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Abstract (English)

Researchers in the field of visualization are constantly on the lookout for innovative systems to convey

knowledge on different topics more efficiently. One such type of system being researched is interactive
exploration systems, which employ a wide set of different visualization methods to let consumers explore
a large amount of knowledge available in a domain more easily than linear reading. The data required by
those employed visualization methods can either be provided by automatic natural language processing
(NLP) methods or with manual assistance by domain experts who annotate or classify information
contained in a document or corpus. One problem that arises with manual annotations by domain experts
on documents is that documents do not necessarily stay static over their entire life cycle. Evolving
versions of the same document may change, move, or even delete text and other content that was
annotated previously. Manual verification and adjustment of the integrity of existing annotations in
a changed document is a very cumbersome task for domain experts which raises the need for a tool
that assists this process and automatizes it as much as possible. For this Master’s thesis, such a tool
was developed in order to assist with the migration of tags, annotating content with absent location
information for PDF documents. We investigate the applicability of the approach one one selected use
case of the health domain.
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Abstract (German)

Wissenschaftler im Feld der Visualisierung sind konstant auf der Suche nach innovativen Systemen, die in
der Lage sind Wissen iiber verschiedene Themen effizienter zu tibermitteln. Systeme zur interaktiven Ex-
ploration sind eine Art solcher Systeme, welche eine Vielzahl an unterschiedlichen Visualisierungsmetho-
den einsetzen um Nutzern eine grofiere Menge an Wissen einer Doméne einfacher zugédnglich zu machen
als durch lineares Lesen. Die zur Visualisierung notwendigen Daten konnen entweder durch automatische
Natural Language Processing (NLP) Methoden erfolgen oder direkt durch Dominenexperten bereit-
gestellt werden, welche die Information in einem Dokument oder Korpus klassifizieren. Ein Problem,
welches durch manuelle Annotationen von Doménenexperten entsteht ist, dass Dokumente iiber ihren
gesamten Lebenszyklus nicht unbedingt unveréndert bleiben. Sich weiterentwickelnde Versionen des
selben Dokuments konnen Text verdndern, verschieben oder sogar komplett entfernen, welcher in einer
vorhergehenden Version annotiert wurde. Die manuelle Verifikation der Integritit und die Anpassung von
existierenden Annotationen in einem verinderten Dokument ist eine sehr arbeitsintensive Aufgabe fiir
Dominenexperten. Hieraus resultiert der Bedarf fiir eine Applikation, welche diesen Prozess unterstiitzt
und so weit automatisiert wie moglich. Fiir diese Masterarbeit wurde ein solches Tool entwickelt um
bei der Migration von Tags, welche Text ohne Positionsinformation in PDF Dokumenten annotieren zu
migrieren. Wir untersuchen die Anwendbarkeit unserer Vorgehensweise an einem ausgewihlten Use
Case aus dem Gesundheitsbereich.
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Introduction

In this chapter we will discuss relevant background information that is required to understand the problem
at hand in more detail and our core objectives.

1.1 Background and Motivation

Within the last years, a research team from the Institute of Visual Computing of Graz University of
Technology in collaboration with other institutions and universities has started to build an interactive
Consumer Health Information System (CHIS) within the project ‘Human-Centered Interactive Adaptive
Visual Approaches in High-Quality Health Information” (A*CHIS[1] ; Grant No. FG 11-B) which was
funded by the Austrian Science Fund (FWF). This system is meant to enable research on the advantages
a combination of close and distant reading approaches (in the sense of Moretti[2], 2000) and potential
automatic adaptations of such visualizations has over typical linear consumption of readable Consumer
Information System (CIS) resources on a complex topic.

An. CHIS Erkundung Lesezeichen [N Willkommen, iokvsqrh - [[Ru

 4Wie wollen Sie feben? - Ihre Entscheidungen
h Azt verfugt uber d . 2ubehandeln. Doch alk it er nicht viel. Denn i Mittelpunkt der Behandlung stehen Sie - p—
Ihre Elnstellung Ist entscheldend. Das Ist ganz wortlich gemelnt: In der Behandlung und In Ihrem Alltag werden Sle tatsachlich Immer wieder Entscheldungen P

treffen. Denn nichts passiert ohne Ihre Zustimmung. Sogar wenn Sie alles dem Arzt dberlassen und sich selbst moglichst wenig mit Diabetes befassen, treffen
sle eine Entscheidung - gegen Ihre aktive Mitarbeit. Viele Patienten profitieren allerdings davon, wenn sie die Theraple mitgestalten und sich eigene Ziele setzen

Z5um Betspll was den HoATc-Wert oder das Gewicht angeht. 5 Unterzuckerungen rechtzeitig erkennen - die Symptome
2.41 Gesund leben heiRt, viele kleine Entscheidungen zu treffen jar P
Uberiegen Sie gemeinsam mit dem Arzt mogichs: konkrete Zicle und wie Sie diese erreichen ksnnen. Dabel geht es oft gar nicht um rein medizinische Fragen.
dieprakischen im Alltag:Gibt e abends Ofengemase odr Schweinenacken? Nehmen Sie die Treppe oder den . Deshalb reagirt der Korper, wenn der Blutzucker sinkt, wie auf ene Kampfsiuation
Aufzug? Raffen Sle sich zum geplanten Gang durch den Park au, obwohl es gerade anfangt zu nieseln? Die Summe solcher Entscheldungen macht It r schtet das Stresshormon Adrenalin aus. [..
Gesundheitsverhalten aus - und das hat grofien Einfluss auf Ihren Disbetes;
st behandel
v

{11 Die Regel lautet: Erst essen, dann messen.” Das Wichtigste Ist, dem Korper sofort
Kohlenhydrate zuzufuhren, die direkt Ins Blut gelangen. Stoppen Sie auferdem sofort
Korperiche Aktvtaten - le senken den Blutzucker welter. [..]

3 Was Sie selbst tun konnen - eine ganze Menge! .3 Falls nicht, braucht der Korper mehr schnelle Kohlenhydrate (Kap. 3.2.2).

4Wirksam und sicher - Diabetes-Medikamente 5.1.3 Wie kommt es zur Unterzuckerung? - Ursachen
.1 Dort tragen Sie Ihre Blutzuckerwerte ein, vermerken, wann Sie welche Medikamente
S Wenn es nicht rundiaut - robleme und Krsen ] héhmen, aber auch Manizeten, Getrnke, Kiperiche Ansrengungen und eventuell
Beschwerden. [..]

(] Grundsatzlich bestent e Gefahr elner Hypoglykamie Immer dann, wenn die Menge

Vorkommen: Insulin der gegessenen Kohlenhydrate, die Dosis der Medikamente oder des gespritzten

fu Insulins, korperliche - Anstrengung, Alkoholkonsum oder andere zuckersenkende
Einflusse nicht aufeinander abgestimmt sind. [.]

A n EEEEEE ] = B ] durch Spritzen in einen Muskel oder weil Hitze die Durchblutung stark anregt) 4) Ihr
Men “g n 1 Koérper Insulinbedarf ist gesunken, well le abgenommen haben Nehmen Sie Sulfonylharnstoffe
oder Glinide, sind meglche Ursachen: 1) Se haben aus Verschen eine Dosis doppelt
| ] sucker eingenommen 2) Sle haben nach der Einnahme nicht gegessen 3) Sle haben
UuerZUCREIUNY RO abgenommen und brauchen eine geringere Dosis 4) Wechselwirkung mit anderen

t Ursacl sulir Medikamenten

Depre

« sport und korperliche Anstrengung Regelmafige Bewegung senkt langfistig den
Blutzucker.
&}

[®]
« Infekte Vor allem bel Magen-Darm-nfekten verllert der Korper auch Kohlenhydrate.
P dle Dosis der

3 piP > .,.? Details zur Suche
< Q | B4 Suchbegi: Kérper Vorkommen: 64 im gesamten Dokument)
A e~

Figure 1.1: GUI of the A* CHIS Web Explorer - Source: [3]

Currently, the information that A*CHIS provides is based on an established CHIS in the form of a
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brochure[1] on Type 2 diabetes (T2DM) issued by the AOK[4] (a German public health insurer). The
effectiveness of having a consumer extract required information from this interactive system compared
to just reading the brochure has been evaluated to some extent by Lin et al. (2023) [5]. They showed
promising results based on a small number of participants. The system, however, did not automatically
adapt its visualizations due to any inferences of personalized customer needs at that point. Currently,
research is being done on how to add this automatic adaptability to the system. Further, Lengauer et
al. (2023) [6] elaborated on their initial prototype and defined a process landscape to infer different
cognitive states a consumer can have while interacting with the system. The inference of that cognitive
state is based on the user’s input and the context in which they are currently browsing the provided
information. Based on such inferred cognitive states the system should then be able to automatically
change its visualizations to fit consumer needs in the best possible way.

The visualization methods of A*CHIS depend on annotations in the PDF brochure made by medical
professionals using the tools MAXQDA[7] and Qualcoder[8]. Information from the PDF is extracted
using PDFBox[9] and after further preprocessing, this data is then fed into the A*CHIS application
server which is implemented as a Python Django web application. The annotations generated by the
aforementioned tools are provided separately from the document as a .csv file.

The PDF brochure however, changes over its life cycle and the current information fed into the
A*CHIS system still refers to a brochure version that was released many years ago. Text and other
assets were moved around, refactored, or even removed from the document over time. Therefore, if the
project was to stay up to date on newest brochure versions, the necessity arises for the professionals who
initially annotated the document to re-do their work every time the document changes. The purpose of
the application that was developed for this thesis is to assist this process by automatizing most of the
manual labor.

1.2 Problem Statement And Objectives

The core problem is a situation where text that is annotated, no longer exists or is no longer equal to the
text that a tag was initially anchored to. Bernheim Brush et al. (2001) [10] discusses this specific problem
and Cadiz et al. (2000) [11] coined this problem Annotation Orphaning when noting that this problem
was the main reason, their study participants quit using the (in the study) evaluated Microsoft Office
feature called Web Discussions which allowed for annotation of website content in a collaborative way.

It is not possible to obtain the sources that were used to generate the PDF file version of the CHIS
that A*CHIS is based on. Therefore, a comparison of text between the source and target documents
has to be done based on the provided PDF files. The problem outlined above is an even larger one for
this context because a PDF file mostly only represents its text content as drawing instructions and does
not store any metadata associated with its texts. As an example, a PDF file does not store that a section
header is meant to be just that, but it rather only stores that the text of a section header is larger than some
other text that is drawn beneath it. Also, it is not a trivial problem to determine which texts on one or
multiple pages belongs to each other.

The domain experts for a CIS provide a tag tree where each tag represents a topic. Such topics
can then have subtopics which are represented by other tags. These domain experts annotated different
text passages of a document with tags from this tag tree. Within this thesis, the terms annotation and
tag as well as annotating and tagging will be used interchangeably. A*CHIS uses a custom ZIP-based
file format has extensive text annotation capabilities. This .apchis file format provides the content of
a respective CIS document in a .csv file on which content this thesis primarily revolves around. Each
row within this file represents a chapter and contains a list of all taggable sentences that occur in a given
chapter as well as a list of tag-identifiers referencing one or more sentence-indices to indicate which
sentences of the chapter are tagged by what tag. Although in newer versions of the A*CHIS format,
each chapter-row also contains start page numbers, there is no other information stored that links the
enumerated sentences of a chapter to its exact location within the document. Also, the stored sentences
are sanitized and do not absolutely match the actual text in the document token by token. For example,
hyphens that occur on line breaks are not stored. Some other tokens are replaced with different ones like
bullet points. This means, in order to visualize annotated sentences within the desired tool, the missing
exact token locations of each annotated sentence have to be re-established first. This in turn also means,
that a .csv file with the same structure has to be generated for the updated version of the brochure where
additional chapters may have been added while other ones may have been moved, removed or changed.
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* Thumbnail image of the documents cover

* Extracted figures as images

* .csv file containing meta-information on the extracted figures

* _json file containing the configuration

* .pdf document of the brochure in a given version

» _json file containing a list of topics and associated terms with term-weights

* .csv file providing the content of the document as a list of chapters (See Table 1.1)

Table 1.1: This table shows the columns of the content .csv file within the .apchis file format of version 1.4.3.

