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Abstract

Data Curation is one of the essential bases of machine learning. Moreover, while
image or speech tasks are implementable quite well via current machine learning
models, the same success remains hidden for highly structured data such as tasks
on code. One fundamental reason is the lack of large enough and suitable curated
datasets. Therefore, in this thesis, I wanted to develop a web-based tool that
resolves the problem of efficiently and quickly curating large datasets. To solve
this task, I present a webpage that allows efficient and easy curation of such large
datasets.

Keywords: Data Curation, Data Curation website, machine learning, ma-
chine learning on code, machine learning on highly structured data, prevention
of SQL insertion, Aquarium, Lightly
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Chapter 1

Preface

1.1 My Motivation

I am fascinated by the possibility that human-made machines can learn. Also, the
philosophical questions that arise from that are purely outstanding and lead to
understanding basic human processes better. We also need to evolve the model of
what a human is and how we differentiate ourselves from learning machines as the
space of machine learning evolves. However, as I am so fascinated by the whole
area, | wanted to do a Bachelor’s thesis in machine learning. Machine learning
is not only the application of mathematical models to data. It is also about
gathering high-quality and vast amounts of data sets to which the algorithms
are applied. It is no coincidence that the ones with the best performing machine
learning models primarily also train on the most complete data sets. Furthermore,
it is a symbiosis of the data with the abstraction algorithms applied. Although
there are unsupervised machine learning techniques, supervised learning is always
the way to go if we have high-quality data available and superior to unsupervised
learning. That is mainly because, in unsupervised models, we try to increase the
probability of labels. Thus, we maximize the possibility that a particular label is
really of a given class. However, in unsupervised learning, a possibility of 1 or 100
percent cannot be reached. Therefore this information gain can be maximized if
we can determine the actual label of the given data. Therefore, the situation is
also in the future improbable to change. That reasons get me so excited about
the work of efficiently curating data. It is basically at the foundations of machine
learning and will most likely remain or even increase its importance.



Chapter 2

Introduction

2.1 Data Acquisition and Curation

As stated previously, Data Acquisition and Curation are essential components in
the machine learning pipeline and have some pitfalls and points to watch out for.
In the following, I want to give a short overview over them, and later on, I also
want to analyse which and how these issues are addressed by the developed data
curation tool. First, let us look at the ultimate and fundamental goal of Data
Curation: the structuring and labelling of data. The structuring and labelling
are done in order to prevent data swamps. Data swamps are the unstructured
gathering of data that cannot be used in its raw format without ’'cleaning’ it up.
Problems of such a swamp can be, for example:

e Bias: Already in the underlying data, potential biases should be eliminated
e Inaccurate or falsely represented

e Ambiguity

Generally, a given Data Swamp should go through multiple steps of prepro-
cessing to generate a good and reliable data set used for training machine learning
models. Generalised, these steps include the following;:

e Formatting: Bringing the datasets to a general representation and merg-
ing them, if scattered, into one large dataset

e Labelling: Annotate the label to the data fields for the intended purpose.
Thus, for example, when using the MNIST dataset to classify images by
their content, the labels would be the numbers from 0-9

e Cleansing: Suboptimal parts, such as little errors, are removed

e Extraction: Features are extracted for optimization. For example, if we
consider the classification of chemical molecules, extracting a chemical fin-
gerprint that already models some features is advantageous and can reduce

2



2. Introduction 3

the overall model complexity of the machine learning algorithm consider-
ably

The following presented and in this thesis developed data curation tool mainly
helps in the labelling and cleansing step. Also, it is helpful in the merge step and
the formatting step.
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2.2 State of the technology

This subsection will analyse the already existing data curation solutions and their
strengths and weaknesses.

2.2.1 Aquarium Learning

Figure 2.1: The aquarium Data Curation Tool website.

