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Abstract. Although business context has been introduced as an important con-
cept for message-standards usage and maintenance, its usability depends on the
technique used to represent contextual knowledge. This paper investigates a
logic-based business context modeling technique, which is an alternative tech-
nique that can overcome some of the issues identified and discussed in this pa-
per. For other issues, we propose future research directions.
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1 Introduction

To achieve efficient both integration among enterprise applications and services, and
business transactions among trading partners, message standards are needed. Messag-
es define the types of transaction-related information (often referred to as business
document specifications) that must be exchanged to achieve both goals. Those stand-
ards are the results of the standardization process itself, which can be based on inputs
from a large variety of business sectors, business processes, business contexts, and
business representatives. Consequently, those approved standards have been only
partially successful in achieving their twin goals. There are several reasons. First, the
“out-of-the-box” message standards are agnostic to both specific use cases and im-
plementation languages. Second, the standards typically are not in a digital form that
can assure integration and interoperability. Third, the standards become large super-
sets of data elements contributed by multiple industries. As a result, fourth, detailed
refinement of a message standard is necessary to recapture the original business intent
and context. Finally, fifth, message standards are traditionally developed in an im-
plementation-specific language, which makes it more costly to deploy a standard to
the different platforms and services that exist in every, modern, digital enterprise.

An international team of researchers developed a new software tool, called Score,
to address some of those issues [1]. Score is based on ISO 15000 Part 5, an interna-
tional standard whose goals are (1) to achieve implementation-neutral representation



of message standards and (2) to manage separately business context in which the mes-
sage is used. Score achieves effective management of message-standard profiling. An
initial validation of the tool was presented previously in [2].

This paper argues that digitally capturing the business context is critical to improv-
ing the usability of existing message standards. Then it points to new research chal-
lenges that come with representing that business context in Score. We use the previ-
ous Score validation case to identify those challenges. That business case involves a
simplified, without consideration of scenario variations, Procure-To-Pay business
process. We used that case study to analyze the current, business-context representa-
tion in the Score tool. Based on that analysis, this paper (1) proposes an alternative
method for business context knowledge representation and (2) provides an analysis of
its effectiveness. In the newly proposed representation, business context must support
both hierarchical and networked knowledge structures.

The rest of the paper is organized as follows. Section 2 introduces background in-
formation about important concepts that are used in the paper. Section 3 describes the
business-context-definition process in the Score tool and identifies several issues that
come with its internal, business-context representation. Section 4 uses the same use
case to describe a new, business-context representation. Section 5 discusses the results
and proposes future research steps. Section 6 gives concluding thoughts.

2 Background

In terms of messaging standards, a business context (BC) is an information structure
whose content characterizes the business transaction for which the standard is de-
vised. That content includes the business process associated with the transaction, each
‘entity’ participating in the business transaction, their respective ‘roles’ and their re-
quired ‘interactions’. An entity is any person, place, or object that is considered rele-
vant to the execution of the business process, which depends on its specific business
environment [3].

Score [1] is a novel tool, recently and cooperatively developed by the Open Appli-
cations Group Inc. (OAGi) [4] and National Institute of Standards and Technology
(NIST) [5]. The tool was used to develop the latest version of the Open Applications
Group Integration Specification (OAGIS) standards [6]. The tool has two major bene-
fits. First, it speeds up the development of APIs. Second, it increases the reusability of
OAGIS's profiled messages. The tool does so by enriching them with BC, which con-
veys the intent of the profiled messages.

The problem is that there are various, and sometime incompatible, modeling ways
to represent BC. For this paper, we used the analysis in [3], where the author com-
pared six, main, context-modeling techniques: key value, markup scheme, graphical,
object-oriented, logic-based and ontology-based. Each technique was analyzed using
four criteria: data structure, data-structure components, pros, and cons. The author
gave preferences to logic-based and ontology-based models. In this paper, only logic-
based models are considered. Future research will consider employing ontology-based
models.

Currently, the Score tool represents BC knowledge using graphical, modeling
techniques. These techniques, which are based on UML, are good for modeling the



structure of BC knowledge. The main advantage of UML models is that they can
easily be translated into Entity Relationship (ER) models - the foundation for database
implementations. The main disadvantage of those UML models is the difficulty in
using them for reasoning: the main purpose for representing the BC in the first place.

