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MODEL TEST METHODS AND APPARATUSES

TECHNICAL FIELD

[0001] One or more implementations of the present specification relate to the field
of computer technologies, and in particular, to methods and apparatuses for

performing model tests by using computers.

BACKGROUND

[0002] With the development of computer and artificial intelligence technologies,
increasing artificial neural networks (ANN) applications emerge, such as pattern
recognition, automatic control, signal processing, and assistant decision-making. An
ANN is an operation model that includes a large quantity of interconnected processing
units (also referred to as neurons). Each processing unit represents a specific output
function that is referred to as activation function (activation function). A performance
test on a neural network model is often measured by a code coverage rate of a system
that generates the neural network model, or an output accuracy of the neural network
model on a sample set and an output result accuracy in a special case (for example, in
a certain place with a temperature —70°C) that a sample is difficult to cover.

[0003] In conventional technologies, a large quantity of training samples usually
need to be collected to test models more adequately. In addition, more training
samples often need to be collected to train the models and adjust and improve model
parameters, so as to improve accuracies of the models. However, in such a method,
the samples are collected manually and manpower is wasted. Moreover, the collected
training samples are limited, and it cannot be ensured that the models are adequately
tested, and improvement to accuracies of the models is limited. For example, if a
temperature has never dropped below —70°C in a certain place, no quantity of
collected samples can cover a case with a temperature below —70°C. Particularly, in
some special cases, for example, a case of a self-driving vehicle facing a truck with a
white background, if such a case is not covered by collected test samples, the
background may be identified as a sky background and decision-making is affected,
thereby causing an unrecoverable loss.

[0004] Therefore, an improved solution is expected, so as to effectively perform
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model tests by generating more different samples. Such a solution not only can reduce
manpower waste caused by manual sample collection but also can further test models
by using these different samples. Moreover, the solution can be used to train the

models to improve a model accuracy.

SUMMARY

[0005] One or more implementations of the present specification describe model
test methods and apparatus, so as to effectively perform model tests by generating
more different samples. Such practice not only can reduce manpower waste caused by
manual sample collection but also can further test models by using these different
samples. Moreover, an expanded test sample set can be used to train the models to
improve a model accuracy.

[0006] According to a first aspect, a model test method is provided, including:
obtaining a sample from a test sample set; input the sample into a plurality of
to-be-tested models included in a model set to obtain output results of the to-be-tested
models, where the plurality of to-be-tested models include at least one neural network
model; determining a test result based on the output results, where the test result
includes at least one of a first test result or a second test result, the first test result
includes output result accuracies corresponding to the to-be-tested models, and the
second test result includes a neuron coverage rate of the at least one neural network
model; and when the test result does not satisfy a predetermined condition, generating
a new sample based on the sample and a predetermined rule, and adding the new
sample to the test sample set.

[0007] According to an implementation method of the first aspect, when the test
result includes the first test result, the determining a test result based on the output
results includes: determining, through voting, a correct output result for to-be-tested
models with a same function included in the plurality of to-be-tested models, where
an output result with the largest quantity of votes is the correct output result; and
determining that an output result of a to-be-tested model whose output result is the
correct output result is accurate.

[0008] In a possible design, the model set includes a standard model, and the
determining a test result based on the output results includes: determining, based on

an output result of the standard model, a correct output result of a to-be-tested model
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that has a same function as the standard model; and determining that an output result
of a to-be-tested model whose output result is the correct output result is accurate.
[0009] Further, in an implementation, the predetermined condition includes: the
output result accuracies corresponding to the plurality of to-be-tested models each are
greater than a predetermined accuracy threshold.

[0010] According to an implementation method of the first aspect, when the test
result includes the second test result, the determining a test result based on the output
results includes: counting a quantity of covered neurons of each neural network model
based on whether an output of each neuron in the at least one neural network model
satisfies an output condition, where the quantity of covered neurons includes a
quantity of neurons that satisfy the output condition in a test process; and determining
a neuron coverage rate of each neural network model based on the quantity of covered
neurons, where the neuron coverage rate is positively correlated with a ratio of the
quantity of covered neurons to a total quantity of neurons.

[0011] Further, in an implementation, the predetermined condition includes: the
neuron coverage rate of the at least one neural network model each is greater than a
predetermined coverage rate threshold.

[0012] In an implementation, the generating a new sample based on the sample and
a predetermined rule includes: obtaining a specified range of each feature in the
sample; and adding a random error term to the sample based on the specified range of
each feature to generate the new sample.

[0013] According to a possible design, the method further includes one or more of
the following: removing a to-be-tested model whose test result satisfies the
predetermined condition from the model set; and adding a new to-be-tested model to
the model set.

[0014] According to a second aspect, a model test apparatus is provided, including:
an acquisition unit, configured to obtain a sample from a test sample set; a test unit,
configured to input the sample into a plurality of to-be-tested models included in a
model set to obtain output results of the to-be-tested models, where the plurality of
to-be-tested models include at least one neural network model; a determining unit,
configured to determine a test result based on the output results, where the test result
includes at least one of a first test result or a second test result, the first test result
includes output result accuracies corresponding to the to-be-tested models, and the

second test result includes a neuron coverage rate of the at least one neural network
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model; and a generation unit, configured to, when the test result does not satisfy a
predetermined condition, generate a new sample based on the sample and a
predetermined rule, and add the new sample to the test sample set.

