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Preface

The document at hand is my progress report concluding part A (two years)
of my four year Ph.D. program. I enrolled in the four year Ph.D. program
(the most common duration of a Ph.D. program in Denmark being three
years) after one year of master’s studies, which means that I was only halfway
through my graduate program at the time and furthermore I had (and still
have) not obtained my master degree.

The purpose of the progress report is to present a snapshot of the (on-
going and unfinished) research I am currently involved in and to account
for the course of actions that have led us there. Consequently the form of a
progress report can be somewhat different from that of a master thesis (Dan-
ish: speciale). For instance the progress report does not need to present final
conclusions (it reports on unfinished research), nor does it need to be self
contained (i.e., it is allowed to have open ends).

This progress report consists of five documents. The first, and most im-
portant one, documents our most recent research as well as activities that
have not been documented before. The remaining four documents have been
added as appendices to the first document. Readers should begin with the
first document, and consult appendices as they see fit in order to shed light
on the context.

Below I present the appendices in order of creation together with their
current state and I list coauthors:

Tutorial on Modeling VAT Rules Using OWL-DL. Submitted to and
presented at the first 3gERP workshop, October 21-22 at Copenhagen
Business School. Coauthored with Jakob Grue Simonsen and Ken Friis
Larsen (Department of Computer Science, University of Copenhagen).

A System of VAT Rules. Remains unpublished.

Modeling VAT Rules in CPML. Remains unpublished. Includes details
that are not present in the next item.
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Logical Models for Value-Added Tax Legislation. Submitted to IWILOS.
Coauthored with Jakob Grue Simonsen and Ken Friis Larsen (Department
of Computer Science, University of Copenhagen).

Copenhagen Morten Ib Nielsen
December 10, 2008



Resumé

Denne rapport behandler logisk modellering af juridiske regler med henblik
pa anvendelse i ERP-systemer. Rapporten byggere videre pa de i forordet
naevnte arbejder. For yderligere beskrivelse henvises til det engelske resumé
(abstract).






Abstract

This report discusses logical modeling of legal rules in the context of En-
terprise Resource Planning (ERP) systems. The main contributions are: an
analysis of the legal domain from an ERP perspective (including a descrip-
tion of reasoning in the legal domain), an account of how state of the art ERP
systems (NAV and SAP) support VAT, and a suggestion of a domain specific
language for legal rule modeling. We conclude that VAT support rendered by
current ERP systems suffer from several defects such as oversimplification and
lack of causality between VAT code and supported legal rules to name a few.

The report has two parts. Part one contains the analysis of the legal domain
and the account of the VAT support rendered by state of the art ERP systems.
This leads to a list of requirements for the design of a domain specific language
intended to enable domain experts to model legal rules. In the second part
we discuss an early suggestion for such a language through examples and we
outline directions for future work.
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Legal Rules in an ERP Context
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Introduction

Whenever you buy something, whether it is in the supermarket, via the web
or in any other kind of shop, you have to pay value added tax (VAT). Sim-
ple as that - right? In fact it is not given at all that you have to pay VAT,
and if you do maybe a reduced rate applies to the kind of item you are buy-
ing. As consumers we usually leave issues such as calculation of VAT to the
shopkeepers (or business owners), but what do they actually do when ad-
dressing the question of VAT? Today, in most cases, the answer is that they
rely on a computerized system running a financial application customized to
their specific needs. And they have good reason to do so because VAT is not
simple at all! As an illustration let us consider the following: first of all, in
Europe, VAT is harmonized in COUNCIL DIRECTIVE 2006/112/EC [5], a
118 pages long legal document describing the frame within which the indi-
vidual member states must implement their VAT laws. Secondy we can look
at the size of official guides written for professionals such as accountants and
lawyers. In Denmark, where the VAT system is rather simple compared to
other European countries, this guide [10] is more than a 1000 pages long.

It turns out that shopkeepers are not the only ones relying on computerized
systems to calculate VAT correctly. To some extent auditors, whose job it is to
make sure that financial transactions are made in accordance with the law, do
the same in practise and consequently they might be less scrutinizing, when
they examine books produced by computerized systems than they would have
been otherwise.

For these reasons it is important to know what computerized financial
systems do. How do they calculate VAT and how can we be (or make) sure
they do so correctly? The answer to these questions depends on what system
you use. In this report we examine Microsoft Dynamics NAV and SAP two
major Enterprise Resource Planning (ERP) systems. Described shortly ERP
systems are humongous software systems that in principle facilitate control
with every aspect of a business (e.g., sales, inventory, production, HR, BI,
accounting etc.).

In order to answer the questions we must change our point of view.
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1.1 A View From the Inside

From interviews with Microsoft staff we know that handling of VAT is an
important and complex issue in Microsoft Dynamics NAV and AX. Here we
shall focus mostly on NAV, but many of the arguments carry over to other
ERP systems as well. In NAV complexity stems from the large number of
countries with (slightly) different VAT schemes that are supported. This taken
together with the fact that handling of VAT today is a cross-cutting feature
(i.e., the VAT code is spread throughout the NAV code base) makes it hard,
time consuming, and thus expensive to maintain VAT functionality.

In addition the nature of the process used to adapt the system when
changes in the underlying VAT legislation occur (or when new features are
needed) also contributes significantly to the maintenance time (and cost).
When changes are needed a chain of specialists, ranging from domain ex-
perts (e.g., accountants and lawyers) on VAT to programmers, must create an
informal program/feature specification. This is done in a stepwise sequential
manner where each step refines and takes the specification closer to something
programmers can (understand and) implement.

Another concern, stemming from the cross-cutting nature of VAT code,
which is amplified by the fact that ERP systems evolve over time (and that
documentation is not always as good as one could wish for) is that it is hard
if not impossible to determine exactly what parts of the VAT legislation the
system supports. We shall argue that ERP systems often implement only the
most general rules, which we can think of as conservative approximations (the
authorities do not mind that you charge and pay VAT you did not have to),
and in the case of NAV Microsoft leaves it to partners to customize the system
if nonstandard functionality is needed.

In summary computerized handling of VAT poses the following problems:

. How can we be or make sure VAT is calculated correctly?

. It is hard if not impossible to know exactly what rules the system supports.

. It is complex due to the large number of countries and rules.

. The cross-cutting nature makes it hard, time consuming and expensive to
maintain.

. Changes require involvement of a long chain of people.

6. Partners need to provide customized solutions, when nonstandard func-

tionality is needed.

SNSRI

ot

Some of the problems are only relevant to the vendor of the ERP (or
financial) system (i.e., items 3-6), while others are relevant to several parties.
For instance the first item is relevant to the consumer, because she wants to
acquire her products as cheap as possible; it is relevant to the shopkeeper,
because he wants to profit as much as possible, while maintaining competitive
advantage over his competitors; and finally it is relevant to the auditor because
she must make sure the books produced by the system do not violate the law.
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1.2 Towards a Solution

In our opinion the two most important steps to take in order to address the
problems outlined above is to support separation of concerns by gathering all
VAT functionality in one place (e.g., a module) and to provide easy navigation
between rules in legal documents and the code implementing the rules and
back. This would help to solve the problem with the cross-cutting nature of
VAT code as well as making it easier to identify what parts of the VAT law the
system supports, while at the same time make it easier for partners to create
extensions and add-ons. In addition better support for complexity could be
achieved in part by specifying rules in a declarative fashion closer to the way
they are formulated in legal documents.

But what about the first and the fifth problem? If we begin with the
first problem, then how can we ensure that VAT is calculated correctly for a
particular item? Well, in some sense it is impossible because the information
about the item in the system might be wrong. The distinction between what
is true in the real world and what is known in the system is interesting in its
own right, and we will get back to that in Section 1.3. But if we ignore this
distinction what we seek is evidence (a proof) of why the system did as it did.
Regarding the fifth problem we would like to find a way to shorten the chain
of people involved, which essentially means that we need people closer to the
legal end of the chain to implement the rules.

We believe all of the above can be realised through a model driven ap-
proach to legal rules for ERP systems based on or inspired by decidable logic.
By model driven approach we mean the formal specification of functional
requirements (legal rules) as platform-independent models (PIM) using a do-
main specific language (DSL).

The first problem could be solved by requiring the (runtime interpretation
of the) model to produce a proof (a derivation) of how it reaches its conclu-
sions. If the modeling language is specific to the legal domain we can assume
that it provides better support for complexity and makes it easier to get an
overview of the implemented rules as well as maintaining and extending the
model. In turn this would contribute to lowering the time and thus the price
of adapting the model. Furthermore domain experts could be educated to use
the language or paired with rule engineers in small teams ultimately short-
ening the chain of people involved by implementing legal rules directly, and
thus obviating the need to create informal specifications whenever changes
are due. Another benefit from this approach, assuming that domain experts
are directly involved in producing the model, is that we remove several lay-
ers of human interpretation, and thus a possibility to introduce bugs due to
misinterpretation.

In addition to the benefits outline above we would also gain the option
of applying automated analysis to models. For instance we could check for
inconsistency, do dead rule elimination, simulate effects of small changes more
easily etc. Finally, one can imagine that several VAT models exist (e.g., one
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for each country or region). If we consider this together with the fact that a
VAT model should describe the entire behaviour of the system with respect to
VAT we see that a model driven approach changes VAT support from being
a customization task into a configuration issue.

In summary we find that a model driven approach to VAT has the following
benefits:

1. Promotes separation of concerns.
2. Auditors can test the calculations produced by the system by validating
accompanying proofs against rules in the VAT legislation.

3. Supports complexity better and provides better overview of what rules
the system implements.

. Obviates the need for informal specifications, whenever changes are due.

. Removes several layers of human interpretation leading to fewer bugs.

. Ultimately shortens development and maintenance time and cost.

. Models are amenable to automated analysis.

. VAT support becomes a configuration issue instead of a customization
task.

0~ O U

Based on the above we state the following thesis:

Thesis: A model driven approach to legal rules for ERP systems based
on decidable logic is feasible and useful, where useful means that the
approach is at least as good as the state of the art and in addition
contributes with new possibilities such as static analysis.

In the next section we describe our initial investigations briefly in order
to shed light on the context and to set the scene for the research reported in
the remainder of this document.

1.2.1 First Steps

We decided to look at OWL-DL as a first approximation of a modeling lan-
guage because it is expressive, easy to use (via Protégé [4]) and reasoners exist
(e.g., Racer Pro [19]).

OWL

OWL, which is short for Web Ontology Language, is an ontology language de-
veloped to support the semantic web. It comes in three variants: OWL-Lite C
OWL-DL C OWL-Full of increasing expressive power. The variants OWL-Lite
and OWL-DL are based on the description logics SHZF (D) and SHOZIN (D)
respectively [6], which guarantees decidability of important inference problems
such as satisfiability and subsumption.

The most important abstraction in OWL is classes, which we can think
of as sets. Each class has a list of necessary conditions and zero or more
equivalent lists of necessary and sufficient conditions for membership of the
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class [9]. Using different operators it is possible to require (members of) classes
to have attributes and in addition new classes can be constructed from existing
ones (e.g., using union and intersection operators) and classes can be asserted
to be non overlapping.

Using OWL we developed a model of a subset of the Danish VAT rules de-
scribing exempt supplies and we have established a modeling methodology as
well [12]. In conclusion we found that OWL lacked support for integer inequal-
ities and that reasoning was not supported for certain data type properties.

A Systematic Approach

Having completed the experiments with OWL we felt the need to take a step
back and look at our goal in a more systematic way before we went on to
try another formalism. This led to the creation of a small but representative
collection of VAT rules relevant in an ERP context [11]. Here relevant means
that the rules (ought to) influence the way ERP systems handle VAT and
representative means that a formalism able to model the rules ought to be
able to model any relevant VAT rule.

The rules were intended to lay the foundations for benchmarking and
performing a systematic comparison of (the expressiveness of) different ap-
proaches to VAT modeling.

CPML

Next off we decided to try the Configit Software Suite [2], which is a commer-
cial product designed to build interactive sales and product configurators. The
suite contains a graphical tool for building CPML models, which consist of a
set of variables over finite domains together with (logical) rules, relations and
functions on them. CPML can be regarded as a constraint logic programming
language since rules and relations specify interrelationships between variables
in first order propositional logic. We decided to try CPML over languages
such as Prolog and RuleML because of the great tool support and because it
supports full inference.

Using Product Modeller we created a model of most of the rules in A
System of VAT Rules [11]. In conclusion we found that CPML is expressive
enough to handle non-temporal VAT rules, but also that Product Modeller is
not suitable for modeling of a full scale set of VAT rules due to lack of domain
support for the legal domain.

1.3 Moving Forward

The goal at hand is to alleviate the problems outlined in Section 1.1 in order
to obtain the benefits summarized in Section 1.2. As mentioned we believe
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the right way to do so is to provide domain experts with a DSL allowing them
to implement VAT rules for ERP themselves.

In Figure 1.1 we present an overview of how we envision a model of VAT
rules could be used to drive a VAT query engine, which in turn could be
used to take decisions about VAT in ERP systems. We note that the ERP
system and the query engine are loosely coupled through a query API, which
promotes separation of concerns and in addition makes it easy to use a model

for other purposes.
)

ERP System VAT Query Engine

+ |+

Compiled
ERP Module Intermediate

ERP Module

Intermediate
model —

Fig. 1.1. Integration of ERP System and VAT Query Engine.

Formalizing legal rules is not a new idea. An early example is the for-
malisation of the British Nationality Act by Sergot et al. [17]. The goal of
such systems was (in principle) to replace domain experts, which Leith [7] has
later argued is not feasible due to what Prakken [15] refers to as the open
texturedness of legal concepts.

