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Abstract

Communication protocols allow to standard-
ize communication. They are typically imple-
mented to standardize the exchange of mes-
sages in the area of information systems. Nev-
ertheless, by applying Controlled Natural Lan-
guage (CNL), it is possible to implement com-
munication protocols that allow both; partici-
pation by humans, while still enabling infor-
mation systems to accurately and efficiently
process the very same messages. Thus allow-
ing computers and humans to communicate in
unison. Here an artifact that allows applying
formal CNLs for communication in the domain
of logistics is presented.

1 Introduction

It is a truism: communication plays an important
role in logistics. Delays, production schedules,
missing spare parts ... and the information thereof
has to be communicated. Although communication
plays such an important role, it is surprisingly
neither always standardized, nor is it - partly result
of that missing standardization - always automated
and misunderstandings are commonplace. This
contribution aims to mitigate that situation by
promoting the application of Controlled Natural
Languages (CNLs) in logistics communication
introducing an artifact.

To assess this artifact some observations on the
logistics industry and some observation on, more
or less, typical communication situations in that
industry are presented. Part of those observations
are based on interviews conducted with some
arbitrarily chosen experts in the field. In addition
some casual conversations with industry veterans
do influence that picture: logistics is an highly
competitive market, profit margins are low, and the
fear for competition is commonplace. Logistics
business arrangements are often only short term
and the small organizations forming a large part of

that market are rarely big enough to allow for an
“automation” department. The average employee
is typically non-academic and the environment is
multi-lingual and multi-cultural. In addition the
following observations on communication in the
domain of logistics have been made: communica-
tion may either be scheduled or non-scheduled,
it may often be granular, it might often reoccur
regularly, and the variance between occurrences
may often be rather low.

Some reasons identified by the experts why
communication is typically not yet fully automated
have been: 1) the incompatibility of information
systems, 2) the sizes of participating organizations,
3) the mentality towards information transparency,
4) the mentality towards digitalization, and 5) the
cost of implementation. As a result opportunities
for digitalization are missed.

Standardizing communication in the domain of
logistics applying CNLs may potentially improve
that situation. Kuhn mentions that there is no gen-
erally agreed-upon definition of CNL and describes
the insight that “CNLs can be conceptually located
somewhere in the gray area between natural lan-
guages on the one end and formal languages on the
other”(cf. Kuhn, 2014). Here we work with CNLs
that are on the formal language end. ISO/IEC/IEEE
24765:2017(E) defines a formal language rather
conversational as "language whose rules are ex-
plicitly established prior to its use"(24765, 2017
p. 188). Mateescu defined formal languages less
conversational applying ¥ and ¥* (cf. Mateescu
and Salomaa, 1997 pp. 10-11). The alphabet X
is a finite nonempty set of which the elements are
called letters or symbols and X* is a set of all
words or strings consisting of zero or more let-
ters of X. Subsets, finite or infinite, of >* are re-
ferred to as formal languages over 3. We work with
CNLs that are formal languages that apply words



or strings from one specific natural language - the
base language - in such a way, that the essence
of texts written in that CNL may be understood
by the average employee that understands the base
language from which the words or strings origi-
nate. In formal language theory a grammar of a
language is a mechanism that allows the produc-
tion of sets of strings in that language (cf. Harri-
son, 1978 p. 13). Essentially, formal languages
are described by their syntax. The semantics of
a formal language is, at least in computer science
textbooks, rarely discussed. The semantics of a
formal CNL is here taken from the base language
that provided the words or the strings to that CNL.
Extended Backus—Naur form (EBNF), an exten-
sion of Backus—Naur form (BNF), allows to ex-
press the grammar of the formal languages in mind.
A Restricted English for Constructing Ontologies
(RECON) is actually an example of a CNL that has
been expressed by BNF (Barkmeyer and Mattas,
2012). Standardizing communication applying a
CNL of which the grammar is e.g. expressed ap-
plying EBNF would allow the automation of that
communication, while at the same time allowing
“participation” of a non-academic workforce speak-
ing the base language of the CNL. Nevertheless, as
of today, standardizing communication applying
CNLs is rarely discussed in both the logistics scien-
tific community as well as in the logistics industry.
Here an attempt resulting in an artifact that may
lead to a more often application of CNLs in logis-
tics is presented. This attempt is conducted from
the viewpoint of a software engineer. The goal is
to present an artifact that allows simple and flexi-
ble application while being rather maintainable and
independent of other systems.