[0015] According to a third aspect, a computer-readable storage medium is
provided, where the computer-readable storage medium stores a computer program,
and when the computer program runs on a computer, the computer is enabled to
perform the method according to the first aspect.

[0016] According to a fourth aspect, a computing device is provided, and includes
a memory and a processor, where the memory stores executable code, and when the
processor executes the executable code, the method according to the first aspect is
implemented.

[0017] According to the model test methods and apparatuses provided in the
implementations of the present specification, a sample is first obtained from a test
sample set; next, the sample is input into a plurality of to-be-tested models included in
a model set to obtain output results of the to-be-tested model; subsequently, a test
result is determined based on the output results; and further, when the test result does
not satisfy a predetermined condition, a new sample is generated based on the sample
and a predetermined rule, and the new sample is added to the test sample set. As such,
when the model test method is cyclically executed, on one hand, accuracies and/or test
adequacy of the to-be-detected models can be evaluated, and on the other hand, a new
sample that is generated based on the original sample and that is different from the
original sample can be used to improve effectiveness of a model test. Such practice
not only can reduce manpower waste caused by manual sample collection but also can
further test models. Moreover, an expanded test sample set can be used to train the

models to improve a model accuracy.

BRIEF DESCRIPTION OF DRAWINGS

[0018] To describe the technical solutions in the implementations of the present
disclosure more clearly, the following briefly describes the accompanying drawings
needed for describing the implementations. Clearly, the accompanying drawings in
the following description show merely some implementations of the present
disclosure, and a person of ordinary skill in the art can still derive other drawings

from these accompanying drawings without creative efforts.
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[0019] FIG. 1 is a schematic diagram illustrating an implementation scenario,
according to an implementation of the present specification;

[0020] FIG. 2 is a flowchart illustrating a model test method, according to an
implementation;

[0021] FIG. 3 illustrates a specific example of a neural network model;

[0022] FIG. 4 illustrates a specific example of a neuron of a neural network model;
and

[0023] FIG. 5 is a schematic block diagram illustrating a model test apparatus,

according to an implementation.

DESCRIPTION OF IMPLEMENTATIONS

[0024] The following describes the solutions provided in the present specification
with reference to the accompanying drawings.

[0025] FIG. 1 is a schematic diagram illustrating an implementation scenario,
according to an implementation of the present specification. As shown in the figure,
users (such as application developers and test personnel) can test neural network
models through a computing platform before they are formally used. The computing
platform here can be various apparatuses and devices that have a data processing
capability and a data input function, such as a desktop computer and a server. It can be
understood that the computing platform can further be a device cluster formed by the
previous electronic devices. The users can collect samples as an initial test sample set
and input the samples to the computing platform.

[0026] During the test, the computing platform can obtain a sample from the test
sample set, for example, sample 1, and then input sample 1 to a plurality of
to-be-tested models included in a model set, for example, model 1, model 2, and
model 3, and obtain output results of the test models, which are correspondingly
output 1, output 2, and output 3, etc. It can be understood that the plurality of models
can have a similar function (a predetermined function), so that sample 1 can be used
simultaneously for testing of model 1, model 2, model 3, etc., which, for example, all
have a pattern identification function. As such, sample 1 can be simultaneously input
to the plurality of models, and the plurality of models separately can provide
respective output results, for example, pattern identification output results. Because

accuracies of models are different, output results of to-be-tested models with a same
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function can be the same or different. It should be noted that, these to-be-tested
models include at least one neural network model.

[0027] Then, the computing platform can determine a test result based on the
output results of the models. Here, the test result can include at least one of a first test
result or a second test result. The first test result includes output result accuracies
corresponding to the to-be-tested models, and the second test result includes a neuron
coverage rate of the at least one neural network model. Here, the neuron coverage rate
can be used to indicate a neuron activation status of a model. As such, for each
to-be-tested model, performance of the model can be evaluated by using the output
result accuracies. On the other hand, through the neuron coverage rate, it can be
determined whether the model is adequately tested.

[0028] It can be understood that before the test, the users (such as application
developers and test personnel) can further set a related condition as a predetermined
condition for the test result, so as to control an end time of the test. For example, a
predetermined condition that accuracies of all to-be-tested models are qualified can be
set to control ending of the test process, etc. If the test process is not ended, the
computing platform can obtain other samples from the test sample set and execute the
above test process cyclically. In addition, because a quantity of samples in the original
test sample set is limited, if the test process further needs to be cyclically executed,
the computing platform can generate a new sample based on a predetermined rule and
sample 1 that is used in the current test process, and add the new sample to the test
sample set for use in a subsequent test process. The users (such as application
developers and test personnel) can control generation of samples by setting
predetermined rules, so it can be ensured that various cases are covered without going
far beyond an actual case.

