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SYSTEM AND METHOD FOR REPRESENTING PAYROLL
LEDGERS USING MULTITREES

Cross-Reference to Related Application

[0001] This application claims priority to United States Patent Application No. 63/139,908 filed

January 21, 2021, the disclosure of which is incorporated by reference herein in its entirety.

Field of the Invention

[0002] This invention relates to a method and computer system for managing payroll and other
payments information. In particular, payroll ledgers are represented using a specific type of

directed acyclic graphs, namely multitrees, also referred to as multitree structures.

Background of the Invention

[0003] Computer-based systems are widely employed to store, process and manage data relating
to payroll for a variety of different entities from small businesses to multinational corporations,
and to a variety of different payees, such as full-time employees, part-time employees and payees
in the new gig-economy (essentially, self-employed payees). This payroll data must be stored,
processed, managed and transmitted in a secure and efficient manner. In many instances, a
record of the data and any changes made to it, must be stored in an immutable and permanent
manner for future reference. For example, a payroll of an entity typically includes a record of the
entity's employees and wages allocated to the employees. Information in relation to tax withheld

and other contributions may be included on the payroll.

[0004] US Patent Application No. US 2017/0186098 A1 generally describes systems and
methods for identifying errors in the computerized preparation of a payroll tax form to be
submitted to a tax agency. The system and method in described therein apply a construct in
which the rules and calculations for preparing the payroll tax form are established in declarative
data structures in the form of a payroll calculation graph. This payroll calculation graph is made
up of multiple interconnected calculation nodes including one or more input nodes, function

nodes, and/or functional nodes. A number of payroll calculation operations are done based on
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the payroll calculation graph. Illustrated therein is an example of a payroll calculation graph
which is used to perform payroll calculation operations in accordance with the payroll tax rules.
In addition, the payroll calculation graph shown is described as a directed acyclic graph that
encodes the data dependencies amongst payroll concepts or topics. Leaf nodes are populated
with data accessed from a payroll program, from user inputs, from online sources, etc.
Functional nodes represent a payroll tax form concept, such as a payroll tax form line item, and
may be calculated or otherwise determined using a function, which together define a particular

tax operation.

[0005] Canadian Patent Application No. 3,014,727 relates to a method for the transfer of
cryptocurrency in a payroll context using a distributed ledger. The focus of this invention relates
to methods of making sure the transfer of information (and cryptocurrency or tokens) between
nodes is secure. Also disclosed are the use of a distributed ledgers “beyond the realm of
cryptocurrency” in the payroll context, and all the use of smart contracts in the payroll context to
process inputs and produce calculated results. A tree structure in which the logical relationships

between the nodes are associated with parent and child nodes using pointers.

[0006] US Patent Application No. US 2019/0180244 A1 generally describes a system and
method of applying advanced artificial intelligence to information management processes for
Human Resources Management, including payroll processes. Described is a system using highly
distributed storage systems (HDSS) for managing information relating to human resources. The
information can include structured and unstructured data. The HDSS stores data in multiple
nodes that can be quickly accessed over the largest number of nodes possible. The HDSS system
is scaled either as a distributed database, or as a computer network in which users store
information on a number of peer network nodes. The data added to the HDSS or node can be

collected from other systems.

[0007] United States Patent No. 10,657,607 implements payroll on a distributed ledger, such as
blockchain, for improved security and accessibility of data. The method described therein
contemplates storing a smart contract on a distributed ledger. If the first smart contract is

modified, the modified contract (the “second smart contract”) is stored in a second location. The
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first smart contract has a second clause that directs the payment of wages but has a first clause
that directs that it first be determined if there is a second smart contract. If so, the second smart
contract executes and payment under the modified contract is made. This patent also references
the use of a distributed ledgers in the payroll context; the use of one or more smart contracts in
the payroll context; a payroll event is stored at a secure off-chain location to be looked-up at the
time of processing; and smart contracts to retrieve a variable such as salary, retirement plan
amounts or other withholdings stored outside the blockchain and to use such variables to

calculate withholdings and process payroll.

[0008] US Patent Application No. US 2020/0242703A1 relates to the use of payroll smart
contracts implemented solely in a computer network for use with distributed ledgers, and to a
method for controlling access to a licensed software application using a distributed blockchain.
Some of the elements of the method and system include a payroll blockchain environment using
payroll smart contracts implemented in a computer network for use with distributed ledgers. The
smart contracts include both data and code that performs functions in a payroll context, including
tax related calculations. Also disclosed is the use of a tree structure and a timeclock environment

encoded in blockchain.