Column Data Type Example

type string text:ke

chapter_number | string 1.2.1

chapter_title string Kurz erklirt: Diabetes Typ 1 und 2

content list[string] ['This is a sentence’, *This is another sentence’, ...]
annotations dictionary[string, list[int]] | {’43’: [0, 1, 2, 3, 4], ’45’: [0, 1, 2, 3, 4]}

page list[int] [12]

As can be seen in Table 1.1, no concrete text locations are provided for the listed content sentences.
However, as also shown, a list of pages is provided in the most current version of the .apchis file format
which was not the case for the version that the project started with (1.4.0). None of the other file entries
present within the .apchis file provide any text location information either. This is because, at the time
the currently used .apchis file content for the system was generated, it was not known that more concrete
text locations would ever be required. One goal of this project is to have a redundancy in the form of an
additional file entry within the .apchis file format that provides this missing information in the next file
version that is upgraded to the most current document version.

To conclude, a tool to assist with the migration of tagged content of an .apchis file needs to tackle the
following main steps to achieve a useful editor:

1. Extraction of all coherent texts scattered over complex page layouts in both the source and target
document

2. Splitting the content of coherent text clusters into processable sentences

3. Inferring the exact location for all pre-known sentences of each chapter in the source document
and enrichment of the pre-existing .apchis file with these locations (Enrichment Step)

4. Establishing the chapter hierarchy of the target document from its content (Target Chapter
Inference Step)

5. Extracting all individual sentences of the target document and connecting them to the appropriate
inferred chapters

6. Automatized matching of sentences between the source and target document (Migration Step)

7. Implementation of a GUI that visualizes automatically inferred information and provides the tools
required by the user to intervene manually where necessary

In the following chapters we will first discuss related work and fundamental concepts. After that, the
implementation of our application, further refered to as A*CHIS Migrator (A*CHISM) will be described
in more detail and an overview of our architecture and pipeline of different steps will be presented.
Finally, the performance of our approach will be evaluated based on a real use case of the A*CHIS
application.

Note that this thesis contains multiple figures depicting different screenshots of the GUI views of
A*CHISM where a user can make manual corrections. All of these figures show content from the older or
newer version of the AOK-brochure [12] which will not be explicitly referenced per figure.
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Related Work

No recent literature focusing on the very specific problem of annotation orphaning seems to exist.
Especially in the context of PDF files. No tools were found that support smart handling or assistance to
deal with the specific issue at hand well when it comes to general purpose PDF files with complex page
layouts and the way text-content is provided for A*CHIS.

2.1 PDF Difference Detection

As discussed further in Section 3.2 tools that operate on default PDF annotations are not helpful for the
problem at hand because none of the annotations are provided as default PDF annotations. Instead they
are provided outside of the document because default PDF annotations cannot hold all the information
that would be required without customizing the documents internals.

Recently, some commercial projects like Draftable[13], DiffitDoc[14] or V7Labs Agent[15] were
established that can infer the differences between two different versions of the same PDF file even
with significant layout changes. However, all discovered commercial projects like these seem to focus
primarily on purely text-based content and not more complex page layouts like the A*CHIS project has
to work with, where text may frequently be interrupted by boxes of unrelated text blocks or images.
Naive extraction of all texts of a PDF file’s pages with layouts such as this will inevitably mix words of
clusters that do not belong to each other. Moreover, the primary purpose of those projects seems to be to
visualize the changes between two PDF file versions for inspection instead of providing these differences
in metadata formats which would enable further processing in order to solve the problem at hand.

2.2 PDF Content Extraction

There also does not seem to be any recently published literature that is directly dedicated to the annotation
orphaning problem within PDF files. Generally, research within the last decade on the topic of information
extraction from PDF files, seems to have primarily targeted scientific literature over general purpose
documents. A few recent publications however, combine a mixture of different technology pipelines to
achieve solid results for such general purpose documents. Adjetey et al. (2021) [16] showed that the
combination of Optical character recognition (OCR)-based text extraction with string distance measures
like the Levenshtein-Distance is a valid strategy to find which document of a set of documents contains
specific text snippets contained in query images. For documents used in A*CHIS, the sentences of the
source document are pre-known. It therefore stands to reason that the same approach is viable for the
problem at hand because the respective document could be split into multiple sub documents. Chen et al.
(2025) [17] showed that with a combination of OCR and text-only Large language models (LLMs), a
set of predefined variables could be extracted from documents with inconsistent layouts by extracting
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information like dates and amounts from shipping-invoices. Moreira-Filho et al. (2025) [18] compared
a text-based mode using layout detection, feeding into an LLM with an image-based approach where
PDF pages are converted into images and are then fed into multimodal LLMs. They showed that the
image-based approach significantly outperformed the text-based one on general purpose documents with
inconsistent layout when extracting pre-defined variables. Most desired information could be extracted
from toxicology safety data sheets with this image-based approach. One problem that was not explicitly
mentioned in any of this literature is the cross-page sentence continuation problem where on multiple
occasions within a document, a sentence either continues at an unpredictable location on the following
page or even skips a page in between. We reason that the mentioned image-based multimodal LLM
approach would be able to solve this problem by providing a sufficiently long window of pages from the
document to analyze to the LLM for each extraction step.

Ingemarsson and Persson (2025) [19] evaluated different techniques for parsing PDF files for further
use with LLMs on different document layouts. They come to the conclusion that multimodal LLM-based
techniques generally work best for a wide range of documents with complex layouts that contain not only
text but also tables and images as compared to rule-based approaches. Documents with many images
however, should still additionally employ OCR-based methods.

We assume, approaches using multi-modal LL.Ms could assist or are potentially superior in some
aspects for identifying the locations of pre-known sentences within the source document compared to
our approach. Especially on cases where a single sentence or paragraph is distributed over multiple
pages while being interrupted by other content, employing such a LLM could potentially find sentences
automatically that our approach cannot. Future work could evaluate if multi-modal LLMs are capable to
extract exact page coordinates and dimensions of text passages which is required for our A*CHISM.

2.3 Annotation orphaning

The situation in which text moves, disappears or is changed that has annotations or tags anchored to
it, is known as annotation orphaning. Bernheim Brush et al. (2001) [10] took a look at some tools
and how they deal with this problem generally (not necessarily for PDF files). The typical approaches
they found were: restriction of annotation positioning in the first place, silently discarding orphaned
annotations, and algorithmic approaches to reassign the position of an orphaned annotation. Phelps &
Wilensky (2000) [20] suggest to be redundant when storing initial annotation locations. Namely, one
should store a unique identifier of the containing structure, tree walk information (how to traverse the
document hierarchy to arrive at the location), and the direct context surrounding the annotation. A unique
identifier is not really possible when dealing with PDF documents but tree walk information is at least
roughly possible since content streams are associated with pages and one could build a pseudo-DOM
hierarchy of the content of such a page to simulate tree traversal. When it comes to the surrounding
context of a text annotation, one can take a small portion of words around the highlight and store them
as anchor information. The smaller the considered context around the annotation, the more likely it
becomes to encounter conflicts when dealing with large documents. This is also why redundant storage
of the other kinds of anchor information makes sense. In the case of PDF, this does not necessarily
only have to be text. As established earlier, most visible content that is displayed from a PDF file has
an underlying drawing operation. One could also store neighboring content stream operations to the
drawing operation of the text being annotated. Rather than storing tagging information directly inside the
.pdf file, A*CHIS instead relies on external files that carry additional required information as otherwise
customized software would be required to extract the stored information again.
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Fundamentals and related topics

In this section, fundamental concepts required to understand the problem and techniques used by
A*CHISM will be elaborated on. The In this chapter we will discuss relevant fundamental information
and technologies which A*CHISM employs to achieve it’s automation.

3.1 The Structure of PDF files

How a PDF document is structured from a file perspective, is standardized by ISO 32000 [21]. The
smallest building blocks that a PDF file consists of are called COS-objects which can be of different
types that resemble both primitive and complex data types of most modern programming languages. At a
very high level, the content of the document is structured into four different sections (see Figure 3.1).
Those are the header, body, cross-reference table, and trailer which occur in this exact order. While
the beginning and end of the header and body section are implicit based on their location and content,
the beginning and end of the cross-reference table and trailer are defined by their respective keywords
"xref" and "trailer". Most of the time the header only contains one comment to define the PDF version
that the file adheres to and another comment containing a sequence of high-value ASCII characters to
fool software into recognizing it as binary. The body contains the actual content of the entire document.
The content is a mix of drawing directives, textual content, binary information in the form of stream
objects (for example to represent the content of an image), annotations, and more. Content can either be
directly stated or indirectly referenced by pointing at objects that occur later in the body section with
the exception of stream objects which always have to be referenced. The cross-reference table section
provides the binary offset for all such references from the beginning of the file. The trailer section states
how many references are to be found in the cross-references table and references the documents catalog
dictionary which is also called the root of the document. This root dictionary is the entry point from
which the contents of the document can be navigated as it contains the reference to the page tree. The
page tree is either a simple array of page objects or a balanced tree with "page" dictionary objects as leaf
nodes and "pages" dictionary objects as non-leaf nodes (see Figure 3.2). Each page dictionary then states
its drawing instructions, content references, and also annotations required in order to render the page
[22].

A general understanding of how the PDF standard works, is beneficial in solving the problem of
extracting structured text from an existing document. However, in-depth knowledge is not required to
build sophisticated applications for such a task as many programming languages have access to third
party libraries like PDFBox[9] that abstract most if not all low-level manipulations that deal with COS
objects directly.
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Header

Body

Crossreference
table
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Figure 3.1: Top-level structure of a PDF document - Source: [22]
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3.2 A*CHIS Tags / Default PDF Annotations

Generally, annotations are additional types of objects that extend the document with visible content that
the basic content standard does not provide. Typically annotations overlay the already present content to
mark areas of interest and enhance their visual representation in some way. A simple annotation could be
one of the many highlighting options for a text passage or an interactive (clickable) comment indicator
that expands into a written comment that someone left. The many different kinds of annotations basically
make the PDF file a canvas where annotations can be drawn on top of it. Audio, video, 3D Objects or
even file attachments are possible to be maintained. While the basic content of a page is stored as a
stream of graphic operators on that page, annotations are not drawn by such graphic operators but they
are also stored on page level. They are stored as an array of annotations for the "Annots" key contained
in the pages page-dictionary [22].

As an example, when looking at a standard highlight annotation in a PDF file, the storage would work
as follows. The "Annots" dictionary of the page where the highlight is placed would contain a reference to
some annotation object representing this highlight. Theoretically, the object could also be stored directly
in the dictionary without being referenced but this is usually not the case. Instead, this annotation object
would be stored somewhere else in the body section of the document and would look like Listing 3.1.
As can be seen here, the annotation is not anchored to the text itself but is instead spanned up by one
or multiple bounding boxes like a drawing operation. The Rect key defines an array that provides the
bounding box for the entire highlight. In case the highlight just has a simple rectangular shape without
any rotation, this bounding box is already sufficient to define what is highlighted. In case the highlighted
text is rotated or spans over multiple lines where the highlighted text is not equally long in each line, the
QuadPoint array is required. In this array, arbitrary multiples of eight space-separated number values
can be stored which represent the corners of different bounding boxes which in combination define how
the highlight should be drawn on the page. The C key represents the color of the highlight.

In the context of this thesis it is important to emphasize that the word tag(s) and annotation(s) is used
interchangeably. In this thesis, the word annotation specifically does not refer to the annotations that
are typically meant in the context of PDF documents. In the .apchis file format the original document
that the information is based on remains untouched, meaning no additional content was added to the
document. All tags or "annotations" are provided as a separate .json file representing the tag tree as a
configuration file outside of the .apchis file while the information which sentences are tagged with what
tag is maintained on the .csv file inside the .apchis file. To contrast, in the following it will be explained
how default annotations work within the PDF standard.

