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relevant users who need to be informed of the potential problems. These users can then implement mitigating actions that mitigate if
not prevent the consequences of these potential problems in the supply chain.
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SUPPLY CHAIN FORECASTING SYSTEM

TECHNICAL FIELD

[0001]

The present invention relates to supply chain management. More specifically, the
present invention relates to systems and methods for managing the components of a

supply chain using current and historical data to predict potential problems.

BACKGROUND

[0002]

[0003]

The balancing act between having enough product on hand to sell and not having too
much inventory is at the core of supply chains. On one hand, companies want to
have sufficient goods on hand to sell to their customers as demand rises and falls.
However, at the same time, companies do not want to have too much product in
inventory as this represents non-performing assets that not only affects the bottom
line but may also hold hostage financial assets. To this end, the concepts of just-in-
time inventory management and just-in-time manufacturing were conceived. By
ensuring that there is a continuous and effective flow of products from the products
sources, such as factories and product assembly points, to the storage depots and
from the depots to the retail points, inventory requirements can be reduced,

producing a more efficient (and hence profitable) system.

However, while the above is laudable and has produced impressive results, the
overall supply chain becomes more susceptible to disruption. As an example,
previously, a manufacturing issue at a factory that stops production for a number of
days can be absorbed as inventory levels in depots or stores could be sufficiently
high enough such that no deliveries for up to a few weeks can be dealt with.
However, with the above methods of just-in-time inventory and manufacturing
techniques, inventory levels have been reduced such that no deliveries for as little as

2 days can be disastrous. Because of this vulnerability to disruptions, current supply
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[0004]

chain management systems seek to not just manage inventory but also the routing,
scheduling, and even manufacturing components of the supply chain. However,
current systems are unable to predict future problems with not just the routing but
with the scheduling. In addition, current systems are unable to offer integrated views
of all business functions in an enterprise as such systems are usually managed, not by
the enterprise, but by third party service providers. As well, business functions tend
to be managed using disparate systems that are unable or incapable of

communicating with one another.

Based on the above, there is therefore a need for systems and methods that mitigate
if not overcome the issues with the prior art. Preferably, such systems and methods
are able to predict potential supply chain issues well before the issues arrive and well
before such issues become problems that affect inventory levels. Also preferably,
such systems and methods would, effectively, be able to establish end to end
relationships between events across an enterprise and across different business

specialties within that enterprise.

SUMMARY

[0005]

[0006]

The present invention provides systems and methods for managing a supply chain.
A multi-stage system receives data regarding different components and parts of a
supply chain. These data points are formatted, streamed, and classified into a
multitude of analysis modules that predictively assess potential problems in the
supply chain. Identified potential problems are then further classified, ranked, and
routed to relevant users who need to be informed of the potential problems. These
users can then implement mitigating actions that mitigate if not prevent the

consequences of these potential problems in the supply chain.

In a first aspect, the present invention provides a system for managing a supply

chain, the system comprising:
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- a data layer stage for receiving data regarding components of said supply chain and

for formatting said data for use by subsequent stages of said system;

- a data analysis stage for receiving and analyzing said data regarding said

components of said supply chain;

- an issue analysis stage receiving outputs of said data analysis stage, said issue
analysis stage also being for classifying said outputs of said data analysis stage and

routing said outputs to at least one end user: and

- a results presentation stage for presenting results from said issue analysis stage to

said at least one end user.

In a second aspect, the present invention provides a system for managing flows and

assets of a supply chain, the system comprising:

- a data layer stage for receiving data regarding components of said supply chain and

for formatting said data for use by subsequent stages of said system;

- a data analysis stage for receiving and analyzing said data regarding said
components of said supply chain, said data analysis stage comprising a plurality of
analysis modules operating in parallel to one another, each of said analysis modules

being for either

- detecting potential problems with said components of said supply chain; or

- predicting problems with said components prior to said problems occurring;

- an issue analysis stage receiving outputs of said data analysis stage, said issue

analysis stage also being for:

- classifying predicted problems and for classifying potential problems to
determine which components of said supply chain said problems relate to;

- ranking a severity of said problems;
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- routing at least one of said outputs of said data analysis stage to an end
user, wherein said routing is based on at least one of: a nature of said
problem and a severity of said problem,;

- a results presentation stage for presenting results from said issue analysis stage to

said at least one end user;

wherein said at least one end user, when presented with at least one problem from an
analysis module, adjusts at least one parameter in said supply chain and an adjusted
at least one parameter is fed back to said data layer stage such that said at least one
parameter is used to determine effects on at least one component of said supply

chain.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention will now be described by reference to the following figures, in

which identical reference numerals refer to identical elements and in which:

Figure 1 is a block diagram of a system according to one aspect of the present

invention.
DETAILED DESCRIPTION
[0009] Referring to Figure 1, a block diagram of a system according to one aspect of the

present invention is illustrated. The system 10 includes a number of stages: a data
layer stage 20, a data analysis stage 30, an issue analysis stage 40, and a results
presentation stage 50. In one variant of the present invention, a feedback loop 60 is

present that loops a user’s input back to the data layer stage 20.

