination of the second addi-
tional forecast demand number comprises at least one mul-
tiplication of the second forecast demand number with at
least one probability of product re-receipt for a receiver
having received the product on at least three occasions.

[0128] According to an example, the second additional
forecast number comprises a third additional forecast
demand number. Determination of the third additional fore-
cast demand number comprises a multiplication of the third
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forecast demand number with a probability of product
re-receipt for a receiver having received the product on only
three occasions.

[0129] According to an example, the second additional
forecast demand number comprises a fourth additional fore-
cast demand number. Determination of the fourth additional
forecast demand number comprises at least one multiplica-
tion of the fourth forecast demand number with at least one
probability of product re-receipt for a receiver having
received the product on at least four occasions.

[0130] According to an example, the second additional
forecast demand number comprises a fitth additional fore-
cast demand number. Determination of the fifth additional
forecast demand number comprises a multiplication of the
fifth forecast demand number with a probability of product
re-receipt for a receiver having received the product on only
four occasions.

[0131] According to an example, the second additional
forecast demand number comprises a sixth additional fore-
cast demand number. Determination of the sixth additional
forecast demand number comprises at least one multiplica-
tion of the sixth forecast demand number with at least one
probability of product re-receipt for a receiver having
received the product on at least five occasions.

[0132] According to an example, the input unit is config-
ured to enable a user to input the at least one probability of
product re-receipt. The input unit is configured to provide
the processing unit with the at least one probability of
product re-receipt.

[0133] According to an example, the input unit is config-
ured to provide the processing unit with information relating
to historical product receipt comprising a plurality of
demand numbers of products received in a plurality of
different periods of time previous to the first period of time.
The processing unit is configured to determine the at least
one probability of product re-receipt on the basis of the
information relating to the historical product receipt.
[0134] According to an example, the historical products
relate to products being received by one or more receivers on
one or more occasions.

[0135] In other words, historical information on the prob-
ability of a receiver having received the product once then
receiving the product a second time is used to predict the
forecast. Similarly, the probability that a receiver who has
received the product twice, three times, four times, five
times, n times, will receive the product three times, four
times, five times, six times, n+1 times is used to predict the
forecast of product receipt.

[0136] According to an example, the processing unit is
configured to determine a receipt distribution within the
second period of time. The determination comprises utili-
zation of the information relating to the historical product
receipt.

[0137] Inthis manner, rather than having only a forecasted
quantity of product to be received within a time period, that
time period can be split into shorter time periods, even on a
day basis, and the quantity of product predicted to be
received at a higher temporal degree of fidelity can be
provided,

[0138] According to an example, determination of the
receipt distribution comprises a determination of a probabil-
ity of product receipt for different days of the week.
[0139] In other words, an understanding of what days of
the week the product is generally received can be used in
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demand forecasting prediction, thereby provided a degree of
fidelity that can be utilized in production planning of prod-
ucts that have a short shelf-life for example.

[0140] According to an example, the input unit is config-
ured to enable a user to input information relating to at least
one period of time within the second period of time when
product receipt will not occur. The input unit is configured
to provide the processing unit with the information relating
to the at least one period of time within the second period of
time when product receipt will not occur. Determination of
the receipt distribution comprises utilization of the informa-
tion relating to the at least one period of time within the
second period of time when product receipt will not occur.
[0141] In this way, the forecast can be provided at a level
of fidelity that can use historical data to determine an
expected distribution of receipt that then takes into account
known information relating to when receipt is predicted not
to occur. This enables product that may need to be received
to be better predicted at a fidelity level of short periods of
time, and even at a daily basis, providing a forecast that can
be better used for all aspects of production planning for
example,

[0142] Inan example, the at least one period when product
receipt will not occur comprises one or more bank holidays.
[0143] Inan example, the at least one period when product
receipt will not occur comprises one or more Sundays.
[0144] Inan example, the at least one period when product
receipt will not occur comprises one or more weekends.
[0145] Inan example, the at least one period when product
receipt will not occur comprises one or more days when
strike and/or industrial action is known or predicted to occur.
[0146] According to an example, the second demand
number of the product comprises a user provided order
demand number of the product to be received and/or having
already been received for the first time by one or more
receivers.

[0147] According to an example, the second demand
number of the product comprises a user provided forecast
demand number of the product to be received for the first
time by one or more receivers.

[0148] FIG. 2 shows a method for product demand fore-
casting 100 in its basic steps where optional method steps
are shown with dashed lines, according to some embodi-
ments. The method 100 comprises:

[0149] in a providing step 110, also referred to as step a),
providing a processing unit 30 with a first demand number
of a product to be received and/or having already been
received over a first period of time, wherein, the first demand
number of the product comprises a second demand number
of the product to be received and/or having already been
received by a first plurality of receivers who have previous
to the first period of time not received the product; and
wherein the first demand number of the product comprises
a third demand number of the product to be received and/or
having already been received by a second plurality of
receivers who have previous to the first period of time
received the product on one or more occasions;

[0150] in a determining step 120, also referred to as step
b), determining by the processing unit a total forecast
demand number of the product to be received, wherein the
total forecast demand number comprises a first sub-total
forecast demand number of the product to be received over
a second period of time subsequent to the first period of time,
wherein the second period of time is in the future;
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[0151] in a determining step 130, also referred to as step
¢), determining 130 by the processing unit the first
sub-total forecast demand number, the determination
comprising utilizing at least one probability of product
re-receipt, wherein step ¢) comprises steps c1) and c2);

[0152] cl1) determining 140 a first forecast demand
number of the product to be received by a proportion of
the first plurality of receivers, the determination com-
prising multiplying the second demand number of the
product by a probability of product re-receipt for a
receiver having received the product on only one
occasion;

[0153] c¢2) determining 150 a second forecast demand
number of the product to be received by a proportion of
the second plurality of receivers, the determination
comprising multiplying the third demand number of the
product by at least one probability of product re-receipt
for at least one receiver having received the product on
at least two occasions; and

[0154] in an outputting step 160, also referred to as step
e), outputting by an output unit 40 the total forecast
demand number.

[0155] According to an example, the third demand number
of the product comprises a fourth demand number of the
product, and the second plurality of receivers comprises a
third plurality of receivers who have previous to the first
period of time received the product on only one occasion.
The fourth demand number of the product is a demand
number of the product to be received and/or having already
been received by the third plurality of receivers. Step c2)
comprises step c¢2a) determining 170 a third forecast demand
number of the product to be received by a proportion of the
third plurality of receivers. Step c2a) comprises a multipli-
cation of the fourth demand number of the product with a
probability of product re-receipt for a receiver having
received the product on only two occasions.

[0156] According to an example, the third demand number
of the product comprises a fifth demand number of the
product, and the second plurality of receivers comprises a
fourth plurality of receivers who have previous to the first
period of time received the product on at least two occa-
sions. The fifth demand number of the product is a demand
number of the product to be received and/or having already
been received by the fourth plurality of receivers. Step c2)
comprises step c2b) determining 180 a fourth forecast
demand number of the product to be received by a propor-
tion of the fourth plurality of receivers. Step ¢2b) comprises
at least one multiplication of the fifth demand number of the
product with at least one probability of product re-receipt for
a receiver having received the product on at least three
occasions.

[0157] According to an example, the fifth demand number
of the product comprises a sixth demand number of the
product, and the fourth plurality of receivers comprises a
fifth plurality of receivers who have previous to the first
period of time received the product on only two occasions.
The sixth demand number of the product is a demand
number of the product to be received and/or having already
been received by the fifth plurality of receivers. Step c2b)
comprises step c2bl) determining 190 a fifth forecast
demand number of the product to be received by a propor-
tion of the fifth plurality of receivers. Step c2b1) comprises
a multiplication of the sixth demand number of the product
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with a probability of product re-receipt for a receiver having
received the product on only three occasions.

[0158] According to an example, the fifth demand number
of the product comprises a seventh demand number of the
product, and the fourth plurality of receivers comprises a
sixth plurality of receivers who have previous to the first
period of time received the product on at least three occa-
sions. The seventh demand number of the product is a
demand number of the product to be received and/or having
already been received by the sixth plurality of receivers.
Step ¢2b) comprises step c2b2) determining 200 a sixth
forecast demand number of the product to be received by a
proportion of the sixth plurality of receivers. Step c2b2)
comprises at least one multiplication of the seventh demand
number of the product with at least one probability of
product re-receipt for a receiver having received the product
on at least four occasions.

[0159] According to an example, the total forecast demand
number comprises a second sub-total forecast demand num-
ber of the product to be received over a third period of time
subsequent to the second period of time. The method then
comprises step d) determining 210 by the processing unit the
second sub-total forecast demand number. The determina-
tion comprises utilizing the first sub-total forecast demand
number of the product to be received over the second period
of time and at least one probability of product re-receipt that
does not include the probability of product re-receipt for a
receiver having received the product on only one occasion.

[0160] Inan example, the second forecast demand number
of the product comprises a user provided order demand
number of the product to be received and/or having already
been received for the first time by one or more receivers
multiplied by the probability of product re-receipt for a
receiver having received the product on only one occasion.

[0161] Inan example, the second forecast demand number
of the product comprises a user provided forecast demand
number of the product to be received for the first time by one
or more receivers multiplied by the probability of product
re-receipt for a receiver having received the product on only
one occasion.

[0162] According to an example, step d) comprises steps
dl) and d2): d1) determining 220 a first additional forecast
demand number, the determination comprising multiplying
the first forecast demand number with a probability of
product re-receipt for a receiver having received the product
on only two occasions; d2) determining 230 a second
additional forecast demand number, the determination com-
prising at least one multiplication of the second forecast
demand number with at least one probability of product
re-receipt for a receiver having received the product on at
least three occasions.

[0163] According to an example, step d2) comprises step
d2a) determining 240 a third additional forecast demand
number. Step d2a) comprises multiplying the third forecast
demand number with a probability of product re-receipt for
a receiver having received the product on only three occa-
sions.

[0164] According to an example, step d2) comprises step
d2b) determining 250 a fourth additional forecast demand
number. Step d2b) comprises at least one multiplication of
the fourth forecast demand number with at least one prob-
ability of product re-receipt for a receiver having received
the product on at least four occasions.
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[0165] According to an example, step d2) comprises step
d2c) determining 260 a fifth additional forecast demand
number. Step d2c¢) comprises a multiplication of the fifth
forecast demand number with a probability of product
re-receipt for a receiver having received the product on only
four occasions.

[0166] According to an example, step d2) comprises step
d2d) determining 270 a sixth additional forecast demand
number. Step d2d) comprising at least one multiplication of
the sixth forecast demand number with at least one prob-
ability of product re-receipt for a receiver having received
the product on at least five occasions.

[0167] According to an example, the method comprises
enabling via an input unit a user to input the at least one
probability of product re-receipt. The input unit is config-
ured to provide the processing unit with the at least one
probability of product re-receipt.

[0168] According to an example, the method comprises
providing the processing unit with information relating to
historical product receipt comprising a plurality of demand
numbers of products received in a plurality of different
periods of time previous to the first period of time. Infor-
mation relating to historical product receipt here means
known information on what product has previously been
received by receivers. The method then comprises deter-
mining by the processing unit the at least one probability of
product re-receipt on the basis of the information relating to
the historical product receipt.

[0169] According to an example, the historical products
relate to products being received by one or more receivers on
one or more occasions.

[0170] According to an example, the method comprises
determining by the processing unit a receipt distribution
within the second period of time, the determination com-
prising utilization of the information relating to the historical
product receipt.

[0171] According to an example, determining the receipt
distribution comprises determining a probability of product
receipt for different days of the week.

[0172] According to an example, the method comprises
enabling a user via an input unit to input information relating
to at least one period of time within the second period of
time when product receipt will not occur, and providing the
processing unit with the information relating to the at least
one period of time within the second period of time when
product receipt will not occur. Determining the receipt
distribution then comprises utilizing the information relating
to the at least one period of time within the second period of
time when product receipt will not occur.

[0173] According to an example, the second demand
number of the product comprises a user provided order
demand number of the product to be received and/or having
already been received for the first time by one or more
receivers.

[0174] According to an example, the second demand
number of the product comprises a user provided forecast
demand number of the product to be received for the first
time by one or more receivers.

[0175] FIG. 3 shows an example of a product planning
apparatus 300 for a perishable product. The apparatus 300
comprises an input unit 310, a processing unit 320, and an
output unit 330. The input unit is configured to provide the
processing unit with a plurality of orders of a product. The
plurality of orders is formed from open orders and shipped



US 2021/0357832 Al

orders. The input unit is configured also to provide the
processing unit with a stock level of the product held in
stock. The processing unit is configured to determine an
open demand of the product to be received. The determina-
tion of the open demand comprises utilization of the shipped
orders, open orders and a total forecast demand number of
the product to be received. The processing unit is configured
also to determine a net demand of the product to be received.
The determination of the net demand comprises utilization
of the open demand and the stock level. The processing unit
is configured also to determine a production plan. The
determination of the production plan comprises utilization of
the net demand. The output unit is configured to output the
production plan.

[0176] Thus, demand forecasting information is used in
conjunction with order and stock information to determine a
production plan.

[0177] Product planning means determining a production
plan, but it can also mean determining a supply plan for that
product in addition to the production plan.

[0178] According to an example, the input unit is config-
ured to provide the processing unit with a production run
schedule. The production run schedule comprises a plurality
of dates extending into the future when product production
is possible. Determination of the production plan then com-
prises utilization of the production run schedule.

[0179] In other words, the production plan can take into
account the actual days when production is possible.
[0180] According to an example, when the shipped orders
added to the open orders is equal to or greater than the total
forecast demand number the open demand is determined as
the open orders.

[0181] According to an example, determination of the
open demand comprises a subtraction of the shipped orders
from the total forecast demand number.

[0182] According to an example, the total forecast demand
number comprises a summation of a plurality of sub-forecast
demand numbers extending over a plurality of future dates,
and the shipped orders comprises a summation of a plurality
of sub-shipped orders that are scheduled to arrive over the
plurality of future dates, and the open demand comprises a
summation of a plurality of sub-open demand extending
over the plurality of future dates, wherein the sub-open
demand for a future date is the sub-shipped order for that
date subtracted from the sub-forecast demand number for
that date.

[0183] According to an example, when shipped orders
added to the open orders is less than the total forecast
demand number, determination of the open demand com-
prises a determination of an open forecast, wherein deter-
mination of the open forecast comprises a subtraction of the
shipped orders and the open orders from the total forecast
demand number.

[0184] According to an example, the total forecast demand
number comprises a summation of a plurality of sub-forecast
demand numbers extending over a plurality of future dates,
and the shipped orders comprises a summation of a plurality
of sub-shipped orders that are scheduled to arrive over the
plurality of future dates, and the open orders comprises a
summation of a plurality of sub-open orders extending over
the plurality of future dates, and wherein the open forecast
comprises a summation of a plurality of sub-open forecasts
extending over the plurality of future dates, wherein a
sub-open forecast for a future date is the sub-shipped order
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summed with the sub-open order for that date subtracted
from the sub-forecast demand number for that date, and
wherein the open forecast is equal to a redistributed open
forecast that comprises a summation of a plurality of sub-
redistributed open forecasts extending over the plurality of
future dates, and wherein the sub-open demand for a date
equals the sub-open order for that date added to the sub-
redistributed open forecast for that date.

[0185] In this way, even when a demand number of
product having already been shipped for receipt on a par-
ticular date is greater than an order demand number or
forecast demand number for receipt on that particular date,
production can still be planned in order that the production
facility does not lie idle, by re-organizing production plan-
ning slightly. To put this another way, an open demand for
a particular day could be negative, but by redistributing the
open forecast the open demand can be made always to be
greater than or equal to zero.

[0186] According to an example, the open orders and the
total forecast demand number relate to a plurality of delivery
zones having a plurality of different delivery times. Each
delivery zone has a different delivery time.

[0187] In this manner, the production plan can take into
account how long it will take to deliver the product to
customers, thereby enabling product to be ready for shipping
at the optimum time taking into account various delivery
times.

[0188] In an example, a delivery time for a delivery zone
depends upon the day the product is scheduled to be received
(determined from the forecast)—thus for example takes into
account if delivery is to occur during the week or extends
over a weekend including a Sunday, and/or extends over a
public holiday and/or extends over a day when there will be
apostal or delivery strike in which case the delivery time can
be longer. Thus, in an example the delivery time is calcu-
lated for each possible day of the product to be received by
a receiver in a delivery zone.

[0189] According to an example, the processing unit is
configured to determine a supply plan of product to the
plurality of delivery zones, the determination comprising
utilization of the open demand and stock level.

[0190] In this way, production can take into account how
long it will take to deliver the perishable product to different
receivers around the world within an optimized supply plan,
thus also enabling better production planning.

[0191] In an example, the output unit is configured to
output the supply plan.

[0192] According to an example, the product has an asso-
ciated shelf life, and wherein determination of the supply
plan comprises utilization of the shelf life—in terms of the
duration of the shelf life and optionally the temporal profile
of the duration of the shelf life.

[0193] In this manner, product supply can take into
account the lifetime of the product, with the product supply
plan then being able to influence the production plan.
[0194] According to an example, the product has a level of
efficacy that varies with time. Determination of the supply
plan can then comprise utilization of how the level of
efficacy varies with time.

[0195] Thus, at a first time point a set amount of product
can have a first level of efficacy and then at a later time point,
the same set amount of product can have a second lower
level of efficacy.
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[0196] Thus for example, a tonne of agricultural seed at a
first time point, can expect to yield a certain germination rate
and lead to a certain number of mature plants. However, with
time the efficacy falls, and at a second later point in time the
tonne of seed will have a lower germination rate in that a
smaller percentage of the seed will germinate, and lead to a
lower number of mature plants. This information can be
taken into account, in that some customers always require
fresh seed, while others want a certain number of mature
plants to develop from the seed they buy. Thus, taking into
account how the efficacy rate of the seed varies, for example
on one occasion one tonne of seed of a certain age can be
delivered to a customer, while at a later date two tonnes of
seed that is older can be sold to the customer, where the
efficacy rate has halved—the customer is then also told to
sow the seed at double the rate per unit area in the second
situation with regard to the first.

[0197] Another example, is for a medicament that has a
level of efficacy that varies with time, for example a radio-
active medicament. A receiver, in this case a patient can then
require a certain dosage level that could come from an
amount of product of a certain age or from a larger amount
of product that is older.

[0198] Thus, the supply plan can take into account how
long it takes to deliver product, and also take into account
how the product is aging to ensure that product is supplied
correctly. This can also be used to inform production,
because certain receiver requirements will be able to be met
from stock, while other requirements will necessitate pro-
duction of fresh product having a highest level of efficacy.
[0199] According to an example, the product has a half-
life, with this being a duration in time over which the level
of efficacy of the product halves.

[0200] According to an example, the input unit is config-
ured to provide the processing unit with at least one product
receiving factor of receivers of the product. Determination
of the supply plan can then comprise utilization of the at
least one product receiving factor of receivers.

[0201] This enables, product to be delivered to receivers
taking into account how much they may need to receive, that
can take into account how the efficacy level of the product
varies and delivery timescales.

[0202] According to an example, the at least one product
receiving factor of receivers of the product comprises at
least one body weight of a receiver in kilograms.

[0203] Thus for example, taking the example of a medi-
cament, a receiver (patient or the hospital receiving the
medicament in order treat the patient) may need to take a
quantity of active medicament that varies with their weight.
Or different farmers can require different quantities of seed.
By taking into account, the product can be effectively
supplied, and this can also take into account if necessary a
level of efficacy of the product that varies with time.
[0204] According to an example, the processing unit is
configured to determine for each delivery zone a character-
istic weight distribution for receivers based on data provided
from the input unit. The at least one receiving factor of
receivers of the product can then comprise the characteristic
weight distributions in the plurality of deliver zones.
[0205] Thus, the supply of product can take into account
accurate weight distributions of receivers, for examples
patients who will take a certain amount of medicament that
can vary with their weight. This enables the supply of
product to different territories to take into account not only
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how long it takes to arrive, but enables effective supply and
indeed production to account for the weight distribution of
the receivers. In this manner, differences between the popu-
lation of North American receivers and those in Japan can be
taken into account when supplying, and indeed producing
product.

[0206] According to an example, the at least one product
receiving factor comprises an amount of seed a receiver
wants to purchase.

[0207] According to an example, determination of the
supply plan comprises matching the levels of efficacy of at
least some of the products held in stock with the at least one
product receiving factor of receivers of the product for
receivers comprised within the open demand.

[0208] According to an example, the matching comprises
identifying two separate products held in stock that have a
combined efficacy that matches a receiving factor of a
receiver of the product.

[0209] According to an example, determination of the
production plan comprises utilization of the supply plan.
[0210] In this way, if it is determined that product in stock
cannot be used to fulfil an order, whether open or forecasted
requiring that stock will have to be discarded, this can be
taken into account in the production planning with more
product then having to be produced.

[0211] Thus, determination of the production plan, can be
an iterative process.

[0212] In an example, determination of the supply plan
comprises utilization of the production plan. Thus determi-
nation of the production and supply plans can run hand-in-
hand, with an optimized solution being arrived at iteratively.
[0213] According to an example, the processing unit is
configured to determine the total forecast demand number.
The determination comprises utilization of at least one
probability of product re-receipt.

[0214] In this manner, information in the form of one or
more probabilities of a user re-receiving the product,
whether they have or will have received the product on one
or more occasions, is used in conjunction with orders and
stock levels in determining a production plan.

[0215] According to an example, the input unit is config-
ured to enable a user to input the at least one probability of
product re-receipt. The input unit is configured also to
provide the processing unit with the at least one probability
of product re-receipt.

[0216] According to an example, the input unit is config-
ured to provide the processing unit with information relating
to historical product receipt. The processing unit is config-
ured to determine the at least one probability of product
re-receipt on the basis of the information relating to the
historical product receipt.

[0217] According to an example, the historical products
relate to products being received by one or more receivers on
one or more occasions.

[0218] In other words, historical information on the prob-
ability of a receiver having received the product once them
receiving the product a second time is used to predict the
forecast. Similarly, the probability that a receiver who has
received the product twice, three times, four times, five
times, n times, will receive the product three times, four
times, five times, six times, n+1 times is used to predict the
forecast of product receipt.

[0219] According to an example, the processing unit is
configured to determine a temporal receipt distribution
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extending into the future. The determination comprises
utilization of the information relating to the historical prod-
uct receipt.

[0220] In this manner, rather than having only a forecasted
quantity of product to be received within a time period, that
time period can be split into shorter time periods, even on a
day basis, and the quantity of product predicted to be
received at a higher temporal degree of fidelity can be
provided.

[0221] According to an example, determination of the
receipt distribution comprises a determination of a probabil-
ity of product receipt for different days of the week.
[0222] In other words, an understanding of what days of
the week the product is generally received can be used in
demand forecasting prediction, thereby provided a degree of
fidelity that can be utilized in production planning of prod-
ucts that have a short shelf-life for example.

[0223] According to an example, the input unit is config-
ured to enable a user to input information relating to at least
one period of time in the future when product receipt will not
occur. The input unit is configured also to provide the
processing unit with the information relating to at least one
period of time in the future when product receipt will not
occur. Determination of the receipt distribution can then
comprise utilization of the information relating to at least
one period of time in the future when product receipt will not
occur.