[0009] There remains a need for a payroll system in the form of multitree structures which, in
response to payroll events entered at a parent node, immediately conducts the required
calculations (e.g., such as tax withholding calculations) and assigns the result of these
calculations to a child node in the multitree structure. Each payroll event is preferably
immutable so that, when a correction to a payroll event is required, the parent node containing
the initial, erroneous payroll event is not updated. Rather, the correction is provided in a new
parent node that is operatively connected to the existing child node through operations nodes. A
timeline element is updated to place the time assigned to the new node in the proper sequence
and the value assigned to the child node providing the tax result is updated. The child node also

becomes immutable when the pay period is over.
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Summary of the Invention
[0010] Accordingly, one aspect of the present invention provides a method of managing payroll

information for one or more payers and one or more payees, the method comprising:

a. providing one or more payroll ledgers, wherein each payroll ledger is in
the form of a multitree structure and is associated with one payer, and wherein

each of the multitree structures comprising;
1. a plurality of origin nodes,

il a plurality of timeline nodes, each timeline node is associated with

one origin node,

iii. a plurality of child nodes, each child node is associated with one
origin node,
iv. a plurality of grandchild nodes, each grandchild node is associated

with at least one child node, and

v. a plurality of subsequent descendent nodes, each subsequent

descendent node is associated with at least one grandchild node,
b. storing in one of the origin nodes a payroll ledger entry for one payee;

C. storing in one of the timeline nodes a date associated with the payroll

ledger entry in the associated origin node;

d. receiving in the associated child node a copy of the payroll ledger entry
from the origin node and performing specified calculations to generate a resulting

payroll entry for the payee; and

e preventing the payroll ledger entry, the date and the resulting payroll entry

from being altered.
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[0011] In preferred embodiments, the payroll ledger entry is either predicted pay, a pay change
event or a pay adjustment, and the payroll ledger entry is obtained from an input source that may

be a user of the method or from a prediction generating source.

[0012] In other preferred embodiments, the method comprises at least two payroll ledgers,
wherein each of the at least two payroll ledgers is associated with a different payer, and wherein
the multitree structures for two or more of the payroll ledgers comprises at least one payroll
ledger entry and at least one resulting payroll ledger entry for the one payee. A unique identifier

is associated with the one payee.

[0013] In a further aspect, the present invention provides that the method of managing payroll

and payments information is implemented on a computer system.

[0014] In yet a further aspect, the present invention provides a computer system for managing
payroll and payments information for one or more payers and one or more payees, the system

comprising:

a. storage and computing means comprising one or more payroll ledgers,
wherein each payroll ledger is in the form of a multitree structure and is

associated with one payer, and wherein each of the multitree structures

comprising:
i a plurality of origin nodes,
ii. a plurality of timeline nodes, each timeline node is associated with

one origin node,

iii. a plurality of child nodes, each child node is associated with one
origin node,
v, a plurality of grandchild nodes, each grandchild node is associated

with one child node, and
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V. a plurality of subsequent descendent nodes, each subsequent

descendent node is associated with one grandchild node,

b. an input source comprising one or more of a user and a prediction-

generating source, and

c. a computer processor configured to:
1. obtain from the input source a payroll ledger entry for one payee;
ii. store in one of the origin nodes the payroll ledger entry;
iii. store in each timeline node a date associated with the payroll

ledger entry in the associated origin node;

v, store in the associated child node a copy of the payroll ledger entry
and perform specified calculations using the payroll ledger entry to

generate a resulting payroll entry for the payee;

v. store in the associated grandchild node the resulting payroll entry;
and
vi. store in the associated subsequent descendent node a copy of the

resulting payroll entry and perform specified calculations using the

resulting payroll entry to generate a further payroll entry, and

wherein the date, the payroll ledger entry, the resulting payroll entry and the further

payroll entry cannot be altered.
[0015] In preferred embodiments, the computer processor is further configured to:

a. receive from the input source a corrective payroll ledger entry for the

payee comprising information to correct a defective payroll ledger entry;

b. store in one of the origin nodes the corrective payroll ledger entry;
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C. store in one of the timeline nodes a corrective date associated with the
corrective payroll ledger entry;

d. store in one of the child nodes a copy of the corrective payroll ledger entry

and perform specified calculations using the corrective payroll ledger entry to

generate a corrective resulting payroll entry for the payee;
e. store in one of the grandchild nodes the corrective resulting payroll entry;

f store in one of the subsequent descendent nodes a copy of the corrective
resulting payroll entry and perform specified calculations using the corrective
resulting payroll entry to generate a corrective further payroll entry for the payee;

and

wherein the corrective date, the corrective payroll ledger entry, the corrective resulting

payroll entry and the corrective further payroll entry cannot be altered.

Brief Description of the Figures

[0016] The preferred embodiments of the present invention will be described with reference to
the accompanying drawings in which like numerals refer to the same parts in the several views

and in which:

[0017] Figure 1 shows a schematic diagram of how a payroll entry that is saved in an origin node

is mapped to the timeline;

[0018] Figure 2 shows a schematic diagram of an example of a payroll ledger in the form of a

multitree structure; and

[0019] Figure 3 shows a schematic diagram of a second example showing payroll ledgers, each

in the form of a multitree structure.
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Detailed Description of the Invention

[0020] The preferred embodiments of the present invention will now be described with reference

to the accompanying figures.

