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Abstract

This research investigates the impact of data
imbalances on the learning curve using the
nearest mean model. Learning curves are use-
ful to represent the performance of the model
as the training size increases. Imbalanced data
sets are often encountered in real-life scenarios
and pose challenges to standard classifier mod-
els impacting their performance. Thus, the re-
search question is ”How do data imbalances af-
fect the learning curves using the nearest mean
model?”. To answer the question, an exper-
iment is conducted using data from a multi-
variate Gaussian distribution to sample vary-
ing levels of imbalances. The imbalance ratio
explored is [0.1, 0.2, 0.3, 0.4, 0.5], representing
the percentage of the dataset that consists of
the minority class.

The findings indicated that as the data be-
comes more imbalanced, the learning curves
reach the accuracy plateau at a later rate. The
analysis of the curve parameter which follows
the logistic function suggests that imbalances
have an impact on the maximum achievable ac-
curacy and rightward shift of the curves. How-
ever, the maximum achievable accuracy is non-
significant and the shape of the curves remains
similar. Additionally, false negatives have a
significant impact on the learning curves.

1 Introduction

Learning curves are visual representations that
show the progression of a learning model’s per-
formance as the train size increases [1]. It
serves as a tool for model selection, forecast-
ing the impact of additional training data,
and mitigating the computational complex-
ity associated with model training and hyper-
parameter tuning [2].

This report explores the impact of the
dataset’s characteristics on the learning curve.
Namely the class imbalances in the datasets.
Imbalance datasets are characterized by
skewed class proportions where classes that
make up a large portion of the data are called
the majority and the smaller portions are
called the minority [3]. Imbalance data neg-
atively impacts the performance of most stan-
dard classifier learning models which assume

relatively balanced distribution [4]. Unfor-
tunately, real-world data collection typically
involves imbalanced datasets, and there are
instances, especially in the medical industry,
where data inadequacy compounds the chal-
lenges of imbalanced datasets |5]. Given the
prevalent issue of imbalanced datasets, the re-
search question for the paper is "How do data
imbalances affect the learning curves using the
nearest mean model?”.

This paper is structured into the following
sections: Related Work(Section [2)), where the
existing literature is examined; Methodology
(Section [3)), providing details on the method-
ologies; Results and Discussions(Section ,
presenting findings and the analysis; Conclu-
sion and Future Work(Section, summarizing
important insights and future suggestions; Re-
sponsible Research(Section @, discussing the
reproducibility and ethics of the paper.

2 Related Works

Banko et al. concluded that classification mod-
els can benefit greatly from larger training sizes
when dealing with imbalanced data, although
they acknowledge that there are other factors
such as dimensionality and feature complex-
ity [6]. Their experiment based on millions of
data points from a word corpus, utilized the
accuracy curve for evaluation. In a comple-
mentary study, Samir Al Stouhi et al.
tended the conclusion by Banko et Al.using
non-language models [|7]. They have concluded
that the choice of classification model is less
important than the size of the training data.
Zheng et al. investigated the relationship be-
tween varying performance in machine learning
models and imbalance ratio [8]. Their find-
ings suggest that increasing the imbalance ra-
tio results in a decrease in performance by the
models. However, they observed that there
were results where it contradicted the conclu-
sion but speculated that oversampling caused
new data points to not follow the original dis-
tribution. They defined the imbalance ratio us-
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and decrements the ratio by % at a time to pro-
duce varying levels of imbalance in the data set.
To achieve the imbalance of data required ac-
cording to the ratio, they used three methods;
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SMOTE, undersampling, and hybrid. The ex-
periment involves eight machine-learning mod-
els for the experiment, evaluated using AFG,
AUC, Fl-score and G-mean. AFG is described
as the arithmetic mean of AUC. However, the
experiment did not take into consideration the
difference in sample sizes when changing the
imbalances in the data set.

Our paper seeks to validate the conclusions
made by Banko et al. and Samir Al Stouhi
which state that training size has a bigger im-
pact on performance than the imbalance ra-
tio and the inverse relation of imbalance ratio
and performance by Zheng et al |6][7][8]. Our
experiment shares similarities with the experi-
ment conducted by Zheng et al but diverges in
the choice of imbalance ratios, methods to pro-
duce the desired imbalance ratio and consid-
eration for sample size across imbalanced data
sets. Furthermore, the experiment is evaluated
using the accuracy curve, the area under the
accuracy curve, multivariate Gaussian distri-
bution, plateau analysis, parameter analysis,
and false positive and negative curves. It will
not be evaluated using AFG, F0-score and G-
mean.

3 Methodology

This section describes how the experiment was
conducted to investigate the impact of class
imbalances on the learning curve using the
nearest-mean model. It describes the data set
used and how the results were produced with
the model to create learning curves for analy-
sis.

3.1 Definitions

The ratio of the class imbalance used for the
experiment is [0.1,0.2,0.3,0.4,0.5]. The value
represents the percentage of the dataset that
consists of the minority. 0.5 indicates a bal-
anced data set, while a ratio of 0.1 implies
that 10% of the dataset consists of the minority
class. There are two classes in the experiment;
class 0 (Cpy) and class 1(C7). Class 0 is the
majority, the negative class and class 1 is the
minority, the positive class.

3.2 Data Set

The source of the data set used for the experi-
ment is sampled from a multivariate Gaussian
distribution. For class 0, the parameters are
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defined by pg = [0] and ¥y = [O J. For
class 1, the parameters are p; = [0 and X1 =
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Figure 1: Multivariate Gaussian Distribution.
The means are: pg = [(2)], w1 = [8} The

covariance is identity matrix.

