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Abstract.
Blockchain technology is regarded as highly disruptive, but there is a lack of formalization
and standardization of terminology. Not only because there are several (sometimes
propriety) implementation platforms, but also because the academic literature so far is
predominantly written from either a purely technical or an economic application perspective.
The result of the confusion is an offspring of blockchain solutions, types, roadmaps and
interpretations. For blockchain to be accepted as a technology standard in established
industries, it is pivotal that ordinary internet users and business executives have a basic yet
fundamental understanding of the workings and impact of blockchain. This conceptual paper
provides a theoretical contribution and guidance on what blockchain actually is by taking an
ontological approach. Enterprise Ontology is used to make a clear distinction between the
datalogical, infological and essential level of blockchain transactions and smart contracts.
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1

Introduction

Blockchain is the emergent technology that people talk about, even though few actually know
what the new technology entails in detail [1]. According to [2], blockchain research lacks
scientific rigor due to its young age and is primarily concerned with what blockchain could
become as a disruptive technology for the Internet of Things (IoT). As common with emerging
technologies, multiple interpretations and the absence of a formal model and terminology exist
that can be applied for research purposes. Against this background, this short paper aims to
provide a theoretical contribution and guidance on what blockchain actually is instead of what it
could become by using an ontological approach.
Ontology has been recognized as a useful instrument for reducing conceptual ambiguities and
inconsistencies while identifying value-creating capabilities in a certain domain [11]. Ontology
is becoming an increasingly important instrument for reducing complexity by structuring
domains of interests [12]. According to the popular OntoClean methodology [13], domain
structuring starts with the identification of a set of classes in a taxonomy, followed by assigning
metaproperties for each property. Then, it needs to be verified whether constraints are violated
by these metaproperties.
Ontology design only makes sense once the designer and audience have basic yet fundamental
understanding about the subject of analysis, blockchain. In essence, blockchain is a distributed
consensus system for parties, that do not trust each other, to transact. Hereby, blockchain
differentiates from traditional transaction systems with respect to how it irreversibly stores
transaction data in a distributed ledger. Once verified (mined or validated) and stored, there is no
way to manipulate data on the blockchain, as changes are immediately reflected in all active
copies of the ledger across the network. Blockchain comes in three forms; public, private or
hybrid [3]. Their functioning is explained in Fig. 1.
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Fig.1. Common terminology for blockchain constructs

Besides the information systems’ perspective, our blockchain ontology should also relate to
the business operation and processes of potential enterprise adopters. Enterprise ontology
provides a collection of relevant terms and natural language definitions. Well-known examples
of enterprise ontology frameworks are TOVE, EO [14] and the Enterprise Ontology of DEMO
[15]. DEMO is inspired by the language/action perspective, which has been initially developed
as a philosophy of language derived from the speech act theory [16]. It is based on explicit
specified axioms characterized by a rigid modeling methodology [17], and is focused on the
construction and operation of a system rather than the functional behavior. It emphasizes the
importance of choosing the most effective level of abstraction during information system
development in order to establish a clear separation of concerns [18]. As DEMO has been proven
to be a helpful methodology to formalize systems that are ambiguous, inconsistent or incomplete
[17], especially when it comes to reducing modeling complexity [19], this short paper will use
Enterprise Ontology and DEMO to describe the blockchain ontology from a datalogical,
infological and essential (business) perspective.
The structure of this paper is as follows. Section 2 presents a blockchain ontology using the
three levels of abstraction of Enterprise Ontology. In section 3, we use this ontological analysis
to compare blockchain to existing Information Systems. The research outcomes and directions
for future research conclude this paper in Sections 4.
2

Designing a blockchain ontology

An important development in the history of databases in the early ‘70s was the separation of
implementation choices from the database conceptual model (the principle of data independence).
We believe that a similar separation is highly needed for the blockchain domain. We propose to
adopt the distinction axiom of Enterprise Ontology as ontological basis for this separation.
The distinction axiom of Enterprise Ontology distinguishes three basic human abilities:
performa, informa, and forma [15]. The forma ability concerns the form aspects of
communication and information. Production acts at the forma level are datalogical in nature: they
store, transmit, copy, destroy, etc. data. The informa ability concerns the content aspects of
communication and information. Production acts at the forma level are infological in nature,
meaning that they reproduce, deduce, reason, compute, etc. information, abstracting from the
form aspect. The performa ability concerns the bringing about of new, original things, directly or
indirectly by communication. Communicative acts at the performa level are about evoking or
evaluating commitment; these communicative acts are realized at the informa level by means of
messages with some propositional content.
The distinction axiom is highly relevant for blockchain. Following the three abilities, we
distinguish three ontological layers (Fig.2). We start from the datalogical layer that describes
blockchain transactions at the technical level in terms of blocks and code. From there, we make
an infological abstraction in order to describe the blockchain transactions as effectuating an
(immutable) open ledger system. This layer aims to abstract from the various implementations
that exist today or will be developed in the future. To describe the economic meaning of the

infological transactions we use the essential layer. This is the preferred level of specification for
a blockchain application as it abstracts from the implementation choices.

