Legislation in the knowledge base paradigm:
interactive decision enactment for registration duties

Marjolein Deryck*, Jo Devriendt’, Simon Marynissen! and Joost Vennekens*
*Department of Computer Science, KU Leuven Campus De Nayer, Sint-Katelijne-Waver, Belgium
Email: firstname.lastname @kuleuven.be
TKTH Royal Institute of Technology Stockholm, Sweden
Email: jhmde @kth.se
iDepartment of Computer Science, KU Leuven, Leuven, Belgium
Email: simon.marynissen@kuleuven.be

Abstract—Recently, a prototype for an interactive decision
enactment system for notaries was developed. This prototype
follows the Knowledge Base Paradigm (KBP): it consists of purely
declarative domain knowledge, to which various logical inference
methods can be applied. This paper extends that work in two
ways. First, we experimentally validate the claim that the KBP
leads to highly maintainable software. Second, we extend the
number of additional logical inferences, which allow us to address
a number of usability concerns. This provides further evidence
for the claim that the KBP is indeed a viable method of developing
interactive software systems. The resulting decision enactment
prototype is a fully generic system, that can be applied to other
domains with minimal effort.

I. INTRODUCTION

Legal applications have often been used as test cases for
knowledge-based Al systems. This was the case for traditional
rule-based expert systems [18], but also for more recent
systems such as, DROOLS [21]. In recent work [13], an inter-
active decision enactment system for notaries was developed
according to the Knowledge-Base Paradigm (KBP) [11].

The KBP advocates a strict separation between declarative
domain knowledge; and the way in which this knowledge is
used to perform certain tasks. This is in contrast to typical
rule-based expert systems in which knowledge is formalized
specifically with a forward-chaining inference algorithm in
mind, or Prolog-based systems in which knowledge is formal-
ized with a backwards query-answering algorithm in mind.
In the KBP, domain knowledge is formalized as a purely
declarative knowledge base, which is not tied to a specific
inference method, allowing the same knowledge to be used
by different algorithms in order to achieve different goals.

As claimed by [11], this paradigm has two main advantages.
First, the knowledge base is easier to maintain, because it can
be considered in isolation from the inference methods. Second,
the knowledge base is easier to reuse for other inference tasks,
since it is not tied to any specific inference method anyway.

In [13], a decision enactment system that supports Belgian
notaries in their handling of real estate sales was developed
according to this approach. The Belgian legislation on reg-
istration duties that need to be paid when purchasing real
estate is quite complex: there exist multiple registration types
with different rates, and legislation from the country’s three

regions may apply in addition to federal regulations. The tool
in [13] was developed together with notary Luc Van Pelt. Like
other Belgian notaries, this office prides itself on its customer-
friendly and confidential service. They are therefore looking
for a system that provides support while interviewing clients,
without interrupting the natural flow of the conversation. The
system should therefore be able to accept relevant information
in any order and to provide useful feedback on each piece of
information.

In this paper, we further develop and analyze the prototype
that was developed in [13]. Our work focuses in particular
on validating the two main advantages of the KBP that were
mentioned above. First, we update the prototype to cope
with a recent change to Belgian legislation. This change was
significant enough to warrant substantial coverage by all major
Belgian news outlets and therefore presents an interesting and
representative test case for the maintainability of the knowl-
edge base. Second, during its evaluation of the prototype, the
notary office identified several additional desirable features
that were not initially thought of. We were able to add these
features to the prototype in a generic, domain-independent
way. This supports the claim that the functionality that users
desire from an interactive system can indeed be implemented
by applying the appropriate inference methods to a purely
declarative knowledge base, even when this functionality was
not originally foreseen at the time when the knowledge base
was constructed.

This work results in a completely generic framework, simi-
lar to, but more powerful than that of [8]. This generic frame-
work can be applied to create powerful interactive decision
enactment systems for other domains with minimal effort. It
is developed using the IDP KBP system [9], which allows
it to benefit from both this system’s expressive knowledge
representation language FO(-), as well as from its efficient
inference algorithms.