3.3 Experiment

The experiment begins by sampling 100 data
points from the multivariate distribution based
on the imbalance ratio. The test set con-
sists of a balanced data set with 10000 sam-
ples from the same distribution. The near-
est mean model is trained using specific sub-
set sizes, defined as the following: [10, 20, 30,
40, 50, 60, 70, 80, 100]. The experiment is re-
peated 1000 repetitions to ensure the reliability
of the results. After training, the model’s ac-
curacy metrics on the test set are averaged and
learning curves are produced.

4 Results and Discussion

In this section, the results of the experiment
are presented and analysed, focusing on the
shapes of the learning curves, the accuracy



plateau, performance disparities across imbal-
ance ratios, and the false positive and negative
rates.

4.1 Performance

The performance of the nearest mean model
decreases with the increase of imbalances in the
data set. Illustrated in Figure [2| the learning
curves across the imbalance ratio. A notable
performance gap is observed in training size 10.
However, as the training size increases, all im-
balance curves progressively approach the per-
formance level of the balanced dataset. This
indicates that with sufficient data irrespective
of the imbalance ratios, the model can perform
relatively well. To quantify the model’s per-
formance throughout the training process, the
area under the curves was calculated, this is
shown in Figure[d It shows that as the level of
imbalances in the data set increases, the over-
all performance during the training decreases.
This suggests the significant role of the training
size on the performance of the model regardless
of the imbalance ratios specified in this paper.
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Figure 2: Comparison of Learning Curves of
various imbalance ratios. The performance of
the model increases as the level of imbalance
in the data decreases
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Figure 3: Partial representation of the stan-
dard error during training. The standard er-
rors are relatively non-significant across the im-
balance ratios. As the train size increases, the
standard error increases as the imbalance in-
creases
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Figure 4: Area under the curve across the
imbalance ratio. It indicates that as the im-
balances of the data set increases, the overall
training performance decreases

4.2 Shape of the Curves

An analysis of the shape of the learning curves
was conducted by fitting the logistic function
onto the existing curve, providing approxima-
tions for parameters a, b, and c. The logistic
function is defined by f(z) = i and
parameters are defined as the following: a is
the maximum achievable accuracy; b is growth
rate; ¢ is the midpoint of the logistic curve; z is

the train size. Figure [5| shows the curve fitting



result on the balanced curve. Despite a few
missed points, the relationship among the fit-
ted curves mirrors that of the original curves,
as depicted in[6] Additionally, the square error
was calculated between the original and fitted
curves as shown in [7] The square error indi-
cates that the fitted curves are less accurate
when performed on curves resulting in more
imbalance data but the errors are not signifi-
cant, indicating that the fitted curves are rel-
atively reliable. Therefore, the approximated
values of the parameters can provide valuable
insights into the shape of the curves.
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Figure 5: Fitted Curve vs Original Curve of
Balanced Data Set. The fitted curve did not
capture every data point but the squared error
is minimal. The square error for this curve is
5.01335 x 10796,
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Figure 6: Fitted curves of all original curves.
The fitted curves seem to capture similar pat-
terns from the original curves.

The estimated parameters obtained from
curve fitting were compared across different im-
balance ratios, this is presented in Figure [§] [9]
and [LO] which shows a, b and ¢, respectively.

Parameter a decreases as the imbalances in
the data set increase. This indicates that the
maximum accuracy achievable by the fitted
curve decreases with increasing class imbal-
ances. No observable relationship can be iden-
tified for parameter b. Parameter ¢ increases
as the imbalances increase, implying the right-
ward shift of the function with increasing im-
balance.

Further analysis reveals that while param-
eters a and b have no significant differences
between the imbalance ratios, parameter ¢ dis-
plays significant disparities. This suggests that
the impact of imbalances on the learning curves
majorly affects the rightward shift of the fitting
function and has little impact on the maximum
achievable accuracy and growth rate.
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Figure 7: The square errors of the fitted curve
and the original curves. The square error
increases as the curves are made from more
imbalanced datasets. The errors are non-

significant, indicating that it is relatively re-
liable.
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Figure 8: Parameter a comparison, maximum
accuracy the fitted curve can obtain. Increased

imbalances result in a decrease of a. However,
the difference is non-significant.
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Figure 9: Parameter b comparison, the steep-
ness of the fitted curve. No conclusion can
be made from the figure. However, the dif-

ferences between the imbalance ratios are non-
significant.
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Figure 10: Parameter ¢ comparison, the hori-
zontal shift of the logistic function. As the im-
balances in data increase, the logistic function

shifts to the right. The differences are signifi-
cant.

4.3 Plateau

The plateau of the curves provides insights into
when increasing the training size yields no fur-
ther significant advancement in accuracy. The
derivatives of the curves were calculated and a
threshold of 0.0001 was applied to determine
the plateau point. Figure [T1] shows the change
in derivatives along the curves. Curves with
imbalance ratios 0.5, 0.4 and 0.3 plateau at
train size 50, while curves with imbalance ra-
tios 0.2 and 0.1 plateau at train sizes 60 and
80 respectively. The observation implies that as
the data set becomes more imbalanced, more
training samples are required to reach their
plateau. The values of the derivatives for the
curves can be found in Appendix TODO Ap-
pendix
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Figure 11: The derivatives of the learning
curves. With a threshold of 0.0001, curves 0.5,
0.4 and 0.3 reaches a plateau after 50 train size.
Curves 0.2 and 0.1 reach the plateau after 60
and 80 train sizes respectively.