[0021] The present invention provides a method and system for managing payroll information
in the form of multitrees. More specifically, the method represents payroll information based on
at least the following three categories of payroll data: predicted pay, pay change events, and pay

adjustments.

[0022] Typically, the term “payroll” is understood to refer to payment of wages from one
employer to an employee or group of employees employed by that employer. However, in this
specification, it will be understood and appreciated that the term “payroll” is meant to refer to the
broader concept of a payments processor in which payment is made by one or more payers to
one or more payees for work done or services provided by the payee(s) to the payer(s). Thus, the
term “payroll” not only includes the traditional form of payment of wages by an employer to its
employees, but it also includes other less traditional forms. Examples of these less traditional
forms include payments to payees in the so-called “gig” economy (these payees may be
contractors or self-employed individuals), and payments from two or more payers to one payee
in the case where an individual works for and/or provides services to two or more payers at the

same time, or within the same income reporting period.

[0023] One aspect of the present invention relates to a method, and preferably a computer
implemented method, for managing payroll information for one or more payers and for one or
more payees. Preferably, one or more payroll ledgers are provided for storing and managing the
payroll information. Each of the payroll ledgers is in the form of a multitree structure, where the
multitree structure comprises a number of different levels or categories of nodes. Each node in
the multitree structure, regardless of level or category, can receive and store data or other
information relating to payroll. Once the data or information is saved in a node it cannot be

altered.
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[0024] The first level or category of node in the multitree structure is the origin node. Origin
nodes are configured to store a payroll ledger entry for one payee. Examples of payroll ledger
entries that may be stored in the origin nodes include a pay entry, a predicted pay entry, a pay
change event entry and a pay adjustment entry. Other payroll ledger entries may also be stored in
origin nodes. A predicted pay entry is a payroll entry generated from a prediction generating
source described below. A pay change event is a payroll ledger entry used to update a change in
the pay of a payee, while a pay adjustment entry is a payroll ledger entry used to amend or alter a

previously stored payroll pay entry.

[0025] The payroll ledger entries that are stored in the origin nodes may be inputted or obtained
from a variety of input sources. Typical input sources will include a user of the method or
system, such as a payer or a payee, and a prediction generating source. The user may input the
payroll ledger entry using a variety of well-known methods, such as keyboard entry, mobile or
web application action, or input from a metering/clocking device. Alternatively, the payroll
ledger entry may be inputted from a prediction generating source that includes, for example,
machine learning or other artificial intelligence methods and systems that use algorithms to

predict future pay behaviours of the payees based on previous analogous pay behaviours.

[0026] Each of the origin nodes is associated with a timeline node. The timeline nodes are a
second or further level or category of nodes. Each of the timeline nodes stores a date, and
optionally a time, associated with the payroll entry that is stored in the associated node. For
example, if the stored payroll ledger entry stored in the origin node is an entry that the payee
worked an 8-hour shift, the date stored in the associated timeline entry would be the date on
which that 8-hour shift was worked. As another non-limiting example, if the payroll ledger entry
stored in a second origin node is a correction to the 8-hour shift pay entry that had been
previously stored in a first origin node, the date stored in the second timeline node associated
with the second origin node would be the date of the original 8-hour shift entry. This would
allow the correction of the 8-hour shift pay entry to be correctly associated with the original pay

entry.
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[0027] In addition to the timeline nodes, each of the origin nodes is also associated with a child
node. The child nodes are another level or category of nodes. Each child node contains
instructions allowing the child node to receive a copy of the payroll ledger entry stored in the
associated origin node, perform selected calculations on the payroll ledger entry to generate a
resulting payroll entry for the payee that is also stored in the child node. As an example, the child
node may receive from the associated origin node data that the payee worked an 8-hour shift.
The child node may then calculate the gross pay owed to the payee by multiplying the 8 hours
worked by the payee’s hourly rate. The resulting gross pay is then stored in the child node.

[0028] Other levels or categories of nodes can be added as required. For example, each of the
child nodes can be associated with a grandchild node. The grandchild nodes are another level or
category of nodes beyond the child nodes level or category. Each grandchild node contains
instructions allowing the grandchild node to receive a copy of the resulting payroll entry from
the associated child node. As an example, the grandchild node may receive from the associated

child node the resulting gross pay that was calculated and stored in the associated child node.

[0029] Beyond the level or category of grandchild nodes there may be other levels or categories
of descendent nodes. The number of such levels or categories of descendent nodes may be varied
as required. As an example, each of the grandchild nodes can be associated with a first level
descendent node. Each first level descendent node contains instructions allowing the first level
descendent node to receive a copy of the resulting payroll entry stored in the associated
grandchild node, perform selected calculations on the resulting payroll entry to generate a further
payroll entry that is also stored in the first level descendent node. As an example, the first level
descendent node can receive from the associated grandchild node the resulting gross pay owed to
the payee who had worked the 8-hour shift on a particular date. The first level descendent node
may then calculate the net pay owed to the payee by deducting withholding payroll taxes or other
amounts that may by law or by the payee’s request be withheld. The resulting net pay is then

stored in the first level descendent node.

