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Abstract. Digital information consists of sequences of numbers that are selections.
So far, these are defined by context. We can globalize this by using an efficient
global pointer (UL) as "context". The article explains new globally identified and
defined "Domain Vectors" (DVs) for transporting digital information. They have
the structure "UL plus sequence of numbers", where UL is an efficient identifier and
global pointer (link) to the unified online definition of the sequence of numbers.
Thus, the format of the number sequence and its meaning is defined online. This
opens up far-reaching new possibilities for the efficient exchange, comparison and
search of information. It can form the basis for a new global framework that
improves the reproducibility, search, and exchange of data across systems, borders,
and languages.
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1. Introduction

We need a viable long-term solution to interoperability problems [1] and data silos.
Serious problems arise from the variable local definition of digital information. There is
a lack of global reproducibility [2] of digital information representation, with all the
resulting complications.

This article therefore starts from the basic building blocks of (digital) information,
namely selections represented by sequences of numbers. It is shown that an efficient
global adaptation of a selection depending on the application (e.g., rough medical
diagnosis) is possible. This is done by online definition of a suitable digital number
sequence that represents application-relevant information bijectively (one-to-one). A
globally defined and identified data structure is derived for the efficient, reproducible,
comparable and searchable transport of digital information.

2. Precise Definition of Information

If we want to transport "information" globally and independently of language, we must
define it precisely and globally. Set theory provides the precise and very fruitful basis
for defining mathematical objects, and mathematical methods are used and applied for
dealing with digital information. Therefore, it is only consistent to define the information
itself by using the same basis as for other mathematical objects, namely sets and
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functions on these sets. The selection of an element from a set describes an elementary
class of functions on a set. A combination of selections is again a selection - from a more
complex set. We note that information consists of building blocks, all of which are
selections from sets of possibilities. A combination of information is again a selection -
from a more complex set of possibilities. So we observe:

Information is selection (from a common ordered set or "domain"). (D

This is consistent with reality: "Information" is the (transportable) result of any well-
defined physical experiment. This result is a selection from the (common ordered) set of
possible experimental results. As a special case, the bits of digital information are also
selections. They encode sequences of numbers, all of which are selections.

Now we see why the precise definition of information is important: (Transportable)
information selects from a set that must be the same (common) to all participants in the
conversation. This set is often an unconscious (early learned) prerequisite for
conversation, e.g., language vocabulary. Because of its importance, the ordered common
set of possibilities from which information (1) selects is abbreviated called "domain" [2,
3] (as the domain of the definition of the function "information"). The domain is ordered
so that we can select (address) its elements, for example by numbers.

2.1. Language Vocabulary as a Domain

Vocabulary of language(s) is a preferred domain for information exchange because our
senses and brain are adapted to it. As a result, international character sets such as
UNICODE have gained acceptance [4], defining a mapping between characters of
multiple languages and numbers for the digital representation of individual language
vocabulary. This made it possible to continue the familiar linguistic conversation by
digital means. Words from the language vocabulary are small building blocks with broad
applicability - if we want to describe a complex issue ORGINFO, we "only" need to
combine enough words to get a certain meaning. The number of possible combinations
increases exponentially with the number of words. There are many possibilities of word-
based representation of the same original meaning ORGINFO. Moreover, words are
often open to different interpretations. For example, the same temperature, even in the
same environment, may be described as "cold" by one person and "not cold" by another.
Therefore, the linguistic representation of information is usually more or less ambiguous
and vague [2]. There is no one-to-one mapping or bijection between the original
information ORGINFO and its digital representation DIGINFO. This is a serious
shortcoming of language-based representation, since bijection would be important if we
want to search original information ORGINFO via its digital representation DIGINFO.
Strictly speaking, the "language vocabulary" domain is a detour: original information
ORGINFO from nature is not language-based, but must be translated into language. This
is then transported and translated back at the receiver. Sender and receiver of information
are different. This translation into the domain "language vocabulary" and back is not a
bijection and thus not reproducible, which causes many problems [2]. Therefore, it is
important to remember that besides language vocabulary, it is also possible to use
"adapted domains" that are adapted to the application [3] and allow efficient and
reproducible communication. We "only" need to ensure that senders and all receivers of
information know the adapted domains in order to use them.
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2.2. Application-Specific Adapted Domains

Many situations require a more or less precise exchange of information. In such a case
we use a quantitative description and adapt the definition of the numbers to the
application. This is often necessary even for simple applications, as shown in Table 1,
or for professional applications, e.g. in medicine, industry, business, science. There can
be many important parameters in a given situation (as original information ORGINFO).
Which parameters are important? It depends on the rough situation for which the
parameters should provide an accurate description. The parameters are determined from
the (total) available information. This is called "feature extraction".