4.4 False Positives and Negatives

The false positive and negative rates of the
curve provide details on how the model han-
dles imbalanced data sets and how it impacts
the learning curve dynamics. Figure and
illustrate the false positive rate and false
negative rate across the imbalance ratios, re-
spectively. The positive class signifies the mi-
nority, while the negative class signifies the
majority. The false positive rate curves show
increased noise as imbalances in the data in-
However, the curves behaved as ex-
pected since there are more majority instances
in more imbalanced data sets, and the rate of
false positives is decreased. On the other hand,
the false negative rate curves exhibited no vis-
ible noise and behaved as expected as higher

crease.



imbalances lead to higher false negative rate.
During the early training phase, the maximum
difference among the false positive curves is
approximately 3% whereas the false negative
is approximately 12%. Toward the end of the
training, the maximum difference for the false
positive rate is approximately 0.5% and the
false negative rate is approximately 1%. This
suggests that the learning curves are more sig-
nificantly impacted by the false negatives, em-
phasizing their importance over the false posi-
tives. As a result, the balanced learning curve
performed the best.
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Figure 12: False Positive Rate Curves. The
balanced curve showed no visible noise, but
noise began to appear with increase of imbal-
ances. However, it behaved as expected, that
is lower false positive rate as imbalances de-
crease.
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Figure 13: False Negative Rate Curves. The
curves behaved as expected. The mislabelling
of the minority class decreases as the curve be-
comes less imbalance.

4.5 Limitations

The experiment conducted is not perfect, it
has some limitations which are discussed in
this section. The limitations discussed are the
choice of subset size and imbalance ratios.

Due to the simplicity of the data used, the
analysis is only conducted with a maximum of
100 training samples, which is the main con-
tributor to the limitation of this experiment.
As a result, the choice of imbalance ratios and
subset sizes for the training is limited to main-
tain consistency throughout the training of the
model and sufficient data points for the curves.
To ensure that the desired imbalance ratio is
maintained throughout the training, the subset
size can only be intervals of 10 and the imbal-
ance to be intervals of 0.1. Additionally, the
nearest mean model from sklearn requires that
there is at least one instance of each class, con-
tributing to the choice of the subset size and
imbalance ratio intervals.

5 Conclusion and Future

Works

In conclusion, this research aims to investigate
the impact of data imbalances on the learn-
ing curve using the nearest mean model. The
experiment uses a multivariate Gaussian dis-
tribution to generate the samples for the train-
ing of the model with various imbalances in
the samples. The analysis of curve parame-
ters using the logistic function reveals that the
maximum achievable accuracy decreases with
increased imbalances and shifts the curves to
the right. However, the difference in achievable
accuracy is not significantly big. Furthermore,
the plateau analysis demonstrated that with
increased imbalances, more training sample is
needed to reach a plateau in accuracy. The
examination of the false negative and positive
rate curves suggests that false negatives have
a significant impact on the learning curves.
Additionally, the variability of the curves is
greater with increased imbalances, though in-
significant. Overall, the findings support the
conclusion made by Banko et al. and Samir Al
Stouhi et al., emphasizing the significance of
training size over imbalance ratio in the data
set. Additionally, it supports Zheng et al. find-



ings that conclude the decrease in performance
is due to increased imbalances in the data.
While the finding of this study provides valu-
able insights into the impact of data imbal-
ances on the learning curve, it is of utmost
importance to acknowledge that this paper is
based on simple synthetic data and specific
constraints imposed by the chosen model and
experimental design. To ensure generalisabil-
ity, future research should be done. This in-
cludes more models and diversity in data used.

6 Responsible Research

In order to ensure reproducibility, this pa-
per provides the methodology of the experi-
ment, including all relevant data such as the
distribution, repetition size, train size, imbal-
ance ratio and model. The experiment source
code can be found at https://gitlab.com/
jiajiefeng000/research-project.gitl Ad-
ditionally, various limitations of the experi-
ment is stated.

Large language models were used during the
production of this research paper. It was used
to assist in ideas for writing in some sections,
latex, producing code to plot the analysis of the
data and debugging code. All related prompts
with the large language model can be found in
Appendix TODO.
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A Derivatives

Table 1: The derivatives of the fitted curves

Train Size

10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-100
0.1 | 0.00249 0.000939 0.000537 0.000307 0.000206 0.00014 0.000105 8.94e-05
0.2 | 0.00135 0.000495 0.000271 0.000193 0.000122 7.1e-05  6.45e-05  5.8e-05
0.3 | 0.00105 0.000353 0.000197 0.000151 9.71e-05 7.31e-05 5.36e-05  3.7e-05
0.4 | 0.000968 0.000334 0.000185 0.000122 8.71e-05 6.27e-05 5.17e-05  3.9e-05
0.5 | 0.000896 0.000312 0.000175 0.000104 8.07e-05 5.4e-05 4.11e-05 3.64e-05

B Large Language Model Prompts
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ChatGPT
Certainly! If you want the subset sizes to be the column titles and the 04, 0.2, 0.3, 04,
0.5 to be the row titles, you can modify the LaTeX code as follows:

‘decumentclass{article}
\usepackage{multirow}
\begin{document}

\begin{table}[h]

\centering

\caption{Data Table}

\begin{tabular}{|c|cccoccccc|

\hline

\multirow{23H{ *}{\textbf{Column Title}} & ‘\multicolumn{8}{c|}{\textbf{Su
\cline{2-93