[0030] It is preferred that each of the nodes in all the levels or categories of nodes be configured

such that the data stored in the nodes cannot be altered. For example, once a payroll ledger entry
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is stored in an origin node, that entry can no longer be altered. Similarly, once a date is stored in
an associated timeline node, or a resulting payroll entry is generated in child node, that date or

entry can no longer be altered.

[0031] Since the data stored in the nodes cannot be altered, corrective data entries are required if
any corrections are required to be made to the stored data entries. Corrections to stored entries
may be made by receiving from the user who wants to make the correction a corrective payroll
ledger entry which may include information to correct a defective payroll ledger entry. This
corrective payroll ledger entry is stored in one of the origin nodes, and a date associated with the
corrective payroll ledger entry is also stored in a timeline node that is associated with the origin
node containing the corrective payroll ledger entry. A child node that is associated with the
origin node containing the corrective payroll ledger entry is configured to receive a copy the
corrective payroll ledger entry from the origin node and to perform specified calculations to
generate a corrective resulting payroll entry. For example, if the user determines that a payroll
ledger entry for an 8-hour shift was defective because it should have been inputted as a 9-hour
shift, a corrective payroll ledger entry may be inputted and stored to correct the original 8-hour
shift. In this example, the corrective payroll ledger entry would be such that it would add one
hour to the original 8-hour entry. The date of the corrective payroll ledger entry is stored in an
associated timeline node, and then the corrective payroll ledger entry is received in an associated
child node and a calculation is made to add the extra hour worked such that the corrective

resulting payroll entry is then a 9-hour shift.

[0032] Once a corrective resulting payroll entry is generated and stored in child node, the
corrective resulting payroll entry can also be received and stored in one of the grandchild nodes.
Subsequently, the corrective resulting payroll entry stored in the grandchild node can be received
in an associated descendent node that is configured to perform a specified calculation to generate
a corrective further payroll entry. In the example above, the corrective resulting payroll entry is
that a 9-hour shift was worked rather than 8-hours, and the calculation may be to determine the
gross pay for the 9-hour shift. This gross pay (the corrective further payroll entry) is generated

and stored in the associated descendent node.
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[0033] As was the case with other nodes, it is preferred that each of the nodes that contain data
relating to a correction be configured such that this correction data cannot be altered. For
example, once a corrective payroll ledger entry is stored in an origin node, that entry can no
longer be altered. Similarly, once a date for the correction is stored in an associated timeline
node, or a corrective resulting payroll entry is generated, that correction date or corrective

resulting payroll entry can no longer be altered.

[0034] It will be appreciated that the method described of the present invention is preferably
implemented on a computer system that is configured to manage payroll information for one or
more payers and one or more payees. Such a computer system will preferably include storage
and computing means comprising one or more payroll ledgers, each in the form of a multitree
structure as described above. Each of the multitree structures will include a plurality of origin
nodes as described above, a plurality of timeline nodes where each timeline node is associated
with one origin node. Each of the multitree structures also includes a plurality of child nodes
where each child node is associated with one origin node, and a plurality of grandchild nodes
where each grandchild node is associated with one child node. As was described above, the
multitree structures may also include as many further levels of descendent nodes. Each
descendent node will be associated with one node from a previous level or category, such as, for

example, a grandchild node.

[0035] The computer system of the present invention may also include an input source that may
be one or more of a user and a prediction-generating source, all as described above, and a
computer processor, or multiple computer processors. The computer processor or processors are
configured to: obtain from the input source a payroll ledger entry for a payee and store the
payroll ledger entry in one of the origin nodes of the multitree structure; store in each timeline
node a date associated with the payroll ledger entry in the associated origin node; store in the
associated child node a copy of the payroll ledger entry and perform specified calculations using
the payroll ledger entry to generate a resulting payroll entry; store in the associated grandchild
node the resulting payroll entry; and store in the associated subsequent descendent node a copy

of the resulting payroll entry and perform specified calculations using the resulting payroll entry
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to generate a further payroll entry. All these operations performed by the computer processor or

processors are preformed as described above.

