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A computer is caused to implement a generation function to
cause a generator to generate and output generated data from
a predetermined input, a discrimination function to cause
each discriminator, which receives an input of training
data-based or generated data-based data to be discriminated,
to discriminate whether the data to be discriminated is based
on the training data or the generated data and to output a
discrimination result, an update function to update the
discriminator that has output the discrimination result, on
the basis of the discrimination result such that the data to be
discriminated is discriminated with higher accuracy and to
further update the generator to increase a probability of
discriminating that the generated data-based data to be
discriminated is the training data-based data, and a whole
update function to cause the updates by the update function
to be executed for the generator and all the discriminators.
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NON-TRANSITORY COMPUTER-READABLE
STORAGE MEDIUM STORING IMPROVED
GENERATIVE ADVERSARIAL NETWORK
IMPLEMENTATION PROGRAM, IMPROVED
GENERATIVE ADVERSARIAL NETWORK
IMPLEMENTATION APPARATUS, AND
LEARNED MODEL GENERATION METHOD

BACKGROUND

Technical Field

[0001] The present invention relates to an improved gen-
erative adversarial network (GAN) improved from a GAN.

Related Art

[0002] Studies on generative models that automatically
learn the features of observation data from the observation
data are important in many fields including computer vision,
natural language processing, and speech processing. Use of
these learned features makes it possible to efficiently solve
many problems of machine learning such as image genera-
tion, super-resolution, frame interpolation, data expansion,
and abnormality detection.

[0003] As generative models, many models exemplified
by Deep Boltzmann Machine and Pixel Networks have
already been proposed. As one of the generative models,
there is a generative adversarial network (hereinafter
referred to as GAN). A feature of the GAN is that the GAN
uses two networks called a generator and a discriminator and
causes these networks to compete with each other, whereby
the GAN learns a highly accurate generative model.
[0004] Specifically, the generator generates a learning
sample that looks real and fools the discriminator as much
as possible from an appropriate random number. Meanwhile,
the discriminator discriminates whether the given sample is
a sample generated by the generator or a learning sample
itself. Causing these two models to learn enables the gen-
erator to ultimately generate a sample that is as close as
possible to a real one only from a random number.

[0005] “Generative Adversarial Networks™ Ian J. Good-
fellow et al. (2014) (https://arxiv.org/abs/1406.2661) pro-
poses a GAN as one method of generative models.

SUMMARY

[0006] The GAN has superiority over other generative
models in that the GAN can generate high quality samples,
but the GAN has problems that roughly fall into the follow-
ing two types.

[0007] The first problem is the instability of learning.
Unlike learning of a conventional discriminative model,
learning of the GAN is known to be very unstable, and it is
necessary to carefully design both a generator and a dis-
criminator in order to cause a good quality generator to
learn. To deal with this problem, Improved GAN, Denoising
GAN, and the like are proposed as representative models,
but it is still hard to say that the problem is completely
solved.

[0008] The second problem is the deterioration of quality
under higher dimensions. Let us consider a case where the
number of dimensions of a learning sample (training data) is
very high. Examples of the learning sample having such a
property include speech (on the order of tens of thousands of
dimensions) and images (on the order of hundreds of thou-
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sands of dimensions). It is known that it is difficult to learn
such an ultra-high dimensional generative model. For
example, it can be said that in a case where an image whose
resolution is doubled is used as a learning sample, the
quality of a generated image generally deteriorates.

[0009] The present invention has been made in view of the
above problems. It is an object of the present invention to
provide a non-transitory computer-readable storage medium
storing an improved generative adversarial network imple-
mentation program, an improved generative adversarial net-
work implementation apparatus, and a learned model gen-
eration method for providing a generative model capable of
improving the stability of learning and increasing the quality
of generated data.

[0010] A non-transitory computer-readable storage
medium storing an improved generative adversarial network
implementation program according to an embodiment of the
present invention causes a computer to implement a gen-
eration function configured to cause a generator to generate
and output generated data, the generator being for generating
and outputting the generated data from a predetermined
input on the basis of on a function expressed by a configu-
ration of a multilayer perceptron, a discrimination function
configured to cause each of a plurality of discriminators to
execute discrimination processing to output a discrimination
result, each of the plurality of discriminators being config-
ured to receive an input of data to be discriminated that is
based on training data and/or the generated data output by
the generator, each of the plurality of discriminators being
for performing the discrimination processing that discrimi-
nates whether the data to be discriminated is based on the
training data or based on the generated data, on the basis of
a function expressed by a configuration of a multilayer
perceptron, each of the plurality of discriminators being for
outputting a discrimination result, an update function con-
figured to update the discriminator that has output the
discrimination result, on the basis of the discrimination
result such that the data to be discriminated can be discrimi-
nated with higher accuracy, the update function being con-
figured to further update the generator such that a probability
that the discriminator discriminates that the data to be
discriminated that is based on the generated data is the data
to be discriminated that is based the training data increases,
and a whole update function configured to cause the updates
by the update function to be executed for the generator and
all the discriminators.