For demonstration purposes, Table 1 shows an example simple feature extraction for the
"Ellipse" application. Obviously, this is much more efficient than carrying information
about each pixel. In addition, features can be defined to be of direct interest, such as for
comparison and search.

Table 1. Application "Ellipse", example feature extraction: angle in 0..45 degrees, height, width, red, green,
blue in relative units 0...255 . The domain of these 6 numbers is sufficient, but not the domain of "language
vocabulary". Phrases of language like "deep blue, very wide and flat ellipse" or "dark, thin and long ellipse"
etc. are not reproducible and not precise enough for comparing and searching such objects.

Ellipse Angle Height Width Red Green Blue
() 0 3 3 255 0 0
> 0 3 10 255 0 255

0 3 20 0 255 0
e 0 2 20 0 0 255
« 15 2 5 0 0 255

2.3. Online Definition of Digital Information for Global Communication

We want to exchange the parameters of an adapted domain (as shown in Table 1) in a
globally reproducible and comparable way. As mentioned earlier (2.1), for this we not
only need a one-to-one mapping (bijection) between these parameters and their digital
representation DIGINFO (typically by "quantification"), we also need to ensure that this
mapping is globally consistent. This is efficiently achievable through an online
definition. The online definition is unique and can be localized uniformly by an efficient
global pointer. This global pointer is called "UL" below (2).

Selection within the adapted domain is done by a sequence of numbers. We can
consider sequences of numbers as building blocks of digital information. Since the
existence of the Internet, it would have been possible to provide a standard and
convenient software for online definition of number sequences and their domains [3].
These domains are language independent and globally valid! Their size grows
exponentially with the count of defined numbers (dimensions). Existing online
definitions can be reused and nested in new definitions. Thus, we can globally define
huge multidimensional domains (huge spaces as "sets of possible messages"). The online
definition can be sharp and very detailed (multilingual, even with multimedia parts). It
is automatically globally unique. Each online definition can contain links and additions,
e.g., the definition of a distance function for similarity comparison and similarity search
[5]. The data structure for the globally defined information transport is called "DV" [2,
3] as an abbreviation for "Domain Vector" and has the form:



W. Orthuber / The Building Blocks of Information Are Selections — Let’s Define Them Globally! 79
DV: UL plus sequence of numbers 2)

"UL" is a "Uniform Locator" that refers to the (unique) online definition of the
sequence of numbers and is also (directly or indirectly) a unique identifier. The online
definition contains machine-readable information about the format of the number
sequence and about the domain from which it selects. The UL has similar tasks as a URL,
but the UL can be optimized to meet the requirements with maximum efficiency.

Notes on the UL format: as shown earlier [2], the UL can be represented by a
hierarchical sequence of numbers. The binary format of the numbers can be based on
self-expanding positive integers starting with a half-byte [6]. The compact UL refers to
a unique online definition that can be very detailed and explanatory. There is no reason
to waste bits in a DV which is designed for efficient information transfer. For example,
consider the following DV:

UL plus  0,3,3,255,0,0 3)

As prior knowledge, we only know the format of the UL in the DV, for example, a
hierarchical sequence of numbers N1, N2, N3, 0, as proposed in [2]. Here, N1 is an
integer pointer within an official table of web addresses of online presences with
collections of online definitions, N2 is the number of the user within that online presence,
and N3 is the number of the definition of this user. In this way, we know the online
definition of the following sequence of numbers. In this case, it contains the information
about the first ellipse given in Table 1.

Inthe DV (3), the quantified features (as identified numbers) are directly comparable
and searchable. Such number sequences can be defined for any application! Further
examples have been published [2][3][6][7][8] and search of information has been
demonstrated [9]. When defining the numbers, care must be taken to ensure that they
represent the relevant information bijectively (one-to-one). Properly defined DVs with
adapted domains change reproducibly if and only if the relevant original features change.
More and more adapted domains can be defined online. For example, adapted domains
can be defined for diagnoses from ICD-10 [10] or SNOMED-CT [11] as well as for
diagnostic devices and diagnostic procedures. In medical reports, DVs with such adapted
domains can be used to reduce non-reproducible parts step by step. The more adapted
domains are defined online, the more tools are available for a globally reproducible,
searchable and precise individual digital description.

Correctly (with adapted domain) defined DVs realize:

e globally the same (online) definition for (bijective) one-to-one conversion of
original information (application-specific relevant features) into digital
information (number sequence).

e globally the same uniform labeling ("UL" = efficient link to the unique
machine-readable online definition) in front of the transported digital
information (number sequence).

