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(57) Abstract: In some embodiments, systems and methods are provided to monitor and adjust perpetual inventory (PI). Some em-
bodiments comprise multiple point of sale (POS) systems; an inventory system and a perpetual inventory (PI) engine control circuit
that receives inventory information and is configured identify the occurrence of a plurality of different events each associated with a
different product at a shopping facility and corresponding to a potential inconsistency in a determined inventory count; and for each
of the events: identify a first set of inventory evaluation rules; apply the first set of inventory evaluation rules to determine a type of
inventory count error; determine an inventory adjustment action to be implemented based on the first product and the determined error
type; and cause the inventory adjustment action to be implemented in substantially real-time to adjust the determined inventory count

of the first product at the first shopping facility.
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SYSTEMS AND METHODS OF MANAGING PERPETUAL INVENTORY

Cross-Reference To Related Application

[0001] This application claims the benefit of U.S. Provisional Application No.
62/442,062, filed January 4, 2017, which is incorporated herein by reference in its entirety.

Technical Field

[0002] This invention relates generally to an inventory system.

Background
[0003] In a retail environment, it is typically important to track inventory. Often errors in

tracking inventory occur, which can affect the supply chain. Further, incorrect inventory
information can adversely affect the availability of products at a shopping facility. Accordingly,

there is a need to improve inventory management.

[0004]

Brief Description of the Drawings

[0005] Disclosed herein are embodiments of systems, apparatuses and methods to

improve perpetual inventory management. This description includes drawings, wherein:

[0006] FIG. 1 illustrates a simplified block diagram of an exemplary perpetual inventory

(PI) control system, in accordance with some embodiments.

[0007] FIG. 2 illustrates an exemplary system for use in implementing methods,
techniques, devices, apparatuses, systems, servers, sources and managing inventory, in

accordance with some embodiments.

[0008] FIGS. 3-5 illustrate simplified block diagram representations of exemplary
priority engines each implemented by one or more PI engines in applying one or more of a set of

rules.
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[0009] FIG. 6 illustrates a simplified block diagram of an exemplary PI control system,

1n accordance with some embodiments.

[0010] FIG. 7 illustrates a simplified block diagram of a process of monitoring and

adjusting perpetual inventory (PI), in accordance with some embodiments.

[0011] FIG. 8 illustrates a simplified block diagram of a retail perpetual inventory control

system, in accordance with some embodiments.

[0012] Elements in the figures are illustrated for simplicity and clarity and have not
necessarily been drawn to scale. For example, the dimensions and/or relative positioning of
some of the elements in the figures may be exaggerated relative to other elements to help to
improve understanding of various embodiments of the present invention. Also, common but
well-understood elements that are useful or necessary in a commercially feasible embodiment are
often not depicted in order to facilitate a less obstructed view of these various embodiments of
the present invention. Certain actions and/or steps may be described or depicted in a particular
order of occurrence while those skilled in the art will understand that such specificity with
respect to sequence is not actually required. The terms and expressions used herein have the
ordinary technical meaning as is accorded to such terms and expressions by persons skilled in the
technical field as set forth above except where different specific meanings have otherwise been

set forth herein.

Detailed Description

[0013] The following description is not to be taken in a limiting sense, but is made

merely for the purpose of describing the general principles of exemplary embodiments.

2 ¢ 2 <

Reference throughout this specification to “one embodiment,” “an embodiment,” “some

embodiments”, “an implementation”, “some implementations”, “some applications”, or similar
language means that a particular feature, structure, or characteristic described in connection with

the embodiment is included in at least one embodiment of the present invention. Thus,

PN RIS

appearances of the phrases “in one embodiment,” “in an embodiment,” “in some embodiments”,
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“in some implementations”, and similar language throughout this specification may, but do not

necessarily, all refer to the same embodiment.

[0014] Generally speaking, pursuant to various embodiments, systems, apparatuses and
methods are provided herein useful to track and/or improve perpetual inventory management.
Some embodiments provide a perpetual inventory (PI) control system that includes multiple
point of sale (POS) systems, one or more inventory systems, and one or more perpetual
inventory (PI) engines. Typically, several POS systems are positioned at each of multiple
different shopping facilities. Each inventory system is communicatively coupled with a set of
the multiple POS systems, and in some instances, an inventory system may communicatively
couple with POS systems of multiple shopping facilities. The perpetual inventory (PI) engine
communicatively couples with at least one inventory system, and typically multiple inventory

systems.

[0015] The PI engine receives inventory information from inventory systems and
typically further receives sales data recorded by the POS systems. In some implementations, the
PI engine 1s configured to identify the occurrence of a plurality of different events. Each event is
associated with one or more different products of thousands of different products at one or more
of the different shopping facilities. Further, each event corresponds to a potential inconsistency
in a determined inventory count of the corresponding product. For each of the events, the PI
engine is configured to identify a set of inventory evaluation rules from multiple sets of
inventory evaluation rules that depend on the event and the corresponding product. The first set
of inventory evaluation rules are applied to determine a type of inventory count error relative to
the determined inventory count of the product at one or more shopping facilities. An inventory
adjustment action can be determined that is to be implemented based on the product and the
determined error type. The PI engine can cause the inventory adjustment action to be
implemented in substantially real-time to adjust the determined inventory count of the first
product at the first shopping facility. The shopping facilities may, in some instances, be a retail

sales facility, a fulfillment center (which may be associated with one or more retail stores, one or
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more on-line shopping services, or the like), a distribution center, or other type of facility. Some
shopping facilities position numerous products throughout a sales floor that are to be sold and/or
distributed to customers. The facility may be any size or format, and may include products from
one or more merchants. For example, a facility may be a single store operated by one merchant,
a chain of two or more stores operated by one entity, or may be a collection of stores covering

multiple merchants.

[0016] Previous systems that attempt to track inventory typically track limited items
under restricted conditions. Typically, count information is provided by workers and this is
compared with an assumed count. Some systems attempt to adjust inventory based on throw-
aways, but these are dependent on workers accurately recording those throw-aways. Further,
many previous inventory adjustments required workers to look at numbers and make decisions,
which typically introduced significant lag time in evaluation, and further lag time in trying to
implement any type of correction. As such, corrections often resulted in duplication of
adjustments because prior to instructions being issued to correct an error, store workers see the

problem independently account for the error.

[0017] FIG. 1 illustrates a simplified block diagram of an exemplary perpetual inventory
(PI) control system 100 in accordance with some embodiments. The PI control system 1s
configured to monitor perpetual inventory quantities or counts of numerous products, often tens
of thousands of products or more at one or more shopping facilities, and automatically initiate
inventory adjustment activities to manage perpetual inventory of these products, often without
human interaction and typically without need for human authorization. For many products, the
PI control system operates in real-time receiving data in real-time, applying rules to that
information and initiating inventory adjustment actions in substantially real-time in response to
detected errors. The errors are typically errors of actual inventory, and generally not errors based
on system errors. Many, if not most, of the errors are not registered errors. That is, the errors are

not entered by a user into the system. Instead, the PI system detects potential issues and based
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on the application of one or more rules detects errors and determines whether and what actions

are to be taken based on the error, the product and other factors.

