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(57) ABSTRACT

Explanation apparatus and methods are described. In one
aspect, an explanation apparatus includes processing circu-
ity configured to access a source instance which has been
classified by a machine learning model; create associations
of the source instance with a plurality of training instances;
and process the associations of the source instance and the
training instances to identify a first subset of the training
instances which have less relevance to the classification
decision of the source instance by the machine learning
model compared with a second subset of the training
instances; and an interface configured to communicate infor-
mation to a user, and wherein the processing circuitry is
configured to control the user interface to communicate the
second subset of the training instances to the user as evi-
dence to explain the classification of the source instance by
the machine learning model.
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MACHINE LEARNING MODEL
EXPLANATION APPARATUS AND
METHODS

RELATED PATENT DATA

This application claims the benefit of U.S. Provisional
Patent Application Ser. No. 62/725,190, filed Aug. 30, 2018,
titled “Machine Learning Apparatus and Methods”, the
disclosure of which is incorporated herein by reference.

STATEMENT AS TO RIGHTS TO INVENTIONS
MADE UNDER FEDERALLY-SPONSORED
RESEARCH AND DEVELOPMENT

This invention was made with Government support under
Contract DE-AC05-76R10O1830 awarded by the U.S.
Department of Energy. The Government has certain rights in
the invention.

TECHNICAL FIELD

This disclosure relates to machine learning model expla-
nation apparatuses and associated methods.

BACKGROUND OF THE DISCLOSURE

Automated systems which incorporate machine learning
techniques are becoming more commonplace both in peo-
ple’s personal lives and in work environments, including for
example, self-driving cars, automated systems in electrical
transmissions, recommender systems, and automated data
analysis.

Although advancements in automated systems have
resulted in powerful systems which have enhanced capa-
bilities and are used in an increasing number of applications,
the systems may still make mistakes which results in peo-
ple’s misuse or over-reliance on automation. Furthermore,
the capabilities of the automated systems may also be
underestimated by users which may lead to disuse, neglect
or underutilization of the automation systems which may
otherwise be capable of performing desired tasks. Accord-
ingly, a user’s trust in the ability of automated systems to
accurately process information is an important factor in their
decisions to use automated systems, and additionally, trust
influences the reliance of the users on the implementation
and use of automated systems.

Some of the aspects of the present disclosure are directed
towards apparatus and methods which assist users with
understanding machine learning models and to develop trust
in the automated systems to ensure the automated systems
are used appropriately. As described in example embodi-
ments herein, the apparatus and methods identify and pres-
ent evidence to a user to assist with explaining decisions of
machine learning models. Additional aspects are also
described in the detailed description set forth below.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments of the disclosure are described
below with reference to the following accompanying draw-
ings.

FIG. 1 is a functional block diagram of a computing
system according to one embodiment.

FIG. 2 is an illustrative representation of the creation of
a representation matrix from one of two example machine
learning models.
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FIGS. 3A-3D are illustrative representations of creation
and modification of a topological structure to identify rel-
evant evidence to explain a classification decision of a
machine learning model according to one embodiment.

DETAILED DESCRIPTION OF THE
DISCLOSURE

This disclosure is submitted in furtherance of the consti-
tutional purposes of the U.S. Patent Laws “to promote the
progress of science and useful arts™ (Article 1, Section 8).

A machine learning model is a mathematical model built
using training data which includes a plurality of training
instances. A trained machine learning model is capable of
making predictions or decisions, such as classifying
received data (e.g., classify different types of tree leaves,
classify emails as spam or not in illustrative examples).
Machine learning models may be used in applications where
it is difficult or infeasible to construct a computer program
to perform a desired job.

Machine learning models are utilized to classify received
inputs, however the reasoning of the machine learning
models behind the classification decisions of the inputs is
unknown to the user. As mentioned above, some embodi-
ments of the present application are directed to apparatus
and methods which assist users with understanding machine
learning models including providing explanations of classi-
fication decisions of inputs by machine learning models. In
one embodiment, the explanation of a classification decision
by the model may be provided by selecting or identifying
evidence which may be provided to the user which assists
with their understanding of the classification decision. Evi-
dence which is used to explain a classification decision of a
model includes selected training instances which were used
to train the machine learning model in one embodiment
described in further detail below.