[0010] In operation, this aspect of the present invention receives data regarding the various
components of a supply chain through the data layer stage 20. The data is then

processed and then sent to multiple analysis modules in the data analysis stage 30.
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[0011]

[0012]

These analysis modules analyze the data and, using models trained on historical data
regarding the supply chain components, predictions are made regarding potential
problems with one or more of the supply chain components. These analysis modules
operate independently of one another and each one of these analysis modules may
operate/work on different components and/or different parts of the supply chain
and/or the analysis modules may be specialized in detecting a particular type of issue
across the supply chain. Once predictions have been made and potential issues
and/or problems have been identified in the supply chain, the outputs of the different
analysis modules are then sent to the issue analysis stage. This stage then classifies
the potential problems found, determines which areas/fields these problems may
relate to, and determines the users to be alerted about these potential problems. In
addition, this stage may also correlate issues with one or more common root causes,
especially since a root cause may exhibit itself as more than a single symptom in the
supply chain. As well, the potential problems are ranked/assessed in terms of
relevance and/or severity of consequences. These potential problems are then
packaged accordingly and routed to the relevant users. These relevant users are
alerted to the potential problems by way of a suitable user interface at the results
presentation stage. Once the user(s) have reviewed the potential problems, the
user(s) can then adjust the parameters of the supply chain using the user interface to
mitigate, prevent, or otherwise minimize (if not eliminate) the consequences of the
potential problems. These mitigating or preventative actions can then be sent back to
the data layer stage to determine if these actions would be useful in heading off the

potential problems.

Variants as well as details about the implementations of the various stages of the

system are described below.
Data layer stage

As noted above, the data layer stage receives data about the supply chain. This data
may include production schedules at specitic supply chain locations (e.g. factories,

assembly facilities), projected departure and arrival schedules for delivery vehicles
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[0013]

[0014]

for specific storage facilities (e.g. depots, warehouses), current and projected
inventory levels at these storage facilities, current and projected inventory levels at
distribution centres and/or retail centres (e.g. retail stores), product identification for
all of the above data (e.g. identification of and number of pieces of products for each
delivery vehicle that is leaving and/or arriving at a storage depot), projected transit
times for each delivery vehicle between each source location and destination
location, current and projected staffing levels at each location in the supply chain,
inventory levels for specific products at specific supplier locations/manufacturing
facilities, current and projected manufacturing and/or delivery schedules for specific
suppliers, as well as any data that may relate to delivery, manufacturing, inventory,
transit times, and/or product identification. In addition, depending on the
configuration of the various components of the system, data that is external to the
supply chain but which may affect the supply chain may be received. Such external
data may include current and projected weather patterns and news items (e.g. news
items about industrial or job actions near or at the various manufacturing/storage

locations).

Other pieces of data that may be received by the data layer stage may include;
expected future delivery schedules, amounts of at least one product scheduled for
delivery to specific locations, real-time or near real-time delivery data for at least one
specific delivery location, real-time or near real-time production schedules for at
least one product source, real-time or near real-time inventory levels for at least one
product in at least one location, data regarding dates and times of expected departure
and arrival of deliveries to and from at least one location, real-time or near real-time
location tracking of delivery vehicles as said delivery vehicles transit from one
delivery location to another, and delivery manifests for delivery vehicles as said

delivery vehicles transit between deliver locations.

Again depending on the configuration of the system, the various data items may be
received in real-time or in near real-time. Historical data regarding the various
points in the supply chain may also form part of the data received by the data layer

stage. In some implementations of the system, the data layer stage may store some
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[0015]

[0016]

[0017]

historical data for comparison purposes with results of recommended actions as well

as results of previous forecasts.

