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Abstract. Since business rules aim at enforcing regulations in an 
organization, they are critical in governing business activities from a 
managerial standpoint. On the other hand, another type of rules has emerged 
in context-aware service systems: context rules. Context rules are employed 
for context reasoning to recommend and operate the right services in an 
appropriate manner. In this sense, context rules ensure the smartness of 
services in smart service systems. For decades, researchers and practitioners 
have addressed rule modelling and rule management in information systems 
and business services. However, in relation to context-aware services in 
smart service systems, there is a lack of exploring the rule aspect, especially 
considering how business rules and context rules are involved in such a 
system. The purpose of this paper is to propose a rule modelling framework 
(called RuCBS framework) for expressing rules in context-aware smart 
service systems over the three aspects of service science (Management, 
Science, and Engineering). The framework presents concepts, a meta-model 
that connects these concepts, and rule patterns. The framework is validated 
with a case study on banking services. Future research directions on rules in 
context-aware smart service systems are also discussed.   

1 Introduction  
Nowadays, a smart service system is defined as a service system that can adapt to a constantly 
changing environment to benefit customers and providers thanks to business analytics and 
cognitive systems [1]. Consequently, the use of context-awareness to obtain information and 
insights to offer adapted services automatically is the future way of smart service systems 
[2]. Context-aware smart service systems are emerging to enable the context awareness and 
the adaptability to their changing contexts in smart service systems [3]. However, designing 
and implementing a context-aware smart service system is still a complex task due to the lack 
of an adequate model support in awareness and pervasive environment.  

Rules, also often termed business rules, are related to the regulation aspect within an 
organization that are critical in governing business processes/activities from a managerial 
standpoint. In context-aware smart service systems, another type of rules has emerged: 
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context rules, which are employed for context reasoning to recommend and operate the right 
services in an appropriate manner. In this sense, context rules ensure the smartness of 
services. For decades, rules and context-aware services have emerged in their respective 
domains. However, a unified framework for modelling rules over the three aspects of a 
service system (management, science, and engineering) [3] is still lacking. 

In this paper, we propose a rule modeling framework (RuCBS) for expressing rules in 
context-aware smart service systems, including concepts, a meta-model that connects these 
concepts, and rule patterns.  

This paper is organized as follows. Section 2 describes the theoretical background to 
present concepts used throughout this paper. Section 3 introduces the research design to 
conduct the study. Section 4 continues with the RuCBS framework, including concepts, 
models, and methods. Section 5 presents the validation of the framework to demonstrate the 
validity of the proposed framework. Finally, Sections 6 and 7 presents our discussions, 
conclusions and future research directions. 

2 Theoretical background 

This section clarifies key concepts related to rule modeling from the business perspective and 
context-aware systems, which will serve as the foundation for this paper.  

2.1 Rules  

Rules, according to the Oxford dictionary, are the regulations or principles governing 
activities or processes within a system or an organization. Business rules, a specific case of 
rules for the business sector, are defined as “compact, atomic, well-formed, declarative 
statement” for business regulations, policies or constraints [4, 5]. They are critical to ensure 
the correctness, validation, and execution of any information systems (IS). Business rules can 
be action (production) rules or deductive rules [6, 7]. The former performing on business 
objects can be determined from regulations, policies, or mandates. The latter are calculated 
by the application of various mining techniques. 

In any rule-based system, business vocabularies and business rule modeling tools are the 
two most important elements. Business vocabularies determine business concepts/terms used 
for describing business rules, whereas rule modeling tools offer methods for business rule 
expression. Based on the classification proposed by [8], business vocabularies provide two 
kinds of vocabularies for rule modeling: nouns for presenting business concepts/terms and 
verbs for presenting relationships or properties of the business concepts/terms. A business 
rule can be described by connecting these business vocabularies in an appropriate way using 
rule modeling languages or tools (e.g., graphical languages, decision trees, and tables, 
semantic-based representation [5]). 

2.  Service and context-aware services 

From the service-dominant logic perspective, a service is considered as the fundamental basic 
of exchange between business entities (i.e., stakeholders who have distinct goals such as 
consumers or providers [9]) to co-create business value [10]. In information systems, a 
service is implemented through business processes as the configuration of resources for the 
benefit of others.  