& \textbf{10-20} & \textbf{20-30} & \textbf{30-403} & \textbf{40-50} & \
\hline

\textbf{0.1} & 0.00249 & 0.000939 & 0.000537 & 0.000307 & 0.000206 & O.
\textbf{0.2} & 0.00135 & 0.000495 & 0.000271 & 0.000193 & 0.000122 & 7.
\textbf{0.3} & 0.00105 & 0.000353 & 0.000197 & 0.000151 & 9.71e-05 & 7.
\textbf{0.4} & 0.000968 & 0.000334 & 0.000185 & 0.000122 & 8.7Tle-05 & 6
\textbf{0.5} & 0.000396 & 0.000312 & 0.000175 & 0.000104 & 8.07e-05 & 5
\hline

\end{tabular}

‘end{table}

\end{document}

This code swaps the positions of the row and column titles in the table. You can copy
and paste this code into a LaTeX document to generate the table with the desired

orientation. Adjustments can be made to the formatting based on your preferences.
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Winkr et thale fior this. The snboet_sizes represent the now titles. The O, 02, 005, 04,
05 iz the: column tithe. Ench imdes of suboet oire s sxoosssbed with, the same imde: of
the other izt

ChatGPT
Certainly! Here io & LaTeX table for the provided data:

\documentolass{article}
usepackage {multiroe}
Vhagdn{ document

\begin{table}(n]

\centering

\caption{Data Table}

\begin{tabularH | c|coccoooce| 3

Vhlime

vl tirow{2}{* HSubset Size} & Ymulticolusn{E}c|H\texthf{Colimn Titls
velime(2-B}

B \tewthf{O. 1} B \tewthf{D. 2} B \tewthf{D. 3} B \texthe{D. 4} B \texthe{D
Vhilime

10-20 & 0.00245 & O.0D0I35 & 0.00M0S & O_DO0OES & O.000ESE \)

20-30 & 0.000529 & O.000455 & 0.000353 B 0000334 & 0000312

30-40 & 0_D00E3T & O.000271 & 0.000197 & O.0001BS B O.000I7E

£0-50 & 0_D00B0T & 0.000093 & 0000151 ] B 0.000M04

50-60 & 0_000008 & O.000022 & 9.Tl=-05 B B.Tle-06 B 8 OTc-08

B0-70 & 000004 & 7.1le-05 & 7.31e-05 & 5.42-05 %\

TO-80 & 0_D00MOS & &.452-05 & 5.362-06 B 5.1Te-06 B 4. 11c-08 %\

B0-100 & B_S942-05 & 5.8:-05 & 3.7e-05 & 3. 3.542-06 1),

Vhilime

yend{ tabular}

yend{ tahle}

Lend{ documesntt

This LaT ooe uses the ~mltirow” packese to creste muultirow calls for the “Subset
Sire" column and the Yl ond wen ™ cormsmand o oneate the column tites. Sow can
oy mnd paste this code imto a LaTedX docusment to gensnate the table Adjustments
can be made to the formatting based on your preferences.




a1 You
latex, how to make: link clickable

ChatGPT

In LaTeX, you can make links clickable by using the -Yurl - command from the

“hyperref - package. Here's a simple examiple:
1 Add the -hyperref - package to your LaTeX document preambile:
It
‘documentclass{articla}

‘\wsepackage{hyperref}
‘\begin{document}

1 Create a clickable link using the -\l - comimand:
lerbex:

‘wrl{https: f fwew . example . com}

1. Complete your document:

lerbew:

‘vend{document}

Here's the complete code:

It

‘wdocumentclass{article}

‘\wsepackage{hyperref}
‘\begin{document}
Click this Ywrl{https://wew_example_ com} link.

‘end{document}

[ Copy code

[ Copy code

When you compile your document, the link will be clickable in the generated PDF.

Remember to replace -https - f/wew_example_com- with the aciual URL you want to

linkto. The ~hyperref- package also provides additional options for customizing link

appearance and behavior, so you meay wani 'ﬂ:l refer to its documentation for more

advanced features.
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You
I hawe a two column document, | want to create anappendix section but | want it to be
normal instead of two column

ChatGPT
Ina two-column document, if you want to create an appendix section that spans both

columns and is formatted differently (e.g., single-column), you can use the
“\onecolumn~ and ~\twocolumn ™ commands. Here's an example:

lerbene [] Copy code
‘wdocumentclass[twocolumn]{article}

‘wsepackage{lipsum} ¥ for generating dummy text

‘\begin{document}

‘section{Introduction}
‘lipsum[1-3]

‘section{Main Comtentl}
‘1ipsum[4-8]

¥ Switch to one column for the appendix

wnecolumn

‘appendix
‘section{Appendix}
ipsum[9-12]

¥ Switch back to two columns for the rest of the document
\twocolumn

‘section{Conclusion}
\ipsum[13-15]

‘vend{document}

Inthis example, the ~\onecolumn - command is used to switch toa single-column
layout for the appendix section, and ~\twocolusn - 5 used to switch back to the two-
column kayout afterwand.

Make sure to put your actual content and sections in place of the ~\Lipsum~
commands for your specific document. Also, adjust the formatting and styling as
needed based on your document class and style preferences.

o
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a0 You
biblatex, how to number the citations in order they appear in the document

ChatGPT
Im BiblLaTeX, you can achieve numbering citations in the order they appear in the
document by using the ~sorting—mone - option. Here's an examiple:

1. Add the following lines to your LaTeX document preamie:
b
‘wusepackage[styleenumeric, sorting=none]{biblatex}
‘addbibresource{your_bibliography_file bib} ¥ Replace with the actual n
Make sure to replace "your_bibliography_file_bib"™ with the actual name of your
bibliography file.
1 Wherever you want to cite a reference, use the ~yeite(} command:
et

‘woite{Author20203

Replace "Author2020" with the actual citation key from your bibliography.