[0011] Furthermore, in the non-transitory computer-read-
able storage medium storing an improved generative adver-
sarial network implementation program according to the
embodiment of the present invention, the data to be dis-
criminated is the training data itself and/or the generated
data itself.

[0012] Furthermore, the non-transitory computer-readable
storage medium storing an improved generative adversarial
network implementation program according to the embodi-
ment of the present invention causes the computer to imple-
ment a deformation processing function and then implement
the discrimination processing function. The deformation
processing function is configured to cause each of the
plurality of deformation operators to execute deformation
processing, each of the plurality of deformation operators
being for performing the deformation processing on the
training data and/or the generated data in the preceding stage
of each of the plurality of discriminators. The deformation
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processing function is configured to then cause each defor-
mation operator to output training data subjected to the
deformation processing and/or generated data subjected to
the deformation processing obtained by the deformation
processing, as the data to be discriminated, to the discrimi-
nator corresponding to each deformation operator.

[0013] Furthermore, the non-transitory computer-readable
storage medium storing an improved generative adversarial
network implementation program according to the embodi-
ment of the present invention, contents of the deformation
processing executed by the plurality of deformation opera-
tors are different from each other.

[0014] Furthermore, the non-transitory computer-readable
storage medium storing an improved generative adversarial
network implementation program according to the embodi-
ment of the present invention causes the computer to imple-
ment the deformation processing function and the discrimi-
nated function in a state in which the plurality of
deformation operators whose number is the same as the
number of the plurality of discriminators is provided, and the
deformation operators and the discriminators are paired in a
one-to-one correspondence.

[0015] An improved generative adversarial network
implementation apparatus according to an embodiment of
the present invention includes a generation unit, a discrimi-
nation unit, an update unit, and a whole update unit. The
generation unit is configured to cause a generator to generate
and output generated data, the generator being for generating
and outputting the generated data from a predetermined
input on the basis of a function expressed by a configuration
of a multilayer perceptron. The discrimination unit is con-
figured to cause each of a plurality of discriminators to
execute discrimination processing to output a discrimination
result, each of the plurality of discriminators being config-
ured to receive an input of data to be discriminated that is
based on training data and/or the generated data output by
the generator, each of the plurality of discriminators being
for performing the discrimination processing that discrimi-
nates whether the data to be discriminated is based on the
training data or based on the generated data, based on a
function expressed by a configuration of a multilayer per-
ceptron, each of the plurality of discriminators being for
outputting a discrimination result. The update unit is con-
figured to update the discriminator that has output the
discrimination result, on the basis of the discrimination
result such that the data to be discriminated can be discrimi-
nated with higher accuracy. The update unit is configured to
further update the generator so that a probability that the
discriminator discriminates that the data to be discriminated
that is based on the generated data is data to be discriminated
that is based the training data increases. The whole update
unit is configured to cause the updates by the update unit to
be executed for the generator and all the discriminators.
[0016] Furthermore, the improved generative adversarial
network implementation apparatus according to the embodi-
ment of the present invention further includes a deformation
processing unit. The deformation processing unit is config-
ured to cause each of a plurality of deformation operators to
execute deforming processing, each of the plurality of
deformation operators being for performing the deformation
processing on the training data and/or the generated data in
the preceding stage of each of the plurality of discriminators.
The deformation processing unit is configured to then cause
each deformation operator to output training data subjected
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to the deformation processing and/or generated data sub-
jected to the deformation processing obtained by the defor-
mation processing, as the data to be discriminated, to the
discriminator corresponding to each deformation operator.