Fig. 2. Enterprise Ontology layers applied to blockchain transactions

2.1

Datalogical blockchain ontology

In most of the publications on blockchain the concept is described in terms of the technology that
is used, that is, in terms of blocks, miners, mainchains, sidechains etc. This technological basis is
to be positioned at the datalogical level, the level of data structures and data manipulation. To
build a blockchain domain ontology for this level we have used taxonomies as identified in
cryptocurrency [4], blockchain research [21] and technical implementations by blockchain- and
cloud providers [5].
Several specialized ontology languages are available nowadays, but one of most wide-spread
modeling approaches is Object Management Group’s Unified Modeling Language (UML),
together with Object Constraint Language (OCL) [22], making it the best fit for our blockchain
ontology. Central to this domain ontology (Fig. 3) are the wallet, transaction and the node. Each
blockchain concept relies on these concepts, whereby a transaction can be either simple or contain
executable smart contract code. Interactions with the blockchain (from outside the ecosystem)
occur through nodes (via runtimes and middleware) by means of API’s and sockets, or via
sidechains directly, which is our next focus.

Fig. 3. Datalogical Domain Ontology for a Blockchain Transaction

Figure 4 shows the datalogical taxonomy for chains and chain interactions. A chain can be either
a mainchain or a sidechain. Sidechains are always related to one or more mainchains for enhanced
functionality. In this overview, a Blockchain should not be confused with the blockchain as a
concept, but must be read as the Blockchain as implemented by Bitcoin. Although not included
in the ontology, technical off-chain solutions living outside the blockchain ecosystem may
become an entity of significance in the future, as governments and enterprises build
infrastructures consisting non-vital information (like master data) and capable of interacting with
blockchain.

Fig. 4. Datalogical Domain Taxonomy for the Blockchain Ecosystem

2.2

Infological Blockchain Ontology

In the 1970s, Langefors was the first to make the important distinction between information (as
knowledge) and data (as representation) [25]. This separation of content and form created a new
field in knowledge engineering called Infology, aimed to make complicated structures
intellectually manageable [15].
When blockchain is described in the current literature as a “distributed ledger” [26], this is an
infological characterization that abstracts from the encrypted data blocks, miners, chains, etcetera
that make up the datalogical level. A transaction, in this ledger system, is not just a block of data,
but a transfer of some value object (e.g. Bitcoin). A ledger consists of accounts (e.g. debit

account), and this concept is indeed generic across the majority of blockchain providers that are
part of this analysis. Accounts are not limited to have a (crypto) currency- balance or quantity,
but may also refer to other types like stocks or a claim as mainchains other than Bitcoin (not
taking sidechains into account) allow to register custom account types.
We made a distinction between journals and ledgers. In a traditional accounting system,
journals and ledgers reside where business transactions are recorded. In essence, detail-level
information for individual transactions is stored in one of several possible journals, while the
information in the journals is then summarized and transferred (or posted) to a ledger. In the
blockchain context, such a division can be maintained (and supported at the datalogical level by
a combination of mainchain and sidechain), but it is also possible to see the ledger as an
aggregated view on the journal. Anyway, the term “ledger” typically refers to a subset of all
accounts. For that reason, we have modeled the ledger here as a set of accounts where we do not
require every account to be part of a ledger.
Transactions must comply with rules of engagement. One axiomatic rule of engagement in
blockchain is that for each transaction, input equals output (debit = credit).

Fig. 5. Infological Ontology for a Blockchain transaction

2.3

Essential Blockchain Ontology

The essential or business level is concerned with what is created directly or indirectly by
communication. In the Language/Action Perspective [16], the key notion in communication is
commitment as a social relationship based on shared understanding of what is right and what is
true. Communicative acts typically establish or evaluate commitments. In a narrower sense, a
commitment (promise, commissive) is about what an actor is bound to do (so what is right in a
future situation). Such a commitment being agreed upon by two parties is a change in the social
reality, as is the agreed upon fulfillment of that commitment.
Given the institutional context to be in place, an infological blockchain transaction moving
some value from one account to another represents a change in this social reality (e.g. transfer of
ownership). Such a change is what we identify as the essential blockchain transaction.
Enterprise Ontology is not specific about the content of the change. For that reason, we
combine Enterprise Ontology with the Business Ontology of REA [28]. The REA model
developed by Bill McCarthy [29] can be viewed as a domain ontology for accounting. REA
intends to be the basis for integrated accounting information systems focused on representing
increases and decreases of value within an organization or beyond. REA inherits the stock-flow
nature of accounting, but lifts the syntactic structure of accounts to a semantic level of resources
and events.
The accounting perspective is quite appropriate in the blockchain context. Blockchain is
facilitating and recording (in an immutable and transparent way) value transfers between
economic actors in a shared data environment while accountants (and their customers) are
interested in reliable information on these transfers and the resulting value positions of actors. As
a blockchain transaction is concerned with events that trigger changes in economic reality (e.g.
the value position of actors), REA is perceived to be a better fit for analysis at the essential level
than DEMO, which is more concerned with the coordination of these events, which is less
significance for blockchain.
REA atomic constituents of processes are called economic events. Economic events are carried
out by agents and affect a certain resource, like a (crypto) currency or physical good. The
relationship between an economic event and a resource is called stock-flow. REA presents five