[0224] In this way, the forecast can be provided at a level
of fidelity that can use historical data to determine an
expected distribution of receipt that then takes into account
known information relating to when receipt is predicted not
to occur. This enables product demand to be better predicted
at a fidelity level of short periods of time, and even at a daily
basis, providing a forecast that can be better used for all
aspects of production planning for example, Thus, it can be
known that a hospital will treat patients only on certain days
of the week, and require a medicament just before treatment
for example on the same day of treatment, and this infor-
mation can be used as detailed above. Similarly, a farmer
may wish to receive seed and immediately sow that seed, but
may only sow seeds at certain times.

[0225] Inan example, the at least one period when product
receipt will not occur comprises one or more bank holidays.
[0226] Inan example, the at least one period when product
receipt will not occur comprises one or more Sundays.
[0227] Inan example, the at least one period when product
receipt will not occur comprises one or more weekends.
[0228] Inan example, the at least one period when product
receipt will not occur comprises one or more days when
strike and/or industrial action is known or predicted to occur.
[0229] According to an example, the input unit is config-
ured to provide the processing unit with a first demand
number of a product to be received and/or having already
been received over a first period of time. The first demand
number of the product comprises a second demand number
of the product to be received and/or having already been
received by a first plurality of receivers who have previous
to the first period of time not received the product, i.e., this
could be a farmer who has not yet received this seed from
the grower or could be a patient who has not yet received this
medicament. The first demand number of the product also
comprises a third demand number of the product to be
received and/or having already been received by a second
plurality of receivers who have previous to the first period of
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time received the product on one or more occasions. The
total forecast demand number comprises a first sub-total
forecast demand number of the product to be received over
a second period of time subsequent to the first period of time.
The second period of time is in the future. The processing
unit is configured to determine the first sub-total forecast
demand number. The determination of the first sub-total
forecast demand number comprises utilization of the at least
one probability of product re-receipt. The determination of
the first sub-total forecast demand number also comprises a
determination of a first forecast demand number of the
product to be received by a proportion of the first plurality
of receivers. The determination of the first forecast demand
number comprises a multiplication of the second demand
number of the product with a probability of product re-
receipt for a receiver having received the product on only
one occasion. Determination of the first sub-total forecast
demand number also comprises determination of a second
forecast demand number of the product to be received by a
proportion of the second plurality of receivers. The deter-
mination of the second forecast demand number comprises
at least one multiplication of the third demand number of the
product with at least one probability of product re-receipt for
a receiver having received the product on at least two
occasions.

[0230] In this manner, information in the form of one or
more probabilities of a user re-receiving the product,
whether they have or will have received the product on one
or more occasions, is used in conjunction with information
relating to product received by receivers who have already
received the product in order to determine product forecast
information that can also take into account first time receiv-
ers.

[0231] Thus, the second demand number of the product
relating to the first plurality of receivers can relate to orders
that have already been received and orders that have been
received and the product already received.

[0232] This provides a forecast of product receipt (i.e.,
product that, based on a prediction, may need to be received)
going into the future, that can be used for planning of
production, planning of storing, planning of delivery, of
product, providing for increased efficiency, optimized pro-
duction of product to match forecast, minimization of stor-
age facilities, and reduced wastage of products that have a
limited shelf-life.

[0233] In an example, the first period of time is a week.
[0234] Inanexample, the first period of time is a fortnight.
[0235] In an example, the first period of time is four
weeks.

[0236] In an example, the first period of time is a month.
[0237] Inan example, the second period of time is a week.
[0238] In an example, the second period of time is a
fortnight.

[0239] In an example, the second period of time is four
weeks.

[0240] In an example, the second period of time is five
weeks.

[0241] In an example, the second period of time is six
weeks.

[0242] In an example, the second period of time is seven
weeks.

[0243] In an example, the second period of time is eight
weeks.
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[0244] In an example, the second period of time is nine
weeks.

[0245] In an example, the second period of time is ten
weeks.

[0246] In an example, the second period of time is a
month.

[0247] In an example, the second period of time is two
months.

[0248] In an example, the second period of time is three
months.

[0249] In an example, the second period of time is four
months.

[0250] In an example, the second period of time is an

integer number of times larger than the first period of time.
[0251] Inan example, the first period of time is in the past.
[0252] In an example, the second period of time is of the
same duration as the first period of time.

[0253] In an example, the second period of time is of a
longer duration that that for the first period of time.

[0254] In an example, each occasion of previous receipt
occurred in a different period of time.

[0255] In an example, the third demand number of the
product comprises a user provided order demand number of
the product to be received and/or having already been
received on one or more occasions.

[0256] In an example, the product is a quantity of seeds.
[0257] In an example, the product is a medicinal product.
[0258] In an example, a particular example of the product

has a shelf life that is shorter than the second period of time.
[0259] In an example, a particular example of the product
has a level of efficacy that varies with time.

[0260] In an example, a particular example of the product
can be characterized by a half-life, with this being a duration
in time over which a level of efficacy of the product halves.

[0261] In an example, the product is radioactive.

[0262] In an example, the product comprises radium.
[0263] In an example, the product comprises radioactive
iodine.

[0264] In an example, the product is a quantity of seed.
[0265] In an example, the determination of the total fore-

cast demand number comprises at least one rounding pro-
cess. In this way, an integer number can always be gener-
ated.

[0266] In an example, the at least one probability of
product re-receipt comprises a probability that a receiver
having received the product only once will receive the
product for a second time.

[0267] In an example, the at least one probability of
product re-receipt comprises a probability that a receiver
having received the product only twice will receive the
product for a third time.

[0268] In an example, the at least one probability of
product re-receipt comprises a probability that a receiver
having received the product only three times will receive the
product for a fourth time.

[0269] In an example, the at least one probability of
product re-receipt comprises a probability that a receiver
having received the product only n times will receive the
product for an n+1 time.

[0270] According to an example, the third demand number
of the product comprises a fourth demand number of the
product, and the second plurality of receivers comprises a
third plurality of receivers who have previous to the first
period of time received the product on only one occasion.
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The fourth demand number of the product is a demand
number of the product to be received and/or having already
been received by the third plurality of receivers. Determi-
nation of the second forecast demand number comprises
determination of a third forecast demand number of the
product to be received by a proportion of the third plurality
of receivers. Determination of the third forecast demand
number also comprises a multiplication of the fourth
demand number of the product with a probability of product
re-receipt for a receiver having received the product on only
two occasions.

[0271] According to an example, the third demand number
of the product comprises a fifth demand number of the
product, wherein the second plurality of receivers comprises
a fourth plurality of receivers who have previous to the first
period of time received the product on at least two occa-
sions. The fifth demand number of the product is a demand
number of the product to be received and/or having already
been received by the fourth plurality of receivers. Determi-
nation of the second forecast demand number comprises
determination of a fourth forecast demand number of the
product to be received by a proportion of the fourth plurality
of receivers. Determination of the fourth forecast demand
number comprises at least one multiplication of the fifth
demand number of the product with at least one probability
of product re-receipt for a receiver having received the
product on at least three occasions.

[0272] According to an example, the fifth demand number
of the product comprises a sixth demand number of the
product, and the fourth plurality of receivers comprises a
fifth plurality of receivers who have previous to the first
period of time received the product on only two occasions.
The sixth demand number of the product is a demand
number of the product to be received and/or having already
been received by the fifth plurality of receivers. Determina-
tion of the fourth forecast demand number comprises deter-
mination of a fifth forecast demand number of the product to
be received by a proportion of the fitth plurality of receivers.
Determination of the fifth forecast demand number com-
prises a multiplication of the sixth demand number of the
product with a probability of product re-receipt for a
receiver having received the product on only three occa-
sions.

[0273] According to an example, the fifth demand number
of the product comprises a seventh demand number of the
product, wherein the fourth plurality of receivers comprises
a sixth plurality of receivers who have previous to the first
period of time received the product on at least three occa-
sions. The seventh demand number of the product is a
demand number of the product to be received and/or having
already been received by the sixth plurality of receivers.
Determination of the fourth forecast demand number com-
prises determination of a sixth forecast demand number of
the product to be received by a proportion of the sixth
plurality of receivers. Determination of the sixth forecast
demand number comprises at least one multiplication of the
seventh demand number of the product with at least one
probability of product re-receipt for a receiver having
received the product on at least four occasions.

[0274] According to an example, the total forecast demand
number comprises a second sub-total forecast demand num-
ber of the product to be received over a third period of time
subsequent to the second period of time. The processing unit
is configured to determine the second sub-total forecast
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demand number. The determination of the second sub-total
forecast demand number comprises utilization of the first
sub-total forecast demand number of the product to be
received over the second period of time and at least one
probability of product re-receipt that does not include the
probability of product re-receipt for a receiver having
received the product on only one occasion.

[0275] Inan example, the second forecast demand number
of the product comprises a user provided order demand
number of the product to be received and/or having already
been received for the first time by one or more receivers
multiplied by the probability of product re-receipt for a
receiver having received the product on only one occasion.
[0276] Inan example, the second forecast demand number
of the product comprises a user provided forecast demand
number of the product to be received for the first time by one
or more receivers multiplied by the probability of product
re-receipt for a receiver having received the product on only
one occasion.

[0277] In other words, the forecast can be modelled in
terms of a Markov Chain, where the modelling process
moves from one state to the next state (from time period to
time period into the future) and where the forecast for
subsequent time periods depends on the forecast and actual
demand/orders for a previous time periods, thereby infor-
mation about actual receipt (such as medicament treatments)
is used for a past period such as two weeks ago to predict the
demand (e.g. for treatment) in the future, such as two weeks
in the future. To put this another way, a stochastic model
allows the modelling of the re-receipt of receivers, depend-
ing upon the current demand number of product being
received.

[0278] In an example, the third period of time is a week.
[0279] In an example, the third period of time is a fort-
night.

[0280] In an example, the third period of time is four
weeks.

[0281] In an example, the third period of time is a month.
[0282] In an example, the third period of time is of the

same duration as the first period of time.

[0283] According to an example, determination of the
second sub-total forecast demand number comprises a deter-
mination of a first additional forecast demand number.
Determination of the first additional forecast demand num-
ber comprises a multiplication of the first forecast demand
number with a probability of product re-receipt for a
receiver having received the product on only two occasions.
Determination of the second sub-total forecast demand
number comprises a determination of a second additional
forecast demand number. Determination of the second addi-
tional forecast demand number comprises at least one mul-
tiplication of the second forecast demand number with at
least one probability of product re-receipt for a receiver
having received the product on at least three occasions.
[0284] According to an example, the second additional
forecast demand number comprises a third additional fore-
cast demand number. Determination of the third additional
forecast demand number comprises a multiplication of the
third forecast demand number with a probability of product
re-receipt for a receiver having received the product on only
three occasions.

[0285] According to an example, the second additional
forecast demand number comprises a fourth additional fore-
cast demand number. Determination of the fourth additional
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forecast demand number comprises at least one multiplica-
tion of the fourth forecast demand number with at least one
probability of product re-receipt for a receiver having
received the product on at least four occasions.

[0286] According to an example, the second additional
forecast demand number comprises a fitth additional fore-
cast demand number. Determination of the fifth additional
forecast demand number comprises a multiplication of the
fifth forecast demand number with a probability of product
re-receipt for a receiver having received the product on only
four occasions.

[0287] According to an example, the second additional
forecast demand number comprises a sixth additional fore-
cast demand number. Determination of the sixth additional
forecast demand number comprises at least one multiplica-
tion of the sixth forecast demand number with at least one
probability of product re-receipt for a receiver having
received the product on at least five occasions.

[0288] According to an example, the second demand
number of the product comprises a user provided order
demand number of the product to be received and/or having
already been received for the first time by one or more
receivers.

[0289] According to an example, the second demand
number of the product comprises a user provided forecast
demand number of the product to be received for the first
time by one or more receivers.

[0290] FIG. 4 shows an example of a method for product
planning 400 in its basic steps, where optional method steps
are shown in dashed lines. The method 400 comprises:

[0291] in a providing step 410, also referred to as step
A), providing a processing unit with a plurality of
orders of a product, wherein the plurality of orders is
formed from open orders and shipped orders;

[0292] in a providing step 420, also referred to as step
B), providing the processing unit with a stock level of
the product held in stock;

[0293] in a determining step 430, also referred to as step
C), determining by the processing unit an open demand
of the product to be received, wherein the determina-
tion comprises utilization of the shipped orders, open
orders and a total forecast demand number of the
product to be received;

[0294] in a determining step 440, also referred to as step
D), determining by the processing unit a net demand of
the product to be received, wherein the determination
comprises utilization of the open demand and the stock
level; and

[0295] in a determining step 450, also referred to as step
F), determining by the processing unit a production
plan, wherein the determination comprises utilization
of the net demand.

[0296] Inan example, the method comprises providing the
processing unit with a production run schedule, the produc-
tion run schedule comprising a plurality of dates extending
into the future when product production is possible; and
wherein step F) comprises utilization of the production run
schedule.

[0297] In an example, when shipped orders added to the
open orders is equal to or greater than the total forecast
demand number, in step C) the open demand is determined
as the open orders.

[0298] In an example, step C) comprises a subtraction of
the shipped orders from the total forecast demand number.
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[0299] In an example, the total forecast demand number
comprises a summation of a plurality of sub-forecast
demand numbers extending over a plurality of future dates,
and the shipped orders comprises a summation of a plurality
of sub-shipped orders that are scheduled to arrive over the
plurality of future dates, and the open demand comprises a
summation of a plurality of sub-open demand extending
over the plurality of future dates, wherein the sub-open
demand for a future date is the sub-shipped order for that
date subtracted from the sub-forecast demand number for
that date.

[0300] In an example, when shipped orders added to the
open orders is less than the total forecast demand number,
step C) comprises determining an open forecast, wherein
determining the open forecast comprises subtracting the
shipped orders and the open orders from the total forecast
demand number.

[0301] In an example, the total forecast demand number
comprises a summation of a plurality of sub-forecast
demand numbers extending over a plurality of future dates,
and the shipped orders comprises a summation of a plurality
of sub-shipped orders that are scheduled to arrive over the
plurality of future dates, and the open orders comprises a
summation of a plurality of sub-open orders extending over
the plurality of future dates, and wherein the open forecast
comprises a summation of a plurality of sub-open forecasts
extending over the plurality of future dates, wherein a
sub-open forecast for a future date is the sub-shipped order
summed with the sub-open order for that date subtracted
from the sub-forecast demand number for that date, and
wherein the open forecast is equal to a redistributed open
forecast that comprises a summation of a plurality of sub-
redistributed open forecasts extending over the plurality of
future dates, and wherein step C) comprises determining a
sub-open demand for a date of the plurality of future dates
by adding the sub-open order for that date to the sub-
redistributed open forecast for that date.

[0302] In an example, the open orders and the total fore-
cast demand number relate to a plurality of delivery zones
having a plurality of different delivery times. Each delivery
zone has a different delivery time.

[0303] In an example, the method comprises step E),
determining 460 by the processing unit a supply plan of
product to the plurality of delivery zones, the determination
comprising utilization of the open demand and stock level.
[0304] In an example, the product has an associated shelf
life, and wherein step E) comprises utilization of the shelf
life.

[0305] In an example, the product has a level of efficacy
that varies with time, and wherein step E) comprises utili-
zation of how the level of efficacy varies with time.

[0306] Inan example, the product has a half-life, with this
being a duration in time over which the level of efficacy of
the product halves.

[0307] Inan example, the method comprises providing the
processing unit with at least one product receiving factor of
receivers of the product, and wherein step E) comprises
utilization of the at least one product receiving factor of
receivers.

[0308] In an example, the at least one product receiving
factor of receivers of the product comprises at least one body
weight of a receiver in kilograms.

[0309] In an example, the method comprise providing the
processing unit with data relating to the weight of receivers,
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and determining by the processing unit for each delivery
zone a characteristic weight distribution for receivers based
on the data relating to the weight of receivers. The at least
one receiving factor of receivers of the product can then
comprise the characteristic weight distributions in the plu-
rality of delivery zones.

[0310] In an example, the at least one product receiving
factor comprises an amount of seed a receiver wants to
purchase.

[0311] In an example, step E) comprises matching the
levels of efficacy of at least some of the products held in
stock with the at least one product receiving factor of
receivers of the product for receivers comprised within the
open demand.

[0312] In an example, the matching comprises identifying
two separate products held in stock that have a combined
efficacy that matches a receiving factor of a receiver of the
product.

[0313] In an example, step F) comprises utilization of the
supply plan.

[0314] In an example, the method comprises determining
by the processing unit the total forecast demand number. The
determination comprises utilization of at least one probabil-
ity of product re-receipt.

[0315] In an example, the method comprises a user input-
ting via an input unit the at least one probability of product
re-receipt. The input unit provides the processing unit with
the at least one probability of product re-receipt.

[0316] In an example, the method comprises inputting via
an input unit information relating to historical product
receipt. The input unit provides the processing unit with the
information relating to historical product receipt. The pro-
cessing unit determines the at least one probability of
product re-receipt on the basis of the information relating to
the historical product receipt.

[0317] In an example, the historical products relate to
products being received by one or more receivers on one or
more occasions.

[0318] In an example, the method comprises the process-
ing unit determining a temporal receipt distribution extend-
ing into the future. The determination comprises utilization
of the information relating to the historical product receipt.
[0319] In an example, determination of the receipt distri-
bution comprises a determination of a probability of product
receipt for different days of the week.

[0320] In an example, the method comprises a user input-
ting via an input unit information relating to at least one
period of time in the future when product receipt will not
occur. The input unit provides the processing unit with the
information relating to the at least one period of time in the
future when product receipt will not occur. Determination of
the receipt distribution then comprises utilization of the
information relating to the at least one period of time in the
future when product receipt will not occur.

[0321] Inan example, the method comprises the input unit
providing the processing unit with a first demand number of
aproduct to be received and/or having already been received
over a first period of time. The first demand number of the
product comprises a second demand number of the product
to be received and/or having already been received by a first
plurality of receivers who have previous to the first period of
time not received the product. The first demand number of
the product also comprises a third demand number of the
product to be received and/or having already been received
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by a second plurality of receivers who have previous to the
first period of time received the product on one or more
occasions. The total forecast demand number comprises a
first sub-total forecast demand number of the product to be
received over a second period of time subsequent to the first
period of time, wherein the second period of time is in the
future. The processing unit determines the first sub-total
forecast demand number, wherein the determination com-
prises utilization of the at least one probability of product
re-receipt. Determination of the first sub-total forecast
demand number also comprises a determination of a first
forecast demand number of the product to be received by a
proportion of the first plurality of receivers. The determina-
tion of the first forecast demand number comprises a mul-
tiplication of the second demand number of the product with
a probability of product re-receipt for a receiver having
received the product on only one occasion. Determination of
the first sub-total forecast demand number also comprises a
determination of a second forecast demand number of the
product to be received by a proportion of the second
plurality of receivers. The determination of the second
forecast demand number comprises at least one multiplica-
tion of the third demand number of the product with at least
one probability of product re-receipt for a receiver having
received the product on at least two occasions.

[0322] In an example, the third demand number of the
product comprises a fourth demand number of the product,
and the second plurality of receivers comprises a third
plurality of receivers who have previous to the first period of
time received the product on only one occasion. The fourth
demand number of the product is a demand number of the
product to be received and/or having already been received
by the third plurality of receivers. Determination of the
second forecast number comprises determination of a third
forecast demand number of the product to be received by a
proportion of the third plurality of receivers. Determination
of the third forecast demand number comprises a multipli-
cation of the fourth demand number of the product with a
probability of product re-receipt for a receiver having
received the product on only two occasions.

[0323] In an example, the third demand number of the
product comprises a fifth demand number of the product,
wherein the second plurality of receivers comprises a fourth
plurality of receivers who have previous to the first period of
time received the product on at least two occasions. The fifth
demand number of the product is a demand number of the
product to be received and/or having already been received
by the fourth plurality of receivers. Determination of the
second forecast demand number comprises a determination
of a fourth forecast demand number of the product to be
received by a proportion of the fourth plurality of receivers.
Determination of the fourth forecast demand number com-
prises at least one multiplication of the fifth demand number
of the product with at least one probability of product
re-receipt for a receiver having received the product on at
least three occasions.

[0324] In an example, the fifth demand number of the
product comprises a sixth demand number of the product,
and the fourth plurality of receivers comprises a fifth plu-
rality of receivers who have previous to the first period of
time received the product on only two occasions. The sixth
demand number of the product is a demand number of the
product to be received and/or having already been received
by the fifth plurality of receivers. Determination of the
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fourth forecast demand number comprises determination of
a fifth forecast demand number of the product to be received
by a proportion of the fifth plurality of receivers. Determi-
nation of the fifth forecast demand number comprises a
multiplication of the sixth demand number of the product
with a probability of product re-receipt for a receiver having
received the product on only three occasions.

[0325] In an example, the fifth demand number of the
product comprises a seventh demand number of the product,
wherein the fourth plurality of receivers comprises a sixth
plurality of receivers who have previous to the first period of
time received the product on at least three occasions. The
seventh demand number of the product is a demand number
of the product to be received and/or having already been
received by the sixth plurality of receivers. Determination of
the fourth forecast demand number comprises a determina-
tion of a sixth forecast demand number of the product to be
received by a proportion of the sixth plurality of receivers.
Determination of the sixth forecast demand number com-
prises at least one multiplication of the seventh demand
number of the product with at least one probability of
product re-receipt for a receiver having received the product
on at least four occasions.

[0326] In an example, the total forecast demand number
comprises a second sub-total forecast demand number of the
product to be received over a third period of time subsequent
to the second period of time. The processing unit determines
the second sub-total forecast demand number. The determi-
nation comprises utilization of the first sub-total forecast
demand number of the product to be received over the
second period of time and at least one probability of product
re-receipt that does not include the probability of product
re-receipt for a receiver having received the product on only
one occasion.

[0327] Inan example, the second forecast demand number
of the product comprises a user provided order demand
number of the product to be received and/or having already
been received for the first time by one or more receivers
multiplied by the probability of product re-receipt for a
receiver having received the product on only one occasion.
[0328] Inan example, the second forecast demand number
of the product comprises a user provided forecast demand
number of the product to be received for the first time by one
or more receivers multiplied by the probability of product
re-receipt for a receiver having received the product on only
one occasion.

[0329] In an example, determination of the second sub-
total forecast demand number comprises a determination of
a first additional forecast demand number. Determination of
the first additional forecast demand number comprises a
multiplication of the first forecast demand number with a
probability of product re-receipt for a receiver having
received the product on only two occasions. Determination
of the second sub-total forecast demand number comprises
a determination of a second additional forecast demand
number. Determination of the second additional forecast
demand number comprises at least one multiplication of the
second forecast demand number with at least one probability
of product re-receipt for a receiver having received the
product on at least three occasions.

[0330] In an example, the second additional forecast
demand number comprises a third additional forecast
demand number. Determination of the third additional fore-
cast demand number comprises a multiplication of the third
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forecast demand number with a probability of product
re-receipt for a receiver having received the product on only
three occasions.

[0331] In an example, the second additional forecast
demand number comprises a fourth additional forecast
demand number. Determination of the fourth additional
forecast demand number comprises at least one multiplica-
tion of the fourth forecast demand number with at least one
probability of product re-receipt for a receiver having
received the product on at least four occasions.

[0332] In an example, the second additional forecast
demand number comprises a fifth additional forecast
demand number. Determination of the fifth additional fore-
cast demand number comprises a multiplication of the fifth
forecast demand number with a probability of product
re-receipt for a receiver having received the product on only
four occasions.