[0018] The PI control system 100 includes one or more perpetual inventory (PI) engine
systems 102 communicatively coupled via a distributed computer and/or communication
network 114 with one or more inventory systems 104 each associated with one or more retail
shopping facilities 108, distribution centers, fulfillment centers and/or other retail product sales
or distribution facilities. Each retail shopping facility and/or other sales systems (e.g., on-line
sales systems) includes multiple point of sale (POS) systems 106 configured to enable customers
to purchase products at the respective shopping facilities. In some instances, one or more POS
systems may be customer operated while others are facility worker operated. Typically, the one
or more inventory systems are communicatively coupled with at least a set of the multiple POS
systems at one or more shopping facilities and configured to receive sales information, which
can be used by the inventory systems, typically with other inventory data, to track inventory
counts of thousands of products and typically hundreds of thousands of products or more at the
one or more shopping facilities. Some embodiments employ multiple PI engines distributed over
the communication network 114 to enable distributed processing. Further, the multiple PI
engines can allow the system to operate at real-time to evaluate inventory at thousands of
shopping facilities or more. In some embodiments, the PI engines may further include and/or
communicatively couple with buffering and/or memory that operate to continuously update and
duplicate data across multiple locations allowing rapid access to duplicative data, as well as
providing backups to the data. For example, in some embodiments the one or more PI engines
may utilize the data distribution systems and processes described in U.S. Application No.

62/150,755, filed April 21, 2015, which is incorporated herein by reference in its entirety.

[0019] The PI control system 100 typically further includes one or more databases 112
that can be accessed by one or more of the systems of the PI control system. For example, the
databases may include one or more inventory databases storing information regarding inventory

counts, inventory history data, product orders, and/or other such inventory information; one or
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more rules databases that maintain multiple inventory evaluation rules, rules parameters, historic
information associated with inventory evaluation rules, and the like; one or more inventory
adjustment action databases that, in some embodiments, maintains actions to be taken relative to
one or more products based on evaluations of inventory information relative to one or more
rules; customer databases maintaining customer information of customers of the shopping

facilities 108; and other such databases.

[0020] Further, the PI control system may include and/or be in communication with
multiple worker and/or customers’ user interface units 118 (e.g., shopping facility specific
electronic scanner devices, smart phones, tablets, computers, laptops, and/or other such devices).
Further, sensor systems 116 and/or one or more user interface units 118 are typically utilized
and/or installed at shopping facilities, distribution centers, fulfillment centers, and other
locations. Such sensor systems may communicate detected sensor data to the inventory system,
PI engine and/or other systems. The sensor systems may include, for example, bar code sensors,
radio-frequency identifier (RFID) tag readers, image capture and processing systems, and/or

other such sensor systems.

[0021] Further, the circuits, circuitry, systems, devices, processes, methods, techniques,
functionality, services, servers, sources and the like described herein may be utilized,
implemented and/or run on many different types of devices and/or systems. FIG. 2 illustrates an
exemplary system 200 that may be used for implementing any of the components, circuits,
circuitry, systems, functionality, apparatuses, processes, or devices of the PI control system 100
of FIG. 1, and/or other above or below mentioned systems or devices, or parts of such circuits,
circuitry, functionality, systems, apparatuses, processes, or devices. For example, the system
200 may be used to implement some or all of the PI engine 102, the inventory system 104, POS
systems 106, user interface units 118, sensor systems 116, and/or other such components,
circuitry, functionality and/or devices. However, the use of the system 200 or any portion

thereof is certainly not required.
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[0022] By way of example, the system 200 may comprise a control circuit or processor
module 212, memory 214, and one or more communication links, paths, buses or the like 218.
Some embodiments may include one or more user interfaces 216, and/or one or more internal
and/or external power sources or supplies 240. The control circuit 212 can be implemented
through one or more processors, microprocessors, central processing unit, logic, local digital
storage, firmware, software, and/or other control hardware and/or software, and may be used to
execute or assist in executing the steps of the processes, methods, functionality and techniques
described herein, and control various communications, decisions, programs, content, listings,
services, interfaces, logging, reporting, etc. Further, in some embodiments, the control circuit
212 can be part of control circuitry and/or a control system 210, which may be implemented
through one or more processors with access to one or more memory 214 that can store
instructions, code and the like that 1s implemented by the control circuit and/or processors to
implement intended functionality. In some applications, the control circuit and/or memory may
be distributed over a communications network (e.g., LAN, WAN, Internet) providing distributed
and/or redundant processing and functionality. Again, the system 200 may be used to implement
one or more of the above or below, or parts of, components, circuits, systems, processes and the
like. For example, the system may implement the PI engine 102 with the control circuit being a
PI engine control circuit, the inventory system 104 with an inventory system control circuit, a

sensor system with a sensor system control circuit, or other components.

[0023] The user interface 216 can allow a user to interact with the system 200 and
receive information through the system. In some instances, the user interface 216 includes a
display 222 and/or one or more user inputs 224, such as buttons, touch screen, track ball,
keyboard, mouse, etc., which can be part of or wired or wirelessly coupled with the system 200.
Typically, the system 200 further includes one or more communication interfaces, ports,
transceivers 220 and the like allowing the system 200 to communicate over a communication
bus, a distributed computer and/or communication network 114 (e.g., a local area network
(LAN), the Internet, wide area network (WAN), etc.), communication link 218, other networks

or communication channels with other devices and/or other such communications or



WO 2018/129161 PCT/US2018/012347

combination of two or more of such communication methods. Further the transceiver 220 can be
configured for wired, wireless, optical, fiber optical cable, satellite, or other such communication
configurations or combinations of two or more of such communications. Some embodiments
include one or more input/output (I/O) ports 234 that allow one or more devices to couple with
the system 200. The I/O ports can be substantially any relevant port or combinations of ports,
such as but not limited to USB, Ethernet, or other such ports. The I/O interface 234 can be
configured to allow wired and/or wireless communication coupling to external components. For
example, the I/O interface can provide wired communication and/or wireless communication
(e.g., Wi-F1, Bluetooth, cellular, RF, and/or other such wireless communication), and in some
instances may include any known wired and/or wireless interfacing device, circuit and/or
connecting device, such as but not limited to one or more transmitters, receivers, transceivers, or

combination of two or more of such devices.

[0024] The system 200 comprises an example of a control and/or processor-based system
with the control circuit 212. Again, the control circuit 212 can be implemented through one or
more processors, controllers, central processing units, logic, software and the like. Further, in

some implementations the control circuit 212 may provide multiprocessor functionality.

[0025] The memory 214, which can be accessed by the control circuit 212, typically
includes one or more processor readable and/or computer readable media accessed by at least the
control circuit 212, and can include volatile and/or nonvolatile media, such as RAM, ROM,
EEPROM, flash memory and/or other memory technology. Further, the memory 214 is shown
as internal to the control system 210; however, the memory 214 can be internal, external or a
combination of internal and external memory. Similarly, some or all of the memory 214 can be
internal, external or a combination of internal and external memory of the control circuit 212.
The external memory can be substantially any relevant memory such as, but not limited to, solid-
state storage devices or drives, hard drive, one or more of universal serial bus (USB) stick or
drive, flash memory secure digital (SD) card, other memory cards, and other such memory or

combinations of two or more of such memory, and some or all of the memory may be distributed
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at multiple locations over the communication and/or computer network 114. The memory 214
can store code, software, executables, scripts, data, content, lists, programming, programs, log or
history data, user information, customer information, product information, and the like. While
FIG. 2 illustrates the various components being coupled together via a bus, it is understood that
the various components may actually be coupled to the control circuit and/or one or more other
components directly. PI errors can originate from multiple different sources. For example, PI
errors can result from theft, incorrect shipments, incorrect store worker PI changes, point of sale
errors, throw-aways that are incorrectly accounted, misplacements, and other such errors. The PI
control system attempts to detect PI errors and direct actions to correct and/or notify personal of

such errors.