[0017] A learned model generation method according to
an embodiment of the present invention includes a genera-
tion step, a discrimination step, an update step, and a whole
update step. The generation step is a step of causing a
generator to generate and output generated data, the gen-
erator being for generating and outputting the generated data
from a predetermined input on the basis of a function
expressed by a configuration of a multilayer perceptron. The
discrimination step is a step of causing each of a plurality of
discriminators to execute discrimination processing to out-
put a discrimination result, each of the plurality of discrimi-
nators being configured to receive an input of data to be
discriminated that is based on training data and/or the
generated data output by the generator, each of the plurality
of discriminators being for performing the discrimination
processing that discriminates whether the data to be dis-
criminated is based on the training data or based on the
generated data, based on a function expressed by a configu-
ration of a multilayer perceptron, each of the plurality of
discriminators being for outputting a discrimination result.
The update step is a step of updating the discriminator that
has output the discrimination result on the basis of the
discrimination result such that the data to be discriminated
can be discriminated with higher accuracy and furthermore,
of updating the generator such that a probability that the
discriminator discriminates that the data to be discriminated
that is based on the generated data is the data to be
discriminated that is based on the training data increases.
The whole update step is a step of causing the updates by the
update step to be executed for the generator and all the
discriminators.

[0018] Furthermore, in the learned model generation
method according to the embodiment of the present inven-
tion, a deformation processing step is executed and then the
discrimination step is executed. The deformation processing
step is a step of causing each of a plurality of deformation
operators to execute deformation processing, each of the
plurality of deformation operators being for performing the
deformation processing on the training data and/or the
generated data in the preceding stage of each of the plurality
of discriminators. The deformation processing step is the
step of then causing each deformation operator to output
training data subjected to the deformation processing and/or
generated data subjected to the deformation processing
obtained by the deformation processing, as the data to be
discriminated, to the discriminator corresponding to each
deformation operator.

[0019] According to the embodiments of the present
invention, a plurality of discriminators is provided for one
generator, and a plurality of deformation operators is pro-
vided in order that data obtained by performing the defor-
mation processing on the generated data and the training
data, which is to be discriminated by the plurality of
discriminators, is set as the data to be discriminated. After
the plurality of deformation operators deforms original data
by various deformation processing, data subjected to the
deformation processing is input in each of the plurality of
discriminators and updates are performed for the generator
and each of the plurality of discriminators. Therefore, as
compared with a case where a conventional generator and a
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conventional discriminator correspond to each other in a
one-to-one correspondence, it is possible to improve the
stability of learning and it is also possible to generate high
quality generated data even if an ultra-high dimensional
generative model is caused to learn. Furthermore, by vari-
ously differentiating the contents of the deformation pro-
cessing in the plurality of deformation operators, the learn-
ing progresses such that the generator generates generated
data corresponding to various deformation processing.
Therefore, the embodiments of the present invention is
effective in improving the stability of the learning and
increasing the quality of the generated data.

BRIEF DESCRIPTION OF DRAWINGS

[0020] FIG. 1 is a conceptual diagram showing a configu-
ration of an improved generative adversarial network
according to an embodiment of the present invention;

[0021] FIG. 2 is a block diagram showing a configuration
of an improved generative adversarial network implemen-
tation apparatus;

[0022] FIG. 3 is a flowchart showing a flow of processing
in the improved generative adversarial network implemen-
tation apparatus; and

[0023] FIG. 4 is a block diagram showing relationships of
units in a case where the processing is executed in the
improved generative adversarial network implementation
apparatus.

DETAILED DESCRIPTION

First Embodiment

[0024] Hereinafter, an exemplary improved generative
adversarial network implementation apparatus according to
a first embodiment will be described with reference to the
drawings. FIG. 1 is a conceptual diagram showing a con-
figuration of the improved generative adversarial network
according to the embodiment of the present invention. Note
that the configuration for implementing the generative
adversarial network may be an improved generative adver-
sarial network implementation apparatus designed as a dedi-
cated machine, but the configuration can be implemented by
a general computer. The computer used in this case is
equipped with a central processing unit (CPU), a graphics
processing unit (GPU), a memory, and a storage device such
as a hard disk drive that a general computer would include
(not shown). Furthermore, it goes without saying that vari-
ous processing is executed by programs in order to cause the
improved generative adversarial network to function in these
general computers.

[0025] As shown in FIG. 1, an improved generative adver-
sarial network 10 in the present embodiment includes a
generator 11, a plurality of deformation operators 12a to
125, and a plurality of discriminators 13a to 13z. While a
conventional GAN proposed in “Generative Adversarial
Networks” lan J. Goodfellow et al. (2014) (https://arxiv.org/
abs/1406.2661) includes one generator and one discrimina-
tor, the present embodiment uses the plurality of discrimi-
nators for one generator.

[0026] Here, the conventional GAN will be described. The
conventional GAN includes one generator and one discrimi-
nator. For an objective function represented by the following
Equation 1, the discriminator performs an update to maxi-
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mize the objective function, and the generator performs an
update to minimize the objective function.

rrgn max VD, G) = [Equation 1]

Ex-p e [log DX + Eovp, o [log(l — D(G2))].