In addition to receiving the various pieces of data the data layer stage would also
format that data into a form that is suitable for use by the subsequent stages.
Preferably, the data layer stage would format the data received into a specific
uniform format that would be adhered to by the various analysis modules. In
addition, it is preferred if the data layer stage would classity and route the various
pieces of data to specific streams based on what the data related to. As an example,
data that may relate to the portion of the supply chain the transits through a specific
region may be routed to a specific stream. As well, data relating to, for example, a
specific city (e.g. data relating to a depot in that city, data relating to delivery
vehicles that transit through that city) may also be routed to a different stream. Of
Course, data may relate to multiple streams and, as such, may be routed to different
streams. Thus, a piece of data that relates to industrial action in a specific region
may be routed to a stream for industrial actions, a stream specific to that region,
streams for cities in that region, and streams for transport related data that transit
through that region. It should be noted that, in addition to or in lieu of these streams,
data may be tagged with specific categories that would relate to what the data related

to.

From the above, it should thus be clear that the data layer stage can tag/stream data
so that data relating to specific components of the supply chain (e.g. specific depots,
specific manufacturing facilities, etc., etc.) can be easily accessed by the relevant

analysis modules.
Data analysis stage

The data analysis stage comprises multiple analysis modules that operate in parallel.
Each analysis module receives/retrieves data relating to its analysis target from the

data layer stage. Thus, an analysis module that analyzes patterns in rail and/or truck
transport vehicles would receive/retrieve all the data that relates to or may affect rail

or truck transport vehicles. It should be clear that, depending on the configuration
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[0018]

[0019]

[0020]

of the data layer stage, the various analysis modules may receive specific data
streams or the various analysis modules may filter data to search for specific tags

that would be relevant to the analysis to be performed by the analysis modules.

In one implementation, each analysis module operates independently and in parallel
of the other analysis modules. This allows for execution efficiencies as the analysis
module would not encounter issues with data collisions or data dependencies from
other analysis modules. Each analysis module can thus operate as a stand-alone
module, independently receiving/retrieving data from the data layer stage and

producing output for subsequent stages of the system.

It should be clear that each analysis module may perform a different type of analysis
on the various data points received by the data layer stage. Analysis modules may be
location specific (i.e. an analysis module may be analyzing data specific to a specific
location/facility or specific to a certain region/country/ city), product specific (i.e. an
analysis module may be specific as to the product being tracked across the supply
chain), or they may be specific as to the potential problem being tracked/predicted
(e.g. an analysis module may be tasked with analyzing weather reports to forecast the
potential effects of near future weather patterns on the supply chain). It should be
clear that the level of granularity of the analysis performed by the analysis modules
is dependent on the implementation. Thus, an analysis module may analyze the
patterns that affect a specific warehouse and a different analysis module may analyze
the overall effects of oil price fluctuations on delivery delays for the supply chain as
a whole. Or, in another implementation, an analysis module may be tasked with
analyzing the transit times or delays for a specific product in a specific region and/or

country.

It should also be clear that each analysis module is, preferably, tasked with a specific
analysis that is dependent on the implementation. As such, one analysis module may
be tasked with analyzing the patterns of inventory at a specific depot and a different
analysis module may analyze the arrival/departure patterns for the delivery vehicles

for that specific depot.
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[0021]

[0022]

The various analysis modules may take the form of software or hardware/software
modules that implement machine learning based models to perform the analysis of
the current data and to predict potential problems based on that current data. In some
implementations, the machine learning based models may be used to determine/work
relationships between components of the supply chain that may not be commonly
visible but which may be identified as providing valuable insight into the data and
the supply chain as a whole. These machine learning modules that implement the
models can be trained using historical data as may be available regarding the supply
chain as a whole or, depending on implementation, they can be trained using
historical data for a specific component of the supply chain (e.g. historical data
regarding a specific manufacturing facility, a specific depot, or a specific
warehouse). Depending on the implementation, continuous learning and/or periodic
training may be conducted on the various models being implemented by the analysis
modules. This may take the form of receiving recent data from the data layer stage
to update known patterns of behaviour in the models with the latest data points. As
an example, recent data may be accumulated in the data layer stage and, once a
sufficient amount of recent data has been collected, this recent data can then be used
to train/update one or more models being used by the analysis modules. Other
historical data that may be used for training may include: historical delivery
schedules; historical data of transit times between at least one product source and at
least one delivery location; historical production times for at least one product for at
least one product source; historical inventory data for at least on delivery location;

and a history of demand for one or more products.