[0036] Moreover, as described above, the data stored in all the nodes of the computer system
cannot be altered. Specifically, data such as the payroll ledger entry, the resulting payroll entry
and the further payroll entry cannot be altered once they are stored in a node. As a result, the
computer processor or processors of the computer system are also configured to receive, store
and generate corrective data if any data stored in any of the nodes is determined to be defective.
To do so, the computer processor or processors are further configured to: receive from the input
source a corrective payroll ledger entry comprising information to correct a defective payroll
ledger entry; store in one of the origin nodes the corrective payroll ledger entry; store in one of
the timeline nodes a corrective date associated with the corrective payroll ledger entry; store in
one of the child nodes a copy of the corrective payroll ledger entry and perform specified
calculations using the corrective payroll ledger entry to generate a corrective resulting payroll
entry; store in one of the grandchild nodes the corrective resulting payroll entry; and store in one
of the subsequent descendent nodes a copy of the corrective resulting payroll entry and perform
specified calculations using the corrective resulting payroll entry to generate a corrective further
payroll entry. All these operations performed by the computer processor or processors are

preformed as described above.

[0037] Moreover, as described above, the corrective data stored in all the nodes cannot be
altered. In particular, none of the corrective data, the corrective payroll ledger entry, the

corrective resulting payroll entry and the corrective further payroll entry can be altered.

[0038] A preferred method of the present invention, and a preferred computer system of the
present invention, is illustrated in Figures 1, 2 and 3. In a preferred method, payroll ledger entries
are predicted based on certain information about an upcoming service window. A service
window is the most granular unit of work in the context of a payroll management system. This
unit of work is associated with a period of time for which a payee, such as an employee or a

freelancer in the gig economy-related use cases, is expected to be compensated. Examples of
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service windows include a work shift for part-time payees, a ride share arrangement for a

freelance driver, or a work day for a full-time employee.

[0039] Predicted pay for each service window is considered a payroll ledger entry that is an
input to the preferred method of the present invention. Predicted pay may be inputted from a
prediction generating source that includes, for example, machine learning or other artificial
intelligence methods and systems that use algorithms to predict future pay behaviours of the
payees based on previous analogous pay behaviours. Once a new service window is
defined/formalized, predicted pay for it is immediately generated and added to an origin node as

a payroll ledger entry.

[0040] Pay change events are significant and durable changes that influence a payee’s pay going
forward. Examples of pay change events are pay rate changes (for example, pay raise of a full
time employee due to a promotion, or a service rate change for a freelancer) or employment

status changes, such as commencement or termination of employment.

[0041] Pay adjustments reflect the difference between the amount currently stored in a node as a
payroll ledger entry for the given service window and the “correct” amount based on all the
information available at a subsequent point of time. One of the typical reasons for a pay
adjustment to be made is the need to reflect the difference between predicted pay and actual

amount due based on any changes to the parameters of the service window.

[0042] To represent, store, and manipulate the payroll data described above, the preferred
method and computer system of the present invention makes use of payroll ledgers in the form of
multitrees, also referred to as multitree structures, which are a type of directed acyclic graphs

(DAG) that are distinct in that the set of vertices reachable from any vertex represents a tree.

[0043] Such multitree structures are used in the preferred method of the present invention to
represent information in any given payroll ledger via a combination of the origin nodes that
denote payroll ledger entries, and a number of child, grandchild and descendent nodes that
represent various dependent operations, actions, rules, and resulting data elements (such as tax

and benefit deductions, time limits, or thresholds reached).
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[0044] A first instance of a dependent operation is timeline mapping. As described above, every
payroll ledger entry that is inputted and stored in an origin node is linked with an associated
service window or timeline node. For example, once a predicted pay is stored in an origin node
of the multitree structure, it is linked with the associated service window or timeline node. Any
time a pay change event or pay adjustment must be made to a stored payroll ledger entry, a new
origin node is added in which the corrective ledger entry is stored. This new origin node is linked
or associated to an appropriate service window or timeline node (which at that point can be either

in the past or the future).

[0045] Figure 1 illustrates a preferred process of mapping origin nodes, generally designated as
10, to timeline nodes, generally designated as 20, and how corrective entries are linked. In Figure
1, B1 is a predicted pay ledger entry that is related to a service entry B and that is associated with
a timeline node B1, while B2 is a pay adjustment record (that is, a corrective payroll ledger
entry) that is stored in a second origin node and that is related to a change in the predicted pay
for the beginning of service window B. Origin node B2 has an associated timeline node B2 that,

in the case of the example in Figure 1, is chronologically before the date in timeline node B1.

[0046] As described above, one of the principles of the preferred method of the present invention
is the immutability of the origin nodes 10, and therefore of the base ledger level. The preferred
method provides only the ability to add origin nodes 10 with corrective payroll ledger entries, but

does not allow for the modification or removal of any data stored in any of the origin nodes 10.