[0027] In Equation 1 above, an input noise variable p,(z)
is predefined in order to know a distribution p, of the
generator for data x, and mapping to a data space is denoted
as G(z;0,). Herein, G is a function with respect to a
differentiable generator represented by a multilayer percep-
tron having a parameter 8,. Furthermore, a second multi-
layer perceptron D(x;0 ;) that outputs a single scalar will be
defined. D(x) is a function regarding a differentiable dis-
criminator represented by a multilayer perceptron having a
parameter 6, and a scalar value to be output represents a
probability that x comes from training data rather than p,.

[0028] In the process of learning, the function D of the
discriminator is updated to maximize a probability of accu-
rately discriminating the training data and the generated data
generated by the function G. The function D is updated by
updating the parameter 0 ;. At the same time, the function G
of'the generator is updated to minimize log (1-D(G(z))). The
function G is updated by updating the parameter 6,. By
alternately performing the update of the function D and the
update of the function Gin this manner, it is possible to
obtain a generator capable of generating generated data
approximate to the training data to the extent that the
discriminator incorrectly discriminates that the generated
data is the training data.

[0029] In the improved generative adversarial network 10
of the present embodiment shown in FIG. 1, in a case where
the generator 11 is updated or in a case where the discrimi-
nators 13a to 13 are updated, processing similar to the
update processing based on Equation 1 described above is
executed on the basis of a theory disclosed in “Generative
Adversarial Networks” Ian J. Goodfellow et al. (2014)
(https://arxiv.org/abs/1406.2661). In the present embodi-
ment, the update processing of alternately performing the
updates on the basis of the objective function shown in the
above Equation 1 is performed for one generator 11 and each
of the plurality of discriminators 13a to 13z. Furthermore,
the plurality of deformation operators 12a to 12» is pro-
vided. The plurality of deformation operators 12a to 12# is
configured to perform deformation processing on the train-
ing data and/or the generated data in the preceding stage of
each of the plurality of discriminators 13a to 137 and outputs
data to be discriminated. Details will be described below.
[0030] FIG. 2 is a block diagram showing a configuration
of the improved generative adversarial network implemen-
tation apparatus 20 according to the present embodiment. As
shown in FIG. 2, the improved generative adversarial net-
work implementation apparatus 20 includes a generation
unit 21, a deformation processing unit 22, a discrimination
unit 23, an update unit 24, a whole update unit 25, and a
storage unit 26.

[0031] The generation unit 21 has a function configured to
cause the generator 11 to generate and output generated data,
the generator 11 being for generating and outputting the
generated data from a predetermined input on the basis of a
function expressed by a configuration of a multilayer per-
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ceptron. The predetermined input to the generator 11 may
be, for example, noise generated by a noise generator.

[0032] The deformation processing unit 22 has a function
configured to cause each of the plurality of deformation
operators 12a to 12# to execute the deformation processing,
each of the plurality of deformation operators 12a to 12»
being for the performing deformation processing on the
training data and/or the generated data in the preceding stage
of each of the plurality of discriminators 13a to 13x. The
function is configured to then cause each of the plurality of
deformation operators 12a to 12r to output training data
subjected to the deformation processing and/or generated
data subjected to the deformation processing obtained by the
deformation processing, as the data to be discriminated, to
discriminators 13a to 13# respectively corresponding to the
deformation operators 12a to 12z. The contents of the
deformation processing are preferably set such that each of
the deformation operators 12a to 12r performs different
processing. The deformation processing in the deformation
operators 12a to 12z may be anything. In the case of image
generation, examples of the deformation processing include
reduction processing, blurring processing, and a contrast
change. In the case of sound generation, examples of the
deformation processing include a sampling rate change and
reverberation processing. Furthermore, although the con-
tents of the deformation processing may be anything, the
content of the deformation processing preferably includes
processing of reducing the information amount of original
data such as reduction processing in order to appropriately
implement the learning of an ultra-high dimensional gen-
erative model. Note that it is not always necessary to
differentiate all the contents of the deformation processing,
and two or more deformation operators may be assigned to
perform the deformation processing whose contents are the
same as each other.