[0026] The PI engine 102, in some embodiments, is configured to monitor and adjust
perpetual inventory of products corresponding to one or more shopping facilities. Inventory
information is received by the PI engine from the inventory system 104. Typically, the PI engine
further accesses and/or receives sales data recorded by the POS systems 106. Using the
inventory information, sales information, sensor information, and/or other relevant information,
the PI engine is configured to identify the occurrence of a plurality of different inconsistency
events or sequence of events each associated with one or more different products of thousands of
different products at one or more of the multiple different shopping facilities 108. The
inconsistency events and sequence of events, in at least some instances, correspond to a potential
inconsistency in previously determined inventory counts of the corresponding products
associated with the inconsistency event. As described above, the determined inventory counts
may be provided to the PI engine based on workers counting items of one or more products,
scans of a product identifier (e.g., bar code, RFID tag, etc.) and/or a shelve identifier along with
an indication of an empty shelf or shelf having a low product count, counts based on POS
information, inputs regarding throw-aways, inputs based on theft, system applied assumptions
(e.g., anticipated quantity of theft of a particular product over a period of time, anticipated
inaccuracies at a POS system, etc.), received product shipments, customer orders and/or

deliveries, and other such inputs to determine and/or receive product inventory counts and/or to
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adjust inventory counts. In some instances, the events of a sequence of events are limited to

events occurring within a sequence threshold time period.

[0027] Such events can be any one of numerous different events that indicate a potential
inconsistency and/or can be used to detect potential inconsistencies in inventory counts of
products. For example, events can include but are not limited to a threshold number of empty
scans by one or more workers indicating a product shelf location, where items of a product are
intended to be presented to customers for purchase at a shopping facility, is empty or is lower
than a threshold number; receiving a notice of a count of items of a product by a worker that is
inconsistent with a stored inventory count of that product; a worker is directed to stock a shelf
with items of a product and returns products because the shelf was fuller than inventory count
indicated; receiving a notification of a sale of an item of a product that had a count of zero prior
to the sale; detecting a threshold drop in sales activity; detecting no sales when inventory count is
at a static count; receiving a count or notice of excess product indicating an understated PI;
identifying a threshold reduction in sales rates of a product; detecting a lack of a sale of a product

for a threshold period of time; and other such events.

[0028] The PI engine 102 is configured to identify, for each of the events, a set of
inventory evaluation rules from multiple different sets of inventory evaluation rules to be used in
evaluating PI relative to at least one corresponding product. The identification of the set of
inventory evaluation rules is dependent on the event and a corresponding product that may have
PI inconsistencies. The sets of rules each include one or more rules to be applied to inventory
information and/or PI inventory counts corresponding to the product for which the PI is being
evaluated in determining whether there is a potential and/or actual PI error and/or to initiate
correction of an error relative to that product at one or more locations within one or more
shopping facilities. The identified set of inventory evaluation rules are applied by the PI engine
to, at least in part, determine whether there is an inventory error and/or determine a type of
inventory count error relative to the determined inventory count of the product at the relevant

shopping facility. Types of PI inventory errors can include, for example but are not limited to,

-10 -
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overstated perpetual inventory (OPI), understated perpetual inventory (UPI), negative perpetual
inventory (NPI), insufficient data sets, inconsistent received information, and other such error
types. Additionally or alternatively, in some embodiments, the PI engine may apply one or more
sets of one or more rules based on a scheduling in addition to one or more detected
inconsistencies, errors and/or other such events. The timing can be defined for such scheduling
relative to rules, which may allow a worker to change the timing through a scheduler of the PI
engine. For example, rules may be run on calendar events, predefined time periods, time of year,

and other such scheduling,

[0029] When an error is detected, the PI engine can determine, based at least in part on
the product and/or the determined error type, an inventory adjustment action to be implemented.
The adjustment action can cause adjustments to inventory counts, cause one or more workers to
take one or more actions, initiate further evaluations, i1ssue one or more notifications, and/or
other relevant actions. For example, an inventory adjustment action may cause instructions to be
communicated to a worker to perform a manual count of one or more products at one or more
locations at a shopping facility. Further, in some embodiments with at least some inventory
adjustment actions, the PI engine can be configured to cause the inventory adjustment action to
be implemented in substantially real-time to adjust the determined inventory count of one or
more product at the relevant shopping facility. For example, product purchase information may
be provided to the PI engine and/or an inventory system 104, which can be immediately used to
identify when a negative PI is present, and the PI engine can immediately initiate an inventory
adjustment action based on the detected negative PI. Other real time applications of one or more
rules can be applied and inventory adjustment actions initiated to quickly address errors and/or

potential errors.

[0030] As another example, the PI engine may receive notification that a shipment of a
first product was received at a shopping facility that was specified to include a count of 12 items
of the first product. An error may be detected when the inventory count is less than the 12 or

less than a threshold variation from the 12 count. For example, if an inventory count for the first

-11 -
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product indicated a count of nine after the received delivery that was supposed to include the 12
items, and there is no other data indicating there should be a difference from the 12 count (e.g.,
sales, throw-aways, etc.), the PI engine may apply a set of one or more rules to determine
whether the inventory count is within a supplier error rate (e.g., rate of 10% inaccurate
deliveries). When the error indicates an inaccuracy, the PI engine based on one or more rules
may cause an adjustment of inventory to the 12 count of the shipment, or depending on one or
more factors may set the count to 10 in an effort to compensate for a supplier error rate and a
margin of error. Other products may adjust the count from nine to 11 because less margin of
error may be desired based on one or more rules (e.g., rules associated with products that sell at a
slower rate, and PI engine anticipates receiving subsequent data points that can be used to

confirm and/or make subsequent adjustments).

[0031] In some instances, one or more sets of rules may include multiple rules that can be
run in series, in parallel, or a combination of series and parallel (e.g., two rules run in parallel
with a subsequent third rule applied in series to the results from one or both of the two rules run
in parallel). The rules can correspond to one or more thresholds, the detection of a condition,
one or more previous adjustment actions, and other such factors. In some embodiments, for
example, the set of rules may include one or more decision trees, comparisons with historic data,
comparisons with thresholds, algorithms, instructions, instructions to perform one or more
actions and evaluations of effects from the one or more actions, and other such rules. For
example, a decision tree may include the application of a first rule and when a condition is not
met a second rule may be applied, and when a condition is not met a third rule may be applied.
The decision tree may apply substantially any number of rules of a set of rules associated with
the decision tree and the product being considered. In those instances where a condition is met,
one or more actions may be directed by the rule and/or a subsequent rule. Still further, a decision
tree may direct the application of two or more rules in parallel. In some embodiments, the PI
engine identifies one or more rules that may apply to a particular product and/or during a

particular consideration.