This paper is structured as follows. Section II elaborates on
the background of the case. Section III introduces the KBP
and the IDP system. In Section IV the main characteristics
of the original prototype are brought to mind. Sections V and
VI put the legal amendments and the interface into practice.
Section VII presents related work, followed by a discussion



and conclusion in Section VIII.

II. CASE STUDY

In Belgium, when a party wants to conclude a transaction
on the real estate market, a notary is required to affirm the
process, providing legal certificates for the requested transac-
tion. This registration gives rise to the payment of registration
duties, which depend on the region in which the estate is
situated. The standard tax rate can be reduced for certain
registration types, which leads to a range of possible tax rates
with their associated conditions.'

Prior to June Ist 2018, most family houses would either be
subject to the standard duty of 10%, or to a reduced duty of
5% for “modest houses”. Whether a house would classify as
modest depended mainly on its kadastral income (KI), a value
which represents its theoretical rental value. This KI was then
compared to a threshold, that depended on the buyer’s number
of children. In addition, there also existed an independent and
elaborate system of abattements (reductions on the taxable
base of the house).

To remedy the complexity of this system, new and simplified
legislation came into force. The concepts of KI and abattement
were abandoned. To determine if a house should be considered
“modest”, its actual selling price is now used instead of the
fictitious KI. These reforms of the registration duties represent
a profound change: of the original 42 law articles of chapter
9 concerning the registration law, the decree of 18 May 2018
abolishes 4 articles, modifies 9 and adds 5 of them.

Our prototype of [13] employs a knowledge base for the
original legislation. Its functionality focuses on two require-
ments:

o Completeness and correctness: The application should
ensure that all possible discounts are taken into account,
and only rule out or apply discounts when warranted by
the information provided by the notary.

o Usability: In meetings between notaries and their clients,
the technology should not disturb the confidential atmo-
sphere. A lot of typing and searching for the correct
button is out of the question.

After evaluating this prototype, the notary office came up

with these additional requirements:

e Traceability The decision outcomes calculated by the
application should be easy to check and explain, in order
to increase clients’ confidence in the application.

o Efficient information gathering Only questions relevant to
possible discounts should be asked. E.g., as soon as it is
clear that one of the discounts cannot be used, questions
related to this discount become irrelevant and should no
longer be asked.

ITI. THE KNOWLEDGE BASE PARADIGM AND IDP
We use the IDP knowledge base system, which employs

FO(-) as a formal knowledge base specification language [9].

!For the Flemish region the applicable legislation is the “Decreet van 13
december 2013 houdende de Vlaamse codex fiscaliteit” with amending decrees
from December 19th 2014 and May 18th 2018.

The core of FO(:) is typed first-order logic, extended with
inductive definitions, aggregates and arithmetic [9]. In this
section, we only recall a small propositional fragment of the
language, which suffices to explain the notary application.

In our restricted fragment, we assume a set of constants c
which each have an associated domain dom(c) of possible val-
ues {v1,...,v,}. As a running example, we use the selection
of an appropriate rate for the calculation of the registration fee.
Here, we have a constant Applicable Rate whose domain con-
sists of integers {1, 7,10}, and a constant RegistrationType
whose domain consists of {Social, Modest, Other}.

A partial interpretation T assigns to each constant ¢ a
non-empty subset ¢ of values from its domain. A total
interpretation I assigns to each constant ¢ a single value
¢! from its domain. Partial interpretations can be ordered
according to their precision: Z <, Z' if for each ¢, ¢ D .
Total interpretations correspond to precision-maximal partial
interpretations. We say that a total I is an expansion of I if
for each ¢, ¢! € ¢Z. As an example, the total interpretation

I.. = {ApplicableRate = 1, RegistrationType = Social}
is an expansion of the partial

T = {ApplicableRate € {1,7},
RegistrationType € {Social, Modest, Other}}

and also of the least precise partial interpretation Z., that
assigns dom(c) to all c.