Logic-based models, on the other hand, represent BC knowledge as a set of formal
facts that are defined using expressions and a set of rules. The very important ad-
vantage of such a representation of knowledge is the support for reasoning processes
that can derive new, contextual knowledge by applying rules on those already existing
facts. A derived contextual information is represented as a new fact in a formal way
[3].
UN/CEFACT’s Context Model (UCM) is an existing application of logic-based
modeling technique. In UCM, BC knowledge is represented as a directed, acyclic
graph. Conceptually, a BC is an expression created from predicates and logical opera-
tors that were applied to specific nodes in those UCM graphs. Each instantiation of
such graph represents the possible values in a specific BC context category (e.g., there
is an industry, context category and a role, context category). The context values in
each graph also have logical, subsumption relationships. Therefore, when using UCM
expressions, BC knowledge can be represented more efficiently than by assigning
each value individually.

In this paper we will employ an Enhanced UCM model (E-UCM) for the BC
knowledge representation that was introduced in [3]. The author gave two important
enhancements to the existing UCM model. The first one is the decentralization of the
initially centralized UCM graph. This is important, since, time needed for graph tra-
versal is directly proportional to the number of nodes and edges. The second one is
the introduction of formal definitions of existing operators (intersection (&&), union
(I) and exclusion (!)) and the introduction of two new operators. The two new opera-
tors that improve BC expressiveness are Symmetric exclusion (A) and Complement
(A). The following figure represents all operators using Venn diagrams.

A

Fig. 1.0perators' representations using Venn diagrams.

3 Definition of business context using the Score tool: a use case

This section introduces a simple use case as a basis for evaluating the current ap-
proach for representing BC in the Score tool. First, we describe the profiling process
for one, exemplary, business document; then, we identify issues; finally, we give
suggestions for improvements.



3.1  Use case description

This section describes the simplified, Procure-To-Pay, business process that we used
for analyzing the current, Score-tool capabilities. This process describes (1) commu-
nication between the customer (aka "CustomerParty") and the supplier (aka "Suppli-
erParty") and (2) the respective messages exchanged between these two parties. The
messages, which are represented as Message Flows, include Notify Shipment, Re-
ceive Delivery, Process Invoice, and Process Remittance Advice. Fig. 2 shows a
Business Process Model and Notation (BPMN) collaboration model for the Procure-

to-Pay business process.
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Fig. 2.BPMN model for Procure-To-Pay business process.

Fig. 3 shows a BPMN model for the current BC definition process in Score.
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Fig. 3.BPMN model for BC definition process.

As shown in Fig. 3, the process of BC definition can be divided into three main
steps - define BC categories, define context schemes for each category, and, put con-
text scheme values together as required. UN/CEFACT suggests that only eight fixed
categories are needed to describe every type of BC. In the Score tool, however, each
user can create its own categories that would include BCs based only on what is im-
portant to the user. After the BCs are categorized, the respective profile messages can
be created in Score and exported in either XML or JSON schema formats. Optionally,
the user can choose whether BC definition will appear in the exported schemas. This
option significantly increases the potential of using such OAGIS message implemen-



tations. Namely, this flexibility makes it possible to have a clear description of each
use case, specifying which message profiles are intended to be used. This description
is enabled through the BC definition, which improves message profiles' reusability
and message-standard maintenance. In this paper, we will focus only on the BC defi-
nition, not its impact on message profiles and standards.

3.2 Business-context definition

In order to define a BC, you need to know its associated, specific, business processes
and their profile messages. In this paper, we focused on four, business-context catego-
ries: Process Classification, Business Process Categories, Agricultural Industry Ver-
ticals, and Organizational Structure. The first category indicates the types of business
where the profiled messages can be used. The second category indicates the opera-
tional area, within the enterprise, where the profile message can be used. The third
one indicates the organizational, operating verticals and business units where the pro-
filed message can be used. Examples include Agriculture Dairy Foods, Livestock
Management, and Animal Nutrition, among others. The last category indicates the
organizational area where the profiled message may be used. For each of the catego-
ries, the following context schemes will be used - a food manufacturing enterprise,
namely Land O’ Lakes, was the operating area for the Business Process Categories;
Land O’ Lakes business units for the Agricultural Vertical category; and Land O’
Lakes organizational structure for the Organizational Structure category. APQC PCF
cross-reference framework for the Process Classification category was reviewed but
the number of 'levels' caused problems loading into Score. Thus, this category was
omitted.
Table 1. Business context categories and assigned schemas.

