








148

A.2 Diagrams

The role of diagrams is completely different from the role of plots. Instead of showing the
quantitative information using the representation space, they attempt to represent the structure
of abstract concepts. Figures of the ontology presented in Chapter 2 are examples of diagrams.
There are types of diagrams which appear in the physics publications more frequently than the

others.

A.2.1 Feynman Diagram

Feynman Diagrams are used to depict how different types of particles are transformed in time.
They depict processes by showing the particles existing in the system at the initial moment and
depicting all the transformations and intermediate states. Typically, edges of these diagrams
represent particles and vertices represent interactions or transformations. Figure A.8 shows

examples of Feynman diagrams appearing in the scholarly publications.

Figure A.8: Examples of Feynman diagrams coming from publications stored at arXiv.org
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A.2.2 Mathematical Diagram

The role of diagrams of this type is very similar to mathematical formulas, although they are
much more graphical in their nature and tend to display abstract relations between notions
rather than exact dependencies. Usually, mathematical diagrams do not contain caption and
rely on the description from the text of the paragraph preceding the graphics. Figure shows

some of the mathematical diagrams which can be found in the literature.
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Figure A.9: Examples of mathematical diagrams coming from publications stored at arXiv.org
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A.3 Pictures and schematic representations

In some cases, especially in the experimental physics, scholarly publications contain photographs
of the equipment used to conduct an experiment or other types of graphics. This category
includes also schematic representations of experimental devices and different custom graphics.
An example can be seen in Figure

st KR
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..........
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Figure A.10: Examples of custom graphics included in a publication coming from arXiv.org



Appendix B

Extensions of the BibUpload
Module

This appendix describes the modifications of the BibUpload module, which allows manipulating
the data in the new document data model. The input of a BibUpload process consists of a
document described in a format being an extension of [MARCIXMI] Besides correct [MARC]
tags, this document can contain special tags which are not directly uploaded into the database
but rather interpreted by the uploader. The special tags include [FET] (standing for Fulltext
File Transfer), which allows manipulating documents and FMT for updating output formats.
The modifications of the data model required the extension of this format. We have extended
the semantics of the [FFT] tag and added two new special tags: (BibDoc Morelnfo) for
manipulating arbitrary Morelnfo data; and (BibDoc Relation) for manipulating relations
between BibDocs.

Table B-]] presents the complete list of possible subfields of the [FFT] field. A detailed de-
scription of the upload process can be found in the documentation of Inveniﬂ The most
important extensions to the [FF7] field consist of the introduction of w, p, b and u subfields.
These subfields allow modifying the Morelnfo objects associated respectively with the docu-
ment, a particular version of the document, a particular format of a particular version of a
document and a particular format of a document regardless the version. The format and the
semantics of all the subfields manipulating Morelnfo structures are described in the following

sections.

1The most recent is available in the Invenio demo installation: http://invenio-demo-next.cern.ch/help/
admin/bibupload-admin-guide
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Table B.1: Possible Subfields of the FFT MARC field.

code | description
$a | location of the file to upload (a filesystem path or a URL)
$d | file description (optional)

$f | format (optional; if not set, deduced from $a)

m

$ new desired document name (optional; used for renaming files)

$n | document name (optional; if not set, deduced from $a)

$o | flag (repeatable subfield)

$r | restriction (optional, see below)

$s | set timestamp (optional, see below)

$t | document type (e.g. Main, Additional)

$v | version (used only with REVERT and DELETE-FILE, see below)
$x | url/path for an icon (optional)

$z | comment (optional)

$w | Morelnfo modification of the document

$p | Morelnfo modification of a current version of the document

$b | Morelnfo modification of a current version and format of the document
$u | Morelnfo modification of a format (of any version) of the document

B.1 Uploading of Relations Between Documents

Uploading the relations between documents can be achieved by the usage of the field.
Table shows the complete specification of this field. A relation consists of identifiers of the
source and target document with their versions and formats together with the string-valued
type of the relation and optionally a Morelnfo specification. Not providing a field means that
the relation binds documents with all possible values of a given field.

