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Abstract— Every organisation needs information flows to
operate. Information modelling enables the analysis,
communication and optimisation of information flows. LINQ is
a technique for information modelling. This paper discusses
the LINQ technique for modelling organisational information
flows. We illustrate the technique with a case study. Then we
analyse the similarities and differences between LINQ and
other well-known information modelling techniques. The
paper concludes by discussing the potential applications,
future directions, and limitation of the LINQ technique.
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I.  INTRODUCTION

Information modelling is an approach for better
understanding how organisations structure their information
flows. Such an important task can be seen from different
perspectives. From a decision-making perspective, flow
modelling helps organisations to understand their
informational dependencies, risks and required provisions
[1]. It also plays an important role in architecting, designing
and engineering the organisational structures, as it allows
representing the deep structures and links between services,
departments, clients, etc. [2, 3]. From a more operational
perspective, information flows are required to coordinate all
business activities and support work cooperation [4].

Several techniques have long been used for capturing
different aspects of information flows. By and large, these
techniques can be grouped into two main categories:
function-driven and data-driven. The function-driven
category aims at capturing functional structures and their
dependencies. Well-known examples of function-driven
techniques include BPMN (Business Process Modelling
Notation), and IDEF@ (Integrated Definition Method O).
These techniques present organisational behaviour in terms
of functions, processes, actors, events, flows, and control-
flow logic. While these techniques are very effective at
modelling the logic of the business functions, they
predominantly focus on what must be done and see
information as a secondary entity. In other words, function-
driven techniques mainly consider information modelling as
subsidiary to process and/or function modelling.

Data-driven techniques have been widely used to analyse
the information structures needed by organisations and in
particular their information systems. They tend to emphasise

the structural dependencies between different data entities.
Classical examples include IDEF1, Entity Relationship
Diagrams (ERD), and UML Class diagrams. Most of these
techniques model static data structures. They also model data
flows (e.g. Data Flow Diagram - DFD) but are usually too
detailed to present how business operates and to allow
business users to understand business value created from
information transformation. Specifically, organisations face
challenges in gaining insights into high-level dynamic
aspects of information flows [2, 5], including how
information is transferred between processes and activities;
where it comes from; what channels are used to manage the
information; and who maintains the information. These
challenges hinder organisational decision-making.

Addressing some of these challenges, we propose a new
technique called LINQ' to analyse and model high-level,
dynamic information flows in organisations. The LINQ
technique captures organisational information transformation
and analyses how information carry value (or waste) from
birth of information to the end of its life within and across
organisations. The technique consists of 1) a set of basic
building blocks for information modelling, 2) an I[ASP
(Information-Action-System-People) analysis that identifies
LINQ building blocks, and 3) a cloud-based modelling tool
graphically representing the information flows. The
technique has been successfully developed and is used by
several organisations. It is however noted that the LINQ
technique like other information modelling techniques has its
own focus and warrants further evaluation and comparison
with others.

The aim of this paper is twofold. First, it introduces
LINQ and illustrates its use through a case study. Second, it
analyses LINQ in comparison with existing modelling
techniques and demonstrates its specific value. By doing so,
the current paper is relevant for both practitioners and
academics. The paper emphasises on the practicality of a
technique that enables practitioners to analyse and model
dynamic aspects of information flows [1]. From an academic
perspective, it contributes to the state of the art by analysing
and comparing LINQ with the existing ones. The comparison
provides a critical assessment of the modelling techniques
regarding to key aspects of information flows.

I LINQ was developed by a company based in Wellington, New
Zealand. It does not have any relationship with Microsoft LINQ
(Microsoft Language Integrated Query).
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II. RELATED WORK

While existing modelling techniques can be used in a
variety of organisational contexts, each of them has its own
focus on what business and information elements are
modelled. Giaglis [6] identified four main foci often adopted
by modelling techniques: functions, roles, data, and
behaviours. Agreeing with Giaglis, we however note that a
technique may have more than one focus. Therefore, in this
study we classify modelling techniques into a primary and
secondary foci. The primary focus considers the element(s)
that the technique pay most of attention to and describe the
general purpose of the technique. The secondary focus
occurs when the technique provides ways of modelling other
element(s) but in more constrained ways (e.g. dependent on
other elements and non-visible). As the primary and
secondary foci provide a basis for understanding a modelling
technique, we use them to review a set of common
techniques, including IDEF®, BPMN, UML activity
diagrams (Activity diagrams), ERD, and IDEF1.