1. After making these changes, compile your LaTex document using your preferred
LaTeX editor or compiler.

By setting ~sorting—mone -, BiblLaTeX will arrange the citations in the crder they

appear in the document. This ensures that the citation numbers are assigned based on
the order of citation rather than any sorting criteria.

14



You
The legend is outside of the plot, creating too many white space. | would like it to be on
the lower right handside but within the plot itself

ChatGPT

To mowve the legend within the plot and place it in the lower right-hand side, you can
use the ~loc~ parameter of the -1egend - function in most plotting libraries like
Matplotlib. Here's an example using Matplotlib in Python:

python [ Copy code=

matplotlib_ pyplot plt

plt_plot{x, yl, labhel=
plt_plot{x, y2, label=

plt_legend{loc=

plt_show()

In this examiple, the ~loc="lower right'- parameter specifies the location of the
legend. You can adjust the ~1ec~ parameter to place the legend in different positions

within the plot. Other possible values include - "upper right' -, ~"upper left'-,

“"lower left'-, "center' -, and many more. Choose the one that suits your needs.

Adpusting the ~Lloc™ parameter should help you place the legend within the plot and
avoid excessive white space outside the plot area.

15



You

(0.5 [0, 00003956 TI239339653, 0D00STIBSR00000003564,
C:000Tr6450000000732, (u00MMOA0ISISSI09TISE, 6.0T0S0993095804e-05,
5.3589099900998155e-05, 4T13999990005066e-05, 3 6365000000004 87e-05, O]
(04 [0, 0DO0ETI04 29399509301, 00003 34X20000000085,
C:00OMB52TA9990390455, 0000TZ24549090990046T, ET1I0500000001508e-05,
62T0500000004619e-06, S16TS99990099693e-06, 3. 895009999906(0135e-05, 0]
0:3: [0, 0:0M050600000000034 5, 0:0003526200000090508,
C:00OM9GEE099990004 385 NN00S0689939950068092. ATNI00000000250Me-05,
T3124959595906Te-05, 535749995000 6884e-05, 3700000000004 3e-05, 01
02 [0, 0D0E345455000000007, 0.0004950950000000T8T,

Q0002 TOS500000000027TS, IDOMIETISD000000331, 000222200089 30 5 TE TS,
T0099999999158 Te-05, 6446500000002464e-056, 5802439500905048e-05, 0]
0t [0, 002452525505 00008 T, OD0S35345000000074T,
0:000536T20000000M0HE, 0D00S06544999595966T, 000005TH495 000058000,
QOOOZSTHSSS009903 30T, Q0OM0SHA49395 995865, 8.544000000004614e-05, 01

Make a plot for this

ChatGPT
To make a plot for the given data, you can use a plotting library such as Matplotlib.
Here's a Python code snippet that creates a line plot for the data you provided:

prihon

matplotlib_ pyplot plt

subset_sizes

Figure{figsize=({10, £}}

curve_name, curve _dats data.items():
plt.plot{subset_sizes, curve_data, label=

~title{
-¥lahel(
.ylabel(
-legend{title=
-grid( )
-show()

16



Yo

For 05— A- D3STE0OEENE0OTIE, B OTEIMAOSSTEE4S, C-E5ATOTHETTA00TE
Error: SISES40ES00TE 0605

For 04 — A DESTHMS000 066, B: DOTEEE-FTE0M0EGERE,

C-35. 5000 PEINSIS500E

Error- 626665 008

For 05 — A- D85TI4TO8ES00H0, B Q0TS0SE06648457T0Ta, -85 454 F 5000548
Error: TEISFHOESESSTH6-06

For 0.2 — A- 0835TI30M0EI58554, B: L0TI5 466050540, C--50 S0 P05 40ATR M5
Error: SESETTTREITI0EDe-0E

For 0 — A- O530H0008T4HMSE, B: GOTTE804450T8013, C--1 AINS4HEIDE4004
Error- 2 SRR OATT TG =05

Miakor: ceperate: pliots fior ench. A plot for e, by o, end emor. The xmds i the O, 002, 023,
04 05

ChabGPT

Certainiy! To oreste separte plots for each of the verisbles A, B, C, snd Ervor with the -
Enig representing the vahees 00, 02, 03, 0:4, 0.5, you can use a plotting tool e Python
with Matplotlh. Below is 2 simple s@ample using Python end Matploghibc

pythen

matplotlih. pyplot plt

. Figure | Hgsize=
-subplotl., -, -]
.plot{ threskalds,
R=1 5PN
.xlabel{
.ylabel{ &'}

-smbplotl:, =, Z}
- plot{ threskalds,
SHELe|
.xlahel{
.ylahel{ E'}

-smbplet{:, 2, =}

-plot{ threskhalds, ©_values, marker= ]
Wmhal|

~Xlahal{

-ylabel{ b




In Python, you can use libraries such as Matpiotlib to create plots. To increase the label
size in a Matplotlib plot, you can set the font size for the xlabel and ylabel. Here's an

example:

python [ Copy code

matplotlib. pyplot

plt.plot{x, ¥)

plt_x1labal( , Tontsize=
plt_ylabel( , Tontsize=

plt_show()

In this example, -fontsize- parameter is used to set the size of the x-axis and y-axis

labels. You can adjust the value of - fortsize - according to your preference.

Remember to install Matplotlib if you haven't already:

bezh

pip install matplotlib

This code snippet will create a simple plot with increased label size. You can customize

other aspects of the plot, such as the title, legends, etc_, using similar parameters and
methods in Matplotlib.