[0029] As such, accuracies and/or test adequacy of the to-be-detected models can
be evaluated, and on the other hand, a new sample that is generated based on the
original sample and that is different from the original sample can be added to the test
sample set, so that the quantity of samples in the test sample set and covered cases can
be increased. With these different samples automatically generated, not only
manpower waste caused by manual sample collection can be reduced but also the
models can further be tested. Moreover, an expanded test sample set can be used to
train the models to improve a model accuracy. The following describes a specific

execution process of the previous scenario.
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[0030] FIG. 2 is a flowchart illustrating a model test method, according to an
implementation. The method can be executed by any system, device, apparatus,
platform, or server that has computing and processing capabilities, for example, the
computing platform shown in FIG. 1. As shown in FIG. 2, the method includes the
following steps: Step 21: Obtain a sample from a test sample set. Step 22: Input the
sample into a plurality of to-be-tested models included in a model set to obtain output
results of the to-be-tested models, where the plurality of to-be-tested models include
at least one neural network model. Step 23: Determine a test result based on the
output results, where the test result includes at least one of a first test result or a
second test result, the first test result includes output result accuracies corresponding
to the to-be-tested models, and the second test result includes a neuron coverage rate
of the at least one neural network model. Step 24: When the test result does not satisfy
a predetermined condition, generate a new sample based on the sample and a
predetermined rule, and add the new sample to the test sample set.

[0031] First, in step 21, a sample is obtained from the test sample set. It can be
understood that the test sample set is used to store samples used for model tests. The
test sample set can be a collection, or can be a database. No limitation is imposed in
this application.

[0032] When the model test method is executed for the first time, the test sample
set is an initial test sample set. The samples stored in the initial test sample set can
include samples collected by a user, or can include samples collected by a user and
samples generated in historical model test processes.

[0033] According to an implementation method, the user can filter the collected
samples to select some samples prone to error in the models or samples with a low
sample feature proportion, and place the samples into the initial test sample set. For
example, when a sample is input into 10 different models for image recognition,
output results of five models is a truck, and output results of the other five models is
blue sky. In this case, the sample is prone to an error and can be selected. For another
example, in 100 collected samples, 90 samples have a temperature ranging from 0°C
to 20°C, 4 samples have a temperature less than and near 0°C (for example, higher
than —3°C), and 1 sample has a temperature of —10°C. In this case, the sample with
the temperature of —10°C occupies a low proportion and can be selected. The 4
samples with the temperature less than and near 0°C can all be selected, or one or two

of them can be selected. As such, missing of some special cases can be reduced,
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which helps samples in the test sample set to evenly cover various cases.

[0034] A sample can be obtained from the test sample set in any feasible way. In an
implementation, a sample can be obtained based on a sorting sequence of the samples
in the test sample set. For example, the first sample can be obtained when the model
test method is executed for the first time, the second sample can be obtained when the
model test method is executed for the second time, and so on.

[0035] In another implementation, a sample can be randomly obtained from in the
test sample set. When the sample is randomly obtained, after the model test method is
executed a plurality of times, it is possible that some samples have been frequently
used, and some samples have not been used or have been less frequently used. In this
case, a sample retrieval weight can further be set, to be specific, a higher retrieval
weight can be set for a sample with a smaller quantity of use times, so as to increase a
use probability for a sample that has not been used or has been less frequently used.
[0036] In more implementations, the user can also obtain the sample from the test
sample set in more feasible ways.

[0037] Next, in step 22, the sample is input to the plurality of to-be-tested models
included in the model set, so as to obtain the output results of the to-be-tested models.
It should be noted that the model here is an operation model used to reveal a causal
relationship between variables, and the operation model can include an algorithm
including one or a series of functions. An output result determined by input variables
can be obtained based on these variables by using such an algorithm, for example, an
error back propagation (BP) algorithm or a convolutional neural network (CNN).
[0038] A relatively complex case can be implemented by using a neural network
model. The neural network model includes a plurality of neurons. As shown in FIG. 3,
FIG. 3 illustrates a specific example of a neural network model with a three-layer
structure. The neural network model in FIG. 3 includes a plurality of neurons, such as
neurons 31 and 32. Neurons at a first layer receive different input feature parameters
X1, X2, X3, and x4 and deliver them to the second layer. Neuron 31 at the second layer
separately corresponds to operation units. Operation units can use x1, x2, x3, and x4
at the first layer as inputs. The features x;, X2, X3, and x4 are provided by a sample or
extracted from the sample, and can separately be, for example, parameters such as a
color, a shape, and a size of a fruit. Similarly, neuron 32 at the third layer is an
operation unit that uses output values of neuron 31 and other neurons at the second

layer as inputs. A connection between every two neurons represents a weight value for
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a signal passing the connection, which is referred to as a weight. Through neuron 32,
the neural network model can obtain an output result, for example, a tangerine or an
orange.

