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Abstract. Rule based adaptive systems are growing in popularity and rules have been considered as an effective and
elastic way to adapt systems. A rule based approach allows transparent monitoring of performed adaptation actions and
gives an important advantage of easily modifiable adaptation process. The goal of this paper is to summarize literature
review on rule based adaptation systems. The emphasis is put on rule types, semantics used for defining rules and
measurement of effectiveness and correctness of rule based adaptation systems. The literature review has been done
following a systematic approach consisting of three steps: planning, reviewing and analysis. Targeted research questions
have been used to guide the review process. The review results are to be used for conducting further research in the area
of rule based context-aware adaptive systems. This paper accentsthe potential of using rules as means to perform adaptive
actions in enterprise applications taking into account contextual factors as well as points challenges, difficulties and open
issuesfor planning, developing, implementing and running of such systems.
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. INTRODUCTION developed (see figure 1). The review protocol essur
Rule based adaptation systems have become vergystematic and iterative approach for developing
popular in last decades. In rule based adaptatiotiterature review by defining how each step of the
systems adaptation actions are performed in form ofeview will be performed [5].
rules — statements that tells system what is ott vgha Following research questions (RQ) have been
not allowed or what should be done in particular defined in order to guide analysis of literature:
situation. Rules have been considered as effective - RQ1: For what kind of software entities rules

means for performing adaptive actions in different have been applied?
systems. The rule based adaptation systems have - RQ2: What types and semantic forms of rules
advantages of readability, transparency, elegande a have been used?
they are easy modifiable by simply adding, removing - RQ3: Application domains where rule based
or modifying rules [1]. Tran et al. in [2] emphasiz systems are used?
that the most important advantage of using rules ar - RQ4: What kind of rule performance measures
the fact that rules can be managed and controfed b are used?
humans. Rubart in [3] also considers the ability of - RQ5: What are open challenges and potential
managing rules by both — humans and system solutions?
components as an advantage. _

The goal of this literature review is to explore th O e || petre | | joefine | search
existing scientific literature on rule based adtipta literature ] ST 7] search Iiterature?
systems. The sub goals are to explore the potadftial R i
using rules as means to perform adaptive actions in Selection of Development
enterprise applications as well as to identify the Ly the Ly btersture | ofthe | jAnalysisand
shortcomings and open challenges for such systems. eemture | | reten || |

The rest of the paper is structured as follows:
section Il describes the literature review methodgl Fig. 1. Literature review protocol.

and research questions. Section Il shows the teesul . . .
of the conducted literature review structured Th? literature search strategy includes following
according to research questions defined in sedtion conditions:

Section IV gives some conclusions and observations - Research papers are searched in scientific data
about the analyzed literature. bases accessible for the authorEEE,
ScienceDirect, The ACM Digital Library,
Il. MATERIALS AND METHODS Springer Link
A literature review has been divided into three - Key words used for the search process:
stages: planning the review, conducting the review adaptation rules, rule based adaptive systems,
and reporting the review [4]. In order to initiatee rule based systems, event-action rules.

literature review, a literature review protocol teen
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- Publication years are limited from 2000 — systems used by users with disabilities [15] -
2017. [16].

- Research paper types are limited nesearch - Software configuration adaptation -
papers, conference proceedings, periodicals, software as a whole can be configured based
doctoral dissertations, technical reports and upon the received context information [12].
books. - Features adaptation— features can be both

In total 112 papers were found from which 45 functional and technical components of the

papers were selected for further analysis and software, e.g. browser, desktop, Bluetooth [1].
inclusion into literature review. The wide range of different software components

The literature review results will be used as a&bas adaptation performed in a form of rules proves the
for further research in the area of rule basedexdnt flexibility and usefulness of the rules.
aware adaptive systems, thereby research questions B. RQ2: What types and semantic form of rules

have been defined based upon the specificatioheof t have been used?
approach to be developed. Some papers discuss the rule based adaptation but
do not specify the semantic form of rules used in
lll.  RESULTSAND DISCUSSION proposed approaches. The most popular semantic

The literature review has been structured based offiorm of rules used in rule based adaptation sysisms
the research questions defined in section Il. Due t Event-Condition-Action (ECA) rules with a typical
the space limitations, only the most important itssu form of IF-THEN-(ELSE) Some authors have used a

are described and summarized in this paper. derivate form of ECA rules, e.g. Muller et al. i8]
A. RQ1: For what kind of software entities rules uses form WHEN (event) WITH (condition) THEN
have been applied (control action) VALID-TIME (time period),