Deleting relations can be done using a special d subfield which should contain the text
“DELETE”.

B.2 Manipulations on the Custom Metadata

Extensions to MARCIXMTI are not very appropriate for encoding the modifications to Morelnfo
dictionaries. However, we used this approach for the simplicity and because large modifications
to the Invenio data ingestion method were not encouraged. The BibUpload input format is
only an intermediate step in the record ingestion process and the file in the input format is not
stored or displayed after it served its role. This is why even a not entirely elegant solution is
not very harmful at this place. However, more work could be done to provide a nicer custom
metadata uploading interface.

Every MARC| [XMI] subfield intended to modify the Morelnfo data (regardless, in which
[MARCIXMTI field it appears) has a similar structure. The content of this file encodes a Python

dictionary of dictionaries. The keys of the first level represent names of the namespaces. Values
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Table B.2: Possible Subfields of the BDRIMARC field allowing the manipulation of the relations
between the stored documents.

code | description
$r | Identifier of the relation (optional, can be provided if modifying a known
relation)

$i | Identifier of the first document

$n | Name of the first document (within the current record) (optional)
$v | Version of the first document (optional)

$f | Format of the first document (optional)

$j | Identifier of the second document

$o | Name of the second document (within the current record) (optional)
$w | Version of the second document (optional)

$g | Format of the second document (optional)

$t | Type of the relation
$m | Modification of the Morelnfo of the relation

$d | Special field. if value=DELETE, relation is removed

in the top-level dictionary are dictionaries of real metadata. Placing a Python data structure
inside a [MARC] field was made possible by first using the cPickle serialisation of the complete
top-level dictionary object and then, in order to avoid problems with non-standard symbols,

encoding the result in base64 format.

The Morelnfo object which should be modified is indicated by the [MARCI[XMII field and
subfield, while the modifications are encoded in the aforementioned format. BibUpload reads
and decodes the dictionary and extends the appropriate object with the passed values by
overriding or adding the present keys. If a key in an internal dictionary corresponds to the

None value, the key is removed from the Morelnfo structure.

Performing the modification of Morelnfo structures together with the described objects
(for example as a part of the Fulltext File Transfer (FET]) or Bibdoc Relation (BDR]) fields)
can trigger an automatic update of the entire described object (For example a creation of a
completely new version of the document). In some cases this is not desired. Invenio provides a
special MARCI[XMT] field named and dedicated to modify Morelnfo objects attached to
different entities. Table provides an overview of this field.

In BibUpload insert and append modes cause the addition of the specified keys and names-

paces. The correct and replace modes first remove the entire content of the Morelnfo.
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Table B.3: Possible Subfields of the field that allow manipulating Morelnfo.

code | description
$r | Identifier of a relation between documents (optional)
$1 | Identifier of a BibDoc (optional)
$v | Version of a BibDoc (optional)
$n | Name of a BibDoc (within a current record) (optional)
$f | Format of a BibDoc (optional)
$m | Serialised update to the Morelnfo dictionary

B.3 Interlinking Between Newly Created Objects

All the persistent identifiers like the number of a record or a number of a document are generated
during the execution of BibUpload. However, certain places inside the input [MARC] [XMT]
require these identifiers to be specified. This leads to difficulties when trying to provide an
identifier which has not yet been generated. Such a situation can arise for example when trying
to upload two documents and a relation between them using the same BibUpload process.

Our extensions of the document storage model provide a solution for such situations. Now,
BibUpload provides a substitute for the persistent identifiers. In every place which requires the
usage of an identifier or the number of a version of a document, the user can now specify the
temporary identifiers. During the processing by the BibUpload process, these identifiers are
replaced with newly created persistent identifiers.

A temporary identifier can be an arbitrary name, which is unique in the scope of the entire
BibUpload input file. It differs from a persistent identifier because its name is prefixed by the
“TMP:” string. There are two separate namespaces for the temporary identifiers: the one for
versions, and the one for identifiers of the documents. This prevents users from specifying a
version number as the identifier of a document and vice versa. It also means that “TMP:id”
used in the context of an identifier of a document and the same temporary identifier used in
the context of the version of the same document are interpreted as two separate temporary

identifiers.



