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Abstract. Business rules (BRs) have been widely adopted within deci-
sion making processes in the industrial fields (banking, assurance, trans-
port ...). A BR is a high level description allowing non-computer scientists
to author and/or make a decision by the use of vocabulary and concepts
specific to the organization. It encompasses the business knowledge of
experts and separates clearly the business logic from the application
logic which implements it by defining and authoring it through a very
structured and connected set of applications called a Business Rule Man-
agement System (BRMS).
In this paper we propose to investigate the possibility of integration
of probabilistic reasoning in a business rules-based system. As a conse-
quence, we can deal with incoherent and incomplete data. Our approach
is to extend an object BR model with a probabilistic model. This will be
done by coupling business rules and probabilistic engines . The result will
allow to perform inferences in Bayesian networks and Probabilistic Rela-
tion Models (PRMs) in order to sophisticate the calculations performed
in classical BR inference.
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1 General description

URBS (Uncertain Reasoning for Business ruleS) is an applied research project of
IBM France which has the ambition to promote the field of business rule-based
decision making. It takes into account the uncertainty on data and the temporal
aspect within the industrial context. This can be done through an hybridization
between business rules and probabilistic graphical models.
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On the one hand, the concept of Business Rule Management System (BRMS)
has been introduced more than a decade ago in order to facilitate authoring,
checking, deploying and executing the business policy of companies as conceived
by their business (as opposed to technical) staff in the form of condition/action
business rules. But it turns out that whereas BRMSs are well adapted to deal
with structured and complete data by using classical Boolean inference, they
face difficulties when they take into account incomplete or incoherent data.
On the other hand, Bayesian Networks (BNs) – which are very popular Prob-
abilistic Graphical Models – were proposed in the late 80s for modeling un-
certain knowledge and reasoning with uncertainty. The core of the Bayesian
networks representation is a directed acyclic graph (DAG) whose nodes repre-
sent random variables and whose arcs represent probabilistic dependencies be-
tween these random variables. BNs encode compactly the joint probability over
their nodes/random variables as the product of the conditional probabilities of
the nodes given their parents in the DAG. Calculation in this graph are done
through algorithms that implement probabilistic inference. They were initially
used as tools for probabilistic reasoning in early expert systems. The BNs have
been applied in several fields in which the decision aiding is a key element. For
example: medicine, automatic diagnosis or the robotics.
Today’s knowledge-based software systems have to inter-operate. Moreover, the
emergence of the ”Big Data” processing emphasizes the importance of analytics
and probabilistic modeling of data. Hence, adapting the Business Rules to un-
certain reasoning is essential. For this reason, this PhD thesis aims at building a
bridge between two separate ”worlds” by introducing the notion of Probabilistic
Production Rules (PPR).
In effect, we propose to specify, implement and validate extensions of current
BRMSs to enable them to take into account probabilistic information, which
means notably, as mentioned above, dealing with incomplete and/or incoherent
data. We will also investigate valid extensions of BNs dealing with rules, im-
plementing these extensions and validating them on real-world decision-making
applications. Once coupled with Probabilistic Relational Models (PRM), the
BRs will benefit from the improvement of the inference quality as they will be
able to apply both Bayesian and Boolean inferences. Since PRMs are an object-
oriented extension of BNs, their object oriented nature seems to be very well
suited for combining them with BRs.
The notion of PPR has been recently implemented as an intern prototype and
it allows the generation of the probabilistic model, which is currently a BN, via
annotations of the BR object model (java classes) and/or an externally located
Bayesian network. Unfortunately, the current approach is rapidly limited when-
ever we tackle complex conditions because BNs show their limits when dealing
with very large-scale models, which are difficult to create, maintain and utilize.
These problems shall be dealt with by combining BRs with PRMs instead of
with BNs. Actually, by essence, PRMs are designed to cope with very large sys-
tems.
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It is important to highlight the difference between the paradigms on which
BNs and PRMs on the one hand, and BRs on the other hand are built on. Actu-
ally, while the first ones are ”descriptive”, the BRs paradigm is more procedural
and keeping them first separated in a weak coupling approach, will facilitate
the management of every component. Indeed, putting a procedural model inside
a BN will downgrade its mathematical base. Decision making at that level are
usually poor compared to BRMSs level. In addition, trying to manage BNs in-
ference and update inside BRMS will be inefficient and difficult since our rule
engine is not monotonic and is by essence a procedural engine on object data.
Maybe in a tight coupling we will be oriented to change rules semantic and add
more constraints in the BRs model.