IDEF@, BPMN, and Activity diagrams all have their
primary foci on activities and secondary foci on information.
Take IDEFQ for example, as the syntax shown in Fig. 1,
activities serve as the primary modelling element and
connect other secondary elements like inputs, outputs,
controls and mechanisms. Clearly, IDEFQ@ is capable of
modelling information flows, but they appear as subsidiary
to activities. Information flows are modelled mainly with the
purpose to better understand the business activities.

In the same vein, BPMN also exhibits primary and
secondary foci. Regarding the former, BPMN was developed
with the purpose to model business processes. It is possible
to describe information flows in BPMN, but not
independently from the control flows that govern a business
process. As explained by the BPMN 2.0 standard, “while
BPMN shows the flow of data, and the association of data
artifacts to activities, it is not a data flow language” [7]. We
thus suggest that information modelling is clearly secondary
in BPMN modelling. The same suggestion can be made for
Activity diagrams, which also use information to support
flows of activities [8].

Controls
(Factors constraining the activity)

Inputs (Information

. . Outputs (Information
altered by the activity) ] Activity

produced by the activity)

Mechanisms
(Means used to perform the activity)

Fig. 1. Basic IDEFO syntax [9]

Widely used as information (data) modelling techniques,
ERD and IDEF1 have their primary foci on data structures.
In particular, ER diagrams are network models that show the
properties of data entities and their interrelationships [10].
Such emphasis on structures is reinforced by noting that
ERD can be easily used to specify data structures on
relational databases. Similarly, IDEF1 has the same focus.
The technique models data structures, which can be handled
by both computers and humans [6]. With these primary foci
on data structures, the two techniques are very strong in

modelling static data structures, independent of the type of
processing that may take place on them [6]. However, this
prevents the techniques from capturing dynamic details,
particularly information flows.

A DFD depicts the data flows linking three types of
elements: external entities, internal activities, and data
storages [10]. This indicates a primary focus on data flows
and a secondary focus on the other two elements: source or
receiver of data and data store. While DFD provides a good
starting point for modelling information flows, the focus on
how processes connect through data stores hinders business
users to understand how the information aligns with business
process and creates value to organisations.

Although, over the years, numerous information
modelling techniques have been developed to support system
development and business (re)design, many of these
modelling techniques can be highly complex (e.g., BPMN),
and, in our view, business users often expressed the need to
move beyond detailed descriptions to more business value-
driven modelling. Given this discussion, we maintain that a
gap exists in the existing modelling languages to capture the
dynamic aspects of information flows. Such a technique
should consist of simple notations that help business users
easily analyse and understand systems and/or organisations,
and maintain balance between activities and information.
The technique should emphasise the information
transformations, as information moves between activities, as
well as the dependencies between data and activities in terms
of pre and post conditions. Together, these elements would
enable a model to be primarily centred on information flows.
Such a model provides a high-level ‘information map’,
which may help organisations to identify how key pieces of
information relate to business outcomes and thus
communicate the purpose of information flows. In short, we
need a technique that is similar to BPMN in its dynamism
but swap and rebalance its foci, primarily focusing on
information and secondarily focusing on activities to achieve
a better balance between information and activities.

III. LINQ TECHNIQUE

This section introduces LINQ, a technique that models
the dynamic aspects of information flows in organisations.
For this purpose, LINQ models not only information but also
actions (activities), systems, people (actors), and the
information transformation among them. Fig. 2 presents
basic elements of LINQ.
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Fig. 2. LINQ basic model




At the heart of the model, LINQ defines flows of
information as information transformations done with
support from actions and in support to actions. That is,
Actions create Information which supports Actions which
create Information and so on, which supports a flow of
information from source to business outcome. This flow of
information is enabled by People performing Actions; by
Systems being used by People to perform Actions; by
Systems automating Actions;, and by Systems providing
Information. Together, information, actions, people, and
systems are the basic building blocks defining the LINQ
information flows. Within these building blocks, the primary
focus is on Information. Based on this basic model, LINQ
further defines and decomposes other building blocks, as
presented below.