Appendix C

The Training Procedure for the
Coordinate System Detection
SVM

This appendix describes the technical aspects of the procedure which we have used to train
the Support Vector Machine (SVM)]) classifier detecting coordinate systems in the semantics
extraction procedure described in Chapter |4} The extractor of semantics analyses an extracted
figure to detect a number of possible coordinate systems. Not all of the detected coordinate
system candidates correspond to the real coordinate systems inside a figure. In the method
described in Chapter (4] we propose the usage of to distinguish between the coordinate
systems and the incorrectly detected candidates. The usage of requires the samples to
be represented as vectors in a certain vector space. Vectorisation of relatively abstract entities
as coordinate systems can be achieved in many different ways. Those different vectorisations
together with different choices of parameters can lead to a different accuracy of the
classification. Experimenting with different vectorisations led us to design a training procedure
which minimises the effort required to redesign the usage of SV Mk. In this appendix we explain
and justify the procedure of training classifiers for coordinate system detection.

C.1 The Overview of the Training Process

The procedure of detecting coordinate system candidates has been designed in a manner which
minimises the chance of omitting real coordinate system. As a consequence, the number of
coordinate system candidates detected in separate figures is high. Processing a random sample
of 509 automatically extracted figures resulted in 63106 figure candidates. This corresponds to
the average of 124 coordinate system candidates per figure. At the same time, the number of

real coordinate systems present in every figure is low. Typically, only plots contain coordinate
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systems and only part of all the figures consists of plots. A typical plot contains 1-2 coordinate
systems. In the extreme cases, the number of the coordinate systems rarely exceeds 10.

Coordinate system candidates extracted from a single plot tend to be similar. As such,
their representations in a vector space used for the [SVM] classification tend to be close to each
other. The effectiveness of the training depends on how representative is the used set of
samples. Using a large number of similar figure candidates does not guarantee a high efficiency
in solving the problem of classification. The variety of samples used for the classification can
be assured by extracting them from a larger number of figures.

After the extraction, the training samples need to be manually classified as belonging to
one of two categories: coordinate systems and false candidates. The manual classification of a
large number of samples is a laborious process. We designed the SV Ml training procedure in a
manner which minimises the volume of the required manual work and yet makes the samples less
concentrated in particular points of the feature space. Instead of using a small number of figures
and classifying all the detected coordinate system candidates, we have decided to randomly
select the candidates which should be further manually classified. Out of 63106 extracted
coordinates, we chose 4000. Their manual classification has unveiled 257 true coordinate system
candidates. The number of real coordinate systems is low comparing to the number of the
detected coordinate system candidates. This is also true after the random selection of samples.
In order to assure a wider representation of the real coordinate system candidates, we have
enriched the randomly selected sample set with a number of correct coordinate systems.

We experimented with different vectorisations of coordinate system candidates. The training
procedures had to allow simple reevaluation of different representations as elements of a vector
space without repeating the manual classification work. Figure[C.I]summarises the entire SVM}
related workflow. First, the selected figures are processed and samples are generated. Every
coordinate system candidate is identified in a manner that allows its unique identification during
the subsequent executions of the extraction. The generated samples are subject to the manual
classification. This procedure has to be executed only once every time the training set has been
changed, which might happen when for example the extractor is to be used with a different
corpus of figures. The training of the classifier begins with the vectorisation of the classified
candidates and the construction of the training set. The training set is passed to the
library and a trained model is produced. This model is saved in an external file and used

during the classification of the samples.

C.2 The Manual Classification

Manually classifying the samples would be a difficult task if only the abstract numeric represen-
tations of the coordinate system candidates were available. Instead, the procedure of preparing

samples for classification, creates a graphical file for every of the extracted candidates. The
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Figure C.1: Overview of the different processes used to train SVM
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The manual classification of samples

Figure C.2
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file depicts the entire figure which is subject to the extraction procedure. Axes of a coordinate
system candidate are represented with bold lines and ticks with regular width lines. The labels
matched with axis ticks are marked with rectangles and connected with their corresponding
axis tick. Additionally, all the area spanned by the coordinate system is highlighted with a
green rectangle. The name of the file encodes all the numerical parameters of the CS candidate,
which are necessary for the algorithm to distinguish this candidate from others. This informa-
tion consists of the name of the source file and the coordinates of axis lines. As the result, the
content of the graphical files is easily interpretable by human users. The name of the file is
machine-readable.