Open texture as presented by Prakken [15] is the problem of interpreting
legal concepts including the mapping of real world objects to legal concepts.
Prakken [15, p. 49-55] identifies four kinds of open texturedness: underdeter-
mination; the situation where it is not clear whether an instance is a member
of a concept, overdetermination; where conflicting rules exist, defeasibility of
legal concepts; the situation where unspecified (unforeseen) exceptions might
exist and vagueness; covering rules using terms such as reasonable, sufficient,
and so on.

Prakken [15, p. 59] suggests the use of non-monotonic logics to handle
problems of open texture as well as the problem of separation of main rules
and exceptions (we get back to this later). An immediate consequence of using
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non-monotonic logic is that all of the knowledge base (KB) must be searched
for every query.

It is important to understand that our goal is not to replace domain ex-
perts, but merely to alleviate the problems outlined in Section 1.1. As men-
tioned in Section 1.2 we believe our approach has several benefits, one of which
is to lower development and maintenance cost in connection with support for
VAT. This will allow ERP vendors to increase their profit or to lower the
cost of their software. In the last case it would lead to a reduced Total Cost
of Ownership (TCO) for ERP customers (shopkeepers), which is one of the
goals of the strategic research project 3gERP (under which the work on this
project has been carried out).

1.3.1 Assumptions

In order to resolve problems of open texture we shall assume that domain
experts resolve underdetermination, that defeasibility of legal concepts does
not occur and that vagueness is resolved either statically during modeling
or through dialogue with users. However we shall look at how to handle the
situation, where conflicting rules exist.

1.3.2 Work Ahead

In searching the literature we have not been able to find a DSL supporting
formal modeling of legal rules. Nor have we been able to find any analysis
describing the requirements for such a language. Therefore we have decided
to do the analysis and to develop a DSL ourselves.

1.4 Outline

This report is divided into two parts. Following this introduction we continue
the first part with an analysis of legal rules in an ERP context with special
focus on VAT. The goal is to establish background knowledge with respect
to the legal domain: to find out what legal rules look like, and how practi-
tioners reason; and to describe how state of the art systems such as Microsoft
Dynamics NAV and SAP currently handle VAT (and legal rules in general);
and to identify and characterize potential problems. This leads to a list of re-
quirements on the design of a DSL for legal modeling. In part two we discuss
how a DSL can be designed based on the requirements identified in part one.
The thoughts and views presented in part two are not final and thus they
are subject to change as our research moves forward. Part two ends with a
summary of the work done so far and an outline of directions for future work.
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The Legal Domain

In this chapter we describe features of the legal domain that our initial investi-
gations have suggested are important with respect to modelling given the goal
we presented in Section 1.3. Our description is mainly based on the European
Directive on the common system of value added tax [5], but it also applies to
country specific VAT acts such as the British [21] and the Danish [18].

2.1 Structure

From a top-level perspective legal documents are structured collections of
uniquely identifiable pieces of natural language text written in legal vernac-
ular. Here we describe the structure as it occurs in the directive [5]. Our
description shall take the notion of an article as its starting point.

Articles in the directive are uniquely identifiable (sequentially numbered
from 1) and are grouped using the following constructions: TITLE, CHAP-
TER, Section and Subsection. The grouping rules can be described using the
following BNF !, where dir is a directive:

dir = TITLE'"
TITLE := CHAPTER®" | article'"
CHAPTER ::= Section®" ’ article®™
Section ::= Subsection®" ’ article®™

Subsection = article'™

Seen this way a directive is a tree structure where the articles are leafs and

the grouping constructions are nodes on different levels. The grouping con-

structions are used for two related purposes. One is to be able to reference

! We use X ::= TV as a shorthand notation for X :=T', T’ =:=T---T |TT".
———

n
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a collection of articles namely the ones having a given grouping construction
as an ancestor, the other is to group articles in a (to humans) meaningful
way. To this end grouping constructions carry headlines (short descriptions)
as well as identification numbers, but while articles are uniquely numbered on
a directive wide basis grouping constructions are numbered sequentially from
1 within their enclosing construction (e.g., there can be a chapter 2 of title 1
as well as a chapter 2 of title 2 etc).

Hierarchical structure can also be imposed within individual articles. If we
take Istmt (short for legal statement) to be a piece of legal vernacular without
any further (hierarchical) structure we can describe the intra article grouping
constructions and rules using the following BNF:

article ::= paragraph®* | Istmttt
paragraph := schedule®* | Istmttt

schedule ::= point®* | Istmt' ™

point = Istmt'*

The intra article grouping constructions are enumerated in a fashion similar to
chapters, sections etc. and serve the same purposes (referencing and grouping
of related legal statements).

Being able to reference (collections of) articles is important since the pro-
visions of (part of) one article is often subject to the content of another.
Similar to many other situations (e.g., file systems) references can be absolute
or relative. Absolute references begin with either a title or an article num-
ber while relative references are (big surprise) relative to the place in which
they occur. As an example consider Article 2 in the directive [5]. It consists of
three paragraphs each of which has several schedules and points. In paragraph
2 schedule (a) a reference is given as follows: For the purposes of point (i)
of paragraph 1(b),.... This is an example of a relative reference to the same
article, but a different paragraph, schedule and point.

Another issue related to structure and references is the common separation
of (main) rules and their exceptions. The separation comes about because
of the way in which legal documents evolve over time due to the fact that
legislators cannot foresee all possible futures/usages, see Prakken [15] for an
elaborate discussion.

2.2 Concepts and Rules

Now that we have described the structure of legal documents we are ready
to describe their content. Not all content is relevant in an ERP context. An
example is rules specifying procedures for updating the legislation such as
Article 8 in the directive [5]. As outlined in the introduction our goal is to
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model rules that are relevant in an ERP setting. In order to do this we need
to identify the (different kinds of) relevant rules and to develop a modelling
methodology. In order to leverage both of these tasks we have undertaken an
enquiry into the nature of legal statements based on the directive [5], which has
resulted in a classification scheme for rules? of which we present the relevant
parts below:

Definitions are legal statements introducing new concepts which can be used
in rules. Definitions can be either explicit such as the definition of Tazable
person:

‘Taxable person’ shall mean any person who, independently, car-

ries out in any place any economic activity, whatever the purpose

or results of that activity.

Any activity of producers, traders or persons supplying services,

including mining and agricultural activities and activities of the

professions, shall be regarded as ‘economic activity’. The exploita-

tion of tangible or intangible property for the purposes of obtain-

ing income therefrom on a continuing basis shall in particular be

regarded as an economic activity.

[5, Article 9, paragraph 1]

or implicit in which case a concept is used in a rule without any prior (or
trailing) explicit definition.

Classifications are legal statements relating concepts and legal statements
(through references) to each other. Classifications can state rules that may
be followed as well as rules that must be followed. Often classifications
take the form a should/shall be treated as y, which is the case in paragraph
1 of article 15 in the directive which reads:

Electricity, gas, heat, refrigeration and the like shall be treated as
tangible property.
[5, Article 15, paragraph 1]
Classifications can also be implicit. This can happen in the situation where
common sense determines how concepts are related to each other. An
example is that the concepts vehicle and vessel are assumed to be non-
overlapping?®.

Workflows are legal statements describing relative or absolute timing of
events. They can be seen as a subcategory of classifications, but they
deserve special attention because we believe they will be more challenging
to model than non workflow classifications. An example is paragraph 3 of
article 17 in[5] which reads:

2 Unpublished joint work with Frantisek Sudzina (Copenhagen Business School),
Ken Friis Larsen and Jakob Grue Simonsen (Department of Computer Science,
University of Copenhagen).

3 We disregard amphibious crafts (somehow this is always important to mention
when you write for computer scientists).
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If one of the conditions governing eligibility under paragraph 2 is
no longer met, the goods shall be regarded as having been trans-
ferred to another Member State. In such cases, the transfer shall
be deemed to take place at the time when that condition ceases
to be met.
[5, Article 17, paragraph 3]
Clarifications are legal statements clarifying the meaning of definitions and
classifications. As an example consider article 25 in the directive which
reads:
A supply of services may consist, inter alia, in one of the following
transactions:
(a) the assignment of intangible property, whether or not the sub-
ject of a document establishing title;
(b) the obligation to refrain from an act, or to tolerate an act or
situation;
(c) the performance of services in pursuance of an order made by
or in the name of a public authority or in pursuance of the
law.

[5, Article 25]

Legal statements that fall outside these categories can be classified as well,
but they are not interesting with respect to the goals listed in the introduction.
As an example of such a category we mention rules governing necessary mea-
sures and regulatory behaviour. Amongst others this category contains articles
19, 23 and 34.4% of the directive.

It is possible to classify legal statements in other ways as well. We have
arrived at the scheme above through an analysis of the directive, where we
had formal modelling in mind. From a logical modelling perspective the idea
is that definitions provide the atoms with which rules can be built, while the
other three categories contain the rules on which reasoning must be based.

2.3 Legal Doctrine

Legal Doctrine contains a range of meta principles that are used to disam-
biguate in situations where legal rules are in conflict. Most important is Lex
Superior, which states that superior norms suppress inferior norms. If appli-
cable this principle must always be used. The principle assumes that legal
documents are arranged in a hierarchy where the most important document
(e.g., the constitution) sits on the top. In the Danish system legal documents
on the second level are called acts or statutes (in Danish: love), on the third
level we have executive orders (in Danish: bekendtggrelser) and finally on the
fourth level we have circulars (in Danish: cirkulaerer).

4 Article 34.4 is a shorthand notation for paragraph 4 of Article 34.



2.3 Legal Doctrine 15

If two rules are in conflict and they belong to legal documents (possibly
the same document) on the same level in the hierarchy we cannot use Lex
Superior to disambiguate. In such situations the instructive principles Lex
Specialis (particular norms suppress general norms) and Lex Posterior (later
norms suppress earlier norms) can be used to guide the decision, but they
can by no means be applied blindfoldedly without taking other issues such
as the legislators’ intent, the literal and teleological interpretation (Danish:
ordlyds- og formalsfortolkning) etc. into account. The situation is the same if
Lex Specialis and Lex Posterior contradict each other [1].

The principles Lex Superior, Lex Specialis and Lex Posterior are the so-
called first order rules of collision. Second and higher order rules exist as well,
but in practice it is only the second order rule stating that Lex Superior must
be used (instead of Lex Specialis and Lex Posterior) if applicable that is used.
Even so use of this rule is extremely infrequent, and the legal experts we have
consulted with only knew of one recent case in Denmark® where this second
order principle was applied.

Ezxample 2.1. As an example of the use of Lex Specialis and Lex Superior
consider the following example. Suppose the following rules exist:

1. The standard VAT rate applies to groceries.
2. The zero VAT rate applies to organic fruit and vegetables.

and suppose you are buying a punnet of organic strawberries. Clearly both
rules apply, but they are in conflict! This is where Lex Specialis comes in.
Because organic fruit and vegetables is more specific than the general term
groceries the second rule must be used.

Now suppose the first rule is superior to (more important than) the second
one. Then we must use the conclusion of the first rule since Lex Specialis can
only be used if the rules are equally important.

2.3.1 Interpreting Exceptions

So far we have only covered the case where (main) rules are in conflict. An ex-
tra dimension is added when we consider exceptions to legal rules since excep-
tions can be nested and overlapping. In this section we analyse the situation.
We begin with a presentation of the foundations and continue to present only
the interesting cases (because of the large number of combinations of overlaps
and nesting). To this end consider the rules® and exceptions in Figure 2.1.

5 The Tvind verdict of 1998. The parliament had passed an act stating that Tvind
schools were not eligible for government subsidies. However this act violated §3 in
the constitution, tripartition of power, since the parliament had acted as executive
as well as judicial power. In conclusion the Tvind verdict was ammended.

§ We have found that (relevant) rules have the form I — R. More about this later.
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# Rule 51 2
1 :L1—>R1 //// //1 r\\

2 L2 — R2 // ,/ \\

3 :exception_to {1}: L3 — R3 S8 4

4 : exception_to {1}: Ls — R4 AN K

5 :exception_to {1,3}: Ls — Rs é ’ "6

6 :exception_to {3,4}: Ls — Rs

Fig. 2.1. On the left we have rules and exceptions. The is exception to graph on
the right has an arc A --» B iff A is an exception to B.

We think of a left hand side L; of a rule i as the subset of the universe
(of interpretation) consisting of elements that satisfy the conditions in L;. An
exception e with left hand side L. to the rule i is a partitioning of the subset
corresponding to L; into the set where both L; and L. are true and the set
where L; is true and L. is false. Likewise an exception with left hand side
L. to the previous exception is a partitioning of the set where L; and L. are
true into the sets where additionally either L, is true or false. A consequence
of this interpretation is that we cannot apply the conclusions of exception e
if the conditions in L; are not satisfied. These observations are summarized
graphically in Figure 2.2. Having the basics in place we continue with three

(-

Fig. 2.2. The numbers reference the identifiers in Figure 2.1. On the left 3 is an
exception to 1 and 6 is an exception to 3. Thus in area 3 we conclude R3 and in area
3 A 6 we conclude Rg. In the shaded area however we conclude R; since 6 is not a
direct exception to 1. On the right we cannot conclude anything in the shaded area
because it is outside of 1 to which 3 is an exception.

nontrivial cases. The first two are treated in Figure 2.3 and the remaining one
in Figure 2.4.

Area 3 A 4 in the left part of Figure 2.3 as well as areas 1 A2 and 1 A
2 A 3 of Figure 2.4 are interesting because we can ask what happens if R3, Ry
respectively Rj, Ry and Ry, Rs are in conflict. These cases are similar yet
different in the sense that the first case is a conflict between two exceptions,
the second case is a conflict between two rules while the third case is a conflict
between a rule and an exception (to another rule).