Business context category Business context schemas

Business Process Categories Tre}nsp ortation .
Shipment Request and Planning
Soil Health

Crop Nutrition Manufacturing
Livestock Farming
Agricultural Industry Verticals Animal Nutrition
Water Quality/ Management
Pest Management
Agronomy Services
Corporate
Organizational Structure Purina
Dairy

Currently, the Score tool does not support hierarchies; so, twelve context schemes
must be created to capture the remaining, three, context categories. For example, the
scheme for the Business Process Categories is decomposed into two schemes: name-
ly, the Transportation scheme and the Shipment Request and Planning scheme. Ship-
ment Request and Planning is a node in the Transportation scheme; but it also has
children nodes. In Score, one scheme can be used for only one category; while one
category can take values from multiple schemes. Given these restrictions, the possible
BC categories and the assigned schemes are presented in Table 1.




Finally, we have defined one exemplary BC named Shipment Request and Plan-
ning Business Context. A part of its definition is presented in Table 2. This is de-
scribed through Create identified business contexts sub-process from Fig. 3. As we
can see, it contains three steps. In the first step the user chooses BC categories that
will be used to describe the BC. Afterwards, for each category, he chooses one of the
schemes and one value at a time to add value to the BC. The list of available values
for each scheme is already defined in the step Enter a list of values inside Define
business context schemes sub-process, as shown in Fig. 3. Through this simple exam-
ple, the value of BC in enhancing interoperability and reuse is clear. Limitations in
Score tool, however, prevent the potential value to be fully realized are also observed
and discussed below.

Table 2. A portion of Shipment Request and Planning business context definition.

Business context category

Context scheme

Scheme value

Business Process Categories
Business Process Categories
Business Process Categories
Business Process Categories
Organizational Structure
Organizational Structure
Organizational Structure
Organizational Structure
Organizational Structure

Organizational Structure

Shipment Request and Planning
Shipment Request and Planning
Shipment Request and Planning
Shipment Request and Planning
Dairy

Dairy

Dairy

Purina

Purina

Purina

Customer Arranged Transportation
Supplier Arranged Transportation
Cross Dock

Transfer Order

Dairy Foods

Vermont Creamery

Kozy Shack

Purina Animal Nutrition

PMI

Nutrablend

Limitation 1: Creating BC schemes and their values is a manual task.

While describing the BC for the observed business process and profiled messages,
we have created multiple BC schemes and categories. Each scheme is filled manually
with individual possible values. In our use case, these schemes did not have a huge
number of values. Nevertheless, even in this simple example, it was clear that this can
be a time-consuming and error-prone process. In some cases, there are taxonomies
that could help define the BC schemes such as APQC PCF. It would be very useful if
those taxonomies could be imported in the Score tool automatically, thereby improv-
ing its efficiency. Presently, the standards needed to make this possible do not exist.

Limitation 2: No way to express a hierarchy of values within a BC scheme.

Presently, only flat-value structures can be represented in a BC scheme. In other
words, there is no possibility to represent parent-child relationships between context
values in the Score tool. In some cases, this can be a significant shortcoming, since
some BC categories have natural hierarchical organizational structures.

Limitation 3:No way to create associations between values from different schemes.

Associations with defined relationships between values in different schemes are
not possible today. For example, from the enterprise perspective, it is important to
understand which business units oversee which tasks in the business process. In prac-
tice, for example, only Dairy Foods support cross-dock; also, there are identified syn-



onyms between different scheme values. Today, creating such associations is not sup-
ported in the Score tool.

Limitation 4: BC can be assigned only at the message schema level.

