Description

Title of Invention: DISTRIBUTION CHANNEL SELECTION METHOD AND APPARATUS

Technical Field

[0001] The present invention relates generally to distribution channel section method and
apparatus, more particularly, the method and the apparatus are configured to select an optimal
set of distribution channels to distribute products from multiple suppliers to multiple buyers.

Background

[0002] With increasing market competition that drives higher requirements for cost efficiency
of supply chain, supply chain management (SCM) has become one of the most crucial focus
areas in many businesses. Among the various supply chain (SC) optimization problems,
distribution network optimization problem is a typical problem that significantly affects not only
retailers’ and their suppliers’ cost structure, but also other connected processes (e.g. ordering,
inventory replenishment) with direct consequences on product availability levels and
consequently on end customer satisfaction. With this in mind, an optimized design of
distribution channels and network is vital to business’ success.

[0003] There are several types of distribution networks in the retail industry, where the main
distribution networks include direct store delivery (DSD) network, or sometimes called
decentralized distribution network, and centralized delivery/distribution network. In a
centralized delivery network, the suppliers deliver their products to the retailers' warehouse or
distribution center and from there, the retailers will deliver the products to respective retail
stores by themselves. On the contrary, a DSD network is a type of retail distribution network
where manufacturers or suppliers ship merchandise directly to their retailers by themselves or
via their distributor. In the DSD model, products will bypass the retailer's warehouses or
distribution centers. Both distribution networks have their own pros and cons and are
associated with different delivery costs, time and other performance criteria such as reliability
etc.

[0004] In a distribution network where retail stores (buyers) have the option to replenish from
multiple suppliers or warehouses, it is an important and complex problem to know which
distribution channels should the retailer select to fulfill requests of inventory replenishment as
it has great impacts on the stores’ overall SC cost. The problem becomes more complicated



when multiple suppliers, retailers, and products are involved in the replenishment process,
and the existing solutions are not able to solve large scale problems within a short period of
time or not able to obtain solutions with good enough quality for various applications.
Additionally, most of the existing solutions are restricted to very specific use cases and cannot
address different requirements imposed by the users in various business contexts. In other

words, they are not flexible enough in terms of problem modelling and solution design.

[0005] There is thus a need to devise a novel method and apparatus for selecting an optimal
set of distribution channels to distribute one or more products from a plurality of suppliers to a
plurality of buyers, more particularly, to improve operational efficiency, optimize supply chain
cost, and achieve a balance between cost reduction and service improvement for the
distribution of the products and replenishment decisions while addressing the pain points of

the above existing solutions.

[0006] Furthermore, other desirable features and characteristics will become apparent from
the subsequent detailed description and the appended claims, taken in conjunction with the

accompanying drawings and this background of the disclosure.

Summary

[0007] In a first aspect, the present disclosure provides a method selecting an optimal set of
distribution channels to distribute one or more products from a plurality of suppliers to a
plurality of buyers, comprising: calculating, by a processor of an apparatus, a distribution cost
of each set of distribution channels of a plurality of sets of distribution channels to distribute
the one or more products from the plurality of suppliers to the plurality of buyers, wherein at
least one of the plurality of suppliers is set to distribute at least one of the one or more products
to each of the plurality of buyers in the each set of distribution channels of the plurality of sets
of distribution channels; adjusting, by the processor, the distribution cost of the each set of
distribution channels of the plurality of sets of distribution channels based on one or more
constraints, each of the one or more constraints limiting a selection of a distribution channel
for distributing one of the one or more products from one of the plurality of suppliers to one of
the plurality of buyers; detecting, by the processor, a processing time for calculating and

adjusting the distribution costs of the plurality of sets of distribution channels has exceeded a
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first pre-configured processing time limit, wherein a set of distribution channels having a lowest
distribution cost among the plurality of sets of distribution channels is selected as the optimal
set of distribution channels to distribute the one or more products from the plurality of suppliers
to the plurality of buyers after the detection; determining, by the processor, if the processing
time for calculating and adjusting the distribution costs of the plurality of sets of distribution
channels has exceeded a second pre-configured processing time limit, in response to a result
of the determination: calculating, by the processor, a further distribution cost of the each set
of distribution channels of the plurality of sets of distribution channels to distribute the one or
more products from the plurality of suppliers to the plurality of buyers; and adjusting, by the
processor, the further distribution cost of the each set of distribution channels of the plurality
of sets of distribution channels based on one or more constraints, each of the one or more
constraints limiting a selection of a distribution channel for distributing one of the one or more
products from one of the plurality of suppliers to one of the plurality of buyers, wherein a set
of distribution channels having a lowest further distribution cost among the plurality of sets of
distribution channels is selected as the optimal set of distribution channels to distribute the

one or more products from the plurality of suppliers to the plurality of buyers.



[0008] In a second aspect, the present disclosure provides a system for selecting an optimal set of
distribution channels to distribute one or more products from a plurality of suppliers to a plurality of
buyers, comprising: at least one processor; and at least one memory including computer program code;
the at least one memory and the computer program code configured to, with at least one processor,
cause the server at least to, comprising: calculate a distribution cost of each set of distribution channels
of a plurality of sets of distribution channels to distribute the one or more products from the plurality of
suppliers to the plurality of buyers, wherein at least one of the plurality of suppliers is set to distribute at
least one of the one or more products to each of the plurality of buyers in the each set of distribution
channels of the plurality of sets of distribution channels; adjust the distribution cost of the each set of
distribution channels of the plurality of sets of distribution channels based on one or more constraints,
each of the one or more constraints limiting a selection of a distribution channel for distributing one of
the one or more products from one of the plurality of suppliers to one of the plurality of buyers; detect,
a processing time for calculating and adjusting the distribution costs of the plurality of sets of distribution
channels has exceeded a first pre-configured processing time limit, wherein a set of distribution
channels having a lowest distribution cost among the plurality of sets of distribution channels is selected
as the optimal set of distribution channels to distribute the one or more products from the plurality of
suppliers to the plurality of buyers after the detection; determine if the processing time for calculating
and adjusting the distribution costs of the plurality of sets of distribution channels has exceeded a
second pre-configured processing time limit; calculate a further distribution cost of the each set of
distribution channels of the plurality of sets of distribution channels to distribute the one or more
products from the plurality of suppliers to the plurality of buyers; and adjust the further distribution cost
of the each set of distribution channels of the plurality of sets of distribution channels based on one or
more constraints, each of the one or more constraints limiting a selection of a distribution channel for
distributing one of the one or more products from one of the plurality of suppliers to one of the plurality
of buyers, wherein a set of distribution channels having a lowest further distribution cost among the
plurality of sets of distribution channels is selected as the optimal set of distribution channels to

distribute the one or more products from the plurality of suppliers to the plurality of buyers.

[0009] Additional benefits and advantages of the disclosed embodiments will become
apparent from the specification and drawings. The benefits and/or advantages may be
individually obtained by the various embodiments and features of the specification and
drawings, which need not all be provided in order to obtain one or more of such benefits and/or

advantages.
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Brief Description of the Drawings

[0010] Embodiments and implementations are provided by way of example only, and will be
better understood and readily apparent to one of ordinary skill in the art from the following
written description, read in conjunction with the drawings, in which:

[0011] Figure 1 depicts a schematic diagram illustrating distribution channels between
suppliers and buyers in a centralized delivery network and a decentralized distribution
network.

[0012] Figure 2 shows a block diagram illustrating a system for selecting an optimal set of
distribution channels to distribute one or more products from a plurality of supplier to a plurality

of buyers according to various embodiments of the present disclosure.



[0013] Figure 3 shows a diagram illustrating an example distribute network.

[0014] Figure 4 shows a block diagram illustrating various components of a system for
selecting an optimal set of distribution channels to distribute one or more products from a
plurality of supplier to a plurality of buyers according to an embodiment of the present
disclosure.

[0015] Figure 5 shows a flow chart illustrating a method for selecting an optimal set of
distribution channels to distribute one or more products from a plurality of supplier to a plurality
of buyers according to an embodiment of the present disclosure.

[0016] Figure 6 shows a block diagram illustrating a distribution channel optimization model
for selecting an optimal set of distribution channels to distribute one or more products from a
plurality of suppliers to a plurality of buyers according to an embodiment of the present
disclosure.

[0017] Figure 7 shows a flowchart illustrating three different data processing functions
implemented in a pre-processing module according to an embodiment of the present
disclosure.

[0018] Figure 8 shows a first example parallel solving process implemented by an optimization
solver module to select an optimal set of distribution channels to distribute one or more
products from a plurality of suppliers to a plurality of buyers.

[0019] Figure 9 shows a second example parallel solving process implemented by an
optimization solver module to select an optimal set of distribution channels to distribute one or
more products from a plurality of suppliers to a plurality of buyers.

[0020] Figure 10 shows a flowchart illustrating an input and an output of selecting an optimal
set of distribution channels to distribute one or more products in a distribution network of three
suppliers to four retail stores according to an embodiment of the present disclosure.

[0021] Figures 11 and 12 show a schematic diagram of a general purpose computer system
upon which the coordination server of Figure 2 can be practiced.

[0022] Figure 13 shows an alternative computer device to implement the coordination server
of Figure 2.



[0023] Figure 14 shows a schematic diagram of a general purpose computer system upon
which the distribution channel selection server of Figure 2 can be practiced.

[0024] Figure 15 shows an alternative computer device to implement the distribution channel
selection server of Figure 2.

[0025] Figure 16 shows a schematic diagram of a general purpose computer system upon
which a combined coordination and distribution channel selection server of Figure 1 can be
practiced.

[0026] Figure 17 shows an alternative computer device to implement a combined coordination
and distribution channel selection server of Figure 2.

[0027] Skilled artisans will appreciate that elements in the figures are illustrated for simplicity
and clarity and have not necessarily been depicted to scale. For example, the dimensions of
some of the elements in the illustrations, block diagrams or flowcharts may be exaggerated in
respect to other elements to help to improve understanding of the present embodiments.

Detailed Description

[0028] The following detailed description is merely exemplary in nature and is not intended to
limit the invention or the application and uses of the invention. Furthermore, there is no
intention to be bound by any theory presented in the preceding background of the invention
or the following detailed description. It is the intent of this invention to present a service request
allocation system and method under lack of available service providers condition.

[0029] Where reference is made in any one or more of the accompanying drawings to steps
and/or features, which have the same reference numerals, those steps and/or features have
for the purposes of this description the same function(s) or operation(s), unless the contrary
intention appears.

[0030] It is to be noted that the discussions contained in the "Background" section and that
above relating to prior art arrangements relate to discussions of devices which form public
knowledge through their use. Such devices should not be interpreted as a representation by
the present inventor(s) or the patent applicant that such devices in any way form part of the

common general knowledge in the art.



[0031] Some portions of the description which follows are explicitly or implicitly presented in
terms of algorithms and functional or symbolic representations of operations on data within a
computer memory. These algorithmic descriptions and functional or symbolic representations
are the means used by those skilled in the data processing arts to convey most effectively the
substance of their work to others skilled in the art. An algorithm is here, and generally,
conceived to be a self-consistent sequence of steps leading to a desired result. The steps are
those requiring physical manipulations of physical quantities, such as electrical, magnetic or
optical signals capable of being stored, transferred, combined, compared, and otherwise
manipulated.

[0032] Unless specifically stated otherwise, and as apparent from the following, it will be
appreciated that throughout the present specification, discussions utilizing terms such as

[ INT} [T}

“receiving”, “calculating”, “determining”, “updating”, “generating”, “initializing”, “outputting”,
“receiving”, “retrieving”, “identifying”, “dispersing”, “authenticating” or the like, refer to the
action and processes of a computer system, or similar electronic device, that manipulates and
transforms data represented as physical quantities within the computer system into other data
similarly represented as physical quantities within the computer system or other information

storage, transmission or display devices.

[0033] The present specification also discloses apparatus for performing the operations of the
methods. Such apparatus may be specially constructed for the required purposes, or may
comprise a computer or other device selectively activated or reconfigured by a computer
program stored in the computer. The algorithms and displays presented herein are not
inherently related to any particular computer or other apparatus. Various machines may be
used with programs in accordance with the teachings herein. Alternatively, the construction of
more specialized apparatus to perform the required method steps may be appropriate. The
structure of a computer will appear from the description below.

