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PREDICTING VEHICLE REPAIR OPERATIONS

Technical Field

This disclosure relates to predictive analytics for vehicles and other machines, and in
particular predictive analytics relating to vehicle component faults and vehicle repair

operations.

Background

Component failure in complex machines such as vehicles is a significant problem. To
illustrate the scale of the problem, Figure 1 shows certain components 2 of an ordinary
car 1 laid out so that they can be seen individually. An issue with even one of the
smallest of the components 2 can result in the vehicle 1 requiring repair.
Understanding which of the many components 2 might have issues is an extremely
challenging task, but a very important one because the earlier that component-level
issues can be identified, the sooner preventative action can be taken. Such action
can include for example re-engineering, say, a particular model of vehicle to ensure
that future vehicles coming off the manufacturing line do not suffer from the same
component-level issue or taking pre-emptive repair action for vehicles that have

already entered active service to prevent such issues from escalating.

Summary

One way in which problematic vehicle components can be identified is to simply keep
track of the number or costs of repairs for each component type per month and flag a
particular type of component as problematic should that value reach some
predetermined threshold in any given month. A problem with this approach is that
many component-level issues can subsist for a significant period of time — several
years even — before they are actually identified and repaired. A number of factors feed
into, for example certain component-level issues can subsist for some time before they
actually give rise to a fault that needs repair, or users may put off dealing with certain

issues if they do not see them as critical. The upshot is that, with such an approach,
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it can take several years from the point at which, say, a particular model of vehicle with
a particular component-level issue first starts coming out of the factory and the point
at which the problem with that issue is actually identified. By this point, significantly
more vehicles suffering from the same component-level will have been manufactured
and entered active service than would have been the case had the issue been

identified and rectified earlier.

One aspect of the invention provides a method of producing vehicles comprising: in
a vehicle production process, manufacturing vehicle components of different types,
and assembling the vehicle components to form vehicles; creating a set of vehicle
records, each being a record of one of the vehicles entering active service; performing
vehicle repairs on a subset of the vehicles after they have entered active service;
creating a respective record of each of the vehicle repairs, each of which comprises
or indicates a vehicle age or usage value, and records a vehicle component fault
identified in the vehicle repair; receiving at a data processing stage the vehicle records
and vehicle repair records, wherein a predictive algorithm executed at the data
processing stage processes the received records so as to, for each type of vehicle
component: 1) identify a respective set of the vehicle repair records relating to that
type of vehicle component, and 2) use the respective set of vehicle repair records to
predict a respective number of or resource value for of vehicle component faults of
that type for the set of vehicle records based on: a number of vehicles recorded in the
set of vehicle records, and a current age or usage of each of the recorded vehicles;
comparing the predictions for the different vehicle component types to identify a
problem with a particular one of the vehicle component types; and adapting the vehicle
production process, so as to remedy the identified problem for later vehicles produced

in the adapted vehicle production process.

Another aspect of the invention provides a method of predicting vehicle repair
operations or vehicle component faults, the method comprising, at a processing stage:
selecting, by a predictive algorithm executed at the data processing stage, a set of
vehicle repair records for use in making a prediction, each of the vehicle repair records
being a record of a vehicle repair performed after the vehicle entered active service,

each of which comprises or indicates a historical vehicle age or usage value, and
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records a repair operation or vehicle component fault; wherein the predictive algorithm
uses the selected set of vehicle repair records to predict a number of or resource value
for repair operations or vehicle component faults for a set of vehicle records, each of
the vehicle records being a record of a vehicle entering active service, based on: a
number of vehicles recorded in the set of vehicle records, and a current age or usage

of each of the recorded vehicles.

In embodiments, the set of vehicle repair records may be selected by filtering a larger
set of available vehicle repair records based on a particular type of repair operation or
a particular type of vehicle component, such that each repair record of the selected
set relates to the particular type of repair operation/vehicle component, the predicted
number or resource value being a predicted number of or resource value for repair

operations/vehicle component faults of the particular type.

The set of vehicle repair records may be selected by filtering a larger set of available
vehicle repair records based on a particular vehicle attribute or set of vehicle attributes,
such that each repair record of the selected set relates to the particular (set of) vehicle
attribute(s), wherein each of the vehicle records in the set of vehicle records relates to
a vehicle having the particular (set of) vehicle attribute(s) or a similar (set of) vehicle
attribute(s), the predicted number or resource value being a predicted number of or
resource value for repair operations/vehicle component faults for vehicles having the

particular vehicle attribute.

The larger set may be filtered based on the particular (set of) vehicle attribute(s) and
the particular type of repair operation/vehicle component, such that each repair record
of the selected set relates to the particular (set of) vehicle attribute(s) and the particular
type of repair operation/vehicle component, the predicted number or resource value
being a predicted number of or resource value for repair operations/vehicle component

faults of the particular type for vehicles having the particular vehicle attribute.

The method may comprise: determining a profile for the set of vehicle repair records
based on a number of or resource value for repair operations or vehicle component
faults recorded in the set of vehicle repair records for different historical vehicle age or

usage values, the profile being used to make the prediction.

3
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The profile may comprise, for each of a set of historical vehicle age or usage values,

a corresponding resource or count value calculated from the set of repair records.

The resource or count value may be a cumulative value calculated as a sum of the
number of or resource values for repair operations/vehicle component faults recorded

in the set of vehicle repair records up to that historical vehicle age or usage value.

The prediction may be made by performing a non-parametric analysis based on the
number of vehicles recorded in the set of vehicle records, the current age or usage of

each of the vehicles, and the resource or count values of the profile.

The step of determining the profile may comprise: determining a total number of
resource value for repair operations/vehicle component faults recorded in the filtered
set of vehicle repair records, each resource or count value being calculated as a

proportion of the total.

The method may comprise calculating an earnings value for each of the historical
vehicle age or usage values of the profile based on the corresponding resource or
count value of the profile and the number of vehicles recorded in the set of vehicle
records whose current age or usage matches that historical vehicle age or usage value

of the profile.

The earnings value for each of the historical vehicle age or usage values of the profile
may be calculated by multiplying the corresponding resource or count value of the
profile with the number of vehicles recorded in the set of vehicle records whose current

age or usage matches that historical vehicle age or usage value of the profile.

The method may comprise calculating a maturity value for the set of vehicle records

from the earnings values.

The method may comprise determining a total number of vehicles recorded in the set
of vehicle records, wherein the maturity value may be calculated by calculating a total

earnings value from the earnings values as a proportion of the total number of vehicles.

4
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The method may comprise: identifying one or more existing vehicle repair records
corresponding to the set of vehicle records; and determining a number of or resource
value for repair operations or vehicle component faults recorded in the existing vehicle

repair records.

The predicted number of or resource value for repair operations or vehicle component
faults for the set of vehicle records may be computed from the number of or resource
value for repair operations or vehicle component faults determined for the existing
vehicle repair records based on the number of vehicles recorded in the set of vehicle

records and the current age or usage of each of the vehicles.

The profile may be used to compute the predicted number.

The predicted number of or resource value for repair operations or vehicle component
faults for the set of vehicle records may be determined based on the maturity value
calculated for the set of vehicle records and the number of or resource value for repair

operations/vehicle component faults recorded in the existing vehicle repair records.

The predicted number or resource value may be determined by dividing, by the
maturity, the number of or resource value for repair operations/vehicle component

faults recorded in the existing vehicle repair records.

The set of vehicle repair records may be selected such that a current vehicle age or
usage determined for each vehicle repair record of the selected set exceeds a
prediction duration or usage threshold respectively, the predicted number or resource
value being a number of or resource value for repair operations or vehicle component

faults occurring within the prediction duration or below the usage threshold.

At least one of the existing vehicle repair records may have a current vehicle age or

usage that does not exceed the prediction duration or usage threshold respectively.

Each of the vehicle repair records may comprise a vehicle identifier which links the

repair record to a matching vehicle record.

5
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At least one of the vehicle repair records may be augmented with data of the matching

vehicle record.

At least one of the vehicle repair records may be augmented with an indicator of a

vehicle attribute from the matching vehicle record.

The historical vehicle age or usage value may be calculated for at least one of the
vehicle repair records from a claim date, fault date or paid date of the vehicle repair

record and an in-service date of the matching vehicle record.

At least two sets of vehicle repair records may be selected, each by filtering the larger
set based on a respective type of repair operation or vehicle component; wherein the
predictive algorithm may use each of the selected sets of vehicle repair records to
predict, for the set of vehicle records, a respective number of or resource value for

repair operations/vehicle component faults of the respective type.

The predicted numbers or resource values determined using the said at least two sets
of vehicle repair records may be aggregated to determine an aggregate predicted

number or resource value for a combined set of the vehicle records.

The historical vehicle age value may be an age of the vehicle when the repair operation
was performed or the vehicle component was repaired or replaced, or an age of the

vehicle when the repair record was processed.

A current vehicle age may be determined for at least one of the vehicles from a date

of the corresponding vehicle record.

The current vehicle age may be determined from the date of the corresponding vehicle

record and a most recent date recorded in the repair claim records.

A current usage for the at least one of the vehicles may be inferred from the current

vehicle age.
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The current vehicle usage may be inferred based on at least one attribute of the

vehicle.

The historical vehicle use age value may be a mileage or hourage reading taken as

part of the vehicle repair.

Another aspect of the invention provides a method of predicting vehicle repair
operations or vehicle component faults, the method comprising, at a processing stage:
selecting a set of vehicle repair records for use in making a prediction, each of which
comprises or indicates a historical vehicle age or usage value and records a repair
operation or vehicle component fault, the set of repair records being selected by
filtering a larger set of available vehicle repair records based on a particular type of
repair operation or a particular type of vehicle component; and using the selected set
of repair records to predict, for a population of vehicles, a number of or resource value
for repair operations/vehicle component faults of the particular type, based on the
number of vehicles in the population and a current age or usage of each of those

vehicles.

Another aspect of the invention provides a method of predicting vehicle repair
operations or vehicle component faults, the method comprising, at a processing stage:
selecting a set of vehicle repair records for determining a profile, each of which
comprises or indicates a historical vehicle age or usage value and records a repair
operation or vehicle component fault; determining a profile for the set of repair records,
the profile comprising, for each of a set of historical vehicle-age or usage values, a
corresponding resource or count value calculated from the set of repair records; and
using the selected set of repair records to predict a number of or resource value for
repair operations or vehicle component faults for a population of vehicles, by
performing a non-parametric analysis based on: the number vehicles in the population,
a current age or usage of each of those vehicles, and the resource or count values of

the profile.

Any of the methods disclosed herein may comprise step of using the predicted number

of or resource value for repair operations/vehicle component faults to identify a
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problem relating to a particular vehicle attribute, a particular type of vehicle

component, or a particular type of repair operation.

The method may comprise using the prediction to identify a problem with the particular
type of vehicle component or repair operation used to filter the larger set of available

vehicle repair records.

The method may comprise using the prediction to identify a problem relating to the

particular vehicle attribute used to filter the larger set of vehicle repair records.

The method may comprise using the prediction to identifying a problem with the
particular type of vehicle component or repair operation that is specific to vehicles

having the particular vehicle attribute.

The problem may be identified by comparing the predicted number or resource value
with at least one other predicted number of or resource value for repair

operations/vehicle component faults.

The predictive algorithm may implement the following steps for each of a plurality of
repair operation or vehicle component types: selecting a respective set of vehicle
repair records relating to that type of repair operation/vehicle component; and using
the respective set of vehicle repair records to predict, for the set of vehicle records, a
number of or resource value for repair operations or vehicle component faults of that

type based on the number of recorded vehicles and their current age or usage.

Each of the sets of vehicle repair records may be selected in accordance with any of

the embodiments set out above.

The method may comprise comparing the predictions the repair operation/vehicle
component types, to identify a problem with a particular one of the repair

operations/vehicle component types.

The comparison may be performed by a comparison algorithm executed at the data

processing stage to automatically identify the problem.

8
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The method may comprise a step of remedying the identified problem.

The number or resource value may be a number or resource value per recorded

vehicle.

The number or recourse may be an absolute number or resource value.

An expiry date may be comprised in or determined for each vehicle record, wherein
any vehicle records having expiry dates that exceed the prediction threshold are

excluded from the set of vehicle records.

The profile may be a repair operation profile determined for a particular vehicle

attribute or set of vehicle attributes and a particular repair operation/vehicle component

type.

The profile may be an overview profile determined for a particular vehicle attribute or

set of vehicle attributes across all repair operations/vehicle component types.

Separate repair operation and category profiles may be determined for the same

vehicle attribute or the same set of vehicle attributes.

The or each profile may be determined for a particular model of vehicle.

The profile may be a preferred profile, in that the profile matches the set of vehicle
records according to primary matching criteria. For example, the method may
comprise a step of determining that there is a sufficient number of vehicle records

available to determine the preferred profile.

The profile may be a backup profile, in that profile matches the set of vehicle records
according to secondary matching criteria, wherein the method may comprise a step of
determining that no preferred profile matching the set of vehicle records according to

primary matching criteria is available. For example, the method may comprise
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determining that there is an insufficient number of vehicle repair records available to

determine such a profile.

The set of vehicle records may all relate to the same vehicle model, and the backup
profile may be a profile for a different model of vehicle, or a model group comprising

the vehicle model and at least one other vehicle model.

The profile may be determined for a category of repair operation, covering at least two

specific types of repair operation, or a specific type of repair operation.

The prediction may be made for a particular type of repair operation, and the backup
profile may be a profile for a particular category of repair operation covering multiple

types of repair operation, or a profile across all repair operations.

The set of vehicle records may all relate to the same vehicle model and the prediction
is made for a specific type of repair operation, wherein the determining step may
comprise determining that no profile for that specific type of repair operation and that
model is available, and the backup profile may be selected according to the following
profile hierarchy:

1. a profile for the specific type of repair operation and a model group which

comprises the vehicle model and at least one other vehicle model;

2. aprofile for a similar vehicle model and the specific type of repair operation;

3. a profile for the same vehicle model and a repair operation category, which
covers the specific type of repair operation and at least one other specific type
of repair operation;

a profile for a similar vehicle model and said repair operation category,
a profile for the same vehicle model across all repair operations;

a profile for said model group across all repair operations;

N o ok

a profile for a similar model of vehicle across all repair operations
In determining the projected number/resource value, a time lag may be accounted for

using a model of the time lag, the time lag caused by delays in receiving recent repair

records.

10
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The model may be used to adapt the earnings value.

Another aspect of the invention provides a system for predicting vehicle repair
operations or vehicle component faults, the system comprising: electronic storage
configured to hold computer readable instructions for executing a predictive algorithm;
and a processing stage coupled to the electronic storage and configured to execute
computer readable instructions, the computer readable instructions being configured,

when executed, to implement any method of functionality disclosed herein.

Where this disclosure refers to remedying an identified problem, the identified problem
may for example be remedied by:
¢ reengineering the particular type of vehicle component,
e reengineering a vehicle model having the particular attribute or the particular
type of vehicle component
e adapting a manufacturing process in which the particular type of vehicle
component is manufactured,
e adapting an assembly process in which a model of vehicle having the particular
attribute or the particular type of vehicle component are assembled, or
e adapting a procedure according to which the particular type of repair operation

is performed.

Another aspect of the invention provides a method of predicting machine repair
operations or machine component faults, the method comprising, at a processing
stage: selecting, by a predictive algorithm executed at the data processing stage, a
set of machine repair records for use in making a prediction, each of the machine
repair records being a record of a machine repair performed after the machine entered
active service, each of which comprises or indicates a historical machine age or usage
value, and records a repair operation or machine component fault; wherein the
predictive algorithm uses the selected set of machine repair records to predict a
number of or resource value for repair operations or machine component faults for a
set of machine records, each of the machine records being a record of a machine
entering active service, based on: a number of machines recorded in the set of

machine records, and a current age or usage of each of the recorded machines.

11
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Another aspect of the invention provides a method of producing machines comprising:
in a machine production process, manufacturing machine components of different
types, and assembling the machine components to form machines; creating a set of
machine records, each being a record of one of the machines entering active service;
performing machine repairs on a subset of the machines after they have entered active
service; creating a respective record of each of the machine repairs, each of which
comprises or indicates a machine age or usage value, and records a machine
component fault identified in the machine repair; receiving at a data processing stage
the machine records and machine repair records, wherein a predictive algorithm
executed at the data processing stage processes the received records so as to, for
each type of machine component: 1) identify a respective set of the machine repair
records relating to that type of machine component, and 2) use the respective set of
machine repair records to predict a respective number of or resource value for
machine component faults of that type for the set of machine records based on: a
number of machines recorded in the set of machine records, and a current age or
usage of each of the recorded machines; comparing the predictions for the different
machine component types to identify a problem with a particular one of the machine
component types; and adapting the machine production process, so as to remedy the
identified problem for later machines produced in the adapted machine production

process.

Another aspect of the invention is directed to a computer system for aggregating
vehicle predictions comprising: a database configured to hold vehicle predictions, each
comprising: at least one repair operation, vehicle component or vehicle attribute
indicator, and an individual prediction value for the indicated repair operation, vehicle
component or vehicle attribute; a filtering component configured to receive filtering
criteria for filtering the vehicle predictions, and filter the vehicle predictions according
to the filtering criteria, by comparing the repair operation, vehicle component or vehicle
attribute indicators of the vehicle predictions in the database with the filtering criteria,
to determine a filtered set of the vehicle predictions meeting the filtering criteria; and
a controller configured to control a user interface to output, to a user, a prediction value

determined from the filtered set.

12
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The computer system may comprise an aggregation component configured to
compute an aggregate prediction value from the individual prediction values of the
filtered set of vehicle predictions meeting the filtering criteria, the outputted prediction

value being the aggregate prediction value.

The outputted prediction value may be an individual prediction value of the filtered set.

The outputted prediction value may be one of multiple prediction values determined

from the filtered set and outputted by the controller.

Each of the vehicle predictions held in the database may comprise a repair operation
or vehicle component indicator and at least one vehicle attribute indicator, the
individual prediction value being an individual prediction value for the indicated vehicle

attribute and the indicated repair operation/vehicle component.

The filtering criteria may be such that each vehicle prediction of the filtered set relates
to one of:

o the same manufacturer, such that the filtered set contains vehicle predictions
for a vehicle product group or at least two different vehicle product groups of
the manufacturer;

e the same vehicle product group, such that the filtered set contains vehicle
predictions for at least two different vehicle products within that product group;

¢ the same vehicle product, such that the filtered set contains vehicle predictions
for at least two different models of that vehicle product;

e the same vehicle model, such that the filtered set contains vehicle predictions
for at least two different model years for that model;

e the same vehicle model and the same model year;

¢ the same vehicle engine;

¢ the same vehicle transmission;

o the same type of repair operation; or

o the same type of vehicle component.

13
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The filtering component may be configured to receive second filtering criteria, and filter
the vehicle predictions in the database according to the second filtering criteria, to
determine a second filtered set of the vehicle predictions meeting the second filtering
criteria, wherein the controller may be configured to control the user interface to output,

to the user, a second prediction value determined from the second filtered set.

The aggregation component may be configured to compute a second aggregate
prediction value from the individual prediction values of the second filtered set, the

second outputted prediction value being the second aggregate prediction value.

The second prediction value may be one of multiple second prediction values

determined from the second filtered set and outputted by the controller.

The filtering component may be configured to receive third filtering criteria, and filter
the vehicle predictions in the database according to the third filtering criteria, to
determine a third filtered set of the vehicle predictions meeting the third filtering criteria,
wherein the controller may be configured to control the user interface to output, to the

user, a third prediction value determined from the third filtered set.

The filtering component may be configured to receive fourth filtering criteria, and filter
the vehicle predictions in the database according to the fourth filtering criteria, to
determine a fourth filtered set of the vehicle predictions meeting the fourth filtering
criteria, wherein the controller may be configured to control the user interface to output,

to the user, a fourth prediction value determined from the fourth filtered set

The filtering component may be configured to receive fifth filtering criteria, and filter
the vehicle predictions in the database according to the fifth filtering criteria, to
determine a fifth filtered set of the vehicle predictions meeting the fifth filtering criteria,
wherein the controller may be configured to control the user interface to output, to the

user, a fifth prediction value determined from the fifth filtered set

The filtering component may be configured to: filter the vehicle predictions according
to the filtering criteria by comparing at least the repair operation/vehicle component

indicators with the filtering criteria, and filter the vehicle predictions according to the

14
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second filtering criteria by comparing at least the vehicle attribute indicators of the

vehicle predictions in the database with the second filtering criteria.

The controller may be configured to control the user interface to display each of said

prediction values simultaneously.

Each of the filtered sets determined by the filtering component may relate to a

respective level of a prediction hierarchy.

The prediction hierarchy may have at least the following levels:

manufacturer,

product group,

product,

e model (or carline) or model-plus-model-year.

The prediction hierarchy may also have the following level:

e model-engine or model-transmission.

The prediction hierarchy may also have the following level:

¢ model-engine-transmission or model-transmission-engine.

The prediction hierarchy may also have at least the following level:

e model year.

The prediction hierarchy may have at least the following levels:
e engine or transmission,
e engine-product or transmission-product,

e engine-model or transmission-model.

The prediction hierarchy may also have the following level:

e engine-product group or transmission-product group.
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At least one of the filtered sets may relate to a particular type of repair operation for

an entity at the respective level of the prediction hierarchy.

At least one of the filtered sets may relate to all types of repair operation for an entity

at the respective level of the prediction hierarchy.

At least two of the filtered sets may relate to the same entity, wherein one of those
sets relates to a particular type of repair operation for that respective entity and the

other of the filtered sets relates to all types of repair operation for that entity.

The controller may be configured, in response to a mode switch instruction at the user
interface, to switch between: i) an overview mode, in which prediction values are
displayed for sets of the vehicle predictions wherein each of those sets relates to all
types of repair operation for a respective entity at a respective level of the prediction
hierarchy, and ii) a detailed mode for a particular type of repair operation, in which
prediction values are displayed for sets of the vehicle predictions wherein each of
those sets relates to that particular type of repair operation for a respective entity at a

respective level of the prediction hierarchy.

The filtering criteria and the second filtering criteria may be such that the filtered set of
vehicle predictions and the second filtered set of vehicle predictions relate to different

levels of the prediction hierarchy.
The filtering criteria and the second filtering criteria may be such that the filtered set of
vehicle predictions and the second filtered set of vehicle predictions relate to the same

level of the prediction hierarchy.

The third filtering criteria may be such that the third filtered set relates to the same

level of the prediction hierarchy as the filtered set and the second filtered set.

The third filtering criteria may be such that the third filtered set relates to a different

level of the prediction hierarchy than the filtered set and the second filtered set.
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The third filtered set of vehicle predictions may relate to an entity at a higher level of
the prediction hierarchy than the filtered set and the second filtered set of vehicle

predictions.

The controller may be configured to determine a display order for the filtered sets
relating to the same level of the prediction hierarchy based on the prediction values
determined for those sets, and control the user interface to display those prediction

values in the determined display order.

The controller may be configured to determine a display location for the or each set of
vehicle predictions based on the level of the prediction hierarchy to which that set
relates, and control the user interface to display the prediction value for that set at the

determined display location.

The controller may be configured to determine the display locations for the prediction
value, the second prediction value, and the third prediction value such that the display
locations for the prediction value and the second prediction value are grouped together

in a display region separate from the display location for third prediction value.

The fourth and fifth sets may relate to the same level of the prediction hierarchy as
each other, which is lower than the level to which the filtered set and the second filtered

set of vehicle predictions relate.

The fourth and fifth sets may relate to different levels of the prediction hierarchy than

each other, both of which are higher than the level to which the third filtered set relates.

The second filtering criteria may be such that each vehicle prediction of the filtered set
relates to a different one of:

o the same manufacturer, such that the filtered set contains vehicle predictions
for a vehicle product group or at least two different vehicle product groups of
the manufacturer;

e the same vehicle product group, such that the filtered set contains vehicle

predictions for at least two different vehicle products;
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e the same vehicle product, such that the filtered set contains vehicle predictions
for at least two different vehicle models;

e the same vehicle model, such that the filtered set contains vehicle predictions
for at least two different model years for that model;

¢ the same vehicle model and the same model year;

¢ the same vehicle engine;

¢ the same vehicle transmission;

o the same type of repair operation; or

o the same type of vehicle component.

The controller may be configured to determine, for the or each set of vehicle
predictions, at least one visual characteristic based on the prediction value for that set,
and control the user interface to display a visual representation having the determined
visual characteristic, thereby outputting the prediction value as the displayed visual

representation having the determined visual characteristic.

The prediction value determined from the filtered set may be a future prediction value

covering only predicted repair operations or vehicle component faults.