2.4 Summary 17

w1y Lo

Fig. 2.3. The numbers reference the identifiers in Figure 2.1. On the left 3 and 4
are exceptions to 1. 6 is an exception to 3 and 4. In areas 3 and 4 we conclude R3
and R4 respectively. In areas 3A 6, 4 A6 and 3 A4 A6 we conclude Rg. In area 6 we
conclude R;. Finally in area 3 A 4 the conclusion is more involved because R3, R4
can be in conflict. On the right 3 is an exception to 1, while 5 is an exception to
both 1 and 3. In area 3 we conclu hile in areas 3 A5 and 5 we conclude Rs.

Fig. 2.4. The numbers reference the identifiers in Figure 2.1. 1 and 2 are overlapping
rules and 3 is an exception to 1. In area 1 and 2 we conclude R; and R respectively,
while area 1A 3 leads to the conclusion R3. The conclusions in areas 1A2 and 1A2A3
however is more involved, because R1, Rz respectively Rz, R3 might be in conflict.

After having consulted with lawyers on how to resolve these conflicts, we
found out that Lex Superior must be applied first of all. If this cannot resolve
conflicts we must give precedence to main rules over exceptions (to other
main rules). If this does not work either, only then do we continue to apply
the instructive principles Lex Specialis and Lex Posterior. In Figure 2.5 we
have summarized our observations in pseudo code even though a lot of details
need to be filled in before we can call it an algorithm.

2.4 Summary

We have seen that legal documents carry structure on several levels. The
purpose of the structure is to group related information in a way that is
meaningful to humans and to provide means for legal statements to reference
each other. Furthermore we have observed that (main) rules can be separated
from their exceptions. We have also suggested a simple classification scheme,
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DISAMBIGUATERULES(R : <Set of rules>)
1 (* returns (Res,b) where b is true iff instructive
2 disambiguation has been used *)
3 if COLLISIONSIN(R)
4 then R, < PRUNESUPERIOR(R)
5 if CoLLISIONSIN(R1)
6 then Ry <« PRUNERULESVSEXCEPTIONS(R1)
7 if COLLISIONSIN(R?2)
8 then G« CREATELEXSPECPOSTPRECEDENCEGRAPH(R2)

9 (* G has an edge A < B iff B takes precedence
10 over A due to Lex Specialis or Lex Posterior *)
11 if NoCyCLES(G)

12 then return (MAXELEMENTS(G), true)

13 else raise Fail “Inconsistent conclusion”

14 else return (R, false)

15 else return (R, false)

16 else return (R, false)

Fig. 2.5. Pseudo algorithm for disambiguation of sets of legal rules.

which we believe can help to develop a modelling methodology part of which
is to identify and capture the rules relevant in an ERP context.

Finally we have covered a range of legal meta principles and established a
pseudo algorithm for disambiguation of sets of conflicting rules.
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Support for Legal Rules in ERP Systems

In this chapter we investigate how VAT is handled from a user/partner per-
spective in NAV and SAP. We shall look at how the product that ships from
the software vendor (Microsoft and SAP AG) can be configured to suit the
customers needs.

NAV and SAP are humongous software systems. In the case of NAV, where
we have had access to the source code, it has not been feasible to do a code
analysis to uncover VAT functionality because VAT code is spread throughout
the entire code base and attached to various NAV objects' such as tables,
forms and codeunits. In the case of SAP we have been fortunate to have
access to a SAP consultant and therefore we have based our account of the
handling of VAT in SAP on interviews with him instead of experimenting with
the system ourselves.

This chapter assumes a basic understanding of rudimentary accounting
principles and terminology most notably double entry bookkeeping [8, 23].

3.1 Microsoft Dynamics NAV

In this section we explain how VAT is handled in Microsoft Dynamics NAV
from a user perspective.

NAV targets Small and Medium sized Enterprises (SMEs) and is used
in many countries and by many industries with different needs. Out of the
box NAV (W1) supports most major VAT schemes. Where support is not
built-in Microsoft relies on partners to customise NAV in order to provide
the missing functionality. The partner strategy does not only apply to VAT,
but is more or less the philosophy behind the development and maintenance

! Seven fixed (new ones cannot be added) object types exist in NAV. They are:
tables, forms, reports, dataports, XMLports, codeunits and menusuites. All ob-
jects can be accessed through the Object Designer, which is available by pressing

[SRIFt 7] + [F12] in the NAV client.

e |
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of NAV. Whether Microsoft decides to outsource development of specialised
solutions to partners or to keep development in house is a question of market
strategy, development costs, risks etc. which we shall not consider here. In
what follows we describe the VAT support built into NAV (W1).

When you set up a company from scratch in NAV, you have the option to
use a business template which provides standard configurations (which you
can change later), amongst others for VAT. Here we are going to consider
what lie below those templates. We begin by explaining what a quote (and
an order) looks like in NAV.

3.1.1 Quotes and orders

A quote (and an order) consists of customer specific data having to do with
invoicing, shipping etc. and a list of sales lines which make up the quote (or
order). In NAV each customer belongs to exactly? one VAT Business Post-
ing Group and this information is copied to the quote (or order) when it is
created. Similarly each item (product) belongs to exactly one VAT Product
Posting Group which is part of the information that is specified on the lines
(a line describes the terms under which a quantity of a particular item is go-
ing to be sold). VAT is calculated per line and it is the combination of (the
per quote/order) VAT Business Posting Group and (the per line) VAT Product
Posting Group that determines how VAT is handled.

The handling of VAT belongs to the Financial Management module and
is set up in the Posting Setup matrix® under Setup>VAT Posting Group. The
Posting Setup matrix is a way to specify a partial function from the two finite
domains, VAT Business Posting Group and VAT Product Posting Group (which
are also defined under Setupt>VAT Posting Group) into an 11-tuple of values
that control the handling of VAT. Not all 11 values are needed in all cases and
need only be specified if they are needed. Below we give a short description
of each of the 11 values based on the Microsoft Dynamics NAV help utility:

VAT Identifier

The VAT Identifier can be used to group similar entries in the Posting Setup.
Supposedly it is only descriptive and without semantic significance, but rules
exist on how groups can be formed (e.g., it is not possible to use the same
VAT Identifier on two different rows in the Posting Setup if they have the same
VAT Prod. Posting Group, but different VAT %).

2 Actually at most is more precise as NAV only requires you to fill in information
if it is needed (which is checked at runtime).

3 Not a matrix in the mathematical sense. The term comes from business vernacular
and is widely (even though wrongly) used to describe any kind of data presented
in rows and columns. Hence we shall adopt this denomination here too.
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VAT %

The VAT % holds the VAT percentage for the particular combination of VAT
Business Posting Group and VAT Product Posting Group.

VAT Calculation Type

The VAT Calculation Type controls how purchase and sales VAT is calculated
for the combination of VAT Business Posting Group and VAT Product Posting
Group. The following four schemes exist:

Normal VAT. This choice tells the system to use its own VAT calculation
routines.

Reverse Charge VAT. This choice should be used when it is the obligation
of the purchaser to settle VAT accounts with the tax authorities. Selecting
this option will disable calculation and withholding of VAT on sales. On
purchases it will debit the purchase VAT account and credit the reverse
charge VAT account. This way it will not effect the company’s financial
statements.

Full VAT. This choice should be used if you want to post an entry consisting
of VAT only. An important use is if you want to post a corrective entry
in order to compensate for a prior VAT calculation error.

Sales Tax. This choice enables US sales tax instead of VAT.

Unrealized VAT

Unrealized VAT is VAT that is calculated, but first due when the invoice
is paid. This option determines how a payment is allocated to the invoice
amount (excluding VAT), to the VAT amount itself and how VAT amounts are
transferred from the unrealized VAT account to the (realized) VAT account.
In order to use this option unrealized VAT must be enabled (check mark) in
the General Ledger Setup. The following schemes exist:

<Blank> means that unrealized VAT functionality is disabled.

Percentage means that each payment will cover VAT and invoice amount in
proportion to the payment’s percentage of the remaining invoice amount?.
Paid VAT is transferred from the unrealized VAT account to the VAT
account.

First means that a payment is allocated to VAT before the invoice amount.
Paid VAT is transferred from the unrealized VAT account to the VAT
account until the full VAT amount has been payed (at which point further
payments will be allocated to the invoice amount).

4 Exactly what this means is unclear.
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Last Opposite of the First scheme. Payments will be allocated to the in-
voice amount (excluding VAT') before being allocated to the VAT account.
Transfer from the unrealized VAT account to the VAT account will begin
(corresponding to allocated payments) only when the full invoice amount
has been paid.

First (Fully Paid) Similar to the First scheme, but paid VAT will be trans-
ferred from the unrealized VAT account to the VAT account only when
the full VAT amount has been paid.

Last (Fully Paid) Similar to the Last scheme, but paid VAT will be trans-
ferred from the unrealized VAT account to the VAT account only when
the full VAT amount has been paid.

Adjust for Payment Discount

Adjust for Payment Discount controls (check mark) whether VAT should be
recalculated when payments that trigger payment discounts are posted. The
sales VAT account will be updated accordingly. This feature must also be
enabled (check mark) in the General Ledger Setup.

Sales VAT Account

Sales VAT Account controls what G /L account sales VAT should be posted to
for the combination of VAT Business Posting Group and VAT Product Posting
Group.

Sales VAT Unrealized Account

Sales VAT Unrealized Account controls what G/L account unrealized sales
VAT should be posted to for the combination of VAT Business Posting Group
and VAT Product Posting Group. Postings will be moved from this account to
the sales VAT account according to the unrealized VAT scheme (see above)
when payments arrive.

Purchase VAT Account

Purchase VAT Account controls what G/L account purchase VAT should be
posted to for the combination of VAT Business Posting Group and VAT Product
Posting Group.

Purchase VAT Unrealized Account

Purchase VAT Unrealized Account controls what G/L account unrealized pur-
chase VAT should be posted to for the combination of VAT Business Posting
Group and VAT Product Posting Group. Postings will be moved from this ac-
count to the purchase VAT account according to the unrealized VAT scheme
(see above) when payments are posted.
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Reverse Charge VAT Account

Reverse Charge VAT Account controls what G /L account reverse charge (pur-
chase) VAT will be posted to (see VAT Calculation Type, Reverse Charge
VAT) for the combination of VAT Business Posting Group and VAT Product
Posting Group.

Reverse Charge Unrealized VAT Account

Reverse Charge Unrealized VAT Account controls what G/L account unre-
alized reverse charge (purchase) VAT will be posted to for the combination
of VAT Business Posting Group and VAT Product Posting Group. On purchases
this account will be debited and the reverse charge VAT account will be cred-
ited. When payments are posted they will trigger a corresponding move from
this account to the purchase VAT account according to the unrealized VAT
scheme.

3.1.2 Example

As a simple illustrative example let us consider the following:
A Danish vendor is selling a laptop to a Danish company.

We shall assume that the vendor has configured NAV using the Posting Setup
shown in Figure 5.3 on page 46. Furthermore since the customer is a Danish
company its VAT Business Posting Group will be National and since there
are no exceptional rules with respect to VAT on laptops the full rate (25%)
applies. Thus the VAT Product Posting Group of the item (laptop) has the
value VAT25.

When the vendor processes the order in NAV the system will use the VAT
Business Posting Group and the VAT Product Posting Group as a primary key
in the Posting Setup. We see that the last line in Figure 5.3 matches and
conclude that the VAT rate to apply is 25 (fourth column) and that the VAT
Calculation Type is Normal VAT. In addition the Posting Setup specifies the
account number we have to post sales VAT to (account 5610).

3.1.3 Summing up

Microsoft Dynamics NAV supports a range of different VAT schemes. For
a given sales line the VAT scheme to use is determined based on the VAT
Business Posting Group and the VAT Product Posting Group. We observe that
all schemes follow an implicit quote to payment flow, see Figure 3.1. A box in
the figure indicates an event, which might trigger an action such as a debit of
one account and a corresponding credit of another. A concrete VAT scheme
is then a full specification of what actions are triggered by what events.
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Post Order
First 200 Last
Payment Payment

Fig. 3.1. Quote to Payment.

3.2 SAP

In this section we explain how VAT is handled in SAP (SAP ERP Core Ver-
sion 6.0), an ERP system targeting mainly large businesses. Our description
is based on a series of e-mail interviews with Kim Graversen, senior SAP
consultant with Applicon A/S®, who is specialised in the accounting modules
within the SAP ERP Core environment. The e-mails (stripped from personal
comments and small talk) are included in Appendix C.

As was the case with Microsoft Dynamics NAV we shall give an account
from a user perspective. In SAP Tax Codes are used to identify VAT schemes
(uniquely). We can think of a tax code as a name of the posting routine
performing the actual calculations. In what follows we explain how the tax
code (and thus VAT scheme) is determined for a given sales line® and we
explain how VAT schemes are configured.

3.2.1 Finding the Tax Code

Figure 3.2 provides a simplified view of a sales order and related master data
in SAP. The Tax Code that applies to a given sales line (on a sales order)
is determined based on master data about the vendor (country code), item
(item VAT indicator and additional indicators) and customer (country code,
customer VAT indicator and additional indicators). With respect to customer
data SAP distinguishes between sold-to, ship-to, bill-to and payer relationships
(compare this to NAV where a sales order is related to one set of customer
data only). The last field shown on the simplified sales order in Figure 3.2
is sales-org, which is used to determine the chart of accounts the sales order
should be posted to” (NAV only supports a single chart of accounts).

Figure 3.3 illustrates how the tax code is found for a given sales line. This is
done by running the access sequence, which is a prioritised two stage search for
matching conditions. In the first stage matching is done on the country code
of the vendor (the location from where the supply is sent) and the country
codes of the customer (found via the sold-to, ship-to etc. relations). The goal

5 Applicon is a Danish SAP consultancy.

6 Tax can be calculated pr. sales line or any other object that eventually contains
sales lines such as sales orders, bookkeeping entries or profit centres.