Context is defined as any information, which can help to identify an entity within its 
environment [11]. Context information can be environmental context (i.e., context data 
coming from surrounding factors such as time, location, regulations), user context (e.g., user 
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profiles, user preferences or interests), or sensor context (i.e., context data derived from 
sensors) [11]. From the viewpoint of knowledge management studies, context information 
will be classified into the following knowledge components: know-what, know-who, know-
how, know-when, and know-where [3]. In service-oriented approaches, know-what concerns 
services or products; know-who relates to business entities (customers, providers, or 
organization); know-how covers business processes or activities used in the definition or 
operation of a service; know-when and know-where refer to location and time factors, 
respectively. 

More specifically, an expression of a context is “A « stakeholder » (know-who) performs 
« operations » (know-how) on « objects » (know-what) at « time » (know-when) in « a 
location » (know-where) because of « a contract » (know-with) to be consistent with « a 
business rule » (know-why)” [3]. 

Accordingly, context-aware services are services that could recognize and self-adapt to 
their context. In those services, it is essential to link and adjust business rules so that they can 
be appropriate to contextual information. In this sense, business rules refer to know-why 
knowledge that explains or governs business processes/activities [3]. 

Related work  
For many years, business rule modeling has been studied in the literature; however, there is 
still a lack of focus on business rule modelling in context-aware service systems. This section 
investigates recent and relevant studies related to business rule modelling approaches and 
tools in general, those that consider context awareness in particular.  

In general, a business rule can be expressed through natural languages, graphical 
diagrams (e.g., UML, BPEL, BPMN) [12–14], decision tables or trees [15, 16], and semantic-
based representation [4, 16–18]. Semantic-based approaches, with their rich expressiveness, 
powerful reasoning, and ease of rule execution and transformation, appear to be the most 
efficient rule modelling tools. In a semantic-based solution, ontologies are primarily used for 
describing business vocabularies, whereas logical formulas or ontology query languages 
(e.g., SPARQL) are dedicated for expressing business rules. The Semantics of Business 
Vocabulary and Business Rules (SBVR), an OMG standard for business people, consists of 
metamodels and pre-defined logical formulations for describing business vocabularies and 
rules in a manner that facilitates rule exchanges among organizations [18]. Other studies have 
focused on transforming business rules into executable rules in AI-based systems, or more 
precisely, in rule-based systems. For example, there is a study that proposes Tier-Rules, a 
platform to transform and manage business rules written in natural language in executable 
rules to enhance collaboration between business team and IT team in the rule implementation 
[19]. Another study focuses on an automated transformation tool that converts semantic-
based business rules into UML class diagrams to ensure the correctness and ease the 
execution of the business rules [20].  

Many studies have examined context rules from the perspective of pervasive information 
systems (e.g., smart homes, smart cities), with less focus on business aspects of smart 
services. Context rules can be implemented as low-level executable rules/constraints related 
to databases or knowledge bases. For example, a recent study proposes an API-based 
framework for managing and executing context-aware rule-based services [21]. Another 
example is MIALinx, which concentrates on representation, transformation, and execution 
of rules performing on sensor context for smart bus systems [22]. In other studies [23-27], a 
high-level rule model for expressing context rules is being proposed. For instance, a rule-
based solution for context-aware applications built upon Event-Condition-Action (ECA) 
patterns is suggested in [23, 24]. ABC-RuleMiner provides intelligent services through the 
use of association rule mining on temporal, spatial, and social context of smartphone users 
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[25]. A generic multi-level context model is also defined in [26] for hierarchically structuring 
context rules. In [27], the authors proposed an ontological context rule modeling for detecting 
energy waste context. 

According to our observation, we are still lacking a comprehensive model that covers all 
business and contextual aspects of rule systems in smart services. 

 Research Design  
This paper seeks to answer the following research question: How to specify different types of 
rules in a context aware smart service systems for supporting context reasoning? 