The prediction value determined from the filtered set may be a future-plus-historic
prediction value covering both predicted repair operations or vehicle component faults

and repair operations or vehicle component faults that have already occurred.

The system may be configured to compute, for the or each set of vehicle predictions:
1) a future-plus-historic prediction value covering both predicted repair operations or
vehicle component faults and repair operations or vehicle component faults that have
already occurred, and ii) a future prediction value covering only predicted repair
operations or vehicle component faults; wherein the controller may be configured to
control the user interface to output, to the user, the overall prediction value in

association with the future prediction value.

The computer system may also configured to determine, for the or each set of vehicle

predictions, a historical value covering only repair operations or vehicle component
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faults that have already occurred, wherein the controller may be configured to control
the user interface to output, to the user, the prediction value in association with the

historical value.

The historical value may be an aggregate historical value corresponding to the

aggregate prediction value.

The historical value may be an individual historical value corresponding to the

individual prediction value determined from the filtered set.

The controller may be configured to determine a first visual characteristic of the visual
representation based on one of, and a second visual characteristic of the visual
representation based on a different one of: the future prediction value, the historical

value, and the future-plus-historic prediction value for that set.

The (or each) visual characteristic may be (a different) one of a size or a colour of the

visual representation.

The prediction value may be a future prediction value covering only predicted repair
operations or vehicle component faults, wherein the controller may be configured to
control the user interface to display a visual representation of an future-plus-historic
prediction value for that set covering both predicted repair operations or vehicle
component faults and repair operations or vehicle component faults that have already
occurred, the visual representation having two visually distinct portions, a first of which
represents the historical value and a second of which represents the future prediction

value.

The first and second portions may have respective sizes determined by the controller

based on the historical value and the future prediction value respectively.

Each of the vehicle predictions may comprise a projection length, wherein the filtering

is such that the or each set of vehicle predictions relate to the same projection length.

At least two of the vehicle predictions may relate to different projection lengths.
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The aggregation component may be configured to determine the filtering criteria for
the or each set at least in part according to filter selection parameters set by at the

user at the user interface.

The prediction hierarchy may be predetermined or user-defined.

The or each aggregate value computed for the or each set may comprise a number of
or resource value for repair operations or vehicle component faults per vehicle for that
set, or an absolute number of or resource value for repair operations or vehicle

component faults for that set.

The controller may be configured to use each of the filtered sets to render a respective

element of a multi-element object displayed on the user interface.

The multi-element object may be: a node tree, a column chart, a dynamic grid, a map,

a sunburst chart, or a time series.

Each of the vehicle predictions may comprise a vehicle production timing or time-in-
service indicator, wherein each of the filtered sets relates to a different vehicle

production timing or a different time-in-service.

Each of the vehicle predictions may comprise a vehicle production timing indicator and

a time-in-service indicator.

The controller may be configured to display the aggregate predictions values as a time

series in order of production timing or time-in-service.
The controller may be configured to control the user interface to display each of the

prediction values as a node of a node tree, the node tree structured according to the

prediction hierarchy.
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The controller may be configured to control the user interface to display the nodes
representing the prediction value and the second prediction value within the node tree

as children of the node representing the third prediction value.

The controller may be configured to control the user interface to display each
prediction value determined from the filtered sets as an element of a sunburst chart,

the sunburst chart structured according to the prediction hierarchy.

The controller may be configured to control the user interface to display each of the

prediction values determined from the filtered sets as a column of a column chart.

Each of the vehicle predictions may comprise a model and a model year indicator and

each of the filtered sets relates to a different model year,

The controller may be configured to display the or each prediction value determined

from the filtered set(s) as an element of a grid.

The controller may be configured to control the user interface to display separate grids

for each level of the prediction hierarchy.

The repair operation type indicator may indicate a category of repair operation or a

specific repair operation.

Another aspect of the invention provides a computer system comprising: at least one
record database configured to hold vehicle or vehicle repair records; a prediction
database configured to hold vehicle predictions, each comprising: a prediction value
derived from a respective set of vehicle or vehicle repair records from which the
prediction has been derived, and, for each of those records, a corresponding database
key for locating that record in the record database in which it is held; a controller
configured to control a user interface to display, to a user: the prediction value of one
of the vehicle predictions, or an aggregate prediction value derived from the prediction
values of at least two of the vehicle predictions, wherein the controller is configured to
locate at least one of the vehicle or vehicle identification records in the record database

in which it is held, using the corresponding database key held in the prediction
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database, and display data of the located vehicle or vehicle repair record in association

with the displayed prediction value.

The computer system may comprise: a vehicle record database configured to hold
vehicle records; and a repair record database configured to hold vehicle repair

records.

The controller may be configured to locate at least one vehicle record in the vehicle
record database and at least one vehicle repair record in the repair record database,
and display data of both of those records in association with the displayed prediction

value.

The controller may be configured to locate the at least one vehicle record and the at
least one vehicle repair record using respective corresponding database keys held in

the prediction database.

The controller may be configured to locate the at least one vehicle record using the
corresponding database key held in the prediction database, and locate the at least
one vehicle repair record by matching an identifier in the vehicle record to an identifier

in the vehicle repair record.

The controller may be configured to display the data of the vehicle or vehicle repair
records in association with the displayed prediction value in that: the data is displayed
simultaneously with the displayed prediction value, or the data is displayed in response

to a user input received whilst the prediction value is being displayed.

The controller may comprise a filtering component configured to receive a set of
filtering criteria, and determine a filtered set of the vehicle predictions meeting the
received filtering criteria; wherein the controller may be configured to locate, in the
records database, a corresponding set of the vehicle or vehicle repair records
matching the same filtering criteria, using the database keys of the filtered set of
vehicle predictions, and display data of the corresponding set of records in association
with at least one individual or aggregate prediction value derived from the filtered set

of vehicle predictions.
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In any of the embodiments referred to in the above, a visual representation having
visual elements may be rendered on a page of a user interface. Each of the visual
elements may represent a respective set of filtered predictions (that is, a set of one or
more predictions satisfying a particular set of filtering criteria. Each visual element can
represent an aggregate predicted value or an individual predicted value). Each of the
visual elements may be selectable, to allow a user to navigate to another page of the
user interface corresponding to the set of filtered predictions represented by the

selected element.

Another aspect of the invention provides a computer system for aggregating machine
predictions comprising: a database configured to hold machine predictions, each
comprising: at least one repair operation, machine component or machine attribute
indicator, and an individual prediction value for the indicated repair operation, machine
component or machine attribute; a filtering component configured to receive filtering
criteria for filtering the machine predictions, and filter the machine predictions
according to the filtering criteria, by comparing the repair operation, machine
component or machine attribute indicators of the machine predictions in the database
with the filtering criteria, to determine a filtered set of the machine predictions meeting
the filtering criteria; and a controller configured to control a user interface to output, to

a user, at least one prediction value determined from the filtered set.

Another aspect of the invention provides a computer system comprising: at least one
record database configured to hold machine or machine repair records; a predication
database configured to hold machine predictions, each comprising: a prediction value
derived from a respective set of machine or machine repair records from which the
prediction has been derived, and, for each of those records, a corresponding database
key for locating that record in the record database in which it is held; a controller
configured to control a user interface to display, to a user: the prediction value of one
of the machine predictions, or an aggregate prediction value derived from the
prediction values of at least two of the machine predications, wherein the controller is
configured to locate at least one of the machine or machine identification records in

the record database in which it is held, using the corresponding database key held in
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the prediction database, and display data of the located machine or machine repair

record in association with the displayed prediction value.
Another aspect of the invention provides a non-transitory computer readable medium
having computer readable instructions configured, when executed, to implement any

method or functionality disclosed herein.

Brief Description of Figures

For a better understanding of the present invention, and to show how embodiments of

the same may be carried into effect, reference is made to the following figures in which:

Figure 1 shows an image of certain vehicle components laid out side-by-side;

Figure 2A shows a schematic block diagram of a predictive analytics system;

Figure 2B shows an example of vehicle predictions generated by the predictive
analytics system;

Figure 2C shows an example of a profile generated by the predictive analytics system;
Figure 3 shows a page structure according to which a user interface is rendered,;
Figures 4 to 45 shows a series of pages rendered as part of a user interface in an
example use-case;

Figures 46 to 123 show examples of various visual representations that can be
rendered as part of a user interface in order to represent vehicle predictions generated
by the predictive analytics system;

Figures 124A and 124B show graphs to demonstrate how the predictive methods
described herein compare with Weibull predictions in terms of accuracy;

Figure 125 shows a graph to illustrate how the predictive methods described herein
compare with Weibull predictions in terms stability over time;

Figure 126 is a graph to illustrate the principles of issue detection based on simple
thresholding;

Figures 127A and 127B show graphs to illustrate two examples in which the predictive
methods described herein are able to detect specific issues significantly earlier than
simple thresholding; and

Figure 128 shows a graph to illustrate how predictions made according to the methods

described herein stabilize over time.
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Detailed Description

Example embodiments of the invention will now be described by way of example only.

A predictive analytics system, referred to herein as “We Predict” and also "Indico",
provides a predictive analytics service, which can make accurate predictions about the
number of or resource value for repair operations (labour operations) or vehicle
component failures/other faults (or both) for a population of vehicles, within a
projection period having a certain duration (projection duration), such as the first 1 to
3 years of each vehicle’s life. Note, the terms "prediction", "projection" and "forecast"

H

are used interchangeably in the following description.

The predictive analytics service uses core data sets of vehicle records, which record
vehicles entering active service, and vehicle repair records for all relevant products.
This data is used to build predictive models which are applied at scale systematically
to all products, models/carlines and labour operations currently under warranty to

forecast future behaviour.

Four metrics used for forecasting are:

1. claim counts (D),

2. defects per unit (DPU), or "claims frequency"

3. resource value (C), and

4. resource value per unit (CPU).
The models and methods used by We Predict are unique in the industry and allow the
user key insights into their data which ultimately allow much earlier issue detection

and correct prioritisation of issues.

The core information generated is aggregated in several different ways that allow
analysis by a chosen hierarch (“projection hierarchy”), such as:

1. Manufacturer or “OEM” (one or more)

2. Brand (Product Group)

3. Product (Business Unit),

4. Carline/Sales Model (Machine Type),
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5. Engine Generation,

6. Labour Operation (Service Code), and

7. Part Code (Part Number).
The flexible nature of the system allows easy analysis within and across Products and
Carlines to detect and better understand issues in common components used in

several applications.

More granular breakdowns can also be provided, e.g. according to model year,

production months and/or time-in-service. Examples are given later.

Information is presented to the user via a user interface (Ul), in the form of dashboards
that contain a series of interactive charts and objects that allow interrogation in a top
down manner, or using search functionality investigation of a specific Product,

Carline/Model, Labour Operation or Component.

Via the dashboards, an authorized user can navigate through different levels of the

projection hierarchy.

Database keying is also used to link individual projections back to the vehicle repair
records from which they have been derived, to allow the user to navigate from a
particular projection to the individual vehicle repair records on which it is based. This,
in combination with the projection hierarchy, is an extremely powerful tool, which
allows the user to pin point issues very precisely, for example by navigating down
through the hierarchy to increasingly specific projections, and from there to individual
set of vehicle repair records relating to problematic vehicles or components. Tools are
also provided to allow intuitive (retrospective) analysis of those records, once they

have been located in this manner.

The Ul thus permits both projection-based and retrospective analysis, and a key
component of the user interface is the mechanism by which a user can navigate

between the two.

The system can be hosted on dedicated servers and is delivered to authorised users

via a web portal, for example.
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A key innovation underpinning the described system is the use of vehicle repair
records in combination with records of the vehicles entering active service for
predictive analysis. By combining these data, powerful and accurate predictions can
be made about future repair operations that will be required, or future vehicle
component failures that will occur, for a population of vehicles provided by a particular
manufacturer. This represents a novel use of this combination of data, and one which

has been found to provide unprecedented levels of insight.

The system can operate on different levels and classes of “variant”. A “variant” in this
context refers to a vehicle attribute or set of vehicle attributes, wherein all vehicles
having that/those attribute(s) are considered to be of that variant. That is, a variant is
a type of vehicle defined by one or more vehicle attributes. A variant could for example
be all vehicles of a particular brand, product, model (any model year), model and
specific model year or years etc., or all vehicles with a particular model or class or

engine or transmission system etc.

A distinction is drawn between a vehicle attribute and a vehicle component. A vehicle
attribute corresponds to a large-scale (high-level) characteristic of a vehicle, such as
the manufacturer, brand, product or model ID, or an entire subsystem such as the
engine or transmission. By contrast, a vehicle component corresponds to a specific
(low-level) component of a vehicle subsystem, such as a specific component
(mechanical or software) of the engine, transmission, breaking system, suspension,
chassis, carriage body, control system, on-board computer system or other vehicle
subsystem. Examples of vehicle components, and associated labour operations, are

given later to further aid illustration.

Other examples of vehicle attribute include hydraulic systems and cabs for certain

types of vehicle/machine.
A distinction is drawn between an “atomic” prediction, generated using the unique

methodologies set out below, and an aggregate prediction, which is generated by

aggregating atomic predictions.
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Atomic predictions are generated at the level of an individual labour operation and/or
vehicle component, for a particular class of variant or a limited number of variant
classes. Inthe examples described later, up to three classes of variant are used as a
basis for atomic predictions:

1. Carline (model)

2. Engine

3. Transmission
Accordingly, where all three variant classes are used, separate predictions are
generated across a range of carlines, a range of engines, and a range of transmission
systems. This admits some overlap, in that (for example) different engines may be
found in a particular carline, and the same engine or transmission system may be used

across multiple carlines.

Broadly speaking, these three classes of variant have been found to provide a
sufficient basis for the atomic predictions. Depending on the implementation, the
variants within each of these classes can be broadly defined (e.g. carline irrespective
of model year) or narrowly defined (e.g. separate predictions for each unique
combination of carline and model year; so separate projections for Carline A, 2017;
Carline A 2016, Carline A, 2015;... Carline B 2017, Carline B 2017; Carline C, 2016
etc.). Variant classes, and the specificity of variants within those classes, can be

chosen flexibly to suit a particular manufacturer’'s needs.

Via the Ul, a user of the system has access to not only the atomic predictions, but also
aggregate predictions generated by aggregating the atomic predictions according to
the chosen hierarchy, which is designed to find issues intuitively from an engineering
perspective. The Ul allows the user to navigate down through the hierarchy quickly
and efficiently. There is a degree of flexibility in how the hierarchy is selected, and it
can be tailored somewhat to suit the needs of different manufacturers. However, there
are certain guiding principles that are followed when choosing the hierarchy to ensure

that the Ul remains intuitive from an engineer’s perspective.

This is described later, but for now suffice it to say that an engineer can (for example)
start at the top of the hierarchy, very quickly identify an area where there may be an

issue, and very quickly drill down through the hierarchy to pinpoint the issue, via
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increasingly-specific predictions. This could for example be an issue with one
component, causing it to fail or need repair sooner than it should, in one carline for a

particular model year, out of hundreds of carlines, each with 10,000+ components.

Because the system is based on predictions, specific issues can be identified much
earlier than would be possible from a purely retrospective analysis. This makes it
possible to locate specific issues in a vast population of vehicles that it would be
difficult to identify using existing analytical techniques particularly with a measure of

significance attached.

Once such an issue has been identified, the engineer is in a position to re-engineer
the component or carline (say), to prevent the issue from occurring future vehicles, or
adapt the manufacturing or assembly process, or even recall vehicles for

repair/replacement if the issue is severe.

As noted, predictions can also be linked to the underlying records, to make them easily

accessible to the engineer as part of his or her analysis.

The We Predict system has a data processing stage, in the form of one or more
processing units (such as CPUs). The data processing stage executes data
processing code, which implements the described functionality of the system. For
example, a distributed computing environment may be provided by a set of
interconnected and co-operating servers, which can perform parallel data processing

operations to efficiently carry out the functions disclosed herein.

To aid illustration, Figure 1 shows a highly-schematic overview of the We Predict
system. Conceptually, the system can be divided into functional layers shown in
Figure 1, where each layer represents part of the system’s functionality. All of this

functionality is described in detail later, but first a brief overview is provided.

Each of the layers constitutes a functional component of the system, which can be

implemented as code executed at the data processing stage.
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In the following examples, the vehicle records and vehicle repair records are in the
form of vehicle sales and warranty claim records respectively. However, the
description applies equally to other forms of vehicle and vehicle repair records which
record, respectively, the vehicles entering active service on repairs that are performed

on those vehicles.

The system operates on a periodic update cycle, with updates typically being received
from customers on a monthly basis. Each update provides new customer data 2N,
comprising new sales records 4N and new warranty claim records 6N since the last
update. A pre-processing layer 12 processes the sales and warranty claim records
4N, 6N into a form suitable for use at a prediction layer 14. This involves combining
the new sales and warranty claim records 104N, 104N with any existing sales and
warranty claim records held for the customer, in a sales database 4D and warranty
claim database 6D respectively, removing duplicates where necessary. The new
warranty claims records 6N are also augmented with data from matching sales records
— either the new sales records 4N or the existing sales records held in the sales
database 4D — and the augmented warranty claim records are stored in the warranty
claim database 6D. Unique vehicle identifiers (IDs), in the form of vehicle identification
numbers (VINS), are provided in the sales and warranty records to allow corresponding
warranty claim records and sales records to be matched. Sales records held in the
database 4D are labelled 4, and can be a mixture of new and old sales records;
likewise warranty claim records 6D, held in the database 6D, are augmented warranty

claims records, and can be a mixture of new and old warranty claim records.

The prediction layer 14 has access to the sales and warranty claim databases 4D, 6D,
and uses those records to generate atomic predictions according to a methodology
that is described later. As described above, atomic predictions are generated for three
variant classes — carline, engine and transmission — at blocks 14a, 14b and 14c of the
prediction layer 14 respectively. The atomic predictions 20 — labelled 20a, 20b and
20c for carline, engine and transmission respectively — are stored in an atomic

prediction database 14D.

A filtering layer 15 has access to the atomic predictions database 14D, and filters the

atomic predictions 20 stored therein according to various sets of filtering criteria. Each
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set of filtering criteria is in the form of one or more filtering parameters, and the system
is constructed to handle both pre-defined filtering criteria 21P, that are stored
electronically in the system and can be seen as a form of system parameter, and also
user-defined filtering criteria 21U, which can be set dynamical ("on-the-fly") by a user

via the Ul, for example by selecting from on-screen filtering options, as described later.

In response to a received set of filtering criteria, the filtering layer 15 searches the
atomic predictions database 20 for any of the atomic predictions 20 that meet the
filtering criteria (i.e. match the one or more filtering parameters). Assuming one or
more of the atomic predictions 20 does meet the set of filtering criteria in question, the
result is a determined set of the one or more of the atomic predictions 20 that meet
those filtering criteria (filtered set). Depending on the context, the set of filtering criteria
can be entirely pre-defined, entirely user-defined, or a combination of both (e.g. a user
may use a pre-defined set of filtering criteria which s/he refines as desired). The
ability to filter the atomic predictions flexibly is a key component of the system. It
allows on-screen objects to be populated and refreshed dynamically as the user
navigates through the Ul and modifies the applied settings. With pre-defined filters,
the filtering can be performed dynamically, or in advance with the results of the filtering

being stored for later use.

For the avoidance of doubt, it is noted that the term "filtered set of vehicle predictions"
determined according to (a set of) filtering criteria can cover a single vehicle prediction
only, in the event that only a single vehicle prediction matches the filtering criteria.
Thus where, for example, this disclosure refers to a filtered set of vehicle predictions
(or similar) that can be any number of predictions matching the filtering criteria in

question.

An aggregation layer 16 operates to aggregate sets of multiple atomic predictions 20,
according to a clearly defined projection hierarchy. In particular, a function of the
aggregation layer 16 is to aggregate filtered sets containing multiple atomic
predictions. This can be a dynamic process, in which the aggregations are generated
dynamically “on-the-fly” in response to Ul input, or it may be more practicable to
generate at least some of the aggregations in advance, for example on each update

cycle. For example, aggregations may be performed for pre-defined filters in advance.
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Generally, either approach, or a combination of both approaches, may be used
depending on the context. The aggregate predictions are labelled 22, and can be pre-

stored in a database or generated dynamically in electronic storage as appropriate.

A user interface layer 18 has access to both the atomic predictions 20 and the
aggregate predictions 22, and controls a display device to render a user interface, via
which a user can navigate the predictions, moving up and down thorough the hierarchy
as desired. The user interface can for example be in the form of a Web interface,
where the user interface layer 18 provides instructions to a user device for rendering
the Ul, or the Ul layer 16 can be part of an application executed on the user device
that has access to the underlying prediction data 20, 22. The atomic and aggregate
projections 20, 22 to be outputted are selected based on navigation inputs 24 received
from the user via the Ul, and also any user-defined filtering criteria 121U set by the
user at the Ul. The filtering and (where applicable) aggregation, by the filtering and
aggregation layers 15, 16 respectively, is used as a basis for rendering the Ul, and in
particular for populating the Ul with appropriate predictions in response to the user's

navigation inputs 24 and user-defined filtering parameter(s) 21U.

Figure 2 shows certain structure of the sales and warranty claim records 4, 6, and the
atomic predictions 20a and 20b generated for the carline and engine variant classes.
The transmission class is omitted from Figure 2 for simplicity, but it will be appreciated
that the description applies equally to the transmission variant class, and indeed to

other forms of variant class.

Each atomic prediction relates to a particular variant of the variant class in question
(e.g. a particular carline model or particular carline model and model year, a particular
engine type or class etc.), and is at the level of an individual labour operation or an
individual vehicle component. In the following examples, each atomic prediction
relates to a particular variant and a particular labour operation, and comprises four
metrics:
1. Total predicted number of labour operations of that type for that variant, referred
to as “defects’ (D); this can be calculated or estimated as a total count of
warranty claims;

2. Total number of labour operations of that type (defects) per unit (vehicle) for
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that variant (DPU)

3. Total predicted resource value for (i.e. cost of) that type of labour operation for
that variant (C);and

4. Total predicted resource value for (i.e. cost of) that type of labour operation per
unit for that variant (CPU).

The terms “resource value” and “cost” are synonymous herein. Cost is useful metric
in this context as it is a reasonably reliable indicator as to the severity of the problem

in question.

Each of these is calculated over the projection period in question, such as the first 1-
3 years of each vehicle’s life. Different sets of predictions can also be computed for
different projection period durations. Each metric can provide labour operations
already performed as well as predicted labour operations (i.e. a total cost/count of
labour operations that have been performed and labour operations that are expected),
or only predicted labour operations, or separate values can be provided for each,

giving up to eight metrics in total.

Although the examples are described for labour operations, the description applies
equally to vehicle components in place of labour operations. A warranty claim record
may relate to one labour operation, but multiple vehicle components that are subject
to the labour operation. This can be handled by “splitting” the warranty claim record,

as described later.

Figure 2 illustrates further details of the operation of the prediction layer. In particular,
Figure 2 shows a highly schematic example of atomic predictions generated at the

carline and engine blocks 14a, 14b respectively.

The sales records 4 and augmented claims records 6 are received at the prediction
layer 14. Each sales records 4 constitutes a record of a vehicle entering active service
(that is, when the owner starts using it and the manufacturer becomes responsible for
repairs under the warranty), and records details of the vehicle in question. In this
example, each of the sales records 4 is shown to comprise:

¢ a vehicle identification number (VIN) 52
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e anin-service date 54,
e a carline indicator 56, and

e an engine indicator 58.

Each of the augmented warranty claim records 6 typically constitutes a record of a
repair performed on a vehicle after it has entered active service, generally to identify
and repair or replace a faulty component (although a small percentage of the warranty
claim records may relate to operations where no repair was actually performed). Each
claim record 6 is shown to comprise:

e a vehicle identification number (VIN) 62, to allow it to be matched to the
corresponding sales record,

¢ an indicator of a type of labour operation 80,

e adate 74 relating to the warranty claim in question, which can be the date on
which the labour operation was performed, the date the record was created, or
the date on which the claim was processed (for example),

e a carline indicator 76,

e an engine indicator 78, and

e acostvalue 72, denoting the cost incurred as a result of the warranty claim.