[0034] In addition, the present specification also implicitly discloses a computer program, in
that it would be apparent to the person skilled in the art that the individual steps of the method
described herein may be put into effect by computer code. The computer program is not
intended to be limited to any particular programming language and implementation thereof. It
will be appreciated that a variety of programming languages and coding thereof may be used
to implement the teachings of the disclosure contained herein. Moreover, the computer
program is not intended to be limited to any particular control flow. There are many other
variants of the computer program, which can use different control flows without departing from
the spirit or scope of the invention.



[0035] Furthermore, one or more of the steps of the computer program may be performed in
parallel rather than sequentially. Such a computer program may be stored on any computer
readable medium. The computer readable medium may include storage devices such as
magnetic or optical disks, memory chips, or other storage devices suitable for interfacing with
a computer. The computer readable medium may also include a hard-wired medium such as
exemplified in the Internet system, or wireless medium such as exemplified in the GSM mobile
telephone system. The computer program when loaded and executed on such a computer
effectively results in an apparatus that implements the steps of the preferred method.

[0036] Figure 1 depicts a schematic diagram 100 illustrating distribution channels between
suppliers and buyers in a centralized delivery network 101 and a decentralized distribution
network 111 such as direct store delivery (DSD) network, respectively. In centralized delivery
network 100, when retailers with multiple retail stores 106a-106¢ purchase a product(s), a
supplier 102 provides the product(s) to a retailers’ warehouse 104 or distribution center (not
shown). Subsequently, the retailers then deliver the product(s) to respective retail stores 106a-
106¢c by themselves. On the other hand, in DSD network 111, when retailers with multiple
retail stores 116a-116c¢ purchase a product(s), a supplier 112 delivers the product(s) to the
retail stores 116a-116c directly, bypassing the retailers’ warehouse or distribution center.

[0037] As mentioned earlier, existing solutions are either not able to solve large scale
problems within short period of time or not able to obtain solutions with good enough quality
for various applications especially when multiple suppliers, retailers, and products are involved
in the replenishment process. Additionally, most of the existing solution techniques are
restricted to very specific use cases and cannot address different requirements imposed by
the users in various business contexts. In other words, they are not flexible enough in terms

of problem modeling and solution design.

[0038] For example, simulations have been carried out to explore replenishment mechanisms
under scenarios of different parameters of customer arrival rate, inventory control policy,
delivery cost, etc. Even though implications are provided regarding which mechanism
performs better based on the simulation results, only a few number of scenarios are explored
which may not be applicable in other contexts with different parameters. In addition, simulation
running time is long although only one supplier is considered in the simplified network without
multiple sourcing.



[0039] Simulation optimization techniques based on a Lagrangian relaxation-based heuristic
has also been proposed. Although solutions with decent quality can be obtained within
reasonable time, optimality is not guaranteed and the proposed method may not be
appropriate in other problem settings without some specific assumptions.

[0040] Also, some existing models consider only delivery cost and reliability in the objective
function. In addition, the models also allow partial and splitting replenishment, meaning retail
stores belonging to the same retail chain can be served by different suppliers and the
replenishment for a certain retailer may also be split across multiple suppliers, which could
increase overhead costs for engaging different suppliers for replenishment. Non-partial and
non-splitting replenishment, where retails stores belonging to the same retain chain can be
served by only one supplier for the replenishment, was not considered in such models.

[0041] In this present disclosure, a network optimization model is able to decide which
distribution and replenishment channels to use for retailers in the context of multiple suppliers,
retail stores and product types, so as to minimize the overall SC costs that include delivery
time, cost, reliability, etc. to achieve the best balance between cost reduction and service
improvement for the distribution and replenishment decisions while addressing the pain points
of the above existing solutions. More details are described in the following paragraphs.

[0042] In various embodiments of the present disclosure below, a product may refer to a good
(or a merchandise) and/or a service. A buyer (herein may referred to as “requestor”) is a
person, consumer, company or entity who requests for the good and/or service and creates a
request order (herein may referred to as “product order”, “purchase order” or “order request”),
whereas a supplier (herein may referred to as “provider”) is a person, company or entity who
provides the good and/or service for purchase by the buyer, or a third party who is associated
with, assists or acts on behalf of such person, distributor, company or entity to provides the
good and/or service for purchase by the buyer. A distribution channel refers to a mode of
distributing a product ordered by a buyer and fulfilling whole or a part of a request order of a

buyer, by connecting a buyer to a supplier among a network of suppliers and buyers.

[0043] A set of distribution channel is a combination of distribution channels required to
distribute of one or more products from one or more suppliers and one or more buyers, where
applicable in order to fulfil the existing request orders. For example, where multiple suppliers
and buyers requesting for different products are involved, different supplier-buyer
combinations and arrangements can be possibly used, thereby resulting in different possible
sets of distribution channels (herein may referred to as “a plurality sets of distribution



channels”) to distribute the same products from the same suppliers and same buyers and fulfil
same requests orders. For example, products requested by a buyer A can be distributed by a
supplier A, a supplier B or both (i.e., three different distribution channels), thereby resulting in
at least three different sets of distribution channels (when combined with other distribution
channels to fulfil other request orders). In various embodiments below, the term “set of
distribution channel” may be referred to as “solution” to the supply chain and product
distribution problem.

[0044] In various embodiments, using a common solution algorithm or model which utilizes a
set of data relating to the products, suppliers and buyers from data input, a distribution cost of
each set of distribution channels of a plurality of sets of distribution channels can be calculated,
and such distribution costs of the different sets of distribution channels among the plurality of
sets of distribution channels are compared and used to select the optimal set of distribution
channels (e.g., the set of distribution channels having the lowest distribution cost) among the
plurality of sets of distribution channels to be used to distribute the products from the suppliers
and the buyers.

[0045] In an embodiment, different (second) solution algorithm or model which utilizes a
different set of data (e.g., with additional or reduced data) relating to the products, suppliers
and buyers from the data input may be used to calculate a different distribution cost. Such
different set of data may correspond to additional suppliers, buyers and/or products (e.g.,
when brute force search is then applied) or reduced number of suppliers, buyers and/or
products (e.g., when metaheuristics model is then applied such as general algorithm (GA),
simulated annealing (SA), tabu search (TS), ant colony system (ACS)), and, in such case,
result in a different (second) set of distribution channel, and thus a different (second) plurality
of sets of distribution channels, required to distribute to fulfil the request orders with the
additional/reduced number of suppliers, buyers and/or product with a different distribution
cost.

[0046] In various embodiments of the present disclosure, a constraint which may limit a
selection of a distribution channel to distribute a product and fulfil a request order is taken in
account in the selection of the optimal sets of distribution channels, for example, by adjusting
the calculated distribution costs based on the constraint and its imposed limitation. Such
constraint may be related to a specific supplier, buyer, product, order (e.g., order sizes,
quantity), or a combination thereof. Examples of a constraint includes, but not limited to, an
available mode of delivery, a preferred mode of delivery, an exclusive mode of delivery, an
available time of delivery, a preferred time of delivery, an exclusive time of delivery, a preferred
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supplier, an exclusive supplier, an availability of supplier, a preferred buyer, an exclusive
buyer, an availability of buyer, a number of suppliers to fulfil an order request, a minimum
order requirement, a delivery capacity, a product handling requirement, a sequence of delivery
or any other constraint that would cause a distribution channel be less favourable to be
selected to distribute a product from a supplier to a buyer and fulfil a product order request.

[0047] According to various embodiments of the present disclosure, the process of selecting
a set of distribution channels can implemented through a system. Figure 2 shows a block
diagram illustrating a system 200 for selecting an optimal set of distribution channels to
distribute one or more products according to an embodiment. Further, the system 200 may
enable a transaction for a product(s), and/or a request for a product(s) between a requestor
and a provider (herein may referred to as “users”). Herein in this embodiment, a product refers
to a good, a service or a combination thereof; and a request for a product of the provider from
the requestor may be referred to as a coordination request or a transaction request.

[0048] The system comprises a requestor device 202, a provider device 204, an acquirer
server 206, a coordination server 208, an issuer server 210 and a distribution channel set
selection server 212.

[0049] A user may be any suitable type of entity, which may include a consumer, company,
corporation or governmental entity (i.e., requestor) who looking to request for a product via a
coordination server 208, or an application developer, company, corporation or governmental
entity (i.e., provider) who looking to sell or provide a product via the coordination server 208.

[0050] A requestor device 202 is associated with a buyer (or requestor) who is a party to, for
example, a request for a product that occurs between the requestor device 202 and the
provider device 204. The requestor device 202 may be a computing device such as a desktop
computer, an interactive voice response (IVR) system, a smartphone, a laptop computer, a
personal digital assistant computer (PDA), a mobile computer, a tablet computer, and the like.

[0051] The requestor device 202 may include user credentials (e.g., a user account) of a
requestor to enable the requestor device 202 to be a party to a transaction. If the requestor
has a user account, the user account may also be included (i.e., stored) in the requestor device
202. For example, a mobile device (which is a requestor device 202) may have the user
account of the customer stored in the mobile device.
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[0052] In one example arrangement, the requestor device 202 is a computing device in the
form of a watch or similar wearable and is fitted with a wireless communications interface (e.qg.,
an NFC interface). The requestor device 202 can then electronically communicate with the
provider device 204 regarding a transaction or coordination request. The customer uses the
watch or similar wearable to make a request regarding the transaction or coordination by
pressing a button on the watch or wearable.

[0053] A provider device 204 is associated with a provider who is also a party to the request
for a good or service that occurs between the requestor device 202 and the provider device
204. The provider device 202 may be a computing device such as a desktop computer, an
interactive voice response (IVR) system, a smartphone, a laptop computer, a personal digital
assistant computer (PDA), a mobile computer, a tablet computer, and the like.

[0054] Hereinafter, the term “provider” refers to a product provider and any third party
associated with providing a product for purchase via the provider device 204. Therefore, the
user account of a provider refers to both the user account of a provider and the user account
of a third party (e.g., a route coordinator) associated with the provider.

[0055] If the provider has a user account, details of the user account may also be included
(i.e., stored) in the provider device 204. For example, a mobile device (which is a provider
device 204) may have user account details (e.g., account number) of the provider stored in
the mobile device.

[0056] In one example arrangement, the provider device 204 is a computing device in the
form of a watch or similar wearable and is fitted with a wireless communications interface (e.g.,
an NFC interface). The provider device 204 can then electronically communicate with the
requestor to make a request regarding the transaction or coordination request by pressing a
button on the watch or wearable.

[0057] An acquirer server 206 is associated with an acquirer who may be an entity (e.g. a
company or organization) which issues (e.g. establishes, manages, administers) a payment
account (e.g. a financial bank account) of a merchant (e.g., provider). An example of an
acquirer is a bank or other financial institution. As discussed above, the acquirer server 206
may include one or more computing devices that are used to establish communication with
another server (e.g., the coordination server 208) by exchanging messages with and/or
passing information to the other server. The acquirer server 206 forwards the payment
transaction relating to a transaction or order request to the coordination server 208.
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[0058] A coordination server 208 is configured to carry out processes relating to a user
account by, for example, forwarding data and information associated with the transaction to
the other servers in the system 200, such as the distribution channel selection server 212. In
an example, the coordination server 208 may provide location data, route data, time data,
product data, order data, requestor data, provider data and transaction data associated with
a request that may be used for the optimal distribution channels set selection processes by
the distribution channel selection server 212. An image or a list may be determined based on
an outcome of the optimal distribution channels set selection process e.g., a list of requests
from different requestors to be fulfilled by different providers.

[0059] An issuer server 210 is associated with an issuer and may include one or more
computing devices that are used to perform a payment transaction. The issuer may be an
entity (e.g., a company or organization) which issues (e.g., establishes, manages,
administers) a transaction credential or a payment account (e.g., a financial bank account)
associated with the owner of the requestor device 202. As discussed above, the issuer server
210 may include one or more computing devices that are used to establish communication
with another server (e.g., the coordination server 208 by exchanging messages with and/or
passing information to the other server.

[0060] The coordination server 208 may be a server that hosts software application programs
for processing transaction or coordination requests, for example, requests of products by
users. The coordination server 208 may also be configured for processing coordination
requests between a requestor and a provider. The coordination server communicates with
other servers (e.g., distribution channel selection server 212) concerning transaction or
coordination requests. The coordination server 108 may communicate with the distribution
channel selection server 212 to facilitate selection of an optimal set of distribution channels to
distribute one or more products from multiple providers to multiple requestors associated with
the transaction or coordination requests. The coordination server 208 may use a variety of
different protocols and procedures in order to process the transaction or coordination requests.