[0039] Further, as shown in FIG. 4, each neuron represents a specific output
function, which is referred to as an activation function (for example, a sigmoid
function f(z)=1/(1+e—z)). In the neuron shown in FIG. 4, the output function can be
H = f(i>, Wix;). For Wi, a value of i ranges from 1 to 3, which respectively
represents weight 1, weight 2, and weight 3. For x;, a value of i ranges from 1 to 3,
which respectively represents feature parameter 1, feature parameter 2, and feature
parameter 3. After weighted summation is performed on feature parameter 1, feature
parameter 2, and feature parameter 3, an output of the neuron can be obtained through
mapping by using the activation function.

[0040] The plurality of to-be-tested models in the model set of the implementation
include the at least one neural network model. The to-be-tested models are pre-trained
by using a training sample set. The training sample set can include samples and
corresponding known output results. Model parameters (for example, weight 1 in FIG.
4) can be adjusted based on input feature parameters and known output results that are
determined based on the samples in the training sample set, until a model achieves a
desired accuracy for the training sample set, and model parameters can be determined.
However, due to a limitation of the training sample set, the model further needs to be
tested by using a test sample set.

[0041] In practice, the model set can be a model collection. When the model test
method is executed by a test-type platform, the platform can include a model
operation module, and a user can add to-be-tested models by using the module, so as
to form the previous model set. Although the samples in the test sample set can be
applied to all the to-be-tested models, the to-be-tested models can have a same
function or can have different functions, depending on a purpose and a specific
circumstance of the test. For example, for a same picture sample, one to-be-tested
model can identify a category, etc. based on various color and appearance features of
trees and flowers, and another to-be-tested model can identify a season, etc. based on
color features of trees and flowers.

[0042] It can be understood that the to-be-tested models each can obtain an output

result based on an input sample. For a same sample, the output results of the
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to-be-tested models might be different. For example, for a same picture sample,
models with different functions outputs a category "maple leaf" and a season
"autumn" separately. For models with a same function, because the models have
different accuracies, output results are different. For example, for a same picture
sample, one outputs "spring" and another outputs "summer". In an implementation,
the plurality of to-be-tested models all include a same function.

[0043] Then, in step 23, the test result is determined based on the output results. It
can be understood that the test result of the models is determined by using the output
results obtained after the sample is input to the models. The specific test result
depends on test content.

[0044] Specifically, according to an aspect of the implementation, the test content
can be output result accuracies corresponding to the to-be-tested models. For ease of
description, the output result accuracies corresponding to the to-be-tested models are
referred to as the first test results. The first test results can be specific descriptions of
the output result accuracies. For example, the first test results can be either of the
following: The results of the to-be-tested models are accurate and the results of the
to-be-tested models are inaccurate; or the first test results can be accuracy rates (a
quantity of accurate output results/a total quantity of determining times) calculated by
collecting statistics about whether the plurality of output results of the to-be-tested
models are correct.

[0045] In an implementation, for to-be-tested models with a same function included
in the plurality of to-be-tested models, a correct output result can be determined by
voting, and each output result is a vote result of a corresponding model. An output
result with the largest quantity of votes is the correct output result. Then, it can be
determined that an output result of the to-be-tested model whose output result is the
correct output result is accurate. For example, assuming that there are 10 to-be-tested
models in the model set, and 7 to-be-tested models can be used to identify seasons
based on color features of trees and flowers. In this case, the 7 to-be-tested models
have a same function. For a certain picture sample, if output results of the 7

n.n n.n nn n.n

to-be-tested models are "spring", "spring", "summer", "autumn",

nn

spring", "autumn",
and "spring", a voting result is as follows: 4 votes for "spring", 1 vote for "summer",
and 2 votes for "autumn". Therefore, "spring" with the largest quantity of votes is the
correct output result. Then, it is determined that output results of the first, second,

fifth, and seventh models are accurate, and output results of the third, fourth, and sixth
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models are inaccurate. For the other 3 to-be-tested models, if they have a same
function, when test content is output result accuracies, a similar method can be used
for processing. Details are omitted here for simplicity. In a possible design, all
to-be-tested models in the model set have a same function.

[0046] In another implementation, the model set can include a standard model. In
this case, a correct output result of a to-be-tested model with a same function as the
standard model can be determined based on an output result of the standard model,
and it can be determined that an output result of the to-be-tested model whose output
result is the correct output result is accurate. The standard model can be a tested
model with a relatively high accuracy, for example, a 99.99% accuracy. Therefore, the
output result of the standard model can be determined as the correct output result. In
this case, for a portrait picture sample, when the output result determined by the
standard model is "man", if output results of 4 among 7 to-be-tested models with a
same function as the standard model are "woman" and output results of the other 3
among the 7 to-be-tested models are "man", it can be determined that the output
results of the 3 to-be-tested models whose output results are "man" are accurate.
[0047] In a possible design, when the output results of the to-be-tested models with
a same function as the standard model are all inconsistent with the output result of the
standard model, it can further be detected whether the output results of these
to-be-tested models are consistent. If yes, the consistent result can be determined as
the correct output result. For example, for a portrait picture sample, the output result
determined by the standard model is "man", but the output results of the 7 to-be-tested
models with a same function as the standard model are all "woman". In this case, it
can be determined that a correct output result is "woman". As the standard model is
not necessarily accurate, such practice can prevent a judgment error of the to-be-tested
model when the output result of the standard model is incorrect.