- Information entities can be presented in five formats:
paper, file, data-base, service, and application.

- Action is defined as an activity or entity that creates
or is supported by information. Action can be
differentiated into Capture that creates the original
source of information; Oufcome that generates a
result; and Process that combines, extracts, separates
and/or transforms information.

- System is defined as an IT/IS implementation that
supplies or processes information. It can be used in
conjunction with People in order to perform an
action that creates information. Systems can assume
three different forms: normal (offline) systems, on
premise, and cloud-based systems.

- People perform actions to create information. The
building block can represent individuals and groups.

EXPLORER

CANVAS ~ DASHBOARD

We note that to identify these building blocks in an
organisational context is not always an easy task as it
requires the analyst to in-deep understand the context. To
support this task, LINQ provides an analysis to examine
particular contexts and identify the main building blocks
according the basic model. It starts with all available
documentation describing the context. It then analyses the
texts for identifying the main building blocks of LINQ. The
analysis is best performed by colouring appropriate texts in
the documents. The colours include green for
orange for , blue for Systems, and violet for People
This analysis is named SP and will be further clarified in
the case study below.

A.  LINQ cloud-based tool

A cloud-based tool was developed to implement LINQ
model using an underlying node-edge graph structure. Using
the web technology, the tool provides a set of graphical
notations to represent the LINQ building blocks. It also
offers connections among the building blocks, which enable
us to represent organisational information flows.

Fig. 3 shows the tool user interface, which is organised in
three areas. Area 1 represents the LINQ building blocks,
each presented as a LINQ node. Area 2 is the main working
canvas where information flows are drawn. This area
supports  drag-and-drop functions for drawing and
connecting LINQ nodes. Further, to enable both abstract and
detailed views on the information flows, the area allows
compressing and expanding the diagrams with different
levels of details. Finally, whenever a node or connection is
drawn in area 2, area 3 defines its properties, keeps track on
navigation, and enables the node search. The tool is available
at http://www.ling.it/ for online use.
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Fig. 3. LINQ user interface

IV. CASESTUDY

In this section we illustrate the LINQ technique by
applying it to a case study, Coffee Co [11]. After an

overview of the case, we show how to use the IASP analysis
and the LINQ tool for modelling information flows of the
case.



A.  Overview of the case — Coffee production plan

Coffee Co was established in 2001, as a specialty coffee
company with 15 cafés across Wellington. The company is
accelerating the expansion pace of its national retail
footprint. Thus, well-coordinated information flows within
the organisation can increase its efficiency while reducing
the problems caused by the expansion. For this purpose, the
organisation adopted LINQ for modelling its information
flows. Given the limited space of the paper, we focus only on
‘coffee production plan’. Details are presented by the Coffee
Production Manager, Nancy Maydee, through a video in this
link: Video link.

B. [ASP analysis

The TASP analysis was applied to the transcribed texts of
the ‘coffee production plan’ in order to identify the LINQ
building blocks. The appropriated texts were coloured (green
for Information; orange for , blue for Systems, and
violet for People). The analysis results are presented below?.

My days begin early. First thing I do when I arrive at the
roastery is to turn on our Ghibli R15 and our Probat-
Probatino, our roasting machines. The machines need at
least an hour to warm-up. I use the Ghibli to roast batches
up to 15 kg and I use the Probat to roast small batches of 1
kg. [This paragraph mainly includes physical actions].

I [Nancy Maydee] then the production plan for the
day. The production plan is basically an Excel spreadsheet
the previous evening by Paul, our wholesale
manager. The production plan contains a list of coffee
batches to be roasted, the final weight that has been ordered,
and our inventory to date for each batch. Paul both
the purchase orders from our cafés and from our wholesale
customers when drafting the production plan. We work this
way because some customers different quantities of the
same coffee batch on the same day; it wouldn’t be
economical to do separate roasts of the same coffee for each
customer. Paul just the orders and I do a single
roast for each coffee batch.

Our green coffee batches are of two sorts. They can be
single lot: a specific varietal from a specific producer, or
what we call a “single origin” coffee. For instance, we have
Just received yesterday a lot of ten 60 kg bags of Ethiopian
Konga. Our batches can also consist of pre-roast blends.
These blends combine beans from multiple lots, in order to
achieve the flavour profile. For instance, a 15-kg batch of
our “WakeUp” blend combines 5 kg from a Columbian lot, 7
kg from a Brazilian lot, and 3 kg from a Kenyan lot. [Some
candidate categories of information can be found, yet they
need to be further confirmed].