[0047] Another principle of the preferred method of the present invention is that records for a
given service window are always stored in the same sequence in the origin nodes 10 of the base
ledger level. That is, origin nodes 10 related to service window B, for example, will always be
stored from B1 through BN, because node B2 was added after B1, B3 added after B2 etc. As
described above, the principles of immutability and preserving sequence apply not only to the
origin nodes 10, but also to every other type/level of nodes within the multitree, such as timeline

nodes 20.
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[0048] Figure 2 provides an example of a multitree structure with origin nodes, general
designated as 30, in the base ledger level describing pay for three service windows: A, B, and C.
Based on the notation in the ledger, payroll ledger entry B1 for service window B was inputted
and stored in an origin node 32 before the payroll ledger entry B2 that was subsequently inputted
and stored in a second origin node 34, even though the payroll ledger entry B2 may relate to a
period of time within the service window that chronologically precedes the period of time for
which entry B1 relates. Likewise, payroll ledger entry C2 for service window C was inputted and

stored in a third origin node 36 after the payroll ledger entry C1 in origin node 36.

[0049] The example in Figure 2 also illustrates that, as part of the multitree structure, origin
nodes A through C2 (generally designated as 30) are linked not only to their associated timeline
nodes generally designated as 40, but also to associated child nodes (generally designated as 50)
that are denoted G1 through GS5. In the example of Figure 2, these child nodes 50 may represent
gross pay ledger entries. As part of the association between the origin nodes 30 in the base ledger
level and the child nodes 50, there can be operators (generally designated as 60) configured
within the multitree structure that can access any of the origin nodes 30 located in the lower level
of the multitree and perform a specified calculation to generate a resulting ledger entry or value
that is stored in the associated node on the level directly above (in this example, child nodes

generally designated as 50 and identified as G1 through GS5).

[0050] Similarly, nodes G1 through G5 (generally designated as 50) are linked to or associated
with yet another level of grandchild nodes (generally designated as 70) identified as T1 and T2
(children nodes of nodes 50, G1-G5) that together comprise the Tax Due ledger entries. The link
or association between the T1 and T2 grandchild nodes 70 and the G1-G5 child nodes 50 can
also have associated operations, actions, or rules, which in our example are generally designated
as 80 and denoted as Op2, and identifies dependent nodes related to the same tax reporting

period, and so on.

[0051] Every time a new piece of information in the form of a payroll ledger entry is inputted
into the preferred method or computer system of the present invention via the addition of a new

origin node 30 to the base ledger level, all associated children nodes are likewise inserted into
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corresponding dependent levels of the multitree structure, based on the type of payroll ledger
entry that was inputted and stored in the origin node 30. For example, in the case of a corrective
payroll entry B2 described above, once origin node B2 (designated as 34) is added to the base
ledger level and the corrective payroll entry B2 is stored in the origin node 34, a respective entry
G3 is also generated and stored as a gross pay ledger entry in a child node 52. Since that gross
pay ledger entry falls within the same tax reporting period as the nodes G1 and G2, its grandchild
node T1 (designated as 72) will also be updated by operation Op2 (designated 82).

[0052] In the embodiment of the present invention shown in Figure 3, the system includes two
payroll ledgers, each in the form of a multitree structure, with one payroll ledger (generally
designated 100) for Company A and one payroll ledger (generally designated 200) for Company
B (only a very partial view of the latter payroll ledger 200 and multitree structure is shown). It
will be understood, however, that there may be more than two payroll ledgers, and thus more
than two multitree structures, in the method and system of the present invention. In the
embodiment of Figure 3, the multitree structures for each of the payroll ledgers 100 and 200 is as
described above. The payroll ledger 100 and multitree structure for Company A is associated
only with one specific payer, namely Company A, and therefore it includes payroll information
for only that specific payer. Likewise, the payroll ledger 200 and multitree structure for
Company B is associated only with that specific payer, namely Company B, and it includes

payroll information for only that specific payer.

[0053] In the embodiment of Figure 3, there may be at least one payee that is common to both
payroll ledgers 100 and 200 and their respective multitree structures because that one payee
worked for, or provided services to, both payers (Company A and Company B) at some point.
This may have occurred for a variety of reasons, for example, the payee was employed by
Company A at one point and then the payee left the employ of Company A and became an
employee of Company B. Another reason may be that the payee is an independent contractor
who provides services to Company A and Company B at various times. A further example may
be that the payee is employed by Company A but also provides services to Company B as a so-

called gig-worker.
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[0054] In the embodiment of Figure 3, the payroll ledger 100 and multitree structure for
Company A will therefore include payroll information for the payee in respect of services
provided by the payee to Company A. Likewise, the payroll ledger 200 and multitree structure
for Company B will include some payroll information for the payee in respect of services

provided by the payee to Company B.

[0055] In the method and system of the present invention, a unique payee identifier associated
with a payee is included for each entry in the multitree structure for that payee. Therefore, at any
time it is possible to easily identify and jointly process information within individual multitree
structures or across more than one multitree structures that have information belonging to the
same payee. One of the benefits/advantages of this approach is the ability to have a constantly
balanced ledger / pay statement at the payee level within each payer’s payroll ledger system.
Another benefit/advantage is the ability to aggregate data from multiple payers when remitting
funds (for benefits, tax, or other purposes) on behalf of the same payee (individual) to use for

reporting and decision making by payers or payment processors.