One of the problems with forecasting vehicle component failures or repairs is the
availability of data to use as a basis for the forecasting. One of the key realizations
underpinning the described techniques is that, within a predetermined window of a
vehicle's "lifetime" (the warranty period), comprehensive data about component
faults/failures within that widow is available to the manufacturer ("lifetime" in this
context commences when the vehicle enters active service (the in-service date)). This
is because, during that time window, whilst the vehicle is still under warranty, it is the
manufacturer who bears the responsibility for such failures/repairs. To ensure a
reliable data set to use as a basis for forecasting, all that is needed is to ensure that
the claim records sent back to the manufacturer when vehicles repairs are performed
under warranty contain sufficient information about the work that has been performed
on the vehicle, that the original sales records contain sufficient information about the
vehicle itself, and that each claim record can be matched to the corresponding sales

record for the vehicle in question. This allows accurate predictions to be made over
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the duration of a projection window (the projection duration), which is typically the first
1-3 years or so of a vehicles life. Repair work could also be curtailed due to a usage
threshold. The projection window can be chosen to correspond to the full window in
which the manufacturer is responsible for, and therefore has comprehensive data

about, repairs, or it could be a shorter window.

Note, although warranty claims are used as an example herein, the technology is not
limited to this. Other applications include extended warranty periods and "good will"
repairs that manufacturers' may provide in certain circumstances. In general, what is
material is that there exits, for whatever reason, a window of life in which
comprehensive repair data is more-or-less guaranteed to be communicated to the
vehicle manufacture, to allow comprehensive forecasting, which in turn can be used

to make engineering decisions about later vehicles/machines.

In this example, the VINs 52, 62 in the sales and warranty records respectively can be
used, where necessary, to augment the claims records with data of the sales records,
such as the carline and engine data 76, 78 of the augmented warranty claim records
6.

The output of the carline prediction block 14a is the atomic carline predictions 20a. In
this example, an atomic carline prediction is generate for every possible combination
of carline and labour operation. Each of the atomic carline predictions 20a is shown
to comprise an indicator of the carline 82 and an indicator of the labour operation type
84 to which it relates, as well as individual predicted values for that carline-labour
operation combination. As indicated above, each individual prediction corresponds to
a predicted count or cost — absolute or per vehicle — of that type of labour operation
(D, DPU, C, CPU). This can be an overall predicted value, i.e. which includes not only
the anticipated future count/cost but also the historical count/cost already recorded, or
a future predicted value only, i.e. which only includes the anticipated future count/cost.
Corresponding historical metrics can also be provided for each prediction 120a, i.e.
the historical count/cost — absolute or per vehicle — recorded for that labour operation-

carline combination only.
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The output of the engine prediction block 14b is the atomic engine predictions. In this
example, an atomic engine prediction 20b is generated for every possible combination
of engine and labour operation indicated by engine and labour operation indicators 92,
94 respectively. Predicted values, and optionally corresponding historical values, are
provided in the same way as the atomic vehicle predictions 20a, however in each
engine prediction 20b those values correspond to the cost/count for the particular

engine and labour operation combination in question.

Although not shown in Figure 2, atomic predictions can also be generated for every
possible labour operation and transmission combination in the same way, or indeed
for any desired combination of labour operations, vehicle components and vehicle

attributes.

It is also possible to generate more granular atomic predictions, such as predictions
for specific model years (i.e. separate predictions for each year of a particular model,
for each possible labour operation), or predictions for carline-engine combinations (i.e.
a separate prediction for every possible combination of carline, engine and labour
operations, where the values correspond in that case to a count/cost of that type of
labour operation for that engine and that carline), and so on. An appropriate level of

granularity can be chosen depending on the context.

It is also possible to generate less granular atomic predictions, such as predictions for
a given model or model-plus-model-year over all labour operations. In this case, each
prediction omits the labour operation indicator, as it applies to all labour operations for

the model in question.

In the examples described later, predictions are generated at multiple levels of
granularity. In particular:
e atomic predictions across all labour operations for individual models are
generated, for use in an "overview" mode (overview predictions), and
e atomic predictions for individual models and labour operations are generated

for use in a "detailed" mode (detailed predictions).
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Each prediction can be generated from a prediction model (profile) that is determined
at the appropriate level of granularity, from a relevant set of warranty claim records.
So in the examples below, separate profiles are determined for each vehicle model
across all labour operations, and also for each individual labour operation. More
generally, for a Ul with one or more levels of granularity (such as detailed and
overview), separate profiles are generated at the or each corresponding level of
granularity. This is preferable, as it ensures the models at each level of granularity

make full use of the available repair data.

The Indico system uses a systematic, non-parametric approach to make its

predictions, which is described later.
Systematic analysis and forecasting of claims rates and costs can be provided on a
regional, country and climatic basis with even the weather on the date of the claim

considered.

Section 1 - Qverview

User Interface — Overview

For a complex Ul, numerous sets of filtering criteria may be applied at different times,
in order to:
e |ocate and, where appropriate, aggregate a set of atomic predictions to be used
to populate a particular page of the Ul;
e |ocate and, where appropriate, aggregate subsets of the predictions for a

particular page, in order to populate on-screen objects on the page.

In rendering the Ul, various prediction hierarchy are used at different level of the Ul,
which broadly fall into two categories:
¢ inter-page hierarchies, according to which different pages are generated, to
allow intuitive navigation between pages;
¢ intra-page hierarchies, used to generate hierarchical objects on a particular

page, such as node trees, tree maps and sunburst charts. There can be
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multiple intra-page hierarchies for a given page, corresponding to different

objects on the page.

An object in this content refers to an on-screen representation of a set or sets of filtered
predictions. That is, a chart, table or other visual representation of data with a set of
constraints, according to which the object is populated. Objects can be populated
dynamically as the user navigates the user interface, based on filtering and, where
applicable, aggregation of the predictions. This can be dynamic (on-the-fly)
filtering/aggregation, or the filtering/aggregation can be performed in advance where

appropriate, as noted elsewhere.

In the described system, inter-page hierarchies are predetermined. The
predetermined hierarchies may take into account the needs of a particular

manufacturer.

Some predetermined intra-page hierarchies may be provided, however generally the
user has more control over these, either to define his/her own hierarchies, or modify
predetermined "default" or "template" hierarchies. For on-screen objects with user-
configurable hierarchies, the objects can be refreshed dynamically as the user
modifies the hierarchy. This can for example be achieved by re-filtering, where
applicable, aggregating the atomic predictions according to the users specified
hierarchy, and re-populating the on-screen objects with the results. The result can be
ordered according to predefined or user-specified ordering criteria. It is expected that
in the majority of cases it may be desirable to order the results according to the
predicted values, e.g. to put the highest projected costs/counts (absolute or per

vehicle) first, to show intuitively where problems are forecasted.

Inter-page hierarchies

As described later, inter-page hierarchies can operate in two modes: detailed and
overview. In both modes, page-level vehicle hierarchies, based on vehicle attributes,
are used as a basis for the rendering pages and navigating between pages. There
can be one or multiple inter-page hierarchies, such as one or more of. a vehicle-based

hierarchy, an engine-based hierarchy, and a transmission-based hierarchy.
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An intuitive vehicle-based inter-page hierarchy can for example be defined as follows:

e manufacturer

e brand

e product

e model/carline
A separate page of the hierarchy being made available for each entity at each level of
the vehicle hierarchy — so typically one (but potentially multiple) manufacturer page(s),
then a page for every brand of vehicle (multiple brand pages per manufacturer
typically), a page for every vehicle product (multiple vehicle product pages per brand

typically), and a page for every model of vehicle (multiple model pages per product

typically).

An intuitive engine inter-page can be defined as:

o Engine;

o Engine-product;

e Engine-model.
So one page for every engine (whatever model of vehicle it is used in), one page for
each possible combination of vehicle product and engine, and one page for each

possible vehicle model-engine combination.

Similar, a transmission hierarchy can be defined in the same way, with transmission
in place of engine:
An intuitive transmission inter-page can be defined as:

e Transmission;

e Transmission-product;

e Transmission-model.

Engine-brand or transmission-brand levels may also be provided if desired.

In the detailed mode, a particular labour operation is selected, and only predictions for

that labour operation are shown on each page.
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A user can also specify on-page filtering options. e.g. to focus on a specific selection
of brands, products, models, engines etc. The inter-page hierarchy is applied in the

same way, but is limited to predictions 120 that meet the user's selection criteria.

In both detailed mode, atomic predictions at the appropriate granularity (overview
atomic predictions or detailed atomic predictions) are used to provide atomic results
at the lowest level the hierarchy, and to populate on-screen objects. Those atomic
predictions are aggregated to provide results and populate on-screen objects further
up the hierarchy, for individual labour operations in the detailed mode and across all

labour operations in the overview mode.

Intra-page hierarchies

Node trees

A node tree or tree map is a tree diagram, whose visual structure is set to match a
prediction hierarchy according to which it is generated. Each node of the node tree
corresponds to a particular set of filtering criteria, according to which the predictions
120 are filtered to populate that node. Each level of the node tree corresponds to a

level of the prediction hierarchy according to which it is generated.

A node tree can be generated according to a prediction hierarchy that matches one of
the inter-page hierarchies, to provide a means of navigating between pages at different
levels. So, for example, a node tree generated according to the vehicle-based
hierarchy given above would have:

e aroot node representing a particular manufacturer;

¢ child nodes of the root node representing different brands;

¢ children of each brand node representing different products within that brand;

¢ children of product node representing models of that product.
The nodes corresponding to an inter-page hierarchy can be selectable to navigate to
the corresponding page. (The same applies for the engine and transmission

hierarchies).
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The hierarchy can also be extended, to provide additional granularity below vehicle
model within the node tree (for example), and/or other forms of on-page object, such
as those described below, can be provided to give additional granularity. Alternatively,
separate node trees can be provided on a page: one which matches the (fixed) inter-
page hierarchy for the page in question, and the other according to a user-configurable
hierarchy. For example, for the second node tree the user may be able to switch
between the following two hierarchies at least:

e model,

e model-engine,

e model-engine-transmission;

e model,
e model-transmission,

e model-transmission-engine.

Dynamic Grids

A dynamic grid (Pareto grid) is configurable grid representing a set of atomic
predictions 20 or aggregate predictions 22. The ordering of the grid can be set by the
user, and the option of ordering on the predicted values is provided. Pareto grids are

configurable, and afford significant flexibility.

In the examples described later, one option is to provide a breakdown of the
projections for the current page according to labour operation. That is, for whichever
entity the current page relates to (manufacturer, brand, product, model, engine,
engine-product etc.), a Pareto grid can provide at least one prediction value for each
possible labour operation for that entity. Depending on where the current page sits in
the inter-page hierarchy, the prediction values provided in the Pareto grid for individual
labour operations can be aggregate predictions (e.g. for each labour operation,
aggregating all of the individual prediction values D/DPU/C/CPU120 of the predictions
120 of figure B relating to a particular manufacturer, brand or product) or the individual
prediction values D/DPU/C/CPU that have been generated for particular models or

engines. The Pareto grid for a given page is generated by filtering the predictions 120
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according to whatever criteria are used to populate the grid, and aggregating the
filtered predictions where appropriate, for example to match the level of the inter-page

hierarchy at which the given page lies.

Column Charts

Another use case of filtering/aggregation is to provide column charts, where each
column of the chart again corresponds to a filtered and possibly aggregated set of
predictions. In the example described later, column charts are used as a basis for
comparing predictions for different model years. A set of columns is displayed, each
of which corresponds to the same model but a different model year. The columns are
generated by filtering the predictions 20 according to model year (note: although not
shown in the example of Figure 2B, as noted above, prediction can be generated for

each unigue model and model year combination to allow this level of granularity).

Also note: model year break-down is not restricted to the model level of the hierarchy.
For example, results aggregated to brand, product or even manufacturer can be
broken down by model year, using suitable filtering and aggregation of the predictions

120, as described later.

Time Series — Production Month, Time in Service (TIS)
Somewhat similar to column charts, another breakdown that can be provided at any
level of the inter-page hierarchy is a time series according to production month and

time in service.

Database Keying

As indicated, predictions 20 in the predictions database 14D comprise respective
database keys, for locating the corresponding sales and warranty records 104, 106 in
databases 4D and 6D respectively. This allows the Ul to be rendered such that a user
can switch easily between a projection or set of projections (atomic and aggregated)
and the corresponding records. Any filters, such as page-specific or user-defined
filters, applied to the predictions 20 are also applied to the corresponding records 4,
6.
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Section 2: Generating Predictions

This section details methods performed by Indico to produce vehicle warranty
frequency and cost forecasts at a component, category and carline level. That is, the
process by which atomic predictions 120 are computed at the prediction layer 14 of

the system.

Data

This section describes data elements for producing the projected results. The two key
sources of data are vehicle sales data 14, which documents the production and sale
of every vehicle in the population, and warranty claims data 6, which provides detailed

information on all the warranty claims associated with the population of vehicles.

The following sections describe elements of the data processing at the pre-processing

layer 12 before describing how the data is used to build forecasts.

Vehicle Sales
Vehicle sales data is used because it provides a record of vehicles entering active
service and details of each vehicle, however other forms of vehicle record capturing

this information can be used.

Information about vehicles is usually captured in one table, and often contains many
more fields of information than those given in the table below, such as vehicle trim
detail and Issuing Dealer, however this information is not critical to creating

projections.

Some fields of information, such as warranty coverage length, are sometimes supplied
in separate datasets. In this case, they simply need to be linked by the appropriate

columns, such as the VIN, or a combination of Carline and Model Year.

If vehicle Model Year is not provided in the vehicle sales dataset, it may be derived
from the 10" character of the VIN. A Model Year Code Dictionary is required if this

method is to be used.

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
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.....................................................................................................................................................................................................................

VIN Vehicle Identification Number (key field).
‘Carline  Vehicle Model Description (e.g. C Class).
Model Year Model Year of Vehicle.
Production Date | Date the vehicle was built.
e & e
.................................................................................... and warranty commenced.
Warranty Coverage ' Length of warranty coverage for the vehicle.
Length ' This could be in time or mileage, or both.

Warranty Claims

Warranty claims data is used because it is a comprehensive source of vehicle repairs
data within the initial period of a vehicle’s life that is collated at a central point, i.e. the
manufacturer. However, the description applies equally to other forms of vehicle repair

records.

Warranty Claims data contains information about repairs made on vehicles covered
under warranty. The amount of data captured in this dataset will vary by manufacturer,
but key fields given in the table below are always present. This dataset is linked to the
Vehicle Sales dataset via the VIN. Note that it is likely that some vehicles will not have
any warranty claims, however all warranty claims records should have an associated

vehicle record in the Vehicle Sales dataset.

Other information often captured in warranty claims data includes: data on the
dealership that performed the repair, the type of warranty that the repair is covered
under, other associated dates (such as failure date or claim submission date), other

payment fields, and any relevant description (descriptive) fields.

Descriptions for Labour Operations, Categories and Part Numbers provide context,
and are often supplied in separate dictionary datasets to make these large datasets

more efficient to interrogate.

Field Field Description
VIN Vehicle Identification Number (key field).
Claim Number A unique ID number for the claim.
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Labour Operation A code for the type of repair performed on the
vehicle.
Category @ A code of the area of the vehicle that the
repair was performed.
PartNumber =~ Thecausal part number in the claim.
‘ReportDate | Initial process date of the claim.
Payment Date Date the claim was paid by the OEM to the
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ dealer.
Odometer Vehicle Odometer reading at the breakdown
date
Labour Total Cost of labour charged on the claim.
PartTotal Cost of parts charged on the claim.
ClaimTotal =~ Thegrossrepaircost

Data Cleansing
The following section outlines steps which are taken to prepare the raw datasets for

analysis.
Vehicle Expiry Date

A Vehicle Expiry Date generally is derived and added to the Vehicle Sales dataset,
unless it is already included in the raw dataset. The Vehicle Expiry Date is simply the
date at which the vehicle expires its period of interest in the analysis. i.e. it is no longer
considered in analysis (after this date). The period of interest is usually the same
length as the warranty coverage, but it is more important to consider it in terms of the
required forecasting period, rather than simply the warranty coverage. For example, if
a vehicle with three year warranty is sold on January 1%t 2015, then its expiry date
would normally be January 15! 2018, since a three year forecast is generally of most
interest. However, if we are only concerned with making a forecast on the first 12
months in service, even though it has a three year warranty, then the vehicle’s expiry
date would be January 1%t 2016. The period of interest is generally fixed across a

manufacturer, or at least at a Carline - Model Year level.
Duplicates

Vehicle Sales and Warranty Claims datasets provided are generally updated at regular
periods in time, such as every week or every month. Duplicates are common, for

instance, payments may be updated as a claim is processed and settled. It is usually
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best practice to replace any such duplicates with the latest version of the record, on

the assumption that the latest version will contain the most up-to-date information.
Vehicle Age at Claim

The age of a vehicle at the time the warranty claim is performed or processed is a
piece of information which is calculated if it does not already exist. It is derived by
linking the warranty claims dataset with the vehicle sales dataset via the VIN and
calculating the number of days between the Report Date (or Payment Date) and the
vehicle In Service Date. If the age at claim is negative, i.e. the repair occurred before

the vehicle went into service, then the age at claim is instead set to 0.

The choice of using Report Date or Payment Date from the warranty claims dataset to
calculate age at claim depends on whether forecasts are required from a frequency or
cost perspective. Payments can take time to process, which would have an impact on

when a manufacturer is exposed to these costs.

This is appropriate for a time-based analysis, however usage (mileage or hourage)
can be used in place of vehicle age for a usage-based analysis. Accordingly, all

description pertaining to vehicle age applies equally to current usage in that context.
Warranty Claims Data Treatment

Treatment of the Warranty Claims Data varies by manufacturer depending on their
methods for recording warranty claims and how they wish projection results to be

presented.

Examples of warranty claims treatment for two different manufacturers are given

below.

1. Manufacturer A wishes to view forecasts at a part number level, therefore the
parts associated with a claim are considered as separate claims and the total
claim costs are allocated proportionally across the parts.

2. Manufacturer B wishes to view forecasts at a labour operation level, and since
each related labour operation and costs are split out across separate rows for

each claim, no further manipulation of the warranty claims data is required.
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Methods

This section details the steps required to create frequency and cost projections at the
carline, category or labour operation level. Profiles of claims patterns are generated
using historic warranty claims data and used to form the basis for projections when

combined with the current vehicle population and claims counts or costs.
Data Date

The Data Date is the first piece of information to be derived. It is defined as the most
recent date of any claim in the warranty claims dataset, and can be considered as the
date at which the projections, and any analysis, are valid. It is used to determine which
warranty claims are eligible to be used to build profiles, and also to calculate the

current age of all vehicles in the population.
Profiling

Profiles are the basis for all projections at the prediction layer 14. They are used to
reflect the consistent patterns seen in warranty data for specific types of repair. For
example, some components will fail throughout the warranty period at a fairly constant
rate, whilst other components may fail at an increased rate towards the end of
warranty. Each type of repair has it's own characteristics which mean unique profiles
are required. To demonstrate how profiles are created, an illustrative example follows
which considers a Labour Operation ‘E0123 on a Carline ‘Compact A’. The prediction
layer 14 uses this method to create profiles for every required combination of carline,

category and labour operation.

The first step is to identify all warranty claims which can be used to form the profile.
Only claims which have occurred on vehicles which have passed their expiry date are
considered for analysis. This is to ensure the profile is not unfairly weighted towards
warranty claims occurring at low times in service. The following table gives the age at
claim and amount paid for 30 claims which meet this criteria for the Labour Operation
EO0123.

“ClaimID | Ageat | ClaimTotal | ClaimID @ Ageat Claim Total
Claim . Claim
] L T O ..§%700| 16 444 | $247.00
2 0 $79.00 17 489 $79.00
3 1 $141.00 18 | 540 $121.00
4 5 $79.00 19 | 623 $141.00
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$247.00

Claims are then grouped by Carline, Labour Operation and Age at Claim, and the

count and sum of the Claim Total is taken for each grouping. This is shown in the table

below.
............. e B e i
. Operation Claim
CompactA  E0123 0 2 $158.00
Compact A | E0123 1 1 $141.00
Compact A | E0123 5 1 $79.00
‘CompactA | E0123 45T U s141.00
CompactA  EO123 = 799 1 $121.00
Compact A~ TEGIzE T $15166
‘CompactA  E0123 = 155 1 $79.00
‘CompactA  E0123 = 176 . 1 $79.00
Compact A EO0123 240 1 $121.00
Compact A E0123 255 1 $79.00
‘CompactA | EO123 | 302: (. $247.00
Compact A e e $550.60°
Compact A e T e §191.00
‘CompactA E0123 444 (. $247.00
‘CompactA  E0123 489 1 $79.00
Compact A EO0123 540 1 $121.00
Compact A EO0123 623 1 $141.00
‘CompactA | E0123 | esel v $79.00
“CompactA ™~ e i $14160
GompactA e i e $547 66
‘CompactA E0123 | 81: 1. $121.00
CompactA E0O123 888 1. $121.00
‘CompactA EO123 = 912. 1. $247.00
Compact A E0123 950 1 $79.00
Compact A EO0123 1003 1 $141.00
‘CompactA  EO123 | 1090 1 $247.00
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............................................................................................................................................................................................................................................

............................................................................................................................................................................................................................................

This table is filled out to cover every day in service and Cumulative totals for Claim

Count and Sum Paid are derived. In the present example there are 1095 points,

representing the number of days in a three year warranty period. To create a one year

profile, it would have 365 points, etc. The following table shows the first 20 rows and

the last 10 rows of the resulting profile table.

Carline Labour i Age At Cumulative | Cumulative : Claims Paid
Operation : Claim Claims i Paid Percentage Percentage
Compact A EO0123 : 0 2 i $158.00 6.67% 4%
‘CompactA | E0123 R 3 1829000 | 10.00% | %
Compact A EO0123 2 3 $299.00 10.00% 7%
CompactA | E0123 | 3T 3 1829900 1 10.00% | %
Compact A BT R & 3$29900 ............. O T T g
‘CompactA  E0123 5 . 4 - $378.00 13.33% 9%
Compact A 6 4 5 $378.00 13.33% 9%

$378.00

CompactA | E0123 9 4 $378.00 13.33% 9%
CompactA | E0123 .10 4 . $378.00 13.33% 9%
CompactA | E0123 T 4 1$37800 | 13.33% | %

i $519.00

(4, ]

CompactA | E0123 13 4 _ 13.33% 9%
CompactA | E0123 14 4 - $378.00 13.33% 9%
E 7$519.00 1 16.67% 2%
5 1 $51900 | 16.67% 2%

Compact A

Gompact A~ EG 23S 5 $516.00 16.67% i2%
CompactA | E0i23 19 5 $519.00 T 16.67% 12%
"CompactA || E0123 20 5 $579.00 16.67% | 12% T
"CompactA | E0123 11086 27 $3471.00 1 90.00% 8%
— |

‘CompactA $3,471.00

Compact A $347100 | 90.00% 85%
Compact A 7$3.718.00 | 93.33% 88%
"CompactA | E0123 11091 28 1'$371800 19333%  88%

"$3718.00

49



10

15

20

25

WO 2019/067006 PCT/US2017/069021

.............................................................................................................................................................................................................................................

\.......................................\...............................\............................\................................\...................................................................\................................q

Compact A E01 23 1 095 30 $4 216.00 1 00.00% 1 00%

The Claims Percentage (CP) and Paid Percentage (PP) columns are the frequency
and cost profiles respectively. The cost profile is plotted in the graph of Figure 2C

which plots CPP as a function of days in service.

In practice, the prediction layer 14 avoids building profiles with less than 100 claims.
This is to minimise the occurrence of major jumps (which can be seen clearly in the
profile of Figure 2C), as they can have an impact on the consistency of projections

calculated using the profile.

Profile Cleansing

Warranty activity is sometimes classed in two ways — regular warranty activity and
irregular warranty activity. Regular warranty activity covers those claims which occur
in a predictable fashion, e.g. due to a component defect in vehicle infancy or due to
normal component wear. This type of warranty is a main reason why using a profile
based on historic claims activity is such an effective model in this scenario. Irregular
claims activity occurs when components fail due to a specific issue or error in the
production line. Failures of this type fall outside the predictable pattern of regular
warranty and are therefore hard to model effectively. Technical service bulletins,
campaigns or recalls often occur for serious issues and are normally labelled as such
in warranty data. However component issues or batch issues not requiring special
action can often be left untouched in warranty data and be classed equivalently to
regular warranty activity. As a result, irregular warranty activity can end up in profiles,

which has a resulting impact on the quality of projections.

Irregular warranty activity should be removed from data used to generate profiles,
where possible, although it is not always easy to identify. One straight forward method
builds component profiles for each model year and tests for consistency. Any years

which obviously differ, i.e. contain potentially irregular warranty, can be removed.

Backup Profiles
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Indico includes a set of rules which allow Labour Operations, Categories or Carlines
to be mapped to another appropriate profile in the event that not enough historic
warranty claims exist to build a specific profile. This hierachy of profiles is given below,

with the first profile to match being used for projections.

e Own Carline Labour Operation Profile

e Own Carline Group Labour Operation Profile

e Backup Carline Labour Operation Profile

e Own Carline Category Profile

e Backup Carline Category Profile

e Own Carline Profile

e Own Carline Group Profile

e Backup Carline Profile
Carline Group refers to a collection of carlines which are considered similar in a
manufacturer carline portfolio. These groups are agreed with the manufacturer during

set up.