According to one embodiment, an explanation apparatus
includes processing circuity configured to access a source
instance which has been classified by a machine learning
model; create associations of the source instance with a
plurality of training instances; and process the associations
of the source instance and the training instances to identify
a first subset of the training instances which have less
relevance to the classification decision of the source instance
by the machine learning model compared with a second
subset of the training instances; and an interface configured
to communicate information to a user, and wherein the
processing circuitry is configured to control the user inter-
face to communicate the second subset of the training
instances to the user as evidence to explain the classification
of the source instance by the machine learning model.

According to another embodiment, an explanation appa-
ratus comprises processing circuity configured to generate a
k-nearest neighbors graph comprising a source instance and
a plurality of training instances, and wherein the source
instance and the training instances have a plurality of
different classifications identified by a machine learning
model; create a shortest-path tree from the source instance to
the training instances; first remove each of the training
instances from the shortest-path tree which have a parent
training instance in the shortest-path tree which has a
classification different than the classification of the source
instance; second remove the training instances from the
shortest-path tree which are non-leaf nodes in the shortest-
path tree and which have no descendant instances which
have a classification different than the classification of the
source instance; and after the first and second removings,
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initiate communication of at least one of the remaining
training instances of the shortest-path tree to a user as
evidence to explain the classification of the source instance
by the machine learning model. Additional embodiments are
described below.

Referring to FIG. 1, a computing system 10 is shown
which is configured to assist a user with understanding
classification decisions of a machine learning model and
may be referred to as an explanation apparatus. Other
embodiments of computing system 10 are possible including
more, less and/or alternative components.

Data interface 12 is configured to implement bi-direc-
tional communications with respect to computing system 10
including receiving data from external devices and output-
ting data to external devices. In one embodiment, data
interface 12 is configured to receive a previously-trained
machine learning model, raw data (e.g., text, images) of
training instances which were used to train the machine
learning model, and a raw data of a source instance to be
classified by the machine learning model.

In one embodiment, processing circuitry 14 is arranged to
process data, control data access and storage, issue com-
mands, and control other desired operations to implement
various functions discussed below. Processing circuitry 14
may comprise circuitry configured to implement desired
programming provided by appropriate computer-readable
storage media in at least one embodiment. For example, the
processing circuitry 14 may be implemented as one or more
processor(s) and/or other structure configured to execute
executable instructions including, for example, software
and/or firmware instructions. Other example embodiments
of processing circuitry 14 include hardware logic, PGA,
FPGA, ASIC, state machines, and/or other structures alone
or in combination with one or more processor(s). These
examples of processing circuitry 14 are for illustration and
other configurations are possible.

In one embodiment described below, processing circuitry
14 is configured to execute a machine learning model to
classify instances, generate model representations of
instances, and process the model representations to identify
evidence (e.g., relevant training instances of the model) to
present to a user to explain a classification decision of a
source instance by the machine learning model.

Storage circuitry 16 is configured to store programming
such as executable code or instructions (e.g., software and/or
firmware) and other digital data, for example data received
via data interface 12 and may include computer-readable
storage media. At least some embodiments or aspects
described herein may be implemented using programming
stored within one or more computer-readable storage
medium of storage circuitry 16 and configured to control
appropriate processing circuitry 14.

The computer-readable storage medium may be embodied
in one or more articles of manufacture which can contain,
store, or maintain programming, data and/or digital infor-
mation for use by or in connection with an instruction
execution system including processing circuitry 14 in one
embodiment. For example, computer-readable storage
media may be non-transitory and include any one of physi-
cal media such as electronic, magnetic, optical, electromag-
netic, infrared or semiconductor media. Some more specific
examples of computer-readable storage media include, but
are not limited to, a portable magnetic computer diskette,
such as a floppy diskette, a zip disk, a hard drive, random
access memory, read only memory, flash memory, cache
memory, and/or other configurations capable of storing
programming, data, or other digital information.
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User interface 18 is configured to interact with a user, for
example including a display device to convey data to a user
(e.g., displaying visual images and text for observation by
the user) as well as an input device such as a keyboard for
receiving inputs from the user.

Computing system 10 is configured to process outputs
from the machine learning model to identify relevant evi-
dence to present to the user to explain a decision of the
machine learning model, including for example explaining a
classification decision of a source instance (which may also
be referred to as an input instance) by the machine learning
model.

In some embodiments, the computing system 10 may
identify relevant evidence to explain classification decisions
of different types of machine learning models. Example
operations performed by the computing system 10 to iden-
tify relevant evidence are discussed below with respect to
previously-trained machine learning models including a
Support Vector Machine (SVM) model and an artificial
neural network (ANN) model, although the computing sys-
tem 10 may also be used with other machine learning models
in other applications.