[0033] The discrimination unit 23 has a function config-
ured to cause each of the plurality of discriminators 13a to
13% to execute the discrimination processing to output a
discrimination result. Each of the plurality of discriminators
13a to 13# is configured to receive an input of the data to be
discriminated that is based on the training data or the
generated data. Each of the plurality of the discriminators
13a to 13n is for performing the discrimination processing
that discriminates whether the data to be discriminated is
based on the training data or based on the generated data, on
the basis of on a function expressed by a configuration of a
multilayer perceptron. Each of the plurality of discrimina-
tors is for outputting a discrimination result. In the present
embodiment, the data to be discriminated that is based on the
training data or the generated data is training data subjected
to the deformation processing or generated data subjected to
the deformation processing after the deformation processing
is performed in the deformation processing unit 22. It is
thought that the discrimination result output from each of the
discriminators 13a to 13n takes, for example, a value
between 0 and 1, and as the value becomes closer to 1, the
value indicates a higher probability that the data to be
discriminated is based on the training data.

[0034] The update unit 24 has a function configured to
update the discriminator that has output the discrimination
result on the basis of the discrimination result such that the
data to be discriminated can be discriminated with higher
accuracy, the function being configured to further update the
generator 11 such that the probability that the discriminator
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discriminates that the data to be discriminated that is based
on the generated data is data to be discriminated that is based
on the training data increases. The update processing for the
discriminator and the update processing for the generator in
this update unit 24 are performed in a manner similar to that
in “Generative Adversarial Networks” Ian J. Goodfellow et
al. (2014) (https://arxiv.org/abs/1406.2661). More specifi-
cally, the update processing for the discriminator is process-
ing of updating the parameter 0, regarding the function D
represented by the discriminator, and the update processing
for the generator is processing of updating the parameter 6,
regarding the function G represented by the generator. The
updates of these parameters are performed, for example, by
a stochastic gradient descent method, and the gradient of the
function is updated so as to approach the object of minimi-
zation or maximization.

[0035] The whole update unit 25 has a function configured
to cause the update processing by the update unit 24 to be
executed for the generator 11 and all the discriminators 13a
to 13n.

[0036] The storage unit 26 has a function configured to
store the configuration of the improved generative adver-
sarial network 10 and storing necessary information in
various processing of the improved generative adversarial
network implementation apparatus 20. Examples of the
information to be stored include training data provided in
advance for training on the contents to be generated by the
generator 11, the configuration of the multilayer perceptron
of the generator 11, the generated data generated by the
generator 11, the configuration of the multilayer perceptron
of each of the discriminators 13a to 137, the discrimination
result output by the discriminators 13a to 137, information
on the contents of the deformation processing in the defor-
mation operators 12a to 12r, the generated data subjected to
the deformation processing and the training data subjected to
the deformation processing after the deformation processing
by the deformation operators 124 to 12z, and information on
various parameters at the time of the update processing.

[0037] Next, a flow of processing in the improved gen-
erative adversarial network implementation apparatus 20
according to the present embodiment will be described. FIG.
3 is a flowchart showing a flow of processing in the
improved generative adversarial network implementation
apparatus 20. As shown in FIG. 3, firstly, n =1 is set (step
S01), and the generator 11 is caused to generate and output
the generated data (step S02). The n-th deformation operator
127 is caused to perform the deformation processing on the
generated data and the training data to output generated data
subjected to the deformation processing and training data
subjected to the deformation processing (step S03). Then,
the n-th discriminator 13 is caused to perform the discrimi-
nation processing on the generated data subjected to the
deformation processing and the training data subjected to the
deformation processing to output a discrimination result
(step S04). On the basis of the discrimination result obtained
in this manner, the update processing is performed on the
n-th discriminator 137 (step S05). Subsequently, the update
processing is performed on the generator 11 (step S06). The
update processing has been performed on the n-th discrimi-
nator 13% and the generator 11, and it is determined whether
the n-th discriminator 13# is the last discriminator, that is,
whether n is maximum (step S07). In a case where n is not
maximum (step S07-N), n=n+1 is set (step SO08), the pro-
cessing proceeds to the next discriminator, and the process-



US 2019/0087730 Al

ing of steps S02 to S06 is executed. The update processing
is performed for all the discriminators and the generator, and
the processing is ended at a stage where n becomes maxi-
mum (step 507-Y).

[0038] Note that in a case where the generative model is
caused to learn by the improved generative adversarial
network implementation apparatus 20, when a flow from
START to END in the flowchart of FIG. 3 is counted as one
set, it goes without saying that it may be necessary to
repeatedly execute a plurality of sets of the flow in order to
obtain a learned model capable of generating desired gen-
erated data (generator 11 after learning). Furthermore,
although the description has been made with reference to
FIG. 3, on the assumption that the flow until all the plurality
of discriminators 13a to 13% provided is used at least once
is counted as one set, timing at which learning is ended does
not need to be set for each set. The learning may be ended
at any timing on a user’s discretion.