Aquarium Figure 2.1 is a Data Curation tool mainly focused on the curation and
labelling of images. Although it is also possible to edit text, it is pretty unadapted
for text or, more significantly, for program code curation. Its main advantage is
tight integration into other ML pipelines. However, this can get a disadvantage
too if the used methods are not supported by aquarium. Also, aquarium supports
in their base model ’only’ 100’000 data points. For each additional 100’000 data
points, they charge 800 USD more per month. Thus, creating and curating large
datasets that can take multiple months or even years until they are ready is hard
to finance without serious funding. Also, with already a base price of 12000 USD
per year for five users.
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2.2.2 Lightly

Figure 2.2: The Lightly Data Creation Tool website.

Also, Lightly's g. 2.2 (a Zlrich-based software company) main strength lies in
Image Data Curation. Both tools seem to be developed with it in mind and later
expanded to some text curation functionality but also here, code edit ability is
relatively poor.

2.2.3 Data Curation for Code

Most Data Curation tools focus on image, audio or video curation. Some have

a curation process for text, but this seems mostly left behind. Program Code
seems to be a niche, and no Software is yet fully tailored to classify or labelling
code. Although this development is not astounding, as the areas of image and
audio are also the spaces where deep learning techniques are good applicable, we
also want to create datasets, especially for areas where deep learning models are
not yet further advanced, to enable research in the respective areas. Moreover,
this is not possible without a high-quality underlying dataset.
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2.3 Code Search Net

Since the idea of focusing on Code Curation was motivated by the paper from
Husain et al. [1], | want to give a short summary of the paper in the following.
The paper's authors motivated that no relevant code datasets with their respec-
tive natural language gueries are available.

In the paper, they have a look at semantic code search. Semantic code search
involves getting relevant code from natural language queries. It is also impor-
tant to note that Deep Learning techniques are used everywhere but struggle to
be useful for highly structured data such as code. Here, standard information
retrieval techniques do not work because of the lack of shared vocabulary. That
is also why the area of machine learning on highly structured data is of high
research interest. Furthermore, the authors created the CodeSearchNet Corpus
(with about 6 Million functions) and a Code Search Net Challenge. The Corpus
is an expert-created dataset. The Corpus dataset was created by automatically
fetching GitHub and pairing code with documentation. The necessary prepro-
cessing steps taken for the Corpus dataset were:

1. The projects are ranked according to their popularity and licence.

n

Then consider only those methods documented Tuple (code, documen-
tation)

. The documentation is shortened to the rst entire paragraph

3

4. Too short documentations are removed
5. test functions and defaults are removed
6

. Duplicates/near duplicates are removed

The created dataset is also noisy because of di erent languages or forms of lan-
guages and outdated commands.

The Code Search Net Challenge consists of 99 natural language queries with
about 4000 expert annotations of likely results. It is built on top of the Corpus
dataset. To ensure the representatives of the natural code queries, they got
common code search queries from Bing and ranked them according to the click-
through rate and StaQC [2]. Many problems were incurred when fetching the
code. In the following, the most imported ones are listed:

" Although the code comes from popular repositories, the code quality can
be low. (for example, bad security practice, readability, slow or hard to
parallelize)

Natural Language ambiguity that is hard to parse
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" Library and Project speci c code is hard to Iter out but of little interest
in the query search

~ Directionality: It was hard to di erentiate, for example, the natural lan-
guage queries from string to int or from int to string

We can create a baseline with di erent models for the Code Search Net Chal-
lenge. The baseline was created with a 90/10/10 train-test-validate split. The
models used in the created baseline are 'bag of words', RNNs, CNNs, and at-
tentional models. This baseline is then used to facilitate the expert annotations.

In the evaluations done in the study, the self-attention model performed best for
the Code Search Challenge. Nevertheless, code semantics cannot be exploited by
existing methods.