[0061] In an example, the coordination server 208 may receive from one user device (such
as the requestor device 212 or the provider device 214) location data, route data, time data,
product data, order data, requestor data, provider data and transaction data associated with
a request including one or more constraints which would limit a selection of one or more
distribution channels and provide the data to the distribution channel selection server 212 for
use in the optimal distribution channels set selection processes.
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[0062] Additionally, transactions that may be performed via the coordination server include
good or service purchases, credit purchases, debit transactions, fund transfers, account
withdrawals, etc. Coordination servers may be configured to process transactions via cash-
substitutes, which may include payment cards, letters of credit, checks, payment accounts,
tokens, etc.

[0063] The coordination server 208 is usually managed by a service provider that may be an
entity (e.g. a company or organization) which operates to process transaction or coordination
requests. The coordination server 208 may include one or more computing devices that are
used for processing transaction or coordination requests.

[0064] A user account may be an account of a user who is registered at the coordination
server 208. The user can be a customer, a good or a service provider (e.g., a product supplier,
a distributor, a delivery service provider), or any third parties (e.g., @ map/route planner, order
coordinator) who want to use the coordination server. A user who is registered to a
coordination server 208 or a distribution channel selection server 212 will be called a
registered user. A user who is not registered to the coordination server 208 or distribution
channel selection server 212 will be called a non-registered user.

[0065] The coordination server 208 may also be configured to manage the registration of
users. A registered user has a user account which includes details and data of the user. The
registration step is called on-boarding. A user may use either the requestor device 202 or the
provider device 204 to perform on-boarding to the coordination server 208.

[0066] The on-boarding process for a user is performed by the user through one of the
requestor device 202 or the provider device 204. In one arrangement, the user downloads an
app (which includes, or otherwise provides access to, the API to interact with the coordination
server 208) to the requestor device 202 or the provider device 204. In another arrangement,
the user accesses a website (which includes, or otherwise provides access to, the API to
interact with the coordination server 208) on the requestor device 202 or the provider device
204. The user is then able to interact with the distribution channel selection server 212. The
user may be a requestor or a provider associated with the requestor device 202 or the provider
device 204, respectively.

[0067] Details of the registration include, for example, name of the user, address of the user,
emergency contact, next-of-kin contact, a consent to retrieve data and information from the

requestor device 202 and/or the provider device 204. Alternatively, another mobile device may
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be selected instead of the requestor device 202 and/or the provider device 204 for retrieving
the details/data. Once on-boarded, the user would have a user account that stores all the
details/data.

[0068] It may not be necessary to have a user account at the coordination server 108 to
access the functionalities of the coordination server 208. However, there may be functions
that are available only to a registered user for example the provision of including order data
indicating a constraint to be applied when distributing a product. The term “user” will be used
to collectively refer to both registered and non-registered users. A user may interchangeably
be referred to as a requestor (e.g. a person who purchases a good or a service and creates a
purchase order) or a provider (e.g. a person who provides the good or the service to fulfil the
purchase order).

[0069] The coordination server 208 may be configured to communicate with, or may include,
a database 209 via connection 228. The connection 228 may be over a network (e.g., a local
area network, a wide area network, the Internet, etc.). The database 209 stores user
details/data as well as data corresponding to a transaction (or transaction data). Examples of
the transaction data include Transaction identifier (ID), Merchant (Provider) ID, Merchant
Name, MCC / Industry Code, Industry Description, Merchant Country, Merchant Address,
Merchant Postal Code, Aggregate Merchant ID. For example, data (“Merchant name” or
“Merchant ID”) relating to the merchant/provider, time and date relating to the transaction of
goods/ services.

[0070] A distribution channel selection server 212 may be a server that hosts distribution cost
calculation and channel selection software application programs for selecting an optimal set
of distribution channels to distribute one or more products from one or more suppliers to one
or more buyers. In one example, the distribution channel selection server 212 may obtain data
relating to different suppliers, buyers and products, for example in the form of order requests,
from a user device (such as the requestor device 212 or the provider device 214) or a database
209 in connection with the coordination server 208, and use the data for selecting an optimal
set of distribution channels to distribute the different products from the suppliers to the buyers.
The distribution channel selection server 212 may be implemented as shown in Figures 11,
14 and 16.

[0071] The database 209 stores location data, route data, time data, product data, order data,
requestor data, provider data and transaction data obtained, for example in the form of order
requests from a user device (such as the requestor device 212 or the provider device 214.
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The location data may be geo-tagged with a geographical coordinate (e.g. latitudinal and
longitudinal coordinates) and map-matched to locate a location using location coordinates. In
an example, the database 209 may be a database managed by an external entity and the
database 209 is a server that, based on a request received from a user device (such as the
requestor device 212 or the provider device 214) or the coordination server 208, retrieve
location data, route data, time data, product data, order data, requestor data, provider data
and transaction data associated with the request and transmit the data to the user device or
the coordination server 208. Alternatively, a module such as a coordination module may store
the data instead of the database 209, wherein the module may be integrated as part of the
coordination server 208, or may be external to the coordination server 208.

[0072] The database 213 may store parameters (e.g., pre-set weightage parameters to be
applied to different types of data) and computer programs used by each solution algorithm to
output a plurality of sets of distribution channels to distribute the products from the suppliers
and the buyers.

[0073] Use of the term ‘server’ herein can mean a single computing device or a plurality of
interconnected computing devices which operate together to perform a particular function.
That is, the server may be contained within a single hardware unit or be distributed among

several or many different hardware units.

[0074] The requestor device 202 is in communication with the provider device 204 via a
connection 212. The connection 2may be an ad hoc connection (e.g., via NFC communication,
Bluetooth, etc.) or over a network (e.g., the Internet). The requestor device 202 is also in
communication with the distribution channel selection server 212 via a connection 220. The
connections 212, 220 may be a network connection (e.g., the Internet). The requestor device
202 may also be connected to a cloud that facilitates the system 200 for selecting an optimal
set of distribution channel to distribute one or more products from suppliers to buyers. For
example, the requestor device 202 can send a signal or data to the cloud directly via an ad
hoc connection (e.g., via NFC communication, Bluetooth, etc.) or over a network (e.g., the

Internet).

[0075] The provider device 204 is in communication with the requestor device 212 as
described above, usually via the coordination server 208. The provider device 204 is, in turn,
in communication with the acquirer server 106 via a connection 214. The provider device 204
is also in communication with the distribution channel selection server 212 via a connection

224. The connections 214 and 224 may be network connections (e.g., provided via the
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Internet). The provider device 204 may also be connected to a cloud that facilitates the system
200 for selecting an optimal set of distribution channel to distribute one or more products from
suppliers to buyers. For example, the provider device 204 can send a signal or data to the
cloud directly via an ad hoc connection (e.g., via NFC communication, Bluetooth, etc.) or over
a network (e.g., the Internet).

[0076] The acquirer server 206, in turn, is in communication with the coordination server 208
via a connection 216. The coordination server 208, in turn, is in communication with an issuer
server 210 via a connection 218. The connections 216 and 218 may be over a network (e.g.,
the Internet).

[0077] The coordination server 208 is further in communication with the distribution channel
selection server 212 via a connection 222. The connection 222 may be over a network (e.g.,
a local area network, a wide area network, the Internet, etc.). In one arrangement, the
coordination server 208 and the distribution channel selection server 212 are combined and
the connection 222 may be an interconnected bus.

[0078] The distribution channel selection server 212, in turn, is in communication with a
database 213 via a connection 226. The connection 226 may be a network connection (e.g.,
provided via the Internet). The distribution channel selection server 212 may also be
connected to a cloud that facilitates the system 200 for selecting an optimal set of distribution
channels to distribute one or more products from suppliers to buyers. For example, the
distribution channel selection server 212 can send a signal or data to the cloud directly via a
wireless ad hoc connection (e.g., via NFC communication, Bluetooth, etc.) or over a network
(e.g., the Internet).

[0079] In the illustrative embodiment, each of the devices 202, 204, and the servers 206, 208,
210, 212 provides an interface to enable communication with other connected devices 202,
204 and/or servers 206, 208, 210, 212. Such communication is facilitated by an application
programming interface (“API”). Such APIs may be part of a user interface that may include
graphical user interfaces (GUIs), Web-based interfaces, programmatic interfaces such as
application programming interfaces (APIs) and/or sets of remote procedure calls (RPCs)
corresponding to interface elements, messaging interfaces in which the interface elements
correspond to messages of a communication protocol, and/or suitable combinations thereof.
Examples of APIs include the REST API, and the like. For example, it is possible for at least
one of the requestor device 202 and the provider device 204 to receive or submit a request to
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select an optimal set of distribution channels to distribute one or more products from suppliers
to buyers in response to an enquiry shown on the GUI running on the respective API.

[0080] Figure 3 shows a diagram illustrating an example distribution network 300. The
distribution network 300 corresponds to a possible set of distribution channels with a
combination of 12 distribution channels connecting suppliers (e.g., central warehouse (CWH),
supplier 1 S, ..., supplier n S,) and retail stores (e.g., Ri, Rz, Rs, ..., Rm) to distribute products
from the suppliers to the retail stores and fulfil order requests of the retail stores. It is
appreciated that different combination of distribution channels (e.g., without some of the
connections between the suppliers and retail stores), which corresponds to a different set of
distribution channels, can also be possibly used to distribute products from the suppliers to
the retail stores and fulfil order requests of the retail stores.

[0081] Figure 4 shows a block diagram illustrating various components of an apparatus 400
for selecting an optimal set of distribution channels to distribute one or more products from a
plurality of suppliers to a plurality of buyers according to an embodiment of the present
disclosure. The apparatus 400 may comprise a cost calculation module 402, a cost adjustment
404, a data set formation module 406, a data set modification module 408, a distribution
channel determination module 410, a processing time detection and determination module
412, a data reception module 414 and a data filtration and insertion module 318. In an
alternative embodiment, such components or modules are comprised on, or implemented as

part of, a processor of the apparatus 400.

[0082] As shown in the exemplified method for selecting an optimal set of distribution
channels to distribute one or more products from a plurality of suppliers to a plurality of buyers
in Figure 5, the apparatus 400 or a processor of the apparatus 400, when in operation, is
configured to perform the following steps:

- step 502: calculating a distribution cost of each set of distribution channels of a plurality
of sets of distribution channels to distribute one or more products from the plurality of
suppliers to the plurality of buyers, wherein at least one of the plurality of suppliers is
set to distribute at least one of the one or more products to each of the plurality of
buyers in the each set of distribution channels of the plurality of sets of distribution
channels; and

- step 504: adjusting the distribution cost of the each set of distribution channels of the
plurality of sets of distribution channels based on one or more constraints, each of the
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one or more constraints limiting a selection of a distribution channel for distributing one
of the one or more products from one of the plurality of suppliers to one of the plurality
of buyers, wherein a set of distribution channels having a lowest distribution cost
among the plurality of sets of distribution channels is selected as an optimal set of
distribution channels to distribute the one or more products from the plurality of
suppliers to the plurality of buyers.

[0083] The cost calculation module 402 is configured to perform step 502 while the cost
adjustment module 404 is configured to perform step 504.

[0084] In step 502, the data set formation module 406 may be configured to form a set of data
relating to the one or more products, the plurality of buyers and/or the plurality of suppliers
received from the data input, and the cost calculation module 402 may be configured to
calculate the distribution cost of the each set of distribution channels of the plurality of sets of
distribution channels to distribute the one or more products from the plurality of suppliers to
the plurality of buyers. The data reception module 414 may be configured to receive data as
data input. The data received by the data reception module 414 as data input may relate to a
product quantity, a distribution cost of a buyer and/or a supplier, a location, a required delivery
time, a distance, a reliability level of a buyer and/or a supplier. Additionally, the data may
further include a weight parameter to be applied to each such data.

[0085] Alternatively and additionally, in step 504, the data filtration and insertion module 416
may be configured to detect data relating to a human input error or a false measurement from
the data received by the data reception module 414, and filter out such data relating to the
human input error or the false measurement from the data input. The data set formation
module 406 may be configured to form the set of data relating to the one or more products,
the plurality of buyers and/or the plurality of suppliers from the data input filtered by the data
filtration and insertion module 416.