Currently, there is no possibility to assign BCs at the schema-element level. Know-
ing that there are developed algorithms that in the near future could contribute to mes-
sage profile creation process, increasing BC granularity may lead to a more produc-
tive message profiling.

Limitation 5: BC definition is a manual task. All category values must be assigned
individually.

As we saw in Table 2, all values for each BC category must be assigned individu-
ally. There is no way to assign these values in a faster and more efficient way. If some
category has a huge list of values, this can be a very time-consuming task. In this
example, we saw that for Shipment Request and Planning business context category,
the Organizational Structure takes all values from the Dairy scheme. There is no other
way to assign values but to add them separately. In this paper, we propose an alterna-
tive BC representation, that could help resolve some of these limitations, leading to a
more effective documentation and reuse of message profiles.

4 Business context representation using E-UCM

This section describes how the same BC can be expressed using the proposed E-UCM
technique. The community version of the Neo4j graph database was used to realize
the technique [7]. By analyzing the Shipment Request and Planning business context
from Section 3, we identified three types of nodes: Business-context category, Busi-
ness-context scheme, and Scheme values. Consequently, we have created three corre-
sponding labels in Neo4j to make a distinction between these node types. These labels
are presented in the upper left corner of Fig. 4. The figure illustrates part of the BC
knowledge discussed in Section 3, including two BC categories: Organizational Struc-
ture and Business Process Categories, and the respective three BC Schemes. Each
scheme has a list of values.
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Fig. 4. BC knowledge presentation using Neo4j graph.

The important observation is the possibility to create child nodes for each Con-
textSchemeValue node. This means that the chosen E-UCM graph representation of
BC knowledge supports hierarchies, which is not currently supported in the Score
tool. One hierarchy can be identified from Table 2. As shown, Transportation scheme
has six ContextSchemeValue nodes (values). One of these nodes named Shipment



Request and Planning has a list of its ContextSchemeValue child nodes (Supplier
Arranged Transportation, Customer Arranged Transportation, Cross dock and Trans-
fer order). Fig. 4 includes two associations between nodes from different schemes.
The first association, named Supports, is created between nodes Dairy Foods and
Cross dock (Both nodes have the ContextSchemeValue label.). The second associa-
tion, named Synonym, is created between nodes Transportation (label BusinessCon-
textScheme) and Logistics (label ContextSchemeValue). In this simple example we
can see that Neo4j graph database has a natural support for hierarchies and intercon-
nected BC knowledge representations.

By analyzing the BCs presented in Table 2, we have concluded that categories Or-
ganizational structure and Business Process Categories take all values from the fol-
lowing schemes: Shipment request and planning, Dairy, and Purina. Currently, as
noted above, each of these values must be added individually and manually to define
a BC in Score. We believe that using E-UCM expressions is an easier way to define
such a BC. In Table 3 the definition of Shipment request and planning business con-
text is presented. This table shows that using an E-UCM expression, all values (nodes)
from specified schemes can be resolved by only one simple expression. The combina-
tion of these expressions, which is achieved using an existing operator (union, in this
example), describes a specific BC (the last row of Table 3). In Neo4; all expressions
are realized using the Cypher query language [8].

Table 3. BC expressions for Shipment request and planning business context.

BC expression Explanation

<ShipmentRequestAndPlanning

Resolves all successors of the specified BC node including

<Dairy > >
the specified BC node itself.

<Purina

(<ShipmentRequestAndPlanning) | The union of the previous expressions.
|| (<Dairy) || (<Purina)

5 An analysis of results

This section presents a detailed analysis of the proposed, alternative technique when it
was applied to the BC definition task. We comment on the limitations identified in
Section 2 and then determine whether the proposed technique can resolve them.

Limitation 1: Creating BC schemes and their values is a manual task.

As stated in the Section 3, it would be more productive if the process for defining a
BC scheme could be automated since there are existing taxonomies that could be
reused. While E-UCM cannot resolve this issue, we propose a future activity to de-
velop a standard for exchanging both the contexts schemes and the corresponding
import functionality. When completed, this exchange standard should be added to the
Score tool.

Limitation 2: No way to express a hierarchy of values within a BC scheme.