The design science research (DSR) methodology [28, 29], which is a suitable and efficient 
method for designing and evaluating scientific artefacts, is used for the development of the 
rule modelling framework for context-aware smart service systems. The main stages of 
carrying out this DSR-based study are summarized below. 

Problem Identification. The first stage is concerned with identifying the research 
problem. According to the findings of the related works analyzed in Section 2, there is a need 
for a rule modeling framework that encompasses all three levels of service science 
(Management, Science, and Engineering).  

Objective Definition. The second stage determines research objectives to solve the 
identified problem, including identifying concepts and their relations for rule modeling in 
context-aware services, proposing methods for describing rules, and validating the proposed 
framework through a case study.  

Design and Development. The third stage is concerned with designing and implementing 
artefacts for rule modelling in context-aware services. These artefacts, according to a DSR-
based methodology, consist of constructs, models, and methods [28, 29]. Constructs relate to 
the main concepts used for rule expressions in context-aware services. Models describe  
relationships between constructs, which are represented by using UML notation [30]. Finally, 
methods refer to a collection of logic formula-based patterns for rule expressions. 

Demonstration and evaluation. This stage is concerned with validating the proposed 
framework in the banking industry as a case study. 

Rule modeling 

This section introduces the paper’s main contribution: a framework for rule modeling in 
context-aware services (hereafter called RuCBS). This framework is based on an existing 
framework for context-aware service modeling defined in our previous works, named 
Context-based Service (CBS) Framework [9, 31–33]. CBS Framework has identified 
fundamental concepts for smart service modeling such as business entity, service proposal, 
service creation, service operation, business process, and business activity. However, the 
framework has not clarified yet the regulation dimension of context-aware services. RuCBS 
is proposed to fill this gap by incorporating new artefacts related to rules modeling for 
context-aware smart service systems into the CBS framework, such as RuCBS concepts or 
constructs, RuCBS models, and RuCBS patterns. These artefacts will be further discussed in 
the next section.  
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.1 RuCBS Concepts  

RuCBS concept defines three rule types: Business rules (BR), Context rules (CR), and 
Integrity rules (IR), corresponding to Management, Science, and Engineering levels of 
service science, in that order [33]. Table 1 summarizes concepts defined in each dimension. 

Table 1. RuCBS Concepts 

Level New concepts identified in 
this paper 

Concepts reused from the CBS Framework 

Management Business rule (key concept) Business Entity, Customer, Provider, Service 
Proposal, Agreement, Value Proposal 

Science Context rule (key concept), 
Condition, Action, 
Temporal Event, Explicit 
Event, Implicit Event 

Service System, Service Creation, Service 
Objective, Resource, Event, Context (classified 
into Context-Who, Context-What, Context-How, 
Context-When, Context-Where, Context-Why) 

Engineering Integrity rule (key 
concept), Scope, Risk 

Service Operation, Business Process, Business 
Object, Business Activity, Dynamic State 

Business rules (BR) are derived from goals, policies, and contracts to ensure the 
regulation dimension at the management level. Other concepts related to BRs at this level 
include business entity, customer, provider, service proposal, value proposal and agreement. 
Customers and providers are business entities with distinct goals [9, 33]. A service proposal 
(e.g., Account, Credit Card) is the application of business entities’ competencies, skills, or 
knowledge to benefit another business entities to create a value proposal [34]. A business 
rule can be defined within an agreement (e.g., Visa Agreement) to govern the use of service 
proposals.  

Context rules (CR) are used to reason about context to propose and operate services in 
the most appropriate way at the science level. Each context rule specifies that an (some) 
action(s) must be taken when context conditions are satisfied. A context can be classified 
into six context types listed below: context-who derived from business entities (e.g., 
customer’s profile), context-what concerned with what will be proposed to customers (e.g., 
service proposal, service operation), context-how related to business process/activities, 
context-when indicating temporal factor (e.g., time, season, occurrence of an event), context-
where indicating location factor (e.g., ATM, onsite, online), and context-why referring to 
service objective. An event is an important element to acquire and reason a context, which is 
defined as something that may happen in a value co-creation network [32]. To facilitate 
context acquisition, RuCBS clarifies three types of events: temporal event, explicit event, and 
implicit event. Temporal events are specified by time values or time expression (e.g., end of 
month, or a time range from 01/01/2022 to 31/03/2022) [6]. Explicit events occur when a user 
or other system performs an explicit action or request (e.g., a user chooses the function “cash 
withdrawals”, a third-party payment provider sends an account verification request). Implicit 
events can occur with an exception or other events (e.g., card error). 