[0039] FIG. 4 is a block diagram showing relationships of
units in a case where processing is executed in the improved
generative adversarial network implementation apparatus
20. FIG. 4 is a diagram showing an example of how each
unit in the block diagram of the improved generative adver-
sarial network implementation apparatus 20 shown in FIG.
2 performs the processing of the flowchart shown in FIG. 3
in association with one another when each unit performs the
processing. As shown in FIG. 4, the learning processing of
the generative model is executed by each unit functioning in
association with one another.

[0040] As described above, according to the improved
generative adversarial network implementation apparatus 20
according to the embodiment of the present invention, the
plurality of discriminators 13a to 13# is provided for one
generator 11, and the plurality of deformation operators 12a
to 12z is provided in order that data obtained by performing
the deformation processing on the generated data and train-
ing data, which is to be discriminated by the plurality of
discriminators 13a to 13n, is set as data to be discriminated.
After the plurality of deformation operators 12a to 12r
reduces an amount of information of original data through
various deformation processing, data subjected to the defor-
mation processing is input in each of the plurality of
discriminators 13a to 13, and updates are performed for the
generator 11 and each of the plurality of discriminators 13«
to 13n. Therefore, as compared with a case where a con-
ventional generator and a conventional discriminator corre-
spond to each other in a one-to-one correspondence, it is
possible to improve the stability of learning and it is also
possible to generate high quality generated data even if an
ultra-high dimensional generative model is caused to learn.
Furthermore, by variously differentiating the contents of the
deformation processing in the plurality of deformation
operators 12a to 12, the learning progresses such that the
generator 11 generates generated data corresponding to
various deformation processing. Therefore, the embodiment
of'the present invention is effective in improving the stability
of the learning and increasing the quality of the generated
data.

Second Embodiment

[0041] In the first embodiment, the improved generative
adversarial network implementation apparatus 20 has been
described. However, the embodiment may be a non-transi-
tory computer-readable storage medium storing an improved
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generative adversarial network implementation program for
implementing functions similar to the functions of the
improved generative adversarial network implementation
apparatus 20. That is, even with a non-transitory computer-
readable storage medium storing an improved generative
adversarial network implementation program that imple-
ments a generation function, a deformation processing func-
tion, a discrimination function, an update function, and a
whole update function, effects similar to the effects of the
improved generative adversarial network implementation
apparatus 20 according to the first embodiment can be
obtained. The generation function is configured to cause a
generator to generate and output generated data from a
predetermined input on the basis of a function expressed by
a configuration of a multilayer perceptron. The deformation
processing function is configured to cause each of a plurality
of deformation operators to execute deforming processing,
each of the plurality of deformation operators being for
performing the deforming processing on the training data
and/or the generated data in the preceding stage of each of
a plurality of discriminators. The deformation processing
function is configured to then cause each deformation opera-
tors to output training data subjected to the deformation
processing and/or generated data subjected to the deforma-
tion processing obtained by the deformation processing, as
data to be discriminated, to the discriminator corresponding
to each deformation operator. The discrimination function is
configured to cause each of the plurality of discriminators to
execute discrimination processing to output a discrimination
result, each of the plurality of discriminators being config-
ured to receive an input of data to be discriminated that is
based on training data and/or the generated data output by
the generator, each of the plurality of discriminators being
for performing the discrimination processing that discrimi-
nates whether the data to be discriminated is based on the
training data or based on the generated data, on the basis of
on a function expressed by a configuration of a multilayer
perceptron, each of the plurality of discriminators being for
outputting a discrimination result. The update function is
configured to update the discriminator that has output the
discrimination result, on the basis of the discrimination
result such that the data to be discriminated is discriminated
with higher accuracy and configured to further update the
generator such that a probability that the discriminator
discriminates that the data to be discriminated that is based
on the generated data is the data to be discriminated that is
based on the training data increases. The whole update
function is configured to cause the updates by the update
function to be executed for the generator and all the dis-
criminators.