We note that texts in the brackets “[” and “]” are notes
from the modeller to further clarify the transcribed texts.
Further, it is not always clear identification of LINQ building
blocks, and the modeller may change the identified ones
when she/he restudies the case. Thus, it is advisable to cross-
check and/or re-check the analysis results.

2 This section consists of colour texts.

C. Information flow diagram

With the building blocks identified by the IASP analysis,
we are now able to draw the information flows of the case.
We did that by first drawing the information nodes. This step
focused on information nodes that are transformed by actions
or stored by systems: the production plan, a list of coffee
batches, inventory to date, the final order, whole sale order,
and café order (presented in the texts as ‘purchase orders
from café and wholesale’). In contrast, information that is
not actually involved in the information flows was
eliminated. For instance, although the analysis identified
several candidate pieces of information in the last paragraph,
they did not actually transform and/or connect with other
elements, and thus were eliminated in the diagram.

After drawing the information nodes, we asked what
actions create or use the information. Answering the
questions enabled us to add action nodes and links them with
the information nodes. Finally, we drew the identified people
and system nodes that provide supports for action and
information nodes. As a result, Fig. 4 presents a diagram
modelling information flows of the case.

Oyperation efficency

L

Production plan

Checked production plan

Check

[ T—‘
Head af the raastery and
The production plan prosduction

Compile Excel spreadshest

& st of coffes batches nverTtary to date The final order Wholesale manager
Ewcal spreadshast Ewcal spreadshast Addup
A
Wholesala manager ‘Whalesala ordar Cafa ordar

Fig. 4. Information flows of coffee production plan




Fig. 4 shows how information has been coordinated and
transformed in the ‘coffee production plan’. Consider, for
instance, the order processing that is presented in the lower
part of Fig. 4. In this part, the organisation first captures the
wholesale order and café order, which are together added up
to become the final order by the wholesale manager. The
figure also shows how the detailed information is
transformed. For example, the production plan is checked to
become a valid production plan. Although the two pieces of
information may not be largely different in their data
concepts, their meanings and value are different, which is
very important to the organisational operations.

In a broader view, Fig. 4 presents an information map of
the ‘coffee production plan’. Through this map, we can
understand where the information comes from, where it
starts and ends, who creates it, what systems manages the
information, and more importantly the coordination among
information, actions, IT systems, and actors. In short, the
dynamic aspects of information flows are modelled.

V. COMPARATIVE ANALYSIS

The two previous sections introduced the LINQ
technique. This section compares it with the common
information modelling techniques, which provides a guide to
practitioners and academics to understand, compare, and
decide what technique to be used. In this comparison, we
analyse the modelling techniques regarding their goal, focus,
and main modelling elements.

It is important to identify goals of modelling techniques,
since different techniques are largely suitable for different
purposes [12, 13]. Phalp et al. [13] categorise two purposes
of the modelling techniques: software development and
business process modelling. We categorise ERD, IDEF1, and
DFD into the software development category as they are
widely used for IS development. We extend the second
category, which includes not only business process
modelling e.g. BPMN and Activity diagram, but also
function modelling e.g. IDEF@, and information modelling
e.g. LINQ.

Another criterion to compare among the modelling
techniques is its analysis focus. The criterion was already
discussed in Section 2 as each modelling technique has a
primary focus and may also have a secondary focus.

The final criterion we take into account considers the
main modelling elements used by these techniques. Aligning
with Rosenkranz and Holten [2], we check whether the
technique includes the following modelling notations:
information element, information attribute, information flow,
activity (action), control flow, and actor. There are three
outcomes from this check. If the technique describes and
operationalises the notation, the outcome is ‘yes’. If the
technique just mentions the notation without its
operationalisation, the outcome is ‘partial’. Otherwise, the
technique does not include the notation (‘no”).

Using the defined criteria, we compare BPMN, Activity
diagrams, IDEF@, ERD, IDEF1, DFD, and LINQ. The
results of this comparison are presented in Table. 1.