An atom is an expression of the form ¢ = v where v €
dom(c). Atoms can be combined into formulas by means of
the Boolean operators —, V and A. A theory consists of a set of
constraints and definitions. A constraint is simply a formula.
A definition is a set of rules of the form A < ¢ where A is
an atom and ¢ a formula. Essentially, such a rule states that
@ implies A and that, in addition, A may only hold if at least
one of the rules of the definition implies it. The formal and
informal semantics of rule-based definitions were discussed at
length in [12].

Continuing the example, the theory 7., consists of the
following single definition:

Applicable Rate = 1 < RegistrationType = Social.
ApplicableRate = 7 < RegistrationType = Modest.
Applicable Rate = 10 < RegistrationType = Other.

Partial interpretations evaluate formulas (and by extension
atoms, constraints, definitions, theories) with a three-valued
truth value in the natural way. A partial interpretation Z
satisfies a formula o if it evaluates the formula to true, written
as Z |= . For atoms in particular, Z evaluates a = v to true
if aZ = {v}, to false if v € a, and to unknown otherwise.
We say a = v holds in Z if Z = a = v, and does not hold if

T E-(a=vw).



A total interpretation I that satisfies all of the constraints
and definitions in a theory 7' is called a model of the theory
The above example T, has three models:

{ApplicableRate = 7, RegistrationType = Modest},
{ApplicableRate = 10, RegistrationType = Other} and
Iey.

IDP allows generic inferences to be applied to an FO(-)
specification. A fundamental inference is model expansion,
which, given a theory 7', expands a partial interpretation Z
into a model of 7. In the case of the above example, I.,
is a model expansion of Z., w.r.t. T,,. In general, a given
pair (Z,T) may have zero, one, or more model expansions.
The optimisation inference takes as input a partial Z, theory T’
and objective integer constant O. It then computes the model
expansion of Z w.r.t. T that is maximal (or minimal) under O.
For instance, I, is the model expansion of Ij; that minimizes
the objective constant Applicable Rate w.r.t. Te,.

Neither model expansion nor optimisation are particularly
useful inferences in the context of an interactive application,
such as the notary system. Indeed, both inferences search for a
total interpretation and will therefore always attempt to assign
a value to all unknown constants. In an interactive application,
this is not the desired behaviour. For instance, if the notary
has not yet filled in the number of children that the buyers
have, we do not want the system to just guess a value. For this
reason, the prototype of [13] relies heavily on the propagation
inference, which computes information that is common to all
possible model expansions, and hence can discover properties
that are implied regardless of, e.g., the unknown number of
children that the buyers have.

Formally, the propagation inference takes as input a theory
T and partial interpretation Z, and outputs the most precise
partial interpretation ZP"°P such that all model expansions [
of Z wrt. T are also model expansions of ZP"P wurt. T.
We say an atom is propagated if it is unknown in the
original interpretation Z, but true or false in the more precise
interpretation ZP"°P. In the running example, given theory 7,
and partial interpretation Z.,, invoking propagation leads to

PP = { ApplicableRate € {1, 7},
RegistrationType € {Social, Modest}}

as both Z., and Z¥ °P have the same two model expansions
with regard to T, but Z27°P is most precise.

Finally, given a theory T, a formula ¢ is T-implied by some
partial interpretation Z, denoted Z =1 ¢, if ¢ holds in all
model expansions of Z w.r.t. T. Equivalently, Z =1 ¢ if ¢
holds in ZP"°P obtained by propagating Z w.r.t. T.

IV. ORIGINAL PROTOTYPE

At the start of the case study the notary’s application
requirements were rather vague. The most important concern
was to use the obtained information in an intelligent way, i.e.,
use the information instantly to derive conclusions. Because

of this we opted for the use of the earlier developed automatic
configuration interface that is available on the IDP homepage
[1]. As the use of it is independent of the domain described
in the vocabulary and theory in the knowledge base, this was
an easy way to create a first visual prototype to solicit further
application requirements from the notary. Figure 1 shows a
screenshot of the original prototype that was developed in [13]
using the technology from [8]. The interface allows to con-
struct a partial interpretation: the “4” serves to assign a unique
value to a constant, while the “—” removes the corresponding
value from the domain of the constant. Applying propagation
then leads to a more precise interpretation ZP"°P. For each
propagated atom the corresponding box is colored green if
the atom is true in ZP"°P, and red if it is false. In addition, the
user may also invoke model expansion to complete the current
partial interpretation into some total model, and optimization
to complete it into the model expansion that minimizes the
duties that need to be paid.