18



You
How to make the plot tight

ChatGPT

To make the plot tight, you can use the -plt_tight_layewt( ]~ function. This functicn
automatically adjusts subplot parameters to make the plot fit the figure area. Add this
line at the end of your code, just before -plt_show() -

python

plt.tight_layouwt(}
plt_show()

Here's the modified code:

prthon

ax . legend( )

plt_tight_layouwt(}

plt_show()

Including -plt_tight_layowt{]) - will ensure that the plot layout is adjusted to fit the
figure size nicety

19



| herwee the Inbels standand smor which is secocinted with their keys 00, 02, 0.5, 0.4, 051
went io create & bar chart where the v eois is the standerd error and the < ads is the
suboet sire | vt the bear chart to be s cluster bar whers sschi bar in the duster
represent the leeys, | would e o hene thres clissters inthe bar chert, reprecenting
subgst size 10, 50, W0, The color of the bers in the duster s consistent throughout sl
the chuster

ChatGPT
To create a clustersd bar chart with the specified requiremsnte, you can uce the
following code. It uses the ~har - function from Metplothb to oreate the cluestered bars:

python ] Copyoods

matplotlil. pyplot plt
L np

subset _size = datal
ermor_data = {key: waluel

bar_width =
bar_pasitions = np.arange(lcn{subset_size))

fig, ax = plt.swbplots{figsize={.", )}

i, [key, errors) {error_data. items])):
o bar{bar_positions + 1 ¥ bar_width, errors, sldth=har weidth, Lok

St _wlabel|

St _ylabel|

St _tHtled

St _wticks|bar pocitions + | [ermor_data) - ) " bar width f )
St _wticklabels]subset size)

legend( ]

Pt show )




You
pit.colorbar{label="Clas=)

Instead of color bar, | want it with a legend. Class 0and dass 1

| CharGPT

If you want to create a legend instead of a color bar with labels "Class (F and "Class 1,7
you can modify the legend accordinghy. Assuming you are plotting lines with different
classes, you can use the following modification:

prihon ‘_"| Copy code
matplotlib_ pyplot plt

(id, subset_size, main_dict):

plt_figure(figsize=(17, 2])

key, value main_dict _items()-:

key =

ey =
plt. exrorbar{subset_size, value[

linestyle= , marker= 1

plt.errorbar{subset_size, value[

-xlabel{
_ylabel(
_title(

-legend(title= , bbox_to_anchor={1, 1})

_grid{ ]
-tight_layowt()

plot_regular(’, subset_size, main_dict)
plt_show()

In this modification, 've used -label="Clas=s 0" and ~label="Class 1'- for the
commesponding lines. The ~plt_legend - function is then used to display the legend
with the specified labels. Adjust the labels according to your actual classes if needed.

21



You

$NumberOfiviajority £ NumberOfMinority$

How to make this into an latex equation
ChatGPT
To write this expres=sion as a LaTeX equation, you can use the following symtax:

lxtex

‘\Erac{NumberliMa jority HNumberDflinority}
This will create a fraction with "NumberOfiajority™ in the numerator and
"NumberOfiinority™ in the denominator. Make sure to include this within the

appropriate math mode ervironment, such as -\[ -_. \1- for displayed equations or
% ___ % forinline equations. Heres an example of an inline equation:

ket

The ratio is $\frac{Number(fMajority}{NumberlfMinority}$.

Or for a displayed equation:

ket

AL \Erac{Number(fiajority}{Numberiifinority} Y1

Remember to replace "MumberOfMajority” and "MumberCfvinority™ with your actual

variable names or values.

22



A You
latex, create an identity matrig 2x2

To create a 2x2 identity matrix in LaTeX, you can use the following code:

It [] Copy code

‘documentclass{articla}

\usepackage{amsmath}
\begin{document}

AL
\begin{bmatrix}
180D

0O&E 1\
‘end{bmatrix}
W]

‘end{document}

This code uses the ~amsmath- package and the ~bsatrix- enwvironment to create a

2=2 matri with the elements of the identity matric

You
Make a 2=1 matrix. the content is all O

CharGPT
Certainhy! You can create a 21 matrioc with all elements being O using the following
LaTeX code:
ke
‘documentclass{article}
‘\begin{document}
AL
‘\beginibmatrix}
0 W
4]
\end{bmatrix}

A1

\end{document}

This code uses the ~beatrix - envircnment from the - ssssath- package to create a

2=1 matrix with zeros.

23



You

\begin{tabularH]cicicl}

\hiine

& \textbf{Mean} & \textbf{Covariance} \\

\hiine

\textbf{Class O & $yleft] \beginfamayHict 2 \\ 0\endfarray] \rightl & Fefl
\beginfarray}{cc} 1 8 0\ 08 1\end{array} \rightl$\

\hiine

\textbf{Class T} & S\efif \beginfarrayHc} O\ 0\end{amay} \right}$ & Flefil
\begin{arrayHcc} 1 &0V, 08 1\end{armay} \rightl$ W\

\hiine

‘\enditabular} \\

Center this and make the font a bit smaller

ChatGPT
Certainhy! You can use the following LaTeX code to create a centered table with a
smaller font:

lat=x [] Copy code

‘wocumentclass{article}
\usepackage{amsmath}
\usepackage{array}

‘wsepackage{graphicx}
‘\begin{document}

\begin{tahle}[h]
wentering
small
\eegin{tabular}{lcleclcl}
‘\hline
& ‘textbf{Mean} & ‘\textbf{Covariance} \\
‘hline
‘textbf{Class 0} & $\left[ \beginf{array}{c} 2 %\ 0 ‘end{array}
‘hline
\textbf{Class 1} & $lefr[ \beginfarray}{cl} 0 \\ 0 ‘end{array}
Yhline
yend{tabular}
wend{table}