7 In SAP a sales-org has a many - one relationship with company-code, which in
turn has a many - one relationship with chart of accounts.
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Fig. 3.2. Simplified view of a sales order and related master data in SAP.

of the first stage is to determine whether it is a domestic or an export sale
and to identify a table containing additional conditions if any (e.g., on master
data such as item and customer VAT indicators) to match with in the second
stage. The goal of the second stage is to look up the tax code in the table
identified in stage one based on a primary key consisting of data derived from
the sales line.

Example

Let us consider the example from before:
A Danish vendor is selling a laptop to a Danish company.

In the case of SAP this means that the vendor country code determined via
the sales-org field and the customer country codes determined via the sold-to,
ship-to, bill-to and payer fields are all Denmark. Furthermore the customer
and item VAT identifiers are full.

In order to determine the tax code (primary key controlling how to handle
VAT) the system will run the access sequence. In is not entirely clear to us
which of the country codes of the customer the system will use in stage one (it
makes sense to use the one determined via the sold-to relationship), but the
important thing is that the outcome will identify a table containing additional
conditions on domestic sales in Denmark. That table is similar to the one
depicted in Figure 3.3, but without the column Receiver Country (domestic
sale implies that the receiver country is Denmark). Using the customer and
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Timbuktu full full 25% Sales Tax

Fig. 3.3. Finding the Tax Code.

item VAT identifiers from the sales order as a primary key in this table we
can determine the tax code to use, say S1. To be continued....

3.2.2 How to set up VAT Schemes

Having explained how a tax code is determined for a given sales line, it is time
to describe how the VAT scheme identified by a tax code is set up. We do this
based on SAP documentation [16], and on interviews with Kim Graversen.

SAP tries to support good reuse of code and therefore the individual VAT
schemes that SAP supports have been broken down into atomic tax posting
routines, called Taxz Types, parametrised over percentage and G/L accounts
(as well as some additional details, which we omit here). Tax types can be
created semi automatically based on answers to a set of questions® such as
what calculation type (percentage included or percentage separate) to use, but
for the purpose of this description we shall omit any further details on that.

Out of the box SAP comes with a lot of predefined tax types from which
country specific VAT schemes, represented by tax codes, are implemented. As
it is common practise, we shall use the term tax code to also refer to the VAT
Scheme it identifies as well.

For each country code SAP provides a Calculation Procedure®, which speci-
fies the details needed in order to create tax codes from tax types. In Figure 3.4
we show the set up of tax code S1 in the calculation procedure for DK. In the

8 See: http://help.sap.com/saphelp_erp60_sp/helpdata/en/e5/
077e394acd11d182b90000e829fbfe/content .htm.

9 In rare cases such as ex Yugoslavia and ex Soviet countries you might need to
define the Calculation Procedure yourself.
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Fig. 3.4. Set up of Tax Code 81 in the calculation procedure for DK.

top part of the figure the Country Key DK led to the identification of the Pro-
cedure TAXDK of, which S1 is a tax code. First of all S1 has Tax type A, which
means it is an output tax'®. The only other option for tax type is V indicating
input tax. The lower part contains 6 lines. The first is the base amount from
which taxes must be calculated and the remaining 5 lines correspond to the
(subset of all) tax types that are relevant for the calculation procedure. In
what follows we explain what the columns in the lower part mean:

Tax Type determines the tax type with related posting routines etc.

Acct Key is used in connection with the chart of accounts id (derived from
the sales-org field on the sales order) and optionally the tax code to de-
termine the G/L account to post to. See Figure 3.5.

Tax Percent Rate is the tax rate to apply.

Level is a numeric id for the line/row.

From Lvl determines what line to use as input amount. In more sophisti-
cated tax schemes it might be the case that you calculate an extra tax
based on the result of an initial tax calculation (which in turn is based on
the base amount).

Cond Type is used to identify a wvalidation table to use for the tax type in
question. This allows for extra flexibility in the configuration of tax codes,
but according to Kim Graversen the defaults (the ones shown) are always
used in practise.

10 Unfortunately the translation of SAP from German into English has resulted in
two different concepts being named taz type. However, it should be clear from the
context which one is meant.
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Fig. 3.5. Account assignment for Acct Key MWS and Chart of Accounts id 1000.

Example Continued

Previously we determined that tax code S1 applies to our sale (of a laptop).
Figure 3.4 shows how the VAT scheme identified by tax code S1 is set up.
In the lower part of the figure the first line/row represents the Base Amount
in this case the sales price without VAT. The remaining lines specify how to
calculate different kinds of tax. In all cases except Output Tax (VAT) the Tax
Percent Rate is empty (0) meaning that tax code S1 only applies a single
posting routine (tax type) namely Output Taz. As mentioned tax types are
atomic posting routines parametrized over percentage (column three) and the
G/L account to post to. The G/L account is determined from the value in
column two MWS together with the chart of accounts id (determined via the
sales-org field on the sales order), see Figure 3.5.

Finally the column From Lul tells us that the calculation of output tax
should take as its input the outcome of the calculation made by line 100 in
other words output tax is 25.000 percent of the sales price without VAT (the
base amount).

3.2.3 Summing up

SAP supports many different VAT schemes, which are represented by tax
codes. For most countries tax codes are built-in, but if not new ones can
be constructed from (built-in or user defined) atomic posting routines called
tax types. The tax code to use for a given sales line is determined based on
a two stage access sequence, which takes a range of parameters such as the
locations of the vendor and the customer (sold-to, ship-to etc.), VAT indicators
etc. into account. An inspection of the SAP documentation [16] with respect
to withholding tax'! (the SAP term for unrealized VAT) reveals that SAP
follows a quote to payment flow similar to NAV, see Figure 3.1.

1 See: http://help.sap.com/saphelp\_erp60\_sp/helpdata/en/2d/
936b32e886616ae10000000a114084/content . htm.
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3.3 Comparison and Summary

In this chapter we have investigated two major ERP systems with respect
to VAT. We have learnt that both systems follow a quote to payment flow
similar to that in Figure 3.1, but that they differ in the way VAT schemes are
implemented and in the way they determine which VAT scheme to use. While
Microsoft Dynamics NAV uses an approach based solely on the value of a
customer and item identifier'?> SAP uses a more detailed two stage approach.

As expected SAP is more configurable and adaptable than Microsoft Dy-
namics NAV. However it comes as a surprise that implementation of new
VAT schemes in SAP seems (we have no firsthand experience) to be rather
easy compared to Microsoft Dynamics NAV due to the way VAT schemes are
formulated in SAP using (predefined) tax types.

3.3.1 Lack of Transparency is the Problem

We have found that both systems lack what we refer to as transparency or
direct support for legal rules, meaning that an isomorphic'® mapping of legal
statements to code and back is missing completely. Thus it is hard if not
impossible in current systems to say what parts of the relevant legislation
they implement. One view, which seems to fit well with our investigations, is
to say that ERP systems support and implement the most general rules and
leave out a lot of the exceptional situations and details.

The problem occurs when ERP systems evolve over time and the need for
support for exceptional situations arise. This can be due to requirements im-
posed by legal authorities or by companies (it is often the case that exceptions
to general rules list situations where less or no VAT is due). In either case
changes such as add-ons and updates to Microsoft Dynamics NAV (we specu-
late the situation is similar for SAP) require the involvement of many people,
programmers and legal domain experts alike. As described in the introduc-
tion this makes interaction with the VAT code time consuming, expensive,
and error prone.

12 Microsoft Dynamics NAV only supports one sales organisation pr. chart of ac-
counts. Thus information about the vendor of a particular sale is implicitly known.
13 A precise definition will be given later.
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Requirements on a Model

As described in the introduction our goal is to allow domain experts to create
models of legal rules, that can be used by a query engine to answer questions
about VAT. We stated that such a modelling language should provide better
support for the complexity (which stems from the large number of countries
with slightly different VAT rules that needs to be supported) and argued
that it could ultimately lead to lower development and maintenance cost.
In this chapter we present the requirements we think our goal induces on a
modelling language for VAT. The requirements will be based on our findings
in Chapter 2 and 3 and on principles advocated in the literature as well as
our experience from initial experiments. We begin with an introduction of an
overall modelling principle. A summary of all requirements introduced below
can be found in Figure 4.2.

4.1 The Isomorphism Principle

In Definition 4.1 we present the isomorphism principle [20] (following Karpf
[1989)).

Definition 4.1 (Isomorphism principle). We say that a representation of
a legal system is an isomorphism if:

1. Each legal source is represented separately.

2. The representation preserves the structure of each legal source.

3. The representation preserves the traditional mutual relations, references
and connections between the legal sources.

4. The representation of the legal sources and their mutual relations ... is
separate from all other parts of the model, notably representation of queries
and facts management.

Karpf has a fifth requirement:
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If procedural law is part of the domain of the model then the law
module will have representation of material as well as procedural rules
and it is demanded that the whole system functions in accordance with
and in the order following the procedural rules.

[20]

As in [20] we find this requirement unreasonable. We believe that a legal
model should be as declarative as possible and therefore it seems wrong to
require that procedural rules, which we call workflow rules, guide the order
in which the system (query engine) processes the rules. One can imagine that
the reason behind this requirement is that the query engine should be able to
provide evidence (e.g., inference trees) to support the conclusions it reaches.
This is still a valid concern. In particular human dialogue (if necessary) should
be structured and tied to a particular section of the model in such a way that
it is clear how the system arrived at its conclusions.

Whether the isomorphism principle is a good design principle or not has
been debated in the literature. The reason why we choose to adopt it here is
because it guarantees locality of change, which is a very important property
of any model that is updated frequently. Locality of change states that an
update in the underlying legal source should trigger an update of similar size
in the model. In other words it ensures that local changes in the legal source
cannot trigger global changes in the model.

Furthermore the preservation of structure and mutual relations should help
domain experts to navigate the model because they know the structure from
the legal source already. All in all we believe that following the isomorphism
principle leads to better support for complexity and to transparency between
legal source and model.

We can now state the first requirement:

The modelling language should support the isomorphism principle, in
particular it should support the structure and referencing presented
in Section 2.1 including separation of rules and their exceptions.

4.2 Tractable Analysis vs. Expressiveness

Clearly a modelling language for legal rules must be able to express the se-
mantics of relevant rules in order to provide any value at all. However it is a
classic fact in computer science that the more expressive a language is the less
amenable it is to automated analysis. Therefore we want to create a language
with sufficient, but otherwise minimal expressive power. In this section we
present things that the language must be able to express.

4.2.1 Concepts

Legal concepts are the atoms from which legal statements are built. One of
the reasons why legal vernacular can be deemed to be semi-formal is that
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concepts carry precise meanings and that they are used systematically (syn-
onyms should be avoided). Furthermore concepts can have relations to each
other such as the is-a (sub-concept) and disjoint relationships and such rela-
tionships can be implicit.

While implicit relationships (determined by common sense) work well in
legal documents it is necessary to make them explicit in a formal model.
This threatens to break the isomorphism principle and raises the question of
where to put implicit assumptions about concept relationships. Furthermore
the interpretation of implicit assumptions is left entirely to the modeller who
does the job. Thus the correctness of implicit assumptions can be debatable.
For these reasons it is desirable to be able to distinguish (e.g., using tags)
implicit assumptions from regular ones in a model. Finally it is advisable to
(re)state implicit assumptions in all the places where they are used, because
then a deletion of an implicit assumption in one place cannot have unintended
effects in other places. If this is done we retain locality of change, which was
the main motivator behind the adoption of the isomorphism principle.

Sometimes concepts (e.g., exempt supplies) are defined by specifying mem-
bers. This suggests that we can think of concepts as sets of individuals, which
is exactly what is done in OWL (Web Ontology Language, [3]), which was
the starting point for this work. In the examples we have encountered during
our initial investigations it has only been necessary to stipulate membership
of a finite number of individuals for each concept. While this does not rule
out that concepts can be infinite it does hint that concepts are finite modulo
observational equivalence of individuals with respect to the model. This ob-
servation is interesting with respect to implementation since it suggests that
a concept can be represented via a finite number of propositional symbols in
propositional logic.

Based on this we state the following requirement:

The modelling language should support definition of legal concepts
as well as specification of sub-concept and disjointness relationships.
In addition it should be possible to state that a relationship between
concepts is implicit.

4.2.2 Structure of Rules, Operations and Workflows

For the purpose at hand, described in Section 1.3, legal statements can be
thought of as logical statements with the slight difference that some rules
are optional (rules using may and should instead of must and shall, see Sec-
tion 2.2). If rules can be optional, then so can inferences, which leads us to
the problem of what to do if a mandatory as well as an optional inference of
some fact exists (not to mention what to do, when they are in conflict). For
simplicity we choose only to support rules that must be followed.

Some legal statements describe the timing of events; and actions, such as
billing a customer, can be triggered by events. This suggests that the modelling
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language includes some kind of support for workflows. A legal model can
be viewed as a set of rules restricting the number of ways you are allowed
to perform certain obligatory actions. Therefore a procedural (executable)
specification of workflows, such as BPEL, is not optimal and would most
likely introduce (unnecessary) restrictions on the number of ways vendors
can implement systems. Another option is to include declarative support for
workflows. Van der Aalst and Pesic [22] have done this in a graphical language,
which is mapped to Linear Temporal Logic (LTL). We shall adopt the latter
approach and include declarative support for workflows, but for the moment
not tie us to a particular kind of temporal logic.
We can now state the following requirement on the modelling language:

The modeling language should support declarative specification of
workflows based on modal logic. Furthermore the language need not
support optional rules only mandatory ones.

Initial experiments have shown that rules take the form (Ly A Ly A --- A L) —
(Ry ARs A+ A\ Ry,) and that both L and R expressions can contain compar-
isons for equality on Presburger Arithmetic expressions (including multipli-
cation by constants) as well as comparisons for equality and tests for sub-
concept relationships. In addition L expressions can contain inequalities on
Presburger Arithmetic expressions, they can be negated and finally L respec-
tively R expressions can make references to left, respectively right hand sides
(conjunctions of L, respectively R expressions) of other legal statements as
well.