V. LAW AMENDMENTS AND THE KBP

As the former version of the legislation concerning reg-
istration duties was unstructured and difficult to read, the
model was built on more accessible information from the
Federal Public Service Finance [14]. We analyzed and for-
malized the domain using the Decision Model and Notation
(DMN) methodology.> This resulted in a model consisting
of a glossary and multiple connected decision tables. This
was then translated into the IDP-language. The result is an
initial prototype that formalizes 11 articles of law, resulting
in a knowledge base of 53 concepts, 6 constraints and 14
rules [13]. Building this knowledge base required an effort of
approximately 10 person-days. A significant part of this time
was attributed to the creation of the set of symbols representing
concepts in the domain (i.e.; the vocabulary. To this end some
analysis beyond the level of the DMN model was needed.

To evaluate the maintainability of the knowledge base, we
examined the effort necessary to update it to the changes in
legislation enacted in 2018. These changes consisted of 5 new
articles, making it the most significant change to real estate
sales law since the transfer of jurisdiction from the national
to the Flemish regional government in 2013. At the time of
constructing the original knowledge base, the content of these
changes was not yet known. Therefore, this provides a realistic
test case to judge the maintainability of the knowledge base.

Updating the knowledge base required only 0.5 person-days,
a fraction of the time required for the initial version. 16 of the
original 53 concepts were removed and 18 new ones added; 11
existing constraints and rules needed to be updated or deleted,
while 4 new constraints were added. Crucially, 9 of the 20
existing constraints/rules did not need to be touched at all.
This demonstrates that the inherent modularity of the KBP
indeed leads to significant advantages in practice.

2The reasons and way of working with DMN are discussed in our earlier
work, see [13].
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Fig. 1. Propagation in the original prototype.

VI. IMPROVED PROTOTYPE

A screenshot of the interface of the new prototype is
shown in Figure 2. This interface contains several usability
improvements, such as hover-over tooltips to explain the
meaning of the constants and custom input fields for numerical
domains. The user is also initially presented with a small set
of predetermined core constants, and can expand this set to
relevant constants or simply all constants. A more important
update is the clear distinction between chosen atoms explicitly
set by the user, and propagated atoms implied by the chosen
atoms. The interface visualizes chosen atoms by a ()-symbol
to indicate that this choice can be reconsidered. Propagated
atoms are visualized by question marks, indicating that they
can be explained.

The most significant improvements come from two new
inferences, relevance and explanation. Both are refinements
of algorithms that already existed in IDP, but that had not yet
been used in the context of interactive decision enactment.

a) Explanation: To increase user confidence in the sys-
tem, it is important that the system is able to explain why
it derived certain conclusions. Moreover, the user sometimes
would like to flip the propagated atom’s truth assignment. The
identification of chosen atom assignments allows the user to
revise his choices and perhaps change the outcome of his
query. The explanation inference takes care of this job. As
input, it takes a theory 7, a partial interpretation Z and a
propagated atom a. As output, it returns a least precise partial
interpretation Z¢®P! such that a still is T-implied by Z¢*P!.
When a user clicks on the question mark of a propagated
atom a, the system constructs the partial interpretation Z.posen
from all the chosen atoms, and feeds a and Z.j,o5en, to IDP’s
explanation inference together with the theory 7' containing
all domain knowledge. The output then represents a minimal
subset of all chosen atoms that T-imply a’s propagated value,
which is presented to the user as an explanation for the
propagation. As shown in Figure 2, the user can consult the
related law article directly by using the information button in
the explanation box.

b) Relevance: One of the key problems with the original
prototype was that it encouraged notaries to ask irrelevant
questions. For instance, the knowledge base included the con-
cept of a licensed seller: only when the seller is licensed, can
the property be eligible for a social registration. In particular,

the definition of RegistrationType contains the following
rule:

RegistrationType = Social +
Seller = Licensed N Purpose = Social Habit.