‘vend{document}

This code uses the ~table- environment to create a table, the -centering - command
to center the table, and the - \small - command to reduce the font size. Adjust the size

further if needed by using other size commands like ~\footnotesize -,

“\scriptsize”, EiC. n

24



You
*aITays,

what does this mean in parameters:

ChatGPT

In the context of programming and functions, when someone refers to "armrays" in
parameters, they are typically talking about the input or cutput parameters of a
function that should be arrays or array-like objects. An "array”™ in this context generally

refers to a data structure that stores elements of the same data type in a contiguous

bleck of memory:

For example, if a function is designed to accept armrays as parameters, it means that you
should pass sequences of elements (like lists, NumPy arrays, or similar) rather than
individual values. Similarly, if a2 function returns amrays, it means that the output will be a

collection of values crganized in an array-like structure

25



ChatGPT

In Python, the asterisk (*) is used for two different purposes depending on the context:

1 Umnpacking Operator { -+ -} in Function Parameters:
= When used in the context of function parameters, the asterisk (
unpacking. It allows a function to accept a variable number of arguments.

= For example:

python

arg args:

nrint{arg)

example_function{l, 2, =}

In this case, ~*axgs- allows the function to accept any number of positional
arguments, and the functicn can iterate over them.
2 Unpacking Operator {~*-) in herables:
= Dutside of function parameters, the asterisk {*) can also be used to unpack
elements from an iterable (e.g., a list or tuple).

For example:

pythan

numbers = . 2, 3, 4, 51

first, *rest = numbers
print{fHirst)

In this case, —*rest- is used to collect the remaining elements of the list after the
first one.

It's important to note that the use of the asterisk depends on its context. In the context

of function parameters, it is related to collecting variable numbers of arguments. In the
context of iterable unpacking, it is used to collect or spread elements.

26



You
Howr can | write an assertion and print out emmor messages. for example checking if the
variable is of certain length

ChatGPT

In Python, you can use assertions to check conditions and raise an ~AssertionFrror -
if the condition isnt met. Additionally, you can customize the error message to provide:
more context about the assertion failure.

Here's an example of using an assertion to check if a vanable has a specific length:
prihon

{var, expected_length):
len{var) = expected_length,

my_wvariable =
expected_length =

check_wariable_length{my_wvariable, expected_length)

printi )
AssertionError

print{

In this examphe:

-check variahle length()- isafunction that takes a -vaxr - (variable)and an
“expected length-.

The assertion inside: this function checks if the length of ~waxr~ matches the
“expected_length™.

If the assertion fails, it raises an -AssertionErrer - with a custom error message
indicating the expected and actual lengths.

The ~txy-except- bDlock is used to catch the -AssertionError - and print a custom
eImor message. You can perform any specific handling or logging of the error within
the ~except™ block

Replace “my_wvariable™ and ~expected length- with your specific variable and
expected length. Adjust the assertion condition and ermor message to Sult your
requirements.
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You
Inan bachelor thesis in the context of computer science, how do | describe my
experimental setup

B ChatGPT
Describing your experimental setup in a bachelor thesis within computer science
involves detailing the environment, tools, software, hardware, and procedures used to

conduct your experiments. Here's a structured approach you might consider:

1. Introduction

= Brnefly introduce the purpose of the experiment and its significance.

2. Experimental Goal fObjective

= Clearly state the goal or objective of the experiment.

3. Experimental Design
= Ervironment: Describe the physical or virtual enwironment where the experiments
were conducted. Is it a lab setting, a simulated emvironment, or a real-world scenario?
= Hardware Setup: Detail the handware used, such as coOmpULers, Servers, Sensors,

Include specifications if relevant.

or any specialized tools used for the experiment.

* Datasets (f applicable): Explain the source and characteristics of the datasets usedin
the expenments.

4. Experimental Procedure

= Seps: Outline the step-by-step process followed during the experiments. This should
include specific instructions or algorithms used.

= Parameters: Detail the parameters, configurations, or variables manipulated during
the experiments.

5. Data Collection

= Explain how data was collected, recorded, and stored during the experiments.

6. Execution and Control

= Describe how the experiments were executed and controlled to ensure accuracy and

reliability. Discuss any measures taken to minimize ermors or biases.

T. Metrics and Evaluation

= Specify the metrics used to evaluate the results obtained from the experiments.

8. Results

= Present the findings/fresults obtained from the experiments.
4

9 Niarnesinn and Anashrais
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You
shuffled_data, shuffled_labels = shuffle{data, labels)

Typetmor: Random shufflel) takes 2 positional arguments but 3 were given

ChatGPT
Apologies for the confusion earlier. it seems there might have been an ermor in using
the ~shuffle- function. The ~shuffle- function from -sklearn_ utils™ acCeptsa

single amay or matrixas its input, rather than multiple armays.

Here's the correct usage of ~shwffle- with separate “data- and ~1abels - armays:

prthon [[] Copy code

combined = list{zip{data, labels}})
shuffled combined = shuffle{combined)

shuffled data, shuffled labels = zip({*shuffled_combined)
shuffled_data = np.array(shuffled_data)
shuffled labels = np_array({shuffled_labels)

This code zips the ~data~ and ~labels- amays together, shuffles the combined data,
and then unpacks them back into ~shuffled data~ and “shuffled labels-. This
process ensures that the data samples and their cormresponding labels are shuffled
together to maintain their comespondence.