Listing 3.1: Highlight annotation object in PDF Domain-specific language (DSL)

10 0 obj
<<

/Type /Annot

/Subtype /Highlight

/Rect [ 250.5 270.0 340.0 282.5 ]

/QuadPoints [ ... ] % optional

/C [ 1.0 0.5 0.0 ]
>>

3.3 Sentence Comparison by String Similarity

In order to compare two pieces of text with trivial modifications, string similarity distance functions like
the Levenshtein-Distance[23] or the Jaro-Winkler-Distance[24] can be used. The former measures the
amount of character adjustments that have to be made in order to turn one sentence into another while the
latter excels at character transpositions. While the Jaro-Winkler-Distance maps the comparison of two
sentences in a range between zero and one directly, the comparison of sentences via the Levenshtein-
Distance requires a mapping into that range such that the result can be compared against some threshold.
For A*CHISM the result is calculated by subtracting the calculated Levenshtein-Distance of both sen-
tences divided by the max sentence length from 1.0. In cases where one sentence is significantly longer
than another, a performance optimization is made by A*CHISM which returns a similarity value of 0.0
right away instead of performing the expensive distance calculation for a case where it does not seem to
make sense.
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While the implementation of A*CHISM makes use of a library implementation that abstracts the
internals of the Levenshtein-Distance, Equation (3.1) shows the algorithm as defined by Wagner and
Fisher (1974) [25]. The first and second input strings are denoted by a and b respectively while m and
n denote their lengths. The matrix D is calculated according to the provided formula where each D; ;
shows the minimum edit distance for transforming the prefix of the first string a;_; into the prefix of the
second string by j. Dy11 441 is therefore the final resulting Levenshtein-Distance between the first and
second input string.

J, ifi=0,
i if j=0,
D= Dy +1, 3.1
ming D; ;1 +1, , otherwise.
Di_1j1+ 142

3.4 Semantic Sentence Comparison by BERT embeddings

Sentences that changed only slightly by either having few words replaced or a small amount of additional
words added are matchable with the aforementioned string similarity measures. In order to match greater
changes to a sentence, a measure on the semantic level is required. While older rudimentary statistical
approaches like Bag of words (BoW) or Term Frequency-Inverse Document Frequency (TF-IDF) can be
used to compare sentences semantically to a minor extent, they do not suffice for the task at hand. For
machine learning approaches, static word embedding models like Word2Vec by Mikolov et al. (2013) [26]
and GloVe by Pennington et al. (2014) [27] are nowadays outperformed by contextual language models
for sentence comparison tasks. In A*CHISM we use BERT by Devlin et al. (2019) [28] for semantic text
comparison. To compare two sentences, the embeddings for both sentences are calculated first. Generally
embeddings are vectors. Each word piece of a sentence is assigned a vector and all those vectors of a
sentence are then "pooled" into a single embedding (vector) that represents the sentence by different
methods. For determining the embedding of each word piece, BERT considers both, the word pieces on
the left and on the right side of it. For each word piece, it is determined how relevant each other word
piece in the sentence is for its meaning. The resulting sentence embeddings are then vectors of the same
length which can be compared to each other by some distance measure like the cosine similarity.
The model used by A*CHISM is bert-multi-cased-L-12-H-768-A-12. Dissected, this means:

* multi-cased: multiple languages are supported.

e L-12: the computations to calculate the embeddings happen on twelve layers (larger BERT models
with up to 24 layers exist).

* H-768: The embeddings have 768 dimensions.

A-12: The number of attention heads (different ways of determining if a word piece is relevant for
another one).

Within A*CHISM we use the library easy-bert[29] which is publicly available and provides an API
where a sentence can be passed into the model and the embedding vector is returned. After embeddings
for both sentences are retrieved this way, only the cosine similarity has to be calculated, and the result
which is a number between 0 and 1 has to be compared against a threshold to determine if the sentences
are sufficiently similar semantically for the purposes of A*CHISM.
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System Architecture

A one step process to migrate all tags of one document version to another is not feasible as many
edge cases arise which make manual intervention and corrections necessary at a very early point in the
workflow. Due to high runtime durations of matching only the known sentences of the source document
to its locations in the corresponding document, we decided that the entire processing pipeline that leads
from the initial .apchis file to an .apchis file based on a newer document version of the brochure should
be split up into multiple steps.

The application is therefore structured into three different steps where each of them first attempts to
infer required information automatically and then provides their own GUI view for manual additions and
corrections. Each of the steps requires different input files and produces different output files. As shown
in Figure 4.1, the final step requires the output of two pre-processing steps to produce the updated .apchis
file. Both pre-processing steps require layout information about either the source or target PDF document
which is acquired by making use of a third party open source service which will be elaborated on later.

* Enrichment Step: Enriches the provided legacy .apchis filewith text location information. An
additional .json file is added as an entry into the zipped format. This file is used to store additional
location information for each chapter-sentence provided in the pre-existing annotation .csv file.
For a given chapter ID and sentence index within that chapter, a list of rectangles associated with
page numbers (in the following referred to as page-rect) which visually cover all text locations the
sentence consists of can be retrieved. These locations are required for the visualization of the final
migration step.

* Chapter Inference Step: Establishes the general chapter structure of the target document as the
chapters may differ significantly from the source document. The purpose of this step is to establish
a hierarchy of chapters and a list of text clusters associated with each of these chapters. The output
of this step is a standalone .json file which contains a list of all chapters and a list of page-rects
which are the text clusters associated with the chapter. This file is required such that sentences of
the target document can be established for the sentence matching of the final step.

» Migration Step: Automatically tries to match as many sentences that occur in the source document
as possible to sentences that occur in the target document. After the user has manually checked
and corrected all annotations via the GUI, a new .apchis filefor the new version of the brochure
can be generated.

— 13 —



Armin WeiB Migrating Unanchored Text Tags Across PDF Versions

A-CHISM Steps

Legacy >
.apchis file .
Enrichment Location enriched
i Step legacy .apchis file
Clusters as
Source json file ’—)
PDF ——>»{ 3rd party
PDF Layout
Document !
detection .
service Migration Step > Mlgr;te_d
Clusters as .apchis file
Json file
>
Chapter Inference
Target Step
PDF ) Target document + it's
Document d chapter hierarchy and

cluster positions as
.apcc file

Figure 4.1: High-Level Architecture of the application

4.1 Document Layout Detection Step

When using the default implementation of PDFBox to extract all text content from a page, the algorithm
assumes all text to follow a strict top to bottom layouting within the page. Many general purpose
documents however, contain instances of small side-information text clusters that may be spread over
random locations on pages. An example is shown in Figure 4.2 which leads to multiple problems on
whole page text extraction via PDFBox. First, the text in green would be unpredictably mixed with the
main text in black on the left. Second, the cluster does not complete the sentence but it continues on one
of the clusters on the next page which most of the time is not the first occurring cluster on that page. In
this example, in the worst case the page numeration text "9" could be added directly after the hyphen
which could possibly break sentence extraction or add additional noise that hinders sentence matching
with the other document. Therefore, even if one were able to assume that the first occurring cluster (top
to bottom, left to right) continues the sentence, the result would still be error prone. On some general
purpose documents it may even happen that multiple grouped clusters interrupt the current content with
entirely different topics. Examples like shown in Figure 4.3 where unfinished sentences are interrupted
by other chapters or pictures on either the same or the next page before they continue in a text cluster are
not uncommon.

Initial attempts to extract coherent text only by grouping text that is either colored consistently or
has the same font size did not yield satisfactory results as there were too many exceptions to handle
manually. Generally, the text colors and font sizes are not consistent enough to determine which clusters
are side information or even which clusters represent section headers of chapters. Initial versions of the
application extracted text clusters successfully by using the open source OCR-tool Tesseract[30] and later
via distance thresholds but both these approaches were discarded as cluster classification (section-header,
listing, normal text etc.) proved to be necessary for the chapter inference step. Therefore, it was decided
to use a third party open source PDF layout detection tool[31] to provide input for both the Enrichment
step as well as the Chapter Inference step. This tool is provided as a docker container and takes a PDF
file as input. It is able to provide both, clusters and the type of text covered by the cluster with sufficient
accuracy in JSON format which can be used for further processing. In the background it uses the VGT
(Visual Grid Transformer) by Da et al. (2023) [32] which compared to previous document layout analysis
models combines both the visual analysis of a page with semantic text analysis.
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=n Zellwanden die

n 6ffnen sich nicht  Unverzichtbar:
r Helfer seinen Job  Das Hormon
Insulin. Es wird in  Insulin

1d kann — wie eine

schlieRen.

nehr richtig. Meist
ist, die Zellwéande
iind sozusagen be-

Figure 4.2: Unrelated text clusters next to each other - Source: [12]

Warum ist Diabetes liberhaupt gefahrlich?

.Diabetes tut nicht weh" heiltt es oft. Tatsdchlich gilt die Storung
als ,Krankheit auf leisen Sohlen” Denn hohe Blutzuckerwer-
te machen sich lange Zeit nicht oder kaum bemerkbar. Und die

Kurz erklart: Diabetes Typ 1 und 2

Bei Typ-2-Diabetikern entwickelt sich der Insulinmangel meist
erst nach einiger Zeit aus einer Insulinresistenz. Hier liegt der
Hauptunterschied zum Diabetes Typ 1: Diese Stérung geht
immer auf eine defekte Bauchspeicheldriise zuriick. Die Zellen,
die Insulin produzieren, werden vom kdrpereigenen Immun-
system angegriffen und konnen kein Insulin oder nur noch sehr
wenig herstellen. Deshalb miissen Menschen mit Typ-1-Diabetes
immer Insulin spritzen. Bei Diabetes Typ 2 ist das oft nicht nétig
oder ldsst sich lange hinauszdgern.

Figure 4.3: Interrupted unfinished sentence from top to bottom - Source: [12]
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4.2 Enrichment Step

The Enrichment step is required to provide the initially absent text locations of known chapter sentences
for the source .apchis file. This step takes as input both the initial .apchis fileas well as a .json filecontain-
ing the inferred clusters and their type generated by the tool mentioned previously for the source PDF
document. In order to match sentences to text in the provided clusters, first it has to be determined in
which page range the clusters for each chapters lie. While newer versions of the A*CHIS format contain
start page numbers for each chapter, the application uses text stripping on individual pages and then
attempts to find the first and last 3 sentences within the chapter which is a cheap operation performance
wise. If at least one of those sentences is found for each the first and last ones, then the preliminary
start and end page number has been determined. The approach for automatic inference of text locations
for the known sentences within the provided clusters of a cluster happens based on a priority system
as shown in Figure 4.4 for performance reasons. In each of the approaches outlined, a match is first
attempted via Levenshtein-Distance. Only if the calculated Levenshtein-Distance of a potential match is
high enough but not quite sufficient, the BERT embeddings are calculated and the cosine-similarity is
compared against a threshold for a semantic match.

remaining remaining
all chapter Sentences | Sentences |
SENIENCES | gearch standalone g Se&ﬂg’;\g?':)gﬁ_iﬁwle "| search via PDFBox
clusters in chapter chapter default text stripping

found

sentences unfound

found SENtENCEs

SEMtENCES

found
SENtences

Located Sentences

Sentences

marked as
unmatched

Figure 4.4: Flow for automatic location inference during Enrichment step

After the automatic location inference process has concluded, the user can review the findings and
make manual adjustments. The user is presented with an Enrichment view in the GUI which can be
seen in Figure 4.5. When clicking any sentence with any known text locations in the content browser
on the left of the view, the shown .pdf file will scroll to this position such that the user can view the
inference and make their adjustments if necessary, without searching. Textlocations can both, be added
and removed via selection marquee as shown in Figure 4.6. Once the user is done with their adjustments,
the user can finish by saving an .apchis file that contains everything the input .apchis file contained as
well as the already mentioned .json file named text_locations.json which contains the just determined
text locations. The user can re-open an .apchis file that already contains such a file and the automatic
inference step will be completely skipped. This allows for later edits in case mistakes are discovered.
Once a document has been migrated to a newer version, all subsequent versions of the .apchis file should
always contain this file. Therefore, an enrichment step is theoretically only required to be done once
during the entire life cycle of a document used in A*CHIS.
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TUG PDF Annotator

res, steiferes ,Rohr* flieBen muss, steigt der Blutdruck, bis er zu
hoch ist. Die Mediziner sprechen von Hypertonie (Hyper = zu
viel; Tonie = Druck).

Die meisten Menschen mit Typ-2-Diabetes haben haufig zudem
einen zu hohen Blutdruck (= Seite 90 f.). Dieser ist aber nicht nur
eine Folge der Arteriosklerose, sondern verstarkt sie auch weiter.  Auch mehr-
Denn hoher Druck in den Adern fordert ebenfalls die gefiirchte- fach kranke

ten Ablagerungen in den GefiRwinden. Deshalb ist es beson- Patienten

- (makro = rod,

ders problematisch, wenn zu hoher Blutzucker und zu hoher konnen ihre

Blutdruck zusammenkommen. Doch selbst dann ist es moglich, \?:rsbuez(::rer:t
die Krankheit durch eine konsequente Behandlung und Ihr eige-

nes Verhalten auszubremsen.