-12 -
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[0032] Further, some embodiments prioritize rules and/or rules may have a priority
within a set such that one rule is applied over another rule in an order that rules are applied
relative to a particular error condition, product and/or other such factors. In some applications,
hundreds or more priority engines, which can be implemented by one or more PI engines 102,
apply one or more sets of one or more rules. Factors are associated with each set of rules and
each rule in determining whether and when to apply a rule. Some embodiments prioritize rules
and/or rules may have a priority within a set such that one rule is applied over another rule,
and/or defines a sequence of the application of a set of rules and/or rules within a set. Further the
priority can define when rule and/or results of a rule are utilized over another rule and/or results
of another rule when there is a conflict and/or collision. For example, results from the application
of a first rule may be considered over the results of a second rule when there is a conflict
between results. In some embodiments, the PI engine can define a confidence level or valueto a
particular rule and/or set of rules relative to different products. The results of utilizing a rule or
set of rules relative to one or more different products and the correction action taken can be
tracked over time and used to define priorities. Over time the confidence value can be used in
prioritizing rules and/or sets of rule. Further, priorities may vary depending on one or more
conditions, such as time of year, time of day, time of week, when a last delivery of a product was
received, etc. The PI engine may direct the application of one or more rules or set of rules over
one or more other rules or set of rules based on the confidence value and/or priority. Further,
rules may be applied in a sequence based on their priority. In some embodiments, the PI engine
in applying a set of inventory evaluation rules identifies a priority of each of the inventory
evaluation rules of the set as a function of the event, and applies one or more of the set of
inventory evaluation rules in accordance with the priorities of the set of inventory evaluation

rules. Priority levels may be defined with one or more rules associated with each level.

[0033] In many instances, the PI engine applies the same rule or set of rules relative to
multiple different products and/or in different situations. Often, however, the PI engine utilizes
different variables and/or thresholds when applying the same rule or set of rules relative to

different products and/or different situations. This may depend on a rate of sale of a product,
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rate of theft of a product, rate of identified inventory error, and/or other such factors. For
example, a first rule may apply that detects an overstated PI when a product identifier of a
particular product and/or shelf identifier is received, indicating an empty shelf corresponding to
the particular product, a threshold number of times while the PI count of that product (and in
some instances at that shelf location) indicates a count of some quantity (e.g., greater than zero).
The threshold number of times may vary depending on the product being considered, the time
being considered, the retail shopping facility being considered, other such factors, or
combination of two or more of such factors. In some instances, for example, a first product can
be associated with an empty shelf scan threshold count of three zero scans, an empty shelf scan
threshold count of two can be associated a second product, and an empty shelf scan threshold
count of four can be associated with a third product (e.g., third product sells at a faster rate than
the second product, and thus a “picking” or restocking may not have occurred quickly enough).
Additionally or alternatively, a threshold may be set by a worker of a shopping facility. In some
embodiments, the PI engine may adjust a threshold and/or parameter over time based on
feedback and/or evaluating inventory counts and/or PI errors in response to an inventory

adjustment action.

[0034] Similarly, as another example, the PI engine may in some embodiments identify
an event corresponding to a first product and determine that the first product has inventory
inaccuracies consistent with and/or within a threshold variation of a second product. Based on
the consistencies between first and second products and/or inventory errors associated with these
products, the PI engine may select a set of inventory evaluation rules that were previously
applied relative to the second product, and apply the set of inventory evaluation rules relative to
the first product. In at least some instances, however, the PI engine while applying the inventory
evaluation rules may apply one or more different parameters based on the set of inventory
evaluation rules being applied relative to the first product instead of the second product to
identify an inventory adjustment action to be implemented based on the first product relative to a

shopping facility.
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[0035] Further, an event can be a scheduled event. PI evaluations of one or more
products can be scheduled to occur. The scheduling can be based on a product or type of
product, based on a one or rules, based on expected events, based on attempts to prevent events,
or the like. In some embodiments, a worker can define the schedule with one or more rule
engines operating based on calendar events. Additionally, an event may be based on a result
from the application of another rule. Accordingly, rules often are dependent on other rules.
Through the PI monitoring by the PI engine, shopping facility workers and management systems
can be relieved of monitoring PI because the PI engine automatically monitors and initiates
adjustment actions in attempts to bound inventory counts within threshold margins. Further, the
PI engine can operate in real-time to enable quicker responses, potentially preventing or at least

limiting adverse effects do at least to inventory inaccuracies.

[0036] FIGS. 3-5 illustrate simplified block diagram representations of exemplary
priority engines 300 each implemented by one or more PI engines 102 in applying one or more
of a set of rules 302. The priority engine prioritizes the rules and/or sets of rules, and the PI
engine directs the application of one or more sets of rules based on the product being considered,
the potential errors, previously applied rule sets, and/or other factors. In the example of FIG. 3,
the PI engine identifies that PI of a first product that is over stated and based on a first rule
(“R_") reduces the PI count for a first product. Over time, the PI engine subsequently identifies
that the PI count has dropped below zero (PI<0). The set of rules then applies a zero rule (Ro)
zeroing the PI count or increasing the PI count to a predefined non-zero value, which would
depend on the product, sales rates, error rates, other such factors, or combination of two or more
of such factors. In the example of FIG. 4, one or more rules from a set are applied causing an
increase in PI count (R+). Overtime, the PI engine determines the PI count is greater than a
threshold value that is higher than reasonable or possible. Accordingly, the PI engine applying
the one or more rules of the set causes the PI to be reduced (R ). The reduction (R ) is defined
by the rule set and can be a fixed number reduction, a reduction based on a function (e.g., (PT *
0.03) + factor). In the example of FIG. 5, one or more rules of a set are applied where the PI

count 1s adjusted based on a percentage, which could be greater than 100% or less than 100%
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depending on the desired adjustment. Over time, the PI engine through the application of the
rule set may identify the PI count is too high (e.g., greater than a threshold), or too low (e.g., less

than a threshold) based on previous adjustments, and can in this example zero the PI count.

[0037] As introduced above, in some embodiments, the PI engine is configure to apply
adjustments over time to fine tune when to and whether to apply rules, adjust thresholds to be
associated with rules, and/or other such modifications. Typically, the PI engine 1s configured to
modify one or more inventory evaluation rules, parameters, thresholds, and the like that were
previously applied in evaluating the inventory count of one or more products based on results
from the PI engine applying a first set of inventory evaluation rules. Further, in some instances,
the PI engine may direct one or more inventory adjustment actions to test rules and/or in attempts
to clarify potential errors. This testing can further be used to correct and fine tune the rule
application and/or determine which rules are to apply in different situations and/or relative to
different products. Overtime the PI system can identify correct and incorrect adjustment actions,
rules, thresholds and the like based on resulting changes in sales, inventory counts and other such
resulting effects following the implementation of inventory adjustment actions and/or lack of
implementing inventory adjustment actions. For example, in some instances the PI engine may
auto-learning based on changes in sales, such as sales gains in response to an inventory
adjustment action to correct an inventory count error. Further, the PI system may be able to
identify products having similar characteristics (e.g., similar sales rates, similar types of
products, similar inventory quantities, etc.), in evaluating inventory adjustment actions,
adjustments and/or to provide auto corrections to the rules, thresholds, parameters and the like.
The similarities between products and/or characteristics between products can vary depending on
the type of PI error, the potential inventory adjustment action and/or other such factors. In some
embodiments, the PI engine can apply analytics, detect trends and/or patterns, statistically
evaluate multiple different inventory adjustments relative to resulting changes in sales or other
results, in evaluating the application of rules, thresholds, inventory adjustment actions and the
like in auto-tuning the rules, thresholds, actions and their application as the system continues to

