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Abstract: Knowledge Management, an established researclappictation area
aim at generation, representation, storage, trgngsmsformation, application,
embedding and protecting of (organizational) knalgke to “bring right
knowledge to right people at right time”. KM effsrttypically focus on
organizational objectives such as improved perfoiweacompetitive advantage,
innovation, the sharing of lessons learned, andimaous improvement of the
organization. Recently, the notion of businessesumanagement systems
(BRMS) emerges in the business people communityramwn category of decision
support systems. The paper reviews the basic ptegiof business rules and
shows how they are influenced by expert systemsgeldped in the artificial
intelligence community more than 30 years ago.
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1 Introduction

Knowledge representation and reasoning using kraneleare central to Al (artificial
intelligence) research. Many of the problems ofalhmachinesare expected to solve will
require extensive knowledge about the world. Thig has been realized in mid. 70th of the
20th Century and implemented in so called expestesys (ES), or knowledge-based systems
(KBS), a "computer programs that emulate the decisnaking ability of a human expert”
(Jackson, 1990). The role of knowledge has beewgrezed also in the area of business and
management. Knowledge Management (KM) comprisesinge of practices used in an
organization to identify, create, represent, distié¢ and enable adoption of insights and
experiences. Such insights and experiences compmesviedge, either embodied in
individuals or embedded in organizational processepractice. Knowledge management
thus aims at generation, representation, storagmsfer, transformation, application,
embedding and protecting of (organizational) knagke to “bring right knowledge to right
people at right time”. KM efforts typically focusnoorganizational objectives such as
improved performance, competitive advantage, inilomathe sharing of lessons learned, and
continuous improvement of the organization. Rdgenthe notion of business rules
management systems (BRMS) emerges in the busieegdepcommunity as a new category
of decision support systems. The paper reviewddse principles of BRMS and shows how
they are influenced by expert systems, developethénartificial intelligence community
more than 30 years ago.
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2 BusinessRules

A business rule is a rule that defines or constraome aspect of business and always
resolves to either true or false. Business rulesistended to assert business structure or to
control or influence the behavior of the businesscording to [9], business rule is "a
compact statement about an aspect of businesgjudie further: "The rule can be expressed
in terms that can be directly related to the bussnasing simple, unambiguous language that
iIs accessible to all interested parties: a busimmesser, a business analyst, a technical
architect, and so on". There is no single categtidm of business rules. Different authors
even consider not only IF-THEN structures but atdber "pieces of knowledge" to be
business rules. So Ross counts among businessalsteslefinitions of business terms and
facts [3], von Halle [12] counts among businessesullso constraints ("MUST HAVE"
statements), guidelines ("SHOULD HAVE" statememis)omputations ("IS COMPUTED
AS" statements). An example of a business rulellr BHAN form can be [11]:

Check the product number in database SRU.

If the product number is equal to 422 [the part fvemof flip-flops]
and the product description is equal to plastip-fliops,

then set the new product number in database AS@l eqd547
and set the product description equal to Fun-in-gwn Flip-Flops
else if the product number in database is equd2® through 495
then set the new product number equal to 1647

and set the product category equal to Good for aw, Sandals

The next example of a IF-THEN business rule belklvows, that even if uncertainty
processing is not an issue for business rulesrules can contain vague concepts (“rush”
order, "hazardous materials”, "remote" destinat[6)

An order must be shipped by premium service if
the order is a rush order and

the order includes hazardous materials and

the customer is a platinum customer and

the order destination is remote.

The basic principles of business rules have bepresged in the so called Business Rules
Manifesto presented in [10]:

1. Primary requirements, not secondary: rules sserdial for business and IT models.

2. Separate from processes, not contained in thdes are explicitly formulated and apart
from processes and procedures.

3. Deliberate knowledge, not a by-product: rules explicitely formulated and formalized
intentionally to capture the basic business knogded

4. Declarative, not procedural: rules should beressed declaratively in naturallanguage
sentences for the business audience, the basitrecisof rules are facts and terms.

5. Well-formed expression, not ad hoc: businesssrghould be expressed in such a way
that they can be validated for correctness by lessipeople, to ensure this, business rules are
formalized as logical expressions.
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6. Rule-based architecture, not indirect implemi@ma A business rules application is
intentionally built to accommodate continuous clegbusiness rules; business rules should
be executed in a rules engine; a business rulemystust always be able to explain its
reasoning.

7. Rule-guided processes, not exception-based grogmg: Rules define the boundary
between an acceptable and unacceptable busineggya&xceptions should be described
using rules as well.

8. For the sake of the business, not technologyedRare about business practice and
guidance; rules are motivated by business goalobjedttives.

9. Of, by, and for business people, not IT peoplesiness rules should be formulated,
created, validated and managed by business people.

10. Managing business logic, not hardware/softypéaforms: rules are more important to
the business than are hardware/software platfoRukes should’be organized and stored in
such a way that they can be easily ported to nadwaae/software platforms. Rules should
be easily modified.