~Selbst schuld?” — wie Diabetes entsteht

Irgendwann stellen sich wohl alle Menschen mit Diabetes Typ 2

die Frage, warum die Krankheit gerade sie getroffen hat. Manche

hadern mit sich, andere werden wiitend. Und einige bekommen

ein schlechtes Gewissen und Schuldgefiihle — zum Beispiel, weil
sie beim Essen manchmal ordentlich zuschlagen und tiberschis-
sige Pfunde einfach nicht loswerden. Auch AuRerungen aus der
Familie, von Freunden oder Kollegen kénnen einem das Gefiihl -

Figure 4.5: Highlighted inferred sentence locations in Enrichment view
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- L RONNEn ,ODen drauf™. EIne gesunde Ernanrung und ausreichend Bewegung F

o einegesunde  gind und bleiben das A und O jeder Diabetestherapie, auch wenn

Lebensweise Sie mit Tabletten oder Insulin behandelt werden (= Seite 32 ff).

nicht ersetzen . ) i ; A
Schon einige Kilo an Kérpergewicht weniger lassen den Blutzu-

ckerspiegel sinken. Und durch regelmaRige Bewegung werden lhre

Muskelzellen wieder empfindlicher gegeniiber Insulin.

Die Stufen der Diabetestherapie

Stufe 1: Basistherapie

r Gesunde Ernahrung, mehr Bewegung,
x| ‘/ \‘ 6\‘ Gewichtsabnahme, Rauchstopp, Behandlung
b? \J / von Begleiterkrankungen (zum Beispiel Blut-
~_

hochdruck, Fettstoffwechselstérungen)

Stufe 2: Primartherapie

o = Metformin oder
( w \f \\ /®> Q Sulfonylhla rnstoffe,
\J \\-/ eventuell Insulin

Figure 4.6: Adding missing text locations to sentence in Enrichment View via selection
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4.3 Chapter Inference Step

The Chapter Inference step is required to establish the chapter structure of the target document. It also
associates all text clusters that occur within the document to a chapter and provides the user the ability to
manually connect clusters that belong together. An overview of the processing flow of this step can be
seen in Figure 4.7. The automatic inference of the chapter hierarchy tries to first find all section headers
within the provided text clusters. It then sorts them according to position from top to bottom and then
establishes which font sizes are likely to be representing different sub chapter levels. Beneath a section
header, as long as other section headers occur that have smaller font sizes, additional sub chapter levels
are created within the current chapter hierarchy. Whenever a large font size occurs for a following section
header, it is determined by font size which other chapter this new chapter will be a sibling off. The
provided clusters from the third party service are not completely accurate. While most inferred clusters
are typed correctly, many adjustments still have to be made to ensure correctness of both the chapter
hierarchy and clusters.

The pre-provided text clusters by the third party layout detection tool have to be pre-filtered to not
have negative dimensions or be located outside of the visible space of a page in order to be considered.
Not doing so lead to corrupt clusters which break the graphical user interface which would draw clusters
over entire pages in the PDF viewer that were not interactible.

Inferred - sort by
Textclusters > Sect:gfrhf:e[ ders » a ?;Fﬂfber g y coordinate
Pag on page
A 4
find largest filter for all create chapter
font size occuring at » with smaller or equal » hierarchy by font size
least x times font size and order
A
Ly filter for content o ass@;;i;gﬁffﬁ by o manual user .apce
cluster types * Pag - ¥ | corrections via GUI file
position
[y
Target PDF
Document

Figure 4.7: Process flow of Chapter Inference step

For manual corrections the user has multiple tools at their disposal as shown in Figure 4.8. Inside the
content browser on the left side, the user is presented with the current presumed hierarchy of the target
document. A click on each of the chapters will scroll the PDF view to the position of the section header
that is associated with the clicked chapter. Inside the PDF viewer, all content clusters are highlighted in
different colors according to their type. Most content clusters are either considered pure text (green) or
listings items (yellow). Visualized text clusters that do not belong to the currently selected chapter are
displayed with a stronger alpha channel. The type of each cluster can be changed by clicking on it as a
modal will open prompting the user to select the correct type. The user has the ability to both create new
clusters by selection marquee and delete existing ones. Whenever a text cluster is changed into a section
header or a new text cluster is created as a section header, a new chapter will be inserted at that position.
Vice versa, deleting a section header or changing its type will cause the corresponding chapter to be
removed from the hierarchy. There are buttons to both promote and demote the currently selected chapter
within the hierarchy. A chapter can only be demoted if it has a direct sibling that occurs before it. It will
then become a sub chapter of that sibling. Promoting a chapter will cause it to become a sibling of its
current parent chapter. Additionally within its current hierarchy level, the selected chapter can be moved
up and down to change its position in respect to its siblings. As shown in Figure 4.9 content text clusters
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that belong to each other have to be linked manually by the user. A link chain between clusters can be
arbitrary long and is visualized via red arrows in the PDF viewer. These links ensure that sentences can
be extracted efficiently and correctly when they span over multiple clusters. Once the user is done with
their manual adjustments the save button can be used to zip the hierarchy and cluster information as well
as the target document into an .apcc file that can be used as an input for the final Migration step. As the
.apchis file of the source document is not an input for this step, we need this separate file type to store
the results of this step. An existing .apcc file can be re-opened for Chapter Inference to make further

corrections if mistakes are discovered later.

]

213 Do Gikossssmechsl

TUG PDF Annotator -

Beides fuhrt dazu, dass zu wenig Glukose in die Zellen gelangt und in
Energie umgewandelt wird. Menschen mit Diabetes fiihlen sich deshalb
oft miide und abgeschlagen. Dadurch aber bleibt die Glukose im Blut.
Der Glukosegehalt des Blutes steigt an, es kommt zur Hyperglykdmie
(hyper = zu viel; Glyk = Glukose; dmie = im Blut). Dieser erh6hte Gluko-
sespiegel (Blutzuckerspiegel) ist das eigentliche Problem des Diabetes
mellitus.

Warum ist Diabetes liberhaupt gefahrlich?

.Diabetes tut nicht weh” heiBt es oft. Tatsdchlich gilt die Stérung als
JKrankheit auf leisen Sohlen”. Denn hohe Glukosewerte (Zuckerwerte)
machen sich lange Zeit nicht oder kaum bemerkbar. Und die meisten
kérperlichen Anzeichen sind unspezifisch. Sie knnten viele Griinde
haben. Magli i ichen sind:

- starker Durst

« verstarkter Appetit bis zum HeiBhunger

- starker Harndrang, hdaufiges Wasserlassen

- Miidigkeit und schnelle Erschépfung

« trockene, juckende Haut

« schlechtere Heilung auch kleiner Wunden

« kribbelnde, manchmal taube FiiBe und Beine

« verschlechtertes Sehen

Die unterschétzte Gefahr

Diese Beschwerden treten aber nicht bei allen Patientinnen und Pati-
enten auf. Manchmal verschwinden sie auch schnell wieder oder sind
nur schwach ausgeprégt. Von lhrem Diabetes spiiren Sie also vielleicht
lange so gut wie nichts. Das hat seine Tiicken. Denn das Fehlen von
Symptomen bewirkt, dass die Krankheit manchmal spéat entdeckt wird.
Und es verlockt dazu, die Krankheit zu unterschdtzen, nach dem Motto:

Figure 4.8: Chapter-Inference-View
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werden die im Behandlungsprogramm vorgesehenen MaBnahmen regel-
maBig wissehschaftlich Gberpriift und, wenn nétig, aktualisiert. Sie
profitieren dqmit also immer vom medizinischen Fortschritt. Die Grund-

art: evidenzbasierte Medizin

In der Medizin werden weltweit wissenschaftliche Untersuchungen (Studien)
mit einer oft| sehr groBen Zahl von Patientinnen und Patienten durchge-
flihrt. So lasst sich feststellen, welche MaBnahmen zur Behandlung einer
bestimmten Erkrankung sich im Vergleich als besonders wirksam und sicher
bewdhrt habén. Die Wirksamkeit solcher MaBnahmen gilt dann als evident,
also als schliissig und erwiesen. Daher ist beispielsweise eindeutig, welche
MaBnahmen und Medikamente bei Diabetes Typ 2 Folgeerkrankungen am
besten vorbeugen. Aus den Ergebnissen solcher Untersuchungen entstehen
die Behandlungsempfehlungen fiir den Arzt. Wenn er an einem strukturierten
Behandlungsprogramm teilnimmt, erhdlt er auf diese Weise aktuelles und
gesichertes Wissen. Zusammen mit seiner praktischen Erfahrung garantiert
das eine optimale Behandlung.

Den Diabetes im Griff 25

Keine Sorge - Diabetes lasst sich gut behandeln

wiima dar cind Cin harihan uar allam

Figure 4.9: Linking two content clusters

4.4 Migration Step

The migration step takes the output files of both previous steps as input. This step attempts to find
as many sentences that occurred in the source .apchis filein the target document automatically. First
the inference process tries to strip all non-alphabetic characters from compared sentences and then
attempts an absolute match between the candidates. For sentences that cannot be matched absolutely,
a match via Levenshtein-Distance is attempted with all non-alphabetic characters still stripped from
both candidates. For all remaining unmatched sentences, a match via cosine-similarity of the BERT
embeddings is attempted for candidates that have a sufficient Leventhstein-Distance match. All remaining
unmatched sentences are assumed to require manual intervention to find or discard.

As the processing steps outlined above are brute force comparisons, some performance optimizations
were made to shorten the time the user has to wait. Generally, the computations and comparisons in this
step are heavily parallelizable as they only loosely depend on each other. Therefore, the entire inference
logic for this step is abstracted into a processing unit which holds multiple key-value maps in memory
that are able to handle concurrent accesses from different threads. As the very first comparison level is a
complete character matching as mentioned above, this disqualifies sentence candidates with multiple
occurrences in the same document as those are theoretically possible for short sentences. Therefore,
a set of such sentences is precomputed for both the source and the target document contexts. As the
computation of these sets already requires the filtered alphabetic characters only of each sentence,
these translations can be stored in maps as they will be required in the first comparison step as well.
Additionally, a quick mapping from sentences to their respective chapters is constructed which is used by
the processing levels. The absolute character matching level establishes a mapping between chapters
of the source document and chapters of the target document as soon as a single match is found. All
subsequent levels like matching by Levenshtein-distance or BERT embeddings require such a source to
target chapter mapping to be present or otherwise the contents of these chapter have to be skipped as the
amount of possible comparisons would lead to a very long execution time.

After automatic inference, the user is presented with a side to side comparison view as shown in
Figure 4.10 where both the source and target PDF document can be compared against each other. The
browser on the bottom shows all matched, incomplete and unmatched annotations. A click on one of
these sentences in the browser will scroll both shown PDF Viewers to the location of the match which
is then highlighted on both sides. The edit mode in this view allows for both the adding and removing
of sentences from the annotation matching. When in add-sentence mode, each sentence that is not
yet added to any annotation within the same chapter as the sentences that are already added, will be
highlighted when hovered and can be clicked to add it. In Figure 4.11 the missing sentence is highlighted
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for addition on hover. Vice-versa, when in remove mode, sentences that are already part of the annotation
are highlighted when hovered and a click removes them from the annotation. The tag of the annotation
can be adjusted as well with a built in search by name and id.

TUG PDF Annotator

REJECT

Das Ziel ist, in das Innere der Zellen zu gelangen —denn nur dort Doch bei Menschen mit Diabetes stockt an den Zellwéinden die Reise
kann Zucker in Energie verwandelt werden ANNOTATION der Glukose. Die Tore ins Innere der Zellen 6ffnen sich nicht weit genug.  Unver-

: Das liegt daran, dass ein wichtiger Helfer seinen Job nicht mehr richtig zichtbar:
Doch bei Menschen mit Diabetes stockt an den Zellwinden die FINISH AND machen kann: das Hormon Insulin. Es wird in der Bauchspeicheldriise das Hormon
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dass zwar Insulin vorhanden ist, die Zellwiinde aber zu stark veréindert

sind: Die Tiirschldsser sind sozusagen beschddigt, das Insulin kann
Annotation der Glukose die Tore nicht mehr &ffnen. Die medizinische Bezeichnung
ist Insulinresistenz, weil die Zellen auf das Insulin nicht mehr richtig
reagieren (Resistenz = Widerstand).

der Bauchspeicheldriise (Pankreas) gebildet und kann — wie eine
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i Jetzt kommt zur Insulinresi noch der mangel
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schadigt, das Insulin kann dem Zucker die Tore nicht mehr 6ffnen.
Die Mediziner sprechen dann von einer Insulinresistenz, weil die
Zellen auf das Insulin nicht mehr richtig reagieren (Resistenz =
Widerstand).