[0048] For another to-be-tested model with a different function from the standard
model, a test result can also be determined in a way of determining the correct output
result by voting, and details are omitted here for simplicity. Optionally, all the
to-be-tested models in the model set can have a same function as the standard model.
[0049] In an implementation, the first test result can also be an output result
accuracy of a certain sample in the test. For example, for a sample, output results of 4
models are accurate, and output results of 3 models are inaccurate, etc. Optionally, an

accuracy of the sample can be further calculated. For a single test process, a sample
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accuracy = a quantity of models with correct output results/a total quantity of models.
For a plurality of test processes of the sample, the accuracy can be an average value of
single-time accuracies, or can be calculated based on a total quantity of times that the
to-be-tested models output correct results/a total quantity of times that the to-be-tested
models perform execution and output results. As such, the sample can be evaluated for
its usefulness in the model test process. When the output results of the models are all
correct in each test of a sample, the sample has little significance to the model test.
[0050] In another aspect, the test content can be a neuron coverage rate of the at
least one neural network model. For ease of description, the neuron coverage rate of
the at least one neural network model is referred to as the second test result. It can be
easily understood that a neuron coverage rate of a model can be used to represent a
proportion of a quantity of activated neurons in a total quantity of neurons. In this
case, it can be detected whether an output of each neuron in the at least one neural
network model satisfies an output condition, and a quantity of covered neurons of
each neural network model can be counted. The quantity of covered neurons includes
a quantity of neurons that satisfy the output condition in the test process. A neuron
coverage rate of each neural network model can be determined based on the quantity
of covered neurons. The neuron coverage rate is positively correlated with a ratio of
the quantity of covered neurons to a total quantity of neurons.

[0051] It can be understood that, in the neural network model, an activation
function is also referred to as a firing rule, which is similar to operating of a human
brain and can generate an output only when an input exceeds a specific standard.
Therefore, in a sample, if values of some feature parameters of the sample are
relatively small, a neuron cannot generate an output based only on these feature
parameters, that is, the neuron is not activated. Therefore, a threshold can be set as an
output condition of a neuron, for example, the output condition can be set to that an
output of a neuron is greater than 0.

[0052] It should be noted that the quantity of covered neurons is the quantity of
neurons that satisfy the output condition in the test process. For example, model 1 has
a total of 50 neurons. When sample 1 is input into model 1 and the first to the fifth
neurons satisfy the output condition, the quantity of covered neurons is 5, and the
neuron coverage rate is a number that is positively correlated with 5/50, for example,
a percentage 10%. When sample 2 is input into model 1 and the second to the sixth

neurons satisfy the output condition, neurons that satisfies the output condition are the
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first to the sixth neurons. In this case, the quantity of covered neurons is 6, and the
neuron coverage rate is a number that is positively correlated with 6/50, for example,
a percentage 12%.

[0053] In conclusion, the test result can include at least one of the first test result
and the second test result. The first test result includes the output result accuracies
corresponding to the to-be-tested models, and the second test result includes the
neuron coverage rate of the at least one neural network model.

[0054] Subsequently, in step 24, when the test result does not satisfy the
predetermined condition, a new sample can be generated based on the sample and the
predetermined rule, and the new sample can be added to the test sample set. Here, the
predetermined condition can be stored, and used to limit an end time of the model test
process. In this step, it can be further detected whether the test result in step 23
satisfies the predetermined condition, and if yes, the model test process can be
stopped. If the test result does not satisfy the predetermined condition, the sample can
be processed based on the predetermined rule to generate a new sample, and the new
sample can be added to the test sample set to expand the test sample set for a
subsequent test process. For example, processing on the sample can be changing
values of features based on the predetermined rule (for example, a gradient ascending
algorithm).

[0055] In an implementation, the predetermined condition is determined based on
the neuron coverage rate. Specifically, when the test result includes the second test
result, the predetermined condition can include the following: The neuron coverage
rate of the at least one neural network model each is greater than a predetermined
coverage rate threshold. To be specific, if the to-be-tested models include a neural
network model, a neuron coverage rate of the neural network model needs to be
greater than the predetermined coverage rate threshold. If the to-be-tested models
include a plurality of neural network models, a neuron coverage rate of each neural
network model needs to be greater than the predetermined coverage rate threshold.
The predetermined coverage rate threshold can be used to limit a coverage degree of a
sample for the model test, for example, 99%. When the neuron coverage rate exceeds
the predetermined coverage rate threshold, it indicates that the sample in the test
sample set can adequately test most of neurons in the models.