A Backup Carline is set for every carline. It can be considered as the most similar, and

is often an older version of a carline with more historic data and hence viable profiles.
Current Vehicle Age

The current age of each vehicle in a population is defined as the number of days
between the vehicle In Service Date and the Data Date. Any vehicles which have a
Production Date or In Service Date which is greater than the Data Date are removed

from analysis, along with the vehicle’s associated warranty claims.
Vehicle Earnings and Maturity

This section describes how “vehicle earnings” and “maturity” metrics are calculated
against a profile. This is an important process which compares all related vehicles to
a profile to determine an overall population maturity with respect to the profile. The
maturity value is directly used to calculate a projection for the Labour Operation in

question.

The example described in the Profiling section is continued by considering a
population of 1000 Compact A — Model Year 2017 vehicles. The Data Date is 10®

February 2017 and these vehicles have so far experienced five claims and the aim is
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to calculate a three year (end of warranty) projection for cost per unit. The vehicles are
grouped by their Current Age, and linked to the profile by Current Age and Profile Age
at Claim. The earnings for each age grouping are the product of the Profile Paid
Percentage and the number of vehicles in the group. The following table displays all

these steps.

.........................................................................................................................................................................................................................................

Carline Model | Current | Vehicle Paid Earnings
Year i Age | Count | Percentage |
Compact A 2017 | 1 145 7.09% 10.28344402
Compact A S e e e e
Compadt A BGTTTE T S 5 53iERRE
P 2017 5 P PRITS R & ET883365
Compact A BGT T TS ey
CompactA = 2017 25 3. 12.31%  3.693074004
CompactA = 2017 31 120 1231% 1477229602
CompactA = 2017 . 40 50 1231% 6.15512334
Compact A 2017 | 55 40 12.31% | 4.924098672
Compact A 2017 | 71 25 12.31% | 3.07756167
Compact A 2017 | 92 15 15.18% | 2.277039848
Compact A 2017 115 | 12 15.18% | 1.821631879
CompactA 2017 . 13 8 18.05% 1.44402277
CompactA 2017 170 4 1992% 0.796963947
CompactA 2017 201 3 2180% 0653937381
CompactA BT ST ¥ R e ST B T 5 EE3GRT3RT
Compact A S017 e 5 2180%0435958254
Compact A BT S T T A 5515656155
Compact A T B g s
CompactA |~ 2017 260 1. 26.54% 0.265417457

Maturity is calculated by dividing the total earnings by the number of vehicles in a

population. The maturity in this example is therefore 105.49/1000 = 0.10549.

Maturity here describes the proportion of liability realized at the point of analysis.
That is, the fraction of the total number or cost of repairs that are estimated to have

been performed so far.

As will be appreciated, to compute a predicted frequency (claims per unit), exactly
the same steps can be applied but with the profile claim percentage in place of the

paid percentage.
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Warranty Claims Lag

There is often a time lag for warranty claims being added to a historic warranty claims
table, meaning the claim records are not complete to the data date and the rate at
which they’re incomplete is consistent. This time lag can often be months long. This
lag varies by manufacturer, but is normally consistent within a manufacturer. Once the
time lag has been modelled and understood, an additional step can be added to adjust
the earnings, taking the claims lag into account. Several values need to be derived to

implement this step.

e DD — Data Date. The date of the latest claim.

e FPDD - Fully Processed Data Date. This is the date at which the claims data
is fully realised. FPDD <= DD.

o AF — Adjustment Factor for age. A value to be calculated based on proportion
of claims processed during vehicle age equivalent. Calculated by multiplying
the PP by the claims lag distribution for each age.

e PP —Proportion Processed. The proportion of claims processed between FPDD
and DD. This is derived from the calculated claims distribution.

If vehicle age is less than or equal to the number of days between DD and FPDD, then

e New Earnings = Earnings X AF

If vehicle age is greater than the number of days between DD and FPDD, then

e Earnfully to FPDD
e Earnfully to DD
e New Earnings = FPDD + [(DD — FPDD) X PP]

Projections

Projections are simple once a maturity value has been calculated. A Projected Paid
(respective claim) amount can be calculated by dividing the total cost for a group of
claims (respective total number of claims) by the maturity. Cost per unit values are

then derived by considering the number of vehicles in the population.

The table below gives details on five claims for Labour Operation E0123 on Compact
A -2017.
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Number | Operation ! Total

ABCDEFGHIJK000001 1: E0123 5 01 October 2016 $81.00

ABCDEFGHIJK000002 2 i E0123 11 November 2016 $121.00
'ABCDEFGHIJK000003 = 3:E0123 = 23 November2016 $81.00
'ABCDEFGHIJK000004 | 47E0123 | 03January 2017 1 $263.00
e T S ESER SR T BT 6

The last step combines vehicle and claims summaries with the derived maturity value
to give a Projected Paid amount of $6,323.13 and a Cost per Unit amount of $6.32.

......................................................................................................................................

Carline Model : Vehicle Labour Maturity
Year | Count @ Operation

Claim | Total | Projected | PCPU |

Count Paid Paid

A

Compact | 2017 | 1000 | EO123 0.10549

5 $667.00 ; $6,323.13 ;| $6.32 |

This method is repeated for all combinations of Carline and Labour Operation across

the dataset. Some examples of different labour operation types are given in the

following table. A profile or profiles, as appropriate can be built for each such labour

operation using the described method. Carline and Category projections are created

using the same method.

Example Repair Operations

Repair Repair Operation Description . Sub System
Operation
Code .
1 CLUTCH LINES, AIR BLEED ! Transmission system
.............................. 5 TRUNK LD OR LIET GATE. " "Bogy
ADJUST
"""""""""""""""""" 8  HIGH TENSION LEAD,CHECK Electronics
"""""""""""""""""" 9 SHORTENGINELR&R ~  Engine components and parts
15 | CYLINDER BLOCK,R&R i Engine components and parts
““““““““““““““ 16 | ENGINE MOUNT RUBBER NO.1, | Engine components and parts
R&R
........................... 55 EXTENSIONINTAKEMANIFOLDExhaustsystem
........................... 56 BYPASS VALVE RBR " Exhavet eyetam
........................... Sy EUEL TANK BRR " Baal summiy adtam™"
........................... 56 EUEL Bl ER LIl GPENER BER™ ‘ el Sy st
“““““““““““““““ 34 OXYGEN SENSORR&R ~  Electronics |
36 | DRIVE BELT TENSIONER,R&R | Engine components and parts
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....................................................................................................................................................................................................

SELECTOR LEVER,R&R . Transmission system

PROPELLER SHAFT ASSY, R&R | Engine components and parts

FRONT WHEEL HUB BOLTS,R&R | Suspension and steering
| systems

ANTI-LOCK BRAKE Braking system
SYSTEM, DIAGNOSE e
WHEEL NUT, R&R ONE Suspension and steering

e b SY SIS

FRONT SHOCK ABSORBER,R&R | Suspension and steering
| systems

95 | ORNAMENT(GRILLE),R&R . Body

107 : CYLINDER HEAD,R&R Engine components and parts
““““““““““““ 108  CAMSHAFTR&R ~ Engine components and parts
““““““““““““ 120 FUEL RETURN HOSE,R&R  Fuel supply system
........................ i3 EGRMODULATORVALVEFuelsupplysystem
"""""""""""" 127 STARTERDIAGNOSE =~ Electronics
"""""""""""" 142 GEARSHIFT LEVERWAVE  Transmission system

WASH
163 | INSPECT,REPLACE EGR HOSE : Fuel supply system

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

Suspension and steering
! systems

- Suspension and steering
e SYSEOMIS

TRUNK LID HINGE,R&R

200 : REAR DISC BRAKE, CLEAN AND | Braking system
___________________________________ REFURB. e
202 : CLIMATE MODE CONTROL, Electronics
S 107 S
214 | TURBOCHARGER Engine components and parts
_______________________________________ BRACKE T R R e
278 | REAR SHOCK ABSORBER,R&R | Suspension and steering
| systems
282 | AIR BAG CONTROL SYSTEM, . Electronics
___________________________________ DIAGNOSE
327 | PILOT BEARING,R&R Transmission system
328 | CLUTCH RELEASE FORK,R&R Transmission system
....................... 441 FRONT AXLE OIL SEAL RER " Suspension and stesring ™"
S G - (- 1.
632 | CAMSHAFT POSITION SENSOR, | Electronics
R&R
691 BATTERY,CLEAN AND CHECK  Electrical supply system
694 : PARTIAL ENGINE,R&R . Engine components and parts
773 : GLOVE BOX ASSEMBLY,R&R . Body
798 | POWER DOOR LOCK Body

MOTOR,R&R

55



10

15

20

25

WO 2019/067006 PCT/US2017/069021

........................ 34 T TGN STOR LIGHT ™ Bedy ™"
BULB, R&R |
"""""""""""" 844 SPEAKER (TWEETER), R&RLE  Entertainment
850 BLOWER UNIT,R&R Heater & AIC
"""""""""""" 918 MAIN FUSE BLOCKR&R ~ Electronics
991 KEYLESS UNIT/TRANSMITTER, | Electronics
“““““““““““““““ 993 WEATHERSTRIPR&R Body .

Section 3: Comparison with Other Methodologies

To illustrate some of the benefits of the predictive analytics techniques disclosed

herein, comparisons with other methodologies will be provided by way of example.
Comparison to Weibull:

With reference to Figures 124A and 124B, this disclosure recognizes that many
components have their majority of claim activity towards the end of warranty. By way
of example, the graph of Figure 124A plots cumulative claims (the smoother,
monotonically increasing curve) and daily claims (more jagged curve) as a function of
days in service, over a period of 1000 days, for a particular labour operation
corresponding to a particular vehicle component. As can be seen, the number of
claims per day generally increases with vehicle age (which is also reflected in the
increasing gradient of the cumulative curve), there being a relatively small number of
claims per day occurring for young vehicles and a relatively large number for older
vehicles. This low initial claim activity prevents early issue detection using current

analytics.

Existing parametric forecasting tools like Weibull also fail to forecast this behaviour
when only a limited dataset for relatively young vehicles is available, as illustrated in
Figure 124B. As is known in the art, Weibull analysis is a well-known parametric model
for prediction that is generally favoured by many working in the field and is perceived

as something of a “go-to” tool for any predictive analysis.

Figure 124B shows two plots, respectively labelled WP Forecast, which is computed
using the methods taught herein, and Weibull Forecast, which is computed by applying
a Weibull parametric analysis to the same data, based on a population of relatively
young vehicles with relatively low maturity, corresponding to the subset of the data of

Figure 124A within the interval labelled T, which in turn corresponds to the age of the
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oldest vehicle in the population on which the forecasts are based. As can be seen,
the Weibull Forecast determined on this limited subset of data fails to predict the
significant increase in claims (repair) activity with days in service that is evident in the
actual data of Figure 124A, whereas the WP Forecast predicts this accurately from the

limited dataset.

To further illustrate this improvement, Figure 125 shows the results of Indico analysis
(left-hand bars of the bar chart) compared with the Weibull analysis (right-hand bars
of the bar chart). The number of received claims used in the analysis is also shown.
The Weibull analysis only starts in March 2011 and predicts a failure rate of 3.2%. At
this point the Indico predictions have stabilised and show 18.4%. The Weibull
predictions then increase month on month before becoming stable in approximately
January 2012 (a previous analysis of this data set indicates the Weibull technique
under predicts by about 25%, as it cannot deal easily with O day claims). It is clear
that the Indico analysis produces a stable reliable prediction at least 10 months earlier
than the Weibull method.

Comparison with monthly cost-based approach:

With reference to Figure 126, the present methods also perform significantly better
compared with the simple monthly-cost based approach described briefly above, in
which issues are flagged when the total monthly spend or frequency for a given labour
operation/vehicle component exceeds a predetermined threshold. By way of example,
Figure 125 shows a graph of monthly spend for a particular labour operation with a
predetermined threshold (e.g. at £100,000). It is only when the total cost for that
operation for a particular month reaches the threshold that the potential issue is
flagged and investigates, which in this example is nearly three years from when the
first of the vehicles in question entered active service. In this example, the vertical
axis corresponds to monthly spend in units of £100k. It is necessary with this approach
to use sufficiently high thresholds to prevent statistically insignificant events from
skewing the results unduly, but this in turn significantly limits the capacity for early

issue detection.

For comparison, Figures 127A and 127B show cost per month (on the y-axis) for two
different vehicle components — fuel injector kit and CCCC instrument panel

respectively. In these cases, the point in time at which it is possible to detect an issue
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using the non-parametric forecasting methods of this disclosure is, respectively, 43
months and 31 months earlier than it is with the simple thresholding method with a

suitably chosen threshold.
Indico Stability

Figure 128 shows a graph of the results of an Indico analysis run retrospectively on
data between March 2012 and December 2010. The predicted failure rate at the end
of warranty was calculated for each re-run. These failure rates are plotted against the

re-run date and are compared to the data maturity in Figure 128.

The first re-run in December 2010 produced a predicted failure rate of 25.3%. This
analysis was run where the data set was only 4.9% mature. This prediction would be

treated with caution due to the low maturity.

Subsequent predictions produced a reduction to 18.8% in February 2011. From this
point onwards the predicted values remains very consistent varying between only
18.8% and 15.0% up to March 2012.

This analysis shows that from February 2011 even with a relatively low maturity
(<10%) a reliable prediction was produced. The small variation in predicted numbers

is quite normal and reduces as the maturity increases.

Section 4: System Overview

Further details of the Indico user interface will now be described.

Figure 3 shows a schematic overview of a network of pages provided by the user
interface of the Indico system. Blocks in Figure 3 represent individual pages, and the
arrows between blocks indicate navigational relationships between the pages. In
particular, an arrow from the block representing one page to the block representing
another page represents the fact that it is possible to navigate directly from that page
to that other page. This navigation is effected by way of a navigation element

displayed on each page and referred to as a ""charm" below.
Overview pages 102 and detailed pages 104 are provided according to the inter-page

hierarchy set out in the above. As indicated, it is possible to navigate directly from the

brand, product and carline overview pages to the detailed page at the corresponding
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level of the hierarchy, so as to switch from results across all labour operations to

results for any specific one of the available labour operations.

The overview manufacturer, brand, product and carline pages 102a, 102b, 102¢ and
102d are provided in accordance with the above. Likewise detailed manufacturer,
brand, product and carline pages 104a, 104b, 104c and 104d are also provided in
accordance with the above. From the overview brand, product and carline pages
102b, 102c, 102d it is possible to navigate directly to the corresponding detailed page
104b, 104c, 104d at the same level of the hierarchy. For both the overview pages 102
and the detailed pages 104, it is possible to navigate to the overview or detailed page
respectively at the next level down in the hierarchy. From the overview brand page
102b and the overview product page 102c it is possible to navigate to an ultimate
brand page 106b and an ultimate product page 106c¢ respectively in accordance with
the above. From the overview carline page 102d it is possible to navigate directly to
a corresponding ultimate variant page 106d in accordance with the above. The
ultimate brand, product and variant pages 106 are also overview pages in the sense
that they are not specific to a particular labour operation. By contrast, it is possible to
navigate directly from the detailed brand, product and carline pages 104b, 104c, 104d
to an ultimate brand labour operation page 108b, an ultimate product labour operation
page 108c and an ultimate labour operation page 108d respectively, for a specific

labour operation.

The ultimate brand and ultimate product pages 106b, 106¢c provide aggregate
predictions that are not specific to individual labour operations. The ultimate variant
page 106d provides predictions that are also not labour operation specific. The
ultimate brand labour operation page 108b and ultimate product labour operation page
108c provide aggregate predictions that are specific to a particular labour operation.
The ultimate labour operation page 108d provides predictions that are also labour

operation specific.

Overview engine, engine-product and engine-carline pages 110 are also provided, as
are detailed engine, engine-product and engine-carline pages 112. The inter page
hierarchies for these pages are shown by the arrows in Figure 1, and as shown these

also provide another route to the ultimate variant page 106d and the ultimate labour
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operation page 108d. Result tracker carline and result track product pages 114, 116
are also provided in accordance with the above. A source data summary 118, claims
details grid 120 and part code breakdown page 122 can also be provided in

accordance with the above.

In more detail, Figure 3 illustrates how each of the report pages are connected within
the system. There are two main tracks: (1) Forecasting - Overview corresponding to
elements 102 and 110, and (2) Forecasting - Detail corresponding to elements 104
and 112 which a user can explore in order to analyses and identify top issues across
different levels of focus. Each focus level forms part of systematic hierarchy designed

to find issues intuitively from an engineering point-of-view.

The arrows between each report page in Figure 3 shows the navigation relationship
between each report. The navigation allows a user to quickly trace an issue to a
specific problem/affected area. In general, the lower down the hierarchy you are, the

more specific the report will be.

Alternatively, a user may also navigate to an Ultimate Report 106/108b-d from any
page to find detailed information about the forecast, production information, as well as

other supporting analyses to help understand a selected issue.

The other areas displayed on the sitemap are the Result Tracker pages 114, 116,
which are used for showing how the relative ranks of forecasts have changed over the
preceding 24 months. A stand-alone Source Data Summary page118 is also

provided.

Finally, there are the two data grids which are available for every forecast within the
system, a Claims Details Grid 120 and a Part Code Breakdown 112, which can be

requested by the user on any of the other pages.
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The content of the various pages will now be described. Various visual
representations are described below having visual elements representing one of the
metrics (C/CPU/D/DPU) for a given entity in a given hierarchy (manufacturer, brand,
product, carline, engine, engine-carline etc.). Unless otherwise indicated, for any of
these the user can at any time switch between any of the metrics (C/CPU/D/DPU) and
the visual representations will adapt dynamically to represent the newly-selected

metric.

5: Source Data Summary

This area of the system provides users with a summary of the data that has been used

to generate the forecasted results within the system.

5.1 Carlines Page

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:
Single Select

» Carline

Navigation: There are no navigation targets from this page.

5.1.1 Sales and Claims by Model Year

The sales and claim counts by Model Year for the chosen Carline are shown in a data

grid, as illustrated in Figure 46.

5.1.2 Sales Volume by Month

The sales counts by month for the chosen Carline are shown in a column chart, as

illustrated in Figure 47A.
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5.1.3 Claims Volume by Month

The claim counts by month for the chosen Carline are shown in a column chart, as

illustrated in Figure 47B.

Section 6: Forecasting — Overview

This reporting track contains seven pages which display forecasts at each level within

the following hierarchies:
» Manufacturer -» Brand — Product — Carline

« Engine — Engine-Product — Engine-Carline

This can be extended to other hierarchies, such as any of those defined above.

6.1 Manufacturer Page

This page shows forecasts at a Manufacturer level.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Single Select
+ Model Year'

« Projection Length

Navigation: The user can navigate to either the Brands Overview (see 6.2) or the

Manufacturer Detail (see 7.1).

The selected Model Year and Projection Months are passed as parameters.

Reporting Objects: This page contains a single reporting object which displays Model

Year forecasts for the Manufacturer.

! The Model Year filter is not applied to the Model Year Development.
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6.1.1 Model Year Development

This shows a comparison of the forecast for the Manufacturer across each Model

Year.

This is presented within a stacked column chart showing the relationship between

current and forecasted performance for each Model Year, as illustrated in Figure 48.

In Figure 48, each prediction is displayed as a visual representation in the form of a
column of a column chart, by year in this example. The stacked column for Model
Year 2016 is labelled 4800, and has two visually distinct portions 4802, 4804. The
first portion 4002 represents a historical component of the metric in question
(C/CPU/D/DPU) for that year (i.e. number of cost of labor operations already
preformed or incurred) and the second portion 4804 represents the remaining future
component (i.e. predicted number or cost of repair predicted operations yet to be
performed/incurred), such that the whole stacked column 4800 corresponds to the
combination of historical and future labor operations. As is evident, the ratio of future
to historical values is greater for younger vehicles, approaching or reaching zero for
older models, as expected. In Figure 48, the selected metric is projected claims
frequency but any of the other metrics can be presented in the same way. A
selectable-element 4086, in the form of a dropdown menu, is provided which the user

can use to switch between metrics.

6.2 Brands Page

This page shows whole Brand forecasts.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Multi Select: Single Select:
+ Model Year?
* Brand * Projection Length
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Navigation: The user can navigate to either the Products Overview (see 6.3), the

Ultimate Brand Report (see section 10) or the Brands Detail (see 7.2).

The selected Brand, Model Year and Projection Months are passed as parameters.

Reporting Objects: This page contains three reporting objects which display a
comparison of Brand forecasts against each other for the chosen Model Year and

Projection Length.

6.2.1 Projections Node Tree

This shows a comparison of the forecast on all Brands and is presented within a Node
tree 5700, as illustrated in Figure 49. The structure of the node tree 5700 is described
in further detail below with reference to Figure 57, and further examples are given in
section 17. The node tree 5700 in Figure 49 is shown in a first state, representing only
the manufacturer-brand part of the inter-page manufacturer-brand-product-carline
hierarchy, to reflect the point in the inter-page hierarch at which the current page

(brand page) sits.

Toggled behind the Node Tree is also a Treemap comparing the Brands against each
other, as illustrated in Figure 50. That is, the user can switch between the node tree

and the tree map via the UL.

In both node trees and tree maps, each predicted value in question is represented by
a visual representation having a size (i.e. occupying an area of the display) that
depends on the value it represents (C/CPU/D/DPU). In particular, the size of each

visual representation increases as a function of the value itself.

6.2.2 Projections Pareto Grid (Dynamic Grid)

The Brand forecasts are also shown within a dynamic data grid, as illustrated in Figure

51. Examples of Dynamic grids are described later in section 17.
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6.2.3 Grouped Model Year Development

This shows the development of the Brand forecasts across Model Years.

The data is shown in a grouped stacked column chart, showing the relationship
between current and forecasted performance for each Model Year, as illustrated in
Figure 52.

6.3 Products Page

This page shows whole Product forecasts.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Multi Select Single Select
+ Brand + Model Year?
* Product * Projection Length

Navigation: The user can navigate to either the Carlines Overview (see 6.4) the

Ultimate Product Report (see section 11) or the Products Detail (see 7.3).

The selected Product, Model Year and Projection Months are passed as parameters.

Reporting Objects: This page contains three reporting objects which display a
comparison of Product forecasts against each other for the chosen Model Year and

Projection Length.

6.3.1 Projections Node Tree

2 The Model Year filter is not applied to the Grouped Model Year Development.
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This shows a comparison of the forecast on all Products nested beneath all of the
Brands and is presented within the Node Tree 5700, as illustrated in Figure 53. The
node tree 5700 in Figure 53 is shown in a second state, representing only the

manufacturer-brand-product part of the manufacturer-brand-product-carline hierarchy.

Toggled behind the Node Tree is also a Treemap comparing Products against each

other independent of the Brands, as illustrated in Figure 54.

6.3.2 Projections Pareto Grid

The Product forecasts are also shown within a data grid, as illustrated in Figure 55.

6.3.3 Grouped Model Year Development

This shows the development of the Product forecasts across Model Years.

The data is shown in a grouped stacked column chart, showing the relationship
between current and forecasted performance for each Model Year, as illustrated in
Figure 56.

6.4 Carlines Page

This page shows whole Carline forecasts.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Multi Select Single Select

« Brand » Model Year?

3 The Model Year filter is not applied to the Grouped Model Year Development.
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+ Product

« Carline * Projection Length

Navigation: The user can navigate to either the Ultimate Variant Report (see section
9) or the Carlines Detail (see 7.4).

The selected Carline, Model Year and Projection Months are passed as parameters.

Reporting Objects: This page contains three reporting objects which display a
comparison of Carline forecasts against each other for the chosen Model Year and

Projection Length.

6.4.1 Projections Node Tree

This shows a comparison of the forecast on all Carlines nested beneath all of the
Brands and Products and is presented within a Node Tree 5700, as illustrated in Figure
57.

On the Carlines page, node tree 5700 has one or more nodes for every level of the
Manufacturer->Brand->Product->Carline hierarchy, arranged hierarchically. That is,
each child node of a manufacture node 5702 is a brand node 5704 representing a
particular brand of that manufacturer; each child node of a brand node 5704 is a
product node 5706 representing a product within that brand; and each child node of a
product node 5706 is a carline node 5708 representing a particular carline within that
product. As noted, the size of each node varies as a function of the metric (C, CPU,
D, DPU) for the entity in the hierarchy that it corresponds to (manufacturer, brand,
product, carline). For pages higher up the hierarchy, the node tree only extends to
that point in the hierarchy, as can be seen in Figures 53 and 49. The description also
pertains equally to other inter-page hierarchies, including those described below with
reference to Figures 61, 65, 69, 81 and 97.
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Toggled behind the Node Tree is also a Treemap comparing the Carlines against each

other independent of the Brand and Product hierarchy, as illustrated in Figure 58.