Moreover, this is the only formula where the licensed seller
concept is used. Once the notary has determined that the
purpose of the real estate is not social habitation, there is
no longer any need for the notary to ask whether the seller
is licensed. However, the original prototype would keep on
displaying this as an undecided atom, tempting the notary into
inquiring about it.

Our new prototype makes use of the relevance inference to
avoid this problem. This inference takes as input a theory T,
a partial interpretation Z that is closed under propagation, and
a set of goal constants C. Its output is a set of relevant atoms
a = v that can still affect the interpretation of the constants
in C, given T and the information that is already in Z. In
the case of our example, if Z is such that Social Habit €
Purposel and C' = {RegistrationType}, then the atom
Seller = Licensed is relevant, as choosing it true might
imply RegistrationType = Social; alternatively, choosing it
false implies RegistrationType # Social. If Social Habit ¢
Purpose®, then RegistrationType = Social is false in all
model expansions of Z w.r.t T and Seller = Licensed is
therefore irrelevant.

IDP’s relevance inference is based on justification theory
(e.g., [10]). As mentioned in Section III, the language that we
use in this paper is a highly simplified version of the real FO(-)
language used in IDP. Similarly, the concepts we introduce in
the following paragraphs are highly simplified versions of the
original justification theory and of the implementation of the
relevance inference that is available in our software tool.

The dependency graph of a theory T has all of the subfor-
mulas of the theory as its nodes and has an edge from each
formula to all of its subformulas. In addition, for each rule
of the form A < ¢, there is also an edge from the atom
A to the formula . Intuitively, each directed edge from ¢
to ¢ in this graph means that the truth of ¢ is defined (or
can be justified) by the truth of . Finally, we also add each
of the goal constants C' to the graph and include an edge
from each goal constant ¢ € C to all atoms of the form

¢ = wv. The idea behind these edges is that value of the
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goal constant ¢ is of course influenced by the truth of these
atoms ¢ = v. We denote the resulting graph by G%. We say
that a formula ¢ is T-determined by Z if either Z =7 ¢ or
T Er —p. Finally, we define that an atom ¢ = v is relevant
if it is not 7T-determined by Z and there exists a path in
G% from this atom to one of the goal atoms, which does
not traverse any node that is 7-determined by Z. Intuitively,
an atom is relevant if its truth value may affect the value
assigned to one of the goal atoms and this possible effect is not
blocked by the fact that the truth value of some intermediate
formula is already fixed by the current partial interpretation.
In case of the above example, Purpose # SocialHabit
would T-imply RegistrationType # Social and therefore
making this choice would make RegistrationType = Social
T-determined. Hence, RegistrationType = Social blocks
the path from Seller = Licensed to the goal constant
RegistrationType, making this atom irrelevant. This basic
notion of relevance can be further refined in order to better
handle special cases such as unfounded choices and recursive
definitions [16], but this is out of scope of this paper.

In the interface, a relevant choice ¢ = v can be made with
a red and green button, while irrelevant choices can still be
made, but the buttons are grey. In addition, the box for constant
c is flagged in the upper right corner to indicate that at least one
relevant atom ¢ = v still exists. Finally, the view level relevant
displays only relevant unknown atoms. Figure 2 shows the
atom Seller = Licensed is indeed irrelevant (for the implicit
goal constant RegistrationType) in the given context.

VII. RELATED WORK

We are not the first to model legislation into a logic-
based language. In the United Kingdom, several pieces of
legislation were represented as executable logic programs. For
instance, the British Nationality Act [18] and a large part of
the Supplementary Benefit Legislation [4] were modelled in
Prolog.