[0333] In an example, the second additional forecast
demand number comprises a sixth additional forecast
demand number. Determination of the sixth additional fore-
cast demand number comprises at least one multiplication of
the sixth forecast demand number with at least one prob-
ability of product re-receipt for a receiver having received
the product on at least five occasions.

[0334] In an example, the second demand number of the
product comprises a user provided order demand number of
the product to be received and/or having already been
received for the first time by one or more receivers.
[0335] In an example, the second demand number of the
product comprises a user provided forecast demand number
of'the product to be received for the first time by one or more
receivers.

[0336] FIG. 5 shows an example of a product supply
apparatus 500 for a perishable product. The apparatus 500
comprises an input unit 510, a processing unit 520, and an
output unit 530. The input unit is configured to provide the
processing unit with a plurality of orders of a product. The
plurality of orders is formed from open orders and shipped
orders. The input unit is configured also to provide the
processing unit with a stock level of the product held in
stock. The processing unit is configured to determine an
open demand of the product to be received. The determina-
tion of the open demand comprises utilization of the shipped
orders, open orders and a total forecast demand number of
the product to be received. The processing unit is configured
also to determine a product supply plan. The determination
of the product supply plan comprises utilization of the open
demand and the stock level. The output unit is configured to
output the supply plan.

[0337] Thus, demand forecasting information is used in
conjunction with order and stock information to determine a
supply plan.

[0338] Product supply means determining a supply plan,
but it can also mean determining a production plan for that
product in addition to the supply plan.

[0339] According to an example, the open orders and the
total forecast demand number relate to a plurality of delivery
zones having a plurality of different delivery times. Each
delivery zone has a different delivery time.

[0340] In this manner, the supply plan can take into
account how long it will take to deliver the product to
customers, thereby enabling product to be ready for shipping
at the optimum time taking into account various delivery
times.
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[0341] In an example, a delivery time for a delivery zone
depends upon the day the product is scheduled to be received
(determined from the forecast)—thus for example takes into
account if delivery is to occur during the week or extends
over a weekend including a Sunday, and/or extends over a
public holiday and/or extends over a day when there will be
apostal or delivery strike in which case the delivery time can
be longer. Thus, in an example the delivery time is calcu-
lated for each possible day of the product to be received by
a receiver in a delivery zone.

[0342] According to an example, the processing unit is
configured to determine the supply plan of product to the
plurality of delivery zones.

[0343] In this way, the supply plan can take into account
how long it will take to deliver the perishable product to
different receivers around the world, enabling better supply
planning that can also feed into how to plan production runs.
[0344] According to an example, the product has an asso-
ciated shelf life, and determination of the supply plan
comprises utilization of the shelf life.

[0345] In this manner, product supply can take into
account the lifetime of the product, with the product supply
plan then being able to influence the production plan.
[0346] According to an example, the product has a level of
efficacy that varies with time. Determination of the supply
plan comprises utilization of how the level of efficacy varies
with time.

[0347] In others words, the product has a level of efficacy
that may require more or less of the product to be supplied
to specific receivers, that can also vary depending upon how
long it takes to deliver. By taking this into account, better
supply planning is enabled, which can also feed into pro-
duction planning activities.

[0348] According to an example, the product has a half-
life, with this being a duration in time over which the level
of efficacy of the product halves.

[0349] According to an example, the input unit is config-
ured to provide the processing unit with at least one product
receiving factor of receivers of the product. Determination
of the supply plan can then comprise utilization of the at
least one product receiving factor of receivers.

[0350] This enables, product to be delivered to receivers
taking into account how much they will consume, that can
take into account how the efficacy level of the product varies
and delivery timescales.

[0351] According to an example, the at least one product
receiving factor comprises at least one body weight of a
receiver in kilograms.

[0352] According to an example, the processing unit is
configured to determine for each delivery zone a character-
istic weight distribution for receivers based on data provided
from the input unit. The at least one receiving factor of
receivers of the product can then comprise the characteristic
weight distributions in the plurality of deliver zones.
[0353] According to an example, the at least one product
receiving factor comprises an amount of seed a receiver
wants to purchase or wants to receive.

[0354] According to an example, determination of the
supply plan comprises matching the levels of efficacy of at
least some of the products held in stock with the at least one
product receiving factor of receivers of the product for
receivers comprised within the open demand.

[0355] In other words, it is determined what product in
stock can be delivered to different receivers from stock,
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where those receivers can have various product demands,
and where the time taken to deliver the product may also
need to be taken into account, along with an understanding
of how the efficacy of the product may be varying in order
to inform the supply plan. This then means that product held
in stock can be supplied to the optimum receivers for that
product, taking into account all these factors, thereby mini-
mizing wastage of stock, and also feeding into production
planning, such that only the minimum quantities may need
to be produced.

[0356] According to an example, the matching comprises
identifying two separate products held in stock that have a
combined efficacy that matches a receiving factor of a
receiver of the product.

[0357] According to an example, the processing unit is
configured to determine a net demand of the product to be
received. According to an example, the determination com-
prises utilization of the open demand and the stock level.
The processing unit is configured also to determine a pro-
duction plan, wherein the determination comprises utiliza-
tion of the net demand.

[0358] In an example, the output unit is configured to
output the production plan.

[0359] According to an example, the input unit is config-
ured to provide the processing unit with a production run
schedule. The production run schedule comprises a plurality
of dates extending into the future when product production
is possible. The determination of the production plan can
then comprise utilization of the production run schedule.
[0360] According to an example, when shipped orders
added to the open orders is equal to or greater than the total
forecast demand number the open demand is determined as
the open orders.

[0361] According to an example, determination of the
open demand comprises a subtraction of the shipped orders
from the total forecast demand number.

[0362] According to an example, the total forecast demand
number comprises a summation of a plurality of sub-forecast
demand numbers extending over a plurality of future dates,
and the shipped orders comprises a summation of a plurality
of sub-shipped orders that are scheduled to arrive over the
plurality of future dates, and the open demand comprises a
summation of a plurality of sub-open demand extending
over the plurality of future dates, wherein the sub-open
demand for a future date is the sub-shipped order for that
date subtracted from the sub-forecast demand number for
that date.

[0363] According to an example, when shipped orders
added to the open orders is less than the total forecast
demand number, determination of the open demand com-
prises a determination of an open forecast, wherein deter-
mination of the open forecast comprises a subtraction of the
shipped orders and the open orders from the total forecast
demand number.

[0364] According to an example, the total forecast demand
number comprises a summation of a plurality of sub-forecast
demand numbers extending over a plurality of future dates,
and the shipped orders comprises a summation of a plurality
of sub-shipped orders that are scheduled to arrive over the
plurality of future dates, and the open orders comprises a
summation of a plurality of sub-open orders extending over
the plurality of future dates, and wherein the open forecast
comprises a summation of a plurality of sub-open forecasts
extending over the plurality of future dates, wherein a
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sub-open forecast for a future date is the sub-shipped order
summed with the sub-open order for that date subtracted
from the sub-forecast demand number for that date, and
wherein the open forecast is equal to a redistributed open
forecast that comprises a summation of a plurality of sub-
redistributed forecasts extending over the plurality of future
dates, and wherein the sub-open demand for a date equals
the sub-open order for that date added to the sub-redistrib-
uted open forecast for that date. In this way, even when a
demand number of product having already been shipped for
receipt on a particular date is greater than an order demand
number or forecast demand number for receipt on that
particular date, production can still be planned in order that
the production facility does not lie idle, by re-organizing
production planning slightly.

[0365] According to an example, determination of the
supply plan comprises utilization of the production plan.
[0366] In this way, if it is determined that product in stock
cannot be used to fulfil an order, whether open or forecasted
requiring that stock will have to be discarded, this can be
taken into account in the production planning with more
product then having to be produced.

[0367] In an example, determination of the production
plan comprises utilization of the supply plan.

[0368] Thus determination of the production and supply
plans can run hand-in-hand, with an optimized solution
being arrived at iteratively.

[0369] According to an example, the processing unit is
configured to determine the total forecast demand number.
The determination comprises utilization of at least one
probability of product re-receipt.

[0370] According to an example, the input unit is config-
ured to enable a user to input the at least one probability of
product re-receipt. The input unit is configured to provide
the processing unit with the at least one probability of
product re-receipt.

[0371] In this way, a user for example may input the
required one or more probabilities of product re-receipt.
[0372] According to an example, the input unit is config-
ured to provide the processing unit with information relating
to historical product receipt. The processing unit is config-
ured to determine the at least one probability of product
re-receipt on the basis of the information relating to the
historical product receipt.

[0373] According to an example, the historical products
relate to products being received by one or more receivers on
one or more occasions.

[0374] In other words, historical information on the prob-
ability of a receiver having received the product once them
receiving the product a second time is used to predict the
forecast. Similarly, the probability that a receiver who has
received the product twice, three times, four times, five
times, n times, will receive the product three times, four
times, five times, six times, n+1 times is used to predict the
forecast of product receipt. Thus, for example a user may
need only provide the processing unit with information
relating to past sales or receipt of products or treatments
using products, and the processing unit itself calculates the
necessary one or more probabilities of product re-receipt.
[0375] According to an example, the processing unit is
configured to determine a temporal receipt distribution
extending into the future. The determination comprises
utilization of the information relating to the historical prod-
uct receipt.
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[0376] In this manner, rather than having only a forecasted
quantity of product to be received within a time period, that
time period can be split into shorter time periods, even on a
day basis, and the quantity of product predicted to be
received at a higher temporal degree of fidelity can be
provided,

[0377] According to an example, determination of the
receipt distribution comprises a determination of a probabil-
ity of product receipt for different days of the week.
[0378] In other words, an understanding of what days of
the week the product is generally received can be used in
demand forecasting prediction, thereby provided a degree of
fidelity that can be utilized in production planning of prod-
ucts that have a short shelf-life for example.

[0379] According to an example, the input unit is config-
ured to enable a user to input information relating to at least
one period of time in the future when product receipt will not
occur. The input unit is configured also to provide the
processing unit with the information relating to at least one
period of time in the future when product receipt will not
occur. Determination of the receipt distribution can then
comprise utilization of the information relating to at least
one period of time in the future when product receipt will not
occur.

[0380] In this way, the forecast can be provided at a level
of fidelity that can use historical data to determine an
expected distribution of receipt that then takes into account
known information relating to when receipt is predicted not
to occur. This enables product receipt to be better predicted
at a fidelity level of short periods of time, and even at a daily
basis, providing a forecast that can be better used for all
aspects of production planning for example,

[0381] Inan example, the at least one period when product
receipt will not occur comprises one or more bank holidays.
[0382] Inan example, the at least one period when product
receipt will not occur comprises one or more Sundays.
[0383] Inan example, the at least one period when product
receipt will not occur comprises one or more weekends.
[0384] Inan example, the at least one period when product
receipt will not occur comprises one or more days when
strike and/or industrial action is known or predicted to occur.
[0385] According to an example, the input unit is config-
ured to provide the processing unit with a first demand
number of a product to be received and/or having already
been received over a first period of time. The first demand
number of the product comprises a second demand number
of the product to be received and/or having already been
received by a first plurality of receivers who have previous
to the first period of time not received the product. The first
demand number of the product also comprises a third
demand number of the product to be received and/or having
already been received by a second plurality of receivers who
have previous to the first period of time received the product
on one or more occasions. The total forecast demand number
comprises a first sub-total forecast demand number of the
product to be received over a second period of time subse-
quent to the first period of time, wherein the second period
of time is in the future. The processing unit is configured to
determine the first sub-total forecast demand number,
wherein the determination comprises utilization of the at
least one probability of product re-receipt. Determination of
the first sub-total forecast demand number comprises a
determination of a first forecast demand number of the
product to be received by a proportion of the first plurality
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of receivers. The determination of the first forecast demand
number comprises a multiplication of the second demand
number of the product with a probability of product re-
receipt for a receiver having received the product on only
one occasion. Determination of the first sub-total forecast
demand number comprises a determination of a second
forecast demand number of the product to be received by a
proportion of the second plurality of receivers. The deter-
mination of the second forecast demand number comprises
at least one multiplication of the third demand number of the
product with at least one probability of product re-receipt for
a receiver having received the product on at least two
occasions.

[0386] In this manner, information in the form of one or
more probabilities of a user re-receiving the product,
whether they have or will have received the product on one
or more occasions, is used in conjunction with information
relating to product received by receivers who have already
received the product in order to determine product forecast
information that can also take into account first time receiv-
ers.

[0387] Thus, the second demand number of the product
relating to the first plurality of receivers can relate to orders
that have already been received and orders that have been
received and the product already received.

[0388] This provides a forecast of product receipt (a
prediction of product that may need to be received) going
into the future, that can be used for planning of production,
planning of storing, planning of delivery, of product, pro-
viding for increased efficiency, optimized production of
product to match forecast, minimization of storage facilities,
and reduced wastage of products that have a limited shelf-
life.

[0389] In an example, the first period of time is a week.
[0390] Inanexample, the first period of time is a fortnight.
[0391] In an example, the first period of time is four
weeks.

[0392] In an example, the first period of time is a month.
[0393] Inan example, the second period of time is a week.
[0394] In an example, the second period of time is a
fortnight.

[0395] In an example, the second period of time is four
weeks.

[0396] In an example, the second period of time is five
weeks.

[0397] In an example, the second period of time is six
weeks.

[0398] In an example, the second period of time is seven
weeks.

[0399] In an example, the second period of time is eight
weeks.

[0400] In an example, the second period of time is nine
weeks.

[0401] In an example, the second period of time is ten
weeks.

[0402] In an example, the second period of time is a
month.

[0403] In an example, the second period of time is two
months.

[0404] In an example, the second period of time is three
months.

[0405] In an example, the second period of time is four
months.
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[0406] In an example, the second period of time is an
integer number of times larger than the first period of time.
[0407] Inan example, the first period of time is in the past.
[0408] In an example, the second period of time is of the
same duration as the first period of time.

[0409] In an example, the second period of time is of a
longer duration that that for the first period of time.

[0410] In an example, each occasion of previous receipt
occurred in a different period of time.

[0411] In an example, the third demand number of the
product comprises a user provided order demand number of
the product to be received and/or having already been
received on one or more occasions.

[0412] In an example, the product is a quantity of seeds.
[0413] In an example, the product is a medicinal product.
[0414] In an example, a particular example of the product

has a shelf life that is shorter than the second period of time.
[0415] In an example, a particular example of the product
has a level of efficacy that varies with time.

[0416] In an example, a particular example of the product
can be characterized by a half-life, with this being a duration
in time over which a level of efficacy of the product halves.

[0417] In an example, the product is radioactive.

[0418] In an example, the product comprises radium.
[0419] In an example, the product comprises radioactive
iodine.

[0420] In an example, the product is a quantity of seed.
[0421] In an example, the determination of the total fore-

cast demand number comprises at least one rounding pro-
cess. In this way, an integer number can always be gener-
ated.

[0422] In an example, the at least one probability of
product re-receipt comprises a probability that a receiver
having received the product only once will receive the
product for a second time.

[0423] In an example, the at least one probability of
product re-receipt comprises a probability that a receiver
having received the product only twice will receive the
product for a third time.

[0424] In an example, the at least one probability of
product re-receipt comprises a probability that a receiver
having received the product only three times will receive the
product for a fourth time.

[0425] In an example, the at least one probability of
product re-receipt comprises a probability that a receiver
having received the product only n times will receive the
product for an n+1 time.

[0426] According to an example, the third demand number
of the product comprises a fourth demand number of the
product, and the second plurality of receivers comprises a
third plurality of receivers who have previous to the first
period of time received the product on only one occasion.
The fourth demand number of the product is a demand
number of the product to be received and/or having already
been received by the third plurality of receivers. Determi-
nation of the second forecast demand number comprises a
determination of a third forecast demand number of the
product to be received by a proportion of the third plurality
of receivers. Determination of the third forecast demand
number comprises a multiplication of the fourth demand
number of the product with a probability of product re-
receipt for a receiver having received the product on only
two occasions.
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[0427] According to an example, the third demand number
of the product comprises a fifth demand number of the
product, wherein the second plurality of receivers comprises
a fourth plurality of receivers who have previous to the first
period of time received the product on at least two occa-
sions. The fifth demand number of the product is a demand
number of the product to be received and/or having already
been received by the fourth plurality of receivers. Determi-
nation of the second forecast demand number comprises a
determination of a fourth forecast demand number of the
product to be received by a proportion of the fourth plurality
of receivers. Determination of the fourth forecast demand
number comprises at least one multiplication of the fifth
demand number of the product with at least one probability
of product re-receipt for a receiver having received the
product on at least three occasions.

[0428] According to an example, the fifth demand number
of the product comprises a sixth demand number of the
product, and the fourth plurality of receivers comprises a
fifth plurality of receivers who have previous to the first
period of time received the product on only two occasions.
The sixth demand number of the product is a demand
number of the product to be received and/or having already
been received by the fifth plurality of receivers. Determina-
tion of the fourth forecast demand number comprises a
determination of a fifth forecast demand number of the
product to be received by a proportion of the fifth plurality
of receivers. Determination of the fifth forecast demand
number comprises a multiplication of the sixth demand
number of the product with a probability of product re-
receipt for a receiver having received the product on only
three occasions.

[0429] According to an example, the fifth demand number
of the product comprises a seventh demand number of the
product, wherein the fourth plurality of receivers comprises
a sixth plurality of receivers who have previous to the first
period of time received the product on at least three occa-
sions. The seventh demand number of the product is a
demand number of the product to be received and/or having
already been received by the sixth plurality of receivers.
Determination of the fourth forecast demand number com-
prises a determination of a sixth forecast demand number of
the product to be received by a proportion of the sixth
plurality of receivers. Determination of the sixth forecast
demand number comprises at least one multiplication of the
seventh demand number of the product with at least one
probability of product re-receipt for a receiver having
received the product on at least four occasions.

[0430] According to an example, the total forecast demand
number comprises a second sub-total forecast demand num-
ber of the product to be received over a third period of time
subsequent to the second period of time, wherein the pro-
cessing unit is configured to determine the second sub-total
forecast demand number, the determination comprising uti-
lization of the first sub-total forecast demand number of the
product to be received over the second period of time and at
least one probability of product re-receipt that does not
include the probability of product re-receipt for a receiver
having received the product on only one occasion.

[0431] Inan example, the second forecast demand number
of the product comprises a user provided order demand
number of the product to be received and/or having already
been received for the first time by one or more receivers
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multiplied by the probability of product re-receipt for a
receiver having received the product on only one occasion.
[0432] Inan example, the second forecast demand number
of the product comprises a user provided forecast demand
number of the product to be received for the first time by one
or more receivers multiplied by the probability of product
re-receipt for a receiver having received the product on only
one occasion.

[0433] In other words, the forecast can be modelled in
terms of a Markov Chain, where the modelling process
moves from one state to the next state (from time period to
time period into the future) and where the forecast for
subsequent time periods depends on the forecast for a
previous time periods. To put this another way, the stochastic
model allows the modelling of the re-receipt of receivers,
depending upon the current demand number of product
being received.

[0434] In an example, the third period of time is a week.
[0435] In an example, the third period of time is a fort-
night.

[0436] In an example, the third period of time is four
weeks.

[0437] In an example, the third period of time is a month.
[0438] In an example, the third period of time is of the

same duration as the first period of time.

[0439] According to an example, determination of the
second sub-total forecast demand number comprises a deter-
mination of a first additional forecast demand number.
Determination of the first additional forecast demand num-
ber comprises a multiplication of the first forecast demand
number with a probability of product re-receipt for a
receiver having received the product on only two occasions.
Determination of the second sub-total forecast demand
number comprises a determination of a second additional
forecast demand number. Determination of the second addi-
tional forecast demand number comprises at least one mul-
tiplication of the second forecast demand number with at
least one probability of product re-receipt for a receiver
having received the product on at least three occasions.
[0440] According to an example, the second additional
forecast demand number comprises a third additional fore-
cast demand number. Determination of the third additional
forecast demand number comprises a multiplication of the
third forecast demand number with a probability of product
re-receipt for a receiver having received the product on only
three occasions.

[0441] According to an example, the second additional
forecast demand number comprises a fourth additional fore-
cast demand number. Determination of the fourth additional
forecast demand number comprises at least one multiplica-
tion of the fourth forecast demand number with at least one
probability of product re-receipt for a receiver having
received the product on at least four occasions.

[0442] According to an example, the second additional
forecast demand number comprises a fifth additional fore-
cast demand number. Determination of the fifth additional
forecast demand number comprises a multiplication of the
fifth forecast demand number with a probability of product
re-receipt for a receiver having received the product on only
four occasions.

[0443] According to an example, the second additional
forecast demand number comprises a sixth additional fore-
cast demand number. Determination of the sixth additional
forecast demand number comprises at least one multiplica-
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tion of the sixth forecast demand number with at least one
probability of product re-receipt for a receiver having
received the product on at least five occasions.

[0444] According to an example, the second demand
number of the product comprises a user provided order
demand number of the product to be received and/or having
already been received for the first time by one or more
receivers.

[0445] According to an example, the second demand
number of the product comprises a user provided forecast
demand number of the product to be received for the first
time by one or more receivers.

[0446] FIG. 6 shows a method for product supply 600 in
its basic steps, according to some embodiments. The method
600 comprises:

[0447] in a providing step 610, also referred to as step
W), providing a processing unit with a plurality of
orders of a product, wherein the plurality of orders is
formed from open orders and shipped orders;

[0448] in a providing step 620, also referred to as step
X), providing the processing unit with a stock level of
the product held in stock;

[0449] in a determining step 630, also referred to as step
Y), determining by the processing unit an open demand
of the product to be received, wherein the determina-
tion comprises utilization of the shipped orders, open
orders and a total forecast demand number of the
product to be received; and

[0450] in a determining step 640, also referred to as step
Z), determining a product supply plan, wherein the
determination comprises utilization of the open
demand and the stock level.

[0451] In an example, the open orders and the total fore-
cast demand number relate to a plurality of delivery zones
having a plurality of different delivery times, wherein each
delivery zone has a different delivery time.

[0452] In an example, a delivery time for a delivery zone
depends upon the day the product is scheduled to be received
(determined from the forecast)—thus for example takes into
account if delivery is to occur during the week or extends
over a weekend including a Sunday, and/or extends over a
public holiday and/or extends over a day when there will be
apostal or delivery strike in which case the delivery time can
be longer. Thus, in an example the delivery time is calcu-
lated for each possible day of the product to be received by
a receiver in a delivery zone.

[0453] In an example, the method comprises the process-
ing unit determining the supply plan of product to the
plurality of delivery zones.

[0454] In this way, supply can take into account how long
it will take to deliver the perishable product to different
receivers around the world, enabling better supply (and
indeed production) planning.

[0455] In an example, the product has an associated shelf
life, and wherein determination of the supply plan comprises
utilization of the shelf life.

[0456] In an example, the product has a level of efficacy
that varies with time, and wherein determination of the
supply plan comprises utilization of how the level of efficacy
varies with time.

[0457] Inan example, the product has a half-life, with this
being a duration in time over which the level of efficacy of
the product halves.
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[0458] In an example, the method comprises providing,
via an input unit, the processing unit with at least one
product receiving factor of receivers of the product. Deter-
mination of the supply plan then comprises utilizing the at
least one product receiving factor of receivers.

[0459] This enables, product to be delivered to receivers
taking into account how much they will consume, that can
take into account how the efficacy level of the product varies
and delivery timescales.