The classification of the prepared samples can be done by moving the extracted files into
one of two directories (“true” for real coordinate systems and “false” for the false candidates).
This task can be facilitated by one of the file managers which previsualise miniatures of the
images. Figure shows the Nautilus file manager displaying the miniatures of the described
coordinate system candidates. As it can be seen in the picture, in many cases the displayed
miniature is sufficient to classify a sample as true or false candidate.

The “false” and “true” folders resulting from the manual classification are further subject
to the automatic interpretation. The algorithm reads both folders and generates a description
of .train files. Those files contain only machine-readable entries together with the information

if a given sample is true or false candidate.
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Appendix D

Acronyms

AT Artificial Intelligence . ..... .o

AJAX Asynchronous Asynchronous Javascript and XML

API Application Programming Interface

ASCII American Standard Code for Information Interchange

BDM Bibdoc Morelnfo

BDR Bibdoc Relation. ...

CDS CERN Document Server. ... ...t

CERN European Organisation for Nuclear Research.......................

CREAM Cosmic Ray Energetics And Mass.............cocoiiiiiiiiaa.,

CSS Cascade Style Sheets.......o.uiii i e
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CV Computer VISION . . ...ttt ettt et e e e e e e e e e
DESY Deutsches Elektronen-Synchrotron . .............oouitiieiiiii i, Bl
DL Description LOZIC. . ..o\ttt et e e e e e Bl

DOI Digital Object Identifier

FFT Fulltext File Transfer ... .......o.utie ittt 153l
HEP High Energy Physics. . ... e e
HFO Hep Figures Ontology ... vtt ettt et e et Bl

HTML HyperText Markup Language

HTTP HyperText Transfer Protocol .......... ..o i 133
IC Information CONtENt .. .......un et e e e e &4
IR Information Retrieval .. ... ... B3]

IT Information Technology

JPEG Joint Photographic Experts Group

kmph kilometres per hour. ... ... ... e

LHEF Les Houches Event File .. ..ot e e e i1



MARC MAchine-Readable Cataloging ....... ..o
MOC Monte Carlo. .. ... e )
MUO Measurable Units Ontology . . . ... ettt ettt e [19]
NLP Natural Language Processing ..........oouuuiiiiiiit i

OAI Open Archives Initiative

ODT Open Document Text

OWL Web Ontology LANGUAZE . .« .« .t vtete ettt e et e et e et e Bl
PCA Primary Component AnalysiS. .. .......ouiuiririririt e, 6]
PDF Portable Document Format....... ... .. . 21
PDG Particle Data GIrOUD. ... ...uute ettt e

PMH Protocol for Metadata Harvesting

PNG Portable Network Graphics. . ... e [43]

PS PostScript

RDF Resource Description Framework ........ ..o i

SIO Semantic Science Integrated Ontology ...... ..ottt
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SKOS Simple Knowledge Organization SyStem ..............oouiiiiiiiinirainanninaen...
SLAC Stanford Linear Accelerator Center . ..............ouiuiineunieiieiaiiianannn.
SPARQL SPARQL Protocol and RDF Query Language. ...,
SPIRES Stanford Public Information Retrieval System............. ... ..ot

SQL Structured Query Language

SVD Singular Value Decomposition . ... ......ooutnteni et 6]
SVG Scalable Vector Graphics .. ........o.uii e
SVM Support Vector Machines. .. .........o.iiiiii e
TBox Terminological Box .. ... ... o
URI Unified Resource Tdentifier .. ...........ouii ittt

URL Uniform Resource Locator

WWW World Wide Web . . . ..ot s Bl

XML Extensible Markup Language. ...... ...
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