Chapter 3
The developed application

3.1 Overview over the application

3.1.1 The entry point

Figure 3.1: The entry point of the Curation program

When starting the application, the user gets an overview of all datasets attributed
to him where he has either a read, a write, or full permission. He can quickly
see the size of the datasets and has the option to start curating with a random
sample out of the yet undone samples. Alternatively, the user can get a more
ne-tuned overview of the dataset where the user can search or Iter according to
other criteria. Also, the user can access statistics of the curation process or add
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data to the given dataset. In the menu bar, the user can jump to the permissions
settings where he can manage his credentials or, depending on the 'privilege'
mode, manage the access to datasets, the users of the groups and many other
things. See the following sections, for example: 3.1.11 for further information
concerning the user privileges and dataset access modes.

3.1.2 The progress view

Figure 3.2: The 'progress' view of the Curation program

This view displays a per dataset progress. Each action of all users that can do
actions on the dataset is logged and presented in the table. Also, the overall
progress of curating the dataset can be found.
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3.1.3 The upload view

Figure 3.3: The 'upload' view of the Curation program

The upload view is used two times, once if a new data set is created and a second
time if data is added. Here, a JSON le can be uploaded, and each eld can
be assigned a type. For example, it is also possible to upload images in Base64
encoding besides the basic types like code and text. In order to avoid repeti-
tions in the uploaded dataset, the repeating part of the Base64 String (‘data:
image/png;base64') should not be included. With that, memory can be used
even more e ciently, especially in datasets with extensive image collections. For
hand designing datasets, the web page mentioned in the Bibliography [3], where
images can be converted to Base64 images, comes in handy. For automatically
creating datasets, for example, the following C# code [4] comes in handy.

using (Image image = Image.FromFile(Path))

{
using (MemoryStream m = new MemoryStream())
{
image.Save(m, image.RawFormat);
byte[] imageBytes = m.ToArray();
/I Convert byte[] to Base64 String
string base64String = Convert.ToBase64String(imageBytes);
return base64String;
}
}

Alternatively, as for creating large structured datasets primarily, Python is used.
Here is also a short python snipped [5] to create Base64 strings out of images.
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import base64

with open('sampleimage.png’, 'rb") as img_file:
b64 string = base64.b64encode(img_file.read())
print(b64_string)

As in code or images, often we have some special characters, a general escaping
technique with the possibility to add the character: "™ at the beginning and
the end was introduced. The advantage is that large code blocks and other
long entries can quickly be escaped. Then after implementing the above design
choices, | wanted to add a part of the CodeSearchNet dataset as it was one of
the primary motivations to develop the Data Curation tool. However, the format

of the Dataset was JSONL and not JSON. JSONL[6] is a format where each
line is a valid JSON format. However, it was not compatible with the current
implementation of the upload functionality. Therefore, | needed to generate
a conversion mechanism. | leveraged the already underlying JSON processing
and added the functionality to automatically convert JSONL les to JSON les.
That gives the advantage that the user can import its le without inconvenience.
However, only one interface is used in connection to the back end. Therefore,
potential errors could be debugged quickly and resolved therefore faster. As for
convenience, the second conversion of le type from CSV to JSON was added.
It can also be expanded to more le types. These conversions happen on the
client side, which is an additional advantage of this design choice since, on the
back-end, a single optimized gateway can be maintained.
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3.1.4 The detailed data view

Figure 3.4: The 'details’ view of the Curation program

This page is the most important one of the application. Of course, in the end,
it is a combination of all di erent views, but here, since the curation process is
mainly done in this view, it is of major importance to guarantee high customiza-
tion. That is particularly hard since the data cannot be predetermined since the
user can add its own data sets with variable size and order. For that, various
customization options were added, such as changing the order of the elements
leaving some out and changing the sizes, for example. It is also of major concern
to present data compactly and cleanly. For that, typically, frameworks like Bulma
[7] or Flexbox [8] are particularly suitable. However, both had major downsides
that reduced e ciency in data curation. First, Bulma interpreted each row and
ordered all elements according to the biggest element in the row. See g. 3.5 for
an example of the problem. For Flexbox, which is also usable out of Bulma, there
is an automatic ordering algorithm. This algorithm has, at least for our usage,
one disadvantage that cannot be overlooked. The elements cannot be in a xed
order. It just minimizes the overall 'lost' space.
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Figure 3.5: An illustration of the problem of considering all objects in a row as
connected