6.4.2 Projections Pareto Grid

The Carline forecasts are also shown within a data grid, as illustrated in Figure 59.

6.4.3 Grouped Model Year Development

This shows the development of the Carline forecasts across Model Years.

The data is shown in a grouped stacked column chart, showing the relationship
between current and forecasted performance for each Model Year, as illustrated in
Figure 60.

6.5 Engines Page

This page shows whole Engine forecasts.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Multi Select Single Select
+ Model Year*
* Engine * Projection Length

Navigation: The user can navigate to either the Engine-Products Overview (see 6.6),
the Engine-Carlines Overview (see 6.7), the Ultimate Variant Report (see section

9) or the Engines Detail (see 7.5).

* The Model Year filter is not applied to the Grouped Model Year Development.
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The selected Engine, Model Year and Projection Months are passed as parameters.

Reporting Objects: This page contains three reporting objects which display a
comparison of Engine forecasts against each other for the chosen Model Year and

Projection Length.

6.5.1 Projections Node Tree

This shows a comparison of the forecast on all Engines and is presented within a Node

Tree, as illustrated in Figure 61.

Toggled behind the Node Tree is also a Treemap comparing Engines against each

other, as illustrated in Figure 62.

6.5.2 Projections Pareto Grid

The Engine forecasts are also shown within a data grid, as illustrated in Figure 63.

6.5.3 Grouped Model Year Development

This shows the development of the Engine forecasts across Model Years.
The data is shown in a grouped stacked column chart, showing the relationship

between current and forecasted performance for each Model Year, as illustrated in
Figure 64.

6.6 Engine-Products Page

This page shows whole Engine-Product forecasts.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:
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Multi Select Single Select
« Engine
» Model Year®

+ Brand

e  Product * Projection Length

Navigation: The user can navigate to either the Engine-Carlines Overview (see 6.7)

or the Engine-Products Detail (see 7.6).

The selected Engine, Product, Model Year and Projection Months are passed as

parameters.
Reporting Objects: This page contains three reporting objects which display a

comparison of Engine-Product forecasts against each other for the chosen Model Year

and Projection Length.

6.6.1 Projections Node Tree

This shows a comparison of the forecast on all Products nested beneath each Engine
they have fitted to them and is presented within a Node Tree, as illustrated in Figure
65.

The node tree of Figure 69 corresponds

Toggled behind the Node Tree is also a Treemap comparing the Products against

each other, grouped within Engines, as illustrated in Figure 66.

6.6.2 Projections Pareto Grid

> The Model Year filter is not applied to the Grouped Model Year Development.
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The Engine-Product forecasts are also shown within a data grid, as illustrated in Figure
67.

6.6.3 Grouped Model Year Development

This shows the development of the Engine-Product forecasts across Model Years.

The data is shown in a grouped stacked column chart, showing the relationship
between current and forecasted performance for each Model Year, as illustrated in
Figure 68.

6.7 Engine-Carlines Page

This page shows whole Engine-Carline forecasts.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Multi Select Single Select
+ Engine + Model Year®
« Brand * Projection Length
» Product
« Carline

Navigation: The user can navigate to either the Ultimate Variant Report (see section

9) or the Engine-Carlines Detail (see 7.7).

5 The Model Year filter is not applied to the Grouped Model Year Development.
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The selected Engine, Carline, Model Year and Projection Months are passed as

parameters.
Reporting Objects: This page contains three reporting objects which display a

comparison of Engine-Carline forecasts against each other for the chosen Model Year

and Projection Length.

6.7.1 Projections Node Tree

This shows a comparison of the forecast on all Carlines nested beneath each Engine
they have fitted to them and the Product they sit within. This is presented within a

Node Tree, as illustrated in Figure 69.

Toggled behind the Node Tree is also a Treemap comparing the Carlines against each

other, grouped within Engines, as illustrated in Figure 70.

6.7.2 Projections Pareto Grid

The Engine-Carline forecasts are also shown within a data grid, as illustrated in Figure
7.

6.7.3 Grouped Model Year Development

This shows the development of the Engine-Carline forecasts across Model Years.

The data is shown in a grouped stacked column chart, showing the relationship
between current and forecasted performance for each Model Year, as illustrated in
Figure 72.

Section 7: Forecasting — Detail
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This reporting track contains seven pages which display forecasts at a Labour

Operation level.

Each page shows Labour Operation forecasts at a single aggregation level from the

following hierarchies:
« Manufacturer — Brand — Product — Carline

« Engine — Engine-Product — Engine-Carline

7.1 Manufacturer Page

This page shows Labour Operation forecasts at a Manufacturer level.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Multi Select Single Select
« Category + Model Year’
 Labour Operation » Projection Length?

Navigation: The user can navigate to the Brands Detail Report once they have

selected a forecast.

The user can navigate to the Products Detail Report once they have selected a

forecast.

7 The Model Year filter is not applied to the Model Year Development or the Stacked/Selected TIS.
8 The Projected Length filter is not applied to the Stacked/Selected TIS.
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The selected Labour Operation, Model Year and Projection Months are passed as

parameters.

Reporting Objects: There are two parts to the page, the first contains the Manufacturer
Labour Operation forecasts and the second shows context around the selected

forecast.

When the user selects a forecast in the first part, the objects within the second part

load data based on the users' selection.

The Projections Pareto Grid shows the forecasts and the Model Year Development

and Stacked / Selected TIS objects show the context.

7.1.1 Projections Pareto Grid

The Manufacturer Labour Operation forecasts are shown in a data grid, as illustrated

in Figure 73.

7.1.2 Model Year Development

This shows a comparison of the forecast on the selected Manufacturer Labour

Operation across each Model Year.

This is presented within a stacked column chart showing the relationship between

current and forecasted performance for each Model Year, as illustrated in Figure 48.

7.1.3 Stacked/Selected TIS

This shows Production Month, Time in Service (TIS) performance for the selected

Labour Operation.

74



10

15

20

25

WO 2019/067006 PCT/US2017/069021

The data is displayed in two different ways, each of which has its own chart.

The Stacked TIS chart shows the performance of each TIS period for the selected

Manufacturer Labour Operation, as illustrated in Figure 74.

The Selected TIS chart shows the Manufacturer performance on the selected Labour

Operation for a single selected TIS period, as illustrated in Figure 75.

7.2 Brands Page

This page shows Labour Operation forecasts at a Brand level.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Multi Select Single Select
« Brand
+ Model Year®

- Category

« Labour Operation » Projection Length'®

Navigation The user can navigate to the Ultimate Brand Report once they have

selected a forecast.

The user can navigate to the Products Detail once they have selected a forecast.

® The Model Year filter is not applied to the Model Year Development or the Stacked/Selected TIS.
10 The Projection Length filter is not applied to the Stacked/Selected TIS.
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The selected Brand, Labour Operation, Model Year and Projection Months are passed

as parameters.

Reporting Objects: There are two parts to the page, the first contains the Brand Labour

Operation forecasts and the second shows context around the selected forecast.

When the user selects a forecast in the first part, the objects within the second part

load data based on the users' selection.

The Projections Pareto Grid shows the forecasts and the Projections Node Tree,

Model Year Development and the Stacked / Selected TIS objects show the context.

7.2.1 Projections Pareto Grid

The Brand Labour Operation forecasts are shown in a data grid, as illustrated in Figure
76.

7.2.2 Projections Node Tree

This shows comparisons of the forecast on the same Labour Operation across all other

Brands is presented within a Node Tree, as illustrated in Figure 49.

7.2.3 Model Year Development

This shows a comparison of the forecast on the selected Brand Labour Operation

across each Model Year.

This is presented within a stacked column chart showing the relationship between

current and forecasted performance for each Model Year, as illustrated in Figure 48.

7.2.4 Stacked/Selected TIS
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This shows Production Month, Time in Service (TIS) performance for the selected

Labour Operation.

The data is displayed in two different ways, each of which has its own chart.

The Stacked TIS chart shows the performance of each TIS period for the selected

Brand and Labour Operation, as illustrated in Figure 74.

The Selected TIS chart shows a comparison of all Brands on the selected Labour

Operation for a single selected TIS period, as illustrated in Figure 77.

7.3 Products Page

This page shows Labour Operation forecasts at a Product level.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Multi Select Single Select
+ Brand » Model Year
+ Product + Projection Length'?
- Category

 Labour Operation

Navigation: The user can navigate to the Ultimate Product Report (see section 11)

once they have selected a forecast.

1 The Model Year filter is not applied to the Model Year Development or the Stacked/Selected TIS.
12 The Projection Length filter is not applied to the Stacked/Selected TIS.
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The user can navigate to the Carlines Detail (see 7.4) once they have selected a

forecast.

The selected Product, Labour Operation, Model Year and Projection Months are

passed as parameters.

Reporting Objects: There are two parts to the page, the first contains the Product
Labour Operation forecasts and the second shows context around the selected

forecast.

When the user selects a forecast in the first part, the objects within the second part

load data based on the users' selection.

The Projections Pareto Grid shows the forecasts and the Projections Node Tree,

Model Year Development and the Stacked /Selected TIS objects show the context.

7.3.1 Projections Pareto Grid

The Product Labour Operation forecasts are shown in a data grid, as illustrated in
Figure 78.

7.3.2 Projections Node Tree

This shows comparisons of the forecast on the same Labour Operation across all other

Brands and Products is presented within a Node Tree, as illustrated in Figure 53.

7.3.3 Model Year Development

This shows a comparison of the forecast on the selected Product Labour Operation

across each Model Year.
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This is presented within a stacked column chart showing the relationship between

current and forecasted performance for each Model Year, as illustrated in Figure 48.

7.3.4 Stacked/Selected TIS

This shows Production Month, Time in Service (TIS) performance for the selected

Labour Operation.

The data is displayed in two different ways, each of which has its own chart.

The Stacked TIS chart shows the performance of each TIS period for the selected

Product and Labour Operation, as illustrated in Figure 74.

The Selected TIS chart shows a comparison of all Products on the selected Labour

Operation for a single selected TIS period, as illustrated in Figure 79.

7.4 Carlines Page

This page shows Labour Operation forecasts at a Carline level.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Multi Select Single Select
+ Brand » Model Year'?
+ Product * Projection Length'
« Carline
- Category

13 The Model Year filter is not applied to the Model Year Development or the Stacked/Selected TIS.
14 The Projection Length filter is not applied to the Stacked/Selected TIS.
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 Labour Operation

Navigation: The user can navigate to the Ultimate Labour Operation Report once

they have selected a forecast.

The selected Carline, Labour Operation, Model Year and Projection Months are

passed as parameters.
Reporting Objects: There are two parts to the page, the first contains the Carline
Labour Operation forecasts and the second shows context around the selected

forecast.

When the user selects a forecast in the first part, the objects within the second part

load data based on the users' selection.
The Projections Pareto Grid shows the forecasts and the Projections Node Tree,

Model Year Development, Projections Node Tree (Engine/Transmission) and the

Stacked / Selected TIS objects show the context.

7.4.1 Projections Pareto Grid

The Carline Labour Operation forecasts are shown in a data grid, as illustrated in
Figure 80.

7.4.2 Projections Node Tree
This shows comparisons of the forecast on the same Labour Operation across all other
Brands, Products and Carlines and is presented within a Node Tree, as illustrated in

Figure 57.

7.4.3 Model Year Development
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This shows a comparison of the forecast on the selected Carline Labour Operation

across each Model Year.

This is presented within a stacked column chart showing the relationship between

current and forecasted performance for each Model Year, as illustrated in Figure 48.

7.4.4 Projections Node Tree (Engine/Transmission)

This shows comparisons of forecast on the selected Carline Labour Operation with
forecasts on different combinations and permutations of Engines and Transmissions
fitted to that Carline.

This is presented within a second Node Tree, as illustrated in Figure 81.

7.4.5 Stacked/Selected TIS

This shows Production Month, Time in Service (TIS) performance for the selected

Labour Operation.

The data is displayed in two different ways, each of which has its own chart.

The Stacked TIS chart shows the performance of each TIS period for the selected

Carline and Labour Operation, as illustrated in Figure 74.

The Selected TIS chart shows a comparison of all Carlines on the selected Labour

Operation for a single selected TIS period, as illustrated in Figure 82.

7.5 Engines Page

This page shows Labour Operation forecasts at an Engine level.
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Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Multi Select Single Select
« Engine
» Model Year'®

- Category

« Labour Operation » Projection Length'®

Navigation: The user can navigate to the Ultimate Labour Operation Report once

they have selected a forecast.

The user can navigate to the Engine-Product Detail Report once they have selected

a forecast.

The user can navigate to the Engine-Carline Detail Report once they have selected

a forecast.

The selected Engine, Labour Operation, Model Year and Projection Months are

passed as parameters.

Reporting Objects: There are two parts to the page, the first contains the Engine
Labour Operation forecasts and the second shows context around the selected

forecast.

When the user selects a forecast in the first part, the objects within the second part

load data based on the users' selection.

The Projections Pareto Grid shows the forecasts and the Projections Node Tree,

Model Year Development and the Stacked / Selected TIS objects show the context.

15 The Model Year filter is not applied to the Model Year Development or the Stacked/Selected TIS.
16 The Projection Length filter is not applied to the Stacked/Selected TIS.
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7.5.1 Projections Pareto Grid

The Engine Labour Operation forecasts are shown in a data grid, as illustrated in
Figure 83.

7.5.2 Projections Node Tree

This shows comparisons of the forecast on the same Labour Operation across all other

Engines is presented within a Node Tree, as illustrated in Figure 61.

7.5.3 Model Year Development

This shows a comparison of the forecast on the selected Engine Labour Operation

across each Model Year.

This is presented within a stacked column chart showing the relationship between

current and forecasted performance for each Model Year, as illustrated in Figure 48.

7.5.4 Stacked/Selected TIS

This shows Production Month, Time in Service (TIS) performance for the selected

Labour Operation.

The data is displayed in two different ways, each of which has its own chart.

The Stacked TIS chart shows the performance of each TIS period for the selected

Engine and Labour Operation, as illustrated in Figure 74.

The Selected TIS chart shows a comparison of all Engines on the selected Labour

Operation for a single selected TIS period, as illustrated in Figure 84.
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7.6 Engine-Products Page

This page shows Labour Operation forecasts at an Engine-Product level.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Multi Select Single Select
+ Engine » Model Year'’
+ Brand * Projection Length'®
» Product
- Category

Labour Operation

Navigation: The user can navigate to the Engine-Carline Detail Report once they

have selected a forecast.

The selected Engine, Product, Labour Operation, Model Year and Projection Months

are passed as parameters.

Reporting Objects: There are two parts to the page, the first contains the Engine-
Product Labour Operation forecasts and the second shows context around the

selected forecast.

When the user selects a forecast in the first part, the objects within the second part

load data based on the users' selection.

The Projections Pareto Grid shows the forecasts and the Projections Node Tree,

Model Year Development and the Stacked /Selected TIS objects show the context.

17 The Model Year filter is not applied to the Model Year Development or the Stacked/Selected TIS.
18 The Projection Length filter is not applied to the Stacked/Selected TIS.
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7.6.1 Projections Pareto Grid

The Engine-Product Labour Operation forecasts are shown in a data grid, as illustrated

in Figure 85.

7.6.2 Projections Node Tree

This shows comparisons of the forecast on the same Labour Operation across all other

Engines and Products and is presented within a Node Tree, as illustrated in Figure 65.

7.6.3 Model Year Development

This shows a comparison of the forecast on the selected Engine-Product Labour

Operation across each Model Year.

This is presented within a stacked column chart showing the relationship between

current and forecasted performance for each Model Year, as illustrated in Figure 48.

7.6.4 Stacked/Selected TIS

This shows Production Month, Time in Service (TIS) performance for the selected

Labour Operation.

The data is displayed in two different ways, each of which has its own chart.

The Stacked TIS chart shows the performance of each TIS period for the selected

Engine-Product and Labour Operation, as illustrated in Figure 74,

The Selected TIS chart shows a comparison of all Engine-Products on the selected

Labour Operation for a single selected TIS period, as illustrated in Figure 86.
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7.7 Engine-Carlines Page

This page shows Labour Operation forecasts at an Engine-Carline level.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Multi Select Single Select
+ Engine » Model Year'®
+ Brand + Projection Length?°
» Product
« Carline

Category Labour

Operation

Navigation: The user can navigate to the Ultimate Labour Operation Report once

they have selected a forecast.

The selected Engine, Carline, Labour Operation, Model Year and Projection Months

are passed as parameters.

Reporting Objects: There are two parts to the page, the first contains the Engine-
Carline Labour Operation forecasts and the second shows context around the selected

forecast.

When the user selects a forecast in the first part, the objects within the second part

load data based on the users' selection.

The Projections Pareto Grid shows the forecasts and the Projections Node Tree,

Model Year Development and the Stacked / Selected TIS objects show the context.

19 The Model Year filter is not applied to the Model Year Development or the Stacked/Selected TIS.
20 The Projection Length filter is not applied to the Stacked/Selected TIS.
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7.7.1 Projections Pareto Grid

The Engine-Carline Labour Operation forecasts are shown in a data grid, as illustrated

in Figure 87.

7.7.2 Projections Node Tree

This shows comparisons of the forecast on the same Labour Operation across all other
Engines, Products and Carlines and is presented within a Node Tree, as illustrated in
Figure 69.

7.7.3 Model Year Development

This shows a comparison of the forecast on the selected Engine-Carline Labour

Operation across each Model Year.

This is presented within a stacked column chart showing the relationship between

current and forecasted performance for each Model Year, as illustrated in Figure 48.

7.7.4 Stacked/Selected TIS

This shows Production Month, Time in Service (TIS) performance for the selected

Labour Operation.

The data is displayed in two different ways, each of which has its own chart.

The Stacked TIS chart shows the performance of each TIS period for the selected

Engine-Carline and Labour Operation, as illustrated in Figure 74.

The Selected TIS chart shows a comparison of all Engine-Carlines on the selected

Labour Operation for a single selected TIS period, as illustrated in Figure 88.
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Section 8: Results Tracker

This reporting track contains two pages which display the development of the relative

ranks, over time, of forecasts at a Labour Operation level.

Each page shows the development of the relative ranks at a single aggregation level

from the following hierarchy:

* Product — Carline

8.1 Products Page

This page shows the development of relative ranks, over time, of Labour Operation

forecasts at a Product level.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered follows:

Single Select
+ Product
« Model Year?!

+ Projection Length??

Navigation: The user can navigate to the Ultimate Product Labour Operation

Report (see section 14) once they have selected a forecast.

The selected Product, Labour Operation, Model Year and Projection Months are

passed as parameters.

21 The Model Year filter is not applied to the Stacked/Selected TIS, Historic Projections Development or the
Model Year Development.
22 The Project Length filter is not applied to the Stacked/Selected TIS.
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Reporting Objects: There are two parts to the page, the first contains the Product
Labour Operation forecasts rank development and the second shows context around

the selected forecast.

When the user selects a forecast in the first part, the objects within the second part

load data based on the users' selection.

The Projections Pareto Grid shows the forecasts and the Stacked / Select TIS, Historic

Projections Development and Model Year Development objects show the context.

8.1.1 Projections Pareto Grid

The Product Labour Operation forecast ranks development are shown in a data grid,
detailing the current rank, the highest rank in history and the change to the rank from
intermediate points in time during the last 24 months. This data grid is illustrated in
Figure 89.

8.1.2 Stacked / Selected TIS

This shows Production Month, Time in Service (TIS) performance for the selected

Labour Operation.

The data is displayed in two different ways, each of which has its own chart.

The Stacked TIS chart shows the performance of each TIS period for the selected

Product Labour Operation, as illustrated in Figure 74.

The Selected TIS chart shows a comparison of all Products on the selected Labour

Operation for a single selected TIS period, as illustrated in Figure 90.
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8.1.3 Historic Projections Development

This shows a comparison of how the forecast on the selected Labour Operation has

developed over time for each Model Year.

The data is displayed in a multi-series line chart, with a separate line series for each

Model Year, as illustrated in Figure 91.

8.1.4 Model Year Development

This shows a comparison of the forecast on the selected Product Labour Operation

across each Model Year.

This is presented within a stacked column chart showing the relationship between

current and forecasted performance for each Model Year, as illustrated in Figure 48.

8.2 Carlines Page

This page shows the development of relative ranks, over time, of Labour Operation

forecasts at a Carline level.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered follows:

Single Select
« Carline

« Model Year®®

23 The Model Year filter is not applied to the Stacked/Selected TIS, Historic Projections Development or the
Model Year Development.
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+ Projection Length?*

Navigation: The user can navigate to the Ultimate Labour Operation Report (see

section 12) once they have selected a forecast.

The selected Carline, Labour Operation, Model Year and Projection Months are

passed as parameters.

Reporting Objects: There are two parts to the page, the first contains the Car-line
Labour Operation forecasts rank development and the second shows context around

the selected forecast.

When the user selects a forecast in the first part, the objects within the second part

load data based on the users' selection.

The Projections Pareto Grid shows the forecasts and the Stacked / Select TIS, Historic

Projections Development and Model Year Development objects show the context.

8.2.1 Projections Pareto Grid

The Carline Labour Operation forecast ranks development are shown in a data grid,
detailing the current rank, the highest rank in history and the change to the rank from
intermediate points in time during the last 24 months. This data grid is illustrated in
Figure 92.

8.2.2 Stacked / Selected TIS

This shows Production Month, Time in Service (TIS) performance for the selected

Labour Operation.

24 The Projection Length filter is not applied to the Stacked/Selected TIS.
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The data is displayed in two different ways, each of which has its own chart.

The Stacked TIS chart shows the performance of each TIS period for the selected

Carline Labour Operation, as illustrated in Figure 74.

The Selected TIS chart shows a comparison of all Carlines on the selected Labour

Operation for a single selected TIS period, as illustrated in Figure 93.

8.2.3 Historic Projections Development

This shows a comparison of how the forecast on the selected Labour Operation has

developed over time for each Model Year.

The data is displayed in a multi-series line chart, with a separate line series for each

Model Year, as illustrated in Figure 91.

8.2.4 Model Year Development

This shows a comparison of the forecast on the selected Carline Labour Operation

across each Model Year.

This is presented within a stacked column chart showing the relationship between

current and forecasted performance for each Model Year, as illustrated in Figure 48.

Section 9: Ultimate Variant Report

This report contains three pages which display in-depth information supporting a
forecast at a chosen combination of All Regions / Single Region / Carline / Engine

[Transmission for a single Model Year, single Projection Length.
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Each of the pages within the report is accessed through tabs at the top of the report.

9.1 Forecast Tab

This page shows forecasts for All Regions /Single Region /Carline /Engine /

Transmission, Model Year and Projection Months.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Single Select
* Region
« Carline
« Engine

+ Transmission
« Model Year?®

« Projection Length

Each of the Region, Carline, Engine and Transmission filters have an "All" item,

appended at the top of their list.

The "All" item is the default value, but, at least one Carline / Engine / Transmission

must have a selection which is not the "All" item.

Navigation: There are no navigation targets from this page.

Reporting Objects: This page contains three reporting objects each showing
information supporting the forecast. The objects are Model Year Development,

Historic Projections Development and Labour Operation Projections.

25 The Model Year filter is not applied to the Model Year Development or the Historic Projections
Development.
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9.1.1 Model Year Development

This shows a comparison of the forecast on the selected Labour Operation across

each Model Year.

This is presented within a stacked column chart showing the relationship between

current and forecasted performance for each Model Year, as illustrated in Figure 48.

9.1.2 Historic Projections Development

This shows a comparison of how the selected forecast has developed over time for

each Model Year.

The data is displayed in a multi-series line chart, with a separate line series for each

Model Year, as illustrated in Figure 91.

9.1.3 Labour Operation Projections

This shows the 200 most severe Labour Operations for the filtered Region, Carline,

Engine, Transmission, Model Year and Projection Length.

The development of the forecast across Model Years for each Labour Operation is
also displayed. The most severe forecasts for the selected Model Year are displayed

first.

This data is shown in a grouped stacked column chart, showing the relationship
between current and forecasted performance for each Model Year, as illustrated in
Figure 94.

9.2 Production Tab
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This page shows forecasts for All Regions / Single Region / Carline / Engine /

Transmission, Model Year and Projection Months.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Single Select
* Region
« Carline
« Engine

+ Transmission
« Model Year?®

+ Projection Length?’

Each of the Region, Carline, Engine and Transmission filters have an "All" item,

appended at the top of their list.