2 A limited literature review

A limited search was conducted in three research
databases: A) Business Source Complete (via
EBSCO Host), B) Web of Science Core Collection,
and C) IEEE Xplore Digital Library during the
summer of 2021. The following search string has
been applied: ( “controlled natural language” OR
“cnl” OR “domain specific language” OR “dsl” OR
“formalized language” OR “processable language”)
AND (“logistics” OR “scm” OR “supply chain”
OR “operations management”). By taking that
approach 58 results in A), 5 results in B), and 32
results in C) have been identified. After filtering
for duplicates, non-scientific publications, and

publications that have been considered off-topic,
19 publications remained. Of those 19 publications,
17 mentioned DSL, 1 mentioned CNL, and
1 mentioned both, DSL and CNL. Following
Deursen a DSL is "a programming language
or executable specification language that offers,
through appropriate notations and abstractions,
expressive power focused on, and usually restricted
to, a particular problem domain"(Van Deursen
et al., 2000). From the viewpoint taken here 1)
a CNL may be also classified as a DSL, if the
CNL is a formal language, and 2) a DSL may be
also classified as CNL, if the DSL incorporates
natural language and is expressive enough to
allow usage by anybody fluent in that natural
language. Thus some languages may be classified
as both, CNL and DSL. Of the 17 contributions
mentioning DSLs, 1 contribution introduces a
DSL which at least from our perspective may
also be classified as CNL. That language is called
Logistics Task Language and it allows “to describe
intra-logistics material flow processes” (Detzner
et al., 2019). The identified contribution that
mentions CNL, specifically does mention CNL as
part of a system that supports manual assembly
planning (Manns et al., 2018). Nevertheless, from
the perspective taken here, both do not introduce a
generalized system for logistics communication.
The contribution which mentions both DSL and
CNL does this, by discussing a use case related to
logistics in the context of ProjectIT, an approach
and tool for requirements engineering (Da Silva
et al., 2007). Nevertheless, from the perspective
taken here, this approach does not seem suitable to
generalize communication in logistics as described
before. The earlier mentioned language RECON
was not found by applying the aforementioned
search strings showing the limit reach of the
literature review. Nevertheless RECON may still
be applicable in logistics. At the end of this short
overview, it might be important to point out, that
there may be more CNLs applied in the actual
field that are not subject to scientific publications.
One example coming to mind are Pick-By-Voice
systems that are most likely implemented applying
CNLs, but nevertheless no publication discussing
how to implement such a system was found within
the limited search here.



3 Applying CNL to standardize
communication in logistics

To simplify the task at hand this work builds
on a flexible and comprehensible model of a
communication protocol out of the domain of
computer science presented by Holzmann. The
advantage of that model is, that it allows a rather
flexible approach to implement standardization
without going into as much detail as many other
technical standards in the field do; e.g. for
application in logistics it suffices to specify that
messages are transmitted by (e-)mail including
an (e-)mail address instead of specifying the
communication down to the bit level over the wire.
Another benefit of that approach is it’s ability
to just describe the exchange of one message
as part of one protocol. A complete message
exchange may be described applying multiple
instances of one protocol. Following Holzmann a
protocol is the sum of all rules, all formats, and all
procedures that have been agreed upon, between at
least two computers in order to communicate (cf.
Holzmann, 1991 pp. 19-21). Here, that definition
is slightly extended, to also cover communication
between either two humans or an human and a
computer. A message that contains the content of
the communication may be created by applying
the rules, formats, and procedures specified as part
of that protocol. Following Holzmann a protocol
specification consists out of five distinct parts:
1) the service to be provided by the protocol, 2)
the assumptions about the environment in which
the protocol is executed, 3) the vocabulary of
messages used to implement the protocol, 4)
the encoding (format) of each message in the
vocabulary, and 5) the procedure rules guarding
the consistency of message exchanges.