Graphs are a natural way to represent hierarchies. In Fig. 4 we have identified the
Transportation scheme that has two hierarchical levels (0.7ransportation -



>1.Shipment Request and Planning -> 2.Supplier Arranged Transportation). In E-
UCM, a BC scheme can have as many hierarchical levels as needed.

Limitation 3: No way to create associations between values from different schemes.

In Fig. 4 we have presented two associations (Supports and Synonym) that are cre-
ated between nodes from different schemes. It is important to emphasize that associa-
tions can be created between nodes with the same or different labels. In this example,
Supports is an example for an association between nodes with the same label (Con-
textSchemeValue), while the Synonym is an association between nodes with different
labels (BusinessContextScheme and ContextSchemeValue). Associations' names re-
veal the nature of nodes' relationships.

Limitation 4: BC can be assigned only at the message schema level.

This cannot be resolved by using E-UCM’s BC knowledge representation. Current-
ly, BC can be defined at the component and schema level, but not at the field level. A
higher BC granularity can help filter out irrelevant fields. This means that a message
profile can be created from bottom-up thereby enabling a pre-profiling process of a
component or schema. This process can identify where fields irrelevant to particular
BCs would be excluded when querying for a message profile for a BC.

Limitation 5: BC definition is a manual task. All category values must be assigned
individually.

This can be resolved only partially with E-UCM. While BC schemes still must be
created manually, this task is significantly faster using E-UCM’s representation of BC
knowledge. This is accomplished using BC expressions that enable more efficient
collection of needed values. As presented in Table 3, predicates and operators pro-
posed in E-UCM and this paper support an easier way of BC definition. We showed
that the whole multi-step BC definition in Table 2 was expressed using a single E-
UCM expression from the last row in Table 3.

6 Discussion and next steps

In this paper, we have identified and analyzed several limitations associated with the
BC knowledge representation that is used inside the Score tool. That representation
does not support (1) hierarchies and (2) associations between child nodes (specifically
between nodes in different context schemes). Furthermore, the values that are used to
describe the BC must be assigned individually and manually. In order to resolve these
limitations, we have adopted E-UCM, which is a logical technique extended from the
prior UCM work for BC knowledge representation. The resulting, graph database has
a built-in support for hierarchies and interconnected data coupled with the additional
logical operators. Hence, we believe that this approach will prove to be a powerful
mechanism for BC definition.

However, E-UCM does not address all of the identified limitations. BC schemes
and identified BCs still must be created manually. In addition, there is a problem with
BC granularity. As stated, some BC schemes take values from an existing taxono-
mies; so importing them into a database would make this process more productive.
Also, there is a planned integration in the future between the Score tool and the Busi-
ness Process Cataloging and Classification System (BPCCS) [9]. BPCCS enables
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business-process introspection that could provide important information for BC cate-
gories (for example, Business process BC category).

In our future research, we will consider introducing sensors for BC detection. This
means that some categories would not have to have defined schemes (for example,
Geopolitical BC category). Values for such categories would be detected using virtual
or logical sensors [2] (GPS, Web services etc.). This enhancement would contribute to
the automation of processes for defining the BC schemes and the BC.

7 Conclusion

This paper proposes and analyzes a potential technique for knowledge representation
that supports hierarchical and interconnected BCs. Through simplified Procure-to-Pay
business process, the paper points at limitations that arise in the current usage of the
Score tool - specifically in a business-context, definition process. Currently, the Score
tool represents business-context knowledge using graphical modeling technique. New
approach proposes logic-based technique, called E-UCM, which is realized through
the Neo4j graph database. The paper comments on issues caused by a flat, business-
context structure and analyze show the issues get resolved using logic-based
knowledge representation. Although E-UCM is a promising avenue, it cannot resolve
all the issues identified in this paper. There is an identified need to automate a process
of schemes and BC definitions, with an accent on higher BC granularity. Future re-
search will tackle those needs using proposed enhancements. Important conclusion is
that BC is a valuable concept, but its usability depends on the technique used to create
its representation.

Disclaimer
Any mention of commercial products is for information only; it does not imply
recommendation or endorsement by NIST.
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