The "All" item is the default value, but, at least one Carline / Engine / Transmission

must have a selection which is not the "All" item.

Navigation: There are no navigation targets from this page.
Report Objects: This page contains three reporting objects each showing information

around the production data supporting the forecast. The objects are the TIS Model

Year Comparison, Stacked TIS and the Claims Paid.

9.2.1 TIS Model Year Comparison

26 The Model Year filter is not applied to the TIS Model Year Comparison or the Stacked TIS.
27 The Projection Length filter is not applied to the TIS Model Year Comparison, the Stacked TIS or the Claim
Paid by Week.
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This shows, for each Model Year, the development of Time in Service (TIS)

performance for the selected forecast.

The data is shown in a multi-series line chart, with a series for each Model Year, as

illustrated in Figure 95.

9.2.2 Stacked TIS

This shows Production Month, Time in Service (TIS) performance for the selected

Carline /Engine /Transmission combination.

The Stacked TIS chart shows the performance of each TIS period for the selected

Carline /Engine /Transmission combination, as illustrated in Figure 74.

9.2.3 Claims Paid by Week

This shows claims counts and paid amounts by calendar week for the selected Carline

/Engine /Transmission combination and Model Year.

The data is shown in a column chart for the paid amounts with a line series for the

claims count, as illustrated in Figure 96.

9.3 Comparison Tab

This page shows forecasts for All Regions /Single Region /Carline /Engine /

Transmission, Model Year and Projection Months.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Single Select
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* Region
« Carline
« Engine

+ Transmission
« Model Year?®

+ Projection Length?®

Each of the Region, Carline, Engine and Transmission filters have an "All" item,

appended at the top of their list.

The "All" item is the default value, but, at least one Carline /Engine /Trans-mission

must have a selection which is not the "All" item.

Navigation: There are no navigation targets from this page.

Report Objects: This page contains three reporting objects each showing information
comparing the selected Carline /Engine /Transmission forecast with other forecasts at

the same level of aggregation.

The objects are Projections Node Tree, Grouped Model Year Development and the
Selected TIS.

9.3.1 Projections Node Tree

The shows comparisons of the forecast on the selected Carline / Engine

/Transmission.

28 The Model Year filter is not applied to the Grouped Model Year Development or the Selected TIS.
2% The Projection Length filter is not applied to the Selected TIS.
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This is presented within a dynamically grouped Node Tree, allowing the user to change
the order of the levels in the Carline /Engine /Transmission hierarchy, as illustrated in
Figure 97.

9.3.2 Grouped Model Year Development

This shows the development of the forecast, across Model Years, of all Carlines,

Engines or Transmissions, depending on which the user selects.

This data is shown in a grouped stacked column chart, showing the relationship
between current and forecasted performance for each Model Year, as illustrated in
Figure 98.

9.3.3 Selected TIS

This shows Production Month, Time in Service (TIS) performance compared across

either Carlines, Engines or Transmissions, as selected by the user.

The data is shown in a multi-series line chart, with a separate line series for each
Carline, Engine or Transmission, for a selected TIS value. This is illustrated in Figure
99.

Section 10:Ultimate Brand Report

This report contains three pages which display in-depth information supporting a
forecast at a chosen Brand for a single Model Year, single Projection Length and an

optional Region.

Each of the pages within the report is accessed through tabs at the top of the report.
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10.1 Forecast Tab

This page shows forecasts for a given whole Region (optional), Brand, Model Year

and Projection Months.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Single Select
* Region
« Brand
+  Model
« Year®

« Projection Length

The Region filter has an "All'" item, appended at the top of the list. The "All"

item is the default value for Region.

Navigation: There are no navigation targets from this page.

Reporting Objects: This page contains three reporting objects each showing infor-

mation supporting the forecast. The objects are Model Year Development, Historic

Projections Development and Labour Operation Projections.

10.1.1 Model Year Development

This shows a comparison of the forecast on the selected Brand across each Model

Year.

30 The Model Year filter is not applied to the Model Year Development or the Historic Projects
Development.
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This is presented within a stacked column chart showing the relationship between

current and forecasted performance for each Model Year, as illustrated in Figure 48.

10.1.2 Historic Projections Development

This shows a comparison of how the selected forecast has developed over time for

each Model Year.

The data is displayed in a multi-series line chart, with a separate line series for each

Model Year, as illustrated in Figure 91.

10.1.3 Labour Operation Projections

This shows the 200 most severe Labour Operations for the filtered Region, Brand,

Model Year and Projection Length.

The development of the forecast across Model Years for each Labour Operation is
also displayed. The most severe forecasts for the selected Model Year are displayed

first.

This data is shown in a grouped stacked column chart, showing the relationship
between current and forecasted performance for each Model Year, as illustrated in
Figure 100.

10.2 Production Tab

This page shows forecasts for a given whole Region (optional), Brand, Model Year

and Projection Months.
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Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Single Select
e Region
e Brand

e Model Year®!

e Projection Length3?

The Region filter has an "All" item, appended at the top of the list.

The “All” item is the default value for Region.

Navigation: There are no navigation targets from this page.

Report Objects: This page contains three reporting objects each showing information

around the Production data supporting the forecast. The objects are the TIS Model

Year Comparison, Stacked TIS and the Claims Paid.

10.2.1 TIS Model Year Comparison

This shows, for each Model Year, the development of Time in Service (TIS)

performance for the selected forecast.

The data is shown in a multi-series line chart, with a series for each Model Year, as

illustrated in Figure 95.

10.2.2 Stacked TIS

31 The Model Year filter is not applied to the TIS Model Comparison or the Stacked TIS.
32 The Projection Length filter is not applied to the TIS Model Year Comparison, the Stacked TIS or the Claim
Paid by Week.
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This shows Production Month, Time in Service (TIS) performance for the selected

Brand.

The Stacked TIS chart shows the performance of each TIS period for the selected

Brand, as illustrated in Figure 74.

10.2.3 Claims Paid by Week

This shows claims counts and paid amounts by calendar week for the selected Brand
and Model Year.

The data is shown in a column chart for the paid amounts with a line series for the

claims count, as illustrated in Figure 96.

10.3 Comparison Tab

This page shows forecasts for a given whole Region (optional), Brand, Model Year

and Projection Months.

This page shows forecasts for a given whole Region (optional), Brand, Model Year

and Projection Months.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Single Select
e Region
e Brand

e Model Year®?

e Projection Length34

33 The Model Year filter is not applied to the Grouped Model Year Development or the Selected TIS.
34 The Projection Length filter is not applied to the Selection TIS.
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The Region filter has an "All" item, appended at the top of the list.

The "All" item is the default value for the Region.

Navigation: There are no navigation targets from this page.

Report Objects: This page contains three reporting objects each showing information
comparing the selected Brand forecast with other forecasts at the same level of

aggregation.

The objects are Projections Node Tree, Grouped Model Year Development and the
Selected TIS.

10.3.1 Projections Node Tree

The shows comparisons of the forecast on the selected Brand.

This is presented within a Node Tree, as illustrated in Figure 49.

10.3.2 Grouped Model Year Development
This shows the development of the forecast across Model Years of all Brands.
This data is shown in a grouped stacked column chart, showing the relationship

between current and forecasted performance for each Model Year, as illustrated in
Figure 101.

10.3.3 Selected TIS
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This shows Production Month, Time in Service (TIS) performance compared across

Brands.

The data is shown in a multi-series line chart, with a separate line series for each

Brand, for a selected TIS value. This is illustrated in Figure 102.

Section 1:Ultimate Product Report

This report contains three pages which display in-depth information supporting a
forecast at a chosen Product for a single Model Year, single Projection Length and an

optional Region.

Each of the pages within the report is accessed through tabs at the top of the report.

11.1 Forecast Tab

This page shows forecasts for a given whole Region (optional), Product, Model Year

and Projection Months.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Single Select
e Region
e Product

e Model Year®®

e Projection Length

35 The Model Year filter is not applied to the Model Year Development or the Historic Projections
Development.
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The Region filter has an "All" item, appended at the top of the list.

The "All" item is the default value for Region.

Navigation: There are no navigation targets from this page.

Reporting Objects: This page contains three reporting objects each showing infor-

mation supporting the forecast. The objects are Model Year Development, Historic

Projections Development and Labour Operation Projections.

11.1.1 Model Year Development

This shows a comparison of the forecast on the selected Product across each Model

Year.

This is presented within a stacked column chart showing the relationship between

current and forecasted performance for each Model Year, as illustrated in Figure 48.

11.1.2 Historic Projections Development

This shows a comparison of how the selected forecast has developed over time for

each Model Year.

The data is displayed in a multi-series line chart, with a separate line series for each

Model Year, as illustrated in Figure 91.

11.1.3 Labour Operation Projections

This shows the 200 most severe Labour Operations for the filtered Region, Product,

Model Year and Projection Length.
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The development of the forecast across Model Years for each Labour Operation is
also displayed. The most severe forecasts for the selected Model Year are displayed

first.

This data is shown in a grouped stacked column chart, showing the relationship
between current and forecasted performance for each Model Year, as illustrated in
Figure 103.

11.2 Production Tab

This page shows forecasts for a given whole Region (optional), Product, Model Year

and Projection Months.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Single Select
e Region
e Product

e Model Year®®

e Projection Length®’

The Region filter has an "All" item, appended at the top of the list.

The "All" item is the default value for Region.

Navigation: There are no navigation targets from this page.

36 The Model Year filter is not applied to the TIS Model Year Comparison or the Stacked TIS.
37 The Projection Length filter is not applied to the TIS Model Year Comparison, the Stacked TIS or the
Claim Paid by Week.
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Report Objects: This page contains three reporting objects each showing information
around the production data supporting the forecast. The objects are the TIS Model

Year Comparison, Stacked TIS and the Claims Paid.

11.2.1 TIS Model Year Comparison

This shows, for each Model Year, the development of Time in Service (TIS)

performance for the selected forecast.

The data is shown in a multi-series line chart, with a series for each Model Year, as

illustrated in Figure 95.

11.2.2 Stacked TIS

This shows Production Month, Time in Service (TIS) performance for the selected

Product.

The Stacked TIS chart shows the performance of each TIS period for the selected

Product, as illustrated in Figure 74.

11.2.3 Claims Paid by Week

This shows claims counts and paid amounts by calendar week for the selected Product

and Model Year.

The data is shown in a column chart for the paid amounts with a line series for the

claims count, as illustrated in Figure 96.

11.3 Comparison Tab
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This page shows forecasts for a given whole Region (optional), Product, Model Year

and Projection Months.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Single Select
* Region
« Product

« Model Year®®

+ Projection Length3®
The Region filter has an "All" item, appended at the top of the list.
The "All" item is the default value for the Region.
Navigation: There are no navigation targets from this page.
Report Objects: This page contains three reporting objects each showing information
comparing the selected Product forecast with other forecasts at the same level of

aggregation.

The objects are Projections Node Tree, Grouped Model Year Development and the
Selected TIS.

11.3.1 Projections Node Tree

The shows comparisons of the forecast on the selected Product.

3 The Model Year filter is not applied to the Grouped Model Year Development or the Selected TIS.
39 The Projection Length filter is not applied to the Selected TIS.
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This is presented within a Node Tree, as illustrated in Figure 104.

11.3.2 Grouped Model Year Development

This shows the development of the forecast across Model Years of all Products.

This data is shown in a grouped stacked column chart, showing the relationship
between current and forecasted performance for each Model Year, as illustrated in
Figure 105.

11.3.3 Selected TIS

This shows Production Month, Time in Service (TIS) performance compared across

Products.

The data is shown in a multi-series line chart, with a separate line series for each

Product, for a selected TIS value. This is illustrated in Figure 106.

Section 12:Ultimate Labour Operation Report

This report contains five pages which display in-depth information supporting a Labour
Operation forecast at a chosen combination of Carline / Engine /Trans-mission for a

single Model Year, single Projection Length and an optional Region.

Each of the pages within the report is accessed through tabs at the top of the report.
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12.1 Forecast Tab

This page shows Labour Operation forecasts for a All Regions / Single Region /

Carline /Engine /Transmission, Model Year and Projection Months level.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Single Select
e Region
e Carline
e Engine

e Transmission
e Model Year*®
e Category Labour Operation

e Projection Length*’

Each of the Region, Carline, Engine and Transmission filters have an "All" item,

appended at the top of their list.

The "All" item is the default value, but, at least one Carline / Engine / Transmission

must have a selection which is not the "All" item.

Navigation: There are no navigation targets from this page.

Reporting Objects: This page contains four reporting objects each showing information
supporting the forecast. The objects are the Model Year Development, Historic

Projections Development, Associated Labour Operations and Mileage Band Claims.

%0 The Model Year filter is not applied to the Model Year Development or the Historic Projections
Development.
41 The Projection Length filter is not applied to the Associated Labour Operations.
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12.1.1 Model Year Development

This shows a comparison of the forecast on the selected Labour Operation across

each Model Year.

This is presented within a stacked column chart showing the relationship between

current and forecasted performance for each Model Year, as illustrated in Figure 48.

12.1.2 Historic Projections Development

This shows a comparison of how the forecast on the selected Labour Operation has

developed over time for each Model Year.

The data is displayed in a multi-series line chart, with a separate line series for each

Model Year, as illustrated in Figure 91.

12.1.3 Associated Labour Operations

This shows an analysis of which other Labour Operations have been claimed in the

30 days before or after the selected Labour Operation was performed.

The data is displayed in a column chart with the y-axis showing how many claims have
occurred on each Associated Labour Operation in the window and the columns being
coloured depending on whether their average time between selected and associated

is less than zero, equal or greater than zero. This is illustrated is Figure 107.

12.1.4 Mileage Band Claims
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This shows a basic aggregation of which mileage band claims on the selected Labour

Operation have occurred within.

The data is shown in a column chart, with a column for each Mileage Band, as

illustrated is Figure 108.

12.2 Production Tab

This page shows Labour Operation forecasts for a All Regions / Single Region /

Carline / Engine / Transmission, Model Year and Projection Months level.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Single Select
+ Region*?
« Carline
« Engine

« Transmission

+ Model Year*?

« Category

« Labour Operation

+ Projection Length*4

Each of the Region, Carline, Engine and Transmission filters have an "All" item,

appended at the top of their list.

42 The Region filter is not applied to the Stacked TIS.

3 The Model Year filter is not applied to the TIS Model Year Comparison or the Stacked TIS.

* The Projection Length filter is not applied to the TIS Model Year Comparison, Stacked TIS or the Claims
Paid by Week.
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The "All" item is the default value, but, at least one Carline / Engine / Transmission

must have a selection which is not the "All" item.

Navigation: There are no navigation targets from this page.

Reporting Objects: This page contains three reporting objects each showing
information around the production data supporting the forecast. The objects are the
TIS Model Year Comparison, Stacked TIS and the Claims Paid by Week.

12.2.1 TIS Model Year Comparison

This shows, for each Model Year, the development of Time in Service (TIS)

performance for the selected Labour Operation.

The data is shown in a multi-series line chart, with a series for each Model Year, as

illustrated in Figure 95.

12.2.2 Stacked TIS

This shows Production Month, Time in Service (TIS) performance for the selected

Labour Operation.

The Stacked TIS chart shows the performance of each TIS period for the selected

Carline /Engine /Transmission Labour Operation, as illustrated in Figure 74.

12.2.3 Claims Paid by Week

This shows claims counts and paid amounts by calendar week for the selected Labour

Operation.
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The data is shown in a column chart for the paid amounts with a line series for the

claims count, as illustrated in Figure 96.

12.3 Comparison Tab

This page shows Labour Operation forecasts for a All Regions /Single Region / Carline

/Engine /Transmission, Model Year and Projection Months level.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Single Select:

+ Region*

Carline Engine Transmission

Model Year®

- Category

Labour Operation

Projection Length*’

Each of the Region, Carline, Engine and Transmission filters have an "All" item,

appended at the top of their list.

The "All" item is the default value, but, at least one Carline /Engine /Trans-mission

must have a selection which is not the "All" item.

Navigation: There are no navigation targets from this page.

% The Region filter is not applied to the Selected TIS.
* The Model Year filter is not applied to the Grouped Model Year Development or the Selected TIS.
7 The Projection Length filter is not applied to the Selected TIS.
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Reporting Objects: The page contains four reporting objects each showing information
comparing the selected forecast with other Labour Operation forecasts at the same

level of aggregation.

The objects are Projections Node Tree, Grouped Model Year Development, Selected
TIS and Part Code Breakdown.

12.3.1 Projections Node Tree

This shows comparisons of forecast on the selected Labour Operation with forecasts

on different combinations and permutations of Carline, Engines and Transmissions.

This is presented within a dynamically grouped Node Tree, allowing the user to change
the order of the levels in the Carline / Engine / Transmission hierarchy, as illustrated

in Figure 97.

12.3.2 Grouped Model Year Development

This shows the development of the forecast on the selected Labour Operation across

Model Years.

The user can choose whether to view the forecast for the Labour Operation on either

Carlines, Engines or Transmissions.

This data is shown in a grouped stacked column chart, showing the relationship
between current and forecasted performance for each Model Year, as illustrated in
Figure 109.

12.3.3 Selected TIS
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This shows Production Month, Time in Service (TIS) performance for the selected
Labour Operation compared across Carlines, Engines or Transmissions, as selected

by the user.

The data is shown in a multi-series line chart, with a separate line series for each
Carline, Engine or Transmission, for a selected TIS value. This is illustrated in Figure
110.

12.3.4 Part Code Breakdown

This shows the distribution of claimed Part Codes for the selected Labour Operation

grouped by Carline, Engine or Transmission, as selected by the user.

The data is displayed in a multi-level sunburst chart, grouped by Part Name, Part Code

and then Carline, Engine or Transmission, as illustrated in Figure 111.

12.4 Geographic Tab

This page shows Labour Operation forecasts for a All Regions / Single Region /

Carline /Engine /Transmission, Model Year and Projection Months level.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Single Select
*  Region*®
*  Carline
* Engine

*  Transmission

8 The Region filter is not applied to the Regional Projections Map or Chart.
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* Model Year
* Category
* Labour Operation

*  Projection Length

Each of the Region, Carline, Engine and Transmission filters have an "All" item,

appended at the top of their list.

The "All" item is the default value, but, at least one Carline / Engine / Transmission

must have a selection which is not the "All" item.

Navigation: There are no navigation targets from this page.

Reporting Objects: There are two reporting objects on this page showing how the

selected Labour Operation forecast differs across the world.

The objects are the Regional Projections Map and the Region Projections chart.

12.4.1 Regional Projections Map

This shows the values of the forecasts on the selected Labour Operation for each

Region across the world where it has been carried out.

The data is shown within a world map, where each region is colour coded according

to the severity of the forecast, as illustrated in Figure 112.

12.4.2 Regional Projections Chart

This shows the same data as the Regional Projections Map, but this time, plotted on

column chart, with a column for each Region, as illustrated in Figure 113.
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12.5 Dealer Tab

This page shows Labour Operation forecasts for a All Regions /Single Region / Carline

/ Engine / Transmission, Model Year and Projection Months level.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Single Select
e Region
e Carline
e Engine

e Transmission

e Model Year*®

e Category

e Labour Operation

e Projection Length°

Each of the Region, Carline, Engine and Transmission filters have an "All" item,

appended at the top of their list.

The "All" item is the default value, but, at least one Carline /Engine /Trans-mission

must have a selection which is not the "All" item.

Navigation: There are no navigation targets from this page.

49 The Model Year filter is not applied to the Highest Costing Dealers.
30 The Projection Length filter is not applied to the Highest Costing Dealers.
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Reporting Objects: There is one reporting object on this page showing the highest

spending Dealers for the selected Labour Operation.

12.5.1 Highest Costing Dealers

This shows a listing of the Dealers who have spent the most on the selected Labour

Operation, split out by Model Years.

The data is shown in a grouped column chart, with a separate column for each Model

Year, as illustrated in Figure 114.

Section 13: Ultimate Brand Labour Operation Report

This report contains three pages with in-depth information supporting a Brand Labour
Operation forecast for a single Model Year, single Projection Length and optional

Region.

Each of the pages within the report is accessed through tabs at the top of the report.

13.1 Forecast Tab

This page shows Labour Operation forecasts aggregated to Brand level for a given

Region (optional), Model Year and Projection Months.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Single Select

e Region
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e Brand
e Model Year®
e Labour Operation

e Projection Length

The Region filter has an "All" item, appended at the top of its list, to allow it be optional.

Navigation: There are no navigation targets from this page.

Reporting Objects: This page contains two reporting objects each showing information
supporting the forecast. The objects are the Model Year Development and Historic

Projections Development.

13.1.1 Model Year Development

This shows a comparison of the forecast on the selected Brand Labour Operation

across each Model Year.

This is presented within a stacked column chart showing the relationship between

current and forecasted performance for each Model Year, as illustrated in Figure 48.

13.1.2 Historic Projections Development

This shows a comparison of how the forecast on the selected Brand Labour Operation

has developed over time for each Model Year.

The data is displayed in a multi-series line chart, with a separate line series for each

Model Year, as illustrated in Figure 91.

1 The Model Year filter is not applied to the Model Year Development or the Historic Projections
Development.

120



10

15

20

25

WO 2019/067006 PCT/US2017/069021

13.2 Production Tab

This page shows Labour Operation forecasts aggregated to Brand level for a given

Region (optional), Model Year and Projection Months.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Single Select
e Region®?
e Brand

e Model Year®?
e Labour Operation

e Projection Length%*

The Region filter has an "All" item, appended at the top of its list, to allow it be optional.

Navigation: There are no navigation targets from this page.
Reporting Objects: This page contains two reporting objects each showing information

around the production data supporting the forecast. The objects are the TIS Model

Year Comparison and the Stacked TIS.

13.2.1 TIS Model Year Comparison

This shows, for each Model Year, the development of Time in Service (TIS)

performance for the selected Brand Labour Operation.

52 The Region filter is not applied to the Stacked TIS.
>3 The Model Year filter is not applied to the TIS Model Year Comparison or the Stacked TIS.
>* The Projections Length filter is not applied to the TIS Model Year Comparison or the Stacked TIS.
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The data is shown in a multi-series line chart, with a series for each Model Year, as

illustrated in Figure 95.

13.2.2 Stacked TIS

This shows Production Month, Time in Service (TIS) performance for the selected

Brand Labour Operation.

The Stacked TIS chart shows the performance of each TIS period for the selected

Brand Labour Operation, as illustrated in Figure 74.

13.3 Comparison Tab

This page shows Labour Operation forecasts aggregated to Brand level for a given

Region (optional), Model Year and Projection Months.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Single Select
+ Region®
 Brand®®
+ Model Year®’

Labour Operation

Projection Length®®

The Region filter has an "All" item, appended at the top of its list, to allow it be optional.

55 The Region filter is not applied to the Selected TIS.

% The Brand filter is not applied to the Grouped Model Year Comparison.

7 The Model Year filter is not applied to the Grouped Model Year Development or the Selected TIS.
%8 The Projection Length filter is not applied to the Selected TIS.

122



10

15

20

25

30

WO 2019/067006 PCT/US2017/069021

Navigation: There are no navigation targets from this page.
Reporting Objects: The page contains three reporting objects each showing in-
formation comparing the selected forecast with other Brand Labour Operation

forecasts.

The objects are Grouped Model Year Development, Selected TIS and Part Code

Breakdown.

13.3.1 Grouped Model Year Development

This shows the development of the forecast, for all Brands, of the Labour Operation

across Model Years.

This data is shown in a grouped stacked column chart, showing the relationship
between current and forecasted performance for each Model Year, as illustrated in
Figure 115.

13.3.2 Selected TIS

This shows Production Month, Time in Service (TIS) performance for the selected

Labour Operation compared across Brands.

The data is shown in a multi-series line chart, with a separate line series for each

Brand, for a selected TIS value. This is illustrated in Figure 116.

13.3.3 Part Code Breakdown

This shows the distribution of claimed Part Codes for the selected Brand Labour

Operation.
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The data is displayed in a multi-level sunburst chart, grouped by Part Name, Part Code

and then Brand, as illustrated in Figure 117.

Section 14: Ultimate Product Labour Operation Report

This report contains three pages with in-depth information supporting a Product
Labour Operation forecast for a single Model Year, single Projection Length and

optional Region.

Each of the pages within the report is accessed through tabs at the top of the report.

14.1 Forecast Tab

This page shows Labour Operation forecasts aggregated to Product level for a given

Region (optional), Model Year and Projection Months.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Single Select
e Region
e Product

e Model Year®®
e Labour Operation

e Projection Length

The Region filter has an "All" item, appended at the top of its list, to allow it be optional.

Navigation: There are no navigation targets from this page.