Jch habe Diabetes" - was bedeutet das?

Beides fiihrt dazu, dass zu wenig Glukose in die Zellen gelangt und in
Energie umgewandelt wird. Menschen mit Diabetes fiihlen sich deshalb

Die Bauchspeicheldriise gibt nicht so schnell auf. Sie versucht
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Figure 4.10: Migration View showing an incompletely matched sentence

TUG PDF Annotator

REJECT
ANNOTATION

Doch bei Menschen mit Diabetes stockt an den Zellwénden die Reise.
der Glukose. Die Tore ins Innere der Zellen &ffnen sich nicht weit genug.
Das liegt daran, dass ein wichtiger Helfer seinen Job nicht mehr ric
machen kann: das Hormon Insulin. Es wird in der Bauchspeicheldriise
(Pankreas) gebildet und kann - wie eine Art Hausmeister - der Glukose
die Zelltore aufschlieBen.

Das Ziel ist, in das Innere der Zellen zu gelangen — denn nur dort
kann Zucker in Energie verwandelt werden.

Doch bei Menschen mit Diabetes stockt an den Zellwénden die FINISH AND
Reise des Zuckers. Die Tore ins Innere der Zellen 6ffnen sich nicht ~ Unverzichtbar SAVETOFILE
weit genug. Das liegt daran, dass ein wichtiger Helfer seinen Job  Das Hormon R

nicht mehr richtig machen kann: das Hormon Insulin. Es wird in Insulin END EDIT Bei Typ-2-Diabetes ist diese Funktion gestdrt. Meist liegt das daran,

der Bauchspeicheldriise (Pankreas) gebildet und kann — wie eine
Art Hausmeister — dem Zucker die Zelltore aufschlieBen.

Beim Typ-2-Diabetiker funktioniert das nicht mehr richtig. Meist

Annotation

dass zwar Insulin vorhanden ist, die Zellwéinde aber zu stark verandert
sind: Die Tiirschidsser sind sozusagen beschddigt, das Insulin kann

der Glukose die Tore nicht mehr &ffnen. Die medizinische Bezeichnung
ist Insulinresistenz, weil die Zellen auf das Insulin nicht mehr richtig

liegt das daran, dass zwar Insulin vorhanden ist, die Zellwénde 26 INSULIN reagieren (Resistenz = Widerstand).

aber zu stark verandert sind: Die Tiirschlsser sind sozusagen be- Die Bauchspeicheldriise gibt nicht so schnell auf. Sie versucht lange, die  Von der

schlechte Wirkung des Insulins auszugleichen, indem sie iiberaktiv mehr  Insulin-

davon produziert. Doch irgendwann aberfordert diese Uberproduktion resistenz

die Driisenzellen. Sie machen schlapp und kinnen immer weniger Insulin
i . Jetzt kommt zur Insulinresistenz noch der

Kapitel 1 Den Diabetes im Griff

schadigt, das Insulin kann dem Zucker die Tore nicht mehr ffnen
Die Mediziner sprechen dann von einer Insulinresistenz, weil die
Zellen auf das Insulin nicht mehr richtig reagieren (Resistenz =
Widerstand).

lch habe Diabetes" - was bedeutet das?

Beides fiihrt dazu, dass zu wenig Glukose in die Zellen gelangt und in
Energie umgewandelt wird. Menschen mit Diabetes fiihlen sich deshalb

A8+ i A Ane AhlnAAn Radirah mhar Rinike din Slibnen im Bl

Die Bauchspeicheldriise gibt nicht so schnell auf. Sie versucht

186@33 4190 &

113 (0] Warum st das 507 Um e 2 versthen,hilft i .. @
13 27 ie Bauchspeichedrose gt icht s schnall aut.. ©
L2290} abetes ot icht woh it o ot Ttschic.. @
2145} B Typ 2 Oisbskem entichels ichdor msu.. ©
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Figure 4.11: Auto highlighting the hovered un-added sentence
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Implementation

Many different technologies are combined to develop A*CHISM. Table 5.1 shows an overview of the
most important technologies used. Generally the application code is divided into a back-end and front-end
project where the former is a Java Spring project and the latter is an Electron desktop application written
in React and Typescript. The decision to use Java in combination with the Spring framework for the
back-end was made based on the following benefits:

» Simple to implement multithreading capabilities,
* Popular PDF manipulation and extraction library: PDFBox[9],
* The author’s familiarity of working with these technologies.

The decision to pick React as the front-end technology was mainly made for the flexibility benefits
a modern web-stack provides for GUI development in combination with pdf.js[33] while still having
access to the local file system due to being wrapped in an Electron window. The communication between
the back-end and front-end applications happens via websockets which is sufficiently performant for
A*CHISM to pass the content of the entire PDF documents without noticeable delay. Communication via
shared memory, while in theory arguably the fastest way of communication between both processes is
difficult to implement in an electron project as native APIs are nonexistent while named pipes would
require a platform dependent implementation.
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Technology Usage

Java & Spring Framework[34] The back-end application stack. Communicates via websocket
messages with the GUI, reads and splits the input files, pro-
cesses automatic inference logic and writes the output files.
React[35] & Electron[36] The front-end application stack (GUI). A desktop application
built with a web based framework that communicates with
the back-end via websocket messages. The content of a web
browser can be displayed inside a sand-boxed environment
with limited system access that can communicate with the more
privileged part of the application via narrow defined APIs.
Gradle[37] The overarching build tool for the entire project. Primarily
manages dependencies of the back-end stack, but also partially
generates front-end interfaces of messages defined by back-end
code and indirectly invokes build instructions for the front-end
code base.

Apache PDFBox[9] Library for processing and modifying PDF documents. Pri-
marily used by A*CHISM to extract all text tokens within
pre-defined rectangular areas and aggregating document char-
acteristics like common font sizes.

Mozilla PDFE,js[33] front-end library for parsing and rendering PDF content into
the GUL Primarily used by A*CHISM to render the document
pages content onto canvases and to determine the position of
individual text tokens for marquee hover highlighting.
Apache Commons Text[38] Library providing implementations for string based algorithms.
Used by A*CHISM for its Levenshtein-Distance implementa-
tion.

Apache OpenNLP Sentence De- | Model and API to split a provided text chunk into individual
tector Model[39] & OpenNLP- | sentences.

Tools[40]
Model: Multi cased BERT | The used BERT model and the library to interact with it from
model[41] & easy-bert[29] within the back-end Java code base. The provided API takes a

sentence as input and provides the embedding vector as output.

Table 5.1: Main technologies & libraries used

5.1 Visualization Principles

All GUI views the user can interact with in A*CHISM follow the same principle. The majority of the
screen space is occupied by a PDF viewer in which the actual PDF document being edited is rendered.
On a smaller fraction of the screen space the user is presented with a content browser by which they can
quickly navigate through content that is relevant for the current task they are performing. Interaction
with this browser, scrolls the interacted with content into view on the PDF viewer to enable efficient edits
of content that could not be inferred automatically.

The content shown in each view’s browser, uses a color scheme which is consistent within A*CHISM.
Green colors indicate a successful automatic inference of something or a done manual edit while an
orange color indicates a partial automatic match that has not been corrected manually yet. Red color
indicates something where not even parts of it could be inferred automatically and blue color indicates
that something is currently being edited.

Two of the three views enable the user to add or remove content inside the document they are editing
by selection marquee. This is inspired by the PAWLS[42] tool which is shown in Figure 5.1. In PAWLS a
selection marquee makes words that are either covered or partially overlapped by the marquee rectangle,
snap visually. In the case of A*CHISM, a selection rectangle visualizes individual characters of which
the PDF based bounding box is overlapped by the selection rectangle. This is only a visual indication
however, to signal to the user that the selection actually affects the text within the PDF viewer. When the
user does draw a selection marquee over text, it is not the GUI that filters the characters that are covered
by the rectangle. Instead, when a selection is confirmed by the user by releasing their mouse button, this
information is sent to the back-end of A*CHISM and based on the current editing context, the back-end
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extracts all characters within that area from the document via PDF box and performs an action with them.

Abstract

§ are very powerful machine learning
systems. However, overfitting is a serious problem in §iich networks. Large networks are also
slow to use, making it difficult to deal with overfitting by combining the predictions of many
different large neural nets at test time. Dropout is afféchiiiiqiieé

The key idea is to randomly drop units (along §ifli their connections) from the neural
network during training. This prevents units from e¢-adapting too much. During training,
i “thinned” networks. At test time,
iii§ of all these thinned networks
smaller weights. This significantly

it is easy to approximate the effect of averaging the Hijé
by simply using a single unthinned network that }
reduces overfitting and gives major improvements i}
show that dropout improves the performance of g
tasks in vision, speech recognition, document LIHE

other regularization methods. We
i} networks on supervised learning
Oif and computational biology,

sets.

LULALIIIE pLalerUizLbiieTall teotiily DI ilally; DL

Keywords: neural networks, regularization, model combination, deep learning

Figure 5.1: Token snapping in PAWLS marquee selection - Source: [42]

5.2 PDF Viewer Implementation Design

The most popular open source option for displaying PDF content in a web technology based application
is pdf.js [33] which is distributed as both a bare-bones library to render PDF content onto canvases or
as a ready to customize viewer that is also used by the Firefox web browser. Although there also exist
some other commercial and freemium options, most free/open-source wrappers for different front-end
frameworks like react-pdf[43] use pdf.js under the hood. We decided to integrate the bare-bones pdf.js
library into A*CHISM instead of using the prebuilt viewer as the heavy customizations that were required
for this project were considered harder to do otherwise.

The PDF content of each individual page is rendered onto a HTML canvas element. The implemented
PDF viewer, therefore is a container element that stacks many canvas elements vertically with fixed
distance offsets. Each of these canvases only renders its PDF page content when it comes into the users
view, which is necessary for performance of A*CHISM for large documents like the brochure. For
all the different GUI views of their respective step (Enrichment Step, Chapter Inference Step and
Migration Step) there exist different tools inside the viewer for manual interactions that require custom
visualizations. Those custom visualizations are achieved by having multiple layers of transparent canvas
elements stacked directly on top of each other for every page. This is necessary because a single canvas
does not have multiple layers on which different things can be drawn and cleared without affecting
other content. Meaning, if a single canvas were to render both the PDF content of a page as well as
text highlights for an annotation, clearing that highlight would require the entire PDF content to be
re-rendered. This would pose a performance challenge and is also not trivial to implement. For each
of the different views A*CHISM provides, the PDF page container always provides the same order of
hierarchy for its layers. The first layer, as described above merely renders the PDF content of a page.
The second layer draws all text highlights on a page where an individual highlights consists of a list of
rectangles and color in which the highlight is to be shown with a fixed alpha channel. Each provided
highlight can also provide custom handlers for hovering and un-hovering the highlight and for user mouse
clicks. The highest layer is called the Selection layer and provides the visualization of the marquee
selection rectangle that the user can draw over a canvas by clicking and dragging over the content of a
page. The visualized rectangle is a rectangle with alpha channel and a border without an alpha channel.

The chapter-inference view requires visualizations to indicate links between different pages which
will be elaborated on later. These visualizations are achieved by another invisible canvas that spans over
the container that contains all of the vertically stacked canvases. In addition, there is also a separate
tooltip layer that spans over the entire content of A*CHISM’s GUI which enables the display of tooltips
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with interactive content for when a user performs manual actions like for example hovering or clicking
highlights in a view. An example for such a tooltip can be seen in Figure 5.2.

Die Behandlungsdokumentation

Die Doku- Der Arzt halt bei den alle drei oder sechs Monate stattfindenden
mentation Terminen die wichtigsten Informationen zu |hrer Behandlung schriftlich
enthdlt fest. Das sind

wichtige - die aktuell ermittelten Gesundheitswerte,

Informa-

tionen - die Medikamente, die Sie zur Behandlung des Diabetes und eventueller
fiir Sie Begleiterkrankungen verschrieben bekommen haben sowie

- weitere Angaben zur Behandlung.