One variant of the present invention uses at least one analysis module that uses a
node/nodal view of the various components of the supply chain. In this variant, the
various components of the supply chain (e.g. manufacturing facilities, storage
depots, warehouses, stores, etc.) are each represented as a node in a graph. The
parameters of each node are taken from the delivery, manufacturing, arrival, and
inventory parameters for that node. As an example, a storage depot may have x units
of product A and y units of product B stored in that depot. Every z days, al units of
product A and b1 units of product B are delivered to that depot from factory F and

-9.
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[0023]

[(0024]

every ¢l days a2 units of product A and b2 units of product B are taken out of
inventory to be delivered to store C. The parameters for the node that represents that
storage depot may thus be (x, A, y, B, al, A, bl, B, F, a2, A, b2, B, C). These
parameters can then be analyzed in light of other data and can be used to determine
the probabilities relating to inventory levels. Similarly, these parameters can be used
to determine, in conjunction with other data, the likelihood or probabilities of delays,
outages, and other anomalies relating to deliveries. The use of such a nodal view of
the supply chain allows for the analysis of not just the product flow through the
various nodes in the graph but it also allows for the analysis of the links or
interconnections in that graph. Of course, in such a nodal view, the links between
the various nodes may represent the relationships (e.g. transport links, inventory
dependencies, etc., etc.) between these various nodes. These links or
interconnections may be analyzed if not optimized using such a graph. It can be
imagined that multiple graphs for one or more regions of the supply chain can be
generated and/or analyzed with each graph being for the analysis of one or more

aspects of the that area of the supply chain.

It should be clear that, in one approach, analysis modules may detect potential
problems by forecasting, among others, product supply and demand for one or more
locations/components in the supply chain. This forecasting can be performed up to x
days or weeks into the future based on the current data. Of course, as noted above,
the forecasting may be based on the analysis module implementing a model that is
trained on historical data. As an example, forecasting can take into account fixed
historical data that are known to be recurring, e.g. national holidays, regional
holidays, and local festivals. Such fixed and recurring data points are known to

cause delays in deliveries and/or halt production.

In addition to such fixed and recurring data points, the analysis modules may also
take into account incoming present and future data such as weather forecasts and
relevant news items. As an example, a weather forecast that a strong typhoon is
predicted to make landfall at a specific location on a specific day may mean that

deliveries to depots or stores near that location may be disrupted for days after that
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[0025]

[0026]

predicted landfall. Or, a news item that industrial unrest in a region x is predicted to
last for y days may mean that productions will be slowed and/or halted for facilities
in that region and that this disruption is expected to last for at least y days. Such a
news item may also mean that deliveries transiting through or destined for that
region will also be halted and/or slowed. It should, of course, be clear to a person
skilled in the art that these conclusions and relationships between events (e.g.
weather events, news items, etc.) and effects on the supply chain (e.g. delays in
delivery, non-delivery of product, etc.) are not predefined in the analysis module but

are learned using the machine learning models trained on historical data.

The various analysis modules may also take into account the knock-on effects (i.e.
the cumulative or secondary effects) of disruptions in the supply chain. As an
example, a fire at a manufacturing facility that shuts down the facility will, of course,
halt production at that facility. However, knock-on effects may include not just a
delay in deliveries for depots supplied by that manufacturing facility but also lower
inventory levels that those depots and potentially at stores within the region serviced
by those depots. If the price of the product fluctuates due to demand, then a
lowering of the supply due to the fire may result in the increase of that price.
Demand for the product, based on the increased price, can be modeled by an analysis
module and may, correspondingly, affect the inventory levels for that product in the

region.

As can be imagined, some of these analysis modules may be duplicated in the data
analysis stage. Depending on the implementation, the analysis for one part of the
supply chain may be duplicated for other parts of that same supply chain. This may
involve duplicating the analysis module that performs the same analysis but having
the duplicated analysis module perform the same analysis on a different data set.
Thus, as an example, analysis module A may analyze the transport patterns for
deliveries of a specific product through region x. Analysis module B, on the other
hand, may perform the exact same analysis for transport patterns for deliveries of
another specific product through region y. In a machine learning implementation of

the system, modules A and B may be trained by similar data sets so that the same
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[0027]

[0028]

predictive analysis is applied to the data sets for regions x and y separately. Of
course, these two modules may also be trained on entirely different data sets if the

two regions have entirely different dynamics.

In terms of usefulness, one or more of the analysis modules may also have the ability
to pinpoint the potential cause or root cause of a potential problem or issue
identified. Such a capability would result in the analysis module to not just identify
a potential issue but also where and how that potential issue arose. This output may
be generated by using machine learning techniques that take advantage of the nodal
view of the supply chain to trace and, potentially, pinpoint one or more causes of a
potential problem. An output such as this can then be used by the subsequent stages

to explain and/or clarify the potential problem to the relevant users.