In summary we require that:

The logic underlying the modelling language should support rules of
the form (Ly ALy A--- A Lp) — (Ry ARs A--- A Ry,) where L and R
expressions can contain comparisons for equality on Presburger Arith-
metic expressions as well as comparisons for equality and tests for
sub-concept relationships. In addition L expressions should support
inequalities on Presburger Arithmetic expressions and negation. Fi-
nally left hands sides should be able to reference left hand sides of
other legal statements and similarly for right hands sides.

4.3 Legal Reasoning and Collision Rules

We use the term Legal Reasoning and the phrase reasoning in the legal domain
to mean the way legal practitioners apply the law (a set of rules) to situations
(sets of facts) in the real world.

Reasoning in the legal domain applies an open world assumption mean-
ing that the absence of knowledge cannot be used to conclude the opposite.
Furthermore reasoning must be constructive. A priori we can construct two
pseudo algorithms for legal reasoning. The pseudo algorithms are presented
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in Figure 4.1 and are almost identical. The difference is that REASONNoCyc
assumes that the conclusion (right hand side) of a rule (implication) does not
depend on how its conditions (left hand side) were satisfied!. Therefore it
suffices to apply a rule only once if at all and thus the pseudo algorithm need
not consider rules already applied when it calls itself recursively (in line 6).

REASONNOCYC(A : <Set of assumptions>, R :<Set of rules>,istrDis; : <boolean>)
R1 «— FINDAPPLICABLERULES(A, R)
(R2,istrDisa) < DISAMBIGUATERULES(R 1)
A’ +— AU ConcLUSIONSOF(R2)
ifA'=A
then return (A, istrDisi V istrDisz)
else REASONNOCYC(A', R\ Ri,istrDisy V istrDiss)

DU W N

REASONCYC(A : <Set of assumptions> R :<Set of rules>, istrDisi : <boolean>)
R1 < FINDAPPLICABLERULES(A, R)
(Ra2,istrDisz) <« DISAMBIGUATERULES(R )
A’ — AU CoNCLUSIONSOF’ (R, A)
ifA'=A
then return (A, istrDis, V istrDiss)
else REASONCYC(A', R, istrDisy V istrDisz)

ST W N

Fig. 4.1. Pseudo algorithms for Legal Reasoning. The DISAMBIGUATERULES al-
gorithm is defined in Figure 2.5. It is assumed that a fixed point will be reached
eventually in line 4.

This leads to the following requirement:

Reasoning about models should follow either REASONNOCYC or REA-
SONCYC as appropriate and consequently conflicts between rules
should be resolved using DISAMBIGUATERULES. Therefore the mod-
elling language must support the first order collision rules Lex Supe-
rior, Lex Specialis and Lex Posterior.

4.4 Tool Support and Usage

It is not reasonable to expect that domain experts interact with an ASCII
version of the modelling language directly (e.g., through a general purpose
text editor). Therefore we envision that models are created and maintained
through a GUIL. While GUI design and development is outside the scope of this
project it is important to understand that it is the combination of language
and GUI features, which enable domain experts to do the modelling. One
way to design a GUI is by using graphical notation as sugar for common

! In the code CONCLUSIONOF(Rz) is used instead of CONCLUSIONOF’(Rz, A).
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constructions in the modelling language (e.g., similar to van der Aalst and
Pesic [22]).

Another important issue is that modelling will most likely involve many
people with different skills. Therefore the (combination of) modelling lan-
guage and GUI should support good software engineering principles, includ-
ing support for transfer of the model between persons with different areas of
responsibility 2.

This leads to the following requirement:

Tool support should be available, and the combination of tools and
modelling language should support good software engineering princi-
ples in particular transfer of the model between persons with different
areas of responsibility.

Finally we must not forget that the idea with the modelling language is to
build models that, amongst others, can be queried and analysed. A query is a
request to answer a question and to provide justification for the answer based
on a possibly empty set of assumptions. Furthermore it is desirable that the
query engine can guide this process by requesting the user to provide only the
input necessary to answer the question(s) at hand. Since the input necessary
to answer a query can depend on input already given we suggest to use a
query protocol where the user inputs one assumption at a time based on a set
of choices that is dynamically recomputed between every selection.

Thus we have the following critical requirement:

It should be possible to query models built using the modelling lan-
guage.

2 The content in this section is heavily based on earlier work [13]. To some extend
we use exactly the same wording.
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Requirements

. The modelling language should support the isomorphism principle, in particular
it should support the structure and referencing presented in Section 2.1 including
separation of rules and their exceptions.

. Reasoning about models should follow either REASONNOCYC or REASONCYC as
appropriate and consequently conflicts between rules should be resolved using
Di1sAMBIGUATERULES. Therefore the modelling language must support the first
order collision rules Lex Superior, Lex Specialis and Lex Posterior.

. The modelling language should support definition of legal concepts as well as
specification of sub-concept and disjointness relationships. In addition it should
be possible to state that a relationship between concepts is implicit.

. The modeling language should support declarative specification of workflows
based on modal logic. Furthermore the language should not support optional
rules only mandatory ones.

. The logic underlying the modelling language should support rules of the form
(Ly ANLa2A---ANLp) — (RiAR2A---ARp) where L and R expressions can
contain comparisons for equality on Presburger Arithmetic expressions as well
as comparisons for equality and tests for sub-concept relationships. In addition
L expressions should support inequalities on Presburger Arithmetic expressions
and negation. Finally left hands sides should be able to reference left hand sides
of other legal statements and similarly for right hands sides.

. Tool support should be available, and the combination of tools and mod-
elling language should support good software engineering principles in particular
transfer of the model between persons with different areas of responsibility.

. It should be possible to query models built using the modelling language.

Fig. 4.2. Requirements on a Modelling Language for Legal Rules.
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Discussion

The analysis in part I resulted in a list of requirements, including two pseudo
algorithms describing the principles in legal reasoning. We used the term
pseudo to indicate that the algorithms are not implementable as is. The reason
is that we have not got a formal understanding of the concept of rules yet,
and consequently we cannot explain (formally) what it means that a rule is
applicable, what a conclusion of a rule is, and finally what it means that (a
set of) rules are in conflict!.

A formal understanding of rules can be approached from several angles.
Ours has been to write down a syntax of a DSL for legal modeling, which we
call LLMBRR?2, and trying to explain informally what the language constructs
mean and how legal reasoning is performed (operationally from a domain
experts point of view) in the context of this language.

Having and informal understanding of the language will enable us to re-
search and compare how well suited different logics for knowledge represen-
tation are with respect to (legal) rule modeling and ultimately with respect
to giving semantics to our language. Logics of interest include, but are not
limited to, description logics, modal logics (e.g., deontic and hybrid logic),
and restricted versions of FOL (e.g., Horn clause and linear logic).

One of the benefits of having a syntax from early on (as opposed to design-
ing the syntax from the semantics once established) is that we can experiment
with modeling of (real world) legal rules in the language and this way gain
insights about how the semantics ought to behave, and furthermore we can
correct bad design with little effort before it becomes a problem. The down-
side of course is that it is hard to say anything concrete about a language
without meaning.

! These are the notions underlying the sub-algorithms FINDAPPLICABLERULES,
CONCLUSIONSOF and COLLISIONSIN used in the pseudo algorithms in part I on
pages 18 and 35.

2 An abbreviation of Language for Logical Modeling of Business Rules and Regula-
tions.
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In what follows we present and explain the newest version of the syntax
of LLMBRR and we give examples several examples.

5.1 LLMBRR Syntax

LLMBRR is designed to meet the requirements in Figure 4.2. Its syntax is
defined as follows:

Definition 5.1 (LLMBRR Syntax). The syntaz of core LLMBRR models
is defined in Figure 5.1, where keywords have been highlighted using bold-face.

The syntax uses several meta variables to range over various sets, they
are:

di ranges over Doc The set of Document Identifiers.

il ranges over (Ny, <) The total order of importance levels.
1si ranges over Legalsec ~ The set of Legal Section Identifiers.
ai ranges over Article The set of Article Identifiers.

subi  ranges over Subarticle The set of Subarticle Identifiers.

1i ranges over Lstmt The set of Legal Statement Identifiers.
ci ranges over Concept  The set of Concept Identifiers.

afid  ranges over Afun The set of Aspect Function Identifiers.
< ranges over Ny The set of Non negative Integer Symbols.
<date> ranges over (Date, <p) The total order of dates.

<str> ranges over String The set of Strings.

Remark 5.2. LLMBRR uses standard associativity and precedence rules. Thus
;, and, 4+ and * associates to the left and * binds most tightly followed in
order by 4+, not, and and ;.

We have tried to keep the number of operators in core LLMBRR small in
order to minimize the size of a formal semantics for the language. Using the
operators of core LLMBRR we define sugar notations for common expressions.
This is done in Figure 5.2.

5.1.1 Explaining the Syntax

LLMBRR models consist of a non-empty set of legaldocs followed by an
optional aliases section. Each legaldoc is intended to model a document or
act such as the European Directive on VAT [5] so whenever a model contains
information from multiple legal sources is should contain a corresponding
number of legaldocs. Each legaldoc must have a unique name and consists
of a header and a body. The header contains information about the date
where the legal source modeled was enacted (to be used in connection with
Lex Posterior) and the importance-level of the document (to be used in
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Model ::= model LD'" end

| model LD’ Aliases end
LD = legaldoc di Header Body
Header ::= header

enacted: <date>
importance-level: il

Body ::= body Legalsec’™*

Legalsec  ::= legalsec 1si Optname LSBody end

Optname = - | <str>

LSBody  ::= Legalsec’™ | Article’ ™

Article = article ai SABody

SABody ::= Subarticle’™ | Lstmt'"

Subarticle ::= subarticle subi SABody end

Lstmt = Istmt 1i: LSTBody

LSTBody ::= IDef | Def | exception_to {Lis} Rule | Rule
IDef ::= implicit Def

Def = all_disjoint {Cis} | Ci sub U{Cis} | Def; Def
Clis w= Ci | Ci, Cis

Ci n=di.ci|ci

Lis = Li | Li, Lis

Li n=dilli |14

Rule w= LHS —> RHS

LHS = Lexpr | Iref {Lis} | LHS and LHS

RHS = Rexpr | rref {Lis} | RHS and RHS

Lezpr ::= not Lexpr | Presb < Presb | this in Ci | Afid(this) in Ci
Rexpr ::= Presb = Presb | this in Ci | Afid(this) in Ci
Presb == Afid(this) | €| Presb 4+ Presb

Afid = di.afid | afid

Aliases = aliases

concepts: ConceptAl

aspectfunctions: AFAI
ConceptAl ::= - | di.ci sub di.ci, ConceptAl
AFAIl = - | di.afid eq di.afid, AFAI

Fig. 5.1. BNF grammar for core LLMBRR.

connection with Lex Superior). The body consists of a structured collection
of definitions, exceptions and rules, which are uniquely identifiable. We have
chosen not to over specify LLMBRR to the European Directive on VAT [5]
by strictly following its structure. Instead we allow for more flexibility by way
of general nesting of legal statements, since it might be the case that other
legal documents use a slightly different structure. However, we have retained
the concept of an article (which can be subdivided further) because this is a
central concept in the legal domain.

Definitions, which can be tagged with the implicit keyword, state rela-
tionships between legal concepts, which we can think of as sets. Exceptions
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Def
U{Ci;, Cig, ..., Ci,} sub U{Ci}, Cis, ..., Ciy, } =stx Ci; sub U{Cij, Cis, ..., Cil,};
Cig sub U{Ciy, Cij, ..., Ci)};
Ci, sub U{Ci7, Cis, ..., Cin}
Ci sub Ci’ =stx Ci sub U{Ci'}
U{Ciz7 C’ig, ey C’zn} sub C’i/ =stx U{ Ci17 Cig, ey Cln} sub U{CZ’}
U{Ci;, Cig, ..., Cin,} = U{Ci}, Cig,..., Cin} =stx U{Cis, Cig,..., Ci,} sub U{Ci, Ciy,..., Cip};
u{cij, Cig, ..., Ci,} sub U{Ciy, Cig, ..., Cin}
Ci = Ci’ =qtx U{Ci} = U{Ci'}
Ci = U{cij, Cis,. .., Cin} =qtx U{Ci} = U{Ci7, Cis, ..., Ci,}
U{Ciz7 C’ig, ey C’zn} = Ci/ =stx U{ C’i], Cig, ey Cin} = U{C’L/}
Lexpr :
Presb; > Presbs =gtx Presbs < Presb;
Presb; >= Presby =gtx not (Presb; < Presbg)
Presb; <= Presbs =gtx Presby >= Presb;
LHS
Presb; = Presbs =gtx Presb; <= Presbs and Presb; >= Presby
Presb :
T x Presb =gtx Presb+ Presb+ -+ Presb
c

Fig. 5.2. Extended BNF for LLMBRR.

are special rules that refine the meaning of other rules (or exceptions) (see
Section 2.3.1), and rules are Horn clause like expressions built from refer-
ences to other rules, (in)equalities on Presburger Arithmetic expressions and
expressions stating membership of concepts. Finally the aliases section binds
legaldocs together by stating relationships on concepts and aspect functions.

We note that concepts and aspect functions (explained below) do not need
to be declared explicitly. The mere fact that they are used in legal statements
declares them implicitly.

5.1.2 The Meaning of this

In this section we explain the intended meaning of the keyword this and its
use in connection with aspect functions and element of assertions. In addition
we also explain the intuition behind references on the left and right hand sides
of rules.