[0086] Alternatively and additionally, in step 504, the data filtration and insertion module 416
may be configured to detect missing data in the data received by the data reception module
414, and insert new data to replace or fill up the missing data in the data input. The data set
formation module 406 may be configured to form the set of data relating to the one or more
products, the plurality of buyers and/or the plurality of suppliers from the data input with the
new data inserted by the data filtration and insertion module 416. Such new data can be a
pre-set data, like value “0”, or a median or average value of existing data of the same type in
the data input.
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[0087] The data set modification module 408 may be configured to modify the set of data
formed by the data set formation module 406, for example, data within the set of data relating
to at least one of the one or more products, at least one of the plurality of buyers and/or at
least one of the plurality of suppliers based on the one or more constraints. The cost
calculation module 402 or the cost adjustment module 404 may be configured to then calculate
the distribution cost in step 502 based on the modified set of data.

[0088] In step 504, the distribution channel determination module 410 may be configured to
determine if a distribution channel of the each set of distribution channels is a distribution
channel which selection is limited by the one or more constraints. The cost adjustment module
404 may be configured to adjust the distribution cost in response to a result of the
determination by the distribution channel determination module 410.

[0089] Additionally or alternatively, the cost calculation module 402 is configured to calculate
a second distribution cost of each second set of distribution channels of a plurality of second
sets of distribution channels to distribute the one or more products from the plurality of
suppliers to the plurality of buyers, for example, based on a different algorithm/model or
different set of data (e.g., weight parameter of the data) relating to the one or more products,
the plurality of buyers and/or the plurality of suppliers formed by the data input. The cost
adjustment module may be configured to adjust the second distribution cost based on the one

or more constraints.

[0090] The apparatus 400, or the processor of the apparatus 400, may further comprises a
distribution channel selection module (not shown) to select a set of distribution channel having
the lowest distribution cost from the plurality of sets of distribution channels and, where
applicable, the plurality of second sets of distribution channels, as the optimal set of
distribution channels to distribute the one or more products from the plurality of suppliers to
the plurality of buyers after step 504.

[0091] Additionally or alternatively, the processing time detection and determination module
412 may be configured to detect that a processing time for calculating and adjusting the
respective distribution costs of the plurality of sets of distribution channels has exceeded a
first pre-configured processing time limit, and in response to such detection, the selection of
the set of distribution channel having the lowest distribution cost from the plurality of sets of
distribution channels, as the optimal set of distribution channels, to distribute the one or more
products from the plurality of suppliers to the plurality of buyers is then carried out, for example,
by the distribution channel selection module.



20

[0092] Additionally or alternatively, the processing time detection and determination module
412 may be configured to determine if a processing time for calculating and adjusting the
respective distribution costs of the plurality of sets of distribution channels has exceeded a
second pre-configured processing time limit, and in response to such determination, the cost
calculation module 402 and the cost adjustment module 404, may be configured to calculate
and adjust a further distribution cost of the each set of distribution channels of the plurality of
sets of distribution channels to distribute the one or more products from the plurality of
suppliers to the plurality of buyers. In such case, the selection of the set of distribution channel
having the lowest further distribution cost from the plurality of sets of distribution channels, as
the optimal set of distribution channels, to distribute the one or more products from the plurality
of suppliers to the plurality of buyers is then carried out, for example, by the distribution

channel selection module.

[0093] Figure 6 shows a block diagram illustrating a distribution channel optimization model
600 for selecting an optimal set of distribution channels to distribute one or more products
from a plurality of suppliers to a plurality of buyers according to an embodiment of the present
disclosure. The distribution channel optimization model consists of three main modules: a pre-
processing module 602, an optimisation solver module 604 and a post-processing module
606.

Pre-processing module 602

[0094] The pre-processing module 602 is used to take raw data from user input and perform
the required data processing that includes cleaning, treatment and transformation. It's
responsible for ensuring data quality such that they can be consumed by the network

optimization solver.

[0095] In particular, the pre-processing module 602 takes raw data from data input 602, for
example, user input, and processes the data into a format that can be used by the optimisation
solver module 606. To begin with, data such as requested products, quantity, weightage
parameters (or weight, trade-off), cost of distribution, delivery time, reliability level, etc. are
provided from the data input 602, for example, in the form of a template data file of plain text
or excel format. The file will then be read by the model 600 to process with a number of data
processing functions implemented in the module.

[0096] Figure 7 shows a flowchart 700 illustrating three different data processing functions
implemented in a pre-processing module 606 according to an embodiment of the present
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disclosure. One data cleaning function may also include detecting data errors resulting from
human input error or false measurement. These data errors will be filtered out for deletion,
correction. In addition, as it is not uncommon to see missing data in the data source, another
data cleaning function may include several data treatment functions that help to insert and
populate those missing data and values by all kinds of techniques applicable such as Fillna,
Dropna, ceiling and deletion. For example, some missing values are simply replaced by zero
(value “0”), ceiling value, some by median or by mean values on a case by case basis. Lastly,
some custom data transformation functions are implemented to extract the raw data from
source files and transform them, for example, through compression or expansion, into formats
specified by the optimization solver module 606. The delivery time, distance or cost matrices
for the network optimization problem can be easily obtained with help of those data

transformation functions.
[0097] For example, the pre-processing 604 will form set of data relating to one or more
products, suppliers and buyers from the data input 602, which will be used optimization solver

606 to select optimal distribution channels to distribute the products.

Optimization solver module 606

[0098] The optimization solver module 606 is equipped with a set of solution algorithms that
take the input data from the pre-processing module 604 and perform the computation and
optimization to obtain the optimal solutions (set of distribution channels) that help to make
economically sensible decisions regarding the distribution network configuration. In addition,
some feasibility correction and adjustment operators are implemented in the optimization
solver module 606 to ensure that all business requirements and constraints are satisfied
during the search for optimal solutions. It is also worth mentioning that solution algorithms are
utilized simultaneously for problem solving with the help of parallel solver pipelines and only
the best solution will be returned to the users.

[0099] The optimisation solver module 606 comprises objective function unit, feasibility
correction and adjustment operator unit for constraint handling and solution algorithms unit.

[00100] The function of the objective function unit may correspond to that of the cost
calculation module 402 in Figure 4, which is to perform objective function modelling and
distribution cost calculation.
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[00101] It is noted that different weight parameters (or weight, trade-off) may be
provided from the data input 602, for example, by the user. The weight parameters are to be
applied to other input data such that different evaluation criteria or metrics such as delivery
cost, time, supplier reliability or any criteria that are appropriate for current use cases are
considered and given more priority and weightage in the distribution cost calculation Trade-
off between those performance criteria needs to be made such that the overall distribution
cost is optimized (minimized).

[00102] The objective function for the optimization problem is formulated according to
equation (1) below.

Overall cost = w; * Cost + wz * Time + ws* Reliability + ... + w, * Criterion, ~ equation (1)

[00103] The introduction of weightage parameters provides users much better control
over the cost structure that fits their use cases best. For example, during sale or promotion
seasons, the retailers might want to shorten the delivery time and require higher supplier
service level so that they can satisfy more customer demands and thus improve retention,
repurchase, and revenue. In this case, the users can put more weights on time and reliability
and less weights on cost.

[00104] Another thing to note is that since these metrics have different units of
measurement, scaling treatment is needed so that they are comparable in the objective
function. Here we use min-max scaling. All the metrics will be recalculated using equation (2)
below.

MetriCnew = MetriCorigjna// (MetriCorigjna/_max - MetriCorigjna/_min) equation (2)

[00105] In other words, the original metrics in the objective function will be divided by
the magnitude of their variation range respectively.

[00106] The model 600 is very flexible in terms of the constraint modeling and handling.
Common constraints such as capacity, minimum order quantity (MOQ), availability, demand
and supply equality can be easily modeled and handled in the optimization solver 606. It can
also handle other constraints like non-splitting or non-partial replenishment. These constraints
can be handled in the solver with the help of feasibility correction and adjustment operators.
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During the solution search, feasibility correction operators will be used if it's easy to do the
correction operations on the candidate solution like addition, subtraction, or rounding to zero
to ensure constraint feasibility. In other words, the feasibility correction operators may
determine if a distribution channel which selection will be limited by a constraint and modify
the set of data (e.g., addition, subtraction or rounding the value to zero) to calculate, adjust or
recalculate the distribution cost of a distribution channel(s).

[00107] For example, when handling the availability constraint, the suppliers that are
not selected for inventory replenishment, there shouldn’t be any inventories supplied from
these suppliers. Therefore, the feasibility correction operator can be used to zero out the
corresponding inventory supplies in the solutions. Similarly, for solutions that violate non-
splitting or non-partial replenishment constraints, the required inventory from certain retail
stores will be assigned fully to a certain supplier and zero out the inventory supply from the
rest of suppliers. For solutions that violate other constraints like capacity and MOQ constraints,
simple correction operators are not applicable. In such cases, feasibility adjustment operators
will be applied such that certain penalty costs are factored into the objective function. In other
words, those constraints will be treated as soft constraints. Solutions that incur those penalties
are less favorable and less likely to be selected as the candidates during the search of optimal
solutions. Take the capacity constraint as an example, if a solution violates the capacity
constraints, then the penalty cost incurred due to the exceeded loads will be calculated as a
proportion of total costs in the objective function.

[00108] In the optimization solver module 606, several solution algorithms/models are
explored to solve the optimization problem. Specifically, brute force search and
metaheuristics, such as GA, SA, TS, Ant Colony System (ACS), Particle Swarm Optimisation
(PSO), are implemented in the optimization solver module 606. These solution
algorithms/models will be applied under different problem settings. For problems with small
size, it is advisable to use brute force search since global optimum can be obtained and the
computation time is affordable. While for large-scale problems, the metaheuristics are more
appropriate since they are capable of producing near-optimal solutions within a short period
of solving time. However, these metaheuristics have different advantages and disadvantages
and are preferable in different problem contexts. Therefore, to ensure the solution quality,
parallel solver pipeline is implemented. This means that when solving the above network
optimization problem, at least two solution algorithms/models (e.g., multiple metaheuristics
models) will be applied concurrently with the help of a parallel solver pipeline. Each solution
algorithm/model will generate multiple candidate solutions (possible sets of distribution
channels), each having a distribution cost. The best solution (optimal set of distribution
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channels), for example, having the lowest distribution cost, among all the candidate solutions,
will be returned to the users so that we are able to ensure decent solution quality irrespective
of different problem contexts and use cases.

[00109] The model 600 supports two approaches for parallel solving. The
implementation details of the parallel solver pipeline are provided as follows.

[00110] Figure 8 shows a first example parallel solving process 800 implemented by an
optimization solver module to select an optimal set of distribution channels to distribute one or
more products from a plurality of suppliers to a plurality of buyers. The first example parallel
solving process deploys the optimization solver module 606 on a distributed computation
infrastructure. The optimization solver module 606 itself is represented as three components:

1. The input to describe the problem, that is generic and can be used for any solution
algorithms, such as GA, SA, TS, ACS, PSO, etc.

2. A config file, that specifies the solution algorithm to use, the solving time upper
bound that represents the maximum running time of the solution algorithm, and
other parameters required by the algorithm itself.

3. The solution output is defined in the same format across all the algorithms.

[00111] This process requires a distributed system and a simple control flow
implementation in the control unit of the distributed system, which handles the data parsing
and the output collection. The solver itself can be executed on a single-core CPU instance.
The parallel solving can be achieved with multiple such instances.

[00112] Figure 9 shows a second example parallel solving process 900 implemented
by an optimization solver module to select an optimal set of distribution channels to distribute
one or more products from a plurality of suppliers to a plurality of buyers. The second example
parallel solving process implements the parallel computation inside the optimization solver
module 606. The optimization solver module 606 itself handles the parallel computation with
following steps:

1. Read the input and config files. The input is the problem description. The config
files specify the list of solution algorithm candidates.
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2. Start the parallel computation using threads to solve the problem with different
algorithms. A first solving time upper bound T_1 will be configured upfront or
preconfigured so that all the algorithms will be run with the same solving time.
T_1 denotes the pre-configured solving time limit. In other words, the solution
candidates of each solution algorithm will be output after, or upon detecting, the
processing time of the algorithm has reached or exceeded T_1.