In another implementation, analysis modules may be constructed by different
vendors. As long as the analysis module is configured to accept the specific uniform
data format from the data layer stage and as long as the analysis module produces an
output that is compatible with the issue analysis stage, the analysis module can be
produced by anyone. The modularity of the data analysis stage allows for the
installation, removal, and upgrading of the various analysis modules. A company
using the system can thus receive one or more analysis modules from its suppliers so
that the company can properly track and/or troubleshoot the components of its
supply chain that is concerned with the suppliers providing the analysis modules.
Thus, if company A’s supply chain includes a storage depot and a manufacturing
facility managed by or owned by company B, then company B can provide one or
more analysis modules that are optimized for detecting and/or forecasting potential
issues with that storage depot and manufacturing facility. Issues arising at those
facilities or issues that are forecast to arise at those facilities can thus be brought to
company B’s attention while company A’s users adjust the supply chain parameters

to mitigate if not bypass the issues that could arise because of those issues.
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[0029]

[0030]

[0031]

[0032]

Issue Analysis Stage

The issue analysis stage receives the various outputs of the various analysis modules
and analyzes these outputs for relevance, severity of consequences, and other criteria
betore routing the outputs to the relevant users. Where necessary, the issue analysis

stage also generates alerts based on the analysis module outputs and routes these

alerts to the relevant users.

In one implementation, the issue analysis stage is comprised of multiple modules that
are may be serially executed on the data received from the data analysis stage. One
or more modules may classify the issues or potential issues flagged by the data
analysis stage. The classification of these issues or problems may be performed on
multiple bases such as: location, severity of effects (if the problem or issue is not
addressed), cause/root cause of the issue/problem, geographic scope of the
issue/problem (i.e. whether the issue/problem has a local, regional, country, or global
scope), the probability that an issue or a specific issue will arise. and how far into the
future is the potential problem/issue (e.g. whether the problem will arise in the next

few days, next few weeks, or next month).

Based partly on the classification of the issue/problem from the data analysis stage,
one or more modules may then route the issue/problem to the relevant user. User
relevance for a specific issue can be determined by multiple criteria such as scope of
a user’s position and geographic scope of a user’s responsibility (e.g. a user with
responsibility for inventory for a specific region would receive alerts or issues that
affect inventory for that region). Thus, a potential issue that would affect inventory
levels for the Asian region would not be flagged for a user whose scope of

responsibility only encompasses the African region.

It should be clear that the issue analysis stage would generate the relevant alerts for
the relevant users based on the potential issues or predicted problems from the data
analysis layer. Thus, one or more modules of the issue analysis layer would
determine if a potential issue is severe enough to generate an alert. Different criteria

for different users may be used to determine if an alert or a simply informational flag
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[0033]

[0034]

is necessary for each issue identified. As an example, a potential low inventory for a
product in a specific city may generate an alert for a user whose scope of
responsibility includes the inventory for that city. However, for a user who is
responsible for inventory in a neighboring region or a user who is responsible for
transport in another region may only receive, for example, an informational flag for
that potential issue. Similarly, a potential industrial action in one region that may
disrupt supplies in that region may generate a red alert for managers within that

region but may only generate informational flags for managers in nearby regions.

In addition to the alerts and/or informational flags for each of the potential issues or
problems in the supply chain, the system may package relevant data regarding each
alert or flag for transmittal to relevant users along with the corresponding alert or
flag. As an example, if a weather event is forecast to cause anomalies in transport
between cities A and B, the flags or alerts cause by this potential issue may also
include data that specifies that the snowstorm that may cause problems is heading in
a northwesterly direction and may be moving towards cities C and D. Thus, the
circumstances surrounding the alert and/or flag may thus be communicated to the
relevant user along with that alert and/or flag. Such data may assist the user in
formulating a mitigating course of action or it may assist the user in planning other
actions that may affect the supply chain. In implementations where the analysis
module also tracks one or more causes or root causes of a potential problem, such
causes may also be communicated to the relevant user. Note, of course, that for
informational flags, such causes or root causes may not need to be communicated to

the user.