[0460] In an example, the at least one product receiving
factor comprises at least one body weight of a receiver in
kilograms.

[0461] In an example, the method comprises the process-
ing unit determining for each delivery zone a characteristic
weight distribution for receivers based on data provided
from the input unit. The at least one receiving factor of
receivers of the product can then comprise the characteristic
weight distributions in the plurality of deliver zones.
[0462] In an example, the at least one product receiving
factor comprises an amount of seed a receiver wants to
purchase.

[0463] In an example, determination of the supply plan
comprises matching the levels of efficacy of at least some of
the products held in stock with the at least one product
receiving factor of receivers of the product for receivers
comprised within the open demand.

[0464] In an example, the matching comprises identifying
two separate products held in stock that have a combined
efficacy that matches a receiving factor of a receiver of the
product.

[0465] In an example, the method comprises the process-
ing unit determining a net demand of the product to be
received. The determination comprises utilization of the
open demand and the stock level. The method can then
comprise the processing unit determining a production plan,
wherein the determination comprises utilization of the net
demand.

[0466] In an example, the method comprises providing,
via an input unit, the processing unit with a production run
schedule, the production run schedule comprising a plurality
of dates extending into the future when product production
is possible. Determination of the production plan can then
comprise utilization of the production run schedule.

[0467] In an example, when shipped orders added to the
open orders is equal to or greater than the total forecast
demand number, in step Y) the open demand is determined
as the open orders.

[0468] In an example, determination of the open demand
comprises a subtraction of the shipped orders from the total
forecast demand number.

[0469] In an example, the total forecast demand number
comprises a summation of a plurality of sub-forecast
demand numbers extending over a plurality of future dates,
and the shipped orders comprises a summation of a plurality
of sub-shipped orders that are scheduled to arrive over the
plurality of future dates, and the open demand comprises a
summation of a plurality of sub-open demand extending
over the plurality of future dates, wherein the sub-open
demand for a future date is the sub-shipped order for that
date subtracted from the sub-forecast demand number for
that date.

[0470] In an example, when shipped orders added to the
open orders is less than the total forecast demand number,
step Y) comprises determining an open forecast, wherein
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determining the open forecast comprises subtracting the
shipped orders and the open orders from the total forecast
demand number.

[0471] In an example, the total forecast demand number
comprises a summation of a plurality of sub-forecast
demand numbers extending over a plurality of future dates,
and the shipped orders comprises a summation of a plurality
of sub-shipped orders that are scheduled to arrive over the
plurality of future dates, and the open orders comprises a
summation of a plurality of sub-open orders extending over
the plurality of future dates, and wherein the open forecast
comprises a summation of a plurality of sub-open forecasts
extending over the plurality of future dates, wherein a
sub-open forecast for a future date is the sub-shipped order
summed with the sub-open order for that date subtracted
from the sub-forecast demand number for that date, and
wherein the open forecast is equal to a redistributed open
forecast that comprises a summation of a plurality of sub-
redistributed open forecasts extending over the plurality of
future dates, and wherein step Y) comprises determining a
sub-open demand for a date of the plurality of future dates
by adding the sub-open order for that date to the sub-
redistributed open forecast for that date.

[0472] In this way, even when a demand number of
product having already been shipped for receipt on a par-
ticular date is greater than an order demand number or
forecast demand number for receipt on that particular date,
production can still be planned in order that the production
facility does not lie idle, by re-organizing production plan-
ning slightly.

[0473] In an example, determination of the production
plan comprises utilization of the supply plan.

[0474] In this way, if it is determined that product in stock
cannot be used to fulfil an order, whether open or forecasted
requiring that stock will have to be discarded, this can be
taken into account in the production planning with more
product then having to be produced.

[0475] In an example, the method comprises the process-
ing unit determining the total forecast demand number, the
determination comprising utilization of at least one prob-
ability of product re-receipt.

[0476] In an example, the method comprises a user input-
ting via an input unit the at least one probability of product
re-receipt. The input unit is configured to provide the
processing unit with the at least one probability of product
re-receipt.

[0477] In an example, the method comprises providing an
input unit with information relating to historical product
receipt and providing the processing unit with the informa-
tion relating to historical product receipt. The method can
then comprise the processing unit determining the at least
one probability of product re-receipt on the basis of the
information relating to the historical product receipt.
[0478] In an example, the historical products relate to
products being received by one or more receivers on one or
more occasions.

[0479] In other words, historical information on the prob-
ability of a receiver having received the product once them
receiving the product a second time is used to predict the
forecast. Similarly, the probability that a receiver who has
received the product twice, three times, four times, five
times, n times, will receive the product three times, four
times, five times, six times, n+1 times is used to predict the
forecast of product receipt.
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[0480] In an example, the method comprises the process-
ing unit determining a temporal receipt distribution extend-
ing into the future, the determination comprising utilization
of the information relating to the historical product receipt.
[0481] In this manner, rather than having only a forecasted
quantity of product to be received within a time period, that
time period can be split into shorter time periods, even on a
day basis, and the quantity of product predicted to be
received at a higher temporal degree of fidelity can be
provided,

[0482] In an example, determination of the receipt distri-
bution comprises a determination of a probability of product
receipt for different days of the week.

[0483] In other words, an understanding of what days of
the week the product is generally received can be used in
demand forecasting prediction, thereby provided a degree of
fidelity that can be utilized in production planning of prod-
ucts that have a short shelf-life for example.

[0484] In an example, the method comprises a user input-
ting via an input unit information relating to at least one
period of time in the future when product receipt will not
occur. The input unit provides the processing unit with the
information relating to at least one period of time in the
future when product receipt will not occur. Determination of
the receipt distribution can then comprise utilization of the
information relating to at least one period of time in the
future when product receipt will not occur.

[0485] In this way, the forecast can be provided at a level
of fidelity that can use historical data to determine an
expected distribution of receipt that then takes into account
known information relating to when receipt is predicted not
to occur. This enables product receipt to be better predicted
at a fidelity level of short periods of time, and even at a daily
basis, providing a forecast that can be better used for all
aspects of production planning for example.

[0486] Inan example, the at least one period when product
receipt will not occur comprises one or more bank holidays.
[0487] Inan example, the at least one period when product
receipt will not occur comprises one or more Sundays.
[0488] Inan example, the at least one period when product
receipt will not occur comprises one or more weekends.
[0489] Inan example, the at least one period when product
receipt will not occur comprises one or more days when
strike and/or industrial action is known or predicted to occur.
[0490] In an example, the method comprises an input unit
providing the processing unit with a first demand number of
a product to be received and/or having already been received
over a first period of time. The first demand number of the
product comprises a second demand number of the product
to be received and/or having already been received by a first
plurality of receivers who have previous to the first period of
time not received the product. The first demand number of
the product also comprises a third demand number of the
product to be received and/or having already been received
by a second plurality of receivers who have previous to the
first period of time received the product on one or more
occasions. The total forecast demand number comprises a
first sub-total forecast demand number of the product to be
received over a second period of time subsequent to the first
period of time, wherein the second period of time is in the
future. The processing unit determines the first sub-total
forecast demand number, wherein the determination com-
prises utilization of the at least one probability of product
re-receipt. Determination of the first sub-total forecast
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demand number comprises a determination of a first forecast
demand number of the product to be received by a propor-
tion of the first plurality of receivers. Determination of the
first forecast demand number comprises a multiplication of
the second demand number of the product with a probability
of product re-receipt for a receiver having received the
product on only one occasion. Determination of the first
sub-total forecast demand number comprises determination
of a second forecast number of the product to be received by
a proportion of the second plurality of receivers. The deter-
mination of the second forecast demand number comprises
at least one multiplication of the third demand number of the
product with at least one probability of product re-receipt for
a receiver having received the product on at least two
occasions.

[0491] In this manner, information in the form of one or
more probabilities of a user re-receiving the product,
whether they have or will have received the product on one
or more occasions, is used in conjunction with information
relating to product received by receivers who have already
received the product in order to determine product forecast
information that can also take into account first time receiv-
ers.

[0492] Thus, the second demand number of the product
relating to the first plurality of receivers can relate to orders
that have already been received and orders that have been
received and the product already received.

[0493] This provides a forecast of product receipt going
into the future, that can be used for planning of supply
(delivery), planning of production, planning of storing,
providing for increased efficiency, optimized supply and
production of product to match forecast, minimization of
storage facilities, and reduced wastage of products that have
a limited shelf-life.

[0494] In an example, the first period of time is a week.
[0495] Inanexample, the first period of time is a fortnight.
[0496] In an example, the first period of time is four
weeks.

[0497] In an example, the first period of time is a month.
[0498] Inan example, the second period of time is a week.
[0499] In an example, the second period of time is a
fortnight.

[0500] In an example, the second period of time is four
weeks.

[0501] In an example, the second period of time is five
weeks.

[0502] In an example, the second period of time is six
weeks.

[0503] In an example, the second period of time is seven
weeks.

[0504] In an example, the second period of time is eight
weeks.

[0505] In an example, the second period of time is nine
weeks.

[0506] In an example, the second period of time is ten
weeks.

[0507] In an example, the second period of time is a
month.

[0508] In an example, the second period of time is two
months.

[0509] In an example, the second period of time is three
months.

[0510] In an example, the second period of time is four
months.
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[0511] In an example, the second period of time is an
integer number of times larger than the first period of time.
[0512] Inan example, the first period of time is in the past.
[0513] In an example, the second period of time is of the
same duration as the first period of time.

[0514] In an example, the second period of time is of a
longer duration that that for the first period of time.

[0515] In an example, each occasion of previous receipt
occurred in a different period of time.

[0516] In an example, the third demand number of the
product comprises a user provided order demand number of
the product to be received and/or having already been
received on one or more occasions.

[0517] In an example, the product is a quantity of seeds.
[0518] In an example, the product is a medicinal product.
[0519] In an example, a particular example of the product

has a shelf life that is shorter than the second period of time.
[0520] In an example, a particular example of the product
has a level of efficacy that varies with time.

[0521] In an example, a particular example of the product
can be characterized by a half-life, with this being a duration
in time over which a level of efficacy of the product halves.

[0522] In an example, the product is radioactive.

[0523] In an example, the product comprises radium.
[0524] In an example, the product comprises radioactive
iodine.

[0525] In an example, the product is a quantity of seed.
[0526] In an example, the determination of the total fore-

cast demand number comprises at least one rounding pro-
cess. In this way, an integer number can always be gener-
ated.

[0527] In an example, the at least one probability of
product re-receipt comprises a probability that a receiver
having received the product only once will receive the
product for a second time.

[0528] In an example, the at least one probability of
product re-receipt comprises a probability that a receiver
having received the product only twice will receive the
product for a third time.

[0529] In an example, the at least one probability of
product re-receipt comprises a probability that a receiver
having received the product only three times will receive the
product for a fourth time.

[0530] In an example, the at least one probability of
product re-receipt comprises a probability that a receiver
having received the product only n times will receive the
product for an n+1 time.

[0531] In an example, the third demand number of the
product comprises a fourth demand number of the product,
and the second plurality of receivers comprises a third
plurality of receivers who have previous to the first period of
time received the product on only one occasion. The fourth
demand number of the product is a demand number of the
product to be received and/or having already been received
by the third plurality of receivers. Determination of the
second forecast demand number comprises determination of
a third forecast demand number of the product to be received
by a proportion of the third plurality of receivers. Determi-
nation of the third forecast demand number comprises a
multiplication of the fourth demand number of the product
with a probability of product re-receipt for a receiver having
received the product on only two occasions.

[0532] In an example, the third demand number of the
product comprises a fifth demand number of the product,
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wherein the second plurality of receivers comprises a fourth
plurality of receivers who have previous to the first period of
time received the product on at least two occasions. The fifth
demand number of the product is a demand number of the
product to be received and/or having already been received
by the fourth plurality of receivers. Determination of the
second forecast demand number comprises a determination
of a fourth forecast demand number of the product to be
received by a proportion of the fourth plurality of receivers.
Determination of the fourth forecast demand number com-
prises at least one multiplication of the fifth demand number
of the product with at least one probability of product
re-receipt for a receiver having received the product on at
least three occasions.

[0533] In an example, the fifth demand number of the
product comprises a sixth demand number of the product,
and the fourth plurality of receivers comprises a fifth plu-
rality of receivers who have previous to the first period of
time received the product on only two occasions. The sixth
demand number of the product is a demand number of the
product to be received and/or having already been received
by the fifth plurality of receivers. Determination of the
fourth forecast demand number comprises a determination
of a fifth forecast demand number of the product to be
received by a proportion of the fifth plurality of receivers.
Determination of the fifth forecast demand number com-
prises a multiplication of the sixth demand number of the
product with a probability of product re-receipt for a
receiver having received the product on only three occa-
sions.

[0534] In an example, the fifth demand number of the
product comprises a seventh demand number of the product,
wherein the fourth plurality of receivers comprises a sixth
plurality of receivers who have previous to the first period of
time received the product on at least three occasions. The
seventh demand number of the product is a demand number
of the product to be received and/or having already been
received by the sixth plurality of receivers. Determination of
the fourth forecast demand number comprises determination
of a sixth forecast demand number of the product to be
received by a proportion of the sixth plurality of receivers.
Determination of the sixth forecast demand number com-
prises at least one multiplication of the seventh demand
number of the product with at least one probability of
product re-receipt for a receiver having received the product
on at least four occasions.

[0535] In an example, the total forecast demand number
comprises a second sub-total forecast demand number of the
product to be received over a third period of time subsequent
to the second period of time. The method then comprises the
processing unit determining the second sub-total forecast
demand number. The determination comprises utilizing the
first sub-total forecast demand number of the product to be
received over the second period of time and at least one
probability of product re-receipt that does not include the
probability of product re-receipt for a receiver having
received the product on only one occasion.

[0536] Inan example, the second forecast demand number
of the product comprises a user provided order demand
number of the product to be received and/or having already
been received for the first time by one or more receivers
multiplied by the probability of product re-receipt for a
receiver having received the product on only one occasion.
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[0537] Inan example, the second forecast demand number
of the product comprises a user provided forecast demand
number of the product to be received for the first time by one
or more receivers multiplied by the probability of product
re-receipt for a receiver having received the product on only
one occasion.

[0538] In other words, the forecast can be modelled in
terms of a Markov Chain, where the modelling process
moves from one state to the next state (from time period to
time period into the future) and where the forecast for
subsequent time periods depends on the forecast for a
previous time periods. To put this another way, a stochastic
model allows the modelling of the re-receipt of receivers,
depending upon the current demand number of product
being received.

[0539] In an example, the third period of time is a week.
[0540] In an example, the third period of time is a fort-
night.

[0541] In an example, the third period of time is four
weeks.

[0542] In an example, the third period of time is a month.
[0543] In an example, the third period of time is of the

same duration as the first period of time.

[0544] In an example, determination of the second sub-
total forecast demand number comprises a determination of
a first additional forecast demand number, wherein deter-
mination of the first additional forecast demand number
comprises a multiplication of the first forecast demand
number with a probability of product re-receipt for a
receiver having received the product on only two occasions.
Determination of the second sub-total forecast demand
number comprises a determination of a second additional
forecast demand number. Determination of the second addi-
tional forecast demand number comprises at least one mul-
tiplication of the second forecast demand number with at
least one probability of product re-receipt for a receiver
having received the product on at least three occasions.
[0545] In an example, the second additional forecast
demand number comprises a third additional forecast
demand number. Determination of the third additional fore-
cast demand number comprises a multiplication of the third
forecast demand number with a probability of product
re-receipt for a receiver having received the product on only
three occasions.

[0546] In an example, the second additional forecast
demand number comprises a fourth additional forecast
demand number. Determination of the fourth additional
forecast demand number comprises at least one multiplica-
tion of the fourth forecast demand number with at least one
probability of product re-receipt for a receiver having
received the product on at least four occasions.

[0547] In an example, the second additional forecast
demand number comprises a fifth additional forecast
demand number. Determination of the fifth additional fore-
cast demand number comprises a multiplication of the fifth
forecast demand number with a probability of product
re-receipt for a receiver having received the product on only
four occasions.

[0548] In an example, the second additional forecast
demand number comprises a sixth additional forecast
demand number. Determination of the sixth additional fore-
cast demand number comprises at least one multiplication of
the sixth forecast demand number with at least one prob-
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ability of product re-receipt for a receiver having received
the product on at least five occasions.

[0549] In an example, the second demand number of the
product comprises a user provided order demand number of
the product to be received and/or having already been
received for the first time by one or more receivers.

[0550] In an example, the second demand number of the
product comprises a user provided forecast demand number
of'the product to be received for the first time by one or more
receivers.

[0551] The product demand forecasting apparatus and
associated method, and product supply apparatus and asso-
ciated method, and product planning apparatus and associ-
ated method are now explained in further detail with respect
to FIGS. 7-16, relating to a specific example of demand
forecasting, supply and production planning for a medica-
ment.

[0552] The specific demand forecasting, supply planning
and production planning situation described with respect to
FIGS. 7-16 relates to a Bayer’s radioactive medicament
called Xofigo. However, as made clear in the description
relating to FIGS. 1-6, the described demand forecasting
apparatus, product supply apparatus, product planning appa-
ratus and associated methods have utility for the demand
forecasting, supply planning and production planning of a
range of different products. For example, to the demand
forecasting, supply and production of: other medicaments;
seeds; fertilizers; insecticides and herbicides having active
ingredients; and even to receiver products that have limited
lifetimes such as specific models of mobile telephones that
have a life time governed by how attractive they are per-
ceived to be by receivers, and how quickly they become
redundant due to newer, better models coming along, and
where shops or outlets will periodically receive numbers of
products from the manufacturer (for onward sale to custom-
ers). In all these situations, the apparatuses and methods as
described with respect to FIGS. 1-6 enable the accurate
demand forecasting, supply and production of product, and
the skilled person would understand that the specific situa-
tion described in relation to FIGS. 7-16 can be applied more
widely than that for the medicament Xofigo.

[0553] Specific cell killing can be essential for the suc-
cessful treatment of a variety of diseases in mammalian
subjects. Typical examples of this are in the treatment of
malignant diseases such as sarcomas and carcinomas. How-
ever the selective elimination of certain cell types can also
play a key role in the treatment of many other diseases,
especially immunological, hyperplastic and/or other neo-
plastic diseases.

[0554] The most common methods of selective treatment
are currently surgery, chemotherapy and external beam
irradiation. Targeted endo-radionuclide therapy is, however,
apromising and developing area with the potential to deliver
highly cytotoxic radiation to unwanted cell types. The most
common forms of radiopharmaceutical currently authorised
for use in humans employ beta-emitting and/or gamma-
emitting radionuclides. There has, however, been a recent
surge in interest in the use of alpha-emitting radionuclides in
therapy because of their potential for more specific cell
killing. One alpha-emitting nuclide in particular, radium-223
(**’Ra) has proven remarkably effective, particularly for the
treatment of diseases associated with the bone and bone-
surface.
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[0555] The radiation range of typical alpha emitters in
physiological surroundings is generally less than 100
micrometers, the equivalent of only a few cell diameters.
This makes these nuclei well suited for the treatment of
tumours, including micrometastases, because little of the
radiated energy will pass beyond the target cells and thus
damage to surrounding healthy tissue might be minimised
(see Feinendegen et al., Radiat Res 148:195-201 (1997)). In
contrast, a beta particle has a range of 1 mm or more in water
(see Wilbur, Antibody Immunocon Radiopharm 4: 85-96
(1991)).

[0556] The energy of alpha-particle radiation is high com-
pared to beta particles, gamma rays and X-rays, typically
being 5-8 MeV, or 5 to 10 times that of a beta particle and
20 or more times the energy of a gamma ray. Thus, this
deposition of a large amount of energy over a very short
distance gives a-radiation an exceptionally high linear
energy transfer (LET), high relative biological efficacy
(RBE) and low oxygen enhancement ratio (OER) compared
to gamma and beta radiation (see Hall, “Radiobiology for
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the radiologist”, Fifth edition, Lippincott Williams &
Wilkins, Philadelphia Pa., USA, 2000). This explains the
exceptional cytotoxicity of alpha emitting radionuclides and
also imposes stringent demands on the level of purity
required where an isotope is to be administered internally.
This is especially the case where any contaminants may also
be alpha-emitters, and most particularly where long half-life
alpha emitters may be present, since these can potentially
cause significant damage over an extended period of time.
[0557] One radioactive decay chain leading to **’Ra,
which has been used as a source for this isotope in small
quantities, is indicated blow. The table shows the element,
molecular weight (Mw), decay mode (mode) and Half-life
(in years (y) or days (d)) for ***Ra and its two precursor
isotopes. This preparation begins from >*?Ac, which is itself
found only in traces in uranium ores, being part of the
natural decay chain originating at >**U. One ton of uranium
ore contains about a tenth of a gram of actinium and thus
although **’Ac is found naturally, it is more commonly
made by the neutron irradiation of >*°Ra in a nuclear reactor.
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[0558] It can be seen from this illustration that **” Ac, with
a half-life of over 20 years, is a very dangerous potential
contaminant with regard to preparing >**Ra from the above
decay chain for pharmaceutical use. In particular, although
227 Ac itself is a beta-emitter, its long half-life means that
even very low activities represent a significant lifetime
radiation exposure, and furthermore, once it decays, the
resulting daughter nuclei (i.e. >*’Th) generate a further 5
alpha-decays and 2 beta-decays before reaching stable
297pb. These are illustrated in the table below:
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rithm and smart end-user frontend based on DeltaMaster
software. The solution combines tailored data integration
with SAP, advanced analysis through data analytics, plan-
ning through tailored algorithm as well as scenario based
simulation. A user-friendly IT solution increases decision
making speed & efficiency, enabling supply of the drug in
time as well as reduction of scrapping cost. A tailored
algorithm for demand forecasting as well as supply planning
are developed for reduction of high scrapping cost as well as
precise decision making with high-granularity, which may

Nuclide 227Th 223Rﬂ. 219R_H 215P0 211Pb 211Bi 207T1 207Pb

Ya-life 187d 114d 40s 1.8ms 361 m 22m 48 m stable

a-energy/MeV 615 564 675 739 6.55

B-energy(max)/MeV 1.37 1.42

Energy % 17.5 160 191 210 3.9 186

[0559] It is evident from the above two decay tables that be needed due to 28 days decaying shelf-life. Business

more than 35 MeV of energy is deposited by one **”Ac
decay chain, representing a significant toxicity risk for
essentially the entire lifetime of any human subject admin-
istered with 22’ Ac. As a result, the content of 22’ Ac con-
taminant in >**Ra for pharmaceutical use is strictly limited
to 45 Bq **’Ac in 1 MBq ***Ra. Thus for practical purposes,
a method which is to provide ***Ra for pharmaceutical use
should preferably provide a purity of 10 Bq **’Ac in 1 MBq
223Ra or better to ensure that this safety limit is always
adhered to.

[0560] A number of studies into the purification of >**Ra
have been published, primarily in environmental contexts,
where the authors desire to accumulate the ***Ra from a
high-volume sample so as to allow analysis of the degree of
environmental contamination (e.g. Howitz et al., Reactive
and Functional Polymers, 33, 25-36 (1997)).

[0561] To address this Bayer developed a production
process for Xofigo (***Ra dichloride), a production method
for the generation of ***Ra that addresses issues such as
yield of ***Ra, speed of the purification process, automation,
minimizing of wasted isotopes and corresponding produc-
tion or radioactive waste or any similar issues associated
with commercial-scale production. This is an improved
method by which ***Ra may be generated and purified for
pharmaceutical use at a purity appropriate for direct injec-
tion into human subjects.