Later, a shift from logic programs to description logic
knowledge bases occurred. Early examples include Valente’s
functional ontologies [19] and Van Kralingen’s frame-based
ontologies [20]. The advantages of description logics over
logic programs are that these are simpler and decidable logics
of which the decision procedures are tractable for a machine.

However, this advantage also comes at a cost: by limiting
complexity, expressivity is often limited as well. Hence, to
express a complex legal statement, auxiliary symbols will
often be required. In the extreme case, it might not even be
possible to express certain laws.

Nevertheless, there have been European projects that model
legislation into description logic knowledge bases, such as the
HARNESS project [7], its successor AGILE [5], and Emerald
[15]. Alongside them, XML standards were developed to
express such description logic knowledge bases. Examples
include the Legal Knowledge Interchange Format (LKIF) [6],
Akoma Ntoso [2], and the Legal Metadata Interchange Format
(LMIF) [17].

All research above is focused on a single kind of a reason-
ing (deductive reasoning or satisfiability checking), whereas
our approach is multi-inferential by construction. This multi-
inferential nature allows us to perform different reasoning
tasks all with the same modelled legislation, which is crucial
for an interactive decision enactment system.

Regarding the formalization of the legal domain, some
interesting suggestions have been done by [3] and [20].
They suggest the use of an intermediate model between
the knowledge domain and the final knowledge base. The
purpose of this intermediate model is to ensure a thorough
analysis of the domain, independent of the implementation
goal. Although we share this concern, we see an additional role
for the intermediate model, i.e., to facilitate communication
between the domain expert and the modeller. The use of the
DMN-based tool of OpenRules, allows to define concepts and
attributes in a business glossary, while rules are formalized in
decision tables. These parts are analog to the class hierarchy
and rule base parts suggested by [3]. Especially in [3], the
importance of an analog structure of the knowledge base and
legislation, what they refer to as isomorphism, is stressed.
While our program shows some isomorph characteristics , we
sometimes deviate from the principle. For example, subsection
2 contains a number of articles that each describe a separate
registration type with its applicable tax rate. In the knowledge
base of our application, the registration type is defined in one
definition (with each rule referring to a separate article). The
tax rate however, is defined in a separate definition (referring
to the same articles). The dogmatic use of isomorphism seems



less relevant in the limited scope of our application and with
the implemented features of explanation and relevance.

VIII. DI1SCUSSION AND CONCLUSION

This paper presents an advanced prototype of an interactive
decision enactment system, developed to support notaries dur-
ing client meetings. It improves the original prototype of [13]
in two ways. First, the knowledge base was updated to reflect
substantial changes to the regulations that came into force on
June 1st 2018. Second, new inferences were integrated to meet
additional requirements articulated by the notary. These results
validate two central claims of the Knowledge Base Paradigm.
First, the effort to update the knowledge base (0.5 person-days)
was very small in comparison to the effort to create the initial
knowledge base (10 person-days), especially when taking the
size of the legal changes into account. This demonstrates the
maintainability of an approach based on the KBP. Second, the
improvements to the user interface demonstrate the feasibility
of an approach in which the knowledge base is developed
separately from the inference methods that can be applied to it.
In particular, we have implemented two pieces of functionality
that were not originally foreseen when the knowledge base
was developed, but that were demanded later by the notary
office. We did so by applying two fully generic inferences to
the existing knowledge base.

The relevance inference addresses the need for efficient
information gathering, as it narrows down the entire set of
undecided atoms to those that matter for top-level decisions.
This helps the notary avoid requesting superfluous information
from his clients. Once an atom is propagated by the system,
the explanation inference allows to explore why this particular
outcome is implied.

More generally, the contributions of this paper are validation
of the claims that knowledge bases are easy to maintain,
even in the face of considerable changes in the domain; and
that knowledge bases can be reused for other, unanticipated
inference tasks. It also shows a first-time integration of the
relevance and explanation inferences in an interactive appli-
cation, and demonstrates their practical utility. The resulting
interactive decision enactment system is applicable to a wide
range of applications. Future work with regards to the devel-
oped interactive decision enactment system will focus on the
use of the system in other legal domains and the application
of new generic inferences.
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