Referring to FIG. 2, operations performed by computing
system 10 with respect two example already-trained
machine learning models including a Support Vector
Machine model 20 and an Artificial Neural Network model
22 are described.

The computing system 10 accesses one of the models 20
or 22 (e.g., a previously-trained machine learning classifier),
raw data of an input or source instance to be classified by the
model 20 or 22 and the raw data of the respective data set
of training instances which were used to train the model 20
or 22. The computing system 10 may access the model 20 or
22 and raw data regarding the source and training instances
in any appropriate manner, such as via data interface 12 or
storage circuitry 16.

In one embodiment, the computing system 10 thereafter
uses the respective model 20 or 22 to generate model
representations of the source instance and the training
instances in the form of representation vectors of the source
instance and the training instances. Processing circuitry 14
processes the raw data of the source instance and the training
instances to generate the model representations of the source
instance and the training instances in the described example.

In one embodiment, the computing system 10 utilizes the
machine learning model to generate the representation vec-
tors which are real-valued vectors of the source instance and
the plurality of training instances which were used to train
the machine learning model.

If the classification decision of the Support Vector
Machine model 20 is being explained, the processing cir-
cuitry 14 computes the model’s distance function on all of
the instances (the source instance and training instances) to
generate the representation vectors 24, 26 in one embodi-
ment.

If the classification decision of Artificial Neural Network
model 22 is being explained, the processing circuitry 14 uses
the model’s activation for each of the source instance and
training instances at the second to last layer 23 of the
network 22 to generate the representation vectors 24, 26 in
one embodiment.

The calculated real-valued representation vectors 24, 26
of'the source and training instances are distinct from the raw
data of the source and training instances. Collectively, the
representation vectors of the source and training instances
created using either model 20 or 22 are stored as a repre-
sentation matrix 28 within the storage circuitry 16 in one
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embodiment. In the illustrated embodiment, a representation
vector 24 which corresponds to the source instance and a
plurality of additional representation vectors 26 which cor-
respond to the training instances are shown within repre-
sentation matrix 28.

The processing circuitry 14 additionally executes the
machine learning model with respect to the raw data of the
source instance to classify the source instance in one
embodiment.

Following the generation of the representation matrix 28
and classification of the source instance, the processing
circuitry 14 of the computing system 10 accesses and
processes the representation vectors 24, 26 of the source
instance and the training instances as described further
below with respect to FIGS. 3A-3D to identify or select
relevant evidence to explain the classification decision of the
source instance by the machine learning model 20 or 22.

In one example implementation, the processing circuitry
14 creates a topological structure using the representation
vectors 24, 26 and which includes associations of the source
instance with the training instances. Thereafter, the process-
ing circuitry 14 processes the associations of the source
instance and the training instances to identify a first subset
of the training instances which have less relevance to the
classification decision of the source instance by the machine
learning model compared with a second subset of the
training instances. Accordingly, in one embodiment, the
processing circuitry 14 identifies or selects the second subset
of training instances as evidence of the classification deci-
sion by the machine learning model 20 or 22 and the
computing system 10 may communicate the second subset
of'the training instances to a user to explain the classification
decision in one embodiment.

Other methods of explaining the classification decision of
a machine learning model apart from FIGS. 3A-3D are
possible and may include methods with more, less and/or
alternative acts than those shown and described further
below.

Referring to FIG. 3A, the computing system 10 processes
the representation vectors 24, 26 to build a topological
structure 30 shown in FIG. 3A and which includes a plurality
of associations which relate the source instance with the
training instances. In the example embodiment, the source
and training instances are shown as vertices and a plurality
of edges between the instances indicate associations of the
source instance with the training instances within the topo-
logical structure 30.

In FIG. 3A, some of the training instances are parent
instances and some of the training instances are descendant
instances of the parent instances (i.e., the parent instances
are shown in rows above the descendant instances).

Though this topology can be built in different ways in the
different embodiments, the computing system 10 in one
embodiment computes a k-nearest neighbor graph using the
representation vectors 24, 26 of the representation matrix 28.
The processing circuitry 14 determines that an edge exists
between two vertices u and v if no more than k-1 other
instances are closer to u than v or vice versa in the described
implementation. The distance between vectors 24, 26 can be
computed in different ways and may be parameterized by a
metric parameter.