Cluster

Id: eSc9aB8e-0f59-41dd-8436-d6bafdTeldts
Chapter: 3.7.1

Type: CAPTION

Der Arzt dokumentiert die wichtigsten Ergeb

Behandlungstermine.

Figure 5.2: Tooltip shown for a highlight clicked by the user in the Chapter-Inference view

5.3 Application Messaging

As mentioned before, the front-end and back-end parts of A*CHISM communicate with each other via
websockets. In order for the Spring framework to map websocket messages correctly, the connection
needs to upgrade to the STOMP protocol. The stomp protocol turns the websocket connection which is
only a bi-directional pipe into a protocol following a publish subscribe pattern with acknowledgements
that messages were received.

5.4 Text-Token Information Extraction by Area

Apache PDFBox[9] provides an API by which text from a page or given rectangular area within a page
can be extracted. These APIs are called PDFTextStripper and PDFTextStripperByArea respectively.
However, by default this API only provides the extracted text in plain text as output and not as a list
of individual tokens and more detailed information like their exact position, font and coloring. As the
API does use a TextPosition object representation for its processing in the background, both APIs
were customized to gather and expose these lists of filtered TextPosition objects for further use in
A*CHISM. While the necessary modifications necessary to extract the TextPosition objects themselves
were straight-forward, the extraction of text color required internal customized implementations of how
PDFBox reacts to the PDF content stream operators SetNonStrokingColorN(scn), Save(q) and
Restore(Q). This was required to store the current stroking color state and assign it to all text positions
extracted within the time until another stroking state was pushed or a previous one was restored.
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Use Case Example

In this chapter we will discuss how well A*CHISM performs on the actual use case of the brochure on
T2DM by the AOK [12] which is the primary CHIS currently being tested with the A*CHIS project.

Both the source and target document of the brochure contain so called "Kurz-Erklért" - Chapters (KE-
Chapters). These are mini-chapters which are essentially just boxes with a headline and some additional
information inside. Examples like shown in Figure 4.3 where unfinished sentences are interrupted by
KE-Chapters or pictures on either the same or the next page before they continue in a text cluster are
common within all versions of the brochure.

6.1 Results

The runtime durations of the automatic inference processes for the different outlined application steps
are very dependent on the hardware on which the application is tested as well as the amount of pages
for the CHIS being migrated. All mentioned runtime performance measurements are based on a state-
of-the-art consumer hardware. All results and measured computation durations refer to the T2DM
brochure by the AOK [12] using the hardware specified in Table 6.1. It should be noticed however, that
the performance especially scales with CPU performance and amount of possible simultaneous thread
executions. Additional RAM allows to allocate more independent models for sentence extraction and
calculating BERT embeddings that can be simultaneously used by different threads which also speeds up
the process to some extend. All duration measurements of manual work refer to us using A*CHISM.

Table 6.1: This table shows some performance relevant system specifics for the system A* CHISM was tested on.

Component Type used
CPU AMD Ryzen 9900X
RAM 64GB @6000MHz

OS Ubuntu 24.04 LTE

The thresholds used to determine whether or not two compared pieces of content or sentences match
also heavily influences the runtime duration of automatic inference tasks. Lower thresholds lead to
quicker run-times but more false or incomplete positives.

Additionally, a cognitive walkthrough of A*CHISM was performed together with stakeholders of the
A*CHIS project. Our application was well received.
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6.1.1 Results - Enrichment step

The enrichment step’s primary purpose is to prepare the source .apchis file for usage in the migration
view. Therefore, an exact match is not mandatory as long as the visualization of the matched content is
sufficient to make a comparison with the target document possible in the view. The parameters shown
in Table 6.2 were chosen to perform the automatic text location inference on the source document. We
deemed them to strike a good balance between runtime duration and correctness for this step. Table 6.3
shows the results achieved with those parameters.

Table 6.2: This table shows the configuration parameters used and the runtime achieved.

Configuration Value
Levenshtein match threshold 0.95
BERT match threshold 0.85
Bert fallback tolerance 0.10
Runtime 1991 s

Table 6.3: This table shows the achieved results with the parameters outlined above.

Property Number
Total sentences to match 1158
Sentences matched total 1122
Perfect sentence matches 1062
Imperfect sentence matches 60
Sentences unmatched total 36
Sentences matched by BERT 22
False positive matches 0

A perfect match in this context means that a sentence has an exact character match with the compared
one, given that all white spaces and hyphens were stripped from both. Given the high required thresholds
to achieve a match in this test, the imperfect matches can still be considered sufficient to visualize those
matches on the source document during the migration step. The amount of imperfect matches listed
aggregates all matches that are not perfect matches. Manual correction of the imperfect matches and
unmatched sentences within A*CHISM in this test scenario took us fifteen minutes.

The imperfect matches in this test were caused by the following reasons:

IM1 When a specific page is referenced in the source brochure document, the pre-stored sentences were
manually adjusted to reference the chapter instead with different syntax.

IM2 Characters representing bullet points in the brochure source document were manually replaced
with the character sequence "[-]" in the pre-stored sentences.

IM3 The pre-stored sentences end with punctuation but there is no punctuation in the real document.
IM4 The wording of pre-stored sentences differ from the source document.

IMS The first or last few characters of the sentence are located in another cluster but the partial text
matches sufficiently to surpass the configured thresholds.

IM6 The pre-stored content is not an actual sentence and the sentence matching logic from the application
differs.
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Table 6.4: Examples for imperfect matches

Example

M1

M2

M3

M4

IM5

IMe6

changed page reference

Die Folgen der Blutzuckerstrung
entwickeln sich zwar langsam, sie kénnen
aber irgendwann zu ernsten Beschwerden
fuhren. ©

Diese sind dann auch immer deutlicher zu
spuren (ref{6_0}.). A

Das lasst sich nur verhindern, wenn Ihr

changed bullet points

£.2.473 - UET ATZLKONIWONIETE rEgEImaniy
den Blutzuckerlangzeitwert @

v 2.2.1.2 - Kurz erklart: Die MaReinheiten &

Fur den Blutzucker, die Glukose, gibt es
2wei MaBeinheiten: [] mg/dl = Milligramm
Zucker pro Deziliter Blut (ein Deziliter sind
100 milliliter) [-] mmolil = Millimol pro
Liter, mmolil gibt die Menge des Zuckers
als Teilchen pro Literan 4

> 2.2.2-Persénliche Zielwerte ®

2.2.2.1- Unter bestimmten Bedingungen

>
werden hohere Werte in Kauf genommen A

2.2.3 - Der zweite wichtige Wert: Der

non-existing dot at end

U KOMDINIErT ef 1abieten una ein
Insulin, er kann aber auch ein
Insulinpraparat verordnen oder zwei mit
unterschiedlicher Wirkweise. @

Die wichtigsten Insulintherapien sind:. 4

, 424.1-Basal untersttzte orale Therapie

different wording

aufzuhéren. ®

Wie den Blutzucker kénnen Sie auch Ihren
Blutdruck selbst kontrollieren

(ef{6_2 2}). 4

Im Behandlungsprogramm AOK-Curaplan
misst Ihr Arzt den Wert in der Regel alle
drei Monate, mindestens aber einmal im
halben Jahr, 4

Liegt er hoher als 139/89 mmHg, wird er

Lannan @

cut-off sentence start
gesetzlich festgelegt. @
Sie beruhen vor allem auf den
Erkenntnissen der evidenzbasierten
Medizin. @
AOK-Curaplan ist eine Art Fahrplan fur
Ihre Behandlung. @
Ihr Arzt kann von den vorgesehenen
BehandlungsmaBnahmen zwar
abweichen, schlieBlich kennt nur er lhre
personliche Krankheitsgeschichte. A

Er sollte lhnen in dem Fall aber die

Sie beraten, wie Sie den Blutdruck senken

cut-off sentence start

Getréinken, wie Likbr, Bier (v. ©
a o

Malzbier und Biere mit geringerem
Alkoholgehalt) sowie Wein (v.a. 4

Auslese oder halbtrockene Weine)
enthalten sind. &

HILHE @30 145 I TS LU DU was Wl g ianii. L
Folgen der Blutzuckerstorung entwickeln sich zwar langsam, sie
konnen aber irgendwann zu ernsten Beschwerden fiithren. Diese
sind dann auch immer deutlicher zu spiiren (» Seite 88 ff)). Das
lasst sich nur verhindern, wenn Ihr Diabetes so frith wie méglich
behandelt wird und Sie dabei intensiv mitarbeiten.

Je frither der
Diabetes be-
handelt wird,
umso besser

LU VEIGIUTIIL /G UTTT SUIILETT JIE UIS WILHIUEI LS YWEI LS UlIu 1S
Bedeutung kennen. AuBerdem
sollten Sie wissen, was lhre
Werte beeinflusst und wann
sie zu hoch oder zu niedrig
sind. Wenn diese Themen fur
Sie neu sind, geben Sie sich
etwas Zeit. Sie mussen nicht
alles sofort verstehen. Und fra-
gen Sie lhren Arzt, wenn Wich-

Kurz erklart: Die MaBeinheiten

Fiir den Blutzucker, die Glukose, gibt es zwei

MaReinheiten:

® mg/dl = Milligramm Zucker pro Deziliter
Blut (ein Deziliter sind 100 Milliliter)

© mmol/I = Millimol pro Liter, mmol/I gibt die
Menge des Zuckers als Teilchen pro Liter an

ein Insulin, er kann aber auch ein Insulinpraparat verordnen oder
zwei mit unterschiedlicher Wirkweise. Die wichtigsten Insulin-
therapien sind:

Basal unterstiitzte orale Therapie (BOT): Der Patient nimmt regel-

UET DIULZULKET 111 UET dUiiL UIS £LWUIL VVOLTIEn vor ucr lVIE))UIIs
eingestellt war. Ist der HbAlc-Wert niedrig, war der Blutzucker in
den vorangehenden Wochen gut eingestellt, also im Durchschnitt
nicht zu hoch. Im Behandlungsprogramm AOK-Curaplan kontrol-
liert Ihr Arzt diesen Wert in der Regel alle drei Monate, mindestens
aber einmal im halben Jahr.

AOK-Curaplan ist eine Art Fahr-
plan fir Ihre Behandlung. thr
Arzt kann von den vorgesehenen BehandlungsmaRnahmen zwar
abweichen, schlieBlich kennt nur er Ihre personliche Krankheits-
geschichte. Er sollte Ihnen in dem Fall aber die Griinde erklaren.
Evidenzbasierte Medizin ist kein enges Korsett, sondern verbin-
det das Wissen aus der medizinischen Forschung mit der prakti-

21

Der Arzt dokumentiert die wichtigsten Ergebnisse der
regelméaRigen Behandlungstermine

schen Erfahrung Ihres Arztes —im Dienst Ihrer Gesundheit.

sierten Medizin. Section header [12]
Der Arzt dokumentiert die wichtigsten Ergebnisse der

elm en Behandlungstermine

Arzt kann von den vorgesehenen BehandlungsmaRnahmen zwar
abweichen, schlieBlich kennt nur er Ihre personliche Krankheits-

nNanung

zeride auch selbst her, wenn wir zu viel einfache Kohlenhydra-
te zu uns nehmen, wie sie in zuckerhaltigen Limonaden, WeiR-
mehlprodukten oder in alkoholische Getranken, wie Likér, Bier (v. a.
Malzbier und Biere mit geringerem Alkoholgehalt) sowie Wein (v.a.
Auslese oder halbtrockene Weine) enthalten sind. Das kann auch
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Unmatched content could not be matched because of the following reasons:

UM1 All the reasons that also lead to imperfect matches but to a severity where configured matching
thresholds cannot be met.

UM2 There is more than one entire page between two clusters that a sentence belongs to. This will
not be matched as the inference algorithm only considers the following page to search for a pair
cluster.

UM3 The pre-stored content violates the rule that stored contents are extracted sentences and instead
parts of multiple sentences are referenced as one piece.

UM4 The pre-stored sentence does not reflect the entirety of the sentence as the sentence model used by
the application would extract it.

UMS The clusters detected by the employed third party tool do not line up sufficiently with the content
that contains the sentence.