LLMBRR models are supposed to be queried. For now we can think of a
query as a request to obtain information about a concrete situation, such as
what VAT rate to apply. In LLMBRR we use the this keyword to refer to the
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current situation. An answer to a query most likely depends on assumptions
about the situation at hand, and we can think of rules as a way of specify-
ing causal relationships between assumptions and conclusions. In LLMBRR
assumptions as well as conclusions about the current situation (this) can be
stated in three ways. The first way is to state that this in ci for some concept
ci, which is to say that the current situation is an instance of or member in
some concept. For example we can say this in Goods to state that the current
situation is a supply of goods. The second (and third) way is to use aspect
functions. An aspect function describes some aspect about the current situa-
tion (e.g., sold(this) in Monarco states that the current supply (situation)
is a sale taking place in Monarco). The third way is to use aspect functions
to build Presburger Arithmetic expressions such as price(this) = 75.

References

Another way of specifying assertions and conclusions in rules is to use refer-
ences. References can be used on left (Iref) as well as right (rref) hand sides of
rules (Horn clauses) and is nothing but an easy way to duplicate the assertions
respectively conclusions of the referenced rules (it is not allowed to reference
exceptions). A priori it is possible to give semantics in the situation where
references are cyclic, but since we do not think this is intended behaviour in
legal documents we shall disallow cycles. Thus the set of references in a model
will make up a forest of DAGs, where an arc between rules A and B means
that A references B. The intended semantics is to unfold references stepwise
such that a reference is unfolded in a given step iff the rules it references have
already been unfolded.
More well-formedness requirements can be found in Appendix A.

5.1.3 Simplifying Assumptions

We have assumed that references can only be given to explicit sets of le-
gal statement identifiers. Thus one cannot reference the collection of legal
statements contained in a structure element (legaldoc, legalsec, article and
subarticle) by referencing the id of that element. While this is partly a sim-
plifying assumption it is also a design decision that we do not want to clutter
the language with references that are tied to the hierarchical structure of the
model. Instead relative references can (and should) be added as a feature of
an IDE, which can use the structure (that we do model) to unfold relative
references to absolute ones.

5.2 Examples

In this section we give two nontrivial examples of how LLMBRR can be used
to model legal rules. Our first example demonstrates that LLMBRR can en-
code the user configurable part of the VAT setup in NAV and we argue that
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LLMBRR scales better than the approach NAV uses today. Following that we
present and evaluate an implementation of rules from a Danish guide to VAT
on services [14].

5.2.1 Encoding VAT Rules From Microsoft Dynamics NAV

In this section we demonstrate that LLMBRR can encode the user config-
urable part of the VAT setup in Microsoft Dynamics NAV. As mentioned
in Section 3.1 handling of VAT is set up in the Posting Setup matrix under
Setupt>VAT Posting Group. Figure 5.3 shows the posting setup for CRONUS
International Ltd. the built-in fictitious demo company distributed with NAV.

VAT Bus. ... YATPr... VAT Id... VA... VAT Calculation Type Unr... Adju... Sal... Sal... Purc... P... Re... Reverse..
» 0 Mormal VAT
MO VAT  NO VAT 0 Mormal VAT
WAT10 VATI0 0 Mormal VAT
WAT25 VAT25 0 Mormal VAT
EU MO VAT NO VAT 0 Mormal VAT 5610 5630
EU WAT10 VATI10 10 Reverse Charge VAT 5611 5631 5621
|EU WAT25 VAT25 25 Reverse Charge VAT 5610 5630 5520
EXPORT MO VAT NO VAT 0 Mormal VAT 5610 5630
EXPORT VAT10 WATID 0 Mormal VAT 5611 5631
EXPORT VAT25  WAT25 0 Mormal VAT 5610 5530
MATIOMAL MOVAT NO VAT 0 Mormal VAT 5510 5530
NATIOMAL WAT10 VAT10 10 Mormal VAT 5611 5631
MNATIOMAL WAT25 VAT25 25 Mormal VAT 5610 5630

Fig. 5.3. Screen Dump of the Posting Setup of CRONUS International Ltd. in
Microsoft Dynamics NAV 5.0.

As explained in Section 3.1 the posting setup is a partial map from
VAT Business Posting Group and VAT Product Posting Group into an 11-
tuple of values controlling the handling of VAT. In LLMBRR we encode
each row in the figure as a rule. We model values as (disjoint) concepts
and use aspect functions to model columns. Thus the LLMBRR code cor-
responding to VAT Business Posting Group having the value EU becomes
vatBusinessPG(this) in EU.

In Figure 5.4 we have included the code corresponding to line 13 in
Figure 5.3. The code consists of a single rule having as its condition that
vatBusinessPG(this) in NATIONAL and vatProductPG(this) in VAT25and
as its conclusion information similar to that in Figure 5.3 coded in the obvious
way.

We have included a full LLMBRR model of the rules in row 7, 10 and 13
in Appendix B.1.1.
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Istmt 9: vatBusinessPG (this) in NATIONAL and

vatProductPG (this) in VAT25

—> vatldentifier (this) in VAT25 and
vatPercentage (this) = 25 and
adjustForPaymentDiscount (this) in False and
vatCalculationType (this) in Normal VAT and
salesVatAccount (this) = 5610 and
purchaseVatAccount (this) = 5630

Fig. 5.4. LLMBRR code corresponding to line 13 of Figure 5.3.

Evaluation

We have seen that LLMBRR can model the configurable part of the VAT
setup in NAV in a straight forward manner. The configurable part only deter-
mines the VAT scheme to use and the parameters (e.g., account numbers of
sales and purchase accounts) it should be instantiated with. This is similar to
determining the tax code in SAP with the exception that SAP takes a larger
number of parameters into account.

On the other hand we have learned from staff at Microsoft Development
Center Copenhagen that many country and region specific VAT customiza-
tions are hard-wired into the code. It would be interesting to see if LLMBRR
can capture those issues as well and what the problems might be, but due to
the reasons outlined in Chapter 3 we have not been able to do so.

The encoding in Appendix B.1.1 is rather large and clumsy compared
with Figure 5.3. This is due the fact that LLMBRR is designed to encode re-
lationships between values. For instance we see that the sales and purchase ac-
counts are always 5610 respectively 5630 whenever the VAT Product Posting
Group is VAT25 and a lot of other dependencies can be discovered too. If we use
such dependencies we arrive at the LLMBRR model in Appendix B.1.2. This
model is still rather large compared to the posting setup. However, the post-
ing setup must contain a row for each combination of VAT Business Posting
Group and VAT Product Posting Group. For example if both columns had a
fourth value (e.g., NATO and VAT5) then the posting setup would need to have
sixteen rows instead of nine3 even though the only differences might be that
VAT5 should be posted to different sales and purchase accounts and that NATO
triggers another VAT calculation scheme. In LLMBRR these changes could
be implemented using only two legal statements (lstmt).

In conclusion we expect LLMBRR models to scale much better than the
posting setup.

5.2.2 Encoding Guidelines

Since legal guides can carry legal weight LLMBRR should be able to formalize
their content. As a challenge we shall try to model parts of the Danish legal

3 Rows 1, 2 and 3 are bogus and ought to be removed. They are there for demo
purposes only.
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guide Moms af ydelser (English: VAT on Services) [14]. This guide contains
rules Danish companies engaged in the selling and buying of services across
the border have to follow. The purpose of a model will be to determine when
VAT is due on services and whether it is the responsibility of the buyer or the
seller to calculate VAT.

Rules to Encode

The Guide is split into two parts. The first part contains the main rules, while
the latter part lists a whole range of exceptions from the main rules. Since
the guide [14] is in Danish we have translated central parts into English.

In order to answer questions about VAT on services one must know the
place of delivery with respect to VAT, since it is that countrys VAT rules that
apply. This country can be that of the seller; the buyer; or the country, where
the service is used. In Denmark the main rule on how to determine the place
of delivery with respect to VAT is:

Howvedreglen er, at Danmark betragtes som leveringssted for alle
ydelser, som virksomheder etableret her i landet saelger. Dvs. at virk-
somheder etableret i Danmark skal beregne dansk moms, nar de selger
momspligtige ydelser, uanset hvem koberen er. Det har ingen betyd-
ning, om ydelsen rent fysisk leveres her i landet eller i udlandet.

(14, p. 8]
And translated into English:

The main rule is that Denmark is the place of delivery with respect to
VAT for all services rendered by companies established in Denmark.
Thus companies established in Denmark have to calculate Danish VAT
when they sell services subject to VAT no matter who the buyer is.
Whether the service is rendered physically in Denmark or abroad is
without significance.

Translated from [14, p. §]

In addition the rule also establishes that the seller must calculate Danish
VAT. The following rule establishes the standard VAT percentage on services:

I Danmark er alle ydelser som udgangspunkt momspligtige, og for
de fleste momspligtige ydelser gelder den almindelige momssats pa 25
pct.

[14, p. 10]
And translated into English:

As a rule all services are subject to VAT in Denmark. For most
services sujbect to VAT the standard rate (25 pct) applies.
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Translated from [14, p. 10]

A LLMBRR model of the main rules is included in Appendix B.2 (Istmt
1 - Istmt 3).

Exceptions

As mentioned the second part of the guide contains a list of exceptions to
the main rules. Here we only focus on electronic services, since the other
exceptions are similar. The rules governing selling and buying of electronic
services are presented in schematic form in Figure 5.5.

A careful analysis of the rules reveals that it is not all rows that state
proper exceptions to the main rules in the sense that their conclusions disagree
with the main rules. In fact the only proper exceptions in the first tabular are
rows 2 and 4 (corresponding to Istmt 7 and 10 in our model in Appendix B.2).
However we can safely declare rows 1 and 3 to be exceptions to the part of
the main rule having to do with place of delivery (Istmt 1) because of the
way semantics of exceptions is intended to work (according to Section 2.3.1).
In the second tabular the proper exceptions correspond to rows 2 and 4, but
this time they are exceptions to the part of the main rule deciding who has to
calculate VAT (Istmt 3). Of the other rows in the second tabular the first one
(pendant to row 1 one of the first tabular) could be stated as an exception
to the main rule governing place of delivery (lstmt 1) but the rows 3 and 5
must not be stated as exceptions to any part of the main rule (because they
are not).

With respect to implementation we could have chosen to leave improper
exceptions out and not to include the non-exceptions in rows 3 and 5 of the
second tabular. We have chosen to include them here for consistency reasons.

Evaluation

It has been relatively straight forward to encode the above rules about VAT
on services in LLMBRR, aside from the fact that it is impossible to express
Not Denmark on the right hand side of rules. A priori this problem can be
fixed in at least two ways. One way is to allow for negation on right hands
sides of Rule expressions just as negation can be used on left hand sides, while
another way is to include a construction for concept (set) difference. In the
latter case Not Denmark could have been encoded as AnotherEuState = EU
minus Denmark and then we could have used AnotherEuState on the right
hand side.

Another issue, which became evident during the development of the code
in Appendix B.2 is the importance of tool support such as an IDE with built in
reasoning capabilities. The reason is that it is not easy at all to state the right
(implicit) relationships between concepts, especially in the case of disjointness.
Finally it is also hard to find out whether a new rule to be added is in conflict
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Selling of Electronic Services

Who is the buyer? Place of |Who calculates VAT?
delivery?
Private or taxable person| Denmark |The seller must calculate Danish VAT.
in Denmark
Taxable person in another Not The seller should not calculate VAT, but
EU-state Denmark [note that the reverse charge VAT scheme
applies.
Private person in another| Denmark |The seller must calculate Danish VAT.
EU-state
Private or taxable person Not The seller should not calculate VAT.
outside EU Denmark
Buying of Electronic Services

Who is Who is Place of |Who calculates VAT?
the seller? |the buyer? | delivery?
Company in |Private or Denmark |The seller must calculate Danish VAT.
Denmark taxable

person in

Denmark
Company in |Taxable Denmark |The buyer must calculate Danish VAT.
another person in
EU-state Denmark

Private Not Neither the buyer nor the seller should

person in Denmark |calculate Danish VAT.

Denmark
Company Taxable Denmark |The buyer must calculate Danish VAT.
outside EU |person in

Denmark

Private Denmark |The seller must calculate Danish VAT.

person in

Denmark

Fig. 5.5. Danish rules governing the selling and buying of electronic services. The
rules are translated from [14, p. 44-45].

with (and thus should be an exception to) existing rules, so tool support is
desirable for this task as well.

5.3 Legal Reasoning in the Context of LLMBRR

In this section we illustrate by way of example how reasoning about LLMBRR
models should be performed from a domain experts point of view. To this end
we shall consider the LLMBRR model in Figure 5.6 of the strawberry example
from Section 2.3.
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model
legaldoc ”Strawberry Model”
header
enacted: 701:01:2008”
importance—level: 1
body
legalsec 1 "Implicit Definitions”
article 1
Istmt 1: implicit OrganicFV sub Groceries
Istmt 2: implicit all_disjoint { StdVATRate, ZeroVATRate }
end
legalsec 2 ”VAT Rates”
article 2
Istmt 3: this in StdVATRate —> vatRate(this) = 25
Istmt 4: this in ZeroVATRate —> vatRate(this) = 0
end
legalsec 3 ”Rules”
article 3
Istmt 5: this in Groceries —> this in StdVATRate
Istmt 6: this in OrganicFV —> this in ZeroVATRate
end
end

Fig. 5.6. LLMBRR model corresponding to the strawberries example in Section 2.3.

The model consists of two implicit definitions (Istmt 1 and 2) and four
rules (Istmt 3-6). Suppose that we buy a punnet of organic strawberries and
that we want to query the model in order to determine the VAT rate to apply.
First of all we take A = {this in OrganicFV} to be our set of assumptions
and we tell (how is not important) the system that we want an answer to
vatRate(this) as a response.