Integrity rules (IR) represent the implementation and operation dimensions of business 
rules within an information system in the engineering level. The scope of an IR, relating to 
context-what, includes a list of business objects (or classes in software system development) 
that will be affected by this IR. A risk is a business activity, relating to context-how, defined 
within a business object that can trigger this IR when the business activity is carried out. For 
example, a risk of the integrity rule Credit card limitation is €3000 is Creation of a Debit 
transaction associated to the Transaction business object. Each time a debit transaction using 
a credit card is carried out (i.e. created), the related integrity rule is checked. 
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.2 Models 

Fig. 1 presents a meta-model of the proposed framework, which is an extension of the CBS 
model [28], using UML notation. The model describes relationships between the rule 
concepts defined in Table 1 and the concepts of a context-aware smart services over the three 
levels Management, Science, and Engineering.  

 
 Fig. 1. RuCBS meta-model represented by UML notation 

A business rule (BR), as shown in Fig. 1, is defined within an agreement that relates to 
business entity (know-who) and service proposal (know-what). At the science level, a 
business rule is associated with some service creations and vice-versal to govern these service 
creations. At the engineering level, a business rule is implemented by one or several integrity 
rules. For example, the service creation “Open credit card” can include the business rules that 
monitor the cash withdrawal limits relating to the credit card, which will be implemented 
differently depending on the card type (e.g., golden credit cards, standard credit cards). 

A context rule (CR) is composed of a set of context conditions and an action. Each 
condition is associated with context information (context-who, context-what, context-how, 
context-where, context-when). Events supports the recognition of context information. For 
example, from the event “A customer selects withdrawal function from an ATM”, context-
who (customer profile), context-what (card), context-why (withdrawal), and context-where 
(ATM) are derived. When all context conditions are met, this CR's action is called, which 
then creates the appropriate service creation, or executes the relevant business process. At 
the science level, context rules are employed to reason context information to create the 
service creation appropriate to the recognized context. At the engineering level, context 
rules, on the other hand, are applied in reasoning context-what related to service creation, 
and another context information (e.g., context-when, context-where) to execute a relevant 
business process (context-how) to answer the question of how service is operated in a 
specified context. 
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The business process activated by context rules can trigger several integrity rules (IR) 
during its execution. On the other hand, an IR may be triggered by various business processes. 
For example, the IR used for checking balances can be used in the cash withdrawal or 
payment processes. Each IR is defined within a scope (i.e., business objects operated by this 
IR), and a scope can be associated with multiple IRs. For instance, the Account object can be 
used in integrity rules to check balances or account type. A risk is defined by a scope (through 
the relation “includes” ) and a primitive business activity (through the relations “calls”), such 
as creation, deletion, and modification of a business object, which can activate the associated 
IR when performed [35]. 

.3 Methods  

This section refers to a collection of logic formula-based patterns to represent the method of 
the proposed framework that aims at explaining how to use RuCBS concepts to describe rules 
in context-aware services. Three logic-based patterns, one of the most efficient 
representations for rules [23], are proposed to describe Business Rule (BR), Context Rule 
(CR), and Integrity Rule (IR).  

The business rule pattern consists of a rule identifier, a statement that expresses business 
rules in natural language, a set of business entities and service creations associated with the 
agreement that defines the business rules.  

The context rule pattern is based on ECA patterns (Event, Condition, Action) [23]. The 
pattern includes a rule identifier, an event that activates this context rule, conditions that are 
context-value pairs connected through logical operators (e.g., AND, OR), and an action that 
is a service creation (Fig. 2) or a business process (Fig. 3) invoked when conditions are 
satisfied. In the scenario presented in Fig. 2, when a customer performs an event, context 
information is recognized and passed to the context rule to initiate appropriate service 
creation. Following the creation of the service, the relevant business process is invoked, 
which can set off integrity rules. In the scenario depicted in Fig. 3, an implicit event (e.g., 
card error) can be triggered during the execution of a business process, which can then invoke 
another context rule to select an appropriate business process to handle this implicit event. 