Third Embodiment

[0042] In the first embodiment, the improved generative
adversarial network implementation apparatus 20 has been
described. However, the embodiment can also be described
as an embodiment of the invention of a learned model
generation method using an improved generative adversarial
network. That is, even with a learned model generation
method including a generation step, a deformation process-
ing step, a discrimination step, an update step, and a whole
update step, effects similar to the effects of the improved
generative adversarial network implementation apparatus 20
according to the first embodiment can be obtained. The
generation step is a step of causing a generator to generate
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and output generated data, the generator being for generating
and outputting the generated data from a predetermined
input, on the basis of a function expressed by a configuration
of the multilayer perceptron. The deformation processing
step is a step of causing a plurality of deformation operators
to execute deformation processing, each of the plurality of
deformation operators being for performing the deformation
processing on training data and/or the generated data in the
preceding stage of each of the plurality of discriminators, the
step being a step of then causing each deformation operator
to output training data subjected to the deformation process-
ing and/or generated data subjected to the deformation
processing obtained by the deformation processing, as the
data to be discriminated, to the discriminator corresponding
to each deformation operator. The discrimination step is a
step of causing each of the plurality of discriminators to
execute discrimination processing to output a discrimination
result, each of the plurality of discriminators being config-
ured to receive an input of data to be discriminated that is
based on training data and/or the generated data output by
the generator, each of the plurality of discriminators being
for performing the discrimination processing that discrimi-
nates whether the data to be discriminated is based on the
training data or based on the generated data, on the basis of
a function expressed by a configuration of a multilayer
perceptron, each of the plurality of discriminators being for
outputting a discrimination result. The update step is a step
of updating the discriminator that has output the discrimi-
nation result, on the basis of the discrimination result such
that the data to be discriminated can be discriminated with
higher accuracy, the step being a step of further updating the
generator such that a probability that the discriminator
discriminates that the data to be discriminated that is based
on the generated data is the data to be discriminated that is
based on the training data increases. The whole updating
step is a step of causing the updates by the update step to be
executed for the generator and all the discriminators. When
learning is advanced by these steps, the generator becomes
a generative model capable of generating generated data
approximate to the training data. Therefore, the generative
model can be used as a learned model.

[0043] In the first embodiment, description has been made
on the assumption that the deformation operators 12a to 12»
and the discriminators 13« to 13» are provided, the number
of the deformation operators 12a to 12x equals the number
of the discriminators 13a to 13n, and the deformation
operators 12a to 12z and the discriminators 13a to 13z are
in a one-to-one correspondence relationship. However,
embodiments are not limited to this configuration. For
example, a configuration in which a plurality of discrimi-
nators is arranged in the subsequent stage of one deforma-
tion operator may be adopted. That is, it is possible to adopt
a configuration in which one deformation operator performs
the same deformation processing, but as for discrimination
processing subsequent to the deformation processing, a
plurality of discriminators performs different update pro-
cessing. Even an embodiment in such a configuration is
similar to the first embodiment in that effects of improving
of the stability of learning and increasing the quality of
generated data are obtained as compared with the conven-
tional GAN.

[0044] In the first to third embodiments, description has
been made on the basis of a configuration in which a
plurality of deformation operators is arranged between a
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generator and a plurality of discriminators. However, a
configuration in which a generator and a plurality of dis-
criminator are provided and a deformation operator is not
used may be adopted. In this case, each discriminator
performs discrimination processing on training data itself or
generated data itself as data to be discriminated. Even with
such a configuration, the effect of improving the stability of
learning can be expected as compared with a case where a
conventional generator and a discriminator correspond to
each other in a one-to-one correspondence.

What is claimed is:

1. A non-transitory computer-readable storage medium
storing an improved generative adversarial network imple-
mentation program causing a computer to implement:

a generation function configured to cause a generator to

generate and output generated data, the generator being
for generating and outputting the generated data from a
predetermined input, on the basis of a function
expressed by a configuration of a multilayer percep-
tron;

a discrimination function configured to cause each of a
plurality of discriminators to execute discrimination
processing to output a discrimination result, each of the
plurality of discriminators being configured to receive
data to be discriminated that is based on training data
and/or the generated data output by the generator, each
of the plurality of discriminators being for performing
the discrimination processing that discriminates
whether the data to be discriminated is based on the
training data or based on the generated data, on the
basis of a function expressed by a configuration of a
multilayer perceptron, each of the plurality of discrimi-
nators being for outputting a discrimination result;

an update function configured to update the discriminator
that outputs the discrimination result, on the basis of the
discrimination result such that the data to be discrimi-
nated is discriminated with higher accuracy, the update
function being configured to further update the genera-
tor such that a probability that the discriminator dis-
criminates that the data to be discriminated that is based
on the generated data is the data to be discriminated that
is based on training data increases; and

a whole update function configured to cause the updates
by the update function to be executed for the generator
and all the discriminators.

2. The non-transitory computer-readable storage medium
storing an improved generative adversarial network imple-
mentation program according to claim 1, wherein the data to
be discriminated is the training data itself and/or the gener-
ated data itself.