[0562] The dose regimen for Xofigo is 50 kBq (1.35
microcurie) per kg body weight, given at 4 week intervals
for 6 injections.

[0563] However, the radioactive nature of the sales prod-
uct and a very short shelf-life (28 days) can lead to high
scrapping cost. Supply planning for Xofigo is highly chal-
lenging and time-consuming due to the short shelf life,
decaying strength, and treatment dose depending on the
patient’s weight. Challenges such as delivering a >99%
service level and keeping scrapping cost low in a highly
dynamic business environment are faced.

[0564] The product demand forecasting apparatus and
associated method, product supply apparatus and associated
method, and product planning apparatus and associated
method developed and described here address these issues.

[0565] In brief, a digital supply chain planning solution
uses SQL database, specific data model, customized algo-

insights and steering parameters for planning are derived
through data analytics.

[0566] Supply planning for Xofigo is done within the
organization of Bayer Consumer Care AG. It is a highly
challenging and time-consuming task due to the radioactive
nature of the product, the very short shelf-life (28 days), the
decaying strength of the product over time, and the fact that
the required strength/dose for the treatment depends on the
weight of the patient. High cost due to scrapping is a major
business problem beside the time-consuming planning pro-
cess. Scrapping is driven by the short shelf-life in combi-
nation with the requirement to deliver >99% service level,
but it can be caused as well by inaccuracies in planning in
a highly dynamic business environment.

[0567] Prior to the development of the described demand
forecasting, supply planning and production planning solu-
tion, no existing supply chain planning system was able to
tackle the planning complexities of Xofigo. Before intro-
duction of the new business solution, planning was an
inefficient, time consuming and highly simplified approach
using spreadsheets resulting in high manual work load,
which could easily lead to non-transparent and inaccurate
decisions causing lost sales and to the scrapping of product.
[0568] A quick summary of the issues being faced helps to
set the scene:

Technical Problem

[0569] The supply chain planning process for the product
at hand is facing several challenges: demand may need to be
satisfied in a cost effective way, while maintaining very high
service levels. Challenges to be considered include uncer-
tainties with respect to demand, supply and transportation
times. Up to now, no algorithm or IT solution exists to tackle
these simultaneously.

[0570] The product at hand is perishable with an
extremely short shelf life. Due to its radioactive nature its
effectiveness decreases within few days. Consequently,
when trying to find a suitable match of a particular product
for a specific patient, the treatment day, the patient’s weight,
as well as the lead time to his location should be taken into
account.

[0571] The product is administered in regular intervals.
The number of treatment cycles per patient is unknown and
can be estimated when generating a forecast.
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[0572] When planning the product several sources of
uncertainty on both the supply and demand side can be
considered, as well as with respect to transportation lead
times. An integrated IT solution is therefore provided to
support and enhance the decision making process of manual
planners.

System

[0573] The digital supply chain planning solution inte-
grates planning and analytics side-by-side. Unlike classical
enterprise systems in the supply chain area, this IT solution
enables to derive business insights and steering parameters
through data analytics and to immediately feed these
insights into the supply and forecast planning to obtain the
best possible planning accuracy. The different functions are
integrated into one user-friendly frontend and one backend
data model, increasing the speed of decision making. The IT
solution provides tailored algorithms for precise decision
making with high granularity, while allowing automatic data
exchange with existing enterprise planning systems for an
efficient process.

Demand Forecasting

[0574] The embedded demand forecasting module sup-
ports planners to determine a total forecast per country and
day. Based on a forecast for patients being treated for the
very first time and patterns derived from historical orders,
the system estimates reoccurrence rates, the distribution of
treatments within a week and provides a suggestion for the
total forecast per country and day. The resulting forecast
then can be reviewed by the planner, before being consid-
ered for subsequent planning module.

Planning

[0575] The embedded supply planning module supports
planners to determine the right production quantities during
upcoming weeks under all constraints to be considered,
especially related to the decreasing activity of the product
over time. It translates the demand, measured in number of
patients to be treated, into product units to be produced on
a certain day, and as such covers both supply planning and
product planning. This calculation cannot be done in a
simple formula, but instead an algorithm dynamically con-
siders e.g. assumptions about patients’ weights, detailed
holiday calendars and times for shipping the product to the
hospitals, and the possible dates to produce new batches of
fresh product. The planner is supported in the decision
making through what-if scenarios, and an additional opti-
mization algorithm will help to determine the best plan
under different uncertainties in demand, supply, and trans-
portation times.

[0576] The following is a detailed description of the
solution relating as it does to the specific example of demand
forecasting, supply planning and production planning of
Xofigo.

1. Process and End-User Perspective

[0577] The supply chain planning solution is used by
different groups of people in the organization. Supply plan-
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ners, usually based at a central headquarter location, are
coordinating the supply of products across the chain from
manufacturing to delivery to country organizations. Espe-
cially, they are making production decisions, aiming at
maintaining a high service level, while at the same time
avoiding high scrapping cost. Demand planners, usually
based in the individual countries, are consolidating local
information as well as their experience and market intelli-
gence in order to come up with a forecast per day and
country, especially for new patients.

[0578] Based on their input, forecasts for reoccurring
patients are calculated within the Forecast Generation mod-
ule. More details on this step will be provided in Section 0.
[0579] Within the Supply Planning module, final forecasts
from countries are consolidated and the production volumes
are determined using the algorithm. More details on this
process are detailed out in Section 0.

[0580] Users are provided with views for Process Analysis
to support their process monitoring through data analytics.
More details are provided in Section 0.

[0581] A high level overview on the overall process and
information flow can be found in FIG. 7, according to some
embodiments.

1.1 Forecast Generation

[0582] The Forecast Generation module assists users in
determining a total forecast per country and day' based on

historical treatment patterns.
1 exemplary level of aggregation for purpose of description chosen, variations
in terms of regional and temporal dimensions possible

[0583] Users initiate the process by entering their
(manual) forecast per country and week for new patients, i.e.
patients about to receive treatment for the very first time. In
order to propose a total forecast on a daily level, the Forecast
Generation module first calculates a weekly forecast for
reoccurring patients, before breaking the weekly forecast to
a daily level. Details on the calculation steps are described
herein.

[0584] Historical treatment patterns are considered to esti-
mate on which days of a week treatments will take place. In
order to disaggregate any weekly forecast across weekdays,
the system by default considers those patterns, as well as a
set of exceptions in order to determine which days within a
particular week are considered possible. Optionally, a user
may overwrite the default settings to be applied.

[0585] In order to determine the number of reoccurring
patients, the system considers historical treatment patterns
and its derived characteristics and distributions. Similarly to
the previous case, users may overwrite the default distribu-
tions to be applied.

[0586] Users then review the total forecast at different
levels of aggregations (such as total forecast per week), and
also drill down to lower levels of detail (such as forecast per
day, forecast per treatment cycle). For increased transpar-
ency, users may also review the underlying calculation steps,
as well as any orders already placed.

[0587] Users may update any forecast provided by the
system at different levels of aggregations (per week vs per
day). Depending on the level of aggregation at which
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forecasts will be updated, additional calculations will be
triggered to update and take into account the resulting
impact on forecasts on other levels of aggregation, as well
as resulting consequences for future treatments.

[0588] Once users confirmed the total forecasts, they will
be considered as in input for the Supply Planning module (as
described in Section 0).

[0589] A high level overview on the Forecast Generation
module from the users’ point of view is provided in FIG. 8,
according to some embodiments.

1.2 Supply Planning

[0590] The Supply Planning module assists users in deter-
mining the production quantities for the upcoming produc-
tion batches.

[0591] Users initiate the module by providing possible
dates when new batches could be produced during the
upcoming weeks of the planning horizon. From the total
forecast provided by the Forecast Generation module (see
Section 0), current sales orders and current inventory posi-
tion the module calculates a net demand. Based on the net
demand calculation and additional inputs for safety stock
requirements the system then suggests the quantities that
should be produced. Details on the calculations steps are
provided in Section 3.2.

[0592] In order to determine the net demand the model
first determines the open demand by taking into account any
open and shipped orders from the system, and especially
reducing or “consuming” the forecast with orders that have
been shipped already. Based on historical sales patterns the
open demand is disaggregated from country level to a more
granular shipzone level, reflecting different regions within a
country associated with different transportation times?.

2 exemplary level of aggregation for purpose of description chosen, variations
in terms of regional and temporal dimensions possible

[0593] Optionally, a user may overwrite the default set-
tings to be applied as well as the open demand that goes into
the next calculation step.

[0594] The system takes into account the necessary lead
times to relate the desired treatment day of open demand
with the corresponding day the product may need to be
picked and prepared for shipping at the central hub location.
Standard calendars and sets of rules are used to do so. The
system checks which open demand can be satisfied from the
current inventory position taking into account inventory age
and assumptions about patients’ weight. The remaining open
demand is considered as the net demand, which may need to
be produced. More details on the calculation steps are
provided in Section 3.2.

[0595] In order to derive the final quantities to be pro-
duced, including production of safety stock to mitigate
against uncertainties, the system iteratively calculates the
production quantity for a sequence of worst-case supply
scenarios.

[0596] Users then review the production quantities and
check the underlying calculation steps at different levels of
aggregation (such as daily vs. weekly), and also drill down
to lower levels of detail (such as batch level). They may also
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run additional what-if scenarios to analyze the impact of
potential changes of supply and demand.

[0597] Users can decide to confirm the production quan-
tities or overwrite them manually before transferring them
into the supply chain planning system.

[0598] A high level overview on the Supply Planning
module from the users’ point of view in provided in FIG. 9,
according to some embodiments.

1.3 Process Analysis

[0599] Users will be supported in monitoring all processes
through data analytics. A selection of predefined analytical
reports is made available to them in a visually appealing way
to further assist them to generate insights about patients’
treatment and order patterns and efficiency of product sup-
ply, for instance.

[0600]
to:

Exemplary analyses include—but are not limited

[0601] analyze the distribution of treatments across
days per month, as well as any changes in the distri-
bution on a monthly level;

[0602] compare the split between new patients and
patients being retreated on a weekly level, as well as
any changes in the split week over week;

[0603] get insights on the reoccurrence rates of patients,
according to orders placed within a specified time
interval,

[0604] analyze the weight of patients and its change
month over month;

[0605] measure the percentage of production quantity
which is scrapped after expiry, and whether there is a
pattern changing over time.

[0606] The reports are setup in a very flexible way, allow-
ing them to drill-down and perform various analyses at
different level of aggregation.

2. IT System

[0607] The supply chain planning solution is implemented
as an [T system, which is embedded into the existing
enterprise system architecture. The main components and
flows of information are indicated in FIG. 10, according to
some embodiments.

2.1 External System Components [1]

[0608] The planning solution is integrated with other
enterprise systems that are relevant in the context of supply
chain planning.

2.1.1 Enterprise Resource Planning System (ERP)

[0609] In the supply chain planning context the ERP
system covers, for example, master data of products, pro-
duction locations, and customers of the company, and man-
ages transactions such as orders involving internal or exter-
nal parties as well as execution of processes.
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2.1.2 Supply Chain Planning System (SCM)

[0610] The SCM system is used to support the supply
chain planning processes across many levels and parties of
the organization. It usually covers the full process from sales
and demand planning to rough-cut planning and scheduling.

2.1.3 Business Warehouse

[0611] The business warehouse stores historical data for
the purpose of reporting and analytics. In the supply chain
context it holds e.g. snapshots of forecasts being made,
material movements, and sales orders.

2.2 Data Flows from External Systems [2]

[0612] The planning solution obtains different types of
data from these external systems. This transfer can be, for
example, automated as a nightly process.

2.2.1 Master Data

[0613] Supply chain master data defines the supply net-
work in scope, which is especially the set of products (stock
keeping units, SKUs) with relevant attributes, set of plants/
locations and customers, which can be individual external
parties, of country organizations, the mapping which coun-
try is requesting which SKU, bills of materials for produc-
tion, and transportation lanes with lead times.

[0614] On a planning related level there are parameters
such as resource capacities, holiday calendars, and possible
shipping patterns.

2.2.2 Transactional Data

[0615] Supply chain transactional data obtained from
external systems comprises both historical data and current
transactions.

[0616] Relevant historical data include sales orders, from
which patterns of customers’ reoccurrence can be identified.
Sales orders are flagged with an identifier referring to the
individual customer for that purpose. These patterns are fed
as input into the algorithmic components of the application.
Other typical supply chain related data, which is provided to
the user for the purpose of generating business insights, is
material movements or snapshots of the demand forecasting
process.

[0617] Current transactions that are relevant for supply
planning are especially current inventories and current sales
orders.

2.3 Client/Server Components

[0618] The core IT system itself comprises a central server
system, to which users are connecting using client systems.

2.3.1 Server System [3]

[0619] The server component resides on a central instal-
lation within the enterprise network and offers services to the
client systems operated by the users of the planning solution.
[0620] A central database contains relevant data to per-
form the different tasks of demand forecasting, supply
planning, and process analysis. It holds the different types of
data obtained from the external systems, the inputs that users
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are providing as a part of the demand forecasting and supply
planning processes, and also the results of the algorithmic
calculations.

[0621] The different algorithms for demand forecasting,
supply planning, and optimization are also part of the central
server component. They are obtaining their input data from
the central database, and writing back their outputs after
execution.

2.3.2 Client System [4]

[0622] A client system can be installed as a local appli-
cation on the user’s computer, but also be provided virtually
through a web interface. Users can access different frontends
of the client system depending on their role in the organi-
zation. They can also quickly switch between these fron-
tends or even access multiple ones in parallel.

[0623] There is a frontend for managing the forecast, a
frontend for supply planning and a frontend for monitoring
the supply chain processes. The frontends have a common
look-and-feel, so that the user can navigate smoothly
between them. This can be obtained by using generic
frontend software, which allows the flexible design of input
masks and reports, as well as a common data model shared
by the different system modules.

[0624] In the client system the planner can enter data and
planning parameters which do not come from an external
system. These can be e.g. parameters or policies steering the
amount of risk buffering in the supply planning based on the
planner’s preferences, or alternative scenarios that a planner
wants to evaluate. Also, the planner may override the
algorithmic planning suggestions.

2.3.3 Communication Between Client and Server

[0625] When the user starts the client system and opens or
switches to another planning mask the client puts a request
to the central database to retrieve the relevant data to be
displayed. [5]

[0626] This can be data originally coming from the exter-
nal system, potentially in an adjusted format, or results
calculated by the algorithms. Depending on the roles and
responsibilities of the end-user in the organization the view
or access to data can be restricted in terms of e.g. certain
products, regions, or key figures.

[0627] Conversely, the user enters certain inputs into the
masks for demand forecasting and supply planning, as
mentioned above, which are transferred and written to the
central database. [6] Permissions regarding the scope of
allowed input might be restricted here as well. The user
inputs become again visible for other end-users.

2.4 Data Flows Back to External Systems [7]

[0628] The planning solution is supporting the supply
chain processes through tailored algorithms and data ana-
Iytics, and the planner enters the planning decision into the
respective masks. In order for the decisions to be imple-
mented and executed in the supply chain they are written
back to the external enterprise systems.
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[0629] Integration of the systems can be achieved in an
automated fashion or as a loose connection involving
manual steps. Typically, automation is very beneficial if
many users are involved and updates happen frequently.
[0630] This applies especially to the demand forecasting
process, where forecasts are provided regularly by many
people in the organization. An automated nightly upload
process transfers the forecast, obtained through algorithm
and manual user input, to the external SCM system.
[0631] In order to start execution of the supply planning
decisions the planer goes to the ERP system and places an
internal order manually. The planner might do that exactly
according to the proposal of the algorithm or apply a manual
correction while placing the order. In general, also this
process may be automated.

2.5 External Files

[0632] Data import from and export to external files is also
part of the process.

[0633] The end-user may prepare certain inputs, which are
not obtained from the external systems, in a convenient way
in an external spreadsheet application. The spreadsheet file
may then be imported into the planning solution [8].
[0634] Conversely, the content of analytical reports and
planning masks may be exported to a spreadsheet file for
further processing and distribution [9].

3. Calculations and Algorithmic Contribution

[0635] General Notes:

[0636] All numbers provided are fictional and for illus-
tration purposes of the underlying calculation steps
only.

[0637] Due to the shelf life of the product of hand, most
calculation steps are described in terms of calendar
weeks or days; a similar logic using a different level of
aggregation logic may be chosen depending on the
products’ shelf life and other characteristics.

[0638] Calculation steps will be executed for a planning
horizon of 12 calendar weeks, starting from the current
week. Depending on the specifics products character-
istics, a different length for the planning horizon may
be chosen

[0639] The algorithms will be described in the business
context of a pharmaceutical product, which is received
by patients receiving treatments. The body weight of
the patients influences the maximum age of the product
upon receipt and used for treatment. The algorithms can
be applied in the same way in other contexts of cus-
tomers receiving certain products, where the product
age upon receipt and use for treatment is restricted
through certain customer attributes.

3.1 Demand Forecasting

[0640] 3.1.1 Input Data

a) Historical Sales Data

[0641] Sales records, indicating the characteristics
[weight, treatment cycle, treatment day] of the patient, are
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recorded and stored within our database. Based on historical
sales data the statistical properties [average, distribution] of
orders’ characteristics [weekday of treatment, patients’
weight, treatment cycle, reoccurrence rate, resulting distri-
bution per treatment cycle, resulting distribution of treat-
ments across days within week] can be calculated at frequent
intervals. Resulting properties are used as input for further
calculation by default.

b) Weekly Forecast for First Treatments (Provided by Users
on Country Level)

[0642] According to some embodiments, generating sta-
tistical forecasts, for the purpose of this invention, generat-
ing forecasts for reoccurring customer orders with system
support are a particular focus. Additionally, users can pro-
vide their forecasts for customers ordering for the very first
time within each country as an input into our system.

¢) List of Exceptions Affecting Default Possible Treatment
Days

[0643] Patients could be treated on any particular day of
the week, i.e. Monday to Sunday. However, certain excep-
tions may further restrict the possible days for treatment in
a particular week in each country.

[0644] Holidays and other country-specific exceptions are
considered upon generating forecasts. These exceptions are
maintained centrally in our database for each country. By
default, no forecasts would be created on affected calendar
days. Users however—upon overwriting any calculated
forecast—may still foresee forecasts on days originally not
foreseen as possible treatment days.

d) Updated Distribution of Treatments Across Week

[0645] Upon disaggregating any weekly forecast across
individual calendar days within the week, by default a
distribution derived from past sales records (see Section 0.0
for details on calculations). The user however may overwrite
the default distribution, which would be used for all subse-
quent calculations instead.

e) Updated Reoccurrence Rate

[0646] Upon calculating any forecasts for reoccurring
treatments, by default a reoccurrence rate will be used which
is derived from past sales records (see Section 0.0 for details
on calculations). The user however may overwrite the
default reoccurrence rates, which would be used for all
subsequent calculations instead.

1) Delta for Total Forecasts (Weekly or Daily, Per Country)

[0647] By default, users only provide forecasts for the first
treatment of patients (see Section 0); any forecasts for
reoccurring treatments on a daily level, per week, or per
treatment cycle and week will be calculated by the system.
The user however may update any total daily or weekly
forecast, by providing a “delta”. Consequences thereof are
described in Sections 0.d and 0.0, respectively.
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3.1.2 Preprocessing of Input Data

a) Identify Possible Weekdays for Treatment (by Country, in
General)

[0648] High Level

[0649] Hospitals and clinics executing the treatments typi-
cally follow a certain pattern within the week. Typically
treatments will not happen on each day. Historical sales
records (as described in Section 3.1.1.a) are analysed in
order to determine the weekdays on which treatments did
take place in the past. By default, the system will only
propose forecasts for treatment days on which treatments
took place in the past.

[0650] More Detailed

[0651] The following table illustrates the analysis. Assum-
ing 200 orders have been placed in the past, for treatments
on various weekdays between Monday and Friday; as a
consequence these weekdays will be considered as possible
treatment days. In the example at hand, no orders have been
placed for treatments over the weekend, consequently Sat-
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[0655] More Detailed

[0656] By default, only those weekdays days considered
feasible will be considered when generating forecasts on a
daily level. Particular days not labelled as possible days
however will not be blocked for any treatment and forecasts
completely, as users may still update any forecasts on these
days (see 0)

[0657] The following Table 2 illustrates the steps in order
to identify the feasible days for treatments within an exem-
plary week (Jan. 1-Jan. 7, 2018): In this example, according
to the initial analysis (see Section 0.0) all weekdays from
Monday to Friday are considered possible for treatment. The
set of days may further be restricted according to the
prevailing specific rules and exceptions within the particular
country and week at hand. In the given particular week, due
to exceptions no treatments are supposed to take place on
January 1¥ and January 6”, thereby further restricting the set
of feasible days to January 2"“-January 5.

TABLE 2

Identification of feasible treatment days for a particular country and week

Date Jan 1 Jan 2" Jan 37 Jan 4" Jan 5% Jan 6* Jan 7%
Calendar day Mo Tu Wed Thu Fr Sa Su
Feasible weekdays for treatment (default) Yes Yes Yes Yes Yes No No
Feasible day according to additional exceptions No Yes Yes Yes Yes No Yes
Feasible treatment day No Yes Yes Yes Yes No No

urday and Sunday are not considered as possible treatment
days. These days however will not be blocked for any
treatment and forecasts completely, as users may still update
any forecasts on these days (as described in Section 0)

TABLE 1

Identification of possible default treatment
days for a particular country

Weekday Mo Tu We Th Fr Sa  Su Total
Number of 20 40 60 40 40 0 0 200
treatments

Weekday Yes Yes Yes Yes Yes No No
considered

[0652] Upon analysing past sales orders, by default, the

system will analyze sales records of the previous six months.
All underlying calculations are updated daily. Once con-
firmed by the user, the updated results will be used as an
input for all subsequent calculations.

b) Identify Possible Days for Treatment (by Country, for
Particular Week)

[0653] High Level

[0654] In addition to the weekdays typically considered
possible for treatments (see Section 0.0) in a country, for a
particular week, one can also take into account a set of
exceptions (see Section 0), which may further restrict the set
of possible days within a particular week. Hence, before
generating any forecasts, the system will determine for each
day within the planning horizon whether it is considered
possible for treatments within a particular country or not.

¢) Determine Default Distribution of Treatments Across
Week (by Country, in General)

[0658] High Level

[0659] Initially planning of forecasts takes place on a
weekly level. Due to the perishable nature of the product any
weekly forecasts can be further disaggregated into daily
forecasts for higher granularity of planning. The disaggre-
gation takes place based on the distribution seen in historical
data (see Section 3.1.a). This section elaborates on how the
default split is derived from past historical data. Granularity
at different levels of fidelity than daily are possible.

[0660] More Detailed

[0661] In order to derive a daily forecast for patients, the
weekly forecast is split across the days considered possible
for treatments within a particular week. In general, weekly
forecasts are split according to the distribution of treatment
days within past sales orders.

[0662] In order to derive the distribution of treatment
days, past sales orders of the corresponding country® are
analysed. The distribution is derived by calculating the
relative frequency of orders placed for treatments for each
day of the week.