In a more specific embodiment, the computing system 10
constructs a k-nearest neighbors (k=8) graph on the model’s
decision function for the training data and source instance
with a Minkowski distance metric, which is described in
additional detail in Archana Singh, Avantika Yadav, and
Ajay Rana, K-means with three different distance metrics.
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International Journal of Computer Applications 67, 10
(2013), the teachings of which are incorporated herein by
reference. Open source code exists for creating a k-nearest
neighbors graph including in one example Scikit-learn
0.21.3 available at scikit-learn.org although any method may
be used to generate a k-nearest neighbors graph.

The processing circuitry 14 uses the representation vec-
tors 24, 26 of the source instance and the training instances
to create the associations of the source instance with the
training instances in the topological structure 30. This
example embodiment allows instances to be connected in
the topology when they have similar features that are
important for classification without requiring similar fea-
tures across all input dimensions.

The source instance 32 and training instances 34 shown in
FIGS. 3A-3D have one of a plurality of different classifi-
cations which are illustrated by different shading/stippling in
the drawings. In one embodiment, executed of the machine
learning model 20 or 22 by processing circuitry 14 deter-
mines the classification of the source instance 32 while the
ground truths of the raw data of the training instances 34 are
used as the classifications of the training data 34 in the
topological structure 30.

The topological structure 30 created by processing cir-
cuitry 14 is further processed as discussed below with
respect to FIGS. 3B-3D to remove less relevant training
instances 34 and identify suitable training instances as
evidence for explaining the classification decision of the
machine learning model.

In the embodiment of FIG. 3B, the topological structure
30 of FIG. 3A has been further processed by the processing
circuitry 14 to find the shortest-path tree 40 in the topology
starting from source instance 32 to all of the training
instances 34 in the topological structure 30. The illustrated
shortest-path tree 40 includes the associations of the source
instance 32 with the training instances 34 in the form of
arrows. In one embodiment, Dijkstra’s algorithm is used to
find the shortest-path tree and additional details are dis-
cussed in West, Douglas Brent; Introduction to Graph
Theory, Vol. 2. Upper Saddle River, NJ: Prentice hall, pp.
97-100, 1996, the teachings of which are incorporated herein
by reference.

The shortest-path tree 40 of FIG. 3B is thereafter pruned
in an example embodiment discussed below with respect to
FIGS. 3C and 3D to remove less relevant training instances
34 from the shortest-path tree 40. In one embodiment
described below, training instances which are less relevant to
the classification decision are identified as one subset from
another subset of the training instances which are considered
to be more relevant to explain the classification decision of
the source instance by the machine learning model. Process-
ing circuitry 14 processes the associations of the source
instance with the training instances of the shortest-path tree
40 to identify less relevant training instances as discussed
below. In addition, processing circuitry 14 uses the classi-
fications of the source instance and training instances to
identify the less relevant training instances in the example
embodiments discussed below.

An initially modified topological structure in the form of
an initially pruned shortest-path tree 42 is shown in FIG. 3C.
In the illustrated embodiment, the training instances 34 in
the tree 40 of FIG. 3B which have a parent whose classifi-
cation is different from the classification of the source
instance 32 are deleted from the shortest-path tree 40 of FIG.
3B resulting in the initially modified topological structure or
initially pruned shortest-path tree 42 of FIG. 3C (nodes
which have been deleted are shown in phantom). Further-
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more, the descendants in FIG. 3B of the training instances 34
which are identified by the above pruning criteria as being
less relevant to the classification decision of the source
instance have also removed by the processing circuitry as
shown in the shortest-path tree 42.

Accordingly, in one embodiment, the processing circuitry
is configured to include selected ones of the descendant
training instances 34 in the first subset of the training
instances (i.e., the set of less relevant training instances) as
a result of the selected descendant training instances having
parent instances which have a different classification than
the classification of the source instance. Put another way, the
processing circuitry 14 removes each of the training
instances 34 from the shortest-path tree which have a parent
training instance in the shortest-path tree 40 which has a
classification different than the classification of the source
instance 32.

In FIG. 3D, the initially pruned shortest-path tree 42 has
been further processed to remove additional training
instances 34 from the shortest-path tree which are less
relevant to the classification of the source instance 32. In
particular, in one embodiment, training instances 34 of tree
42 which are non-leaf nodes and which have no descendants
in the tree 43 that have a classification different from the
classification of the source instance 32 are included in the
first subset of training instances 34 and are removed from the
initially pruned shortest-path tree 42 by the processing
circuitry 14 providing a subsequently modified topological
structure or further pruned shortest-path tree 44 shown in
FIG. 3D.