[0056] In some other implementations, the predetermined condition can further be

set based on test result accuracies. Specifically, the predetermined condition can
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further include the following: Output result accuracies corresponding to the plurality
of to-be-tested models each are greater than a predetermined accuracy threshold, and
the accuracies are positively correlated with a ratio of a quantity of accurate historical
test results to a total quantity of tests. As an example, in the current model test, model
1 passes a test of 100 samples, where a quantity of accurate output results is 50, and
an accuracy of model 1 is positively correlated with 50/100, for example, a percentage
50%. Assuming that the predetermined accuracy threshold is 90%, the test can be
ended when an accuracy of each to-be-tested model in the model set is greater than
90%. If a test is performed a relatively small quantity of times, the test has little
significance to evaluation of a model accuracy. For example, when the model test
method is executed once, for a single sample, the model accuracy is either 0 or 100%.
Therefore, in an optional implementation, a quantity of times can be further limited
for accuracy statistics collection. For example, for a certain to-be-tested model, an
accuracy of the to-be-tested model can be calculated only after at least 100 cycles are
performed.

[0057] In an implementation, for each to-be-tested model, it can be further
determined whether the predetermined condition is satisfied, for example, the
accuracy reaches the predetermined accuracy threshold, or the neuron coverage rate
reaches the predetermined coverage rate threshold. When the accuracy reaches the
predetermined accuracy threshold, it indicates that performance of the to-be-tested
model is relatively good, and there is little significance to continue the test, and the
to-be-tested model can be directly removed from the model set. When the neuron
coverage rate reaches the predetermined coverage rate threshold, it indicates that
defects or problems in the to-be-tested model can already be adequately identified
through the current test, and the to-be-tested model can also be removed from the
model set. As such, a to-be-tested model that has finished the test can be removed in
time, and data processing load of a model test body can be reduced.

[0058] In an implementation, when the model test process is executed, a new
to-be-tested model can be added at any time to perform the test. As such, execution
resources for the model test can be saved.

[0059] When the test is continued, as described above, the current sample can be
processed based on the predetermined rule to generate a new sample and the new
sample can be added to the sample set. The above predetermined rules can be set by

the test personnel as needed, in consideration of the following: On one hand, not any
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value can be set for each feature of the sample, and some extreme values make the
sample meaningless, for example, a face width exceeding twice a face length, an eye
area accounting for three quarters of a face area, etc. On the other hand, the test
personnel can generate samples under specific conditions to perform more targeted
tests. For example, by setting the predetermined rule, a truck color in a current picture
sample can be set as a specific color, for example, white, so as to test an identification
status of various vehicle colors and backgrounds in a case of identification upon
self-driving.

[0060] In an implementation, a constraint range of a sample feature can be set
based on the predetermined rule. For example, a pixel range can be set to 128x128—
16384x16384, etc. Further, a random error term can be added to the sample based on
the specified range of each feature to generate a new sample. The random error term
can change only an original feature of the sample, or can add a new feature related to
an input of the to-be-tested model to the sample. For example, a to-be-tested model
identifies a season based on a picture color, and a color of each pixel of a picture
sample is represented by using an RGB value as
[(235,108,0),(199,98,3),(153,72,20),...]. Because a value of each pixel ranges from 0
to 255, the random error term can make a changed value of each pixel to fall in the
range 0-255, for example, [(0,1,30),(26,0,3),(—153,72,20),...], and the random error
term can be added to the original sample to generate a new sample
[(235,109,30),(255,98,6),(0,144,40),...]. The random error term can add a pixel to a
sample in a pixel range. For example, an original sample has 128x128 pixels, and the
random error term can add 128x256 pixels, so that a new sample has 128x384 pixels.
[0061] As such, a new sample that is different from the manually collected samples
can be automatically generated, so as to reduce complex manual collection. Further, a
feature value range can be manually set, so that the generated new sample is more
realistic.

[0062] In an implementation, samples that have been used to test the models can be
retained in the test sample set for use in a subsequent test process. In some other
possible implementations, a sample with a relatively high accuracy in each sample test
has little significance to the model test, and can further be removed from the test
sample set. For example, a certain sample can be removed from the test sample set
when all the to-be-tested models can provide correct output results each time the

sample is used for testing. In practice, a threshold can be specified, and when the
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accuracy is greater than the specified threshold, the sample can be removed from the
test sample set.

[0063] As described in the previous process, a sample is first obtained from a test
sample set; next, the sample is input into a plurality of to-be-tested models included in
a model set to obtain output results of the to-be-tested model; subsequently, a test
result is determined based on the output results; and further, when the test result does
not satisfy a predetermined condition, a new sample is generated based on the sample
and a predetermined rule, and the new sample is added to the test sample set. As such,
when the model test method is cyclically executed, on one hand, accuracies and/or test
adequacy of the to-be-tested models can be evaluated, and on the other hand, a new
sample that is generated based on the original sample and that is different from the
original sample can be used to improve effectiveness of a model test. Such practice
not only can reduce manpower waste caused by manual sample collection but also can
further test models. Moreover, an expanded test sample set can be used to train the
models to improve a model accuracy.