3 in case not sufficient past sales data is available, the distribution can be
provided by user

[0663] The following table illustrates the calculation steps
in more detail. Assuming 200 orders have been placed in
past, for treatments on various weekdays between Monday
and Friday. The distribution can be identified by calculating
the relative frequency (%) of orders per day of the week. Let
0, denote the number of orders received for day i, the relative
frequency f; is calculated as fl.zoi/Zj:l7 0.
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TABLE 3
Calculation of default distribution for treatments
across week (for a particular country and week)
1 2 3 4 5 6 7

Weekday Mo Tu We Th Fr Sa  Su Total
Number of orders (o0;) 20 40 60 40 40 0 0 200

Default % (f;) 10%  20%  30%  20%  20% 0% 0%

100%

[0664] Upon analysing past sales orders, by default, the
system will analyze sales records of the previous six months.
All underlying calculations are updated daily. Once con-
firmed by the user, the updated results will be used as default
input for all subsequent calculations.

[0665] Optionally, the user may overwrite default distri-
bution proposed (see Section 0), which will be used instead
for all subsequent calculations.

d) Determine Distribution of Treatments Across Week (by
Country, for Particular Week)

[0666] High Level

[0667] In case of any prevailing exceptions (see Section 0)
the resulting distribution (see Section for 0.0 for relevant
calculation steps) will be adjusted. The distribution will be
adjusted in way, such that treatments will be spread propor-
tionally across the remaining days still considered possible
for treatments.

[0668] More Detailed

[0669] The distribution will be adjusted in case of any
updates and changes with respect to possible weekdays for
a particular week. Adjustments are made such that the split
across the remaining possible treatment days is still propor-
tional to the split originally observed. Again, let f, denote the
relative frequency observed for each day of week i, the
indicator I, evaluates to 1 if and only if the particular day of
the week is considered possible for treatment, and zero,
otherwise. The adjusted relative frequency af, may then be
derived as follows: aﬁ:Ii~ﬁ/Zj:17 LA,

TABLE 4

a forecast for those so called recurrent patients, reoccurrence
rates will be derived from historical sales data (see Section
[0615] 0), which allows the probability that a second, third,

etc. . . . order will be placed for a particular patient to be
determined.

[0672] More Detail

[0673] In order to estimate the reoccurrence rates, past

sales data are analysed.

[0674] For the product at hand patients may undergo up to
6 treatment cycles. As patients may decide (or be forced) to
discontinue the treatment any time before the maximum
number of treatments is reached, the actual number of
treatments received is random. Consequently also the num-
ber of orders placed in general is random.

[0675] The number of orders placed for a patient can be
modelled in terms of a Markov Chain. This stochastic model
allows to model for any particular patient their reoccurring
orders being placed, as well as the probabilities for this to
happen, depending on the current number of orders placed
already.

[0676] For modelling purposes a finite number of states
per patient is considered: in this case six states are consid-
ered corresponding to the number of treatments received
already, as well as one additional state for patients whose
treatment is discontinued. Reoccurring orders are modelled
as events, leading to a transition into another state. Conse-
quently a patient’s state may change in two ways: either he
receives an additional treatment, or the treatment will be

Calculation of distribution for treatments across
week (for a particular country and particular week)

Date Jan 1% Jan 2™ Jan 37 Jan 4" Jan 5* Jan 6” Jan 7%
Weekday Mo Tu Wed Thu Fr Sa Su
Feasible treatment day No Yes Yes Yes Yes No No
Indicator (I;) 0 1 1 1 1 0 0
Default % (f;) 10 20 30 20 20 0 0
Adjusted % (af)) 0 22.2 334 22.2 22.2 0 0

e) Determine Default Reoccurrence Rate and Distribution
Across Treatment Cycles (Per Country)

[0670] High Level

[0671] Patients may receive up to a certain number of
treatments at regular intervals. The actual number of treat-
ments received by (and hence orders placed for) a particular
patient is unknown, as patients may decide or be forced to
stop their treatment cycles at any time. In order to calculate

discontinued. Once the maximum number of treatments has
been obtained by the patient, he is also considered as having
discontinued his treatment.

[0677] FIG. 11 shows a graphical representation of a
Markov Chain using reoccurrence rates s,. Individual states
are represented in terms of nodes (circles), where the label
within each node refers to the number of treatments received
so far (1-6), according to some embodiments. The additional
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state D will be used for patients who discontinued their
treatment cycle. Directed arcs connecting any two nodes
visualize a transition. The labels along the arcs refer to the
probability for a certain transition to happen. An additional
order being placed for a patient after already having received
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received 1 treatments already and also having an order
placed for their next treatment i+1, where s =P, ,/P,, while
the maximum number of treatments has not yet been
reached. By default, due to the maximum number of treat-
ments considered, sg=1.

i+1

TABLE 5

Calculation of reoccurrence per treatment cycle (per country)

Treatment Cycle (TC) (i) 1 2 3 4 5 6 Total
# of patient receiving exactly i treatments (D;) 192 126 109 20 52 224 793
# of patients receiving at least i treatments (P;) 793 601 475 366 276 224 2735
Default distribution across TCs (t;) 29.0 220 174 134 101 8.2 100%
Proportion of patients receiving at least i treatments (p,) 100.0 758 59.9 46.2 348 28.2
Reoccurrence rate of patients (s;) 758 790 771 754 812 —

i treatments is visualized as an arc connecting node i and
node i+1, which will happen with a probability of s,. In the
contrary, if a patient discontinues his treatment after i
treatments, he will transition into state D with the corre-
sponding counter probability 1-s,.

[0678] For modelling purposes patients will only be con-
sidered once the first order has been placed for them, in
which case their corresponding status is modelled in terms
of the very first state 1. Once a patient discontinued the
treatment (and consequently has reached status D), he will
no longer be considered for modelling purposes.

[0679] Using past data (see Section 3.1.1.a) probabilities s,
can be estimated for additional orders being placed, based on
the number of orders placed (and hence treatments received)
so far. These probabilities may also be seen as conditional
probabilities, based on the current state a patient is currently
in (i.e. how many treatments he has obtained so far).
Additionally, it is possible to calculate the resulting related
default distribution across treatment cycles t, to be expected
across any point in time.

[0680] The following Table 5 illustrates the steps to derive
the reoccurrence rates. In this example it is assumed that a
total number of 2735 orders have been placed for 793
individual patients. Based on a unique patient ID and the
date of the treatments the treatment cycle i of each order can
be derived easily. Let D, denote the number of patients who
overall received exactly i treatments and discontinued their
treatment afterwards. Consequently, the number of patients

[0683] Upon analysing past sales orders, by default, the
system will analyze sales records of the previous six months.
All underlying calculations are updated daily. Once con-
firmed by the user, the updated results will be used as default
input for all subsequent calculations.

[0684] Optionally, the user may overwrite default reoc-
currence rates of patients proposed (see Section 0) which
will be used instead for all subsequent calculations. Upon a
manually provided update of reoccurrence rates, the result-
ing distribution across treatment cycles will be updated
automatically.

[0685] The following Table 6 illustrates the calculation.
Based on the manually provided reoccurrence rate s, one
may derive an estimate of the proportion of patients who
would receive exactly i treatments (d,), where

d=(1-s;)

. S

.
I

[0686] Based on d,, the (cumulative) proportion of patients
receiving at least i treatments (p,) can be derived, where
pl.:Zj:i6 d,. Finally the distribution across treatment cycles
(t,) can be derived, where tl.?pl./Zj:l6 o

TABLE 6

Calculation of distribution per treatment cycle (per country)

Treatment Cycle (TC) (i) 1 2 3 4 5 6 Total
Reoccurrence rate, manually overwritten (s;) 67.7 61.9 538 429 333 —
Proportion of patients receiving exactly i treatments (d,) 323 258 194 129 6.5 3.2 100%
Proportion of patients receiving at least i treatments (p,) 100.0 67.7 419 226 9.7 32
Distribution across TCs (t;) 408 276 171 9.2 3.9 1.3 100%

P, having received at least i treatments can be recursively
derived, where P~=P++4D, and P,=D,. Consequently,
assuming stationarity, the distribution of g)atients per treat-
ment cycle t, can be derived as t=P/>,_,° P..

[0681] The total number of patients having received at
least 1 treatments, allows the determination of the relative
frequency of patients p, having received at least i treatments,
where pl.:Pi/ijl6 D,.

[0682] Finally, reoccurrence rates s, may be derived by
calculating the conditional probabilities of patients having

3.1.3 Business Logic & Algorithms

a) Calculating a Forecast for Reoccurring Patients (Per
Country and Week)

[0687] IHigh Level

[0688] Patients are treated at regular intervals of four
weeks. Users can provide a forecast for patients receiving
their first treatment. Forecasts for reoccurring patients, i.e.
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patients receiving their second, third, etc. . . . treatment, will
be estimated based on the forecasts for patients four weeks
earlier, as well as the prevailing reoccurrence rates, i.e. the
probability for them to be retreated again in the current
week.
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ing forecasts per treatment cycle to the closest lower integer
number, the total number of forecasts is only 14. Conse-
quently, the forecasts for treatment cycle 2 and 5 and
increased by one patient, resulting in a total forecast of 16
reoccurring patients within this week.

TABLE 7

Calculation of forecasts for reoccurring patients
(for a particular country and particular week)

Treatment Cycle (TC) Total 1 2 3 4 5 6
Week w - 4

Forecast for patients (F;) 31 10 7 6 4 2 2
Reoccurrence rate (s;) 67.7 619 538 429 333 —
Week w

Unrounded forecast (s;_; - F,_) 16.7 6.8 43 3.2 1.7 0.7
Rounded forecast ([s;_; - F;_)]) 14 6 4 3 1 0
Impact by rounding (A(s,_; - F,_)))) 2.7 0.8 0.3 0.2 0.7 0.7
Rank of impact 5 1 2 4 3
Added forecast due to rounding 2 1 0 0 1 0
Forecast for reoccurring patients 16 7 4 3 2 0

[0689] To ensure integer forecasts for reoccurring patients
these may can be rounded, taking into account the impact of
rounding, as well as their overall reoccurring rate, such that
the resulting distribution of forecasts across treatment cycles
is as close as possible to the empirical distribution.

[0690] More Detailed

[0691] For every calendar week a track is kept of the
number of patients (forecasted) to be treated by treatment
cycle. For a particular week one can then derive the forecasts
for reoccurring patients based on the user-provided forecasts
for patients receiving their first treatment (see Section 0),
forecast for patients per treatment cycle 2-6 4 weeks earlier
(calculation follows the same principle), as well as the
prevailing reoccurrence rates (see Section 0.0). It is possible
to estimate the number of patients within treatment cycle i
in week w, by considering the number of patients within the
previous treatment cycle i-1, four weeks earlier F, ,, as well
as their reoccurrence rates s, ;. To avoid numerical issues the
resulting forecasts per treatment cycle are rounded down to
the closest integer, thus equivalent to |s, 'F, ;|- The total
number of reoccurring patients to be considered within the
week under consideration will be estimated as |Zs, ,F, | |.

[0692] Let A(x)=x—-|x| denote the impact of the embedded
rounding operation. To ensure the sum of the resulting
forecasts per treatment cycle corresponds to the total number
of reoccurring patients, a priority rank will be associated
with each treatment cycle: the higher the value of A(s, ;'F,.
1), the higher the resulting priority rank. In case of ties, a
higher priority rank will be assigned to earlier treatment
cycles.

[0693] Let d=|Zs, ,F, ,|-Zi|s,.,'F, ;] denote the differ-
ence in forecasts initially not yet distributed. The difference
will be distributed across the relevant treatment cycles, by
adding one additional unit of forecast to those d treatment
cycles with highest priority ranks.

[0694] The table below illustrates the calculation of fore-
casts for reoccurring patients, based on 31 patients (fore-
casted) to be treated four weeks earlier. The two patients
who were forecasted to having received their final treatment
cycle four weeks earlier will not be considered as reoccur-
ring patients in the current week. Upon rounding the result-

[0695] Thus, table 7 shows the situation at a snap shot in
time relating to how “Forecasts for re-occurring patients” (at
the next treatment cycle in the future) is determined from
known forecasts of patients having received a certain num-
ber of treatments or it being known that they will receive
those treatments (“Forecast for patients (F,)”). Thus, refer-
ring to the description relating to FIGS. 1-6, the:

[0696] “Forecast for patients (F,) value 317 is a specific
example of the “first demand number of a product”;

[0697] “TForecast for patients (F,) value 10” is a specific
example of the “second demand number of a product”;

[0698] “Torecast for patients (F,) values 7,6,4,2 ...~
are a specific example of the “third demand number of
a product™;

[0699] “TForecast for patients (F,) value 7” is a specific
example of the “fourth demand number of a product”;

[0700] “Forecast for patients (F,) values 6,4,2 ... are
a specific example of the “fifth demand number of a
product™;

[0701] “TForecast for patients (F,) value 6” is a specific
example of the “sixth demand number of a product™;

[0702] “Reoccurrence rates (s,) 67.7, 61.9, 53.8, 42.9,
333 ... 7 are a specific example of the “at least one
probability of product re-receipt”;

[0703] “Reoccurrence rate (s,) 67.7” is a specific
example of the “probability of product re-receipt for a
receiver having received the product on only one
occasion”;

[0704] “Reoccurrence rates (s,) 61.9, 53.8, 42.9,33.3 .

” are a specific example of the “at least one
probability of product re-receipt for a receiver having
received the product on at least two occasions”;

[0705] “Reoccurrence rate (s,) 61.9” is a specific
example of the “probability of product re-receipt for a
receiver having received the product on only two
occasions”;

[0706] “Reoccurrence rates (s;) 53.8,42.9,33.3... " are
a specific example of the “at least one probability of
product re-receipt for a receiver having received the
product on at least three occasions”;
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[0707] “Reoccurrence rate (s,) 53.8” is a specific
example of the “probability of product re-receipt for a
receiver having received the product on only three
occasions”;

[0708] “Reoccurrence rates (s;,) 42.9,333 ... are a
specific example of the “at least one probability of
product re-receipt for a receiver having received the
product on at least four occasions™;

[0709] “Forecast for reoccurring patients values 7, 4, 3,
2 ... equaling a total of 16” that is derived from the
“Unrounded forecast (s, |'F, ;) values 6.8, 4.3,3.2, 1.7
. .. equaling a total of 16.7” are a specific example of
the “first sub-total forecast demand number”;

[0710] “Forecast for reoccurring patients value 77 that
is derived from the “Unrounded forecast (s, ;'F, ;)
value 6.8” is a specific example of the “first forecast
demand number’;

[0711] “Forecast for reoccurring patients values 4, 3, 2
... 7 that are derived from the “Unrounded forecast
(s;.;'F;.;) values 4.3, 3.2, 1.7 . . . ” are a specific
example of the “second forecast demand number”;

[0712] “Forecast for reoccurring patients value 4 that
is derived from the “Unrounded forecast (s, ;'F, ;)
value 4.3” is a specific example of the “third forecast
demand number’;

[0713] “Forecast for reoccurring patients values 3, 2 . .
. 7 that are derived from the “Unrounded forecast
(s;.;'F,.;) values 3.2, 1.7 .. . ” are a specific example of
the “fourth forecast demand number”;

[0714] “Forecast for reoccurring patients value 3” that
is derived from the “Unrounded forecast (s, ;'F, ;)
value 3.2” is a specific example of the “fifth forecast
demand number’;

[0715] And so forth

[0716] Thus, the forecast for re-occurring patients value
16 (a specific example of the first sub-total forecast demand
number) gives a forecast of product receipt in the future (in
4 weeks’ time in this specific example), made up of cus-
tomers who are receiving the product for various numbers of
time.

[0717] Then, the forecast for re-occurring patients can be
treated in the same way that the “Forecast for patients (F,)”
has been treated above, to provide a forecast in the future (in
8 weeks’ time in this specific example (a specific example of
the second sub-total forecast demand number). And, again
that forecast can similarly be used to determine the forecast
for 12 weeks’ time, and so forth into the future.

[0718] In this manner, a forecast can be determined that
enables efficient supply planning of the product, and enables
efficient production planning of the product.
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[0719] In More Detail:
b) Calculating a Total Forecasts for Patients (Per Country
and Week)

[0720] Based on the calculated forecast for reoccurring
patients (see Section 0.0), as well the forecast for new
patients provided by the user (see Section 0), one may easily
calculate the total forecasts for patients within a given week
by just adding them up.

c) Split Weekly Forecast Across Weekdays Based on
Calendar

[0721] High Level

[0722] Forecasts are provided and generated in weekly
buckets, i.e. for an entire week. Due to the perishable nature
of the product at hand it is possible to further disaggregate
any weekly forecasts into daily forecasts.

[0723] Upon disaggregation, the total weekly forecast (see
Section 0.0) will be split proportionally according to the
relevant distribution (see Section 0.0). To ensure integer
forecasts on a daily level, the disaggregation will be adjusted
automatically, such that the deviation of the resulting dis-
tribution from the desired distribution is as small as possible.
[0724] More Detailed

[0725] Based on the distribution af, of treatments identi-
fied for a particular calendar week and country, any weekly
forecast is distributed across all possible treatment days and
rounded down to the closest integer, thus equivalent to
|af,-F|. Let A(x)=x-|x] denote the impact of the embedded
rounding operation. To ensure the sum of the resulting daily
forecasts corresponds to the weekly forecast, a priority rank
will be associated with each day: the higher the value of
A(af;-F), the higher the resulting priority rank. In case of ties,
a higher priority rank will be assigned to weekdays earlier
within the week. Let d=F-%,|af,F| denote the difference in
forecasts initially not yet distributed. The difference will be
distributed across the week by adding one additional unit of
forecast to those d weekdays with highest priority ranks.
[0726] The table below illustrates the split of a weekly
forecast of 50 across a particular week, according to the
provided adjusted frequencies af;. Upon rounding the result-
ing daily forecast to the closest lower integer, the total
number of daily forecasts is only 49, hence one additional
unit is distributed across the possible treatment days. The
impact of rounding assigns the highest rank to Wednesday.
Consequently the daily forecast of Wednesday will be
increased by one, resulting in a successful and full split of
the weekly forecast of 50.

TABLE 8

Calculation of daily forecasts (for a particular country and particular week)

Date Jan 1 Jan2"? Jan 3™ Jan4* Jan 5* Jan 6* Jan 7%
Weekday Total Mo Tu Wed Thu Fr Sa Su
Weekly forecast (F) 50

adjusted % (af}) 100% 0.0 22.2 333 22.2 22.2 0.0 0.0
unrounded daily forecast (af; - F) 50 11.1 16.7 11.1 11.1

rounded daily forecast (|af; - F]) 49 11 16 11 1

impact by rounding (A(af; - F)) 1 0.1 0.7 0.1 0.1
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TABLE 8-continued
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Calculation of daily forecasts (for a particular country and particular week)

Jan 47

Date Jan 15 Jan 2" Jan 3"
Weekday Total Mo Tu Wed
rank of impact 3

added daily forecast due to rounding 1 0 1
daily forecast 50 11 17

Jan 5% Jan 6% Jan 7%
Thu Fr Sa Su
2 1

11

d) Calculations in Case of Updated Total Weekly Forecast
(Per Country)

[0727] High Level

[0728] Optionally the user may update the total weekly
forecast, by providing a “delta” value to it, i.e. the difference
by which the original calculated forecast should be changed.
In case of an increase the user would provide a positive
delta; any negative delta* would result in a decrease of the
original forecast value.

4 The resulting total forecast has to remain non-negative. An error message
will be issued to user to avoid any deltas which would result in a negative
forecast quantity.

[0729] Upon manually updating a weekly forecast, several
related forecast figures at various levels of aggregation can
be updated as well: the weekly forecast can be disaggregated
into a daily forecast (see calculation as provided in Section
0.0). Additionally, the weekly forecast can be further disag-
gregated across treatment cycles, to allow for proper calcu-
lation for subsequent forecasts for reoccurring patients
(more details provided below). Optionally, one may want to
trigger a recalculation of the future weekly forecasts for

embedded rounding operation. To ensure the sum of the
resulting forecasts per treatment cycle corresponds to the
total weekly forecast, a priority rank will be associated with
each treatment cycle: the higher the value of A(t;-U), the
higher the resulting priority rank. In case of ties, a higher
priority rank will be assigned to treatment earlier treatment
cycles. Let d&=U-Z|t-U| denote the difference in forecasts
initially not yet distributed. The difference will be distrib-
uted across treatment cycles, by adding one additional unit
of forecast to those d treatment cycles with highest priority
ranks.

[0733] The table below illustrates the split of a weekly
forecast of 30 patients across treatment cycles within a
particular week, according to the relevant frequencies t,.
Upon rounding the resulting forecasts per treatment cycle to
the closest lower integer, the total number of forecasts is
only 28, hence two additional units are distributed across the
treatment cycles. The impact of rounding assigns the highest
rank to treatment cycles 4 and 6. Consequently the daily
forecast of those two treatment cycles will be increased by
one respectively, resulting in a successful and full split of the
weekly forecast of 30 patients.

TABLE 9

Calculation of forecasts per treatment cycle (for
a particular country and particular week)

Treatment Cycle (TC) Total 1 2 3 4 5 6
Weekly forecast (U) 30

Distribution of TCs % (t;) 100% 408  27.6 171 9.2 39 13
Unrounded daily forecast (t; - U) 30 12.2 8.3 51 28 12 04
Rounded daily forecast ([t; - U]) 28 12 8 5 2 1 0
Impact by rounding (A(t; - U)) 2 0.2 0.3 0.1 08 02 04
Rank of impact 3 4 1 6 2 5
Added daily forecast due to rounding 2 0 0 0 1 0 1
Weekly forecast (per TC) 30 12 8 5 31 1

reoccurring patients in 4, 8, 12, etc. weeks (see calculation
steps as provided in Section 0.0).

[0730] Upon disaggregation, the user updated weekly
forecast (see Section 0) will be split proportionally accord-
ing to the relevant distribution (see Section 0.0). To ensure
integer forecasts per treatment cycle, the disaggregation will
be adjusted automatically, such that the deviation of the
resulting distribution form the desired distribution is as
small as possible. In principle, the calculation steps are
similar to the ones carried out to disaggregate a weekly into
a daily forecast (see Section 0.0 for more details on calcu-
lations steps).

[0731] More Detailed

[0732] Based on the distribution t, of treatments identified,
an updated weekly forecast is distributed across all treatment
cycles and rounded down to the closest integer, thus equiva-
lent to |t,U]. Let A(x)=x—|x] denote the impact of the

e) Calculations in Case of Updated Total Daily Forecasts
(Per Country)

[0734] Optionally the user may update the total weekly
forecast, by providing a “delta” value to it, i.e. the difference
by which the original forecast should be changed. In case of
an increase the user would provide a positive delta; any
negative delta® would result in a decrease of the original
forecast value.

5 The resulting total forecast has to remain non-negative. An error message
will be issued to user to avoid any deltas which would result in a negative
forecast quantity.

[0735] Upon manually updating a daily forecast, several
related forecast figures at various levels of aggregation can
be updated as well: the total weekly forecast can be updated
for the particular week. All subsequent steps are identical to
the ones described in Section 0.0.
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3.2 Supply Planning
3.2.1 Input Data

a) Network Structure and Supply Process

[0736] The supply planning algorithm considers the fol-
lowing general structure, but could support planning on
different structures as well.

[0737] The product is manufactured in one production
plant.
[0738] From the production plant it is shipped to a

central hub location (or distribution center).

[0739] At the hub location or distribution center a minor
production step for packaging and labelling may take
place.