DVs are deliberately designed to transport the online defined digital information

(sequence of numbers) as efficiently as possible. Existing online definitions can be
reused and nested in new online definitions (e.g., the 3 components of color in Table 1).
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3. Discussion

It has already been recognized that global definitions are important for certain
quantitative data. Therefore, LOINC [12] was introduced. However, the generalization
has not yet been realized. So far, it is not common to consider information in general as
a selection from a domain (see (1)) and conclude that the global definition of domains of
information is important. Technically, this can be realized very efficiently by online
definitions of number sequences (for the selection in their domain). DVs (2) are
optimized for transport of such globally defined number sequences and universally
applicable. Existing work can be continued in online definitions. For example, any
ontology, nomenclature, and terminology such as ICD-10 [10], SNOMED-CT [11], and
LOINC [12] could be efficiently implemented in a single online definition. In the case
of LOINC, for example, the first defined numbers could carry the LOINC code followed
by one or more numbers containing measurement data. All DVs transporting this
information (from the same online definition) would have the same UL. The online
definition is machine-readable, which can also be used for convenient editing of DVs.

The domain "language vocabulary" (see Section 2.1) is widespread because it is
obvious that it can be used as a domain of information (as a common set of possible
messages). Thus, standards such as Unicode [4] have been introduced for (indirect)
selection of elements (words) of the language vocabulary. Therefore, language-based
information is globally searchable. This may suffice if we are searching for words in a
particular language. But the above considerations about the domain "language
vocabulary" make it clear that language-based information is not reproducible and often
inadequate, even for transport of simple natural information or for applications, as shown
in Table 1. It is not possible to correct such deficiencies subsequently. Even sophisticated
linguistic and semantic analysis or Al cannot. In this respect, we need to rethink the
acquisition and storage of more or less complex original data from nature, e.g., data from
medical findings. If we convert them early into a language-based representation of
information for communication, we will lack the required accuracy (Table 1) and
reproducibility. But what can we do if the human brain is not adapted to accurately
handle high-dimensional original data ORGINF?

We can first focus on the most important features and build on them in a targeted
way: We can search and select an online definition of DVs with adapted domain that is
suitable for the application or situation (e.g. ICD-10 diagnosis, see below). Optimally,
the online definition would also provide appropriate software for reproducible feature
extraction and automatic conversion of the original data relevant in this situation to their
digital representation as DVs. Thereafter, the reproducible collection, comparison and
search of such precise data could become everyday routine. Instant and individual global
statistics for decision support would also be possible, more than an elaborate scientific
study today. The DVs are also adaptable as precise source information for global
machine learning and Al. The exemplary DV (3) clarifies also the efficiency of the DV
data structure. Using directly editable formats for transport of these data (3), we would
need several lines of code [8]. This is not only less efficient. In particular, the
combinatorial freedom of directly editable formats (like XML, JSON, Turtle) contradicts
the reproducible digitization of information. To improve the situation, many rules were
published (e.g., in FHIR [13], LOD [14]) to make the transformation of the original
information ORGINFO into its digital representation DIGINFO more reproducible. In
the process, many problems came to light. Obviously, the optimal conversion depends
on the application and the situation, e.g., medical diagnosis.




W. Orthuber / The Building Blocks of Information Are Selections — Let’s Define Them Globally! 81

This could be one of the first applications of DVs. The online definitions of adapted
domains (2.2) can be adapted to more and more applications and situations and provide
rules and software for reproducible digitization. These are immediately accessible,
globally valid, and can be created for more and more topics (e.g., given by a medical
term from ICD-10 [10] or SNOMED-CT [11]). Using RFC4648 [15] and suitable editors,
we can integrate DVs into existing editable formats, automatically incorporating FAIR
principles [16]: Each DV is globally identified via UL and is thus "findable". The online
definition clarifies the content of the DV (this can be done descriptively and extensively)
and makes it editable and "accessible". The identification of the DVs (by UL) makes
them "interoperable" and "reusable." The online definitions themselves are also reusable
and can be embedded and nested within other online definitions via link. Thus, DVs can
be online defined as globally consistent and comprehensive building blocks of digital
information.

4. Conclusion

The proposed DVs can be viewed as globally defined building blocks of digital
information. Online definitions of DVs can be adapted to the application or situation to
globally determine a one-to-one mapping from the important features of the original
information (ORGINFO) to the digital representation (DIGINFO) as DV. The DV data
structure is well-defined and has further objectifiable advantages, e.g. in terms of global
reproducibility and efficiency of information transport. Its introduction is recommended.
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