[0064] According to an implementation of another aspect, a model test apparatus is
further provided. FIG. 5 is a schematic block diagram illustrating a model test
apparatus, according to an implementation. As shown in FIG. 5, the model test
apparatus 500 includes the following: an acquisition unit 51, configured to obtain a
sample from a test sample set; a test unit 52, configured to input the sample into a
plurality of to-be-tested models included in a model set to obtain output results of the
to-be-tested models, where the plurality of to-be-tested models include at least one
neural network model; a determining unit 53, configured to determine a test result
based on the output results, where the test result includes at least one of a first test
result or a second test result, the first test result includes output result accuracies
corresponding to the to-be-tested models, and the second test result includes a neuron
coverage rate of the at least one neural network model; and a generation unit 54,
configured to, when the test result does not satisfy a predetermined condition,
generate a new sample based on the sample and a predetermined rule, and add the
new sample to the test sample set.

[0065] According to an implementation method of the another aspect, when the test
result includes the first test result, the determining unit 53 further includes the
following: a result determining module (not shown), configured to determine, through

voting, a correct output result for to-be-tested models with a same function included



10

15

20

25

30

17

in the plurality of to-be-tested models, where an output result with the largest quantity
of votes is the correct output result; and an accuracy determining module (not shown),
configured to determine that an output result of a to-be-tested model whose output
result is the correct output result is accurate.

[0066] In a possible design, the model set includes a standard model, and the
determining unit 53 includes the following: a result determining module (not shown),
configured to determine, based on an output result of the standard model, a correct
output result of a to-be-tested model that has a same function as the standard model,
and an accuracy determining module (not shown), configured to determine that an
output result of a to-be-tested model whose output result is the correct output result is
accurate.

[0067] According to an implementation method of the another aspect, when the test
result includes the second test result, the determining unit further includes the
following: a counting module (not shown), configured to count a quantity of covered
neurons of each neural network model based on whether an output of each neuron in
the at least one neural network model satisfies an output condition, where the quantity
of covered neurons includes a quantity of neurons that satisfy the output condition in a
test process; and a coverage rate determining module, configured to determine a
neuron coverage rate of each neural network model based on the quantity of covered
neurons, where the neuron coverage rate is positively correlated with a ratio of the
quantity of covered neurons to a total quantity of neurons.

[0068] Further, when the test result includes the second test result, the
predetermined condition includes the following: the neuron coverage rate of the at
least one neural network model each is greater than a predetermined coverage rate
threshold.

[0069]  Still further, the predetermined condition can further include the following:
the output result accuracies corresponding to the plurality of to-be-tested models each
are greater than a predetermined accuracy threshold. The accuracy can be positively
correlated with a ratio of a quantity of accurate historical test results to a total quantity
of tests.

[0070] In an implementation, the generation unit 54 is further configured to obtain
a specified range of each feature in the sample; and add a random error term to the
sample based on the specified range of each feature to generate the new sample.

[0071] In a possible design, the apparatus 500 further includes one or more of the
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following: a removing unit (not shown), configured to remove a to-be-tested model
whose test result satisfies the predetermined condition from the model set; and an
adding unit (not shown), configured to add a new to-be-tested model to the model set.
[0072] With the apparatus, samples can be continuously obtained from a test
sample set to cyclically execute a model test method and more different samples can
be generated, so as to greatly improve effectiveness of a model test. In addition, the
generated different samples can be further used to train models, so as to improve
accuracies of the models.

[0073] According to an implementation of another aspect, a computer-readable
storage medium is further provided, where the computer-readable storage medium
stores a computer program, and when the computer program runs on a computer, the
computer is enabled to perform the method described with reference FIG. 2.

[0074] According to an implementation of still another aspect, a computing device
is further provided, including a memory and a processor, where the memory stores
executable code, and when the processor executes the executable code, the method
described with reference FIG. 2 can be implemented.

[0075] A person skilled in the art should be aware that in the previous one or more
examples, functions described in the present disclosure can be implemented by
hardware, software, firmware, or any combination thereof. When the present
disclosure is implemented by software, the functions can be stored in a computer
readable medium or transmitted as one or more instructions or code in the computer
readable medium.

[0076] The objectives, technical solutions, and benefits of the present disclosure
are further described in detail in the earlier-described specific implementations. It
should be understood that the earlier-described descriptions are merely specific
implementations of the present disclosure, but are not intended to limit the protection
scope of the present disclosure. Any modification, equivalent replacement, or
improvement made based on the technical solutions of the present disclosure shall fall

within the protection scope of the present disclosure.
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CLAIMS

What is claimed is:

1. A model test method, comprising:

obtaining a sample from a test sample set;

input the sample into a plurality of to-be-tested models comprised in a model set
to obtain output results of the to-be-tested models, wherein the plurality of
to-be-tested models comprise at least one neural network model;

determining a test result based on the output results, wherein the test result
comprises at least one of a first test result or a second test result, the first test result
comprises output result accuracies corresponding to the plurality of to-be-tested
models, and the second test result comprises at least one neuron coverage rate of the
at least one neural network model; and

when the test result does not satisfy a predetermined condition, generating a new
sample based on the sample and a predetermined rule, and adding the new sample to
the test sample set.