Business rules can be interpreted and executedrdithh humans or by business rules
management systems. In the former case, the rugesepresented usually using natural
language or semi-formal logic-based expressionshawe a form of guidelines created by
humans for humans. In the latter case, the busidss are represented using a logic-based
formalism and are executed using a kind of infeeefithe same ""piece of knowledge™ can
have all three forms. Following example is adagtech [6]. The first form of the rule is a
natural language sentence:

A loan may be approved if the status of the custasiagh
and the loan is less than 2000 unless the custbaea low rating

The second form is an IF-THEN rule expressed iamaigormal way:

IF the customer status is high

AND the loan is less than 2000

AND the customer does not have a low rating
THEN approve the loan

IF the customer status is high
AND the loan is less than 2000
AND the customer has a low rating
THEN dont approve the loan

The third form uses the JBoss Drools syntax toesgthe rules [2]:

rule "Approve a loan"

when
$Customer : Customer (Status == "high")
$Customer : Customer (Loan < 2000)
$Customer : Customer (Rating !="low")
then
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modify($Customer) {
setDecision("approve")

}

end

rule "Do not approve a loan"

when
$Customer : Customer (Status == "high")
$Customer : Customer (Loan < 2000)
$Customer : Customer (Rating == "low")
then
modify($Customer) {
setDecision("do not approve")
}
end

3 Business Rules M anagement Systems Architecture
A full implementation of the business rules applohas three components [1]:

1. A methodology for rule management, that is, coitegt recording, validating,
assessing, publishing, and evolving the busindss.ru

2. One or several more or less formal languages f@ressing business rules at
different stages of their life cycle and for diéat audiences (business, IT, and
computer).

3. A tool set for managing and executing the rule8usiness Rule Management
System (BRMS).

The three components are interrelated. The fiostponent is necessary to acquire the
business rules. business rules can be createdrbgrhaxpert (according to their knowledge
and expertize) or by using data mining and macleaening techniques. Another source of
business rules can be internal documents useceicdmpany. People from BR community
call this process rule harvesting.The second compiois necessary to express the acquired
rules in a human readable and/or machine readabte. fAs shown in the example above,
rules can be expressed using natural languageg s&mi-formal IF THEN statements or
using some implementation language. The third corapballows to process the machine-
readable business rules using so called rules endihe rule engine typically goes trough the
business rules to find those rules that are aggkctor given facts — this process is called
pattern matching. All applicable rules at a giveonment are placed to so called agenda. From
here, only a single rule is choosen (using a ccinfésolution strategy) to be applied. Such a
rule then modifies (by it's actions) the set aftéastored in the working memory and a new
search for applicable rules can start. So the matcbnflict resolution — act steps iteratively
repeat. Fig. 1 shows a general form of a rule engiarking in the described way, a so called
production system.

Let’s consider Drools as an example of a businelesmanagement system. Drools is an
open source project supported by JBoss and Redittat(JBoss.org, 2017). Drools is split
into two main parts: Authoring and Runtime. Autihgrpart involves the creation of rules
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files, so it supports the knowledge acquisition andoding processes, runtime part involves
the rule-based inference.

Inference Engine
(Rete0O0 / Leaps)

duction Pattern Working
Memory > Matcher -« Memory
(rules) (facts)
Agenda

Fig. 1 High level view of a production rule systédocs.jboss.org)

Drools works with facts and rules. Fact represénis piece of information, they typically refer to
attributes of an object. Rules have the generat for

rule "<name>"
attributes
when
LHS
then
RHS
end

where RHS (left-hand side) consists of conditicglaments (CE’s) and RHS is a list of actions that
can be performed if all conditional elements ave.trAn example rule in Drools syntax has already
been shown in section 2.

4 Similaritieswith Expert Systems

Expert systems represent the prominent researchvaithin Al in the 70th of the 20th
Century. An Expert system is an intelligent compyteogram that uses knowledge and
inference procedures to solve problems that afecdlif enough to require significant human
expertise for their solution [4].

An expert system consists of two main parts: kndgéebase and inference mechanism.
Knowledge base contains domain specific knowledgguiaed from the experts, inference
mechanism is a domain independent algorithm usedefsoning upon the knowledge base.
Next part is the working memory that contains aorigata (questions of the system answered
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so far, partial results). All these parts can bentbalso in the business rules management
systems. If run in dialogue mode, the expert systemtains also the communication and
explanation modules.

We can distinguish two basic types of expert systedhagnostic and generative. In
diagnostic expert systems, the meaning of ruldgdtarative, i.e.

IF condition THEN conclusion
while in generative expert systems, the meanimgles is procedural, i.e.
IF situation THEN action

The inference mechanism of diagnostic systemsead ts derive true conclusions (from true
conditions), the inference mechanism of generati@ems is used to perform actions. So
from the expert systems point-of-view, businesg mlanagement systems are nothing else
but generative expert systems.

5 Conclusions

Business rules management systems borrow a lot &xmpert systems: the idea of rule-
based reasoning as used in generative expert systefast and effective implementation of
the pattern matching step, or the general architeadf production systems. Newertheless,
some differences remain: expert systems are usedgmeat variety of application domains
while business rules management systems are atiemteapplications in business and
industry and rules in the area of expert systenesiatended to be applied only by an
inference mechanism, business rules can be usetwalsumans.
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