[0740] From the hub location the product is shipped to
customers that are located in different countries. Each
country may be divided into separate shipzones for
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b) Location Master Data

[0749] The supply planning algorithm runs on an aggre-
gated network structure, which aggregates countries to
country groups. Those countries having the same following
characteristics are assigned to the same group:

[0750] 1. The demand translates to the same SKU in the
production plant, i.e. the countries either have MTO
sourcing (bulk material produced at the production plant)
or they have non-MTO sourcing and are using the same
country-specific SKU (produced at the production plant).

[0751] 2. The counties have the same allowance of two-
unit treatments: In some countries it is allowed to apply
two units of the product for the same patient’s treatment
in order to increase the treatment dose.

[0752]
defined:

Typically, the following groups of countries can be

Two units

Country group identifier Description allowed
MTO__ONE__UNIT Group of MTO countries with 1- No

unit treatment only
MTO_TWO_UNITS Group of MTO countries with 2- Yes

units treatment allowed
NON_MTO_CTRY1 Group comprising non-MTO No

country 1, using a single-country

SKU
NON_MTO__CTRY2_CTRY3 Group comprising non-MTO Yes

countries 2 and 3, using the same
shared-country SKU

planning purposes, reflecting different transportation
times from the hub to the respective customer location.
Typically, a country has between one and three ship-
zones.

[0741] This is exemplified in FIG. 12.

[0742] Two different types of stock-keeping units (SKUs)
are differentiated:

[0743] Bulk material is initially produced at the pro-
duction plant.

[0744] Country-specific product is shipped to the coun-
tries. Usually, a country is assigned to an own SKU
(single-country SKU), but in some cases multiple coun-
tries may receive the same SKU (shared-country SKU).

[0745] Two different sourcing options are differentiated.
Each country is assigned one of those two options:

[0746] Sourcing option 1: The bulk material is produced
at the production plant and shipped to the hub location.
The bulk material receives a country-specific repack-
aging at the hub before being shipped to a country. As
the repackaging is done only as a consequence of an
incoming sales order, this sourcing mechanism is
denoted as make-to-order (MTO).

[0747] Sourcing option 2: The country-specific product
is produced at the production plant and shipped to a
country via the hub location. This sourcing mechanism
is denoted as non-make-to-order (non-MTO).

[0748] Products are shipped via the hub location in both
sourcing options, and also material stock is kept at the hub.
When a material unit on stock is selected/assigned to satisfy
the demand coming from a certain sales order, this assign-
ment step is denoted as picking in the following.

[0753] Each country is assigned to a group:

Country identifier Country group identifier

CTRY1 NON_MTO_CTRY1

CTRY2 NON_MTO_CTRY2_CTRY3
CTRY3 NON_MTO_CTRY2_CTRY3
CTRY4 MTO_ONE_UNIT

CTRYS MTO_ONE_UNIT

¢) Material Master Data

[0754] The list of relevant SKUs is provided as a list,
based on product master data maintained in the external ERP
system, including the material number, description, as well
as a flag indicating whether the SKU corresponds to the bulk
article.

Material number Description Bulk article
10000001 BULK 1 x 6 ML Yes
10000002 FINISHED 1 x 6 ML ES No
10000003 FINISHED 1 x 6 ML UK No
[0755] A second list associates countries and SKUs. If a

country is using MTO sourcing, then it is associated not only
with its respective country-specific SKU (single-country or
shared-country), but also with the bulk material.
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Country

identifier Material number
CTRY1 10000002
CTRY4 10000001
CTRY4 10000003

d) Calendar and Set of Rules for Shipment from Hub
Location to Patient

[0756] The supply lead time from the hub location to the
patient (hospital) is an input parameter for the supply
planning algorithm and is calculated with high granularity
due to the nature of the product. Every increase of a single
day has the consequence that the delivered product becomes
unsuitable for a certain group of patients. That is why the
lead time is calculated independently for every possible
treatment day, as due to weekends, public holidays the lead
time can vary.

[0757] According to some embodiments, the following
types of dates are relevant in this context, representing
process steps or events in the supply chain:

[0758] Treatment day (TD): Day of treatment in the
hospital;
[0759] Delivery day (DD): Day when the product needs

to arrive at the hospital;

[0760] Shipment day (SD): Day when the product needs
to be shipped out of the hub location;

[0761] Picking day (PD): Day when the product on
stock needs to be allocated/reserved.

[0762] The lead times (not considering any specific cal-
endar exceptions) between these days are obtained from the
external ERP system: Offset between TD and DD, between
DD and SD (transportation time), and between SD and PD.

[0763] The following standard calendars and exceptions
are considered:

[0764] List of weekdays, which are in general feasible
as TD, DD, SD, PD for deliveries to a specific country

[0765] List of exception dates, which are not feasible as
TD, DD, SD, PD for deliveries to a specific country

[0766] List of exception dates, which are not feasible
for transit (between SD and DD) in a specific country

e) Production Campaigns and [ead Times from Production
Plant to Hub Location

[0767] The production campaign table lists the possible
manufacturing dates of the planning horizon, for which the
production quantity is to be decided. Each campaign is
referred to by a unique identifier, the dates for manufacturing
and availability for picking at the hub location. A maximum
quantity can be specified by the user for reporting purposes,
which can be compared against the production quantity
suggested by the algorithm.

Campaign Availability for Maximum
identifier Manufacturing date picking quantity
CW04_2015_a 4, Oct. 2015 13, Oct. 2015 700
CW04_2015_b 6, Oct. 2015 14, Oct. 2015 300
CWO05_2015_a 13, Oct. 2015 20, Oct. 2015 700
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[0768] In every campaign a certain selection of SKUs can
be produced:

Campaign/SKU 10000001 10000002 10000003
CWO04_2015_a Yes Yes No
CW04_2015_b Yes No Yes
CWO05_2015_a Yes Yes No

f) Forecast

[0769] The forecast is obtained from the Demand Fore-
casting Generation module.

g) Open and Shipped Orders

[0770] Customer orders, maintained in the ERP system,
are taken into account for the supply planning as a basis for
the demands that may need to be fulfilled. Orders are
especially relevant for the short-term demand, as they are
usually placed on short notice 1-2 weeks ahead of treatment.
The demand for the remaining weeks of the horizon is
mostly derived from the forecast. Orders and forecast are
combined to a single demand signal by the forecast algo-
rithm, see below.

[0771] According to some embodiments, sales orders are
especially required to have the following attributes for
processing in the supply planning algorithm:

[0772] Country and shipzone;

[0773] Product number;

[0774] Treatment day;

[0775] Quantity;

[0776] Indicator whether a corresponding delivery has

already been shipped out of the hub location or not. An
order is denoted open order if it has not been shipped,
yet. Otherwise it is denoted shipped order.

h) Inventory Levels

[0777] The algorithm checks which demands can be sat-
isfied from current inventories, so that no additional pro-
duction may need to be planned for these demands. Typi-
cally, inventory data from the ERP system is provided with
following attributes:

[0778] Location;
[0779] Product number;
[0780] Production batch identifier;
[0781] Manufacturing date;
[0782] Quantity.
[0783] The manufacturing date is especially relevant to

determine the age of the product, which can be taken into
account when checking whether stock from a production
batch is suitable for treatments on a specific day.

[0784] Inventory, reported on the hub location, may still
be in transit and not yet available for picking. The system
can derive the planned day of availability for picking of a
stock item from the production campaign table.

i) Open Process Orders

[0785] The algorithm checks which demands can be sat-
isfied from material shipments which are planned to be
received from the production plant, similar as inventories
explained above. This is done based on open process orders,
which are obtained from the ERP system with following
attributes:
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[0786] Location
[0787] Product number
[0788] Manufacturing date
[0789] Shipment date (out of production plant)
[0790] Quantity
[0791] Similar to the processing of inventory data the

algorithm determines the planned day of availability for
picking at the hub location based on the production cam-
paign table.

j) Safety Stock Strategy

[0792] The days-to-recover is a steering parameter pro-
vided by the planner for the required coverage of safety
stock. Safety stock may need to be planned in order to
safeguard against possible delays of supply availability. On
a country group level the parameter indicates the supply risk
that may need to be taken into account.

Country group identifier Days to recover

MTO__ONE__UNIT 3
NON_MTO_CTRY1 7

k) Product Decay

[0793] The strength of the product is decaying over time,
while different patients require different product strengths
for their treatments based on their body weight. The rela-
tionship between product age and the maximum patient
weight is established in the following table. If the weight of
the patient is high and the country (group) permits doing so,
then he or she may also receive two units of older product
instead of one unit of very fresh product. But the preferred
option is always to use a fresh, single unit.

Maximum body
weight for 1 unit
treatment (kg)

Maximum body
weight for 2 units

Product age (days) treatment (kg)

13 110 220
14 104 208

3.2.2 Pre-Processing of Input Data

a) Determine Picking Dates

[0794] Products are ordered for treatment on a particular
weekday. For a requested treatment date, the corresponding
required picking date at the hub location is determined
automatically by the system, based on calendars, exceptions,
and lead times (see input).

[0795] The calculation is done in a backward fashion as
shown in FIG. 13. Starting from a particular treatment day
in a specific shipzone the different lead times (offsets) are
applied in backward direction to determine days DD, SD,
and PD.

[0796] In this process different exceptions are considered,
which can require a certain step of the logistic process being
executed earlier than in the usual case. The example below
illustrates holiday and weekend exceptions. Let the required
lead time between PD and SD be two days. If Wednesday,
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TJune 29” is the required SD, then picking would be required
on Monday, June 27” in a typical situation. The system
checks whether this day is a feasible day. In case it is not
feasible, e.g. due to a public holiday listed as an exception,
then the system checks for feasibility one day earlier. In the
example 267 is a Sunday, which is not allowed, and the same
applies for Saturday as well. That is why Friday, June 24"
would be the required PD. This is shown in FIG. 14.

b) Determine Distribution Across Shipzones

[0797] The system evaluates historical sales orders for
each country with respect to the location of the customer
within the country. As a result the system calculates the
share of treatments of each shipzone among the total number
of treatments in the country. As sales orders in the ERP
system are usually provided with an address, but not with a
shipzone, the system may need to translate e.g. the postal
code to the shipzone based on a mapping table.

[0798] This evaluation is done in a similar fashion as
described for the distribution of weekdays in Section 0.0 in
the context of Forecast Generation. Also here the user may
decide to overwrite the parameters manually.

[0799] The resulting split percentages are used by the
algorithm to split the open country forecast across the
shipzones, see below.

¢) Determine Distribution of Patients’ Weight

[0800] The system evaluates historical sales orders for
each country with respect to the weight of the patients,
assuming a normal distribution. The table below illustrates
weight distributions per country, characterized by mean
value and standard deviation. As for other distributions
based on historical data explained above, the user may
override these parameters for planning purposes based on
own expectations.

Standard deviation

Average patient of patient weight

Country weight (kg) (kg)
CTRY1 85 15
CTRY2 83 17

3.2.3 Business Logic & Algorithms

[0801] a) Combine Forecast and Sales Orders into Open
Demand (Forecast)

[0802] As explained above, both actual sales orders and
forecast are taken into account for the supply planning as the
basis for the demands that may need to be fulfilled. Orders
are usually placed on short notice 1-2 weeks ahead of
treatment. Rather precise demand information is available
for weeks 1-2 of the planning horizon based on these actual
orders, while an estimation based on forecast is available for
the full horizon.

[0803] Orders and forecast are combined into a single
demand signal as an input for the supply planning. As e.g.
for week 2 it is not known whether the currently placed
orders already give the picture of the full demand, a certain
logic is used to incorporate the forecast as well.
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[0804] Both orders and forecast are provided on treatment
day level. Two cases are distinguished based on the quantity
on treatment week level:
[0805] Case 1: The number of total (shipped and open)
orders is equal to or higher than the forecast in a week.
[0806] Case 2: The number of total (shipped and open)
orders is smaller than the forecast in a week.
[0807] Then, the open demand to be satisfied is assumed
as the following:
[0808] Case 1: Open orders are used as open demand
for each day.
[0809] Case 2: Open orders are used as open demand
for each day, plus a redistributed open forecast.
[0810] Example for case 1: The currently known demand
for a week (represented by total orders=59) is higher than the
previously estimated demand (forecast=52), so that orders
overrule the forecast. The supply planning may not need to
consider demand for which deliveries have been shipped
already, that is why only open orders (=25) are considered
for the open demand on daily level.

¢) Calculation of Production Quantity

[0814]

[0815] All sources of material, produced at the production
plant and received at the hub location, are denoted as receipt
elements. They can be differentiated depending on whether
the actual receipts have already occurred in the past or are
expected in the future and whether they are “fixed” or not in
terms of quantity:

[0816] Physical inventory at the hub location has been
received based on one or multiple production cam-
paigns/batches in the past. The current quantity is
known, as well as what is the age of each product unit;

[0817] In transit inventory is in the process of being
shipped from the production plant to the hub location.
The quantity is known, as well as the age, but the actual
receipt will take place in the future, with a certain date
being expected;

Step 1: Create List of Receipt Elements

Weekly Jan 1 Jan 2"¢ Jan 3¢ Jan4” Jan 5" Jan 6" Jan 7%
Treatment date Weekday total Mo Tu Wed Thu Fr Sa Su
Forecast (daily) 52 10 10 12 10 10 0 0
Shipped orders 34 10 7 7 5 5 0 0
Open orders 25 0 4 4 5 12 0 0
Open demand 0 4 4 12 0 0
[0811] Example for case 2: The currently known demand [0818] Process orders in the context of this supply

for a week (represented by total orders=46) is smaller than
the previously estimated demand (forecast=50). It is
expected that additional orders for the week might still be
submitted.

[0812] The open forecast, i.e. forecast for treatments for
which no orders have been created yet, by orders, is 50-26-
20=4 for the week. This open forecast can then be reflected
in the supply planning. Yet, when it is calculated on daily
level, it can turn out to be negative. Thus, the weekly open
forecast is redistributed proportionally to the days having a
positive open forecast. Finally, the open demand on daily
level is the sum of daily open orders and the daily redis-

planning correspond to planned replenishments from
the production plant, which are not shipped yet. They
are characterized by a planned quantity and planned
receipt date in the future;

[0819]
special element: The manufacturing date as well as the

The receipt from a planned production is a

planned receipt date are known and fixed already. But
the production quantity, and hence the receipt quantity
is still to be decided, and it is the main output of the
supply planning algorithm for the current planning

tributed open forecast. cycle.
Weekly Jan 1 Jan 2"¢ Jan 3¢ Jan 4” Jan 5% Jan 6" Jan 7%

Treatment date Weekday total Mo Tu Wed Thu Fr Sa Su

Forecast (daily) 50 10 10 10 10 10 0 0

Shipped orders 26 8 3 11 3 1 0 0

Open orders 20 0 4 1 5 10 0 0

Open forecast 4 2 3 -2 2 -1 0 0

Redistributed open forecast 4 1 2 0 1 0 0 0

Open demand 1 6 1 6 10 0 0

b) Split Open Demand Across Shipzones [0820] The system collects all receipt elements in a list,

[0813] The open demand is first calculated on country and
daily level, as explained above. As an input for the supply
planning, it is split from country to shipzone level. This is
done using the same mechanisms as described before for the
daily split: Based on historical sales orders the distribution
of treatments across the shipzones of a country is estimated.
The distribution obtained is applied to split the open demand
from country to shipzone level, with possibilities for the user
to override the default estimation of the system.

which are or will become available within the current rolling
planning horizon. Relevant attributes are: product number,
manufacturing date, availability date for picking, and the
quantity.

[0821] The algorithm keeps track of how many units from
each receipt element are being picked/assigned to satisty a
certain demand in order to reflect its limited availability.
This variable for received quantity is initialized with O.
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Availability To be

Product  Manufacturing date for Total received
Type number  date picking quantity  quantity
Physical 10000001 4, Oct. 2015 13, Oct. 2015 50 0
inventory 10000002 6, Oct. 2015 14, Oct. 2015 75 0
Intransit
inventory 10000001 13, Oct. 2015 20, Oct. 2015 60 0
Process
order 10000001 15, Oct. 2015 21, Oct. 2015 Not fixed 0
Planned
production
[0822] Step 2: Aggregate Demand and Supply on Country [0835] A possible iteration sequence is illustrated here:
Group Level
[0823] The open demand, which is the result of matching

forecast and orders, is mainly characterized by the following
attributes. Note that the product number is implicitly given
by the country information, and the picking day is calculated

Example for picking sequence across dates & country groups:
Sequence indicated by (number)
Country priority: 1) Non-MTO 2) MTO 1 vial 3) MTO 2 vials

as explained above for the given treatment day and shipzone. Picking date

Treatment date 1, Jan. 2016 2, Jan. 2016 3, Jan. 2016
Shipzone Country Treatment day Picking day Quantity 10, Jan. 2016  Non-MTO (1)

MTO 1 vial (2)

CTRY4_24  CTRY4 1, Oct. 2016 26, Sep. 2016 5 11, Jan. 2016 MTO 2 vials (3) MTO 2 vials (5)
CIRY5 48  CTRY5 1, Oct. 2016 26, Sep. 2016 7 12, Jan. 2016 MTO 1 vial (4) Non-MTO (6) ~ Non-MTO (8)
CTRY4_24  CTRY4 2, Oct. 2016 27, Sep. 2016 6 MTO 2 vials (7)

13, Jan. 2016 MTO 2 vials (9)
[0824] According to some embodiments, this open
demand is aggregated on the following dimensions: [0836] For each combination of picking day, treatment

[0825] Country translated to country group—demand is
implicitly translated to the SKU which is produced at
the production plant, i.e. either bulk material or coun-

day, and country group the algorithm conducts the steps
described below.

iry-specific SKUE: g:glzl‘gg Step 3.1: Identify Suitable Receipt Elements for
[0826] Treatment day—required to consider feasibility [0838] For a specific demand (on level picking day, treat-

of product age;

[0827] Picking day—required to make sure that the
product becomes available in time at the hub location.

ment day, and country group) select all suitable receipt
elements (out of the list generated above) by following
criteria:

[0839] Suitable SKU for the current country group
Country group Treatment day Picking day Quantity [0840] Will not be expired on the treatment day
MTO_ONE_UNIT 1, Oct. 2016 26, Sep. 2016 12 [0841] Is or will be available on picking day
MTO_ONE_UNIT 2, Oct. 2016 27, Sep. 2016 6 [0842] Available quantity not assigned to satisfy open
demand yet
[0828] Aggregating the demands allows the system to [0843] In the following the term “batch” is used to refer to

apply empirical distribution on patients” weights on a higher

number of demand points at once, thus obtaining a more

precise estimation of the overall requirements.

[0829] Ina similar way as countries are mapped to country

groups, also the SKUs of the receipt elements are mapped.

Here, the country-specific SKUs belonging to MTO sourc-

ing countries are translated to the bulk material.

[0830] Step 3 (Loop): Iterate Over all Demands in the

Planning Horizon

[0831] The algorithm iterates over all demands in the

following loop sequence:

[0832] 1. Iterate over all picking days (as of today) in
increasing sequence.

[0833] 2. For each picking day iterate over all treatment
days (corresponding to the picking day) in increasing
sequence.

[0834] 3. For each combination of picking & treatment
day iterate over country groups in a given sequence.

the respective production campaign or batch that a receipt
element is originating from.

[0844] Step 3.2: Derive Weight Classes

[0845] After having identified the suitable receipt ele-
ments for a demand (on level picking day, treatment day, and
country group) the algorithm determines which classes of
patients can be satisfied from the corresponding batches, i.e.
which maximum patient weights can be treated.

[0846] The first step is to identify for each batch what will
be the age on the respective treatment day, which is the
difference in days between treatment and manufacturing
day.

[0847] Based on this age the system checks in the decay
table, explained above, what is the maximum weight that a
patient may have when receiving a treatment using product
from the batch. This is done for the two cases that one or two
units of the product are used (given that the country group
permits treatment with two units).
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Maximum Maximum
Age on body weight body weight
treatment for 1 unit for 2 units

Batch day (days) treatment (kg) treatment (kg)

A 13 110 220
B 20 72 144
C 27 46 92
[0848] Then, the system derives weight classes or inter-

vals from those maximum weights. Every weight class is
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this example is also treatment day), and country group based
on the average country weight distributions. As the demand
is processed on country group level, not on country level, the
system first determines the weight distribution of the country
group. This is done dynamically in the following way.

[0852]
instead of country group level, the demand share of each

Going back to the open demand on country level

country among the demand of all countries of the country
group is calculated:

% of
Country Treatment Picking Open country
group Country day day demand group
MTO_ONE_UNIT  CTRY4 1, Oct. 2016 26, Sep. 2016 27 52%
MTO_ONE_UNIT  CTRY5 1, Oct. 2016 26, Sep. 2016 10 19%
MTO_ONE_UNIT  CTRY6 1, Oct. 2016 26, Sep. 2016 15 29%

associated with a target batch, referring to the batch and the
number of product units used, corresponding to the upper
bound of the weight interval. The sequence of target batches
will be used by the algorithm to derive the priorities to pick
units from certain receipt elements in order to satisfy
demand.

Weight class

(kg) Target batch
0-46 1xC
46-72 1xB
72-92 2xC
92-110 1xA
110-144 2xB
144-220 2x A
>220 Cannot be
satisfied

[0849] The final priority list may be based on the “one-unit
priority FEFO™ (first expiring, first out) picking rule. This
means that the first priority for picking is to choose a batch
that allows treatment using a single unit instead of two units,
and the second priority is to make use of the oldest possible
batch. Thus, the target batch list is sorted as indicated below.

[0853] The following country weight distributions are
assumed for the example:

Average patient Standard deviation

weight of patient weight
Country (kg) (kg)
CTRY4 85 15
CTRYS5 83 10
CTRY6 80 20

[0854] Then, for every country group an estimation of the
average patient weight distribution is calculated for the
specific days, simply based on a weighted average of the
countries” weight distributions:

Standard
Average deviation
patient  of patient
Country Treatment Picking weight  weight
group day day (kg) (kg)

MTO_ONE_UNIT 1, Oct. 2016 26, Sep. 2016 83, 17 15, 48

[0855] Finally, the open demand of the country group is
split across the derived weight intervals, assuming the
weight distribution being a normal distribution. This split-
ting logic is illustrated graphically in FIG. 15.

[0856] The output of the demand split has this format
(numbers are exemplary):

Sequence Weight class
number (kg) Target batch
1 0-46 1xC Country Treatment Picking Weight Open
2 46-72 1xB group day day class (kg) demand
3 92-110 1xA
4 72-92 2xC MTO_ONE_UNIT 1, Oct. 2016 26, Sep. 2016 0-46 5
5 110-144 2xB MTO_ONE_UNIT 1, Oct. 2016 26, Sep. 2016 46-72 15
6 144-220 2x A
>220 Cannot be MTO_ONE_UNIT 1, Oct. 2016 26, Sep. 2016 >220 3
satisfied
[0857] The last weight class represents very heavy patients
[0850] Step 3.3: Split Open Demand by Weight Classes for which no suitable batch exists on the treatment day. If

[0851] The open demand is split across the weight classes
for each combination of picking day, receipt day (which in

any open demand is split distributed on this weight class,
this will be reported as a “deficit” in the end, which cannot
be satisfied.
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[0858] Step 3.4: Calculation of Additional Production
Quantity for Safety Stock

[0859] In order to calculate the production quantity the
algorithm determines which portion of the open demand can
be satisfied from the different suitable receipt elements.
Open demand which cannot be satisfied from existing inven-
tory or process orders may need to be satisfied from new
production to be planned. That portion of the open demand
is called net demand, and the required new production
quantity is the main output of the algorithm.