process inventory information.
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[0038] In many instances, a determined inventory adjustment action to apply may be
dependent on a previous rule applied and/or a corresponding inventory adjustment action taken
based on the rule. The PI engine, in some embodiments, may select one or more inventory
adjustment actions based on a previous inventory adjustment action implemented relative to a
previous determined inventory count of a product at a particular shopping facility. For example,
the PI engine may apply one or more first rules that identifies an inventory count of a product as
being too high, and as a result direct an inventory adjustment action to reduce the inventory
count of that product. Subsequently, the PI in applying one or more second rules may identify
(e.g., based on sales data of the product) that a PI count of that product has dropped to a negative
value (“-PI”). Physical inventory at a retail facility typically cannot drop below zero.
Accordingly, the PI engine may determine, based on the application of one or more third rules,
that a previous rule specifying an inventory adjustment action reducing an inventory count
applied too large of a reduction, and direct subsequent inventory adjustment action to zero out
the inventory count or increase the inventory count to a threshold number. The PI engine
continue to monitor the inventory count of the product relative to subsequent sales, restocking,

delivery and/or other such activities.

[0039] As another example, one or more first rules identify inventory count was really
high (e.g., above a threshold determined based on associate feedback and/or other data points).
one or more second rules may direct the reduction of the inventory count. The quantity of
reduction may be a fixed number based on the first and/or second rules, based on the product, or
based on other such factors. The reduction, for example, may be based on some algorithm (e.g.,
(Count * 0.6) + factor; — Condition) = reduction), based on a percentage, a fixed number, or the
like. The reduction may further attempt to limit too rapid a change, and as such a margin of error
may be applied, and subsequent application of the one or more second rules may result in still
further reductions, an indication that one or more other rules should be applied, that no

subsequent action should be taken, or the like.
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[0040] Typically, inventory of many products is rapidly changing due to sales, deliveries,
incorrect identification, incorrect sales, throw-aways, and other such factors. Accordingly, in
some embodiments, the PI engine in applying the one or more sets of inventory evaluation rules
and causing one or more inventory adjustment actions to be implemented is not attempt to
determine the actual inventory count of a product at a shopping facility (i.e., an exact count of
the product at one or more locations within the shopping facility). Instead, the PI engine in
applying the one or more sets of rules and causing the inventory adjustment action to be
implemented attempts to maintain over time (e.g., during which multiple different ordered
shipments of the product are received at the shopping facility and shelves restocked) the actual
inventory count of the product at the shopping facility within threshold margins of inventory
errors, which are defined by a difference between the actual inventory counts of the product at
the shopping facility and the determined inventory counts over time. As such, the PI engine
attempts to continuously guide the inventory counts of products by continuously tracking and
evaluating inventory counts based on the application of one or more sets of rules, and making
adjustments over time as determined based on the applied rules. By guiding the PI count, the PI
engine in some applications provides boundaries to inventory count at shopping facilities that
fluctuate over time in attempts to limit errors and in some instances limit relatively large swings
in inventory count. In some instances, rules are defined to continue to cause adjustments to be
initiated until an error in an opposite direction (e.g., from overstated to understated, from
understated to overstated, etc.), and then make one or more compensating adjustments in the
opposite direction. As such, the system can guide the perpetual inventory count within desired
limits. In some applications, the PI engine may further apply one or more margins of error (e.g.,
error on the side of caution and have too many items of a product rather than too little in attempts

to limit or prevent missed sales.

[0041] In some embodiments, the PI engine further filters products in determining
whether to apply one or more rules and/or whether a product qualifies or is authorized to have
perpetual inventory automatically adjusted and/or managed through the PI engine. With respect

to some products, workers associated with a shopping facility may designate one or more
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products as unauthorized to having inventory counts of those product to be automatically
adjusted by the PI control system 100. As such, the PI engine can maintain a listing of products
relative to one or more shopping facilities that are not authorized to have inventory adjustment
activity automatically applied, and can prevent evaluating those products and/or prevents one or
more inventory adjustment actions from being applied without prior authorization. Similarly, the
PI engine can apply one or more filters to identify whether inventory count evaluations should be
performed, whether one or more rules are prevented from being applied to one or more products
and/or relative to one or more shopping facilities, whether threshold conditions are met to apply
one or more rules and/or to implement one or more adjustment actions. In some embodiments,
the PI engine may identify a set of products that each have a predefined relationship with at least
of one of a set of filter parameters, and prevents the PI engine from causing one or more
inventory adjustment actions to be implemented relative to each of the products of the set of
products. Such filtering can be based on sales rates, rates of predicted errors, product pricing,
product placement within a shopping facility, type of product, timing (e.g., time of year, time of

day, etc.), and/or other such filtering.

[0042] For example, filtering may be applied based on how similar products are (e.g.,
how similar are their sales rates, types of products, locations in a shopping facility, inventory
count errors, causes of inventory count errors, etc.). In some applications, when products have
one or more thresholds similarities, filtering may allow similar rules to be applied in evaluating
inventory count errors and/or implement determined inventory adjustment actions; and when
product do not have the one or more threshold similarities, the PI engine may direct one or more
workers to implement a physical count or other physical validation at one or more shopping
facilities, or may prevent the application of some or all rules and/or some or all inventory
adjustment actions. As another example, filtering maybe applied based on lead times to
accurately detect an inventory error (e.g., when relatively long or relatively short, the PI engine
may apply rules and implement relevant inventory adjustment actions, but when lead time is in-
between, the PI engine may not apply one or more rules or implement one or more inventory

adjustment actions, or may direct workers to perform a shopping facility validation). Another

-19 -



WO 2018/129161 PCT/US2018/012347

filtering may include a comparison of inventory count relative to desired on-hand inventory at a
shopping facility (e.g., when there is a threshold difference between determined PI and desired
on-hand, the PI engine may apply one or more rules and/or implement automated inventory
adjustment actions, while requesting shopping facility validation when the difference is less than
the threshold). In some instances, a shelf life filter may be applied such that one or more rules
may be applied and/or automated inventory adjustment actions may be implemented when a
shelf life is less than a threshold, while a shopping facility validation or prevention of automated

inventory adjustment actions taken when shelf life of the product is greater than a threshold.

[0043] Other filtering may correspond specific items. For example, filtering may be
applied relative to a difficulty to stock a particular item (e.g., when a stocking difficulty level is
greater than a threshold the PI engine may evaluate inventory levels and implement adjustment
actions, while preventing adjustment actions and/or requesting shopping facility validation when
the stocking difficulty level is less than the threshold). Similarly, some filtering may consider
difficulty in reserving a location within the shopping facility to present the product; rule error
rates; transferability rates; and/or other such factors. Other filters may be shopping facility
related (e.g., inventory date; shopping facility statues (e.g., during or scheduled remodel, during
or scheduled relocation of product); shopping facility size; shopping facility sales quantity;
shopping facility class; shopping facility operation execution rate; shopping facility impact

status; etc.).