Table 6.6: Examples for unmatched content

Example

pre-stored content is not a sentence

uUnd ein gesunder Lebensstil fallt nicht

allen gleich leicht. @

Ob er gelingt, ist von vielen Faktoren
abhangig — von kérperlichen
Voraussetzungen genauso wie von der
individuellen Perssnlichkeit, von Arbeits-
und Lebenshedingungen und von der
Lebensgeschichte. @

1.3.1.1 - Die Frage nach der Schuld ist
falsch gestellt @

, 14~ Wie es nach der Diagnose weitergeht
®

Darauf kommt es jetzt an

Wie auch immer Sie selbst auf die Diagnose reagiert haben: Es
kommt nun darauf an, dass Sie lernen, mit der Krankheit um-
zugehen. Das geht nicht von heute auf morgen, aber je eher Sie
sich darauf einlassen, desto besser. Wichtig sind fiir Sie jetzt funf

Grundpfeiler:

Die medizinische Behandlung: Hauptziel ist, die Blutzuckerwer-
te zu senken, um mogliche Symptome zu verringern und Folge-

en -
E ¥ 14.1-Darauf kommt es jetzt an @ krankheiten zu verhindern. Ein Team aus Arzten und anderen
) e auch immer Sie sclbst aul die Medizinprofis unterstiitzt Sie dabei. Und das Behandlungspro-
Diagnose reagiert haben: Es kommt nun " X X o X
darauf an, dass Sie lernen, mit der gramm AOK-Curaplan gewahrleistet die bestmogliche Therapie
Krankheit umzugehen. @ (_) Seite 27 fﬂ
Das geht nicht von heute auf morgen,
aper o eher Sie sich darauf einlassen. Informationen und Schulungen: Diabetes ldsst sich nur opti-
| mal behandeln, wenn Sie im Kampf gegen die Krankheit mit in
Grundpfeiler: Die medizinische den Ring steigen. Dabei helfen Ihnen Informationen von lhrem
Sehandlung: inormationen und Arzt und der AOK sowie der Besuch von Schulungen. Je besser
chulungen; Alltag und Lebensstil;
Familie, Freunde, Kollegen; Die Seele Sie Bescheid wissen, desto besser werden Sie mit dem Diabetes
i . 0 . . . L.
iehtzu urz kommen fassen klarkommen. Auch im Internet und in anderen Medien kénnen
v 1.4.1.1 - Die medizinische Behandlung @
Hauptziel ist, die Blutzuckerwerte zu
senken, um mégliche Symptome zu 15
pre-stored sentence is only contained in detected sentence
Metformin und Insulin. @
E . 4242~ Supplementare Insulintherapie Supplementire Insulintherapie (SIT): Der Patient nimmt Tabletten
5 (sim): @ und spritzt zusatzlich zu den Hauptmahlzeiten eine kleine Dosis ei-
AT D T nes kurz wirksamen Insulins. Diese Therapie eignet sich besonders
zusétzlich zu den Hauptmahizeiten eine — - - - X
Kieine Dosis eines kurz wirksamen fiir Typ-2-Diabetiker mit hohen Blutzuckergipfeln nach dem Essen.
Insulins. @
Diese Theraie eianet sich besonders fr Konventionelle Insulintherapie (CT): Vor dem Friihstiick und vor
detected clusters have incorrect boundaries
T e e, O empfinden viele das als tiefen  Die Medizinische Fachangestellte hilft: Den Blutzucker
Verordnet der Arzt dagegen Insulin, Einschnitt. Nach dem Motto: ~2umessen und sich Insulin zu spritzen ist ganz einfach
w :mplinden viele das als tiefen Einschnitt. Wenn |Ch SPritZen muss' bln
2 ey Sy — ich wohl ernsthaft krank. Dazu kommt die Angst vor dem Sprit- Manchmal
-} bin ich wohl emsthaft krank. @ zen selbst und davor, zuzunehmen und haufiger Unterzuckerun- ~ reichen
PN e - - Tabletien
T O e et TS e e T DT Ve TS TITe T e e Te e T e BTt TeReT

Einschnitt. Nach dem Motto] 2zu messen und sich Insulin zu spritzen ist ganz einfach

ich wohl ernsthaft krank. Dazu kommt die Angst vor dem Sprit-l ﬁanchmal
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No document specific adaptations were made to A*CHISM to deal with these problems for the sake
of keeping the solution general. Given that this test attempt yielded a result that made manual corrections
possible in a reasonable amount of time it did not seem beneficial to sacrifice compatibility with possible
future versions of the same document for a few additional minutes gained by matching the remaining
content of the initial document correctly.

6.1.2 Results - Chapter Inference Step

The majority of all chapters and clusters could successfully be inferred by using the target document and
clusters produced by the externally used layout detection service. Compared to the enrichment step, this
step did not require any significant processing time exceeding a few seconds. As the provided clusters
do contain some mistakes however, there were some corrections that had to be made. The linking of
connected content clusters had to be done manually as it is not part of the automatic inference process.
Both, fixing the automatically inferred mistakes as well as linking connected clusters took around one
hour of focused work for us to fix within A*CHISM. The following kind of mistakes were discovered
during manual correction:

CIP1 Text not being captured at all by clusters.

CIP2 Non-detected section headers that are covered by normal text clusters.

CIP3 Detected ghost clusters which capture invisible, irrelevant text.

CIP4 Singular clusters spanning over entire tables, covering content that is not fit for extracting sentences.

CIP5 Some chapters are structured like KE-Chapters but they do not have the common "Kurz Erklart"
prefix and therefore cannot be recognized as such.

CIP6 There are a total of twelve chapters in the target document that interrupt the content of other
chapters which do not contain much text but often contain a large figure. These chapters are
visually indicated by a slightly blue colored background. This causes clusters that occur after these
in-between chapters to be assigned to those chapters instead of to the interrupted ones. Two of
these chapters break the usual chapter hierarchy completely as they split the content of a page by
left and right. There are another seven such in-between chapters with a green background that
give some side information but contain no figures. As there is no common pattern by which to
distinguish such chapters (like with the KE-Chapters) easily that is consistent between different
document versions, manual corrections are required.

CIP7 Similar to chapters containing mostly large figures, there are seven in-between chapters, giving
information about a specific side topic without a section header with common prefix, which need
to be handled manually.

CIP8 Some sentences with bold fonts are interpreted as section headers even though they are just normal
texts belonging to a chapter.
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Table 6.8: Examples for mistakes in chapter inference

Example

CIP3

CIP4

CIP6

CIP6

invisible content is captured

23K ekl die waienberen

3.4-Der Sltzuckerangzeivvert HoALe
3.41.- Do awete wihige Wt Der 81
342 En weeresFiskolakir die ...

25K eniare: der baze wer

55 -Beste Versorgung: des Sehandng

3.6. - Das macht sin Behardungsprogra.

large text cluster covering an entire table

2.5 wie wollen sie feben — e £nt.
- as e selbs tun kornen — ine.
4.1 Gesunder Genuss - Essen ud mef
4.1 Wie indwozu essen Sie?
2 urz rkae: wie vl s 2 vil?
+3-Das st i n unserer ahung
431 - Energequelie ir. 1 Kohlenhydiaie
44~ Kurz rkars: Diatebensmie!
.5 Die vershiedenen zucker
451 cuteund schiechie- et
46-Kurz erart: Choleterin

47 Tipps und Trks: 50 sparen e

in-between chapter
T
Sp—————
R
RO
e p——
e —
By ——
e
By
S
e
e
e e
A
B —
I
e
ey
pp——
P
L

4.4 Kurzendar: Dissebensmicel

chapter on the side
i
e ———
ool
i
g
s
iy
S ——
hadvion

7.12 - Wern Zucker auf die Nerven geht

Die verschiedenen Zucker

Art | Enthatten in Eigenschaften, Wirkung
Einfachzucker, etwa Obst, Obstsaft, Trocken- Einfachzucker gelangt
Traubenzucker (Glukose) friichten, StiBigkeiten vom Darm sofort ins Blut

und Fruchtzucker

Der HbAlc-Wert gibt an, wie viele Blutkérperchen sich mit Glukose verbunden haben. Empfohlen wird ein

HbAlc-Wert zwischen 6,5 und 7,5 Prozent.

8 %
7.5%

7%
6,5 %
|

-

Blutkdrperchen 9%

und steigert den Glukose-

Glukose
—

9,5 %

\‘10%

Die Nieren schiitzen

Bei bis zu zehn Prozent aller Menschen mit
Diabetes Typ 2 entwickelt sich im Laufe der
Zeit eine Nierenerkrankung (Nephropathie).
Sie fihrt dazu, dass die Nieren nicht mehr
mit voller Kraft arbeiten. Im schlimmsten
Fall kommt es schlieBlich zum Nierenver-
sagen. Dann ist die regelmasBige Dialyse,
also eine kunstliche Blutwasche, oder eine
Nierentransplantation erforderlich.

‘Wenn die kleinen Adern in den Nierenk&rperchen
verstopft sind, lasst die Filterwirkung der Nieren
nach.

Nierenrinde

Nierenkorperchen
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6.1.3 Results - Migration Step

For testing the migration step, the outputs of the test runs for both previous steps were taken as input.
After automatic migration inference, an individual chapter annotation consisting of one or more sentences
was considered complete if the amount of matched sentences was equal to the amount of source sentences.
If some but not all sentences of an annotation were matched, the annotation was considered incomplete
and if no sentence at all could be matched, the annotation was considered unmatched. The automatic
migration was performed with configuration settings shown in Table 6.10 and yielded the results shown
in Table 6.11. A manual correction of all annotations was performed by us within fifteen minutes using
the GUI provided by A*CHISM.

Table 6.10: This table shows the configuration parameters used and the runtime achieved

Configuration Value
Levenshtein match threshold 0.75
BERT match threshold 0.98
Levenshtein threshold for Bert fallback 0.30
Runtime 19.24 s

Table 6.11: This table shows the results achieved during automatic content matching of the Migration Step.

Total source chapters 141
Total target chapters 149
Total source sentences 1158
Total target sentences 1731
Total annotated source sentences 1122
Total sentences of completely matched 806
Total sentences of incompletely matched 217
Total sentences matched 1023
Total sentences unmatched for incomplete match 54
Total sentences unmatched for completely unmatched 45
Total sentences unmatched 99
Total chapter annotations matched 187
Total chapter annotations incompletely matched 37
Total chapter annotations unmatched 19

The following different cases of unmatched content were observed:
MP1 All content of the annotation is too different from the original and nothing could be matched.
MP2 All content could be matched but a single sentence in between was not meeting required thresholds.

* While a matching for such in-between sentences would be trivial based on the surrounding
matching context, the decision was made to make the user deal with all unmatched cases
manually.

MP3 The original content violates the rule of being only based on full sentences but instead spreads its
content over individually spread text pieces.

MP4 Sentence quite similar semantically but not sufficiently equal for a BERT match.

MP5 The text content is very similar but no match could be achieved because the target version contains
abbreviations for multiple words instead of spelling them out.

MP6 The content was matched correctly but the source is split into more pseudo-sentences.

MP7 The text considered to be one sentence in the source is only a part of a bigger text unit considered
to be one sentence in the target document.
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* Such cases have to be fixed manually in the resulting .apchis file. A reassignment of correct
text locations can be achieved by using the new document as input for the enrichment step.
As text locations are already present, no automatic inference will take place and the user can
modify text locations manually.

MP8 One entire paragraph describing a drug within the source document was located in the same chapter
with other similar paragraphs while in the target chapter this paragraph was located in an isolated
position outside of the chapter.

* Such cases unfortunately have to be solved by removing the chapter of the target document
with its parent or sibling in the target chapter-inference view and restarting the migration
based on those changes.

MP9 Content being entirely gone in the target chapter or additional content added in between.