[0056] A further benefit/advantage accrues to payees (such as employees and contractors).
Because the method and system can keep track of payments made to the payee from multiple
payers (such as when the payee changes employment or when the payee works for or provides
services to more than one payer), the payee’s accounting and tax reporting obligations are
simplified because the method and system may be adapted to monitor, predict, and ultimately
aggregate information about the payee’s income, deductions, benefits, tax liabilities etc. across

multiple payers.

[0057] As will be appreciated, the method and computer system of the present invention allows
users, including payers and payees, to address a wide range of use cases around payroll and tax

calculations and submissions, including out of cycle payroll and tax.

[0058] It is will be understood that while certain embodiments of the present invention have
been described and illustrated, the present invention is not to be limited to the specific form or

arrangement of steps and parts herein described and shown herein. It will be apparent to those
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skilled in the art that various changes or modifications may be made without departing from the
scope of the invention and the present invention is not to be considered limited to what is shown

in the drawings and described in the specification.
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What is claimed is:
1. A method of managing payroll information for one or more payers and one or more

payees, the method comprising:

a. providing one or more payroll ledgers, wherein each payroll ledger is in the form
a multitree structure and is associated with one payer, and wherein each of the

multitree structures comprising:
1. aplurality of origin nodes,

ii. a plurality of timeline nodes, each timeline node is associated with one

origin node,

iii. a plurality of child nodes, each child node is associated with one origin

node,

iv. a plurality of grandchild nodes, each grandchild node is associated with at

least one child node, and

v. aplurality of subsequent descendent nodes, each subsequent descendent

node is associated with at least one grandchild node,
b. storing in one of the origin nodes a payroll ledger entry for one payee;

c. storing in one of the timeline nodes a date associated with the payroll ledger entry

in the associated origin node;

d. receiving in the associated child node a copy of the payroll ledger entry from the
origin node and performing specified calculations to generate a resulting payroll

entry for the payee; and

e. preventing the payroll ledger entry, the date and the resulting payroll entry from
being altered.



WO 2022/155750 PCT/CA2022/050090

-21 -

2. The method of claim 1, wherein the payroll ledger entry is selected from the group

consisting of: predicted pay, a pay change event and a pay adjustment.

3. The method of claim 1 or 2, further comprising the step of obtaining the payroll ledger

entry from an input source prior to storing the payroll entry.

4. The method of claim 3, wherein the input source comprises one or more of a user and a

prediction generating source.
5. The method of claim 4, wherein the user is one of the payers or one of the payees.
6. The method of any one of claims 1 to 5, further comprising the steps of’

a. receiving from the child node and storing in the associated grandchild node the

resulting payroll entry; and

b. receiving in the associated subsequent descendent node the resulting payroll entry
from the grandchild node and performing specified calculations to generate a

further payroll entry for the payee.
7. The method of any one of claims 1 to 6, further comprising the steps of

a. receiving from the user a corrective payroll ledger entry comprising information

to correct a defective payroll ledger entry;
b. storing in one of the origin nodes the corrective payroll ledger entry;

c. storing in one of the timeline nodes the date associated with the corrective payroll

ledger entry;

d. receiving in one of the child nodes the corrective payroll ledger entry from the
origin node and performing specified calculations to generate a corrective

resulting payroll entry;

e. receiving from the child node and storing in one of the grandchild nodes the
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corrective resulting payroll entry;

f  receiving in one of the subsequent descendent nodes the corrective resulting
payroll entry and performing specified calculations to generate a corrective

further payroll entry; and

g preventing the corrective payroll ledger entry, the corrective resulting payroll

entry and the corrective further payroll entry from being altered.

8. The method of claim 1, comprising at least two payroll ledgers, wherein each of the at
least two payroll ledgers is associated with a different payer, and wherein the multitree
structures for two or more of the payroll ledgers comprises at least one payroll ledger

entry and at least one resulting payroll ledger entry for the one payee.
9. The method of claim 8, wherein a unique identifier is associated with the one payee.

10. A computer-implemented method of managing payroll information for one or more

payers and one or more payees, the method comprising:

a. providing one or more payroll ledgers, wherein each payroll ledger is in the form
of a multitree structure and is associated with one payer, and wherein each of the

multitree structures comprising:
i. aplurality of origin nodes,

ii. aplurality of timeline nodes, each timeline node is associated with one

origin node,

iii. a plurality of child nodes, each child node is associated with one origin

node,

iv. a plurality of grandchild nodes, each grandchild node is associated with at

least one child node, and
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v. a plurality of subsequent descendent nodes, each subsequent descendent

node is associated with at least one grandchild node,
b. storing in one of the origin nodes a payroll ledger entry for one payee;

c. storing in one of the timeline nodes a date associated with the payroll ledger entry

in the associated origin node;

d. receiving in the associated child node a copy of the payroll ledger entry from the
origin node and performing specified calculations to generate a resulting payroll

entry for the payee; and

e. preventing the payroll ledger entry, the date and the resulting payroll entry from

being altered.