2 The plan

In this PhD research project, we propose to couple PRMs and BRs in order
to tackle the limitations mentioned above. We also plan to introduce, some
advanced temporal concepts into probabilistic models. It is clear that we are
looking for creating an effective hybridization of PRMs and BRs. In order to
validate this approach, we are developing a new prototype based on this engine
coupling called Bayesian Insight System (BIS).
We propose the following research directions:

1. In the first step, we are currently making a comparative study of the language
expressivity of both PRMs and BRs. This will enable us to create a common
language that holds the advantages of every paradigm. This comparison will
point out the formal probabilistic models and inference algorithms that are
the most useful for our study.
Notably, it must be stressed that we deal with temporal probabilistic models
and the processing of stochastic events.
Moreover, our study should also include formal specification of the BNs,
PRMs, OOBNs, BLOG models and a comparison with other logics like fuzzy
logic, CRF and uncertain ontology.
Finally, based on the results of our study, our approach will consist of extend-
ing current BRs by combining them with the best suited uncertainty models
and their inference engines. To characterize the best models, we will exploit
Use Cases to determine empirically the expressivity of our new language and
to help designing it in a most efficient way. We will ensure that we keep the
good properties of this expressivity with regards to the utilization and the
efficiency of pattern matching algorithms which are an essential component
of BRs.
This will, precisely, lead us to perform two main extensions:

(a) extend the object data model of the IBM BRMS, Operational Decision
Manager (ODM), called XOM (for eXecution Object Model). The point
is to practically use two models and keep their own logic: one linked to the
application logic and the other is associated to the uncertain reasoning.
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We demonstrate that O3PRM [15] (for Open Object Oriented PRM),
which is a programming language that models and specifies PRMs using
a strong object-oriented syntax, and the XOM have some good interac-
tion properties and thus will be at the core of this extension.

(b) extend the O3PRM model to handle incremental operations, improve its
query process and manage temporal evolution.

2. In the second part, we intend to implement and validate this hybrid lan-
guage by designing a new prototype of probabilistic business rules engine,
Bayesian Insight System prototype, which will use the open source C++
library, aGrUM 1. This part contains:
– experiments on how to integrate these prototypes in our BRMS envi-

ronment and also on the coupling with existing Bayesian engines (SPSS,
JSmile, Bayesia, ProBT..)

– exploration of tight coupling techniques of algorithms developed for the
new paradigm and defined in the first part.

– introduction of the probability calculation in the BRs’ temporal expres-
sions, namely the Complex Event Processing.

– one can also use the probabilistic data to implement the learning of
probabilistic models and some parts of the rules within this framework.

– another important aspect to explore is modeling helpers (aiding): IDE
graphical interface, high level language etc.. are very interesting tools
when dealing with modeling performed by business experts.

3. In the third part of this research, we will elaborate from the theoretical
structure defined in the first stage and from its expressivity and its con-
straints, specific algorithms to deal with our hybridization to improve the
time and size complexity of calculations. We should extend also the BR lan-
guages definition to probabilistic concepts. Which means that we will develop
a natural and intuitive formulation of the stochastic notions for end-users
(non-computer scientists) as well as for the experts of the domain.

The overall research work of this PhD will be validated and oriented through
the utilization of some Use Cases from the industrial fields exploiting the col-
laborations of the laboratory and the company. For instance,

– Fraud detection: this use case proposes to introduce a probabilistic approach
to model fraud-control issues. It aims to estimate the likelihood of a potential
tax fraud, with the objective either to improve detecting and filtering “false
positives”, or to better identify “true positives”.

– Gathering information about public data available on the Web: introducing
probabilistic inference and evaluation in the rules is likely to reduce “false
positive” detections in the web-site identification and improve the quality of
the meta-data extraction

– Decision Support System diagnosis: rendering the DSS autonomic from costly
human expert supervision.

1 aGrUM, for a Graphical Universal Model, is an open source software that implements
O3PRM
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