The integrity rule pattern expresses constraints at the engineering level for a business 
rule. Each constraint has its own identifier, as well as the identifier of the business rule 
associated with that constraint, a list of business objects determined in its scope, a list of 
business activities and their associated business objects defined as its risk, and a set of IF-
ELSE statements that are part of the integrity rule's implementation. This rule can be 
triggered when a business process employs one of the business activities identified in the 
integrity rule's risk. 

The three rule patterns and their relationships are highlighted in Fig. 2 and Fig.3. To 
simplify the presentation of the patterns, we only use basic notations such as orange 
rectangles for patterns, white rectangles for concepts in the RuCBS meta-model, and arrows 
for relationships between the patterns and RuCBS concepts. 
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Fig. 2. RuCBS patterns’ relationships for an explicit event  

 
Fig. 3. RuCBS patterns’ relationships for an implicit event 

Validation  
The purpose of this section is to demonstrate the validity of the proposed approach. 
Evaluation activities are critical in the development of any scientific artefacts based upon the 
design science research [36, 37]. Evaluation methods can be classified into  naturalistic 
evaluation and artificial evaluation [38]. The former applies case studies, field studies, or 
surveys to validate the utility of the proposed artefacts in real-world situations. The latter 
deals with mathematical proofs or logical arguments to prove the reliability of the artefacts.  

This paper focuses on developing a rule modeling framework that can be tailored to a 
specific business domain. As a result, naturalistic evaluation seems more appropriate, and a 
case study from the banking industry is chosen to evaluate this framework. To be more 
specific, the framework (concepts, models, and patterns) is applied to model three scenarios 
and the related business rules in relation to banking card or banking account services (labelled 
BR#1, BR#2, and BR#3) as examples. The business rules are derived from public information 
provided on banking websites. 

Scenario#1  
Event: A customer arrives to a bank office and asks to open a personal account for non-

VIP customer.  
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Context information derived from the event are as follows. Context-who is Non-VIP 
Customer, Context-What is Standard Account, Context-Why is Opening Account, and 
Context-Where is Bank Office. This context rule invokes the service creation SC#11 Open a 
Standard Account for Non-VIP customer. This service creation relates to the following 
business rule: 

BR#1 refers to the calculation of a monthly fee for personal standard accounts, stated as 
follows: “For VIP customer, the standard account management fee is free. For non-VIP 
customer, if customer’s monthly balance is $3000 or more, the account management fee is 
waived; otherwise, he/her will be charged a fee of $30 in the corresponding month”.  

The BR#1 is associated with two service creations (SC#11-“Open a standard account for 
non-VIP customers” or SC#12-“Open a standard account for VIP customers”). As the event 
occurs and calls to perform action SC#11, this service creation is performed through different 
business processes based on service operations such as the fee calculation process or the card 
activation process. Following that, the relevant integrity rule is activated to guarantee that the 
business rule BR#1 is satisfied. Fig. 4 shows an example of a scenario related to BR#1 as 
previously described. 

 
Fig. 4. Example of RuCBS patterns for describing Scenario#1 

Scenario#2 
Event: A student requests to open a youth account.  
Context information derived from the event are as follows. Context-who is Student, 

Context-Why is Account Opening, Context-What is Youth Account, and Context-where is 
Online. Consequently, the Open youth account service creation is called. 

The related business rule BR#2 refers to youth account opening (SC#21) for students, 
stated as follows: “Students under the age of 25 can open a youth account, which includes a 
free monthly plan and unlimited transactions”. CR#21 is then activated. If all context 
conditions are met, the corresponding service creation #21 is initiated. The business process 
for the fee calculation can be then executed, which may invoke IR#21, as shown in Fig. 5. 
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Fig. 5. Example of RuCBS patterns for describing Scenario#2 

Scenario#3 
Event: End of a month. 
Context information derived from the event are as follows. Context-who is personal 

customer, Context-what is credit card, Context-why is Fee calculation. This context 
information is validated, and consequently, the corresponding service creation is initiated and 
the business process for fee calculation is executed at the end of each month (implicit event). 
During the business process execution, the related rule BR#3 is checked.  