[0044] FIG. 6 illustrates a simplified block diagram of exemplary functional components
of an exemplary PI control system 100, in accordance with some embodiments. The PI control
system 1s configured to provide real-time product inventory adjustments at one or more retail
shopping facilities. In some implementations the PI control system is operated as a distributed
system distributed through multiple systems across the distributed computer network 114. In
some embodiments, the PI control system includes an inventory processing agent 604 that 1s
configured to identify inventory adjustment actions to implement 606 inventory adjustments at

one or more shopping facilities. The prior to directing the changes the PI control system may
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consider one or more priorities 608 (e.g., rate of sales of products, quantity or level of change,
type of error, etc.) and store item combinations 612. The PI control system applies the inventory
adjustment actions to change inventory counts up, down, by some percentage, based on one or
more algorithms, based on statistical evaluation of one or more factors, etc. The PI control
system includes the PI engine 102 that is making the determination of whether or not to
implement an inventory adjustment action and by how much. The PI engine utilizes one or more
rule trees 614 and considers one or more factors to identify 616 one or more rules to apply and in
what order to apply the rules. The rule tree includes and/or accesses multiple different rules 620,
and selects the one or more rules to apply in evaluating inventory based on one or more selection
criteria 622 (e.g., rule_X is only run on Tuesdays relative to product A), which can be based on a
schedule and item characteristics 624, which further may be based on hierarchy 626 through, for
example, operations, merchants or the like. Further, at least some of the rules apply operators,

calculations, algorithms, sub-rules and/or other functions.

[0045] Typically, the PI control system 100 includes a user interface 630 that allows a
user to input rules, update rules, modify rules, define characteristics and/or parameters relative to
rules and the like. Access to enter and/or modify the rule tree 614 is typically restricted to
authorized users. Data 632 is inputted to the PI control system and/or accessed by the PI control
system. The data may be inputted through one or more methods, such as but not limited to
schedule based 634, event based 636, batched 640, manually 642, etc. Further, at least some of
the data is real-time data, which may be schedule and/or event based. Some of the data may be
stored in one or more databases 112 accessible by the PI engine 102 via the computer network
114 and/or other sources of data. The PI control system further includes reporting 644 that can
maintain data, process data (e.g., statistical processing, compilation, evaluation relative to one or
more rules, etc.), and generate one or more reports and other such information for use in
modifying and improving the operation of the system, rules, and the like. Some embodiments
include simulation processing and/or labs 646 that can, at least in part, evaluate rules and/or
potential changes prior to application. Additionally, the PI control system is configured to

determine inventory adjustment actions, and cause actions 650 to be implemented through
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internal actions, the output and communication of instructions, which again may be dependent on
one or more rules 652 and/or the association between data, such as causing changes of inventory
count by a value or percentage based on one or more calculations, changing inventory count to a
specified value, reverting a count, directing an inventory system to adjust an inventory count of
one or more products, adjusting orders of products, and the like. Other actions may in part
include directing actions 654 at one or more shopping facilities, at distribution centers, at
distributors, or other locations, and can include one or more actions to be performed, such as
directing workers to perform a count, directing the picking and/or stocking of shelves, etc.
Operators that can be applied may be logic based, algorithm based, statistics based, and/or other
such operations. In some instances, the system may include functionalities such as, but not
limited to copying and pasting rules 660, bulk uploads of rules 662, pattern rules out by type 664,
and the like.

[0046] As described above, some embodiments enable the monitoring and adjustment of
perpetual inventory in real time. This real time monitoring can be implemented, in some
embodiments, through the pushing or distributing of inventory information, perpetual inventory
information over multiple distributed storage devices and/or making the data accessible to
multiple different processing systems. Additionally or alternatively, some embodiments
implement push or distribution schemes that do not wait for a request and do not receive a
confirmation of transmission. With many network systems, the communication protocol
includes one or more steps of initiating a communication connection with a receiving entity or
awaiting a request for information, a confirmation that the communication can be transmitted,
the transmission of the communication, and a confirmation that the communication was received.
Some embodiments, however, bypass many if not all of these types of network communication
protocols and distributes the inventory and/or perpetual inventory data without checking for a

response to the communication.

[0047] Some embodiments continuously evaluation local content and identify changes to

inventory and/or perpetual inventory data. These changes are distributed to multiple different
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distributed database storage systems and/or processing systems that update and maintain a
relevant and real time current information mirroring the information at the shopping facilities.
This continuously pushes perpetual inventory data out to multiple processing systems to enable
the processing systems to have real time access to the perpetual inventory information. As such,
the PI control system 100 is able to provide real time perpetual inventory adjustments over

hundreds and event thousands of retail facilities.

[0048] FIG. 7 illustrates a simplified block diagram of a process 700 of monitoring and
adjusting perpetual inventory (PI), in accordance with some embodiments. In step 702, the
occurrence of each of a plurality of different events is identified. Each event is typically
associated with a different product of thousands of different products at one of multiple different
shopping facilities. Further, event may correspond to a potential inconsistency in a determined
inventory count of a corresponding first product. In step 704, at least one set of inventory
evaluation rules is identified from multiple sets of inventory evaluation rules for at least one
event. The identification of the set of rules is typically dependent on the event and the

corresponding first product.

[0049] In step 706, the set of inventory evaluation rules are applied to determine a type of
inventory count error relative to the determined inventory count of the first product at the
shopping facility. In step 708, an inventory adjustment action is determined that is to be
implemented based on the first product and the determined error type. In step 710, the PI engine
102 causes the inventory adjustment action to be implemented in substantially real-time to adjust
the determined inventory count of the first product at the shopping facility. The process or one
or more steps of the process can be repeated for each event, whether detected, scheduled,

manually activated, etc.

[0050] In some embodiments, the application of one or more sets of inventory evaluation
rules can include identifying a priority of each of the inventory evaluation rules of the set of
inventory evaluation rules as a function of the event. At least one of the set of inventory

evaluation rules can be applied in accordance with the priorities of the set of inventory
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evaluation rules. Some embodiment further identify one or more additional events, of the
plurality of events, corresponding to a second product. The PI engine can determine the second
product has inventory inaccuracies consistent with the first product, and can select the set of
inventory evaluation rules. The set of inventory evaluation rules can be applied while applying
at least one different parameter based on the set of inventory evaluation rules being applied
relative to the second product, and identify a second inventory adjustment action to be

implemented based on the second product relative to a second shopping facility.

[0051] Some embodiments, in determining the inventory adjustment action, select the
inventory adjustment action based on a previous inventory adjustment action implemented
relative to a previously determined inventory count of the first product at the first shopping
facility. Typically, the PI engine in causing one or more inventory adjustment actions to be
implemented attempts to maintain over time, during which multiple different ordered shipments
of the first product are received at the shopping facility, actual inventory counts of the first
product at the first shopping facility within threshold margins of inventory errors defined by a
difference between the actual inventory count of the first product at the first shopping facility
and the determined inventory counts. Further, the PI engine in applying the set of inventory
evaluation rules and the causing the inventory adjustment action to be implemented typically
does not attempting to determine the actual inventory count of the first product at the first
shopping facility. Instead, the PI engine attempts to limit inventory count errors, and in some
instances, attempts to bound inventory count within threshold margins of error. As such, the PI
engine attempts to limit large swings in inventory. Further, in attempts to continue to adapt to
changing conditions and factors, one or more inventory evaluation rules of one or more sets of
inventory rules that may have previously been applied in evaluating the inventory count of the a
product may be modified based on results from applying the one or more sets of inventory
evaluation rules. In some embodiments, a set of one or more products may be identified that each
have a predefined relationship with at least of one of a set of filter parameters. The PI engine can

prevent one or more inventory adjustment actions to be implemented relative to each of the
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products of the set of products, and in some instances, prevents evaluation of the PI for one or

more of the set of products.