The Design Science Research Process Model
(DSRPM) as introduced by Vaishnavi and Kuechler
(cf. Vaishnavi and Kuechler, 2015 pp. 14-18) has
been applied to develop the artifact. This model
comprises five process steps which are frequently
iteratively performed: awareness of problem,
suggestion, development, evaluation, and conclu-
sion. The awareness of the problem described
before originated from casual conversations with
industry professionals. As an initial solution, a
system that allows end user development of simple
problem specific programming languages for com-
munication that are designed applying everyday

language and that thus may be understood by
the average employee, has been first suggested
in a casual setting to an industry professional
during the summer of 2020. Since then, multiple
DSRPM iterations have been conducted. The
artifact version discussed here was subject of more
extensive and structured interviews with industry
experts during the spring of 2021. For those
interviews 9 experts have been reached out to, 7
responded, and 5 confirmed, that they were willing
to allocate the necessary time. The conducted
interviews took up to two hours and had 3 stages:
1) explanation of the theory, 2) presentation of
tangible examples from logistics, and 3) a detailed
discussion. In order to receive comparable results
such a discussion was guided by a pre-prepared
presentation containing questions and discussion
points that dealt with the applicability of the
artifact in logistics, communication in logistics,
and the technical implementation of the artifact.
A more extensive discussion of the conducted
interviews will be published in a more extensive
contribution. 1 expert is the CEO of an automotive
supplier, 2 experts have a leadership role in
departments that are responsible for business
innovations; 1 at a global logistics service provider
and 1 at a global manufacturing cooperation. 1
expert is a consultant currently working on a
communication automation project in logistics,
and the final expert is a purchasing agent at a
pharmaceutical trading company. This diverse field
was approached to gain rather diverse feedbacks.

The artifact is supposed to be applicable for the
standardization of communication on the opera-
tional level, the ‘day-to-day’ communication, be-
tween organizational dyads in logistics. Thus here,
we are neither dealing with communication within
one organization, nor with communication within
a higher level polyad. Following the psychologist
Tomasello, the three cooperative social motivations
for communication among humans requesting, in-
forming, and sharing do exist (Tomasello, 2008 pp.
82-88). The motivation for communication that
may be standardized applying the artifact should
be requesting or informing. Finally to allow for
standardization the communication should be ei-
ther scheduled or non-scheduled and in addition, it
should be granular, it should reoccur regularly, and
it should have a low variance between occurrences.



The artifact builds on the previously discussed
model by Holzmann. The experts were asked if
that model seems applicable to logistics and the
tendency of the experts has been, that the model
is plausible. Protocols that originate applying this
artifact may be easily modified due to the limited
number of partners. A new version of the protocol
is created when it is modified. The information
that is needed for each one of the five distinct parts
of a protocol for the domain of logistics has been
worked out during the iterations of the DSRPM.
For each distinct part the experts have been asked
to provide feedback. Eventually the following in-
formation requirements have been identified for 1)
service, 2) assumptions, and 5) procedure rules: 1)
service: a) the version and name of the protocol,
b) the motivation for the communication, c) the re-
sponsible contact persons at each organization and
the two participating organizations, d) a reference
to the base language of the applied CNL, and, if
applicable, a list of equivalent protocols that apply
different CNLs, and e) some keywords allowing to
identify and find the protocol in a protocol manage-
ment system or database; 2) assumptions: a) how
messages applying the protocol are communicated,
b) the encoding technologies of the CNL (how the
grammar is defined, e.g. (E)BNF, Grammatical
Framework, ...) ¢c) how messages applying the pro-
tocol are created (by human/ by machine and the
solution for the writability problem), and d) how
messages applying the protocol are processed; 5)
procedure rules: a) when, which organization ini-
tiates the communication, and b) if there is a follow
up to the communication. The 3) Vocabulary is a
plain language area for: comments, feedback, and
explanations. According to the International Plain
Language Federation, communication is in plain
language “if its wording, structure, and design are
so clear that the intended readers can easily find
what they need, understand what they find, and use
that information”(Onl). The vocabulary is writ-
ten for a neither technical nor academical audience
containing all the information deemed necessary
to apply the protocol in the field, helping to pre-
vent errors and misunderstandings. The semantics
of a formal CNL is here taken from the base lan-
guage. Thus, due to e.g. homonyms or jargon
misunderstandings are still possible. It is important
that as part of the vocabulary semantics of such
cases may be explained. During the specification
of the protocol it is important to determine what