Also, it was noted that the correctness assumption that each sentence is only annotated once was
violated several times. There was one instance were a single sentence in the source document was
annotated with six different tags.
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Table 6.12: Examples for unmatched content

Example

MP1

MP2

MP3

MP4

MP5

MP6

MP7

all annotation content differs too much from the original

der Adern verengt. Weil dieselbe Menge Blut durch ein enge-

Kurz erklart: Das metabolische Syndrom

Bei vielen Menschen mit Diabetes Typ 2 sind nicht nur Blutzucker
und Blutdruck zu hoch. sie haben auRerdem auch Ubergewicht
und einen gestorten Fettstoffwechsel. Daraus kinnen weitere
negative Wechselwirkungen entstehen. Der Arzt nennt dieses

Syndrom*: Stérungen
nicht behandelt werden, kann sich eine gefahrliche gesundheit-
liche Abwartsspirale entwickeln.

sentence in between other content does not n

nn Zucker In knergie verwandelt werd:

Doch bei Menschen mit Diabetes stockt an den Zellwanden die
Reise des Zuckers. Die Tore ins Innere der Zellen &ffnen sich nicht

TO FILE

EDIT

Annotation

87 META..

—

neet threshold

REJECT
ANNOTATION

weit genug. Das liegt daran, dass ein wichtiger Helfer seinen Job ~Das Hormon
nicht mehr richtig machen kann: das Hormon Insulin. Es wird in  Insulin

der Bauchspeicheldrise (Pankreas) gebildet und kann - wie eine

Art Hausmeister - dem Zucker die Zelltore aufschlieBen.

Beim Typ-2-Diabetiker funktioniert das nicht mehr richtig. Meist

liegt das daran, dass zwar Insulin vorhanden ist, die Zellwande

aber zu stark verandert sind: Die Turschlésser sind sozusagen be-

Kapitel 1

schidigt, das Insulin kann dem Zucker die Tore nicht mehr ffnen
Die Mediziner sprechen dann von einer Insulinresistenz, weil die
Zellen auf das Insulin nicht mehr richtig reagieren (Resistenz =
Widerstand).

rule violation of only full sentences being tagged

Darauf kommt es jetzt an

Wie auch immer Sie selbst auf die Diagnose reagiert haben: s
kommt nun darauf an, dass Sie leren, mit der Krankheit um-
zugehen. Das geht nicht von heute auf morgen, aber je eher Sie
sich darauf einlassen, desto besser. Wichtig sind fir Sie jetzt funf
Grundpfeiler:

Die medizinische Behandlung: Hauptziel ist, die Blutzuckerwer-
te zu senken, um mégliche Symptome zu verringern und Folge-
krankheiten zu verhindern. Ein Team aus Arzten und anderen
Medizinprofis unterstitzt Sie dabei. Und das Behandlungspro-
gramm AOK-Curaplan gewshrleistet die bestmagliche Therapie
(3 seite 27 ff).

Informationen und Schulungen: Diabetes lisst sich nur opti-
Ve Lot

il hbandaln imnn Cin i Vamnf anan

FINISH
AND SAVE
TO FILE

EDIT

Annotation

26INSU...

Kurz erkldrt: das metabolische Syndrom

Viele Menschen mit Diabetes Typ 2 haben nicht nur erhdhte Glukosewerte,
sondiern oft auch Bluthochcruck, Unergewlcm oder einen gestorten
Kommen drei dieser vier

zusummel\, spricht man vom metabolischen Syndrom. Es kénnen weitere
sowie iir

erkmnkung en entstehen

Dochbel Menschen it Disbetas stackt ancn Zellndan i Reive
der Glukose. Die Tore Zellen 6ffnen sic} Unver-

Das liegt daran, dass ein wichtiger Helfer seinen Jomnient mehrrientig  zichtbar:
machen kann: das Hormon Insulin. Es wird in der Bauchspeicheldriise das Hormon
(Pankreas) gebildet und kann - wie eine Art Hausmeister - der Glukose  Insulin

die Zelitore aufschlieBen.

Bei Typ-2-Diabetes ist diese Funktion gestdrt. Meist liegt das daran,
dass zwar Insulin vorhanden ist, die Zellwéinde aber zu stark verdindert
sind: Die Tirschlésser sind sozusagen beschédigt, das Insutin kann

der Glukose die Tore nicht
st Insulinresistenz, weil die Zellen auf dais Insulin nicht mehr richtig
reagieren (Resistenz = Widerstand)

Die Bauchspeicheldriise gibt nicht so schell auf. Sie versucht lange, die  Von der
schlechte Wirkung des Insulins auszugleichen, indem sie Giberaktiv mehr
davon produziert. Doch irgendwann iberfordert diese Uberproduktion

resistenz

FINISH
AND SAVE
TOFILE

EDIT

Annotation

298 NIC...

die Driisenzellen. Sie machen schlapp und kénnen immer weniger Insulin  zum Insutin-
noch angel

Den Diabetes im Grff

leh habe Diabstas” - was bedeutet das?

dann spéter zuriick.

Darauf kommt es jetzt an
Wie auch immer Sie selbst auf die Diagnose reagiert haben: Es kommt
nun darauf an, dass Sie lernen, mit der Krankheit umzugehen. Das geht
nicht von heute auf morgen, aber je eher Sie sich darauf einlassen, desto
besser. Wichtig sind fir Sie jetzt finf Grundpfeiler.

Die i Hauptziel ist, w
senken, um magi ingern und 2u
verhindern. Ein Team aus Arzten und anderen Medlizinprofis unterstitzt
Sie dabei. Und das o

die bestmagliche Therapie (+ Seite 24 ff).

semantically similar content but BERT embedding similarity not sufficient

haben und nicht das aufgenommene Nahrungscholesterin. Damit

ist auch das vollkommene Verbot, Eier zu essen, wenn man einen Eor
hohen Cholesterinspiegel hat, tiberholt.
Annotation
27
abbreviations in almost identical text
und der Partnerin oder dem Partner ! ANNOTATION
Wer sich gesund emahren will, muss wissen, dass in der Nah-
Esgibtnicht  rung unterschiedliche Fette enthalten sind. Neben den gesattig- FINISH
nureinfett  ten und ungesattigten Fettsauren machen die Triglyzeride tber AND SAVE
inunserer g prozent unserer Nahrungsfette aus. Der Korper stellt Trigly- TOFILE
Nahrung zeride auch selbst her, wenn wir zu viel einfache K
te 2u uns nehmen, wie sie in zuckerhaltigen Limonaden, Weig-
mehlprodukten oderin alkoholische Getrinken, wie Liker, Bier (v, a. EDIT
Malzbier und Biere mit geringerem Alkoholgehalt) sowie Wein (v.a.
Auslese oder halbtrockene Weine) enthalten sind. Das kann auch
Ain Llreachn fiie nina Cattlahar cain Wiann dar Trinhoaride ninanl Annntation

source content split into more or less sentence units

Der richtige Mix

Die meisten Ernahrungsexperten empfehlen die folgende Mi-
schung fiir die tagliche Nahrung:

50 bis 55 Prozent, also etwa die Hilfte Kohlenhydrate

* 30 bis 35 Prozent, also etwa ein Drittel Fett.

15 bis 20 Prozent EiweiR (= Proteine)

Kapitel 3

Wer den eigenen Kalorienbedarf kennt, kann die genauen Men-
gen exakter bestimmen. Fragen Sie Ihren Arzt danach. Wenn Sie
zum Beispiel taglich 2.000 Kalorien brauchen, sollten Sie nur
rund 70 Gramm Fett am Tag zu sich nehmen. Eine gute Orientie-
rung bietet die Emahrungspyramide. Sie gibt an, welche Mengen

REJECT

dass die Nahrungsfette und Kohlenhydrate den graften Einfluss auf den
aben und nicht:

terin. Damit ist auch das Verbot, bei einem hohen Cholesterinspiegel Eier

zu essen, liberholt.

nicht nur  schiedliche Fette enthalten sind. Neben den gesiittigten und unge-

eln Fett sattigten Fettsduren machen memglgzeme iber 90 Prozent unserer

in unserer er Kérper stelit selbst her, wenn

Nahrung  wirzu vieleinfache Kohlenhydrate 2u uns nehman, wis sie in zuckerhal-
tigen Limaniaden, Weldmehlorodukten oder in alkahelschen Getrarken,
wie Likr, Bier (b und Biere mit ger lkoholge-
halt) sowie Wein (vor allem Auslese oder halbtrockene Weine) enthalten
sind. Das kann auch die Ursache fir eine Fettleber sein. Wenn der Trigly-
zeridspiegel im Blut zu hoch ist und die HDL-Cholesterinwerte gleich~
zeitig niedrig sind, gitt dies als Risikofaktor fiir Arteriosklerose.

Die Fettséiuren haben unterschiedlichen Einfluss auf den Cholesterin-
spiegel im Blut. Cholesterin wird im Blut in sagenannten Lipoproteinen
transportiert. Sie bestehen aus einer Verbinduna von kleinen Fetttropfen,

Die meisten Eriihrungsexperten empfehlen die folgende Mischung fiir

FINISH
AND SAVE
TOFILE

EDIT

Annotation

186 EMP.

die
- 50 bis 55 Prozent, also etwa die Halfte Kohlenhydrate
- 30bis 35 Prozent, also etwa ein Drittel Fett

- 15 bis 20 Prozent Eiweil

Wer den eigenen Katorienbedarf kennt, kann die genauen Mengen
exakter bestimmen. Fragen Sie Ihre Arztin oder Ihren Arzt danach. Wenn
Sie zum Beispiel taglich 2.000 Kalorien brauchen, sollten Sie nur rund

70 Gramm Fett am Tag zu sich nehmen. Eine gute Orientierung bietet die
Erniihrungspyramide. Sie gibt an, welche Mengen an Lebensmitteln der
einzelnen Gruppen in welchem Verhltnis empfohlen sind. Der ,gesunde
Teller” zeigt, wie eine Hauptmahlzeit zusammengesetzt sein sollte.

Den Diabetas im Griff

Was Sie selbat tun kinnen - eine ganze Menge!

sche Erkrankung. Das heift: Normalerweise begleitet diese Krankheit Sie  vorbei
durch Ihr ganzes weiteres Leben. Nur in einem sehr friihen Stadium lasst  wie ein
sich die Stérung manchmal noch ganz stoppen. Oft kehrt sie aber auch  Schnupfen

source sentence is subset of larger text structure considered a sentence in target

* Zuviel Insul Verhiltnis zur Kohlenhydrat-/Zuckermenge
Falls Sie Insulin spritzen, sind magliche Ursachen
—falsche Insulindosis oder versehentliches doppeltes Spritzen
—~Verwechselung der Insulinarten
~Insulin kommt zu schnellins Blut (2. B.durch Spritzen in einen
Muskel oder weil Hitze die Durchblutung stark anregt)
—Ihr Insulinbedarf ist gesunken, weil Sie abgenommen haben

Kapitel 5

302 SON...

jizieren, sind mégliche Ursachen:

- Verwechslung der Insulinarten

= nsutin insinen
Muskel oder wel Hiza die Durcrblutung stark avegt)
= Ihr i ), weil haben

Glinide, sind

- Sie haben nach der Einnahme nicht gegessen

- si i Dosis

- Wechselwirkung mit anderen Medikamenten
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6.2 Limitations & Future Work

While we attempted to keep the implementation of A*CHISM as generalizable as possible, it still contains
some tweaks that optimize it for the tested AOK brochure. It remains yet to be evaluated how A*CHISM
performs for other general purpose documents. Especially the Chapter Inference Step implementation
has some optimizations for the KE-Chapters. In-between chapters like these will not be attached correctly
to the chapter hierarchy by default for other kinds of documents as the application depends on the "Kurz
Erklart" prefix in the chapter title to make the distinction to other content. At the moment all required
input and output files of A*CHISM are expected to be used in the context of A*CHIS. We reason that
the implementation of a more generalized tool is possible for arbitrary PDF documents, given a more
generalized input format of tagged content. The implementation of a standalone application with the
capabilities of the Migration Step for arbitrary PDF documents would be possible if the text locations the
text content are provided in an uniform way. Another open question is, how our approach compares to
the recently published LLM-based approaches mentioned in Chapter 2. Additionally, linear regression in
combination with LLM could be used to determine the ideal threshold parameter values for our employed
string comparison techniques for each of the three steps.
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Conclusion

We describe the implementation of a tool to migrate annotations of unanchored text content within a PDF
document to a newer version of that same document. We show that a majority of the required work can
be automatized by a combination of algorithmic and machine learning-based approaches. We do this by
splitting the task at hand into three distinct sub-tasks, with both an automatic process and an interface
where a user may perform manual corrections. We demonstrate the effectiveness of the tool on a use
case document with 132 pages (source) and 124 pages (target), respectively which could be migrated
within approximately 90 minutes of manual work. The main limitation is that the automatic detection of
associated text clusters is not reliable and has to be complemented by manual linking.
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