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Deriving formal rules from NL regulations?

Business
rules
XAy —>2
| zzz777
Zz MAY=>2Z

77 77 %

ZITFTT &’

2277 ) X =

Natural language fh.rét Formal language
Texts Formal rules

A complex task
» that cannot be fully automated
» that can be guided using NLP and semantic web technologies
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Context

A (Business) Rule Management System takes/suggests decisions on
specific cases according to a predefined set of rules.

Individual case I Business Rule Decision System
data : BRMS
1

a. -b, c

Taxpayers' income and profits
Product characteristics
Drivers' personal data

1
1

I ..

1 Busi | Decision Decisions

: usiness rules System T

1 XAy —>2 Income tax rate

: XAy =>2 Delivery destination

| X =>"y Probability of accident
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Integrating NL sources in BRMS

Individual case

data
a, b, c

Benefits
» Knowledge acquisition
» Documentation of decisions
» Knowledge base maintenance

A. Nazarenko

Business Rule Decision System

BRMS

Business
rules

XAy —>2

Kay—>2

X —>-y

Decision
System

Introduction
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Text-based knowledge acquisition
Type of knowledge (domain model)
» Domain basic knowledge (concepts, entities, relations)
» Rules that control the decision process

Product Definition

Major metallurgical families and characterization

ArcelorMiltal's range of steels for the automotive sector comprises all the main metallurgical families:

Steels for drawing: aluminum killed and IF (Interstitial Free);

High- strength steels: high yield strength steels, r orized steels, high strength IF steels, isotropic and bake hardening steels;
Very high strength multiphase steels: Dual Phase, errite- bainite, Multiphase steels

™ fthese steels are the resultyf a combination of parameters that are defined throughout the steel manufacturing
DProcESS. The twowpain paramelers are:

Chemical compositigq;

Thermo- mechanical Xocess

Machanicalorg

red megnanical properties, the steelmakgr devises a range of strength/ formabilfy combinatorg suitable for Jre uses to |
bi r\—-g

Domain concept? Domain entity? Business rule? Domain’ehion?
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Text-based knowledge acquisition

Type of knowledge (domain model)
» Domain basic knowledge (concepts, entities, relations)
» Rules that control the decision process
Texts are a convenient source of domain knowledge (# Experts)

Texts are a critical source for rule information
» Legal knowledge is primarily expressed in NL texts
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The formalization problem

Business
rules

| XAy =>z

XAy —>Z

X—>-y

» Natural and formal rule languages stand on the opposite extremities
of the formalization continuum [Baumeister et al., 2011]
» Natural language is intrinsically complex
Factual information and rhetorical elements
» Redundant and implicit information
» Lexical and structural ambiguity
» Understatement and underdetermination
» Direct and automatic translation to formal language is impossible
» Existing approaches apply on simplified problems
[Unger et al., 2012] [Dinesh et al., 2008] [Bajwa et al., 2011]

v
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Use cases

» Arcelor Mittal: assignment of coil products (internal documentation)
» Audi: certification of seat belts (UNO regulations)

» American Airlines: calculation of frequent flyer’s miles & bonus
(AAdvantage Frequent Flier Program)

» Car rental: terms and conditions checking (SBVR tutorial)
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Outline

Introduction

Overall method of the formalization
Rule extraction

Rule normalization

Rule formalization

Conclusion and Future work
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Overall method of the formalization
A collaborative and interactive approach
SemEx, a formalization aiding platform
Controlled language

A. Nazarenko Overall method of the formalization

Outline

10/55



Rule extraction?

It is impossible to directly extract business rules from textual sources

/ " -
’ Structural Operative
/\ rules rules

Documents
Acquisition corpus

0-Rule-extraction
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Formalization, a mediated process

Xasy —>2Z
AAY—>Z
X —>y
Matural language Controlled language Formal language
Texts Candidate rules Formal rules

Controlled language as a mediator between NL and formal languages
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Formalization, a mediated process

Xay—>=2Z
L Ay —>2
zzzzzz
yard X ==y
2z 2z
ZITIFT
ZZZF
Matural language Controlled language Formal language
Texts Candidate rules Formal rules
~. P 4 -
EXTRACTION FORMALIZATION
NORMALIZATION
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Collaboration

Several actors are usually involved in the acquisition process

» The domain expert knows the business context and understands the
written documentation

» The knowledge engineer knows how to structure and express
knowledge

» The IT engineer understands how the target decision system works
and how to implement the rules

None masters the whole process, from the business case to the detailed
system implementation
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Formalization, a collaborative process

Xy —>2
Koy —>2
K==y
Matural language Controlled language Formal language
Texts Candidate rules Formal rules

Domain expert
Knowledge engineer
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Formalization, a collaborative process

Xa=y—>2Z
KAy —>2Z
X ==y
Natural language Controlled language Formal language
Texts GCandidate rules Formal rules
@7
ﬁ IT engineer
@ _Knowledge engineer
R
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Natural language