[0860] Inthe subsequent process the algorithm keeps track
of the received quantity of each receipt element, i.e. the
quantity picked, and how much quantity of it is still avail-
able. At the end, the proposed production quantity corre-
sponds to the quantities to be received, i.e. the quantity
picked, from planned production elements.

[0861] For each picking day, treatment day, and country
group the algorithm loops over the weight classes and their
associated demands, which have been determined in the
previous step. Weight classes are considered in a sequence
from the heaviest to the lightest patients.

[0862] For a specific weight class demand the algorithm
checks the suitable receipt elements according to the
sequence given in the target batch table. It checks what the
remaining quantity of a receipt element is and how many
treatments can be satisfied. Note that if two product units are
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d) Safety Production Calculation

[0864] The supply planning algorithm reflects the need to
produce additional safety stock in order to maintain a high
service level in the case that a campaign fails to arrive. This
is done through an iterative process by simulating delayed
receipts of the campaigns and analyzing the changes in
required production quantity.

[0865] If the campaigns to be planned during the horizon
are denoted as n=1, . . ., N then the algorithm runs a separate
what-if scenario for each campaign n=2, . . ., N and each
country group. In the what-if scenario for a campaign n the
“availability date for picking” of the campaign is assumed to
be delayed according to the time-to-recovery parameter.
Under this adjusted situation the required production quan-
tities are calculated. The delay of campaign n will be
compensated by an increased production quantity in the
previous campaign n-1. These production increases corre-
spond to the safety production.

[0866] The example below illustrates a simulated delay of
campaign CW41_2016_b by three days. Comparing the
baseline calculation with the what-if scenario shows that
production quantity of the previous campaign CW41_
2016_a may need to be increased from 100 to 200, which is
the quantity to cover the possible supply delay.

[0867] Result of baseline scenario, not assuming any
delay:

To be received

Campaign Product Manufacturing Availability quantity =
identifier number date date for picking Production quantity
CW40_2016_b 10000001 3, Oct. 2016 8, Oct. 2016 55
CW41_2016_a 10000001 10, Oct. 2016 15, Oct. 2016 100
CW41_2016_b 10000001 12, Oct. 2016 17, Oct. 2016 150
CW41_2016_c¢ 10000001 16, Oct. 2016 21, Oct. 2016 80

[0868] Result of what-if scenario, assuming a delay of the
third campaign:

To be received

Campaign Product Manufacturing Availability quantity =
identifier number date date for picking Production quantity
CW40_2016_b 10000001 3, Oct. 2016 8, Oct. 2016 55
CW41_2016_a 10000001 10, Oct. 2016 15, Oct. 2016 200
CW41_2016_b 10000001 12, Oct. 2016 20, Oct. 2016 150
CW41_2016_c¢ 10000001 16, Oct. 2016 21, Oct. 2016 80

required for one treatment, then they may be taken from the
same batch. The algorithm memorizes the quantity picked
from the receipt element.

[0863] If the weight class demand could be fulfilled com-
pletely from the receipt element, then the loop continues
with the next weight class. If not, the next suitable receipt
element according to the list of target batches is considered.
The algorithm again checks how much remaining demand
can be satisfied from this receipt element and continues the
process until either the weight class demand has been
satisfied completely, or there is no more suitable receipt
element. In the latter case the remaining open demand is
memorized as a “deficit”, i.e. a demand which cannot be
fulfilled based on the available supply options.

[0869] Ifin one of these what-if iterations a deficit occurs,
this is recorded as a “potential out-of-stock”, meaning that
the potential supply delay cannot be mitigated at all with
safety stock.

3.2.4 Visualization of Results

[0870] The results of the algorithmic calculation are pre-
sented to the user, allowing him or her to understand the
current balance of supply and demand, the projection into
the future, which production decision should be made, and
which potential issues may need to be addressed.

[0871] Different views and reports in both tabular and
graphical form can be accessed by the user. Some of these
are illustrated below. Typical key figures of interest for the
user are e.g.
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[0872] Demand measured in patients/treatments on
treatment day level

[0873] Demand measured in product units on picking
day level

[0874] Picked quantity in product units

[0875] Stock on hand

[0876] 2nd vial ratio which indicates the percentage of
treatments that may need to be supplied with a second
unit of material

[0877] Deficit, i.e. the demand (in treatments) that can-
not be satisfied
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Key figure Scenario 1 Scenario 2 Delta
27 vial (%) 10% 12% +2%
Deficit 3 5 +2
(treatments) 200 180 -20
Scrapping (units)

[0884] As discussed, the specific example described with

respect to FIGS. 7-16 relates to the demand forecasting,
supply planning and production planning of a radioactive
medicament (Xofigo) having a short shelf life, however the

[0878] Scrapped quantity above described demand forecasting, supply planning and
[0879] Production quantity production planning solution has wider applicability.

Date (at hub location) Weekly Jan 1 Jan 2"¢ Jan 3¢ Jan 4” Jan 5% Jan 6" Jan 7%

Weekday total Mo Tu Wed Thu Fr Sa Su

Open demand (treatments) 500 100 100 100 100 100

27 vial (%) 15% 20% 10% 30% 10% 11%

Deficit (treatments) 5 5

Stock (units, end of day) 50 395 265 155 0 0 0

Receipt from plant (units) 455 455

Picking (units) 575 120 110 130 110 105

Scrapping (units) 50 50

[0880] Depending on the specific key figure the user may [0885] In another exemplary embodiment, a computer

further drill-down into details, e.g. showing the stock age on
batch level or aggregate on weekly level. An aggregated
view is especially useful in combination with a graphical
representation, which gives a quick understanding of trends
and issues as shown in FIG. 16, according to some embodi-
ments.

[0881] The final suggested production plan calculated by
the algorithm is condensed in the following format. The user
can take this information and place internal orders in the
external systems in order to implement the production
decision. A further drill-down could indicate, for instance,
which percentage of the production quantity is for safety
stock.

program or computer program element is provided that is
characterized by being configured to execute the method
steps of the method according to one of the preceding
embodiments, on an appropriate system.

[0886] The computer program element might therefore be
stored on a computer unit, which might also be part of an
embodiment. This computing unit may be configured to
perform or induce performing of the steps of the method
described above. Moreover, it may be configured to operate
the components of the above described apparatus and/or
system. The computing unit can be configured to operate
automatically and/or to execute the orders of a user. A
computer program may be loaded into a working memory of

fa
Material CW 41/2016 CW 42/2016
number  Description Quantity Manuf. date Quantity Manuf. date
10000001 BULK 100 10, Oct. 2016 80 17, Oct. 2016
1x 6 ML 50 12, Oct. 2016 60 19, Oct. 2016
10000002  FINISHED 20 10, Oct. 2016 10 17, Oct. 2016
1x 6 ML ES
10000003  FINISHED 10 12, Oct. 2016 15 19, Oct. 2016
1 x 6 ML UK

3.2.5 What-if Scenario Analysis

[0882] The planning solution allows the user to analyze
different scenarios to understand the impact of e.g. changes
in supply and demand in order to support decisions under
uncertainty. The user may change any input, which could be
a shift of demand in a country from one week to another one,
or a change of a production time slot as an exception.

[0883] The user can re-run the algorithm and analyze the
difference between the scenarios, e.g. how production may
need to be shifted or what is the risk of an unsatisfied
demand by comparing the main key figures:

a data processor. The data processor may thus be equipped
to carry out the method according to one of the preceding
embodiments.

[0887] This exemplary embodiment of the invention cov-
ers both, a computer program that right from the beginning
uses the invention and computer program that by means of
an update turns an existing program into a program that uses
invention.

[0888] Further on, the computer program element might
be able to provide all necessary steps to fulfill the procedure
of an exemplary embodiment of the method as described
above.
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[0889] According to a further exemplary embodiment of
the present invention, a computer readable medium, such as
a CD-ROM, USB stick or the like, is presented wherein the
computer readable medium has a computer program element
stored on it which computer program element is described
by the preceding section.

[0890] A computer program may be stored and/or distrib-
uted on a suitable medium, such as an optical storage
medium or a solid state medium supplied together with or as
part of other hardware, but may also be distributed in other
forms, such as via the internet or other wired or wireless
telecommunication systems.

[0891] However, the computer program may also be pre-
sented over a network like the World Wide Web and can be
downloaded into the working memory of a data processor
from such a network. According to a further exemplary
embodiment of the present invention, a medium for making
a computer program element available for downloading is
provided, which computer program element is arranged to
perform a method according to one of the previously
described embodiments of the invention.

[0892] It has to be noted that embodiments of the inven-
tion are described with reference to different subject matters.
In particular, some embodiments are described with refer-
ence to method type claims whereas other embodiments are
described with reference to the device type claims. However,
a person skilled in the art will gather from the above and the
following description that, unless otherwise notified, in
addition to any combination of features belonging to one
type of subject matter also any combination between fea-
tures relating to different subject matters is considered to be
disclosed with this application. However, all features can be
combined providing synergetic effects that are more than the
simple summation of the features.

[0893] While the invention has been illustrated and
described in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive. The invention is
not limited to the disclosed embodiments. Other variations
to the disclosed embodiments can be understood and
effected by those skilled in the art in practicing a claimed
invention, from a study of the drawings, the disclosure, and
the dependent claims.

[0894] In the claims, the word “comprising” does not
exclude other elements or steps, and the indefinite article “a”
or “an” does not exclude a plurality. A single processor or
other unit may fulfill the functions of several items re-cited
in the claims. The mere fact that certain measures are
re-cited in mutually different dependent claims does not
indicate that a combination of these measures cannot be used
to advantage. Any reference signs in the claims should not
be construed as limiting the scope.

1: A product planning apparatus, comprising:
an input unit;

a processing unit; and

an output unit;

wherein the input unit is configured to:

provide the processing unit with a plurality of orders of
a product, wherein the plurality of orders is formed
from open orders and shipped orders; and

provide the processing unit with a stock level of the
product held in stock;
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wherein the processing unit is configured to:
determine an open demand of the product to be
received, wherein the determination comprises uti-
lization of the shipped orders, open orders and a total
forecast demand number of the product to be
received;
determine a net demand of the product to be received,
wherein the determination comprises utilization of
the open demand and the stock level; and
determine a production plan, wherein the determination
comprises utilization of the net demand; and
wherein the output unit is configured to output the pro-
duction plan.

2: The apparatus of claim 1, wherein the input unit is
configured to provide the processing unit with a production
run schedule, the production run schedule comprising a
plurality of dates extending into the future when product
production is possible, and wherein determination of the
production plan comprises utilization of the production run
schedule.

3: The apparatus of claim 1, wherein when the shipped
orders added to the open orders is equal to or greater than the
total forecast demand number, the open demand is deter-
mined as the open orders.

4: The apparatus of claim 1, wherein determination of the
open demand comprises a subtraction of the shipped orders
from the total forecast demand number.

5: The apparatus of claim 1, wherein:

the total forecast demand number comprises a summation

of a plurality of sub-forecast demand numbers extend-
ing over a plurality of future dates;

the shipped orders comprises a summation of a plurality

of sub-shipped orders that are scheduled to arrive over
the plurality of future dates;

the open demand comprises a summation of a plurality of

sub-open demands extending over the plurality of
future dates; and

the sub-open demand for a future date is the sub-shipped

order for the future date subtracted from the sub-
forecast demand number for the future date.

6: The apparatus of claim 1, wherein when the shipped
orders added to the open orders is less than the total forecast
demand number, determination of the open demand com-
prises a determination of an open forecast, wherein deter-
mination of the open forecast comprises a subtraction of the
shipped orders and the open orders from the total forecast
demand number.

7: The apparatus of claim 6, wherein:

the total forecast demand number comprises a summation

of a plurality of sub-forecast demand numbers extend-
ing over a plurality of future dates;

the shipped orders comprises a summation of a plurality

of sub-shipped orders that are scheduled to arrive over
the plurality of future dates;

the open orders comprises a summation of sub-open

orders extending over the plurality of future dates;
the open forecast comprises a summation of sub-open
forecasts extending over the plurality of future dates,
wherein a sub-open forecast for a future date is the
sub-shipped order for the future date summed with the
sub-open order for the future date subtracted from the
sub-forecast demand number for the future date;
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the open forecast is equal to a redistributed open forecast
that comprises a summation of a plurality of sub-
redistributed open forecasts extending over the plural-
ity of future dates; and

the sub-open demand for a date equals the sub-open order

for the date added to the sub-redistributed open forecast
for the date.

8: The apparatus of claim 1, wherein the open orders and
the total forecast demand number relate to a plurality of
delivery zones having a plurality of different delivery times,
wherein each delivery zone has a different delivery time.

9: The apparatus of claim 8, wherein the processing unit
is configured to determine a supply plan of product to the
plurality of delivery zones, the determination comprising
utilization of the open demand and the stock level.

10: The apparatus of claim 9, wherein the product has an
associated shelf life, and wherein determination of the
supply plan comprises utilization of the shelf life.

11: The apparatus of claim 9, wherein the product has a
level of efficacy that varies with time, and wherein deter-
mination of the supply plan comprises utilization of how the
level of efficacy varies with time.

12. The apparatus of claim 11, wherein the product has a
half-life, wherein the half-life is a duration of time over
which the level of efficacy of the product halves.

13: The apparatus of claim 11, wherein the input unit is
configured to provide the processing unit with at least one
product receiving factor of receivers of the product, and
wherein determination of the supply plan comprises utiliza-
tion of the at least one product receiving factor of receivers.

14: The apparatus of claim 13, wherein the at least one
product receiving factor of receivers of the product com-
prises at least one body weight of a receiver in kilograms.

15: The apparatus of claim 14, wherein the processing
unit is configured to determine, for each delivery zone, a
characteristic weight distribution for receivers based on data
provided from the input unit, and wherein the at least one
receiving factor of receivers of the product comprises char-
acteristic weight distributions in the plurality of delivery
zones.

16: The apparatus of claim 13, wherein the at least one
product receiving factor comprises an amount of seed a
receiver wants to purchase.

17: The apparatus of claim 13, wherein determination of
the supply plan comprises matching the levels of efficacy of
at least some of the products held in stock with the at least
one product receiving factor of receivers of the product for
receivers comprised within the open demand.

18: The apparatus of claim 17, wherein matching the
levels of efficacy comprises identifying two separate prod-
ucts held in stock that have a combined level of efficacy that
matches a receiving factor of a receiver of the product.

19: The apparatus of claim 9, wherein determination of
the production plan comprises utilization of the supply plan.

20: The apparatus of claim 1, wherein the processing unit
is configured to determine the total forecast demand number,
the determination comprising utilization of at least one
probability of product re-receipt.

21: The apparatus of claim 20, wherein the input unit is
configured to enable a user to input the at least one prob-
ability of product re-receipt, and wherein the input unit is
configured to provide the processing unit with the at least
one probability of product re-receipt.
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22: The apparatus of claim 20, wherein the input unit is
configured to provide the processing unit with information
relating to historical product receipt, and wherein the pro-
cessing unit is configured to determine the at least one
probability of product re-receipt based on the information
relating to the historical product receipt.

23: The apparatus of claim 22, wherein the historical
product receipt relates to products received by one or more
receivers on one or more occasions.

24: The apparatus of claim 22, wherein the processing
unit is configured to determine a temporal receipt distribu-
tion extending into the future, wherein the determination
comprises utilization of the information relating to the
historical product receipt.

25: The apparatus of claim 24, wherein determination of
the receipt distribution comprises a determination of a
probability of product receipt for different days of the week.

26: The apparatus of claim 24, wherein:

the input unit is configured to:

enable a user to input information relating to at least
one period of time in the future when product receipt
will not occur, and

provide the processing unit with the information relat-
ing to at least one period of time in the future when
product receipt will not occur; and

determination of the receipt distribution comprises utili-

zation of the information relating to at least one period
of time in the future when product receipt will not
occur.

27: The apparatus of claim 20, wherein;

the input unit is configured to provide the processing unit

with a first demand number of the product to be
received and/or having already been received over a
first period of time;

the first demand number of the product comprises a

second demand number of the product to be received
and/or having already been received by a first plurality
of receivers who have, previous to the first period of
time, not received the product;

the first demand number of the product comprises a third

demand number of the product to be received and/or
having already been received by a second plurality of
receivers who have, previous to the first period of time,
received the product on one or more occasions;

the total forecast demand number comprises a first sub-

total forecast demand number of the product to be
received over a second period of time subsequent to the
first period of time, wherein the second period of time
is in the future;

the processing unit is configured to determine the first

sub-total forecast demand number, wherein the deter-
mination comprises utilization of the at least one prob-
ability of product re-receipt;

determination of the first sub-total forecast demand num-

ber comprises a determination of a first forecast
demand number of the product to be received by a
proportion of the first plurality of receivers;

the determination of the first forecast demand number

comprises a multiplication of the second demand num-
ber of the product with a probability of product re-
receipt for a receiver having received the product on
only one occasion;

determination of the first sub-total forecast demand num-

ber comprises determination of a second forecast
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demand number of the product to be received by a
proportion of the second plurality of receivers; and
the determination of the second forecast demand number
comprises at least one multiplication of the third
demand number of the product with at least one prob-
ability of product re-receipt for a receiver having
received the product on at least two occasions.

28: The apparatus of claim 27, wherein:

the third demand number of the product comprises a
fourth demand number of the product;

the second plurality of receivers comprises a third plu-
rality of receivers who have, previous to the first period
of time, received the product on only one occasion;

the fourth demand number of the product is a demand
number of the product to be received and/or having
already been received by the third plurality of receiv-
ers;

determination of the second forecast demand number
comprises determination of a third forecast demand
number of the product to be received by a proportion of
the third plurality of receivers; and

determination of the third forecast demand number com-
prises a multiplication of the fourth demand number of
the product with a probability of product re-receipt for
a receiver having received the product on only two
occasions.

29: The apparatus of claim 28, wherein:

the third demand number of the product comprises a fifth
demand number of the product;

the second plurality of receivers comprises a fourth plu-
rality of receivers who have, previous to the first period
of time, received the product on at least two occasions;

the fifth demand number of the product is a demand
number of the product to be received and/or having
already been received by the fourth plurality of receiv-
ers;

determination of the second forecast demand number
comprises determination of a fourth forecast demand
number of the product to be received by a proportion of
the fourth plurality of receivers; and

determination of the fourth forecast demand number
comprises at least one multiplication of the fifth
demand number of the product with at least one prob-
ability of product re-receipt for a receiver having
received the product on at least three occasions.

30: The apparatus of claim 29, wherein:

the fifth demand number of the product comprises a sixth
demand number of the product;

the fourth plurality of receivers comprises a fifth plurality
of receivers who have, previous to the first period of
time, received the product on only two occasions;

the sixth demand number of the product is a demand
number of the product to be received and/or having
already been received by the fitth plurality of receivers;

determination of the fourth forecast demand number
comprises determination of a fifth forecast demand
number of the product to be received by a proportion of
the fifth plurality of receivers; and

determination of the fifth forecast demand number com-
prises a multiplication of the sixth demand number of
the product with a probability of product re-receipt for
a receiver having received the product on only three
occasions.
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31: The apparatus of claim 30, wherein:

the fifth demand number of the product comprises a
seventh demand number of the product;

the fourth plurality of receivers comprises a sixth plurality
of receivers who have, previous to the first period of
time, received the product on at least three occasions;

the seventh demand number of the product is a demand
number of the product to be received and/or having
already been received by the sixth plurality of receiv-
ers;

determination of the fourth forecast demand number
comprises determination of a sixth forecast demand
number of the product to be received by a proportion of
the sixth plurality of receivers; and

determination of the sixth forecast demand number com-
prises at least one multiplication of the seventh demand
number of the product with at least one probability of
product re-receipt for a receiver having received the
product on at least four occasions.

32: The apparatus of claim 31, wherein;

the total forecast demand number comprises a second
sub-total forecast demand number of the product to be
received over a third period of time subsequent to the
second period of time; and

the processing unit is configured to determine the second
sub-total forecast demand number, the determination
comprising utilization of the first sub-total forecast
demand number of the product to be received over the
second period of time and at least one probability of
product re-receipt that does not include the probability
of product re-receipt for a receiver having received the
product on only one occasion.

33: The apparatus of claim 32, wherein:

determination of the second sub-total forecast demand
number comprises a determination of a first additional
forecast demand number;

determination of the first additional forecast demand
number comprises a multiplication of the first forecast
demand number with a probability of product re-receipt
for a receiver having received the product on only two
occasions;

determination of the second sub-total forecast demand
number comprises a determination of a second addi-
tional forecast demand number; and

determination of the second additional forecast demand
number comprises at least one multiplication of the
second forecast demand number with at least one
probability of product re-receipt for a receiver having
received the product on at least three occasions.

34: The apparatus of claim 33, wherein:

the second additional forecast demand number comprises
a third additional forecast demand number; and

determination of the third additional forecast demand
number comprises a multiplication of the third forecast
demand number with a probability of product re-receipt
for a receiver having received the product on only three
occasions.

35: The apparatus of claim 34, wherein:

the second additional forecast demand number comprises
a fourth additional forecast demand number; and

determination of the fourth additional forecast demand
number comprises at least one multiplication of the
fourth forecast demand number with at least one prob-
ability of product re-receipt for a receiver having
received the product on at least four occasions.



US 2021/0357832 Al

36: The apparatus of claim 35, wherein:

the second additional forecast demand number comprises
a fifth additional forecast demand number; and

determination of the fifth additional forecast demand
number comprises a multiplication of the fifth forecast
demand number with a probability of product re-receipt
for a receiver having received the product on only four
occasions.

37: The apparatus of claim 36, wherein:

the second additional forecast demand number comprises
a sixth additional forecast demand number; and

determination of the sixth additional forecast demand
number comprises at least one multiplication of the
sixth forecast demand number with at least one prob-
ability of product re-receipt for a receiver having
received the product on at least five occasions.

38: The apparatus of claim 27, wherein the second
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comprises utilization of the shipped orders, the open
orders and a total forecast number of the product to be
received;

determining, by the processing unit, a net demand of the

product to be received, wherein the determination com-
prises utilization of the open demand and the stock
level; and

determining, by the processing unit, a production plan,

wherein the determination comprises utilization of the
net demand.

41: (canceled)

42: A non-transitory computer readable medium storing
one or more programs comprising instructions, which when
executed by one or more processors of a system, cause the
system to:

provide a processing unit with a plurality of orders of a

product, wherein the plurality of orders is formed from

open orders and shipped orders;

provide the processing unit with a stock level of the
product held in stock;

determine, by the processing unit, an open demand of the
product to be received, wherein the determination com-
prises utilization of the shipped orders, the open orders
and a total forecast number of the product to be
received;

determine, by the processing unit, a net demand of the
product to be received, wherein the determination com-
prises utilization of the open demand and the stock
level; and

determine, by the processing unit, a production plan,
wherein the determination comprises utilization of the
net demand.

demand number of the product comprises a user provided
order demand number of the product to be received and/or
having already been received for a first time by one or more
receivers.

39: The apparatus of claim 27, wherein the second
demand number of the product comprises a user provided
forecast demand number of the product to be received for a
first time by one or more receivers.

40: A method for product planning, comprising:

providing a processing unit with a plurality of orders of a

product, wherein the plurality of orders is formed from
open orders and shipped orders;

providing the processing unit with a stock level of the

product held in stock;

determining, by the processing unit, an open demand of

the product to be received, wherein the determination L