The identified or selected remaining training instances 34
in the subsequently pruned shortest-path tree 44 of FIG. 3D
are a second subset of training instances 34 along shortest
paths between the source instance 32 and the nearby training
instances 34 having a different classification from the pre-
dicted classification of the source instance 32 by the
machine learning model. The remaining training instances
34 in the shortest-path tree 44 of FIG. 3D are the most
influential training instances 34 to explain the classification
decision of the source instance 32 by the machine learning
model in one embodiment.

The raw data which correspond to the training instances
34 of the shortest-path tree 44 of FIG. 3D may be presented
as evidence to the user to explain the classification decision
of the source instance 32 by the respective model 20 or 22.
In one embodiment, the raw data in the form of text and/or
images of the remaining training instances 34 of FIG. 3D are
communicated to the user as evidence to explain the clas-
sification of the source instance 32 by the machine learning
model. The processing circuitry 14 may initiate and control
the communication of the training instances 34 of the
shortest-path tree 44 of FIG. 3D in one embodiment.

For example, the processing circuitry 14 may initiate or
control the user interface 18 to display the raw data of the
training instances 34 of the second subset which remain after
the pruning discussed above with respect to FIGS. 3C and
3D. In one embodiment, the shortest-tree graph 44 including
the associations of the second subset of the training
instances 34 with the source instance 32 may also be
displayed to the user.

The raw data of the remaining training instances 34 of the
shortest-path tree 44 may also be communicated remotely
from the computing system 10 to one or more users for use
in explaining the classification decision of the source
instance 32 by the machine learning model. Processing
circuitry 14 may initiate communication of the raw data of
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the remaining training instances 34 externally of the com-
puting system 10 via the data interface 12 in one embodi-
ment.

At least some of the example explanation apparatus and
methods described herein enable subject matter domain
experts or analysts to make sense of complex data and
predictive models including classification decisions of a
machine learning model without having training in machine
learning or data science. Some aspects of the disclosure
enable domain experts to have an increased understanding of
their data and the machine learning models used to process
the data. The techniques described herein enable users to
explore plausible paths that can help explain how a machine
learning model arrived at a classification decision. Some of
the disclosed apparatus and methods enable the users to
interactively explore what if scenarios to gain insight about
which features are the most important for the classification
of a source instance, and how different model decisions
could be reached by following different explanatory paths.

In compliance with the statute, the invention has been
described in language more or less specific as to structural
and methodical features. It is to be understood, however, that
the invention is not limited to the specific features shown
and described, since the means herein disclosed comprise
preferred forms of putting the invention into effect. The
invention is, therefore, claimed in any of its forms or
modifications within the proper scope of the appended
aspects appropriately interpreted in accordance with the
doctrine of equivalents.

Further, aspects herein have been presented for guidance
in construction and/or operation of illustrative embodiments
of the disclosure. Applicant(s) hereof consider these
described illustrative embodiments to also include, disclose
and describe further inventive aspects in addition to those
explicitly disclosed. For example, the additional inventive
aspects may include less, more and/or alternative features
than those described in the illustrative embodiments. In
more specific examples, Applicants consider the disclosure
to include, disclose and describe methods which include
less, more and/or alternative steps than those methods
explicitly disclosed as well as apparatus which includes less,
more and/or alternative structure than the explicitly dis-
closed structure.

What is claimed is:

1. An explanation apparatus comprising:

processing circuitry configured to:

access a source instance which has been classified as a
result of a classification decision of the source
instance by a machine learning model;

create associations of the source instance with a plu-
rality of training instances; and

process the associations of the source instance and the
training instances to identify a first subset of the
training instances which have less relevance to the
classification decision of the source instance by the
machine learning model compared with a second
subset of the training instances;

an interface configured to communicate information to a

user; and

wherein the processing circuitry is configured to control

the user interface to communicate the second subset of

the training instances to the user as evidence to explain
the classification decision of the source instance by the
machine learning model.

2. The apparatus of claim 1 wherein some of the training
instances are parent instances and some of the training
instances are descendant instances of the parent instances,
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and wherein the processing circuitry is configured to include
selected ones of the descendant instances in the first subset
of the training instances as a result of the selected descen-
dant instances having parent instances which have a differ-
ent classification than the classification of the source
instance.