3. Collect the solution outputs from all the algorithms after the T_7 limit is reached
or the individual algorithm returns the solution. Then the solver selects the best
solution among all the solution candidates returned and checks a second solving
time upper bound T_2 has reached. If the processing time of the algorithms has
not reached T_2 time limit, it repeats from step 2 to calculate a further solution
(further distribution cost). Otherwise, it continues to the next step.

4. Package the best solution (having the lowest distribution cost or lowest further
distribution cost where applicable) from parallel computation, and return the final
solution as output.

[00113] Itis noted, inthe config, T_2 >T_1,orT_2=n*T_1. Here, n may be configured
to have at least a number of iterations (step 2) of parallel computation executed and further
solutions (distribution costs) output before the best solution is selected.

Post-processing module 608

[00114] The post-processing module takes the solution outputs produced by the
optimization solver module 606 and translates them into a format that can be easily
understood and applied by the user.

[00115] The outputs produced by the optimization solver module 606 are used as input
for the post-processing module 608 for further processing. An important function of the post-
processing module is to calculate the performance metrics that are required for detailed cost
analysis or performance comparison. For example, the user might want to know the cost
composition resulting from the final solution, how much costs are incurred from delivery
reliability issues, how much delivery time or cost will be spent for the replenishment, etc. The
information is helpful and can be used to further investigate and improve the operational
process, for example, to adjust weight parameter to be applied to the data input, and thus
reduce the overall cost upfront or output better and more accurate distribution cost.



26

[00116] The post-processing module is also responsible for solution transformation.
The solution is originally represented by suppliers’ index number which is easy and simple to
use by the optimization solver during the solution search process. However, it may not be
easily understood and applied by the user. Therefore, the transformation is required to convert
the solutions into a format for ease of application. The final solutions together with required
performance metrics will then be provided in an output file of plain text or csv format that can
be directly used by operation personnels on the ground.

[00117] Figure 10 shows a flowchart 1000 illustrating an input and an output of selecting
an optimal set of distribution channels to distribute one or more products in a distribution
network of three suppliers (indexed by “CWH”, “X”, “Y) to four retail stores (indexed by “A”,
“B”, “C”, “D”) according to an embodiment of the present disclosure. The problem here is to
decide using which suppliers or CWH to replenish inventory requests for each of the retail
stores under capacity, MOQ and non-partial replenishment constraints. With the required input
data file mentioned above, the invention will first perform the necessary data processing with
the pre-processing module and then concurrently apply the available solution algorithms with
the parallel solver pipeline to generate the solution.

[00118] In this embodiment, a solution with an optimal set of distribution channels {3,
1, 2, 1} is the assignment decision represented with suppliers’ index numbers, meaning retail
store 1 will be served directly by supplier 3 and retail store 2 will be served by central
warehouse 1, and so on. The post-processing module will then perform the transformation of
the solution, as illustrated in Figure 10, to {*A”: “Y”; “B”: “CWH”; “C”: “X”; “D”: CWH"} be
represented with the suppliers’ and retail stores’ names or initials. With the transformation, it
is straightforward and clear that retail store A will be replenished by supplier Y, retail store B
will be replenished from the central warehouse, retail store C will be replenished by supplier
X and retail store D will be replenished by the central warehouse. The users can then apply

the solution after transformation in practice.

[00119] Figure 11 shows a schematic diagram of a general purpose computer system
1100 upon which the coordination server 208 of Figure 2 can be practiced. The computer
system 1100 includes: a computer module 1101, input devices such as a keyboard 1102, a
mouse pointer device 1103, a scanner 1126, a camera 1127, and a microphone 1180; and
output devices including a printer 1115, a display device 1114 and loudspeakers 1117. An
external Modulator-Demodulator (Modem) transceiver device 1116 may be used by the
computer module 1101 for communicating to and from a communications network 1120 via a

connection 1121. The communications network 1120 may be a wide-area network (WAN),
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such as the Internet, a cellular telecommunications network, or a private WAN. Where the
connection 1121 is a telephone line, the modem 1116 may be a traditional “dial-up” modem.
Alternatively, where the connection 1121 is a high capacity (e.g., cable) connection, the
modem 1116 may be a broadband modem. A wireless modem may also be used for wireless

connection to the communications network 1120.

[00120] The input and output devices may be used by an operator who is interacting
with the coordination server 208. For example, the printer 1115 may be used to print reports
relating to the status of the coordination server 208.

[00121] The coordination server 208 uses the communications network 1120 to
communicate with the provider device 204, the requestor device 202, the distribution channel
selection server 212 and the database 213 to receive commands and data. The coordination
server 208 also uses the communications network 1120 to communicate with the provider
device 204, the requestor device 202, the distribution channel selection server 212 and the
database 213 to send notification messages or location data, route data, time data, product
data, order data, requestor data, provider data and transaction data associated with order
requests.

[00122] The computer module 1101 typically includes at least one processor unit 1105,
and at least one memory unit 1106. For example, the memory unit 1106 may have
semiconductor random access memory (RAM) and semiconductor read only memory (ROM).
The computer module 1101 also includes a number of input/output (1/O) interfaces including:
an audio-video interface 1107 that couples to the video display 1114, loudspeakers 1117 and
microphone 1180; an I/O interface 1113 that couples to the keyboard 1102, mouse 1103,
scanner 1126, camera 1127 and optionally a joystick or other human interface device (not
illustrated); and an interface 1108 for the external modem 1116 and printer 1115. In some
implementations, the modem 1116 may be incorporated within the computer module 1101, for
example within the interface 1108. The computer module 1101 also has a local network
interface 1111, which permits coupling of the computer system 1100 via a connection 1123 to
a local-area communications network 1122, known as a Local Area Network (LAN). As
illustrated in Figure 9, the local communications network 1122 may also couple to the wide
network 1120 via a connection 1124, which would typically include a so-called “firewall” device
or device of similar functionality. The local network interface 1111 may comprise an Ethernet
circuit card, a Bluetooth® wireless arrangement or an IEEE 802.11 wireless arrangement;
however, numerous other types of interfaces may be practiced for the interface 1111.
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[00123] The I/O interfaces 1108 and 1113 may afford either or both of serial and parallel
connectivity, the former typically being implemented according to the Universal Serial Bus
(USB) standards and having corresponding USB connectors (not illustrated). Storage devices
1109 are provided and typically include a hard disk drive (HDD) 1110. Other storage devices
such as a floppy disk drive and a magnetic tape drive (not illustrated) may also be used. An
optical disk drive 1112 is typically provided to act as a non-volatile source of data. Portable
memory devices, such optical disks (e.g., CD-ROM, DVD, Blu-ray DiscTM), USB-RAM,
portable, external hard drives, and floppy disks, for example, may be used as appropriate
sources of data to the coordination server 208.

[00124] The components 1105 to 1113 of the computer module 1101 typically
communicate via an interconnected bus 1104 and in a manner that results in a conventional
mode of operation of a computer system known to those in the relevant art. For example, the
processor 1105 is coupled to the system bus 1104 using a connection 1118. Likewise, the
memory 1106 and optical disk drive 1112 are coupled to the system bus 1104 by connections
1119. Examples of computers on which the described arrangements can be practised include
IBM-PC’s and compatibles, Sun Sparcstations, Apple Mac™ or like computer systems.

[00125] The method of operating the coordination server 208, as shown in the
processes of Figure 5, may be implemented as one or more software application programs
1113 executable within the coordination server 208. In particular, the steps of the processes
shown in Figure 5 are effected by instructions 1131 (see Figure 12) in the software (i.e.,
computer program codes) 1133 that are carried out within the coordination server 208. The
software instructions 1131 may be formed as one or more code modules, each for performing
one or more particular tasks. The software may also be divided into two separate parts, in
which a first part and the corresponding code modules performs the operation of the
coordination server 208 and a second part and the corresponding code modules manages the
API and corresponding user interfaces in the provider device 204, the requestor device 202,
and on the display 1114. In other words, the second part of the software manages the
interaction between (a) the first part and (b) any one of the provider device 204, the requestor
device 202, and the operator of the server 208.

[00126] The software may be stored in a computer readable medium, including the
storage devices described below, for example. The software is loaded into the coordination
server 208 from the computer readable medium, and then executed by the computer system
1100. A computer readable medium having such software or computer program recorded on
the computer readable medium is a computer program product. The use of the computer
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program product in the coordination server 208 preferably effects an advantageous apparatus
for receiving/transmitting location data, route data, time data, product data, order data,
requestor data, provider data and transaction data associated with order requests for the
optimal set of distribution channels election processes performed by the distribution channel
selection server 212.

[00127] The software (i.e., computer program codes) 1133 is typically stored in the HDD
1110 or the memory 1106. The software 1133 is loaded into the computer system 1100 from
a computer readable medium (e.g., the memory 1106), and executed by the processor 1105.
Thus, for example, the software 1133 may be stored on an optically readable disk storage
medium (e.g., CD-ROM) 1125 that is read by the optical disk drive 1112. A computer readable
medium having such software or computer program recorded on it is a computer program
product. The use of the computer program product in the coordination server 208 preferably
effects an apparatus for receiving/transmitting location data, route data, time data, product
data, order data, requestor data, provider data and transaction data associated with order
requests for the optimal set of distribution channels election processes performed by the
distribution channel selection server 212.

[00128] In some instances, the application programs 1133 may be supplied to the user
encoded on one or more CD-ROMs 1125 and read via the corresponding drive 1112, or
alternatively may be read by the user from the networks 1120 or 1122. Still further, the software
can also be loaded into the coordination server 208 from other computer readable media.
Computer readable storage media refers to any non-transitory tangible storage medium that
provides recorded instructions and/or data to the coordination server 108 for execution and/or
processing by the processor 1105. Examples of such storage media include floppy disks,
magnetic tape, CD-ROM, DVD, Blu-ray™ Disc, a hard disk drive, a ROM or integrated circuit,
USB memory, a magneto-optical disk, or a computer readable card such as a PCMCIA card
and the like, whether or not such devices are internal or external of the computer module 1101.
Examples of transitory or non-tangible computer readable transmission media that may also
participate in the provision of software, application programs, instructions and/or data to the
computer module 1101 include radio or infra-red transmission channels as well as a network
connection to another computer or networked device, and the Internet or Intranets including
e-mail transmissions and information recorded on Websites and the like.

[00129] The second part of the application programs 1133 and the corresponding code
modules mentioned above may be executed to implement one or more API of the coordination
server 208 with associated graphical user interfaces (GUIs) to be rendered or otherwise
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represented upon the display 1114 or the display of the provider device 204 and the requestor
device 202. Through manipulation of typically the keyboard 1102 and the mouse 1103, an
operator of the server 210 and the application may manipulate the interface in a functionally
adaptable manner to provide controlling commands and/or input to the applications associated
with the GUI(s). Similarly, on the provider device 204 and the requestor device 202, a user of
those devices 202, 204 manipulate the input devices (e.g., touch screen, keyboard, mouse,
etc.) of those devices 202, 204 in a functionally adaptable manner to provide controlling
commands and/or input to the applications associated with the GUI(s). Other forms of
functionally adaptable user interfaces may also be implemented, such as an audio interface
utilizing speech prompts output via the loudspeakers 1117 and user voice commands input
via the microphone 1180. These other forms of functionally adaptable user interfaces may
also be implemented on the provider device 204 and the requestor device 202.

[00130] Figure 12 is a detailed schematic block diagram of the processor 1105 and a
“‘memory” 1134. The memory 1134 represents a logical aggregation of all the memory
modules (including the HDD 1109 and semiconductor memory 1106) that can be accessed by
the computer module 1101 in Figure 11.

[00131] When the computer module 1101 is initially powered up, a power-on self-test
(POST) program 1150 executes. The POST program 1150 is typically stored in a ROM 1149
of the semiconductor memory 1106 of Figure 11. A hardware device such as the ROM 1149
storing software is sometimes referred to as firmware. The POST program 1150 examines
hardware within the computer module 1101 to ensure proper functioning and typically checks
the processor 1105, the memory 1134, and a basic input-output systems software (BIOS)
module 1151, also typically stored in the ROM 1149, for correct operation. Once the POST
program 1150 has run successfully, the BIOS 1151 activates the hard disk drive 1110 of
Figure 12. Activation of the hard disk drive 1110 causes a bootstrap loader program 1152 that
is resident on the hard disk drive 1110 to execute via the processor 1105. This loads an
operating system 1153 into the RAM memory 1106, upon which the operating system 1153
commences operation. The operating system 1153 is a system level application, executable
by the processor 1105, to fulfil various high level functions, including processor management,
memory management, device management, storage management, software application

interface, and generic user interface.