Rule based adaptation can be applicable forincluding condition about time period in which this
different type of systems and different adaptablecontrol action is valid. The time parameter hasnbee
software entities. One of the most popular adaptabl taken into account also in [7] and [17]. In [15] an
entities is users interface. Lopez-Jaquero enal6]i extra parameter — description is used for better
emphasize that adaptation rules allow to evolve thainderstandability of the rule. In [18] RuleML iseds
users interface in accordance with the evolvemént oas the most suitable language for medicine related
systems’ users. adaptive systems. This language ensures equally goo

Rule based adaptive systems mostly focus on oneeadability for both — humans and machines. Some
particular type of software entities, e.g. processe authors use their own rules languages or have
graphical users interface components etc. We assumedjusted existing rule languages for their specific
that systems consist of standardized objects, asch needs. In [19] a combination of 4 languages is used
classes, forms, procedures etc. These objects afer event based software components adaptation. One
referred as software entities and each of thembean of the ways how to describe rule semantic and rules
context dependent. Rules can be defined for diftere language components is a rules metamodel [6]. The
kind of software entities. Following types of identified semantic forms of rules used in ruledshs
adaptable software entities in adaptation systemsadaptation systems are summarized in Table I.
were identified in current investigations:

- Process adaptation— adaptable entities are 3 Table | _
processes or process schemas [7] - [8] Identified semantic forms of rules used in rule
- Workflow and service flow adaptation - : based adaptation systems
workflow and service flow technologies are Esg:ft‘”“c form ngﬁgzﬁgofgrm — WFS?VE”C"S
W|dgly _used in complex processes in web | =0/ dition- (ELSE). [16], [16],
applications to reach the flexibility. Workflow | action rule [20]
as an adaptation entity is described in [9] and Association Are used to describe the [21]
service flow is described in [10]. rules relationships between

elements or variables

- Content adaptation — aqlaptable entities are RuleML based | Language contains elements, [18], [22]
content parts such as pictures, text, command behavioral individual constants, data
buttons etc. [11] - [12]. rules values and complex

- GUI/AUI adaptation — adaptable entities are expressions.

graphical users interface parts or audio Rulesin rule based adaptation systems also can be

interface parts. Often adaptation in this level is classified based on the adaptation entity and
performed for complex GUI, especially in Situations when adaptation actions are performed.

heterogeneous systems [13] - [14] and for Such classification is summarized in table II.
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Table Il
Identified rule types used in rule based adaptati@tems

Rule type Description References
Content analysis | Used to gather the information about objects, siscthe size of command button can be calculatefl1], [15]
rules based on the number of characters used in commatahb
Content Derived from the facts about the user. Content tdi@p rules can be distinguished by the [11]
adaptation rules | adaptable content type — text changes, picturesgeseetc.
Corrective rules | Used to adapt the application in case if applicatiourrent configuration is not viable in current | [23]

conditions.
Enhancing rules | Used to improve the existing activities which magrivanyway but might work better. It can be | [23]

achieved by changing the non-functional propeudfabe activity or by providing a new

functionalities
Fuzzy rules These rules are able to choose the most appropasseneters based on heuristics. Fuzzy rules ¢af24] - [25]

contain IF-THEN structure.

Integration rules

Used to represent the business logic for integgatie components in a declarative manner at a hiio]
level of abstraction. They can be expressed inra fif ECA rules.

Monitor rules Used to verify the service oriented systems behasistems services quality and context [17], [26]
information that affects the services used in ffstesn and the system itself.

Production rules | These rules are more appropriate for context-aadaptation systems — rules are suitable for [12]
reacting to newly received context information.

Matching rules These rules are used in matching processes anddaheists of several parts — pattern, action, [8]

relevance function and an optional check function.

C. RQ3: Application domains where rule based

systems are used?

Rule based adaptation systems are widely used in
different area domains what reaffirms the beneffit o
such systems. In the literature reviewed, rulesehav
been applied for the following domains: travel
scenarios development systems [10], [23], different
web applications, e.g. online auction site [27],
medicine related systems [9], [18], smart building
systems [28], specifically adjustable systems for
people with disabilities [15], [29], mobile device
applications [30] and others.

The usage of rules is not limited to adaptive
systems. Rules are also used in data cleaningnsyste
[31], software configuration management systems
[32] and expert systems [25].