9 The Model Year filter is not applied to the Model Year Development or the Historic Projections
Development.
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Reporting Objects: This page contains two reporting objects each showing information
supporting the forecast. The objects are the Model Year Development and Historic

Projections Development.

14.1.1 Model Year Development

This shows a comparison of the forecast on the selected Product Labour Operation

across each Model Year.

This is presented within a stacked column chart showing the relationship between

current and forecasted performance for each Model Year, as illustrated in Figure 48.

14.1.2 Historic Projections Development

This shows a comparison of how the forecast on the selected Product Labour

Operation has developed over time for each Model Year.

The data is displayed in a multi-series line chart, with a separate line series for each

Model Year, as illustrated in Figure 91.

14.2 Production Tab

This page shows Labour Operation forecasts aggregated to Product level for a given

Region (optional), Model Year and Projection Months.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Single Select

+ Region®®

50 The region filter is not applied to the Stacked TIS.
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Product
Model Year®!

Labour Operation

Projection Length®?

The Region filter has an "All" item, appended at the top of its list, to allow it be optional.

Navigation: There are no navigation targets from this page.

Reporting Objects: This page contains two reporting objects each showing information
around the production data supporting the forecast. The objects are the TIS Model

Year Comparison and the Stacked TIS.

14.2.1 TIS Model Year Comparison

This shows, for each Model Year, the development of Time in Service (TIS)

performance for the selected Product Labour Operation.

The data is shown in a multi-series line chart, with a series for each Model Year, as

illustrated in Figure 95.

14.2.2 Stacked TIS

This shows Production Month, Time in Service (TIS) performance for the selected

Product Labour Operation.

The Stacked TIS chart shows the performance of each TIS period for the selected

Product Labour Operation, as illustrated in Figure 74.

51 The Model Year filter is not applied to the TIS Model Year Comparison or the Stacked TIS.
52 The Projection Length filter is not applied to the TIS Model Year Comparison or the Stacked TIS.
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14.3 Comparison Tab

This page shows Labour Operation forecasts aggregated to Product level for a given

Region (optional), Model Year and Projection Months.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered are:

Single Select

+ Region®
Product®
Model Year®®

Labour Operation

Projection Length®®

The Region filter has an "All" item, appended at the top of its list, to allow it be optional.

Navigation: There are no navigation targets from this page.
Reporting Objects: The page contains three reporting objects each showing in-
formation comparing the selected forecast with other Product Labour Operation

forecasts.

The objects are Grouped Model Year Development, Selected TIS and Part Code

Breakdown.

14.3.1 Grouped Model Year Development

5 The Region filter is not applied to the Selected TIS.

54 The Product filter is not applied to the Grouped Model Year Comparison.

% The Model Year filter is not applied to the Grouped Model Year Development or the Selected TIS.
% The Projection Length filter is not applied to the Selected TIS.
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This shows the development of the forecast, for all Products, of the Labour Operation

across Model Years.

This data is shown in a grouped stacked column chart, showing the relationship
between current and forecasted performance for each Model Year, as illustrated in
Figure 118.

This shows Production Month, Time in Service (TIS) performance for the selected

Labour Operation compared across Products.

The data is shown in a multi-series line chart, with a separate line series for each

Product, for a selected TIS value. This is illustrated in Figure 119.

14.3.3 Part Code Breakdown

This shows the distribution of claimed Part Codes for the selected Product Labour

Operation.

The data is displayed in a multi-level sunburst chart, grouped by Part Name, Part Code

and then Product, as illustrated in Figure 120.

Section 15: Claims Details

This page shows the details of the raw claims records underlying a selected forecast

or production month Time In Service (TIS) value.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered follows:

Single Select
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¢ Brand (optional)

¢ Product (optional)

e Region (optional)

e Carline (optional)

¢ Engine (optional)

e Transmission (optional)

o Model Year (optional)

e Labour Operation (optional)
e Category (optional)

o Part (optional)

¢ Production Month (optional)
e TIS (optional)

e Projection Months (optional)
¢ Build Location (optional)

e Failure Mode (optional)

Navigation: There are no navigation targets for the user to navigate to from this page.

Reporting Objects: This page contains a single report object showing claims records.

15.0.1 Claims Details Grid

This shows the claims records using two different modes that the user can toggle

between.

The first mode is a data grid showing the claims records in their raw format, as

illustrated in Figure 121.

The second mode is a summary of the data rows displayed in the grid. This groups
the records into the hierarchy specified by the user, which can contain any field from

within the dataset.
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This hierarchy is then used to display a sunburst chart for either the count of claims or

the sum of the cost of the claims. This is illustrated in Figure 122.

Section 16: Part Code Breakdown

This page shows the details of which Part Codes have been claimed under any

forecast shown within the system.

Filter: The data shown on this page can be filtered by the user. The fields which can

be filtered follows:

Single Select

¢ Brand (optional)

Product (optional)

o Region (optional)

e Carline (optional)

o Engine (optional)

e Transmission (optional)

o Model Year (optional)

e Labour Operation (optional)
e Category (optional)

e Projection Months (optional)

Navigation: There are no navigation targets for the user to navigate to from this page.

Reporting Objects: This page contains a single report object showing the Part Code

claims summary.

16.0.1 Part Code Breakdown Grid
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The list of Part Codes claimed for the selected forecast is presented in descending

order the number of times the part has been claimed.

This is shown as a data grid, as illustrated in Figure 123.

Section 17 — Example Use-Cases

Example workflows will now be described with reference to the remaining figures.

The example workflows serve to illustrate various aspects of the user interface
described in the above in a practical context. In the following, a particular emphasis
is placed on navigation between pages, according to the defined hierarchy, to

demonstrate how the Indico system allows issues to be identified.

An important aspect of the workflow described below is the fact that the user can start
at the manufacture level, and quickly move down the hierarchy to locate problems

lower down the hierarchy.

On-screen objects referred to below, such as node trees, dynamic grids etc., are
rendered as described in the above. In particular, within each object projections are
ordered according to whichever metric is currently selected, to allow problematic areas
at the current level of the hierarchy to be seen easily. The user can then select an
element of one of the on-screen object(s) used to render predictions on a particular
page, such as a node of a node tree, row or a grid etc. to select a problematic entity
(e.g. brand, product, carline) at the next level down in the hierarchy. Using the
navigation charm, s/he can (among other things) then navigate to the next page down
in the hierarchy for the selected entity or, when in the overview mode, switch to the
detailed mode to obtain the corresponding detailed page. This ability to both move
done the hierarchy in a logical fashion, by selecting target entities from the on-screen
objects that are used to render the predictions, and also switch across from the
overview mode to the detailed mode to chance the focus to individual labour
operations, is an extremely powerful tool that is highly intuitive from an engineering

perspective.
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Figure 5 shows a homepage of the user interface, from which a user can navigate to
different pages within the network of pages shown in Figure 3. In particular, the user
can navigate to any one of the overview or detailed pages 102, 104 at any desired

level of the hierarchy.

Figures 5 to 10 show an example of the overview manufacturer page 102a for a
particular manufacturer. A column chart 302 is provided to give a breakdown of the
projections aggregated at the manufacture level according to model year. By hovering
the cursor over an individual column of the column chart, the user can obtain additional

information 304 relating to that model year as shown in the figures.

A navigation element C, referred to as a "charm", is displayed on each page in both
the overview and detailed modes and at every level of the hierarchy. The charm C is
the mechanism by which a user can navigate from the current page directly to another
page in accordance with the structure of Figure 5. By selecting the charm C on the
manufacture overview page 102a, selectable options 802 and 804 are displayed,
which are selectable to navigate to the overview brand page 102b and the detailed
manufacturer page 104a respectively (note the option to navigate directly to the
detailed manufacturer page 104a from the manufacturer overview page 102a is not

shown in Figure 3).

Figure 11 shows an example of the overview brand page 102b, to which the user has
navigated by selecting element 802 in Figure 10. A node tree 902 is displayed for the
manufacturer 904 in question down to the brand level only. In this example the node
tree has two nodes 906a, 906b corresponding to two brands for the manufacturer 904.
As will be appreciated, this is a simplified example and there may be more brands for
a manufacturer in practice. A dynamic grid 912 is also displayed for the brands in
question, and a breakdown 914 of the projected claims aggregated at the brand level
but broken down according to model year is also displayed (note this is only partially
visible in Figures 11 to 12 however examples of such column charts are given in the
above). As shown in figures 12, 13 and 14, the user can select between individual
brands on the brand overview page 102b either by selecting the corresponding nodes

of the node tree 902 or the corresponding row of the dynamic grid 912. When the user
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a selects a particular brand in this way, the information on the page 102b, and in
particular the projected values, are updated so that they correspond to the selected
brand.

As shown in figure 13, selecting the navigation charm on the overview brand page
102b causes selectable options 1102, 1104 and 1106 to be displayed, which are
selectable to navigate, respectively, to the corresponding detail brand page 104b,
ultimate brand report page 106b and product overview page 102C at the next level
down in the hierarchy. The content of these pages is dependent on whichever one of
the brands is selected on the brand overview page 102b when one of the options 1102,
1104 and 1106 is selected. So, in the example of Figure 13, the user has selected
"Brand 2" on page 102b, and accordingly selecting option 1102, 1104 or 1106 causes
the user interface to navigate to the detailed brand page 104b, ultimate brand report
106b or overview product page 102C for "Brand 2". If the user has selected a
particular model year (2016 in this example) this model year selection will also be
maintained when the user navigates via one of the navigation charm options. This
allows seamless and intuitive navigation through the network of pages shown in Figure
3.

Figure 14 shows the user selecting the product overview option 1106 on the overview
brand page 102b, which causes the user interface to navigate to the overview product
page 102c for the selected brand ("Brand 2"), an example of which is shown in Figure
15. On the overview product page 102c, a modified version of the node tree 902 is
displayed. On the product overview page 102c, the node tree 902 now extends from
the manufacturer level down to the product level. At the brand level, only the node
906a for the previously selected "Brand 2" is displayed. At the product level, nodes
908 are displayed for each product within that brand. In this example nodes 908A,
908B and 908C are displayed for three products within that brand but as will be
appreciated this is just an example and there can be a different number of products

within a brand.

Whereas before, the dynamic grid 912 was rendered on the brand overview page 102b
at the brand level, on the product overview page 102c, a dynamic grid 1312 is

displayed rendered at the product level. That is, each column of the dynamic grid
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1312 corresponds to one of the products within the selected brand "Brand 2", and

hence to one of the nodes 908 of the node tree 902 at the product level.

As before, the user can select between different products within the selected brand
either by selecting the corresponding one of the nodes 908 of the node tree 902 or by
selecting the corresponding one of the rows of the dynamic grids 1312. Examples of
this are shown in Figures 16 to 18. As before, when a new product is selected, the
information, and in particular the claim projections, on the product overview page 102¢
are updated so as to correspond to the selected product. Figure 19 shows the effect
of selecting the navigation charm C on the product overview page 102c. In response
to selection of the navigation charm C, selectable options 1702, 1704 and 1706 are
displayed which are selectable to navigate to the corresponding product detailed page
104c, the corresponding ultimate product report 106C, and the corresponding
overview carline page 102d one level below in the hierarchy respectively. Again,
selections on the overview product page 102c are honoured, in that each of these
pages will correspond to whichever product is currently selected on the overview
product page 102c ("product 3" in this example) and, where applicable, whichever
model year is currently selected. In the example of Figure 19, the user is shown
selecting the carlines overview option 1706, which causes the user interface to
navigate to the corresponding overview carline page 102d, an example of which is
shown in Figure 20. Although not shown in the Figures, the behaviour of the overview
carline page 102d is the same as the pages at the higher levels of the hierarchy but at
the carline level rather than the brand or product level. Again, the node tree 902 is
displayed but this time all the way from the manufacturer level down to the carline
level. Atthe brand and product level, only the nodes 906a, 908c for the brand selected
on the overview brand page 102b ("Brand 2") and the product previously-selected on
the overview product page 102¢ ("Product 3") are shown, and nodes 910 for each
carline of that product are shown. In this simple example there is only one carline
shown for "Product 3", but as will be appreciated there may be multiple carlines for a
particular product. A dynamic grid 1812 is displayed rendered at the carline level.

That is, with projections on individual carlines.

Figure 21 shows the home screen of Figure 3, only this time the user is shown

selecting the option for the detail manufacturer page 104a rather than the overview
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manufacture page 102a. An example of the detail manufacturer page 104a for a
particular manufacturer is shown in Figure 22. In this example, a dynamic grid 2012
is displayed which shows predictions aggregated at the manufacturer level but for
individual labour operations. That is, each prediction in the grid 2012 corresponds to
an individual labour operation but is aggregated across all vehicles for the
manufacturer in question. By selecting an element of the grid 2012 corresponding to
a particular labour operation, as shown in Figure 23 for labour operation "LOP name
1158", information aggregated at the manufacturer level for that specific labour
operation is displayed as shown in the example of Figure 24. In particular Figure 24
shows a time series of projections, according to production period, for the labour
operation and manufacturer in question. A column chart providing a breakdown
according to model year 2212 for the manufacturer in question and the specific labour
operation is also displayed. This is not visible in Figure 24 but is visible in Figure 25.
Note both the time series 2202 according to production period and the breakdown
2212 according to model year on the detail manufacturer page 104a are both
breakdowns of projections that are aggregated at the manufacturer level but for a
specific labour operation. As described in the above and shown in the examples
below, equivalent time series and column charts are also shown on the detail brand,
products and carline pages 104b, 104c and 104d for the labour operation in question
but in those cases provide breakdowns of the projections for to a particular brand, a

particular product and a particular carline respectively.

As shown in Figure 25, selecting the charm navigation C on the detail manufacturer
page 104a brings up two selectable options 2302 and 2304 to navigate to the detall
product page 104c and the detail brand page 104b for the specific labour operation
respectively (note: the option to navigate from the detail manufacturer page 104a

directly to the detailed product page 104c is not shown in Figure 3).

Figure 26 shows the detail brand page 104b in one example, which the user has
navigated to by selecting option 2304 in Figure 25. In this example a dynamic grid
2412 is shown which again provides projections for specific labour operations but
aggregated at the brand level. As shown in Figure 27, when a user selects a row of
the dynamic grid 2412 corresponding to a particular brand ("Brand 1" in this example),

projected claim information for that brand is displayed in response. As well as the
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dynamic grid 2412, a node tree 2502 is also provided which is not shown in Figure 26
but is shown in Figure 27. The user can select between different brands either from
the dynamic grid 2412 or from the node tree 2502. A column chart 2512 providing a
breakdown of the projections according to model year and a time series 2514 providing
a breakdown according to production periods (see Figure 28) are also displayed.
These correspond to the column chart 2212 and time series 2202 of Figure 25 however
on the detail brand page 104b the projections rendered on these charts are

aggregated at the brand level rather than the manufacturer level.

Figures 29 and 30 show how selection of the charm navigation on the detall
manufacturer page 104a causes options 2802 and 2804 to be displayed, which are
selectable to navigate, respectively, to the corresponding ultimate brand labour
operation report 108b and the corresponding detail product page 104c at the next level

down in the hierarchy.

Figures 31 to 33 show the detail product page 104c¢ in one example and Figures 32 to
36 show the detail carline page 104d in one example. These are rendered in an
equivalent manner to the detail manufacturer and detail brand pages 104a, 104b, with
corresponding on-screen objects, however the projections displayed on the detail
product page 104c are aggregated at the product level and the projections on the detall
carline page 104d are at the carline level. As can be seen clearly in the figures, the
navigational relationships between these pages are realised in exactly the same way
in accordance with the structure shown in Figure 3. Figures 36 to 38 show an
additional on-screen object provided on the carline detail page 104d, namely a second
node tree to provide a breakdown according to engine and transmission. As described
in the above, the hierarchy according to which this node tree is rendered can be
changed by the user, in this example by rearranging node tree rendering elements
3204 shown in Figure 36. For example by switching the "engine name" and
“transmission name" elements, the user can change the hierarchy of the second node
tree 3202.

Using Figure 38 as an example, filtering options F are displayed, from which the user
can select in order to change the filtering setting for the current page. When the user

changes the filtering section, for example by changing one or more of the brand,
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product, carline, category labour operation, model year or forecasting winnow
("projection months"), the page is updated dynamically according to the new settings.
The mechanism for implementing this is described extensively in the above. Note that
filtering options F are shown on every detailed page 104 and every overview page 102
(although more filtering options will of course be available lower down the hierarchy).
The user's filter sections are maintained as the user navigates between pages. That

is filter selections made on one page are maintained when the user switches to another

page.

Figure 39 shows the home screen of Figure 3, only this time the user is navigating to
one of the results tracker pages 114, 116 (example results tracker product pages 116
are shown in Figures 40 to 45). The results tracking is described extensively above,
in the "Results Tracker" section. Suffice it to say that results tracking pages 114, 116
allow projections over time to be ranked relative to each other, for an individual labour

operation, at the carline and product levels respectively.

To allow this, as shown in Figures 42 to 45, a time in service plot 4002, a projected
claims frequency plot 4004 and model year development chart 4006 are provided.
There figures show the product results tracker page 116, with results thus aggregated
at the product level. These objects are populated as described above. Although not
shown, equivalent objects can be displayed on the carline tracker page 114, at the

carline level.

Other Machines

Although the technology has been described in the content of vehicles, it can also be
applied to other machines. What is material in the context of the described technology
is that there exists a window after a machine enters active service (i.e. when it
becomes available for use by a user) in which a machine manufacturer is responsible
for repairs to the machine, such that a comprehensive set of repair data is available
from which predictions can be made, which predictions can in turn be used to make
engineering decisions about later machines. Accordingly, all description herein

pertaining to vehicles applies equally to other types of machine.
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Although specific embodiments of the inventions have been described, variants of the
described embodiments will be apparent. The scope is not defined by the described

embodiments but only by the accompanying claims.
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Claims:

1. A method of predicting vehicle repair operations or vehicle component faults,
the method comprising, at a processing stage:

selecting, by a predictive algorithm executed at the data processing stage, a
set of vehicle repair records for use in making a prediction, each of the vehicle repair
records being a record of a vehicle repair performed after the vehicle entered active
service, each of which comprises or indicates a historical vehicle age or usage value,
and records a repair operation or vehicle component fault; and

wherein the predictive algorithm uses the selected set of vehicle repair
records to predict a number of or resource value for repair operations or vehicle
component faults for a set of vehicle records, each of the vehicle records being a
record of a vehicle entering active service, based on: a number of vehicles recorded
in the set of vehicle records, and a current age or usage of each of the recorded

vehicles.

2. A method according to claim 1, wherein the set of vehicle repair records is
selected by filtering a larger set of available vehicle repair records based on a
particular type of repair operation or a particular type of vehicle component, such that
each repair record of the selected set relates to the particular type of repair
operation/vehicle component, the predicted number or resource value being a
predicted number of or resource value for repair operations/vehicle component faults

of the particular type.

3. A method according to claim 1 or claim 2, wherein the set of vehicle repair
records is selected by filtering a larger set of available vehicle repair records based
on a particular vehicle attribute or set of vehicle attributes, such that each repair
record of the selected set relates to the particular (set of) vehicle attribute(s), wherein
each of the vehicle records in the set of vehicle records relates to a vehicle having
the particular (set of) vehicle attribute(s) or a similar (set of) vehicle attribute(s), the
predicted number or resource value being a predicted number of or resource value
for repair operations/vehicle component faults for vehicles having the particular

vehicle attribute.
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4. A method according to claims 2 and 3, wherein the larger set is filtered based
on the particular (set of) vehicle attribute(s) and the particular type of repair
operation/vehicle component, such that each repair record of the selected set relates
to the particular (set of) vehicle attribute(s) and the particular type of repair
operation/vehicle component, the predicted number or resource value being a
predicted number of or resource value for repair operations/vehicle component

faults of the particular type for vehicles having the particular vehicle attribute.

. A method according to any preceding claim, comprising:

determining a profile for the set of vehicle repair records based on a number
of or resource value for repair operations or vehicle component faults recorded in the
set of vehicle repair records for different historical vehicle age or usage values, the

profile being used to make the prediction.

6. A method according to any preceding claim, wherein the profile comprises, for
each of a set of historical vehicle age or usage values, a corresponding resource or

count value calculated from the set of repair records.

7. A method according to claim 6, wherein the resource or count value is a
cumulative value calculated as sum of the number of or resource values for repair
operations/vehicle component faults recorded in the set of vehicle repair records up

to that historical vehicle age or usage value.

8. A method according to claim 6 or 7, wherein the prediction is made by
performing a non-parametric analysis based on the number of vehicles recorded in
the set of vehicle records, the current age or usage of each of the vehicles, and the

resource or count values of the profile.

9. A method according to any of claims 5 to 8, wherein the step of determining
the profile comprises: determining a total number of resource value for repair
operations/vehicle component faults recorded in the filtered set of vehicle repair

records, each resource or count value being calculated as a proportion of the total.
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10. A method according to claim 9 when dependent on claim 6, comprising
calculating an earnings value for each of the historical vehicle age or usage values of
the profile based on the corresponding resource or count value of the profile and the
number of vehicles recorded in the set of vehicle records whose current age or

usage matches that historical vehicle age or usage value of the profile.

11. A method according to claim 10, wherein the earnings value for each of the
historical vehicle age or usage values of the profile is calculated by multiplying the
corresponding resource or count value of the profile with the number of vehicles
recorded in the set of vehicle records whose current age or usage matches that

historical vehicle age or usage value of the profile.

12. A method according to claim 10 or 11, comprising calculating a maturity value

for the set of vehicle records from the earnings values.

13. A method according to claim 12, comprising determining a total number of
vehicles recorded in the set of vehicle records, wherein the maturity value is
calculated by calculating a total earnings value from the earnings values as a

proportion of the total number of vehicles.

14. A method according to any preceding claim, comprising:

identifying one or more existing vehicle repair records corresponding to the
set of vehicle records; and

determining a number of resource value for repair operations or vehicle

component faults recorded in the existing vehicle repair records.

15. A method according to claim 14, wherein the predicted number of or resource
values for repair operations or vehicle component faults for the set of vehicle records
is computed from the number of or resource value for repair operations or vehicle
component faults determined for the existing vehicle repair records based on the
number of vehicles recorded in the set of vehicle records and the current age or

usage of each of the vehicles.
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16. A method according to claim 15 when dependent on claim 5, wherein the

profile is used to compute the predicted number.

17. A method according to claims 12 and 14, wherein the predicted number of or
resource value for repair operations or vehicle component faults for the set of vehicle
records is determined based on the maturity value calculated for the set of vehicle

records and the number of or resource value for repair operations/vehicle component

faults recorded in the existing vehicle repair records.

18. A method according to claim 17, wherein the predicted number or resource
value is determined by dividing, by the maturity, the number of resource value for
repair operations/vehicle component faults recorded in the existing vehicle repair

records.

19. A method according to any preceding claim, wherein the set of vehicle repair
records is selected such that a current vehicle age or usage determined for each
vehicle repair record of the selected set exceeds a prediction duration or usage
threshold respectively, the predicted number or resource value being a number of or
resource value for repair operations or vehicle component faults occurring within the

prediction duration or below the usage threshold.

20. A method according to claims 14 and 19, wherein at least one of the existing
vehicle repair records has a current vehicle age or usage that does not exceed the

prediction duration or usage threshold respectively.
21. A method according to any preceding claim, wherein each of the vehicle
repair records comprises a vehicle identifier which links the repair record to a

matching vehicle record.

22. A method according to claim 21, wherein at least one of the vehicle repair

records is augmented with data of the matching vehicle record.
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23. A method according to claim 22, wherein at least one of the vehicle repair
records is augmented with an indicator of a vehicle attribute from the matching

vehicle record.

24. A method according to claim 21, 22 or 23, wherein the historical vehicle age
or usage value is calculated for at least one of the vehicle repair records from a claim
date, fault date or paid date of the vehicle repair record and an in-service date of the

matching vehicle record.

25. A method according to claim 2 or any claim dependent thereon, wherein at
least two sets of vehicle repair records are selected, each by filtering the larger set
based on a respective type of repair operation or vehicle component;

wherein the predictive algorithm uses each of the selected sets of vehicle
repair records to predict, for the set of vehicle records, a respective number of or

resource value for repair operations/vehicle component faults of the respective type.

26. A method according to claim 25, wherein the predicted numbers or resource
values determined using the said at least two sets of vehicle repair records are
aggregated to determine an aggregate predicted number of or resource value for a

combined set of the vehicle records.

27. A method according to any preceding claim, wherein the historical vehicle age
value is an age of the vehicle when the repair operation was performed or the
vehicle component was repaired or replaced, or an age of the vehicle when the

repair record was processed.