[0052] Some embodiments access various data sources, such as but not limited to rate of
sale by stock keeping unit (SKU), sales patterns, calendar information, item price, shipment
dates, store Pl change amounts, store Pl change dates, book inventory, shelf availability scans,
global supplier out of stocks, Economic order quantity (EOQ) quantities, lead and review times,
other data sources, and often combinations of two or more of such data can be utilized in one or
more rules and/or a rule building tool. Within the rules building tool, which may be part of or in
communication with the PI engine, various rules (algorithms, decision trees, etc.) can be built.
The output of one or more rules or combination of rules may include changes to data within the
PI engine, one or more databases 112, inventory system 104, etc. The changes may include, for
example, store and/or item level PL. In some embodiments, the PI engine is further configured to
output reporting and analytics on the changes made and error detection. Multiple rules can be
applied to the same SKUs or data. The PI engine can further establish a hierarchy within the
system for the rules. In some embodiments, the PI engine is configured to test for suspected PI
errors, and other data change needs, by making changes and/or taking actions (e.g., pushing a
case of product to a shopping facility and monitoring the sales results before taking other
actions). In some embodiments, the PI engine can test and monitor the results of new rules and
new rule hierarchy's through the ability to run rules through simulation modes. Further, the PI
engine can make changes over time to self-tune the rules, parameters applied, actions initiated,
and/or other such conditions by storing and monitoring changes and results over time. The PI
engine can apply many PI correction algorithms, which may already be known or may be
developed and/or adjusted over time relative to sales, deliveries, and PI patterns. The PI engine
enables continuous creation, testing, monitoring, and refining of new rules, sets of rules, the

hierarchies between rules, and the like through a single system.

[0053] FIG. 8 illustrates a simplified block diagram of a retail perpetual inventory control

system 100, in accordance with some embodiments. The system includes a perpetual inventory
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engine 102 that utilizes a rules processing engine (AiRE) 802 and a post change processing
system 806 providing a dynamic rules engine and dynamic rules that are tuned over time to
improve results. Further, some embodiments include one or more dynamically adjusting systems
808, such as artificial intelligence (AI) and/or machine learning (ML) systems configured to
evaluate adjustments made to inventory and/or lack of adjustments based on the application of
one or more inventory rules. In some implementations, the perpetual inventory engine and rules
processing engine are implemented through a distributed system that is distributed over a
computer network, and as such may be considered, in some applications, as a centralized cloud
computing system. In some embodiments, for example, the rules processing engine may be
implemented as part of the PI engine based on a business rules management system such as

“drools” application.

[0054] The system receives event and/or inventory information from multiple retail
stores 108, fulfillment centers and other such facilities. Event information and/or inventory
information provided by the retail stores may include, but are not limited to, for example sales
information (e.g., sales of one or more products at the store, on-line relative to the store, etc.),
claims or other markdowns of one or more products (e.g., due to damage, recall, etc.),
merchandise transfer requests (MTRs), binning (e.g., notification that a store associate places one
or more products in a back storage area, which may occur in response to the store associate using
a hand-held scanner or other such device), picking (e.g., store associate retrieves products from
the back storage area for placement on the sales floor, which may be in response to a demand
notification), label prints (e.g., which may be a printed label corresponding to product that was
returned to the back storage because it could not be stocked on the sales floor), feature scans
(e.g., product being placed in a featured location on the sales floor), top stack scans (e.g.,
corresponding to indications of overstock), theft detections (e.g., detection of someone at a self-
checkout station appearing to scan a product when not actually scanning, RFID tag movement
beyond a threshold without a detection of purchase, etc.), and/or other such events. Some of this
data is based on inputs from store associates, customers, store systems, and/or other sources. For

example, associates may use barcode scanners, RFID tag scanners, or the like; one or more
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automated, robot and/or drone systems may perform scans or other detections (e.g., RFID tag
readers distributed at one or more locations in the store), stocking events, customer APPs events,

and/or other such inputs.

[0055] The PI engine 102, which may include and/or be in cooperation with the rules
processing engine 802, applies the one or more rules of one or more series or sets of inventory
evaluation rules that are triggered in response to one or more of the events. Previous inventory
systems apply a historic analytics or backward looking evaluation of inventory, which takes time
to accumulate relevant data to be used in making the evaluation. Alternatively, some present
embodiments are at least partially forward looking and/or predictive based on captured events in
substantially real-time allowing substantially real time inventory evaluations, which allows
substantially real-time reactions to current inventory issues. Further, the system 100 is
configured to receive thousands of events a minute per store and in some instances tens of
thousands of events may occur per minute per store. The PI engine 102, in some embodiments,
is configured to apply filtering to the events to prioritize events and/or detect based on the
application of filtering rules to detect indicators in the data to trigger that data to be flagged or
duplicated for further processing of an accumulation of such data (e.g., within five-ten seconds,
and often less) to enable the application of one or more further inventory rules to that
accumulation of data to achieve a result within a threshold level of confidence to activate an
inventory change at the retail store being evaluated. Again, the system 100 may operate to
evaluate perpetual inventory at multiple different stores, providing for potentially hundreds of

thousands of events per minute.

[0056] Some embodiments further include the artificial intelligence and/or machine
learning system 808 to evaluate decisions over time and the effects of implemented inventory
change decisions. Based on this evaluation, the post change processing system and/or machine
learning system are configured to make adjustments to rules, thresholds, when rules are applied
and/or other such modifications over time to improve over time the resulting inventory change

instructions that are implemented. As such the machine learning system, in some embodiments,
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provides post inventory change evaluations to implement dynamic rules in tuning the rule sets,
thresholds and/or the factors relative to application based on different events. Further, in some
embodiments, the rule sets and/or thresholds are tuned for a particular retail store based on the

post change processing.

[0057] In some embodiments, the PI engine 102 and/or rules processing engine 802
access memory and/or database 810 storing variables and values to variables to be used in
applying the one or more rules. Example variables may include, but are not limited to, rate of
sale, static sales period (e.g., period of time that a product did not sell), unit sold minimum
during a time frame, number of out of stock scans, number of times a product could not be
located to be stocked on the sales floor, number of times there was an out of stock scan when
there is a positive on-hand quantity value, number of times there was an out of stock that was not
scanned when there is a zero on hand, and other such rules. The PI engine and/or rules
processing engine applies these variables in one or more rules to determine when to initiate
inventory actions and/or changes. Some embodiments further maintain logs 804 of rule
applications, variables applied and/or decisions based on the rules. The post change processing
system 806 is configured to evaluate the log data following decisions to tune the variables and

rules.

[0058] In some embodiments, systems and methods monitor and adjust PI. Some
embodiments provide a PI control system, comprising: multiple point of sale (POS) systems; at
least one inventory system communicatively coupled with at least a set of the multiple POS
systems at a first shopping facility of multiple shopping facilities; a perpetual inventory (PI)
engine control circuit communicatively coupled with the inventory system, and further receives
inventory information from the inventory system and sales data recorded by the multiple POS
systems; wherein the PI engine control circuit is configured identify the occurrence of a plurality
of different events each associated with a different product of thousands of different products at
one of the multiple different shopping facilities, and each event corresponds to a potential

inconsistency in a determined inventory count of the corresponding product; and for each of the
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events: identify, dependent on the event and a corresponding first product, a first set of inventory
evaluation rules from multiple sets of inventory evaluation rules; apply the first set of inventory
evaluation rules to determine a type of inventory count error relative to the determined inventory
count of the first product at the first shopping facility; determine an inventory adjustment action
to be implemented based on the first product and the determined error type; and cause the
inventory adjustment action to be implemented in substantially real-time to adjust the determined

inventory count of the first product at the first shopping facility.