Much like the analysis modules, the various modules in the issue analysis stage may
implement machine learning models to produce results. Such machine learning
models may be trained using historical data or where applicable, continuous learning
methods may also be applied. The modules that produce alerts and the modules that
determine and select the relevant users for specific potential issues may be trained
using historical data or these may be trained using synthetic data to ensure that the

proper alerts are generated and that the proper relevant users are alerted or provided
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[0036]

with suitable data. Of course, the models tasked with classifying the various
potential issues from the data analysis layer would be trained using historical data,
some of which may have also been used to train the analysis modules producing the

predicted issues in the supply chain.

In an alternative embodiment, one or more of the modules in the issue analysis stage
may be a rules based module instead of a machine learning based module. Each alert
or flag may be generated along with one or more tags that detail areas of
responsibility or areas of concern that map to the different portions of the supply
chain. Thus, inventory related issues, transport related issues, delay related issues,
etc., would each get their own specific tag. An alert or a flag may thus have multiple
tags to detail the areas that may be affected by that alert or flag. As an example, a
potential industrial action in a Birmingham UK factory may have a tag for industrial
action, a tag denoting the city of Birmingham, a tag for the Birmingham region, a tag
for an inventory related issue, a tag for a work stoppage, and a tag for delivery
delays. Other tags may, of course, be applied. For a user whose area of
responsibility covers Birmingham, a suitable client would thus filter the various
alerts and flags generated for tags that relate to the city of Birmingham. Similarly, a
client for a user who deals with inventory in the region would also filter the alerts to
sift and find alerts or flags that have the inventory tag as well as the region’s tag.
Other methods for filtering and/or selecting the various relevant alerts and/or flags

may, of course, be used.

In addition to the above, the issue analysis stage may also package an explanation of
the potential problem or issue detected by the analysis modules. Such an explanation
may take the form of the data is the basis for the predicted problem or issue along
with the logic behind the prediction. As an example, if a well-known raucous local
festival is known to delay and/or disrupt scheduled deliveries in a specific
geographical region, historical data detailing the delayed deliveries may form part of
the surrounding circumstances for the potential problem. A user receiving an alert
regarding the high probability of delayed deliveries in the region would thus be

provided with the historical data and would thus understand the basis for the
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[0038]

predicted delays. Similarly, if current data indicates a significant delay in production
at a manufacturing facility, this can be extrapolated by the analysis module by
adding historical delay data to each stage of the supply chain from the manufacturing
facility to the various depots. Thus, a manufacturing delay of 2 days may balloon to
an overall delay of 6 days before the product is delivered to its final destination from
the manufacturing facility. An alert provided to the relevant user may thus indicate a
projected delay of 6 days before product is delivered and, as an explanation, the 2
day delay at the manufacturing facility and the projected cumulative delays (based
on historical data) at the various depots may also be provided with the alert. Of
course, the explanation may also take the form of providing the user with an
indication of one or more root causes as well informing the user of other events

which may have been caused by the same root cause(s).
Results Presentation Stage

The results presentation stage provides the end user with a user interface and a user
experience that allows the user to view relevant alerts and informational flags
relating to the user’s areas of responsibility. In addition, the results presentation stage
preferably also allows the user to implement mitigating actions or to take steps to
prevent and/or head off the negative effects of the potential problems identified in

the alerts.

Preferably, the results presentation stage provides a dashboard that allows the
relevant user to change/adjust the parameters of the supply chain to address the
potential issues highlighted by the system. Of course, depending on the level of
control that the user may have on the supply chain, the user’s options on the
dashboard may be limited. As an example, a user who controls the delivery of
products for a specific city would be able to control the delivery schedules for that
city. However, such a user would not be allowed to change the delivery schedules
for other cities and may not even be allowed to view such schedules. Accordingly,
the scope of control and the scope of the data available to a user would be

commensurate with that user’s position and scope of responsibility.
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[0043]

In one variant of the present invention, the user would be allowed to simulate the
results of his/her actions to mitigate the effects of the alerts. Such a simulation
would, effectively, feed the parameters of the user’s actions back to the data layer
stage so that its effects can be determined. If such actions cause other issues to arise,
these issues will also be flagged and/or identified by the system to the user. Such a
simulation system may, of course, be a separate instance of the system of the present
invention as mixing the current live system with a simulation system may cause
issues. Other means of implementing such a simulation system would, of course, be

possible.

In another variant, the user would be allowed to adjust the parameters of the supply
chain (e.g. re-route shipments to avoid potential problem areas due to inclement
weather, industrial action, etc., etc.) in real time and not simply in simulation. Such

a variant, of course, would not allow the user to run what-if scenarios.