[00132] The operating system 1153 manages the memory 1134 to ensure that each
process or application running on the computer module 1101 has sufficient memory in which
to execute without colliding with memory allocated to another process. Furthermore, the
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different types of memory available in the server 208 of Figure 11 must be used properly so
that each process can run effectively. Accordingly, the aggregated memory 1134 is not
intended to illustrate how particular segments of memory are allocated (unless otherwise
stated), but rather to provide a general view of the memory accessible by the server 208 and
how such is used.

[00133] As shown in Figure 12, the processor 1105 includes a number of functional
modules including a control unit 1139, an arithmetic logic unit (ALU) 1140, and a local or
internal memory 1148, sometimes called a cache memory. The cache memory 1248 typically
includes a number of storage registers 1144 - 1146 in a register section. One or more internal
busses 1141 functionally interconnect these functional modules. The processor 1105 typically
also has one or more interfaces 1142 for communicating with external devices via the system
bus 1104, using a connection 1118. The memory 1134 is coupled to the bus 1104 using a
connection 1119.

[00134] The application program 1133 includes a sequence of instructions 1131 that
may include conditional branch and loop instructions. The program 1133 may also include
data 1132 which is used in execution of the program 1133. The instructions 1531 and the data
1132 are stored in memory locations 1128, 1129, 1130 and 1135, 1136, 1137, respectively.
Depending upon the relative size of the instructions 1131 and the memory locations 1128-
1130, a particular instruction may be stored in a single memory location as depicted by the
instruction shown in the memory location 1130. Alternately, an instruction may be segmented
into a number of parts each of which is stored in a separate memory location, as depicted by
the instruction segments shown in the memory locations 1128 and 1129.

[00135] In general, the processor 1105 is given a set of instructions which are executed
therein. The processor 1105 waits for a subsequent input, to which the processor 1105 reacts
to by executing another set of instructions. Each input may be provided from one or more of a
number of sources, including data generated by one or more of the input devices 1102, 1103,
data received from an external source across one of the networks 1120, 1102, data retrieved
from one of the storage devices 1106, 1109 or data retrieved from a storage medium 1125
inserted into the corresponding reader 1112, all depicted in Figure 11. The execution of a set
of the instructions may in some cases result in output of data. Execution may also involve
storing data or variables to the memory 1134.

[00136] The disclosed association management and payment initiation arrangements
use input variables 1154, which are stored in the memory 1134 in corresponding memory
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locations 1155, 1156, 1157. The association management and payment initiation
arrangements produce output variables 1161, which are stored in the memory 1134 in
corresponding memory locations 1162, 1163, 1164. Intermediate variables 1158 may be
stored in memory locations11 1160, 1166 and 1167.

[00137] Referring to the processor 1105 of Figure 11, the registers 1144, 1145, 1146,
the arithmetic logic unit (ALU) 1140, and the control unit 1139 work together to perform
sequences of micro-operations needed to perform “fetch, decode, and execute” cycles for
every instruction in the instruction set making up the program 1133. Each fetch, decode, and
execute cycle comprises: a fetch operation, which fetches or reads an instruction 1131 from a
memory location 1128, 1129, 1130; a decode operation in which the control unit 1139
determines which instruction has been fetched; and an execute operation in which the control
unit 1139 and/or the ALU 1140 execute the instruction.

[00138] Thereafter, a further fetch, decode, and execute cycle for the next instruction
may be executed. Similarly, a store cycle may be performed by which the control unit 1139

stores or writes a value to a memory location 1132.

[00139] Each step or sub-process in the processes of Figure 5 is associated with one
or more segments of the program 1133 and is performed by the register section 1144, 1145,
1147, the ALU 1140, and the control unit 1139 in the processor 1105 working together to
perform the fetch, decode, and execute cycles for every instruction in the instruction set for
the noted segments of the program 1133.

[00140] It is to be understood that the structural context of the coordination server 108
is presented merely by way of example. Therefore, in some arrangements, one or more
features of the coordination server 108 may be omitted. Also, in some arrangements, one or
more features of the coordination server 108 may be combined. Additionally, in some
arrangements, one or more features of the coordination server 108 may be split into one or

more component parts.

[00141] Figure 13 shows an alternative computer device to implement the coordination
server 208 of Figure 2 (i.e., the computer system 1300). In the alternative implementation, the
coordination server 208 may be generally described as a physical device comprising at least
one processor 1302 and at least one memory 1304 including computer program codes. The
at least one memory 1304 and the computer program codes are configured to, with the at least
one processor 1302, cause the coordination server 208 to facilitate the operations described
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in the processes of Figure 5. The coordination server 208 may also include a coordination
module 1306. The memory 1304 stores computer program code that the processor 1302
compiles to have each of the modules performs their respective functions.

[00142] With reference to Figure 2, the coordination module 1306 performs the function
of communicating with the requestor device 202 and the provider device 204; and the acquirer
server 206 and the issuer server 210 to respectively receive and transmit a transaction and
location/route/vehicle/model data. Further, the coordination module 1306 may provide data
and information such as location data, route data, time data, product data, order data,
requestor data, provider data and transaction data associated with order requests used for the
optimal distribution channels set selection processes by the distribution channel selection
server 212.

[00143] Figures 14 shows a schematic diagram of a general purpose computer system
1400 upon which the distribution channel selection server 212 of Figure 2 can be practiced.
The computer system 1400 includes: a computer module 1401, input devices such as a
keyboard 1402, a mouse pointer device 1403, a scanner 1426, a camera 1427, and a
microphone 1480; and output devices including a printer 1415, a display device 1414 and
loudspeakers 1417. An external Modulator-Demodulator (Modem) transceiver device 1416
may be used by the computer module 1401 for communicating to and from a communications
network 1420 via a connection 1421. The communications network 1420 may be a wide-area
network (WAN), such as the Internet, a cellular telecommunications network, or a private
WAN. Where the connection 1421 is a telephone line, the modem 1416 may be a traditional
“dial-up” modem. Alternatively, where the connection 1421 is a high capacity (e.g., cable)
connection, the modem 1413 may be a broadband modem. A wireless modem may also be

used for wireless connection to the communications network 1420.

[00144] The input and output devices may be used by an operator who is interacting
with the distribution channel selection server 212. For example, the printer 1415 may be used
to print reports relating to the status of the distribution channel selection server 212.

[00145] The distribution channel selection server 212 uses the communications
network 1420 to communicate with the provider device 204, the requestor device 202, the
coordination server 208 and the database 213 to receive commands and data. The distribution
channel selection server 212 also uses the communications network 1420 to communicate
with the provider device 204, the requestor device 202, the coordination server 212 and the
database 213 to send notification messages or location data, route data, time data, product
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data, order data, requestor data, provider data and transaction data associated with order
requests.

[00146] The computer module 1401 typically includes at least one processor unit 1805,
and at least one memory unit 1406. For example, the memory unit 1406 may have
semiconductor random access memory (RAM) and semiconductor read only memory (ROM).
The computer module 1401 also includes a number of input/output (I/O) interfaces including:
an audio-video interface 1407 that couples to the video display 1414, loudspeakers 1417 and
microphone 1480; an I/O interface 1413 that couples to the keyboard 1402, mouse 1403,
scanner 1426, camera 1427 and optionally a joystick or other human interface device (not
illustrated); and an interface 1408 for the external modem 1416 and printer 1415. In some
implementations, the modem 1416 may be incorporated within the computer module 1401, for
example within the interface 1408. The computer module 1401 also has a local network
interface 1411, which permits coupling of the computer system 1400 via a connection 1423 to
a local-area communications network 1422, known as a Local Area Network (LAN). As
illustrated in Figure 14, the local communications network 1422 may also couple to the wide
network 1420 via a connection 1424, which would typically include a so-called “firewall” device
or device of similar functionality. The local network interface 1411 may comprise an Ethernet
circuit card, a Bluetooth® wireless arrangement or an IEEE 802.11 wireless arrangement;
however, numerous other types of interfaces may be practiced for the interface 1411.

[00147] The 1/O interfaces 1408 and 1413 may afford either or both of serial and parallel
connectivity, the former typically being implemented according to the Universal Serial Bus
(USB) standards and having corresponding USB connectors (not illustrated). Storage devices
1809 are provided and typically include a hard disk drive (HDD) 1410. Other storage devices
such as a floppy disk drive and a magnetic tape drive (not illustrated) may also be used. An
optical disk drive 1412 is typically provided to act as a non-volatile source of data. Portable
memory devices, such optical disks (e.g., CD-ROM, DVD, Blu-ray DiscTM), USB-RAM,
portable, external hard drives, and floppy disks, for example, may be used as appropriate
sources of data to the distribution channel selection server 212.

[00148] The components 1405 to 1413 of the computer module 1801 typically
communicate via an interconnected bus 1404 and in a manner that results in a conventional
mode of operation of a computer system known to those in the relevant art. For example, the
processor 1405 is coupled to the system bus 1404 using a connection 1418. Likewise, the
memory 1406 and optical disk drive 1412 are coupled to the system bus 1404 by connections
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1419. Examples of computers on which the described arrangements can be practised include
IBM-PC’s and compatibles, Sun Sparcstations, Apple Mac™ or like computer systems.

[00149] The methods of operating the distribution channel selection server 212, as
shown in the processes of Figure 5, may be implemented as one or more software application
programs 1433 executable within the distribution channel selection server 212. In particular,
the steps of the processes shown in Figure 5 effected by instructions (see corresponding
component 1131 in Figure 12) in the software (i.e., computer program codes) 1433 that are
carried out within the distribution channel selection server 212. The software instructions 1131
may be formed as one or more code modules, each for performing one or more particular
tasks. The software may also be divided into two separate parts, in which a first part and the
corresponding code modules performs the operation of the distribution channel selection
server 212 and a second part and the corresponding code modules manages the API and
corresponding user interfaces in the provider device 204, the requestor device 202, and on
the display 1414. In other words, the second part of the software manages the interaction
between (a) the first part and (b) any one of the provider device 204, the requestor device 202,
and the operator of the server 212.

[00150] The software may be stored in a computer readable medium, including the
storage devices described below, for example. The software is loaded into the distribution
channel selection server 212 from the computer readable medium, and then executed by the
computer system 1400. A computer readable medium having such software or computer
program recorded on the computer readable medium is a computer program product. The use
of the computer program product in the distribution channel selection server 212 preferably
effects an advantageous apparatus for selecting an optimal set of distribution channels to
distribute one or more products from a plurality of suppliers to a plurality of buyers.

[00151] The software (i.e., computer program codes) 1433 is typically stored in the HDD
1410 or the memory 1406. The software 1433 is loaded into the computer system 1400 from
a computer readable medium (e.g., the memory 1406), and executed by the processor 1405.
Thus, for example, the software 1433 may be stored on an optically readable disk storage
medium (e.g., CD-ROM) 1425 that is read by the optical disk drive 1412. A computer readable
medium having such software or computer program recorded on it is a computer program
product. The use of the computer program product in the distribution channel selection server
212 preferably effects an apparatus for selecting an optimal set of distribution channels to
distribute one or more products from a plurality of suppliers to a plurality of buyers.
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[00152] In some instances, the application programs 1433 may be supplied to the user
encoded on one or more CD-ROMs 1425 and read via the corresponding drive 1412, or
alternatively may be read by the user from the networks 1420 or 1422. Still further, the software
can also be loaded into the distribution channel selection server 212 from other computer
readable media. Computer readable storage media refers to any non-transitory tangible
storage medium that provides recorded instructions and/or data to the distribution channel
selection server 212 for execution and/or processing by the processor 1405. Examples of such
storage media include floppy disks, magnetic tape, CD-ROM, DVD, Blu-ray™ Disc, a hard
disk drive, a ROM or integrated circuit, USB memory, a magneto-optical disk, or a computer
readable card such as a PCMCIA card and the like, whether or not such devices are internal
or external of the computer module 1401. Examples of transitory or non-tangible computer
readable transmission media that may also participate in the provision of software, application
programs, instructions and/or data to the computer module 1401 include radio or infra-red
transmission channels as well as a network connection to another computer or networked
device, and the Internet or Intranets including e-mail transmissions and information recorded

on Websites and the like.