Following the pseudo algorithms in Figure 4.1 the first thing to do is to
determine the set of applicable rules: that is, rules whose left hand side is
satisfied. Using the definition in Istmt 1 we conclude that this in Groceries.
Thus the set of applicable rules is Ry = {rs, ¢}, where r5 and r¢ refer to the
rules in Istmt 5 respectively 6.

The next step is to disambiguate R,. Clearly we have a conflict, because
StdVATRate and ZeroVATRate are required to be disjoint in Istmt 2 and then
it cannot be that this in StdVATRate and this in ZeroVATRate at the same
time. According to the pseudo algorithm for disambiguation of rules (Fig-
ure 2.5) we should apply Lex Superior first of all. However both of the rules
are equally important, because they belong to the same document (and thus
they have the same importance-level, which is 1 by the way). Pruning with
respect to main rules and exceptions does not help either so Lex Specialis and
Lex Posterior must be used. Lex Posterior assigns precedence based on the
enactment dates of the legal rules in question, but as before the rules belong
to the same document and thus that date is the same too. Returning to Lex
Specialis however, we can use the model to conclude that OrganicFV is con-
tained in Groceries (Istmt 1) and thus that rule rg is more specific than r;.
Therefore the disambiguation pseudo algorithm only returns rule rg together
with an indication that an instructive reasoning principle has been used.



52 5 Discussion

The next step of the pseudo reasoning algorithm is to add the conclusions
of rule 74 to A in order to obtain A’ = {this in OrganicFV, this in ZeroVATRate}
before it calls itself recursively.

Assuming that we use REASONNOCYC the next iteration will only be able
to chose between rules r3 and r4 since r5 and r¢ have already been used. The
only rule that applies is r4 and thus we get
A" = {this in OrganicFV, this in ZeroVATRate, vatRate(this) = 0}, which
is the answer returned from the reasoning algorithm when it terminates (to-
gether with an indication that reasoning was instructive). As a final step the
system could restrict A” to the set of answers the user requested. Thus an
answer could have the form C' = {vatRate(this) = 0}.

5.3.1 Comments

The example provided here is extremely simple, but it illustrates the step-
by-step fashion in which domain experts think about and perform reasoning.
Even though many details remain to be worked out it seems that LLMBRR
could be given a query semantics (for lack of a better term) - simply describing
how a model “responds” to a query. While a query semantics would enable
us to implement a reasoner for the language it is not the best choice, when it
comes to automated analysis. Instead we would like a semantics based on a
well understood logic. For instance it would be nice to be able to describe the
set of knowledge obtainable from a model M given a set of assumptions A by
a fixed point such as U¥_(F(A), where F : dom (A) — dom (A) is a function
“applying” the model M to the set of assumptions A much like we did above.
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Summary & Future Work

This is the final chapter. It is time to summarize the work done so far, and
to outline directions for future work.

6.1 Summary

Our investigations of VAT in an ERP context began as a response to real
world problems put forward by Microsoft in relation to Microsoft Dynamics
NAV (an ERP system for SMEs). By looking into NAV (and SAP) we found
that VAT support rendered by ERP systems is often oversimplified and fur-
thermore that it is very difficult to get an overview of what rules an ERP
system implements. The problems with handling of VAT in ERP systems
taken together with the immense trust we put in them (consumers, accoun-
tants, business owners and auditors alike) motivated us to investigate to what
extend relevant legal rules can be modeled using an approach based on logics.
From the beginning it has been our belief that modeling should (ideally) be
undertaken by domain experts - one of the benefits being a reduced need to
create informal program/feature specifications (see the introduction for de-
tails).

In the works preceding this report we have experimented with various logic
based approaches to legal rule modeling, which led to the conclusion that no
domains specific language (and reasoning service) exists for the legal domain®.

This report began with an analysis of the legal domain, which amongst
others explained the principles behind legal reasoning. Furthermore we have
described how VAT is supported in NAV and SAP. We concluded the first
part of this report with a list of requirements on the design of a DSL for legal
rule modeling. In part two we have discussed the design of such a language
from a practical point of view: We have illustrated how query semantics can

1" As described in the introduction various logics do exist, but their aim is somewhat
different from ours.
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be given by way of example, and we have seen that our “language”, LLMBRR,
can encode the user configurable part of the VAT support in NAV.

6.2 Looking Forward

The greatest weakness in this report is that we have not had the time to final-
ize the second part. Looking forward we want to research logics for knowledge
representation including an analysis comparing their adequacy with respect
to legal modeling. That analysis will require a metric taking important pa-
rameters such as support for: Presburger Arithmetic, decidable reasoning,
isomorphic modeling, and separation of main rules and their exceptions into
account to name a few.

Once we have investigated the logics deemed interesting we should reiterate
our language design based on results obtained from the analysis, and we should
investigate how a query semantics relates to (possibly several kinds of) logic
based semantics. Finally we should design a software component with a well-
defined query interface (e.g., as a web service) allowing us to build and expose
model driven query engines to ERP and other systems.
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Well-formed LLMBRR

Remark A.1. It would be premature to include this section in the main matter,
but nevertheless it conveys some views that might be of interest. For that
reason we have chosen to include it in the appendix, even though the content
is very much subject to change in the future.

Having discussed various aspects of LLMBRR informally and having seen
an example of how LLMBRR can be used to model a legal source we are
almost ready to give formal semantics to the language. As mentioned we only
give semantics to well-formed LLMBRR models. In this section we state our
well-formedness requirements and make the notion precise.

First of all we shall require that di’s are unique on a model wide basis,
that ai’s and 1i’s are unique within their surounding legaldoc and that 1si’s
and subi’s are unique within their enclosing construction. In addition we shall
require the following:

1. References must not be dangling. That is, lref, rref and exception_to
must not reference legal statements that do not exist.

2. Only legal statements of the type Rule may be referenced via lref and

rref. In addition exception_to statements may also reference other ex-

ceptions.

References must not be cyclic.

4. Concepts and Aspect Functions mentioned in the Aliases part must be
(implicitly) defined.

5. Aspect Functions must be used in a type consistent way. That is, aspect
functions used in Presburger Arithmetic expressions cannot be used in
element of assertions and vice versa.

@

All of these requirements can be made precise using well-formedness rela-
tions. For instance we could use one relation to ensure the uniqueness require-
ments and another to ensure requirements 1 - 5. Well-formedness relations will
necessarily contain a lot of rules because of the size of the syntax. Therefore
we have decided only to state the latter (and more interesting) of the two.
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Definition A.2. The well-formedness relation t-¢ - : - for core LLMBRR
models satisfying that id’s are unique on a model wide basis, that ai’s and
li’s are unique within their surounding legaldoc and that 1si’s and subi’s
are unique within their enclosing construction is defined to be the least relation
satisfying the inference rules in Figures A.2, A.8 and A.4. We say that a
LLMBRR model m satisfying the uniqueness requirements is well-formed with
signature (A, A¢, Ap), where A C Concepts,q and A, Ay C Afunq iff by m :
(A, A, Ap).

Remark A.3. Most of the rules in Figures A.2, A.3 and A.4 are used to tra-
verse the structure of LLMBRR models in order to build the family of sets
Sigi = (Ai, Aeiy Ap,, 2y, 25, Y1, Tr,, W), (part of) which is used in the side
conditions of the rules MODEL-1, MODEL-2, CON and AFUN in order to enforce the
well-formedness requirements presented above. The intention is that A’s are
sets of used concept identifiers, A,’s and A.’s are sets of aspect function iden-
tifiers used in Presburger Arithmetic expressions and element of assertions
respectively. 2r’s and 2g’s are sets of used legal statement identifiers for
rules and exceptions respectively. Finally 17 ’s, Tr’s and ¥’s are sets of pairs
of legal statement identifiers where (I,7) is a member iff the legal statement
identified by [ references the legal statement identified by r via Iref, rref and
exception_to respectively.

The tabular in Figure A.1 shows for each well-formedness requirement the
combination of side conditions on rules that realize it. We note that some of
the side conditions could be collapsed into one line expressions, but this has
been avoided due to formatting issues (line width).

Side Condition Req. 1 Req. 2 Req. 3 Req. 4 Req. 5
MODEL :
Us (QRiU-QE‘i) Dmo U ¥ X X

Uif2r, D m2 U (TLiUTRi) X X
(WYL N {({, D]l € Lstmtia} =0 X
(W Tr) T 0 {(, Dl € Lstmtig} =0
(W) N {({,1)|l € Lstmtia} =0 X

(UiACi) n (UlAPz) =0 X
CON :
{di.ci,di’.ci’} C A X
AFUN

{di.afid,di’.afid’} C AV
{di.afid,di’.afid’} C A,

X

X X

Fig. A.1. The tabular shows how combinations of side conditions of inference rules
work to satisfy the well-formedness requirements.

Lemma A.4. Let m be any LLMBRR model. If r m @ (A, Aq Ap) and
Fwp m : (A’,A’C,A;) then A = A', A, = A, and A, = A},. That is, the well-
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Ui (2r, U RE,) Dma U ¥
Ui2r, 2 2 Ui (Yo, UTR,)
MODEL.1 Vl<i<n. '_wf’ LD;: (AivACi7APiv QRN‘QEwTLi:TRmWi) (UiTLi)Jr n {(l l)|l € Lstmtld} =0
Fuws model LDy --- LD, end : (U;A;,U; Ag,, Ui Ay, ) (UiTr,) " N {(L,1)|l € Lstmtiq} = 0
(W) N {1, )|l € Lstmtig} =0
(Ui de,) N (Uidy,) =0

) Us (2r, U NRE,) Dm U ¥
Ui Ai, Ui Ae,, Uidp, Faiwy Aliases Ui-QRi Do Us (Yo, UTh,)
V1 S 1 S n. F?uf/ LD’L : (Aiy/lcw/lpm *QRia *QEwTLi»TR.“@i) (U'LTL ) N {(l l)ll c LStmtzd} @

vove Fwf model LD; --- LD, Aliases end : (U;Ai, Ui Ae,, Ui Ap,)  (UiTr; ) N{(, |l € Lstmtia} =0
(Ui) {(l7 )|l € Lstmta} =0
(Uide,) N (Uidp,) =0
A Feon ConceptAl Aey Ap oy AFAI
ALIAS

A, A, Ap Faiw s aliases concepts: ConceptAl aspectfunctions: AFAI

A Feon ConceptAl

CON di.ci,di’.ci’} C A CON-§ ————
Aleon di.ci sub di’.ci’, ConceptAl { ’ e Abcon -

. Ac, Ay Fap AFAL {di.afid,di’.afid’} C AV

. I
AeyAp Fay di.afid eq di’.afid’, AFAl  {di.afid,di’.afid’} C 4, Aey Ap Fag -

Fig. A.2. Top-level and Alias rules of the Well-Formedness Relation for Core LLM-
BRR. The ks - : - relation is defined in Figure A.3.

formedness relation is functional. Moreover if p is a derivation of Fy; m :
(A, Ae, Ap) and p' is a derivation of Fypm : (A’, AL /1;) then p=1p'.

The proof, which is a simple (and tedious) induction on the structure of m,
follows from the observation that at each step in a derivation there is exactly
one inference rule, which can be applied
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di Fwyse Body : Sig V1 < i < n.dibFwsis Legalsec; : Sig;
LEGALDOC LD-BODY
Fwy legaldoc di Header Body : Sig di Fw sy body Legalsecs - - - Legalsecy, : U; Sig;
di Fwfise LSBody : Sig V1 <4 < n.dibFwsis Legalsec; : Sig
LEGALSEC - LS-BODY-1 -
di kw15 legalsec 1si Optname LSBody end : Sig di Fywfise Legalsecy - - - Legalsecy, : U; Sig;
V1 <i < n.dibyra Article; : Sig; di Fypsab SABody : Sig
LS-BODY-2 - - - ARTICLE - -
di Fwfies Articles - - - Article, : U;Sig; di ks, article ai SABody : Sig
V1 < ¢ < n.di by feq Subarticle; = Sig; V1 <¢ < n.dityp Lstmt; 0 Sig;
SA-BODY-1 - - - SA-BODY-2 -
di Fwfsap Subarticle; - - - Subarticle, : U; Sig; di Fwfsay Lstmty - - - Lstmt, : U;Sig;

di Fwfsab SABody : Sig
di Fysq subarticle subi SABody end : Sig

SUBARTICLE

Fig. A.3. Structural rules of the Well-Formedness Relation for Core LLMBRR. The
- Fwyi - ¢ - relation is defined in Figure A.4.
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di wadef Def A
di by g Istmt 1i : implicit Def : (A,0,0,0,0,0,0,0)