A hybrid of the two variants above may allow the user to perform what-if
simulations while still controlling the parameters of the supply chain. For this
variant, the dashboard may have a setting such that the analysis modules are
temporarily insulated from new data in the data layer (e.g. by passing a flag to the
analysis modules such that the analysis modules would only operate on temporary
data and not on real data from the data layer stage). This allows the system to
operate as a simulator for the user’s what-if scenarios without confusing the what-if

data with real world data.

Regarding the user interface, alerts may be highlighted to the user using a tiered
system such as a color coding system with predefined different colors denoting a
severity of an alert. Severity may, of course, be dependent on one or more criteria
such as temporal proximity of the potential issue and severity of the consequences

(in terms of time and/or money and/or overall effects).

It should be clear that the different stages of the system may be implemented as
software modules operating on one or more servers or server farms. However, the

various analysis modules may each be a different software module or a combined
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hardware/software module that is logically coupled to the data layer stage and to the
issue analysis stage. For such an implementation, each of the analysis modules may
be logically coupled/de-coupled with the relevant stages of the system without regard
to the other analysis modules. Similarly, the results presentation stage may be a
client resident on and executing on a user’s workstation while the rest of the system
are computing resources that are geographically remote from the user. Alternatively,
the results presentation stage may take the form of a browser accessible interface to a

module resident on a server remote from the user.

It should be clear that the various aspects of the present invention may be
implemented as software modules in an overall software system. As such, the
present invention may thus take the form of computer executable instructions that,

when executed, implements various software modules with predefined functions.

The embodiments of the invention may be executed by a computer processor or
similar device programmed in the manner of method steps, or may be executed by an
electronic system which is provided with means for executing these steps. Similarly,
an electronic memory means such as computer diskettes, CD-ROMs, Random
Access Memory (RAM), Read Only Memory (ROM) or similar computer software
storage media known in the art, may be programmed to execute such method steps.
As well, electronic signals representing these method steps may also be transmitted

via a communication network.

Embodiments of the invention may be implemented in any conventional computer
programming language. For example, preferred embodiments may be implemented
in a procedural programming language (e.g., “C” or “Go”) or an object-oriented
language (e.g., “C++7, “java”, “PHP”, “PYTHON” or “C#”). Alternative
embodiments of the invention may be implemented as pre-programmed hardware
elements, other related components, or as a combination of hardware and software

components.

Embodiments can be implemented as a computer program product for use with a

computer system. Such implementations may include a series of computer
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instructions fixed either on a tangible medium, such as a computer readable medium
(e.g., a diskette, CD-ROM, ROM, or fixed disk) or transmittable to a computer
system, via a modem or other interface device, such as a communications adapter
connected to a network over a medium. The medium may be either a tangible
medium (e.g., optical or electrical communications lines) or a medium implemented
with wireless techniques (e.g., microwave, infrared or other transmission
techniques). The series of computer instructions embodies all or part of the
functionality previously described herein. Those skilled in the art should appreciate
that such computer instructions can be written in a number of programming
languages for use with many computer architectures or operating systems.
Furthermore, such instructions may be stored in any memory device, such as
semiconductor, magnetic, optical or other memory devices, and may be transmitted
using any communications technology, such as optical, infrared, microwave, or other
transmission technologies. It is expected that such a computer program product may
be distributed as a removable medium with accompanying printed or electronic
documentation (e.g., shrink-wrapped software), preloaded with a computer system
(e.g., on system ROM or fixed disk), or distributed from a server over a network
(e.g., the Internet or World Wide Web). Of course, some embodiments of the
invention may be implemented as a combination of both software (e.g., a computer
program product) and hardware. Still other embodiments of the invention may be
implemented as entirely hardware, or entirely software (e.g., a computer program

product or as a service offering using a software as a service model).

A person understanding this invention may now conceive of alternative structures
and embodiments or variations of the above all of which are intended to fall within

the scope of the invention as defined in the claims that follow.
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We claim:
1. A system for managing flows and assets of a supply chain, the system comprising;

- a data layer stage for receiving data regarding components of said supply chain and for

formatting said data for use by subsequent stages of said system,;

- a data analysis stage for receiving and analyzing said data regarding said components of
said supply chain, said data analysis stage comprising a plurality of analysis modules

operating in parallel to one another, each of said analysis modules being for either
- detecting potential problems with said components of said supply chain;
- predicting problems with said components prior to said problems occurring;

- an issue analysis stage receiving outputs of said data analysis stage, said issue analysis

stage also being for:

- classifying predicted problems and for classifying potential problems to

determine which components of said supply chain said problems relate to;
- ranking a severity of said problems;

- routing indications of at least one of said outputs of said data analysis stage to
an end user, wherein said routing is based on at least one of’ a nature of said

problem and a severity of said problem;

- aresults presentation stage for presenting results from said issue analysis stage to said at

least one end user;

wherein said at least one end user, when presented with at least one problem from an
analysis module, adjusts at least one parameter in said supply chain an adjusted at least
one parameter is fed back to said data layer stage such that said at least one parameter is

used to determine effects on at least one component of said supply chain.
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2. The system according to claim 1, wherein each of said analysis modules are independent of

one another
3. The system according to claim 1, wherein said data includes at least one of:

- expected future delivery schedules;

- amounts of at least one product scheduled for delivery to specific locations;

- real-time or near real-time delivery data for at least one specific delivery location;
- real-time or near real-time production schedules for at least one product source;

- real-time or near real-time inventory levels for at least one product in at least one
location;

- data regarding dates and times of expected departure and arrival of deliveries to and
from at least one location;

- real-time or near real-time location tracking of delivery vehicles as said delivery
vehicles transit from one delivery location to another;

- current forecast and actual demand data;

- data external to said system that would affect one or more components of the
supply chain; and

- delivery manifests for delivery vehicles as said delivery vehicles transit between

deliver locations.

4. The system according to claim 1, wherein said at least one analysis module implements a
machine learning model for detecting potential problems in at least one component in said

supply chain, said machine learning model being trained using data comprising:

- historical delivery schedules;

- historical data of transit times between at least one product source and at least one
delivery location;

- historical production times for at least one product for at least one product source;
- historical data of actual sales;

- historical data of actual demand; and

- historical inventory data for at least one delivery location.
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10.

11.

The system according to claim 1, wherein at least one of said analysis modules uses a
representation of said supply chain such that each component in said supply chain is

represented as a node in a graph.

The system according to claim 1, wherein said data layer stage outputs said data in a
specific format and with specific data definitions that are common to all of said analysis

modules.

The system according to claim 1, wherein each of said analysis modules has an output

format and an output data definition that is common to all of said analysis modules.

The system according to claim 1, wherein said issue analysis stage comprises a plurality of

modules for classifying, routing, and analyzing outputs of said analysis modules.

The system according to claim 8, wherein said plurality of modules in said issue analysis

stage are serially arranged.
A system for managing a supply chain, the system comprising;

- a data layer stage for receiving data regarding components of said supply chain and

for formatting said data for use by subsequent stages of said system;

- a data analysis stage for receiving and analyzing said data regarding said

components of said supply chain;

- an issue analysis stage receiving outputs of said data analysis stage, said issue
analysis stage also being for classifying said outputs of said data analysis stage and

routing said outputs to at least one end user: and

- aresults presentation stage for presenting results from said issue analysis stage to

said at least one end user.

The system according to claim 10, wherein said data analysis stage comprises a plurality of

analysis modules operating in parallel to one another
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12.  The system according to claim 11, wherein each of said analysis modules is for either

13.

14.

15.

16.

17.

- detecting potential problems with said components of said supply chain; or

- predicting problems with said components prior to said problems occurring.

The system according to claim 10, wherein said issue analysis stage is further for at least

one of:

- classifying predicted problems and for classifying potential problems to determine
which components of said supply chain said problems relate to;

- ranking said problems; and

- routing an indication at least one of said outputs of said data analysis stage to an

end user.

The system according to claim 10, wherein said at least one end user, when presented with
at least one potential problem from an analysis module, adjusts at least one parameter in

said supply chain and an adjusted at least one parameter is fed back to said data layer stage
such that said at least one parameter is used to determine effects on at least one component

of said supply chain.

The system according to claim 11, wherein at least one of said analysis modules uses a
representation of said supply chain such that each component in said supply chain is

represented as a node in a graph.

The system according to claim 13, wherein said problems are ranked according to at least
one of: consequence cost, market share impact, customer satisfaction drop potential,
supplier satisfaction potential, a probability of a problem occurring in a future time, a

potential cause of said problems, and schedule disruption potential.

The system according to claim 13, wherein said routing is based on at least one of: a nature

of said problem, at least one user’s role relative to said supply chain, at least one user’s
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profile relative to said supply chain, at least one user’s area of responsibility relative to said

supply chain, and a severity of said problem.

18.  The system according to claim 13, wherein said issue analysis stage is further for

correlating predicted problems with at least one common cause.
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