[0059] In some embodiments, methods monitoring and adjusting perpetual inventory
comprise: identifying the occurrence of a plurality of different events each associated with a
different product of thousands of different products at one of multiple different shopping
facilities, wherein each event corresponds to a potential inconsistency in a determined inventory
count of the corresponding product; and for each of the events: identifying, dependent on the
event and a corresponding first product, a first set of inventory evaluation rules from multiple
sets of inventory evaluation rules; applying the first set of inventory evaluation rules to
determine a type of inventory count error relative to the determined inventory count of the first
product at the first shopping facility; determining an inventory adjustment action to be
implemented based on the first product and the determined error type; and causing the inventory
adjustment action to be implemented in substantially real-time to adjust the determined inventory

count of the first product at the first shopping facility.

[0060] Those skilled in the art will recognize that a wide variety of other modifications,
alterations, and combinations can also be made with respect to the above described embodiments
without departing from the scope of the invention, and that such modifications, alterations, and

combinations are to be viewed as being within the ambit of the inventive concept.
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CLAIMS
What is claimed is:

1. A perpetual inventory (PI) control system, comprising:

multiple point of sale (POS) systems;

at least one inventory system communicatively coupled with at least a set of the multiple
POS systems at a first shopping facility of multiple shopping facilities;

a perpetual inventory (PI) engine control circuit communicatively coupled with the
inventory system, and further receives inventory information from the inventory system and
sales data recorded by the multiple POS systems;

wherein the PI engine control circuit is configured identify the occurrence of a plurality
of different events each associated with a different product of thousands of different products at
one of the multiple different shopping facilities, and each event corresponds to a potential
inconsistency in a determined inventory count of the corresponding product; and for each of the
events: identify, dependent on the event and a corresponding first product, a first set of inventory
evaluation rules from multiple sets of inventory evaluation rules; apply the first set of inventory
evaluation rules to determine a type of inventory count error relative to the determined inventory
count of the first product at the first shopping facility; determine an inventory adjustment action
to be implemented based on the first product and the determined error type; and cause the
inventory adjustment action to be implemented in substantially real-time to adjust the determined

inventory count of the first product at the first shopping facility.

2. The PI control system of claim 1, wherein the PI engine control circuit in applying the
first set of inventory evaluation rules identifies a priority of each of the inventory evaluation
rules of the first set of inventory evaluation rules as a function of the first event, and applies at
least one of the first set of inventory evaluation rules in accordance with the priorities of the first

set of inventory evaluation rules.

3. The PI control system of claim 1, wherein the PI engine control circuit in determining
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the inventory adjustment action selects the inventory adjustment action based on a previous
inventory adjustment action implemented relative to a previously determined inventory count of

the first product at the first shopping facility.

4. The PI control system of claim 1, wherein the PI engine control circuit in causing the
inventory adjustment action to be implemented maintains over time, during which multiple
different ordered shipments of the first product are received at the first shopping facility, actual
inventory counts of the first product at the first shopping facility within threshold margins of
inventory errors defined by a difference between the actual inventory count of the first product at

the first shopping facility and the determined inventory counts.

5. The PI control system of claim 4, wherein the PI engine control circuit in applying the
first set of inventory evaluation rules and causing the inventory adjustment action to be
implemented does not attempt to determine the actual inventory count of the first product at the

first shopping facility.

6. The PI control system of claim 1, wherein the PI engine control circuit is further
configured to modify one or more inventory evaluation rules of a second set of inventory
evaluation rules that were previously applied in evaluating the inventory count of the first
product based on results from the PI engine control circuit applying the first set of inventory

evaluation rules.

7. The PI control system of claim 1, wherein the PI engine control circuit is further
configured to identify a second event, of the plurality of events, corresponding to a second
product, determine the second product has inventory inaccuracies consistent with the first
product, select the first set of inventory evaluation rules, and apply the first set of inventory
evaluation rules while applying at least one different parameter based on the first set of inventory

evaluation rules being applied relative to the second product to identify a second inventory
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adjustment action to be implemented based on the second product relative to a second shopping

facility.

8. The PI control system of claim 1, wherein the PI engine control circuit is configured to
identify a set of products that each have a predefined relationship with at least of one of a set of
filter parameters, and prevent the PI engine control circuit from causing another inventory

adjustment action to be implemented relative to each of the products of the set of products.

9. A method of monitoring and adjusting perpetual inventory (PI), comprising;
identifying the occurrence of a plurality of different events each associated with a
different product of thousands of different products at one of multiple different shopping
facilities, wherein each event corresponds to a potential inconsistency in a determined inventory
count of the corresponding product; and
for each of the events:
identifying, dependent on the event and a corresponding first product, a first set of
inventory evaluation rules from multiple sets of inventory evaluation rules;
applying the first set of inventory evaluation rules to determine a type of
inventory count error relative to the determined inventory count of the first product at the first
shopping facility;
determining an inventory adjustment action to be implemented based on the first
product and the determined error type; and
causing the inventory adjustment action to be implemented in substantially real-

time to adjust the determined inventory count of the first product at the first shopping facility.

10. The method of claim 9, wherein the applying the first set of inventory evaluation
rules comprises:
identifying a priority of each of the inventory evaluation rules of the first set of inventory

evaluation rules as a function of the first event; and
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applying at least one of the first set of inventory evaluation rules in accordance with the

priorities of the first set of inventory evaluation rules.

11. The method of claim 9, wherein the determining the inventory adjustment action
comprises selecting the inventory adjustment action based on a previous inventory adjustment
action implemented relative to a previously determined inventory count of the first product at the

first shopping facility.

12. The method of claim 9, wherein the causing the inventory adjustment action to be
implemented comprises:

maintaining over time, during which multiple different ordered shipments of the first
product are received at the first shopping facility, actual inventory counts of the first product at
the first shopping facility within threshold margins of inventory errors defined by a difference
between the actual inventory count of the first product at the first shopping facility and the

determined inventory counts.

13. The method of claim 12, wherein the applying the first set of inventory evaluation
rules and the causing the inventory adjustment action to be implemented comprises not
attempting to determine the actual inventory count of the first product at the first shopping

facility.

14. The method of claim 9, further comprising;
modifying one or more inventory evaluation rules of a second set of inventory evaluation
rules that were previously applied in evaluating the inventory count of the first product based on

results from applying the first set of inventory evaluation rules.

15. The method of claim 9, further comprising;

identifying a second event, of the plurality of events, corresponding to a second product;
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determining the second product has inventory inaccuracies consistent with the first
product;

selecting the first set of inventory evaluation rules;

applying the first set of inventory evaluation rules while applying at least one different
parameter based on the first set of inventory evaluation rules being applied relative to the second
product; and

identifying a second inventory adjustment action to be implemented based on the second

product relative to a second shopping facility.

16. The method of claim 9, further comprising;

identifying a set of products that each have a predefined relationship with at least of one
of a set of filter parameters; and

preventing another inventory adjustment action to be implemented relative to each of the

products of the set of products.
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