3. The non-transitory computer-readable storage medium
storing an improved generative adversarial network imple-
mentation program according to claim 1, wherein a com-
puter is caused to implement a deformation processing
function and then implement the discrimination function, the
deformation processing function being configured to cause
each of a plurality of deformation operators to perform
deformation processing, each of the plurality of deformation
operators being for performing the deformation processing
on the training data and/or the generated data in a preceding
stage of each of the plurality of discriminators, the defor-
mation processing function being configured to then cause
each deformation operator to output training data subjected
to the deformation processing and/or generated data sub-
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jected to the deformation processing obtained by the defor-
mation processing, as the data to be discriminated, to the
discriminator corresponding to each deformation operator.

4. The non-transitory computer-readable storage medium
storing an improved generative adversarial network imple-
mentation program according to claim 3, wherein contents
of the deformation processing executed by the plurality of
deformation operators are different from each other.

5. The non-transitory computer-readable storage medium
storing an improved generative adversarial network imple-
mentation program according to claim 3 or 4, wherein the
computer is caused to implement the deformation processing
function and the discrimination function in a state in which
the plurality of deformation operators whose number is the
same as the number of the plurality of discriminators is
provided, and the deformation operators and the discrimi-
nators are paired in a one-to-one correspondence.

6. An improved generative adversarial network imple-
mentation apparatus comprising:

a generation unit configured to cause a generator to

generate and output generated data, the generator being
for generating and outputting generated data from a
predetermined input on the basis of a function
expressed by a configuration of a multilayer percep-
tron;

a discrimination unit configured to cause each of a plu-
rality of discriminators to execute discrimination pro-
cessing to output a discrimination result, each of the
plurality of discriminators being configured to receive
an input of data to be discriminated that is based on
training data and/or the generated data output by the
generator, each of the plurality of discriminators being
for performing the discrimination processing that dis-
criminates whether the data to be discriminated is based
on the training data or based on the generated data, on
the basis of a function expressed by a configuration of
a multilayer perceptron, each of the plurality of dis-
criminators being for outputting a discrimination result;

an update unit configured to update the discriminator that
outputs the discrimination result such that the data to be
discriminated is discriminated with higher accuracy, on
the basis of the discrimination result, the update unit
being configured to further update the generator such
that a probability that the discriminator discriminates
that the data to be discriminated that is based on the
generated data is data to be discriminated that is based
the training data increases; and

a whole update unit configured to cause the updates by the
update unit to be executed for the generator and all the
discriminators.

7. The improved generative adversarial network imple-
mentation apparatus according to claim 6, further compris-
ing, a deformation unit configured to cause each of a
plurality of deformation operators to execute deformation
processing, each deformation operator being for performing
the deformation processing on the training data and/or the
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generated data in a preceding stage of each of the plurality
of discriminators, the deformation processing unit being
configured to then cause each of the plurality of deformation
operator to output training data subjected to the deformation
processing and/or generated data subjected to the deforma-
tion processing obtained by the deformation processing, as
the data to be discriminated, to the discriminator corre-
sponding to each deformation operator.

8. A learned model generation method, comprising:

a generating step of causing a generator to generate and
output generated data, the generator being for generat-
ing and outputting the generated data from a predeter-
mined input on the basis of a function expressed by a
configuration of a multilayer perceptron;

a discrimination step of causing each of a plurality of
discriminators to execute discrimination processing to
output a discrimination result, each of the plurality of
discriminators configured to receive an input of data to
be discriminated that is based on training data and/or
the generated data output by the generator, each of the
plurality of discriminators being for performing the
discrimination processing that discriminates whether
the data to be discriminated is based on the training data
or based on the generated data, on the basis of a
function expressed by a configuration of a multilayer
perceptron, each of the plurality of discriminators being
for outputting a discrimination result;

an update step of updating the discriminator configured to
output the discrimination result on the basis of the
discrimination result such that the data to be discrimi-
nated is discriminated with higher accuracy, the update
step being a step of further updating the generator such
that a probability that the discriminator discriminates
that the data to be discriminated that is based on the
generated data is the data to be discriminated that is
based on the training data increases; and

a whole update step of causing the updates by the update
step to be executed for the generator and all the
discriminators.

9. The learned model generation method according to
claim 8, wherein a deformation processing step is executed
and then the discrimination step is executed, the deformation
processing step being a step of causing each of a plurality of
deformation operators to execute deforming processing,
each of the plurality of deformation operators being for
performing the deforming processing on the training data
and/or the generated data in a preceding stage of each of the
plurality of discriminators, the step being a step of then
causing each deformation operator to output training data
subjected to the deformation processing and/or generated
data subjected to the deformation processing obtained by the
deformation processing, as the data to be discriminated, to
the discriminator corresponding to each deformation opera-
tor.