3. The apparatus of claim 2 wherein the processing
circuitry is to include additional ones of the descendant
instances in the first subset of the training instances as a
result of the additional descendant instances being non-leaf
nodes which each have no descendant instances that have a
classification which is different than the classification of the
source instance.

4. The apparatus of claim 1 wherein the source instance
accessed by the processing circuitry comprises a model
representation of raw data of the source instance, and
wherein the processing circuitry is configured to access
model representations of raw data of the training instances
and to process the model representation of the source
instance and the model representations of the training
instances to create the associations of the source instance
with the training instances.

5. The apparatus of claim 4 wherein the processing
circuitry is configured to process the raw data of the source
instance and the training instances to generate the model
representations of the source instance and the training
instances.

6. The apparatus of claim 1 wherein the processing
circuitry is configured to create a topological structure
including the source instance, the training instances and the
associations of the source instance with the training
instances.

7. The apparatus of claim 6 wherein the topological
structure comprises a plurality of edges between the source
instance and the training instances.

8. The apparatus of claim 6 wherein the topological
structure is a k-nearest neighbor graph.

9. The apparatus of claim 6 wherein the processing
circuitry is configured to use the topological structure to
create a shortest-path tree from the source instance to the
training instances and which includes the associations of the
source instance with the training instances, and to process
the associations of the source instance with the training
instances of the shortest-path tree to identify the training
instances of the first subset.

10. The apparatus of claim 1 wherein the processing
circuitry is configured to control the interface to display the
second subset of the training instances associated with the
source instance to communicate the second subset of the
training instances to the user.

11. The apparatus of claim 1 wherein the processing
circuitry is configured to access classifications of the train-
ing instances.

12. The apparatus of claim 11 wherein the processing
circuitry uses classifications of the source instance and the
training instances to create the associations of the source
instance with the training instances.

13. The apparatus of claim 11 wherein the processing
circuitry is configured to use the classifications of the
training instances to identify the first subset of the training
instances.

14. The apparatus of claim 11 wherein the second subset
comprises the training instances along a plurality of shortest
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paths between the source instance and the training instances
having different classifications from the classification of the
source instance.

15. The apparatus of claim 11 wherein the processing
circuitry is configured to execute the machine learning
model to classify the source instance.

16. The apparatus of claim 1 wherein the training
instances were used to train the machine learning model
prior to the classification of the source instance.

17. The apparatus of claim 1 wherein each of the first and
second subsets of the training instances comprise plural ones
of the training instances.

18. The apparatus of claim 1 wherein the processing
circuitry is configured to control the user interface to com-
municate raw data that is associated with the training
instances of the second subset to the user as additional
evidence to explain the classification decision of the source
instance by the machine learning model.

19. The apparatus of claim 1 wherein the source instance
is unclassified prior to the classification by the machine
learning model.

20. An explanation apparatus comprising:

processing circuitry configured to:

generate a k-nearest neighbors graph comprising a
source instance and a plurality of training instances,
and wherein the source instance and the training
instances have a plurality of different classifications;

create a shortest-path tree from the source instance to
the training instances;

first remove each of the training instances from the
shortest-path tree which has a parent training
instance in the shortest-path tree with a classification
different than the classification of the source
instance;

second remove each of the training instances from the
shortest-path tree which is a non-leaf node in the
shortest-path tree and which has no descendant
instances which have a classification different than
the classification of the source instance; and

after the first and second removings, initiate commu-
nication of at least one of the remaining training
instances of the shortest-path tree to a user as evi-
dence to explain a classification decision of the
source instance by a machine learning model.

21. The apparatus of claim 20 wherein the processing
circuitry is configured to use the machine learning model to
generate model representations of the source instance and
the training instances, and to use the model representations
of the source instance and the training instances to generate
the k-nearest neighbors graph.

22. The apparatus of claim 20 further comprising a user
interface, and wherein the processing circuitry is configured
to initiate display of the at least one of the remaining training
instances using the user interface to initiate the communi-
cation of the at least one remaining training instance to the
user.

23. The apparatus of claim 20 further comprising a user
interface, and wherein the processing circuitry is configured
to initiate display of the remaining training instances asso-
ciated with one another within the shortest-path tree to
initiate the communication of the at least one remaining
training instance to the user.

#* #* #* #* #*