28. A method according to any preceding claim, wherein a current vehicle age is
determined for at least one of the vehicles from a date of the corresponding vehicle

record.
29. A method according to claim 28, wherein the current vehicle age is

determined from the date of the corresponding vehicle record and a most recent date

recorded in the repair claim records.
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30. A method according to claim 28 or 29, wherein a current usage for the at least

one of the venhicles is inferred from the current vehicle age.

31. A method according to claim 30, wherein the current vehicle usage is inferred

based on at least one attribute of the vehicle.

32. A method according to any preceding claim, wherein the historical vehicle use

value is a mileage or hourage reading taken as part of the vehicle repair.

33. A method of predicting vehicle repair operations or vehicle component faults,
the method comprising, at a processing stage:

selecting a set of vehicle repair records for use in making a prediction, each of
which comprises or indicates a historical vehicle age or usage value and records a
repair operation or vehicle component fault, the set of repair records being selected
by filtering a larger set of available vehicle repair records based on a particular type
of repair operation or a particular type of vehicle component; and

using the selected set of repair records to predict, for a population of vehicles,
a number of resource value for repair operations/vehicle component faults of the
particular type, based on the number of vehicles in the population and a current age

or usage of each of those vehicles.

34. A method of predicting vehicle repair operations or vehicle component faults,
the method comprising, at a processing stage:

selecting a set of vehicle repair records for determining a profile, each of
which comprises or indicates a historical vehicle age or usage value and records a
repair operation or vehicle component fault;

determining a profile for the set of repair records, the profile comprising, for
each of a set of historical vehicle-age or usage values, a corresponding resource or
count value calculated from the set of repair records; and

using the selected set of repair records to predict a number of or resource
value for repair operations or vehicle component faults for a population of vehicles,
by performing a non-parametric analysis based on: the number vehicles in the
population, a current age or usage of each of those vehicles, and the resource or

count values of the profile.
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35. A method according to any preceding claim, comprising a step of using the
predicted number of or resource value for repair operations/vehicle component
faults to identify a problem relating to a particular vehicle attribute, a particular type

of vehicle component, or a particular type of repair operation.

36. A method according to claim 35 when dependent on claim 2 or claim 32,
comprising using the prediction to identify a problem with the particular type of
vehicle component or repair operation used to filter the larger set of available vehicle

repair records.

37. A method according to claim 35 when dependent on claim 3, comprising using
the prediction to identify a problem relating to the particular vehicle attribute used to

filter the larger set of vehicle repair records.

38. A method according to claim 35 when dependent on claim 4, comprising using
the prediction to identifying a problem with the particular type of vehicle component

or repair operation that is specific to vehicles having the particular vehicle attribute.

39. A method according to any of claims 35 to 38, wherein the problem is
identified by comparing the predicted number or resource value with at least one
other predicted number of resource value for repair operations/vehicle component

faults.

40. A method according to any preceding claim, wherein the predictive algorithm
implements the following steps for each of a plurality of repair operation or vehicle
component types:

selecting a respective set of vehicle repair records relating to that type of
repair operation/vehicle component; and

using the respective set of vehicle repair records to predict, for the set of
vehicle records, a number of or resource value for repair operations or vehicle
component faults of that type based on the number of recorded vehicles and their

current age or usage.
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41. A method according to claim 40, wherein each of the sets of vehicle repair

records is selected in accordance with claim 2, claim 3 or claim 4.

42. A method according to claim 41, comprising comparing the predictions for the
repair operation/vehicle component types, to identify a problem with a particular one

of the repair operations/vehicle component types.

43. A method according to claim 42, wherein the comparison is performed by a
comparison algorithm executed at the data processing stage to automatically identify

the problem.

44, A method according to any of claims 35 to 39, 42 or 43, comprising a step of

remedying the identified problem.

45. A method according to any preceding claim, wherein the number or resource

value is a number resource value per recorded vehicle.

46. A method according to any of claims 1 to 44, wherein the number or resource

value is an absolute number or resource value.

47. A method according to claim 19, wherein an expiry date is comprised in or
determined for each vehicle record, wherein any vehicle records having expiry dates

that exceed the prediction threshold are excluded from the set of vehicle records.

48. A method according to claim 5, wherein the profile is a repair operation profile
determined for a particular vehicle attribute or set of vehicle attributes and a

particular repair operation/vehicle component type.
49. A method according to claim 5, wherein the profile is an overview profile

determined for a particular vehicle attribute or set of vehicle attributes across all

repair operations/vehicle component types.
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50. A method according to claim 48 and 49, wherein separate repair operation
and category profiles are determined for the same vehicle attribute or the same set

of vehicle attributes.

51. A method according to any of claims 48 to 50, wherein the or each profile is

determined for a particular model of vehicle.

52. A method according to claim 5, wherein the profile is a preferred profile, in
that the profile matches the set of vehicle records according to primary matching

criteria.

53. A method according to claim 52, wherein the method comprises a step of
determining that there is a sufficient number of vehicle records available to

determine the preferred profile.

54. A method according to claim 5, wherein the profile is a backup profile, in that
profile matches the set of vehicle records according to secondary matching criteria,
wherein the method comprises a step of determining that no preferred profile
matching the set of vehicle records according to primary matching criteria is

available.

55. A method according to claim 54, wherein the step of determining comprises
determining that there is an insufficient number of vehicle repair records available to

determine such a profile.

56. A method according to claim 54 or 55, wherein the set of vehicle records all
relate to the same vehicle model, and the backup profile is a profile for a different
model of vehicle, or a model group comprising the vehicle model and at least one

other vehicle model.
57. A method according to claim 5, wherein the profile is determined for a

category of repair operation, covering at least two specific types of repair operation,

or a specific type of repair operation.
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58. A method according to claim 53 and 48, wherein the prediction is made for a
particular type of repair operation, and the backup profile is a profile for a particular
category of repair operation covering multiple types of repair operation, or a profile

across all repair operations.

59. A method according to claim 58, wherein the set of vehicle records all relate
to the same vehicle model and the prediction is made for a specific type of repair
operation, wherein the determining step comprises determining that no profile for
that specific type of repair operation and that model is available, and the backup
profile is selected according to the following profile hierarchy:

1. a profile for the specific type of repair operation and a model group which

comprises the vehicle model and at least one other vehicle model;

2. aprofile for a similar vehicle model and the specific type of repair operation;

3. a profile for the same vehicle model and a repair operation category, which
covers the specific type of repair operation and at least one other specific type
of repair operation;
a profile for a similar vehicle model and said repair operation category,
a profile for the same vehicle model across all repair operations;

a profile for said model group across all repair operations;

NOo oA

a profile for a similar model of vehicle across all repair operations

60. A method according to any preceding claim, wherein, in determining the
predicted number/resource value, a time lag is accounted for using a model of the

time lag, the time lag caused by delays in receiving recent repair records.

61. A method according to claim 60 and 10, wherein the model is used to adapt

the earnings value.

62. A system for predicting vehicle repair operations or vehicle component faults,
the system comprising:
electronic storage configured to hold computer readable instructions for

executing a predictive algorithm; and
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a processing stage coupled to the electronic storage and configured to
execute computer readable instructions, the computer readable instructions being

configured, when executed, to implement the method of any preceding claim.

63. A non-transitory computer readable medium having computer readable
instructions configured, when executed, to implement the method of any of claims 1

to 62 or the computer system of any of claims 68 to 143.

64. A method of producing vehicles comprising:

in a vehicle production process, manufacturing vehicle components of
different types, and assembling the vehicle components to form vehicles;

creating a set of vehicle records, each being a record of one of the vehicles
entering active service;

performing vehicle repairs on a subset of the vehicles after they have entered
active service;

creating a respective record of each of the vehicle repairs, each of which
comprises or indicates a vehicle age or usage value, and records a vehicle
component fault identified in the vehicle repair;

receiving at a data processing stage the vehicle records and vehicle repair
records, wherein a predictive algorithm executed at the data processing stage
processes the received records so as to, for each type of vehicle component:

1) identify a respective set of the vehicle repair records relating to that type of
vehicle component, and

2) use the respective set of vehicle repair records to predict a respective
number of or resource value for vehicle component faults of that type for the set of
vehicle records based on: a number of vehicles recorded in the set of vehicle
records, and a current age or usage of each of the recorded vehicles;

comparing the predictions for the different vehicle component types to identify
a problem with a particular one of the vehicle component types; and

adapting the vehicle production process, so as to remedy the identified

problem for later vehicles produced in the adapted vehicle production process.

65. A method according to claim 44 or 64, wherein the identified problem is

remedied by:
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¢ reengineering the particular type of vehicle component,

e reengineering a vehicle model having the particular attribute or the particular
type of vehicle component

e adapting a manufacturing process in which the particular type of vehicle
component is manufactured,

e adapting an assembly process in which a model of vehicle having the
particular attribute or the particular type of vehicle component are assembled,
or

e adapting a procedure according to which the particular type of repair

operation is performed.

66. A method of predicting machine repair operations or machine component
faults, the method comprising, at a processing stage:

selecting, by a predictive algorithm executed at the data processing stage, a
set of machine repair records for use in making a prediction, each of the machine
repair records being a record of a machine repair performed after the machine
entered active service, each of which comprises or indicates a historical machine
age or usage value, and records a repair operation or machine component fault; and

wherein the predictive algorithm uses the selected set of machine repair
records to predict a number of or resource value for repair operations or machine
component faults for a set of machine records, each of the machine records being a
record of a machine entering active service, based on: a number of machines
recorded in the set of machine records, and a current age or usage of each of the

recorded machines.

67. A computer system for filtering vehicle predictions comprising:

a database configured to hold vehicle predictions, each comprising: at least
one repair operation, vehicle component or vehicle attribute indicator, and an
individual prediction value for the indicated repair operation, vehicle component or
vehicle attribute;

a filtering component configured to receive filtering criteria for filtering the
vehicle predictions, and filter the vehicle predictions according to the filtering criteria,

by comparing the repair operation, vehicle component or vehicle attribute indicators

150



10

15

20

25

30

WO 2019/067006 PCT/US2017/069021

of the vehicle predictions in the database with the filtering criteria, to determine a
filtered set of the vehicle predictions meeting the filtering criteria; and
a controller configured to control a user interface to output, to a user, a

prediction value determined from the filtered set.

68. A computer system according to claim 67, comprising an aggregation
component configured to compute an aggregate prediction value from the individual
prediction values of the filtered set of vehicle predictions meeting the filtering criteria,

the outputted prediction value being the aggregate prediction value.

69. A computer system according to claim 70, wherein the outputted prediction

value is an individual prediction value of the filtered set.

70. A computer system according to claim 67, 68, or 69, wherein the outputted
prediction value is one of multiple prediction values determined from the filtered set

and outputted by the controller.

71. A computer system according to claim 67, 68 or 69, wherein each of the
vehicle predictions held in the database comprises a repair operation or vehicle
component indicator and at least one vehicle attribute indicator, the individual
prediction value being an individual prediction value for the indicated vehicle attribute

and the indicated repair operation/vehicle component.

72. A computer system according to claim 71, wherein the filtering criteria are
such that each vehicle prediction of the filtered set relates to one of:
¢ the same manufacturer, such that the filtered set contains vehicle predictions
for a vehicle product group or at least two different vehicle product groups of
the manufacturer;
¢ the same vehicle product group, such that the filtered set contains vehicle
predictions for at least two different vehicle products within that product group;
¢ the same vehicle product, such that the filtered set contains vehicle

predictions for at least two different models of that vehicle product;
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e the same vehicle model, such that the filtered set contains vehicle predictions
for at least two different model years for that model;

e the same vehicle model and the same model year;

¢ the same vehicle engine;

¢ the same vehicle transmission;

o the same type of repair operation; or

o the same type of vehicle component.

73. A computer system according to any of claims 67 to 72, wherein the filtering
component is configured to receive second filtering criteria, and filter the vehicle
predictions in the database according to the second filtering criteria, to determine a
second filtered set of the vehicle predictions meeting the second filtering criteria,
wherein the controller is configured to control the user interface to output, to the

user, a second prediction value determined from the second filtered set.

74. A computer system according to claim 73 when dependent on claim 71,
wherein the aggregation component is configured to compute a second aggregate
prediction value from the individual prediction values of the second filtered set, the

second outputted prediction value being the second aggregate prediction value.

75. A computer system according to claim 73 or 74, wherein the second
prediction value is one of multiple second prediction values determined from the

second filtered set and outputted by the controller.

76. A computer system according to claim 73 or 74, wherein the filtering
component is configured to receive third filtering criteria, and filter the vehicle
predictions in the database according to the third filtering criteria, to determine a third
filtered set of the vehicle predictions meeting the third filtering criteria, wherein the
controller is configured to control the user interface to output, to the user, a third

prediction value determined from the third filtered set.

77. A computer system according to claim 76, wherein the filtering component is

configured to receive fourth filtering criteria, and filter the vehicle predictions in the
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database according to the fourth filtering criteria, to determine a fourth filtered set of
the vehicle predictions meeting the fourth filtering criteria, wherein the controller is
configured to control the user interface to output, to the user, a fourth prediction

value determined from the fourth filtered set

78. A computer system according to claim 77, wherein the filtering component is
configured to receive fifth filtering criteria, and filter the vehicle predictions in the
database according to the fifth filtering criteria, to determine a fifth filtered set of the
vehicle predictions meeting the fifth filtering criteria, wherein the controller is
configured to control the user interface to output, to the user, a fifth prediction value

determined from the fifth filtered set

79. A computer system according to claim 73 and 71, wherein the filtering
component is configured to:
filter the vehicle predictions according to the filtering criteria by comparing at
least the repair operation/vehicle component indicators with the filtering criteria, and
filter the vehicle predictions according to the second filtering criteria by
comparing at least the vehicle attribute indicators of the vehicle predictions in the

database with the second filtering criteria.

80. A computer system according to any of claims 73 to 79, wherein the controller
is configured to control the user interface to display each of said prediction values

simultaneously.

81. A computer system according to any of claims 73 to 80, wherein each of the
filtered sets determined by the filtering component relates to a respective level of a

prediction hierarchy.

82. A computer system according to claim 81, wherein the prediction hierarchy
has at least the following levels:

e manufacturer,

e product group,

e product,
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e model (or carline) or model-plus-model-year.

83. A computer system according to claim 82, wherein the prediction hierarchy
also has the following level:

e model-engine or model-transmission.

84. A computer system according to claim 83, wherein the prediction hierarchy
also has the following level:

¢ model-engine-transmission or model-transmission-engine.

85. A computer system according to any of claims 82 to 84, wherein the
prediction hierarchy also has at least the following level:

e model year.

86. A computer system according to any of claims 81 to 85, wherein the
prediction hierarchy has at least the following levels:

e engine or transmission,

e engine-product or transmission-product,

e engine-model or transmission-model.

87. A computer system according to claim 86, wherein the prediction hierarchy
also has the following level:

e engine-product group or transmission-product group.

88. A computer system according to any of claims 81 to 87, wherein at least one
of the filtered sets relates to a particular type of repair operation for an entity at the

respective level of the prediction hierarchy.
89. A computer system according to any of claims 81 to 88, wherein at least one

of the filtered sets relates to all types of repair operation for an entity at the

respective level of the prediction hierarchy.
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90. A computer system according to claim 88 and 89, wherein at least two of the
filtered sets relate to the same entity, wherein one of those sets relates to a
particular type of repair operation for that respective entity and the other of the

filtered sets relates to all types of repair operation for that entity.

91. A method according to claim 88 and 89, wherein the controller is configured,
in response to a mode switch instruction at the user interface, to switch between:

1) an overview mode, in which prediction values are displayed for sets of the
vehicle predictions wherein each of those sets relates to all types of repair operation
for a respective entity at a respective level of the prediction hierarchy, and

i) a detailed mode for a particular type of repair operation, in which prediction
values are displayed for sets of the vehicle predictions wherein each of those sets
relates to that particular type of repair operation for a respective entity at a respective

level of the prediction hierarchy.

92. A computer system according to any of claims 81 to 91, wherein the filtering
criteria and the second filtering criteria are such that the filtered set of vehicle
predictions and the second filtered set of vehicle predictions relate to different levels

of the prediction hierarchy.

93. A computer system according to any of claims 81 to 91 wherein the filtering
criteria and the second filtering criteria are such that the filtered set of vehicle
predictions and the second filtered set of vehicle predictions relate to the same level

of the prediction hierarchy.

94. A computer system according to claim 93 when dependent on claim 76,
wherein the third filtering criteria are such that the third filtered set relates to the

same level of the prediction hierarchy as the filtered set and the second filtered set.

95. A computer system according to claim 93 when dependent on claim 76,
wherein the third filtering criteria are such that the third filtered set relates to a
different level of the prediction hierarchy than the filtered set and the second filtered

set.
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96. A computer system according to claim 95, wherein the third filtered set of
vehicle predictions relates to an entity at a higher level of the prediction hierarchy

than the filtered set and the second filtered set of vehicle predictions.

97. A computer system according to claim any of claims 93 to 96, wherein the
controller is configured to determine a display order for the filtered sets relating to the
same level of the prediction hierarchy based on the prediction values determined for
those sets, and control the user interface to display those prediction values in the

determined display order.

98. A computer system according any of claims 81 to 97, wherein the controller is

configured to determine a display location for the or each set of vehicle predictions
based on the level of the prediction hierarchy to which that set relates, and control
the user interface to display the prediction value for that set at the determined

display location.

99. A computer system according to claim 98 when dependent on claim 96,
wherein the controller is configured to determine the display locations for the
prediction value, the second prediction value, and the third prediction value such that
the display locations for the prediction value and the second prediction value are
grouped together in a display region separate from the display location for third

prediction value.

100. A computer system according to any of claims 81 to 99 when dependent on
claim 79, wherein the fourth and fifth sets relate to the same level of the prediction
hierarchy as each other, which is lower than the level to which the filtered set and the

second filtered set of vehicle predictions relate.

101. A computer system according to any of claims 81 to 99 when dependent on
claim 79, wherein the fourth and fifth sets relate to different levels of the prediction
hierarchy than each other, both of which are higher than the level to which the third

filtered set relates.
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102. A computer system according to claim 73 or 79, wherein the second filtering
criteria are such that each vehicle prediction of the filtered set relates to a different
one of:
¢ the same manufacturer, such that the filtered set contains vehicle predictions
for a vehicle product group or at least two different vehicle product groups of
the manufacturer;
¢ the same vehicle product group, such that the filtered set contains vehicle
predictions for at least two different vehicle products;
¢ the same vehicle product, such that the filtered set contains vehicle
predictions for at least two different vehicle models;
e the same vehicle model, such that the filtered set contains vehicle predictions
for at least two different model years for that model;
e the same vehicle model and the same model year;
¢ the same vehicle engine;
¢ the same vehicle transmission;
o the same type of repair operation; or

o the same type of vehicle component.

103. A computer system according to any of claims 67 to 102, wherein the
controller is configured to determine, for the or each set of vehicle predictions, at
least one visual characteristic based on the prediction value for that set, and control
the user interface to display a visual representation having the determined visual
characteristic, thereby outputting the prediction value as the displayed visual

representation having the determined visual characteristic.

104. A computer system according to any of claims 67 to 103, wherein the
prediction value determined from the filtered set is a future prediction value covering

only predicted repair operations or vehicle component faults.

105. A computer system according to any of clams 67 to 104 , wherein the
prediction value determined from the filtered set is a future-plus-historic prediction
value covering both predicted repair operations or vehicle component faults and

repair operations or vehicle component faults that have already occurred.
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106. A computer system according to any of claims 67 to 105, wherein the system
is configured to compute, for the or each set of vehicle predictions:

1) a future-plus-historic prediction value covering both predicted repair
operations or vehicle component faults and repair operations or vehicle component
faults that have already occurred, and

i) a future prediction value covering only predicted repair operations or
vehicle component faults;

wherein the controller is configured to control the user interface to output, to

the user, the overall prediction value in association with the future prediction value.

107. A computer system according to any of claims 67 to 106, wherein the
computer system is also configured to determine, for the or each set of vehicle
predictions, a historical value covering only repair operations or vehicle component
faults that have already occurred, wherein the controller is configured to control the
user interface to output, to the user, the prediction value in association with the

historical value.

108. A computer system according to claim 68 and 107, wherein the historical
value is an aggregate historical value corresponding to the aggregate prediction

value.

109. A computer system according to claim 69 and 107, wherein the historical
value is an individual historical value corresponding to the individual prediction value

determined from the filtered set.

110. A computer system according to claim 103 and104, 105 or 107, wherein the
controller is configured to determine a first visual characteristic of the visual
representation based on one of, and a second visual characteristic of the visual
representation based on a different one of: the future prediction value, the historical

value, and the future-plus-historic prediction value for that set.
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111. A computer system according to claim 103 or 110, wherein the (or each)
visual characteristic is (a different) one of a size or a colour of the visual

representation.

112. A computer system according to claim 107, wherein the prediction value is a
future prediction value covering only predicted repair operations or vehicle
component faults, wherein the controller is configured to control the user interface to
display a visual representation of an future-plus-historic prediction value for that set
covering both predicted repair operations or vehicle component faults and repair
operations or vehicle component faults that have already occurred, the visual
representation having two visually distinct portions, a first of which represents the

historical value and a second of which represents the future prediction value.

113. A computer system according to claim 112, wherein the first and second
portions have respective sizes determined by the controller based on the historical

value and the future prediction value respectively.

114. A computer system according to any of claims 67 to 113, wherein each of the
vehicle predictions comprises a projection length, wherein the filtering is such that

the or each set of vehicle predictions relate to the same projection length.

115. A computer system according to any of claims 67 to 114, wherein at least two

of the vehicle predictions relate to different projection lengths.

116. A computer system according to any of claims 67 to 115, wherein the
aggregation component is configured to determine the filtering criteria for the or each
set at least in part according to filter selection parameters set by at the user at the

user interface.

117. A method according to claim 81 or any claim dependent thereon, wherein the

prediction hierarchy is predetermined.

118. A method according to claim 81 or claim dependent thereon, other than claim

117, wherein the prediction hierarchy is user-defined.

159



10

15

20

25

30

WO 2019/067006 PCT/US2017/069021

119. A computer system according to claim 68 to any claim dependent thereon,
wherein the or each aggregate value computed for the or each set comprises a
number or resource value for of repair operations or vehicle component faults per
vehicle for that set, or an absolute number of or resource value for repair operations

or vehicle component faults for that set.

120. A computer system according to claim 73 or any claim dependent thereon,
wherein the controller is configured to use each of the filtered sets to render a

respective element of a multi-element object displayed on the user interface.

121. A computer system according to claim 73 or any claim dependent thereon,
wherein each of the vehicle predictions comprises a vehicle production timing or
time-in-service indicator, wherein each of the filtered sets relates to a different

vehicle production timing or a different time-in-service.

122. A computer system according to claim 121, wherein each of the vehicle
predictions comprises a vehicle production timing indicator and a time-in-service

indicator.

123. A computer system according to claim 78 or any claim dependent thereon,
wherein the controller is configured to display the aggregate predictions values as a

time series in order of production timing or time-in-service.

124. A computer system according to claim 81 or any claim dependent thereon,
wherein the controller is configured to control the user interface to display each of
the prediction values as a node of a node tree, the node tree structured according to

the prediction hierarchy.

125. A computer system according to claim 124 when dependent on claim 97,
wherein the controller is configured to control the user interface to display the nodes
representing the prediction value and the second prediction value within the node

tree as children of the node representing the third prediction value.
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126. A computer system according to claim 81 or any claim dependent thereon,
wherein the controller is configured to control the user interface to display each
prediction value determined from the filtered sets as an element of a sunburst chart,

the sunburst chart structured according to the prediction hierarchy.

127. A computer system according to claim 81 or any claim dependent thereon,
wherein the controller is configured to display the or each prediction value
determined from the filtered set(s) as an element of a grid, wherein the controller is
configured to control the user interface to display separate grids for each level of the

prediction hierarchy.

128. A computer system according to any of claims 67 to 127, wherein the repair
operation type indicator indicates a category of repair operation or a specific repair

operation.

128, A computer system comprising:

at least one record database configured to hold vehicle or vehicle repair
records;

a prediction database configured to hold vehicle predictions, each comprising:
a prediction value derived from a respective set of vehicle or vehicle repair records
from which the prediction has been derived, and, for each of those records, a
corresponding database key for locating that record in the record database in which
it is held;

a controller configured to control a user interface to display, to a user: the
prediction value of one of the vehicle predictions, or an aggregate prediction value
derived from the prediction values of at least two of the vehicle predictions, wherein
the controller is configured to locate at least one of the vehicle or vehicle
identification records in the record database in which it is held, using the
corresponding database key held in the prediction database, and display data of the
located vehicle or vehicle repair record in association with the displayed prediction

value.
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