29



The nearest mean classifier, sometimes known as the nearest centroid classifier, isa
simple classification algorithm. In Python's scikit-leam library, you can implement it
using the -NearestCentroid- class. Here's an example:

[ Copy code

python

sklearn.neighbors NearestCentroid
sklearn_datasets make_classification
sklearn. model _selection train_test_split

sklearn. metrics BCCUTACY _SCOTEe

make _classification(n_samples= , n_festures=',6 n_classes=:, ra

¥_train, X_test, y_train, y_test = train_test_split(X, y, test_size=

clf = MearestCentroid()

(¥_train, y_train)

y_pred = clf predict(X_test)

ACCUracy = accuracy_score(y_test, y_pred)
primt{ )

This code creates synthetic data using “make_classification™, Splits it into training
and testing sets, creates a ~“MearestCentrodid - classifier, fits it to the training data,
predicts on the test set, and calculates the accuracy of the predictions. You can replace

“make_classification ™ with your dataset and adjust parameters accordinghy.
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You
Python, how to do integer division

ChatGPT

In Python, you can perform integer division using the double forward slash - 77 -
operator. This operator divides one number by ancther and returns the integer result,
discarding amy remainder. Here"s an example:

pyithon

Tesult = i

srint{result)

Inthis case, -10 ff 3~ will resultin -3 -, as it performs integer division and disregands
the remainder.
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You
ValueEmor: X has 2 features, but MearestCentroid is expecting 1 features as input

ChatGPT
The error you're encountering typically cocurs when the input data provided to the
MNearestCentroid classifier has more features than it expects. NearestCentroid

assumes a single feature for each sample. If your input data has more than one feature,

you might need to reshape or preprocess it appropriately.
Here's an example of how to reshape your data to fit the MearestCentroid modek
prthon [] Copy code

sklearn _neighbors NearestCentroid
numpy np

np.array([[Z, 21, [=, =1, [5, £11)
np.array([7, 2, 01}

¥_train_reshaped = np_mean{X_train, awis=1)_reshape(-

clf = NearestCentroid(}
clf fit{X_train_rechaped, y_train)

Here, -X_train~ I5 assumed 1o have multiple features. We're using
“np-mean{X_train, axis—1)" 1o reduce the features to one by taking the mean
across the features for each sample. Then, -reshape{ -1, 1) reshapesthe datato

hawe a single feature fior each sample, which can be used with NearestCentroid.

Replace the example data with your actual feature data (-X_train-) and target labels
{~y_txain-). This reshaping process should help adapt your data to fit the expected
input format of NearestCentroid.
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You
count_class0 = npsumilabels = )
count_class] = npsum{labels == 1)

| have labels which has 1 and O but it does not count them

ChatGPT
| see, it seems there might be an issue with the label counting process. To ensure

proper counting, let's directly use the ~1abels- list rather than converting itto a
MNumPy array:

python

(num_samples, meanl, stdl, mean?, std2
data = []
labels = []

len{data) < num_samples:
np.random.rand() < probability:
point = np.random.normal (meanl, stdl)
data _append({point)
labels _append( >}

point = np.random.normal (mean2, std2)
data append{point)
labels _append( )

count_class( = labels.count(C)

count_classl labels._ count(l)

np.array({data), np.array({labels)

This code uses the ~count(} - function directly on the -labels- list to count
occurrences of -0~ and -1-, ensuring accurate counting of each class label within the
dataset.
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You
python, make a class of defined parameters that is available globally to all functions

ChatGPT
In Python, you can create a class with parameters that can be accessed globally by
other functions by creating an instance of that class. Here's an example:

prihon

{self, paraml, param2)-:

self paraml = paraml
self param? = param?

global_params = GlobalParameters{paraml walue, param2_walue)

function_using_params()
another_function()

In this example, -GlobalParameters - is a class that holds the defined parameters. An
instance of this class -global _params- is created with specific parameter values
(-paraml_walwe- and -param2_ walwe-). Other functions can access these parameters
through the ~global params- instance by refernng to ~global params paraml - and
“global params.param?-.

Remember to initialize the -global_params- instance with the desired parameter

values before accessing them in other functions. This way, the parameters are

accessible globally across functicns through the class instance.
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You
latex, is there a way to include all the png in the folder

ChatGPT
Yes, in LaTeX, you can use the ~graphicx™ package to include PNG images in your
document. To include all PNG images from a specific folder, you can use a combination

of the ~graphicspath”™ command and a loop. Here's an example:

\decumentclass{article}
\usepackage{graphicx}
\usepackage{grffile} ¥ This package allows including files with multipl

% Specify the folder containing the PNG files
\graphicspath{{path/to/your/folder/}}

\begin{document}

‘\foreach ‘x in {1,2,...,10} { ¥ Adjust the range based on the number of
\IfFileExists{image\x.png %
\begin{figure}[htbp]
‘wcentering
‘\includegraphics[width=0.8\textwidth]{image\x.pngl}
\caption{Caption for Image ‘x}
\end{figurel}
HX

% File does not exist

‘\end{document}

In this example, replace ~path/ftofyour ffolder/™ with the actual path to the folder
containing your PMG images. The loop (™ \foreach ™) goes through the specified range
(1 to 10 in this case) assuming you have 10 PMNG files. Adjust the range based on the

number of PNG files in your folder.

This example uses the “grffile” package to allow filenames with multiple dots. f your

filenames have only one dot, you can skap this package.

Make sure to compile your LaTeX documentjsth a compiler that supports the
“\foreach loop, such as Xel aTeX or Lual aTeX_ If you're using a standard LaTeX
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