BR#3 refers to credit cards, stated as follows: “Interest rate applied for late payment of 
a credit card is 19.9%”. 

 
Fig. 6. Example of RuCBS patterns for describing Scenario#3 
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 Discussion  
In the context-aware smart service, context rules are also described with Event-Condition-
Action for supporting ubiquitous computing [21]. However, an event is defined by a context, 
when the context is evaluated to True, then the event defined by this context may occur. In 
other words, “event is a context triggering the execution of a context-aware service”. 
Therefore, events are consistently checked over an interval of time to verify if the context 
defined is obtained to enable the corresponding action. For example, the room temperature 
is consistently checked if the room is hot (context of a room), then suitable action is called. 

Similar to this approach, on the ground of information systems, a context-aware service 
system can be considered as an event driven system in our framework. There can be explicit 
events that customers explicitly make them happened, or implicit events such as temporal 
events- e.g., end of a month, end of a day. When an event occurs, contexts around the event 
are captured. Context rules define that under certain context conditions, a relevant action can 
be carried out. The action can be a service creation or service operation. The service executes 
relevant business processes. By consequence, the related business rules are validated by 
triggering the integrity rules which are the implementation of the business rules. 

At the running time, when a context changes, but if it stills match a context rule then the 
corresponding service, which is defined in Action of the context rule is triggered, it can be 
the service creation or service operation. The service itself changes only when the business 
rules implemented in the service change. When the context rule changes, the process of 
service delivery changes, i.e., it needs to define under the new context which actions are 
carried out. 

In the proposed framework, business rules are defined at the management level, as they 
relate to the service proposal and agreements between the service provider and the service 
consumer. The role of Context rules is to help the system to provide suitable services to users 
based on their context, so the context rules are described at the science level as it relates to 
the service creation. Meanwhile integrity rules are the implementation of business rules to 
constrain the business activities, so they are described at the Engineering level. 

Context rules are extracted from events as shown in the rule patterns in Section 5. Similar 
to business rules, which are extracted from regulations, policies or agreement of the business, 
context rules are extracted from anticipated events that relate to all customer interactions with 
the service system. 

The RuCBS framework has shown a complete picture of the static, dynamic, and rules 
aspects as well as their relationships in a context-aware smart service over the three levels of 
services: Management, Science, and Engineering, which have not been explored in the 
existing approaches. 

The framework is compatible with the service-oriented architecture of information 
systems development. It clearly distinguishes between the front-end layer and the business 
logic or service layer. Events occur at the front-end layer, where user interactions with a 
service system happen, the events are captured and context information are evaluated to 
trigger suitable actions, which is actually calling suitable services at the lower level. 

 Conclusion 

The paper has proposed a rule modelling framework (RuCBS) for exploring the rule aspect 
in smart service systems from three perspectives of service science: Management, Science, 
and Engineering. In terms of the research implication, this is one of the first studies that bring 
together three types of rules (business rule, context rule, and integrity rule) in smart service 
systems. Despite the fact that the importance of rule modelling is recognized by researchers 
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and practitioners, no research has been conducted to investigate how to describe various 
aspects of rules in smart service systems.  

By providing a comprehensive overview of rule modeling, this study enriches the 
literature on the regulation dimension in smart service systems. In terms of practical 
implications, the proposed framework fills the gaps between engineering and business teams 
by clarifying the transformation and relationship between the three types of rules regarding 
three aspects of service science.  
     Furthermore, the proposed constructs, models, and rule patterns are generic enough to be 
reused across domains. As a result, the proposed framework can aid in the conception and 
development of rule management in smart service systems. 

Our future work aims at using this framework in the development of a rule management 
system for smart services that can be validated with different domains (e.g., banking and e-
commerce) to demonstrate the utility and suitability of the proposed framework. 
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