IDEF

di wadef Def : A di wam's Cis: A
DEF DEF-AD
di by Istmt 11 : Def : (A,0,0,0,0,0,0,0) di by pacs all_disjoint {Cis} : A
di wacis C'L : AI di wacis C’LS : AQ
DEF-S Cisa
di Fwfies Ct sub U{CZS} AU A di Foyfeis di’.ci’ : {di’ .Ci’}
di Fwsder Defr @ Ay di Fwtdey Defo 1 Ag
DEFDEF ClIs-2
di Fwpder Defrs Defs : A1 U Ay di Fuwfeis ci: {di.ci}
di |_wfc7ls CZ : AJ di |_'wfcis 07,5 : AQ
ClIs-3
di '_wfcis C’L, Cis : Al U AQ
di,1i by piis Lis : ¥ di,1i Fwpins LHS : Sigy di,1i by prns RHS @ Sige
EXN

di by Istmt 11 : exception_to {Lis} LHS —> RHS : Sig; U Sige U{0,0,0,0,{di.1i},0,0,¢}

di, 1i by pins LHS : Sigy di,1i Fwprhs RHS @ Sige
RULE
di by Istmt 11 : LHS —> RHS : Sig; U Sige U {0,0,0,{di.1i},0,0,0,0}
LIS-1 LIS-2
di, 14 byfris di’? 147 ¢ {(di.14,di’.1i%)} di, 14 bypfris 147 : {(di.14,di.1i%)}
di,1li Fogiis Li: Xy di,1li Fogiis Lis @ Xo di Fwfieapr Lexpr : Sig
LIS-3 LEXPR
di,1i l_wflis Li, Lis : X1 U X> di, 1i |_wflhs Lexpr : Sig
di,1i walis Lis: 1y, di,1i '_wflis Lis: Tgr
LREF RREF
di, li byypins Iref {Lis} : (0,0,0,0,0,7z,0,0) di, li byyprns rref {Lis} : (0,0,0,0,0,0,Yr,0)
di,1i l_wflhs LHS; : Sig1 di,1i '_wflhs LHS, : Sigg di "waempr Rexpr : Sig
LAND REXPR
di,li Fypns LHS; and LHSz : Sig; U Sigs di,1li by pras Rexpr : Sig
di,1i by prns RHS: @ Sigy di,1i Fyprns RHS2 @ Sige di Fwfieapr Lexpr : Sig
RAND LNO
di,1li Fyprns RHS; and RHS» : Sig; U Sige di Fwfieapr not Lexpr : Sig
di Fwfpresy Presb; @ Sig: di Fwfpresy Presbs : Sigs
LPRES
di Fuwfieapr Presb; < Presbs : Sig: U Sige
di l_wfcis Ci: A di }_wfafid Aﬁd A di l_wfcis Ci: A
L-IN-1 LIN-2
di walezpr this in (i : (A7 @, @, ®7 @, ®7 @, Q)) di walezpr Aﬁd(this) in Ci: (A7 Ac, @7 (Z), @, ®7 @, 0)
AFID-1 AFID-2
di Fujafia di’.afid’ : {di’.afid’} di Fujafia afid : {di.afid}
di Fwfpresy Presb; @ Sigs di Fwfpresy Presbs @ Sige
RPRES
di Fwfreapr Presb; = Presbs : Sig: U Sige
di Fyfeis Ci: A di Fwfapia Afid @ Ac di Fwfeis Ci: A
R-IN-1 R-IN-2
di bofreapr this in Ci: (A,0,0,0,0,0,0,0) di by freapr Afid(this) in Ci: (A, A, 0,0,0,0,0,0)
di waafid Aﬁd : /1;,
PRESB-1 Y PRESB-2 " —
di '_wfp'r'esb Aﬁd(thls) : (@7 @, Ap7 @, @, @, @, @) di '_wfpresb Cc: (@7 @7 @, @, @, @, @, @)
di by ppress Presby @ Sigy di Fwspresy Presbs @ Sigs
PRESB-3

di Fofpresy Presb; + Presbe : Sigr U Sigs

Fig. A.4. Signature Building Rules of the Well-Formedness Relation for Core LLM-
BRR.






13

18

23

28

B

Example Code

B.1 LLMBRR Encoding of VAT Rules From Microsoft
Dynamics NAV

Below we present two LLMBRR encodings of the conditions in row 7, 10 and

13 of Figure 5.3. The first is a straight forward translation, while the latter

model

exploits dependencies between values.

B.1.1 Straight Forward Encoding

legaldoc "CRONUS International Ltd — Microsoft Dynamics NAV — VAT Model”

header
enacted: 701:01:2008”
importance—level: 3

legalsec 1 "VAT Posting Setup”

legalsec 1 "Implicit assumptions”
article 1
Istmt 1: implicit all_disjoint {EU, EXPORT, NATIONAL}

[ V)

article
Istmt 2: implicit all_disjoint {NOVAT, VAT10, VAT25}

article
Istmt

w W

implicit all_disjoint {Percentage, First, Last,
FirstFullyPaid , LastFullyPaid}

article 4
Istmt 4: implicit all_disjoint {True, False}

article
Istmt

ot at

implicit all_disjoint {Normal VAT, Reverse_Charge VAT,
Full_. VAT, Sales_Tax}

end
legalsec 2 ”Rules”

article 7

Istmt 7: vatBusinessPG(this) in EU and
vatProductPG (this) in VAT25
—> vatldentifier (this) in VAT25 and

vatPercentage (this) = 25 and
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adjustForPaymentDiscount (this) in False and
vatCalculationType(this) in Reverse_Charge_.VAT and
salesVatAccount (this) = 5610 and
purchaseVatAccount (this) = 5630 and
reverseChargeVatAccount (this) = 5620

Istmt 8: vatBusinessPG (this) in EXPORT and

vatProductPG (this) in VAT25

—> vatldentifier (this) in VAT25 and
vatPercentage (this) = 0 and
adjustForPaymentDiscount (this) in False and
vatCalculationType (this) in Normal VAT and
salesVatAccount (this) = 5610 and
purchaseVatAccount (this) = 5630

Istmt 9: vatBusinessPG (this) in NATIONAL and

vatProductPG (this) in VAT25

—> vatldentifier (this) in VAT25 and
vatPercentage (this) = 25 and
adjustForPaymentDiscount (this) in False and
vatCalculationType (this) in Normal VAT and
salesVatAccount (this) = 5610 and
purchaseVatAccount (this) = 5630

end
end
end

B.1.2 Encoding Using Dependencies Between Values

model
legaldoc "CRONUS International Ltd — Microsoft Dynamics NAV — VAT Model 27

header

enacted: 701:01:2008”

importance—level: 3
body

legalsec 1 ”VAT Posting Setup”

legalsec 1 ”"Implicit assumptions”
article 1
Istmt 1: implicit all_disjoint {EU, EXPORT, NATIONAL}

N

article
Istmt 2: implicit all_disjoint {NO.VAT, VAT10, VAT25}

article 3
Istmt 3: implicit all_disjoint {Percentage, First, Last,
FirstFullyPaid , LastFullyPaid}

article 4
Istmt 4: implicit all_disjoint {True, False}

article
Istmt

ot ot

implicit all_disjoint {Normal VAT, Reverse_.Charge VAT,
Full.VAT, Sales_Tax}

end

legalsec 2 ”Rules”

article 6 /+* Determine VAT Identifier and adj.
for Payment discount %/
Istmt 6: vatProductPG (this) in VAT25
—> vatldentifier (this) in VAT25 and
adjustForPaymentDiscount (this) in False

article 7 /+« Determine VAT Percentage */
Istmt 7: vatProductPG (this) in VAT25
—> vatPercentage (this) = 25
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Istmt 8: exception_to {7} vatBusinessPG(this) in EXPORT
—> vatPercentage(this) = 0

article 9 /+« Determine sales and purchase accounts x/
Istmt 9: vatProductPG(this) in VAT25
—> salesVatAccount (this) = 5610 and
purchaseVatAccount (this) = 5630

article 10 /x Determine VAT calculation type and reverse
charge VAT account %/
Istmt 10: vatBusinessPG (this) in EU and
vatProductPG (this) in VAT25
—> vatCalculationType (this) in
Reverse_Charge VAT and
reverseChargeVatAccount (this) = 5620

Istmt 11: implicit Non—EU = U {EXPORT, NATIONAL}

Istmt 12: vatBusinessPG (this) in Non—EU
—> vatCalculationType (this) in Normal VAT
end
end
end

B.2 LLMBRR Encoding of VAT on Danish Services

model
legaldoc VAT on Services for Danish Companies”
header
enacted: ”726:05:2005”
importance—level: 3
body
legalsec 1 ”"The Main Rules”
legalsec 1 ”"Determine Place of Delivery”
article 1 /* The Main Rule x/
Istmt 1: this in Services and
sellerEstablishedIn (this) in Denmark
—> vatPlaceOfDelivery (this) in Denmark
end
legalsec 2 ”Determine VAT Rate and Scheme”
article 2 /+ The Main Rule */
Istmt 2: this in Services and
vatPlaceOfDelivery (this) in Denmark
—> vatPercentage (this) = 25 and
vatScheme (this) in Normal VAT
end
legalsec 3 "Who calculates the VAT”
article 3 /+ The Main Rule */
Istmt 3: this in Services and
vatPlaceOfDelivery (this) in Denmark
—> calculateVAT (this) in Seller
end
end
legalsec 2 ” Exceptions”
legalsec 1 ”"Electronic Services”
legalsec 1 "When the Seller is Danish”
article 4
Istmt 4: implicit ElectronicServices sub Services;
PrivateOrTaxablePerson = U {PrivatePerson, TaxablePerson };
all_disjoint {PrivatePerson, TaxablePerson}

Istmt 5: exception_to {1} this in ElectronicServices and
buyerType(this) in PrivateOrTaxablePerson and
buyerCountry (this) in Denmark
—> vatPlaceOfDelivery (this) in Denmark and
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Istmt

Istmt

Istmt

Istmt

Istmt

end

10:

calculateVAT (this) in Seller

implicit all_disjoint {Buyer, Seller };
Denmark sub EU;
all_disjoint {Denmark, NotDenmark}

exception_to {1} this in ElectronicServices and

buyerType(this) in TaxablePerson and

buyerCountry (this) in EU and

not buyerCountry(this) in Denmark

—> /* Hack for not on right hand side */
vatPlaceOfDelivery (this) in NotDenmark and
vatScheme (this) in Reverse_.Charge_.VAT and
calculateVAT (this) in Buyer

exception_to {1} this in ElectronicServices and

buyerType(this) in PrivatePerson and

buyerCountry (this) in EU and

not buyerCountry(this) in Denmark

—> vatPlaceOfDelivery (this) in Denmark and
calculateVAT (this) in Seller

implicit all_disjoint {Non—EU, EU}

exception_to {1} this in ElectronicServices and
buyerType(this) in PrivateOrTaxablePerson and
buyerCountry (this) in Non—-EU

—> vatPlaceOfDelivery (this) in NotDenmark

legalsec 2 "When the Buyer is Danish”
article 5

Istmt 11:
Istmt 12:
Istmt 12:
Istmt 13:
Istmt 14:

this in ElectronicServices and

sellerEstablished (this) in Denmark and

buyerType(this) in PrivateOrTaxablePerson and

buyerCountry (this) in Denmark

—> vatPlaceOfDelivery (this) in Denmark and
calculateVAT (this) in Seller

exception_to {3} this in ElectronicServices and

sellerEstablished (this) in EU and

not sellerEstablished (this) in Denmark and

buyerType(this) in TaxablePerson and

buyerCountry (this) in Denmark

—> vatPlaceOfDelivery (this) in Denmark and
calculateVAT (this) in Buyer

this in ElectronicServices and

sellerEstablished (this) in EU and

not sellerEstablished (this) in Denmark and

buyerType(this) in PrivatePerson and

buyerCountry (this) in Denmark

—> vatPlaceOfDelivery (this) in NotDenmark and
calculateVAT (this) in None

exception_to {3} this in ElectronicServices and

sellerEstablished (this) in Non—-EU and

buyerType(this) in TaxablePerson and

buyerCountry (this) in Denmark

—> vatPlaceOfDelivery (this) in Denmark and
calculateVAT (this) in Buyer

this in ElectronicServices and

sellerEstablished (this) in Non—EU and

buyerType(this) in PrivatePerson and

buyerCountry (this) in Denmark

—> vatPlaceOfDelivery (this) in Denmark and
calculateVAT (this) in Seller



end
end
end
110 end

B.2 LLMBRR Encoding of VAT on Danish Services
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C

E-mail correspondance

In this appendix we have included our mail correspondance (in Danish) with
Kim Graversen. The mails have been stripped from personal comments, but
have not been formatted or modified otherwise.

C.1 First Mail from Kim Graversen

Kim sent you a message.

Re: SAP Guru?
Hej Morten <personal comments removed>
Du kan tro jeg ved noget om SAP’s momsstyring :)

Generelt set styres momstilgangen ud fra kundens landekode opsat pa masterdata
(og der er en hel szrlig "kunde"-definition her ang. sold-to, ship-to, bill-to
og payer...som jo kan vzre forskellige)

Ud fra den lokation hvor man som szlgende enhed leverer ydelsen fra (er det en fysisk
vare er det jo en decideret "fabrik" i sap termer og det er denne fabriks lokation
landem®ssigt som gzlder) bestemmes nu om der er tale om domestic sales eller export sales.
Man bestemmer dette i det der kaldes tilgangssekvenser og der ledes efter opfyldte
konditioner i prioriteret orden. Man sztter sa en tabel op for eksempel efter nedenstanede
model (for export)

Receiver land - materiale momsindikator - kundemomsindikator- momskode
Timbuktu - full moms - full moms - salgmomskode 25Y%

Tyskland (EU) - full moms - full moms - salgsmomskode EU 0%

og der er sa indikatorer pa materiale/kunde som kan angive halv moms etc.
og dermed trigge en anden momskode

Pa domestic siden er det lig ovenstéende men selvf. uden receiverland

Dette er en direkte relation mellem virksomheden og kunden (hvad enten det er

en btb kunde eller privat)... Men man kan ogsd forestille sig en situation hvor man har et
centralt lager liggende et givet sted sted i europa og har et salgssted lokalt som salger
til lokal kunde man hvor varen shippes direkte fra udlandsfabrik til privatkunde.

Dette handteres ved at trigge 2 dokumenter:

1) salgsdokument mellem lokal salgssted og lokal kunde (hvis dk, s& typisk 25, alm. dansk
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salgsmoms)

2) Intercompany salgs(kgbs)dokument mellem lageret og salgsstedet. Dette gzlder

ovenstaende regler mellem om det er decideret export eller indenfor EU imellem virksomhedens
2 loaktioner. Hvis fx lager i UK, sa trigges en salgsmoms fra England pa EU 0% og tilsvarende
et kgbsmoms pa den danske salgssted pa EU 0j%...

Men dette er blot en sarlig varient - i bund og grund er der som beskrevet ovenstaende tale
om tilgangssekvenser hvor der ledes i prioriteret rzkkefzlge efter landedetermineringen
mellem kunde og virksomed og derefter hv