Therefore, especially with the wish to adjust ordering, this approach could
not ful | the needs. A third approach was the idea to use the jQuery draggable
and resizeable attribute and give the user complete control over their wished
design. Nevertheless, after using this approach, the downside of changing the
size of the attributes was quickly discovered. No user design could ful | both
overview-ability and, at the same time, t all di erent sizes of attributes that are
changing from sample to sample. Therefore, after implementing the Bulma and
the jQuery approach, the nal option to dynamically customize the design each
time via JavaScript was chosen. With that approach, nally, the freedom was
given to customize the design as wanted fully. The JavaScript function just each
time computes based on the screen size and the wished parameters from the user,
such as ordering or size the optimal tting solution. With that, the downside of
the Bulma framework is overcome, and the productivity of the detailed view
is increased. Also, to further increase productivity, it was observed that many
entries that need to be changed are out of a small set of values. Therefore, a
‘quick’ choice option was added. This option allows for each eld to quickly
choose prede ned custom options. To not have to change the value when we are
satis ed, | added the auto-selection of the feature. The auto-selection means that
the given entry is compared to the user-de ned discrete set of options, and the
most likely one is chosen. Also, with the buttons, | tried to focus on usability.
Since the full view can be compared to a questionnaire, | was inspired by the
following analysis of the positioning of buttons[9]. According to it, the most
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intuitive way, or at least the way that reduces the overall time to go through the
guestions, is to use a horizontal design with next/ forward on the right side. This
approach was also chosen with a third option, 'dismiss' | decided to place this
button between the other two buttons since the cursor is when going quickly to
samples already in that area. Also, it is most likely the least used option. Or
at least it was when | tested the design's usability. Therefore, it is best to place
it at a prominent location but not at the two corners where the two most used
buttons should be located.

3.1.5 The preselect page

Figure 3.6: The 'preselect’ view of the Curation program

This page acts as an intermediary between special entries of the dataset and the
user. It has the option to get the favourite entries, previously selected, quickly.
Get done entries or undone entries, or search for a wanted attribute in the search
functionality. In the following, | attached a short draft of this site before it was
developed. This draft was created before | decided to switch to another sidebar
design. Therefore the old sidebar was still integrated.



3. The developed application

Figure 3.7: The 'preselect sketch' view of the Curation program

15
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3.1.6 The table view

Figure 3.8: The 'table' view of the Curation program

This view gets opened after the pre Iter view. In it, the user can quickly sub-
mit or revoke entries without actually opening them or interacting with them
in other ways. This view primarily aims to facilitate quick interactions if the
corresponding entry is correct. To change the elds of the corresponding entry,
a quick option to edit the elds is provided. That option loads the entry into
the detailed view, where the user can edit the entry as usual. Furthermore, it
is possible to mark speci ¢ entries as favourites for faster access in the future.
Another feature included here is, as in the detailed view, the possibility to limit
the table to specic entries and shorten certain long elds to increase overview
ability. That increase in overview ability comes especially handy if we have a
dataset with a large number of elds.
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3.1.7 The settings view

Figure 3.9: The 'settings' view of the Curation program

Foremost, here the user password can be updated. Also, there are more function-
alities for admin users. They are able to add groups or users. A corresponding
modal is opened through the add button in the right bottom corner. Also, they
are shown an overview of all groups and users in the system. From there on,
each user can be assigned individual privileges for each data set or via groups a
whole list of users can be assigned a group of privileges. For each user, there is
additionally the possibility to get detailed statistics on his or her usage of the
application and how he or she interacts with the datasets.
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3.1.8 The add user view

Figure 3.10: The 'add user' view of the Curation program

Here, a user with the respecting role can be added. The roles of admin and a
regular user are available.
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