2. The method according to claim 1, wherein when the test result comprises the
first test result, the determining a test result based on the output results comprises:

determining, through voting, a correct output result for to-be-tested models with
a same function comprised in the plurality of to-be-tested models, wherein an output
result with the largest quantity of votes is the correct output result; and

determining that an output result of a to-be-tested model whose output result is
the correct output result is accurate.

3. The method according to claim 1, wherein the model set comprises a standard
model; and

the determining a test result based on the output results comprises:

determining, based on an output result of the standard model, a correct output
result of a to-be-tested model that has a same function as the standard model; and

determining that an output result of the to-be-tested model whose output result is
the correct output result is accurate.

4. The method according to claim 1, wherein when the test result comprises the
second test result, the determining a test result based on the output results comprises:

counting a quantity of covered neurons of each neural network model based on

whether an output of each neuron in the at least one neural network model satisfies an
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output condition, wherein the quantity of covered neurons comprises a quantity of
neurons that satisfy the output condition in a test process; and

determining a neuron coverage rate of each neural network model based on the
quantity of covered neurons, wherein the neuron coverage rate is positively correlated
with a ratio of the quantity of covered neurons to a total quantity of neurons.

5. The method according to claim 4, wherein the predetermined condition
comprises:

the at least one neuron coverage rate of the at least one neural network model
each is greater than a predetermined coverage rate threshold.

6. The method according to claim 5, wherein the predetermined condition further
comprises:

the output result accuracies of the plurality of to-be-tested models each are
greater than a predetermined accuracy threshold.

7. The method according to claim 1, wherein the generating a new sample based
on the sample and a predetermined rule comprises:

obtaining a specified range of each feature in the sample; and

adding a random error term to the sample based on the specified range of each
feature to generate the new sample.

8. The method according to claim 1, wherein the method further comprises one
or more of the following:

removing a to-be-tested model whose test result satisfies the predetermined
condition from the model set; or

adding a new to-be-tested model to the model set.

9. A model test apparatus, comprising:

an acquisition unit, configured to obtain a sample from a test sample set;

a test unit, configured to input the sample into a plurality of to-be-tested models
comprised in a model set to obtain output results of the to-be-tested models, wherein
the plurality of to-be-tested models comprise at least one neural network model;

a determining unit, configured to determine a test result based on the output
results, wherein the test result comprises at least one of a first test result or a second
test result, the first test result comprises output result accuracies corresponding to the
to-be-tested models, and the second test result comprises a neuron coverage rate of the
at least one neural network model; and

a generation unit, configured to, when the test result does not satisfy a
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predetermined condition, generate a new sample based on the sample and a
predetermined rule, and add the new sample to the test sample set.

10. The apparatus according to claim 9, wherein when the test result comprises
the first test result, the determining unit comprises:

a result determining module, configured to determine, through voting, a correct
output result for to-be-tested models with a same function comprised in the plurality
of to-be-tested models, wherein an output result with the largest quantity of votes is
the correct output result; and

an accuracy determining module, configured to determine that an output result of
a to-be-tested model whose output result is the correct output result is accurate.

11. The apparatus according to claim 9, wherein the model set comprises a
standard model; and

the determining unit comprises:

a result determining module, configured to determine, based on an output result
of the standard model, a correct output result of a to-be-tested model that has a same
function as the standard model; and

an accuracy determining module, configured to determine that an output result of
the to-be-tested model whose output result is the correct output result is accurate.

12. The apparatus according to claim 9, wherein when the test result comprises
the second test result, the determining unit comprises:

a counting module, configured to count a quantity of covered neurons of each
neural network model based on whether an output of each neuron in the at least one
neural network model satisfies an output condition, wherein the quantity of covered
neurons comprises a quantity of neurons that satisfy the output condition in a test
process; and

a coverage rate determining module, configured to determine a neuron coverage
rate of each neural network model based on the quantity of covered neurons, wherein
the neuron coverage rate is positively correlated with a ratio of the quantity of covered
neurons to a total quantity of neurons.

13. The apparatus according to claim 12, wherein the predetermined condition
comprises:

the neuron coverage rate of the at least one neural network model each is greater
than a predetermined coverage rate threshold.

14. The apparatus according to claim 13, wherein the predetermined condition



10

15

20

22

further comprises:

the output result accuracies corresponding to the plurality of to-be-tested models
each are greater than a predetermined accuracy threshold.

15. The apparatus according to claim 9, wherein the generation unit is further
configured to:

obtain a specified range of each feature in the sample; and

add a random error term to the sample based on the specified range of each
feature to generate the new sample.

16. The apparatus according to claim 9, wherein the apparatus further comprises
one or more of the following:

a removing unit, configured to remove a to-be-tested model whose test result
satisfies the predetermined condition from the model set; or

an adding unit, configured to add a new to-be-tested model to the model set.

17. A computer-readable storage medium, wherein the computer-readable storage
medium stores a computer program, and when the computer program runs on a
computer, the computer is enabled to perform the method according to any one of
claims 1 to 8.

18. A computing device, comprising a memory and a processor, wherein the
memory stores executable code, and when the processor executes the executable code,

the method according to any one of claims 1 to 8 is implemented.