TABLE 1. COMPARATIVE ANALYSIS OF INFORMATION MODELLING TECHNIQUES
. Focus Notational Elements Ref(s
Modelling D inti Goal " ! ©)
Technique escription oa Primary Secondary | Information | Information | Information | Activities| Control | Actors
elements attributes Sflows (actions) | flows
Provide a  graphical Business Activity, control  |Information, Partial No Partial Yes Yes Yes |[[7]
BPMN notation to  specify|process flow actor
business processes modelling
Activity Describe flows of|Business Activity, control  |Information, Partial No Partial Yes Yes Yes [[14]
di activities along  with|process flow actor
lagram . nditional behaviours modelling
Illustrate functional|Function Function, activity |Information Partial No Partial Yes No |Partial|[6, 15]
IDEFO qudl}ng along Wlth modelling flow (input
activities, constraints, & output)
and information
Network models |Database Entity, data Yes Yes No No No No |[6, 10]
ERD describing the stored data|design attribute, entity
layout relationship
Capture the data|Database Entity, data Yes Yes No No No No |[[6, 15]
IDEF1 structures of the|design attribute, entity
information systems relationship
Analyse data flows for|Software Input, output Activity, Yes Partial Yes; static No No No |[10]
the design and|development |(static information |data store information
DFD
deployment  of  the flows) flows
information systems
Model the dynamic|Information |Transformed Actor, Yes No Yes Yes | Partial | Yes |Section
aspects of information|modelling information, system 3&4
LINQ flows along with actions, sequenFlal
systems, and actors dynamic
information flows,
and activity




Overall, the comparative analysis presented in Table 1
leads to two interesting observations. First, the analysed
techniques differ significantly according to their goals, focus,
and modelling elements. Thus, depending on the modelling
contexts, appropriate modelling techniques should be
chosen. Table 1 serves as a starting point for guiding this
choice.

Second, the three analysed criteria clearly show the
differences between LINQ with other modelling techniques.
While most of the current techniques focus on
activities/processes (e.g. BPMN and IDEFQ), data structure
(e.g. ERD and IDEF1), and static aspects of information
flows (e.g. DFD), LINQ primarily focuses on the dynamic
aspects of information flows. Further, LINQ is one of a few
modelling techniques that consists of notations for modelling
information flows and at the same time takes into account
activities, actors, and their interactions. Consequently, we
suggest that LINQ meets its purpose of modelling
organisational information flows.

VI. CONCLUSION

There is a need for information modelling techniques that
can capture the dynamic aspects of information flows [2, 16].
Addressing the need, this paper has introduced LINQ with its
focus on information flows and information transformation
among actions, actors and IT systems. A case study was used
to demonstrate how the technique can be practically applied
to model the information flows in the organisation. We also
compared LINQ and showed its difference with other
modelling techniques regarding goals, focus, and the main
modelling notations.

Our research contributes to the current knowledge by
proposing the LINQ technique that contains the basic
building blocks for information modelling, the ISAP
analysis, and the tool. Together, they enable us to model,
analyse, and graphically represent information flows of the
organisation. Researchers may also benefit from our
comparative analysis that provides insights for choosing an
appropriate modelling technique. From a more practical
perspective, the LINQ tool is launched online, ready for
practitioners to visit and model their information flows.

Through a critical lens, we identify two main limitations
of the current work. First, although the case study shows
how LINQ can be applied to model information flows, more
formal evaluation should be conducted. Second, we note that
LINQ presents information at a high level of abstraction.
While this abstraction enables an overall picture of the
information flows, it does not show the detailed data
structures and thus may be limited from the perspective of
software development that need the details for database
design and development.

Future work should address these limitations and
strengthen the LINQ technique. We invite researchers and
practitioners to apply LINQ to different modelling contexts,
which will allow us to further assess the strengths and
weaknesses of the technique. Another interesting direction is
to integrate LINQ with low-detail modelling techniques, like
ERD and IDEFI. This integration would provide a more

unified approach, capturing information flows and then
transferring them into information systems that support these
information flows. Finally, we are going to investigate how
to apply the value-added analysis to the modelled
information flows. Similar to the benefits of applying the
value-added analysis to business processes [17], this
application possibly allows us to evaluate the flows of
information, identify the most important ones, remove
unnecessary wastes, and thus increase efficiency of the
information flows.
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