generalized stock-flows: produce, use, consume, give and take. These stock-flows can generate
value flows by conversion (produce, use and consume) or exchange (give and take). In the REA
independent view, the give, use and consume stock-flows are process inputs (provide) and
produce and take are process outputs (receive). The duality axiom says that provides and receives
are always in balance. For instance, in a physical conversion process, some resources are used or
consumed in the process of producing other resources. In our blockchain ontology, we will use
the term “transaction” to represent such a combination of provide and receive events.
REA includes also the notion of contract as a bundle of reciprocal commitments. Following
REA and Enterprise Ontology, we have both transactions and commitments. Transactions can
exist on their own, for instance, an instant bitcoin transfer from one party to another, but also be
part of a contract. A special feature of a smart contract (originally introduced by Nick Szabo [27])
is that at least some of the commitments are executed automatically. In this case, the commitments
are self-fulfilling; the committed transactions are irreversibly saved on the blockchain and
executed once certain conditions are matched. This is a very powerful concept as the contract no
longer has to rely on trust or complicated trade procedures.

Fig. 6. Essential Ontology of a blockchain transaction

Business transactions are realized in the blockchain by a set of infological transactions,
typically one for each outflow/inflow pair. Commitments are also realized by infological
transactions – in this case, a transfer to a commitment type account. The fulfillment is realized
by a transfer from that commitment type account. The difference between conversions and
exchanges is that in the latter case, the provided resource is the same as the received resource,
while they are different in the former case.
A common ambiguity of blockchain processing is within its scope, concerned with the extent
of a conversion- or exchange process that is processed on the blockchain (internal) or beyond
(external), also referred to as on-/offchain processing. With reference to REA processes, it can be
stated that the planning (creation of a smart contract) and the allocation of input resources
(outflow events) materialize on the blockchain, whereas the contract execution by means of
exchange- and conversion (to a lesser extent), triggers output resources (inflow events) that may
have reach outside the blockchain, even to physical entities, like for example IoT devices. This
capability is regarded as a major advantage to risky physical services (e.g. car rental) and services
that can now combine blockchains immutable data capability while utilizing their own (industry
specific) processes to safely deliver a service (e.g. charging of harbour fares to freighters based
on a GPS record on blockchain).
3

Discussion

This paper applied the concept of abstraction on the blockchain concept utilizing Enterprise
Ontology. The chosen structure aimed to explain blockchain with maximum separation of
concern with regards to substance, context and audience. It turns out that a blockchain transaction,
regardless of its complex ecosystem and cryptographical ingredients at the datalogical layer,
shows significant infological and essential conceptual similarities with traditional economic
transactions as used today.

However, although the concepts are not different, their properties change. It makes a difference
when mutable records are replaced by immutable records, and when the fulfilment of
commitments is left to the infrastructure rather than to the voluntary acts of the parties. Fig. 11
summarizes a comparison between blockchain and traditional transaction systems.
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Fig. 7. Comparison between blockchain and traditional transaction systems

At the datalogical level, the difference is not only that records become immutable, but also that
the transaction databases get positioned in between companies, rather than inside companies, thus
removing data redundancy that exists today (although another form of redundancy is introduced
in the consensus mechanisms). On the infological level, control procedures are not relevant
anymore. An interesting feature of blockchain transactions is that they are not just a description
of some transfer (e.g. of Bitcoins) but the very existence of the transfer depends on this
description. This performative property also applies to other transactions, like service deliveries,
when the blockchain is tightly coupled with IoT services, and to commitments (their bare
existence). At the essential level, smart contracts also add the automatic fulfillment of
commitments, and more in general, there is a change in what makes the communication
successful: trust, perhaps grounded in control procedures, or the impersonal and non-tamperable
infrastructure.
4

Conclusion

This short paper describes an initial blockchain ontology on three levels. As such, it supports a
better understanding of this disruptive technology. It also can be used to support application
development, as it suggests to specify the blockchain application on the business level first. In
our view, it should be possible then to generate the blockchain implementation automatically,
with some design parameters to be set. For the specification of the business level, in terms of
contract languages and graphical formats, it is possible to draw on already proven modeling
approaches.
We have not provided an extensive validation of the ontology yet, so the proposed model
should be regarded as initial. Apart from the formal verification using top ontologies like
DOLCE, further validation is to be done with applications as well as by establishing mappings to
the various blockchain implementations that exist. We cannot claim that the present model is
complete and conclusive, but at least it provides a first reference point.
The current ontology does not stop the need for further research on blockchain technology of
course. On the contrary, an important next step is to understand and formalize interactions
between mainchains, sidechains and off-chains within or across the public, private and hybrid
domain (blockchain zoning), to mention one issue. Separating the goal – immutable transactions,
smart contracts – from the implementation can help to better explore all implementation variants
without dogmatism.
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