Domain expert
Knowledge engineer

Formalization, a collaborative process

XAy —>Z
Ay —>2

X —> -y

Controlled language Formal language
GCandidate rules Formal rules

@7

IT engineer
Knowledge engineer

=5
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Person-Machine interaction

Human expertise is required for
1. Comprehensive understanding of the source regulation and the
target application
» Identifying relevant sources of information
» Browsing complex documentations
» Selecting the text fragments that are relevant for the target application
2. Modeling and formalization

» Structuring domain knowledge
» Expressing the rules in such a way that they can be properly operated
to make decisions

Each rental has exactly one renter

l

Each rental has one and the same renter from its begining fo its end

A. Nazarenko Overall method of the formalization 15/55



Towards Person-Machine interaction

The acquisition and formalization task is
» too complex to be fully automated
» too difficult and time consuming for human experts
An interactive and collaborative approach to help the user
» exploring the source documentation
» coping with the semantic difficulties

— A platform to assist experts in rule acquisition and formalization
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SemEx

Semantic Explorer [Lévy et al., 2010a] [Guissé et al., 2011]

Input Domain lexicalized ontology + NL regulation
Output A documented business rule model

» A formalization methodology

» Tools to support human work
» Standard technologies

» Eclipse application
» W3C languages ensuring interoperability

OWL, SKOS, RDF, RDAa, SPARQL
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Role of controlled language

The controlled language is used to
» Describe the domain model

» conceptual model (specialized vocabulary, ontology)
» rules (prescribed, suggested or self-imposed rules)

» Specify the expected behavior of the rule system

» Verbalize that model in a way that is understandable to domain
experts
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A basic controlled language

Statements
» Concept definitions: restrictions on the content of terms
» Operative rules: prescribed, suggested, self-imposed rules

ProducedCoil : Coil that is produced by the Galvanization Line
It is obligatory that yield strength is between the upper and lower values ....

Elements
Conceptual terms: Width ~ Thickness Company  Coil
Individual terms: ArcelorMittal  Coil #13  Galvanization Line

v

>
» Relational terms: belongs to

» Keywords: that

» Modal operators: It is obligatory that ~ must
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Outline

Rule extraction
Semantic annotation
Rule selection
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1st step: annotation wrt. an ontology

Structural Operative

rules rules

Documents
Acquisition corpus

Ontology 1 ’_' Index X
X
Documents /

Acquisition corpus

O-Rule-extraction
1 Semantic annotation wrt. ontology
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What is semantic annotation?

» Text annotation: metada attached to fragments of a text
grade, comment, explanation, presentational markups
» Semantic annotation: the metadata belong to a specific resource
controlled vocabulary, terminology, gazetteer, thesaurus, ontology

[Popov et al., 2004]
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Types of semantic annotation

» Initial focus on instance annotation and ontology population
[Vargas-Vera et al., 2002] [Popov et al., 2004] [Amardeilh et al.,
2005][Magnini et al., 2006]

» Towards a richer semantic annotation [Ma et al., 2010]

» Fine-grained annotation
» Exploitation of all the full semantics of ontologies [Lévy et al., 2010b]

individuals, concepts, roles/relations, rules
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Annotation wrt. an ontology

fleage_credit *____destin ation
is_granted_by  /has_amount

| 3
t | g e source—
rogram| A_membe ' i .
' ;

belongs_to as am?unl

. has_base
AAProgram|“[c E! Ity Emgrﬂmf ou . " mileage —Sedment ingle_plane_| onnecting |
L : g » flight flight
|
‘I \ll .‘l / ' 3
N L ha&\segment is_composed_of
\

.
[l
v
' '
il
'
'
'
'

v
' v ; 4

AAdvantage I'Ilqht mlleage credl,! is determined on the basis of nonst,cfp distances between the
airports where yaur I'Ilgh'i Qngma.tgs and terminates. e

On connectlngll'llghts‘ ynu Il receive mileage credit for each seﬁment of your trip
on single-plané flights, you'll receive the nonstop origin-destination mileage.

Mileage credit Fannot be garned for the same flight in more than one of the following programs
the AAdvantage program or any other loyalty program in which American Airlines participates

A. Nazarenko Rule extraction 24/55



Lexicalized ontology
[Omrane et al., 2011a]

Ontology Lexicon Texis

OwL SKOs RDFa

Lexicalized ontology
OWL + SKO3

<rdi:Description rdf:about="http:/lipn.univ-paris13.f"RCLN/
terminae/Audi#SeatBelt"=
=<skos:prefLabel=seat belt</skos:prefLabel=
<skos:altLabel=belt</skos:altLabel>
=rditype rdf:resource="http:/fwww.w3.org/2004/02/skosicore#Concept"/=
<rdf:Description=
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Semantic annotator