D. RQ4: What kind of

measures are used?

In order to evaluate the quality of rules and the
quality of the performed adaptive actions, several
measures have been identified in analyzed litezatur

rules performance

- Check function is used when the rule is
executed. It allows to evaluate the quality of
executed adaptation action initialized by the
rule [8].

Similarity degree [35] and Average Fitness

Value [36] are used to measure the quality of

automatically generated adaptation rules.

Case based reasoningycle can be used to

evaluate the rules quality and improve the

rules by searching similar rules from which

new rules can be generated [33].

- Executed adaptation actions initialized by the
rules can change systems metrics, e.g.
response time, process execution time etc.
Thesesystem metricscan be used to evaluate
the quality of the executed adaptation rules
[34].

- Users’ preference can be fixed during the
execution of recommended adaptive action — if
user choose to execute the recommended
action or prefers to execute another action [1].

Most of the Rule based adaptation systems use

one particular approach for evaluating the quadity

- Confidence valuehas been calculated based the adaptation rules or executed adaptation agtions
upon collected users’ feedback about thethought combination of different approaches and

executed rule.

Each time when positive rules quality measurements can ensure more accurate

feedback is fixed, rule’s confidence value is evaluation process and results.

increased. In the case of negative feedback, a
new appropriate rule can be generated or other
more appropriate rule from the existing rule
set can be chosen and its confidence value is
increased [20].

- Rule Weight [35], andPriority [34] measures
can be used when several rules fit for one
context situation — then a rule with the highest
weight or priority can be executed.
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E. RQ5: What are the open challenges
and potential solutions?

Despite the fact that rule based adaptation
systems are popular and they provide many
advantages, there are also a number of limitations.
For instance, Zhao [33] emphasizes that adaptation
rules are often defined in advance with insuffitien
knowledge about executable actions what leads to
poor performance of the rules when the system is in
dynamic environment does not behave as expected.
Following challenges of using rules have been
identified:

- More than one rule fits one context situation:
potential solutions are (1) to assign a static of
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dynamic priority to rules and to execute the  The results of the literature research summarize
rule with the highest priority [23], [34]; (2) important information about the adaptation ruled an
rules can be executed in non-deterministicrule based adaptation systems and this information
order [23]; (3) if possible, rules can be will be further used to develop a new approach for
combined and executed simultaneously [34]. adaption of context-aware software entities using
A set of rules contains rules with equal IF part rules.
and different THEN part. Such rules are called
conflicting rules [24]. Throughput can be

taken into account and a rule with the highest The research leading to these results has received
throughput can be executed. In [20] funding from the research project "Competence
conflicting rules can be clustered into one Centre of Information and Communication
cluster and ranked according to their usageTechnologies" of EU Structural funds, contract
frequency. In [9] such problem can be solved No. 1.2.1.1/16/A/007 signed between IT Competence
by combining the executable actions, but in Centre and Central Finance and Contracting Agency,
most cases there will be incompatibility, so Research No. 1.6 “Development of Software
there are no method for solving this problem Adaptation Algorithms and Module Based on Context
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completely.
In an automatic rules generation process, a
large number of rules can be generated. The
challenge is to extract worthy rules. It can be [1]
solved by a two-step solution — in the first step
duplicate rules can be identified. In the second
step those who have equal IF part and different2)
THEN part can be processed [20] as described
previously.

During the lifetime of adaptive system, a large 3]
amount of adaptation rules can gradually arise.
To address this concern, Virgilio et al. [12]
defines the optimization strategy based on a[4]
rule clustering technique. Rules clustering in
clusters based on the type of affected contexfs)

allows to manage the rules and to apply an[e]

effective rules search process.

Existing literature proves that open challenges

still exists for using rules in adaptive systerhgréby

there is a potential for improvement of such system [7]

and approaches.

IV. CONCLUSIONS

This paper presents the shortened form of thds]

results of the literature review on

rule based
adaptation systems. The literature review resuks a
divided into research questions and each researc

E]

question leads to some insightful observations and

conclusions.

The literature review highlight popularity and
broad applicability of rules for adaptation of gyst.
Rules are used to adapt software entities of differ

(10]

kind, type and granularity level what indicatesttha (1]

rules are flexible and uniquely means how to penfor

adaptive actions. Nevertheless, some shortcoming
and open challenges of using rules were identified12]

during the literature analysis.
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Information Extracted from Users Action Logs”.
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