needs to be part of the vocabulary. Nevertheless,
should an error or misunderstanding occur, a new
protocol version preventing such an occurrence in
the future may be simply created. The vocabulary
should aim to be as compact as possible and it
shouldn’t deter by seemingly looking to complex,
e.g. by containing anything but plain language, or
by looking to extensive, e.g. by being some kind
of lexicon. The 4) Encoding has to describe the
syntax of the messages exchanged. Either a new
case specific CNL may be expressed or an exist-
ing CNL, e.g. RECON, may be applied. If a new
CNL is expressed the grammar of the CNL needs
to be expressed; e.g. a syntax diagram may be de-
picted. If an existing CNL is applied an external
link to the specification may be provided or the ap-
plied aspect of that CNL may be cited. The syntax
should ensure that created messages allow identi-
fication of the applied protocol. Similarly to the
vocabulary, the encoding should aim to be as com-
pact as possible and it shouldn’t deter by seemingly
looking to complex or to extensive. More complex
communication may be broken down into multiple
smaller communication units, for which separate
protocols with more case specific CNLs may be
created. In addition a process chain diagram from
the domain of logistics as depicted in Fig. 1 may
be specified as part of the protocol specification if
the communication is scheduled communication.
Finally a diagram called ‘stakeholder communica-
tion diagram’ depicted in Fig. 2, developed, based
on feedback provided during the interviews and
inspired by so-called ‘dialogue trees’ ( see Adams,
2010 p. 186), may also be part of the specification.
The example diagram is part of the specification of
protocol B (indicated by the red arrow). The Initial
Stakeholder is able to communicate with Stake-
holder 1 applying Protocol A and with Stakeholder
2 applying Protocol B. Stakeholder 2 is optionally -
as indicated by the dashed arrow - able to respond
back to the Initial Stakeholder applying Protocol C.
Stakeholder 2 is also able to communicate to Stake-
holder 3 - ‘forwarding’ the information - applying
Protocol D.

4 Conclusion

The tendency of the expert opinion was, that
there is a place for the presented artifact in logis-
tics. Nevertheless, the tenor was, that adequate
information systems are necessary to allow the
application by an average employee. Such a
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Figure 1: A process chain diagram depicting a com-
munication process and the processes surrounding this
process. Own depiction based on Baumgarten and Inga-
Lena, 2000

Protocol A

Stakeholder 1

Prot I1C
Initial Stakeholder ro oc_o_ _ _ _ | Initial Stakeholder
atTimeT : at Time T+
Stakeholder 2
Protocol B
Stakeholder 3
Protocol D

Figure 2: A stakeholder communication diagram.

system requires a protocol creation and versioning
component. Protocols implemented applying
the artifact should be integratable into systems
that allow integration. Due to the limitation -
only communication between dyads - and the
flexibility of the encoding, modifications are easily
implemented. The participating organizations
are in charge of which information they share
due to the same reason. Communication in a
multi-lingual and multi-cultural environment
should also be possible by creating equivalent
protocols applying CNLs applying different base
languages. To summarize, the artifact promotes
the application of formal CNL in the domain of
logistics.

There are multiple possible future research
directions. More research into the application of
the presented artifact in the field is required. This
type of protocol discussed, may also be applicable
in different domains. Additionally, research
towards information systems, that would allow the
application by the average employee, is needed.
During the interviews multiple experts remarked,
that it would be helpful, if the protocols are able
to apply machine learning to further develop
themselves. Thus dynamic protocols, that apply
machine learning to further develop themselves,
may also be an interesting topic for future research.
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