[00153] The second part of the application programs 1433 and the corresponding code
modules mentioned above may be executed to implement one or more API of the distribution
channel selection server 212 with associated graphical user interfaces (GUIs) to be rendered
or otherwise represented upon the display 1814 or the display of the provider device 204 and
the requestor device 202. Through manipulation of typically the keyboard 1402 and the mouse
1403, an operator of the server 212 and the application may manipulate the interface in a
functionally adaptable manner to provide controling commands and/or input to the
applications associated with the GUI(s). Similarly, on the provider device 204 and the
requestor device 202, a user of those devices 202, 204 manipulate the input devices (e.g.,
touch screen, keyboard, mouse, etc.) of those devices 202, 204 in a functionally adaptable
manner to provide controlling commands and/or input to the applications associated with the
GUI(s). Other forms of functionally adaptable user interfaces may also be implemented, such
as an audio interface utilizing speech prompts output via the loudspeakers 1417 and user
voice commands input via the microphone 1480. These other forms of functionally adaptable
user interfaces may also be implemented on the provider device 204 and the requestor device
202.

[00154] It is to be understood that the structural context of the coordination server 208
is presented merely by way of example. Therefore, in some arrangements, one or more

features of the coordination server 208 may be omitted. Also, in some arrangements, one or
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more features of the distribution channel selection server 212 may be combined. Additionally,
in some arrangements, one or more features of the distribution channel selection server 212

may be split into one or more component parts.

[00155] Figure 15 shows an alternative computer device to implement the distribution
channel selection server 212 of Figure 2. In the alternative implementation, the distribution
channel selection server 212 may be generally described as a physical device comprising at
least one processor 1502 and at least one memory 1504 including computer program codes.
The at least one memory 1504 and the computer program codes are configured to, with the
at least one processor 1502, cause the distribution channel selection server 212 of Figure 2
to perform the operations described in the processes of Figure 5. The distribution channel
selection server 212 may include various modules 402-416 of the system 400 described in
Figure 4. The memory 1504 stores computer program code that the processor 1502 compiles
to have each of the modules 402-416 performs their respective functions as described in
Figure 4 and its accompanying description.

[00156] The distribution channel selection server 212 may also include a data module
1506 configured to perform the functions of receiving data including location data, route data,
time data, product data, order data, requestor data, provider data and transaction data
associated with order requests from the requestor device 202, provider device 204,
coordination server 208, a cloud and other sources of information to facilitate the processes
of Figure 5. For example, the data module 1506 may be configured to receive a request
including location data, route data, time data, product data, order data, requestor data,
provider data and transaction data associated with order requests from one user device (such
as the requestor device 212 or the provider device 214) the coordination server 208 for use in
the optimal distribution channels set selection processes.

[00157] Figure 16 shows a schematic diagram of a general purpose computer system
upon which a combined coordination and distribution channel selection server 208, 212 of
Figure 2 can be practiced. The computer system 1600 includes: a computer module 1601,
input devices such as a keyboard 1602, a mouse pointer device 1603, a scanner 1626, a
camera 1627, and a microphone 1680; and output devices including a printer 2015, a display
device 1614 and loudspeakers 1617. An external Modulator-Demodulator (Modem)
transceiver device 1616 may be used by the computer module 1601 for communicating to and
from a communications network 1620 via a connection 1621. The communications network
1620 may be a wide-area network (WAN), such as the Internet, a cellular telecommunications
network, or a private WAN. Where the connection 1621 is a telephone line, the modem 1616
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may be a traditional “dial-up” modem. Alternatively, where the connection 1621 is a high
capacity (e.g., cable) connection, the modem 1613 may be a broadband modem. A wireless

modem may also be used for wireless connection to the communications network 1620.

[00158] The input and output devices may be used by an operator who is interacting
with the combined coordination and distribution channel selection server 208, 212. For
example, the printer 1615 may be used to print reports relating to the status of the combined
coordination and distribution channel selection server 208, 212.

[00159] The combined coordination and distribution selection server 208, 212 uses the
communications network 1620 to communicate with the provider device 204, the requestor
device 202, and the databases 209, 213 to receive commands and data. In one example, the
databases 209, 213 may be combined, as shown in Figure 16. The combined coordination
and distribution channel selection server 208, 212 also uses the communications network
1620 to communicate with the provider device 204, the requestor device 202 and the
databases 209, 213 to send notification messages or location data, route data, time data,
product data, order data, requestor data, provider data and transaction data associated with
order requests.

[00160] The computer module 1601 typically includes at least one processor unit 1605,
and at least one memory unit 1606. For example, the memory unit 1606 may have
semiconductor random access memory (RAM) and semiconductor read only memory (ROM).
The computer module 1601 also includes a number of input/output (I/O) interfaces including:
an audio-video interface 1607 that couples to the video display 1614, loudspeakers 1617 and
microphone 1680; an I/O interface 1613 that couples to the keyboard 1602, mouse 1603,
scanner 1626, camera 1627 and optionally a joystick or other human interface device (not
illustrated); and an interface 1608 for the external modem 1616 and printer 1615. In some
implementations, the modem 1616 may be incorporated within the computer module 1601, for
example within the interface 1608. The computer module 1601 also has a local network
interface 1611, which permits coupling of the computer system 1600 via a connection 1623 to
a local-area communications network 1622, known as a Local Area Network (LAN). As
illustrated in Figure 16, the local communications network 1622 may also couple to the wide
network 1620 via a connection 1624, which would typically include a so-called “firewall” device
or device of similar functionality. The local network interface 1611 may comprise an Ethernet
circuit card, a Bluetooth® wireless arrangement or an IEEE 802.11 wireless arrangement;
however, numerous other types of interfaces may be practiced for the interface 1611.
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[00161] The I/O interfaces 1608 and 1613 may afford either or both of serial and parallel
connectivity, the former typically being implemented according to the Universal Serial Bus
(USB) standards and having corresponding USB connectors (not illustrated). Storage devices
1609 are provided and typically include a hard disk drive (HDD) 1610. Other storage devices
such as a floppy disk drive and a magnetic tape drive (not illustrated) may also be used. An
optical disk drive 1612 is typically provided to act as a non-volatile source of data. Portable
memory devices, such optical disks (e.g., CD-ROM, DVD, Blu-ray DiscTM), USB-RAM,
portable, external hard drives, and floppy disks, for example, may be used as appropriate
sources of data to the combined coordination and distribution channel selection server 208,
212.

[00162] The components 1605 to 1613 of the computer module 1601 typically
communicate via an interconnected bus 1604 and in a manner that results in a conventional
mode of operation of a computer system known to those in the relevant art. For example, the
processor 1605 is coupled to the system bus 1604 using a connection 1618. Likewise, the
memory 1606 and optical disk drive 1612 are coupled to the system bus 1604 by connections
1619. Examples of computers on which the described arrangements can be practised include
IBM-PC’s and compatibles, Sun Sparcstations, Apple MacTM or like computer systems.

[00163] The methods of operating the combined coordination and distribution channel
selection server 208, 212, as shown in the processes of Figure 5, may be implemented as
one or more software application programs 1633 executable within the combined coordination
and distribution channel selection server 208, 212. In particular, the steps of the processes
shown in Figures 2 and 5-7 are effected by instructions (see corresponding component 1131
in Figure 12) in the software (i.e., computer program codes) 1633 that are carried out within
the combined coordination and distribution channel selection server 208, 212. The software
instructions 1131 may be formed as one or more code modules, each for performing one or
more particular tasks. The software may also be divided into two separate parts, in which a
first part and the corresponding code modules performs the operation of the combined
coordination and distribution channel selection server 208, 212 and a second part and the
corresponding code modules manages the API and corresponding user interfaces in the
provider device 204, the requestor device 202, and on the display 1614. In other words, the
second part of the software manages the interaction between (a) the first part and (b) any one
of the provider device 204, the requestor device 202, and the operator of the server 212.

[00164] The software may be stored in a computer readable medium, including the
storage devices described below, for example. The software is loaded into the combined



40

coordination and distribution channel selection server 208, 212 from the computer readable
medium, and then executed by the computer system 1600. A computer readable medium
having such software or computer program recorded on the computer readable medium is a
computer program product. The use of the computer program product in the combined
coordination and distribution channel selection server 208, 212 preferably effects an
advantageous apparatus for selecting an optimal set of distribution channels to distribute one
or more products from a plurality of suppliers to a plurality of buyers as well as for
receiving/transmitting data including location data, route data, time data, product data, order
data, requestor data, provider data and transaction data associated with order requests used
for the optimal distribution channels set selection processes performed by the combined
coordination and distribution channel selection server 208, 212.

[00165] The software (i.e., computer program codes) 1633 is typically stored in the HDD
1610 or the memory 1606. The software 1633 is loaded into the computer system 1600 from
computer readable medium (e.g., the memory 1606), and executed by the processor 1605.
Thus, for example, the software 1633 may be stored on an optically readable disk storage
medium (e.g., CD-ROM) 1625 that is read by the optical disk drive 1612. A computer readable
medium having such software or computer program recorded on it is a computer program
product. The use of the computer program product in the combined coordination and
distribution channel selection server 208, 212 preferably effects an apparatus for selecting an
optimal set of distribution channels to distribute one or more products form a plurality of
suppliers to a plurality of buyers as well as for receiving/transmitting data including location
data, route data, time data, product data, order data, requestor data, provider data and
transaction data associated with order requests used for the optimal distribution channels set
selection processes.

[00166] In some instances, the application programs 1633 may be supplied to the user
encoded on one or more CD-ROMs 1625 and read via the corresponding drive 1612, or
alternatively may be read by the user from the networks 1620 or 1622. Still further, the software
can also be loaded into the combined coordination and distribution channel selection server
208, 212 from other computer readable media. Computer readable storage media refers to
any non-transitory tangible storage medium that provides recorded instructions and/or data to
the combined coordination and distribution channel selection server 208, 212 for execution
and/or processing by the processor 1605. Examples of such storage media include floppy
disks, magnetic tape, CD-ROM, DVD, Blu-ray™ Disc, a hard disk drive, a ROM or integrated
circuit, USB memory, a magneto-optical disk, or a computer readable card such as a PCMCIA
card and the like, whether or not such devices are internal or external of the computer module
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1601. Examples of transitory or non-tangible computer readable transmission media that may
also participate in the provision of software, application programs, instructions and/or data to
the computer module 1601 include radio or infra-red transmission channels as well as a
network connection to another computer or networked device, and the Internet or Intranets

including e-mail transmissions and information recorded on Websites and the like.

[00167] The second part of the application programs 1633 and the corresponding code
modules mentioned above may be executed to implement one or more API of the combined
coordination and distribution channel selection server 208, 212 with associated graphical user
interfaces (GUIs) to be rendered or otherwise represented upon the display 1614 or the display
of the provider device 204 and the requestor device 202. Through manipulation of typically the
keyboard 1602 and the mouse 1603, an operator of the server 212 and the application may
manipulate the interface in a functionally adaptable manner to provide controlling commands
and/or input to the applications associated with the GUI(s). Similarly, on the provider device
204 and the requestor device 202, a user of those devices 202, 204 manipulate the input
devices (e.g., touch screen, keyboard, mouse, etc.) of those devices 202, 204 in a functionally
adaptable manner to provide controlling commands and/or input to the applications associated
with the GUI(s). Other forms of functionally adaptable user interfaces may also be
implemented, such as an audio interface utilizing speech prompts output via the loudspeakers
1617 and user voice commands input via the microphone 1680. These other forms of
functionally adaptable user interfaces may also be implemented on the provider device 204
and the requestor device 202.

[00168] It is to be understood that the structural context of the coordination server 208
is presented merely by way of example. Therefore, in some arrangements, one or more
features of the coordination server 208 may be omitted. Also, in some arrangements, one or
more features of the combined coordination and distribution channel selection server 208, 212
may be combined. Additionally, in some arrangements, one or more features of the combined
coordination and distribution channel selection server 208, 212 may be split into one or more
component parts.