The computer-implemented method of claim 10, wherein the payroll ledger entry is
selected from the group consisting of: predicted pay, a pay change event and a pay

adjustment.

The computer-implemented method of claim 10 or 11, further comprising the step of

obtaining the payroll ledger entry from an input source prior to storing the payroll entry.

The computer-implemented method of claim 12, wherein the input source comprises one

or more of a user and a prediction generating source.

The computer-implemented method of claim 13, wherein the user is one of the payers or

one of the payees.

The computer-implemented method of any one of claims 10 to 14, further comprising the

steps of’

a. receiving from the child node and storing in the associated grandchild node the

resulting payroll entry; and
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receiving in the associated subsequent descendent node the resulting payroll entry
from the grandchild node and performing specified calculations to generate a

further payroll entry for the payee.

The computer-implemented method of any one of claims 10 to 15, further comprising the

steps of’

a.

receiving from the user a corrective payroll ledger entry comprising information

to correct a defective payroll ledger entry;
storing in one of the origin nodes the corrective payroll ledger entry;

storing in one of the timeline nodes the date associated with the corrective payroll

ledger entry;

receiving in one of the child nodes the corrective payroll ledger entry from the
origin node and performing specified calculations to generate a corrective

resulting payroll entry;

receiving from the child node and storing in one of the grandchild nodes the

corrective resulting payroll entry;

receiving in one of the subsequent descendent nodes the corrective resulting
payroll entry and performing specified calculations to generate a corrective

further payroll entry; and

preventing the corrective payroll ledger entry, the corrective resulting payroll

entry and the corrective further payroll entry from being altered.

The computer-implemented method of claim 10, comprising at least payroll ledgers ,

wherein each of the at least two payroll ledgers is associated with a different payer, and

wherein the multitree structures for two or more of the payroll ledgers comprises at least

one payroll ledger entry and at least one resulting payroll ledger entry for the one payee.
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18. The computer-implemented method of claim 17, wherein a unique identifier is associated

with the one payee.

19. A computer system for managing payroll information for one or more payers and one or

more payees, the system comprising:

a. storage and computing means comprising one or more payroll ledgers, wherein
each payroll ledger is in the form of a multitree structure and associated with one

payer, and wherein each of the multitree structures comprising;
i. a plurality of origin nodes,

ii. aplurality of timeline nodes, each timeline node is associated with one

origin node,

iii. a plurality of child nodes, each child node is associated with one origin

node,

iv. a plurality of grandchild nodes, each grandchild node is associated with

one child node, and

v. a plurality of subsequent descendent nodes, each subsequent descendent

node is associated with one grandchild node,

b. an input source comprising one or more of a user and a prediction-generating

source, and
c. acomputer processor configured to:
i. obtain from the input source a payroll ledger entry for one payee;
ii. store in one of the origin nodes the payroll ledger entry;

iii. store in each timeline node a date associated with the payroll ledger entry

in the associated origin node;
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iv. store in the associated child node a copy of the payroll ledger entry and
perform specified calculations using the payroll ledger entry to generate a

resulting payroll entry for the payee;
v. store in the associated grandchild node the resulting payroll entry; and

vi. store in the associated subsequent descendent node a copy of the resulting
payroll entry and perform specified calculations using the resulting payroll

entry to generate a further payroll entry, and

wherein the date, the payroll ledger entry, the resulting payroll entry and the further

payroll entry cannot be altered.

The computer system of claim 19, wherein the payroll ledger entry is selected from the

group consisting of: predicted pay, a pay change event and a pay adjustment.

The computer system of claim 19 or claim 20, wherein the computer processor is further

configured to:

a. receive from the input source a corrective payroll ledger entry for the payee

comprising information to correct a defective payroll ledger entry;
b. store in one of the origin nodes the corrective payroll ledger entry;

c. store in one of the timeline nodes a corrective date associated with the corrective

payroll ledger entry;

d. store in one of the child nodes a copy of the corrective payroll ledger entry and
perform specified calculations using the corrective payroll ledger entry to

generate a corrective resulting payroll entry for the payee;
e. store in one of the grandchild nodes the corrective resulting payroll entry;

f. store in one of the subsequent descendent nodes a copy of the corrective resulting
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payroll entry and perform specified calculations using the corrective resulting

payroll entry to generate a corrective further payroll entry for the payee; and

wherein the corrective date, the corrective payroll ledger entry, the corrective resulting

payroll entry and the corrective further payroll entry cannot be altered.

The computer system of claim 19, comprising at least two payroll ledgers, wherein each
of the at least two payroll ledgers is associated with a different payer, and wherein the
multitree structures for two or more of the payroll ledgers comprises at least one payroll

ledger entry and at least one resulting payroll ledger entry for the one payee.

The computer-implemented method of claim 22, wherein a unique identifier is associated

with the one payee.