[00169] Figure 17 shows an alternative computer device to implement a combined
coordination and distribution channel selection server 208, 212 of Figure 2. In the alternative
implementation, the combined coordination and distribution channel selection server 208, 212
may be generally described as a physical device comprising at least one processor 1702 and
at least one memory 1704 including computer program codes. The at least one memory 1704
and the computer program codes are configured to, with the at least one processor 1702,



42

cause the combined coordination and distribution channel selection server 208, 212 to perform
the operations described in the processes of Figure 5. The combined coordination and
distribution channel selection server 208, 212 may include various modules 402-416 of the
system 400 described in Figure 4. The memory 1704 stores computer program code that the
processor 1702 compiles to have each of the modules 402-416 performs their respective
functions as described in Figure 4 and its accompanying description.

[00170] The combined coordination and distribution channel selection server 208, 212
may also include a coordination module 1708 configured to perform the function of
communicating with the requestor device 202 and the provider device 204; and the acquirer
server 206 and the issuer server 210 to respectively receive and transmit data including
location data, route data, time data, product data, order data, requestor data, provider data
and transaction data associated with order requests that are used for the optimal distribution
channels set selection processes.

[00171] The combined coordination and distribution channel selection server 208, 212
may also include a data module 1706 configured to perform the functions of receiving data
including location data, route data, time data, product data, order data, requestor data,
provider data and transaction data associated with order requests from the requestor device
202, provider device 204, coordination server 208, a cloud and other sources of information
to facilitate the processes of Figure 5. For example, the data module 1706 may be configured
to receive a request with data including location data, route data, time data, product data,
order data, requestor data, provider data and transaction data associated with order requests
from one user device (such as the requestor device 212 or the provider device 214) to perform
the optimal distribution channels set selection processes.

[00172] The foregoing describes only some embodiments of the present disclosure,
and modifications and/or changes can be made thereto without departing from the scope and
spirit of the invention, the embodiments being illustrative and not restrictive.
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CLAIMS

1. A method for selecting an optimal set of distribution channels to distribute one or

more products from a plurality of suppliers to a plurality of buyers, comprising:

calculating, by a processor of an apparatus, a distribution cost of each set of
distribution channels of a plurality of sets of distribution channels to distribute the one or
more products from the plurality of suppliers to the plurality of buyers, wherein at least one of
the plurality of suppliers is set to distribute at least one of the one or more products to each
of the plurality of buyers in the each set of distribution channels of the plurality of sets of

distribution channels;

adjusting, by the processor, the distribution cost of the each set of distribution
channels of the plurality of sets of distribution channels based on one or more constraints,
each of the one or more constraints limiting a selection of a distribution channel for
distributing one of the one or more products from one of the plurality of suppliers to one of

the plurality of buyers;

detecting, by the processor, a processing time for calculating and adjusting the
distribution costs of the plurality of sets of distribution channels has exceeded a first pre-
configured processing time limit, wherein a set of distribution channels having a lowest
distribution cost among the plurality of sets of distribution channels is selected as the optimal
set of distribution channels to distribute the one or more products from the plurality of

suppliers to the plurality of buyers after the detection;

determining, by the processor, if the processing time for calculating and adjusting the
distribution costs of the plurality of sets of distribution channels has exceeded a second pre-

configured processing time limit,
in response to a result of the determination:

calculating, by the processor, a further distribution cost of the each set of
distribution channels of the plurality of sets of distribution channels to distribute the

one or more products from the plurality of suppliers to the plurality of buyers; and

adjusting, by the processor, the further distribution cost of the each set of distribution
channels of the plurality of sets of distribution channels based on one or more constraints,
each of the one or more constraints limiting a selection of a distribution channel for
distributing one of the one or more products from one of the plurality of suppliers to one of
the plurality of buyers, wherein a set of distribution channels having a lowest further

distribution cost among the plurality of sets of distribution channels is selected as the optimal
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set of distribution channels to distribute the one or more products from the plurality of

suppliers to the plurality of buyers.

2. The method of claim 1, further comprising:

forming, by the processor, a set of data relating to the one or more products, the
plurality of buyers and/or the plurality of suppliers received from a data input, wherein the
calculation of the distribution cost to distribute the one or more products from the plurality of

suppliers to the plurality of buyers is based on the set of data.

3. The method of claim 2, wherein the step of adjusting the distribution cost of the each

set of distribution channels of the plurality of sets of distribution channels comprises:

modifying, by the processor, the set of data relating to at least one of the one or more
products, at least one of the plurality of buyers and/or at least one of the plurality of suppliers

based on the one or more constraints; and

calculating, by the processor, the distribution cost of the each of the set of distribution
channels of the plurality of sets of distribution channels based on the modified set of data.

4, The method of claim 1, further comprising:

determining, by the processor, if a distribution channel of the each set of distribution
channels is a distribution channel which selection is limited by the one or more constraints,

and the adjustment is carried in response to a result of the determination.

5. The method of claim 2, wherein the step of calculating the distribution cost of the

each set of distribution channels of the plurality of sets of distribution channels comprises:

calculating, by the processor, a second distribution cost of each second set of
distribution channels of a plurality of second sets of distribution channels to distribute the
one or more products from the plurality of suppliers to the plurality of buyers based on a
different set of data formed by the data input relating to the one or more products, the
plurality of buyers and/or the plurality of suppliers, wherein a set of distribution channels

having a lowest distribution cost among the plurality of set of distribution channels and the
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plurality of second sets of distribution channels is selected as the optimal set of distribution

channels.

6. The method of claim 5, further comprising:

adjusting, by the processor, the second distribution cost based on the one or more

constraints.

7. The method of claim 1, wherein the second pre-configured processing time limit is
configured such that two or more iterations of the calculation and the adjustment of the

further distribution costs of the plurality of sets of distribution channels can be carried out.

8. The method of any one of claims 2-7, further comprising:

receiving, by the processor, data relating to at least one of a product quantity, a
distribution cost of a buyer/supplier, a location, a required delivery time, a distance and a
reliability level of a buyer/supplier and a weight parameter to be applied to the data as the

data input.

9. The method of claim 8, wherein the step of forming the set of data relating to the one

or more products, the plurality of buyers and/or the plurality of suppliers comprises:

detecting, by the processor, data relating to a human input error or a false

measurement from the data input; and

filtering out, by the processor, the data relating the human input error or the false
measurement from the data input; wherein the set of data is formed from the filtered data

input.

10. The method of claim 8, further comprising:

detecting, by the processor, missing data in the data input relating to the at least one
of the product quantity, the distribution cost of the buyer/supplier, the location, the required
delivery time, the distance, the reliability level of a buyer/supplier and the weight parameter

to be applied to the data input; and
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inserting, by the processor, new data to replace the missing data in the data input,

wherein the new data is a pre-set data or a median of existing data in the data input.

11. The method of any one of claims 1-10, wherein the one or more constraints
comprises a constraint relating to a mode to distribute one of the one or more products, a
constraint to have the one or more products of one of the plurality of buyers distributed by
only one of the plurality of suppliers, a constraint relating to an availability of a one of the
plurality of suppliers, a constraint relating to a minimum order requirement of one of the
plurality of suppliers, a constraint relating to a delivery capacity of one of the plurality of
suppliers.

12. An apparatus for selecting an optimal set of distribution channels to distribute one or

more products from a plurality of suppliers to a plurality of buyers, comprising:
at least one processor; and
at least one memory including computer program code;

the at least one memory and the computer program code configured to, with at least

one processor, cause the server at least to, comprising:

calculate a distribution cost of each set of distribution channels of a plurality of
sets of distribution channels to distribute the one or more products from the plurality
of suppliers to the plurality of buyers, wherein at least one of the plurality of suppliers
is set to distribute at least one of the one or more products to each of the plurality of
buyers in the each set of distribution channels of the plurality of sets of distribution
channels;

adjust the distribution cost of the each set of distribution channels of the
plurality of sets of distribution channels based on one or more constraints, each of
the one or more constraints limiting a selection of a distribution channel for
distributing one of the one or more products from one of the plurality of suppliers to
one of the plurality of buyers;

detect a processing time for calculating and adjusting the distribution costs of
the plurality of sets of distribution channels has exceeded a first pre-configured
processing time limit, wherein a set of distribution channels having a lowest

distribution cost among the plurality of sets of distribution channels is selected as the
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optimal set of distribution channels to distribute the one or more products from the

plurality of suppliers to the plurality of buyers after the detection;

determine if the processing time for calculating and adjusting the distribution
costs of the plurality of sets of distribution channels has exceeded a second pre-

configured processing time limit;

calculate a further distribution cost of the each set of distribution channels of
the plurality of sets of distribution channels to distribute the one or more products

from the plurality of suppliers to the plurality of buyers; and

adjust the further distribution cost of the each set of distribution channels of
the plurality of sets of distribution channels based on one or more constraints, each
of the one or more constraints limiting a selection of a distribution channel for
distributing one of the one or more products from one of the plurality of suppliers to
one of the plurality of buyers, wherein a set of distribution channels having a lowest
further distribution cost among the plurality of sets of distribution channels is selected
as the optimal set of distribution channels to distribute the one or more products from

the plurality of suppliers to the plurality of buyers.

13. The apparatus of claim 12, wherein the at least one memory and the computer
program code configured to, with the at least one processor, cause the server at least to,
further:

form a set of data relating to the one or more products, the plurality of buyers and/or
the plurality of suppliers received from a data input, wherein the calculation of the distribution
cost to distribute the one or more products from the plurality of suppliers to the plurality of

buyers is based on the set of data.

14. The apparatus of claim 13, wherein the at least one memory and the computer
program code configured to, with the at least one processor, cause the server at least to,
further:

modify the set of data relating to at least one of the one or more products, at least
one of the plurality of buyers and/or at least one of the plurality of suppliers based on the one

or more constraints; and
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calculate the distribution cost of the each of the set of distribution channels of the

plurality of sets of distribution channels based on the modified set of data.

15. The apparatus of claim 12, wherein the at least one memory and the computer
program code configured to, with the at least one processor, cause the server at least to,
further:

determine if a distribution channel of the each set of distribution channels is a
distribution channel which selection is limited by the one or more constraints, and the

adjustment is carried in response to a result of the determination.

16. The apparatus of claim 13, wherein the at least one memory and the computer
program code configured to, with the at least one processor, cause the server at least to,
further:

calculate a second distribution cost of each second set of distribution channels of a
plurality of second sets of distribution channels to distribute the one or more products from
the plurality of suppliers to the plurality of buyers based on a different set of data formed by
the data input relating to the one or more products, the plurality of buyers and/or the plurality
of suppliers, wherein a set of distribution channels having a lowest distribution cost among
the plurality of set of distribution channels and the plurality of second sets of distribution

channels is selected as the optimal set of distribution channels.

17. The apparatus of claim 16, wherein the at least one memory and the computer
program code configured to, with the at least one processor, cause the server at least to,
further:

adjust the second distribution cost based on the one or more constraints.

18. The apparatus of claims 12-17, wherein the second pre-configured processing time
limit is configured such that two or more iterations of the calculation and the adjustment of
the second distribution costs of the plurality of sets of distribution channels can be carried

out.
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19. The apparatus of any one of claims 13-18, wherein the at least one memory and the
computer program code configured to, with the at least one processor, cause the server at

least to, further:

receive data relating to at least one of a product quantity, a distribution cost of a
buyer/supplier, a location, a required delivery time, a distance and a reliability level of a

buyer/supplier and a weight parameter to be applied to the data as the data input.

20. The apparatus of claim 19, wherein the at least one memory and the computer

program code configured to, with the at least one processor, cause the server at least to:

detect data relating to a human input error or a false measurement from the data
input; and

filter out the data relating the human input error or the false measurement from the

data input; and

form the set of data relating to the one or more products, the plurality of buyers
and/or the plurality of suppliers from the filtered data input.

21. The apparatus of claim 19, wherein the at least one memory and the computer
program code configured to, with the at least one processor, cause the server at least to,
further:

detect missing data in the data input relating to the at least one of the product
quantity, the distribution cost of the buyer/supplier, the location, the required delivery time,
the distance, the reliability level of a buyer/supplier and the weight parameter to be applied
to the data input; and

insert new data to replace the missing data in the data input, wherein the new data is
a pre-set data or a median of existing data in the data input.

22. The apparatus of any one of claims 12-19, wherein the one or more constraints
comprises a constraint relating to a mode to distribute one of the one or more products, a
constraint to have the one or more products of one of the plurality of buyers distributed by
only one of the plurality of suppliers, a constraint relating to an availability of a one of the

plurality of suppliers, a constraint relating to a minimum order requirement of one of the
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plurality of suppliers, a constraint relating to a delivery capacity of one of the plurality of

suppliers.