Java module

» Originality

» Can take any ontology as input

» Can process pre-annotated corpora
» Current version

Input Text + Lexicalized ontology (lexical items)
Output Text with individual and concept mentions annotated

» Future version

» Role annotations
» Lexicalized ontology with lexico-syntactic patterns
» UIMA module
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SemEx navigation perspective

» (@ virtualMethad
w (& PhysicalMethod
(® ResistanceTest
w (& PhysicalSeatBeltTes
© TrolleyTest
& TensileTest

ExposureTest

@ MicroSlipTest

CorrosionTest
@ FixtureTest

R

) O SemEx ="
[ [ Rule Editer | [ Navigator
A Hierarchy| =8 =a
¥ @& space =
» @ Source [ fusers/fl/fihome/ Irecherche /LN/c torules/2011-02- i Queryd i Da.html 2]
» (@ Agent
» @ Function [ontologieal entity ) [ HCa ) CF)
¥ (@ Antribute
'8?“‘2 Micro-slip test (see Annex 11, figure 3 to this Regulation).
umidity E—
@ Temperature R1)The samples to be submitted to the micro-slip test shall be kept for a minimum of L)
(® Number 24 hours in an having a of 20 + 5 C and a relative
PODEVICE humidity of 65 + 5 per cent. [R13]The test shall be carried out at a temperature between
» (@ Dimension 15 and 30 C.
» (@& Conditioning R . R R R .
v @ Method It shall be ensured that the free section of the adjusting device points either up or

down on the test bench, as in the yehicle

RI18]A 5 daN load shall be attached to the lower end of the section of strap.[R18] The
end shall be subjected to a back and forth motion, the total amplitude being
300 + 20 mm (see figure).

If there is a free end serving as reserve strap, it must in no way be fastened or
clipped to the section under load.

It shall be ensured that on the bench the strap, in the slack position, descends

in a concave curve from the adjusting device, as in the yehicle. The 5 daN load

applied on the test bench shall be guided vertically in such a way as to prevent the .
load swaying and the twisting. The attachment shall be fixed to the 5 daN

Concepts  Properties |

A. Nazarenko
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2nd step: Rule selection

\\ / ==
Operative
/\ . m e

Documents
Acquisition corpus

Ontology 1 ’_’ Index ¥
/ x 2
Documents

Acquisition corpus
m
0-Rule-extraction

1 Semantic annotation wrt. ontology
2 Extraction of relevant textual fragments
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Annotation wrt. an ontology and a rule base

fleage_credit f___deslmatmrp
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AAdvantage I'Ilqht mlleage credl,! is determined on the basis of nonstpp distances between the
airports where your I'Ilgh'i Qngmales and terminates.

On connectlngll'llghts‘ ynu Il receive mileage credit for each seﬁment of your trip
' on single-plané flights, you'll receive the nonstop origin-destination mileage.

Mileage credit Fannot be garned for the same flight in more than one of the following programs:
the: AAdvantag'e program or any other loyalty program in which American Airlines participates
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How to guide rule selection?

Rule selection requires good knowledge of the business context and
thorough understanding of the source documentation

It relies on human expertise but
» Semantic annotation enhances text browsing
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How to guide rule selection?

Rule selection requires good knowledge of the business context and
thorough understanding of the source documentation

It relies on human expertise but
» Semantic annotation enhances text browsing
» Sentences with at least one annotation

» American Airlines: recall = 39%, low precision
» Audi: recall = 72%, low precision
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How to guide rule selection?

Rule selection requires good knowledge of the business context and
thorough understanding of the source documentation

It relies on human expertise but
» Semantic annotation enhances text browsing
» Keywords help identifying relevant text fragments
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How to guide rule selection?

Rule selection requires good knowledge of the business context and
thorough understanding of the source documentation

It relies on human expertise but

» Semantic annotation enhances text browsing
» Keywords help identifying relevant text fragments
» Audi use case

» Single keyword: 100% of recall, 80% of precision
» Combination of keywords (shall + if): 97% of recall, 95% of precision
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How to guide rule selection?

Rule selection requires good knowledge of the business context and
thorough understanding of the source documentation

It relies on human expertise but
» Semantic annotation enhances text browsing
» Keywords help identifying relevant text fragments

» The expert can run Spargl queries combining regular expressions
and semantic tags

A. Nazarenko Rule extraction 30/55



SPARQL queries

Find the sentences containing at least one of the keywords shall or if and
annotated by the concept Upgrade

PREFIX schema: <http ://lipn.univ—paris13. fr /RCLN/schema#>

PREFIX AA: <http ://lipn.univ—paris13. fr/RCLN/terminae/AAdvantage#>
select DISTINCT ?sentence ?text

where {

?sentence rdf:type schema:Sentence.

?sentence schema:content ?text.

filter (?text ~ "_shall_ " || ?text ~ "_if_")

?sentence schema:annoted ?textlink.

?textlink schema:defineResource ?resource2.

?resource2 schema:realizeConcept AA:Upgrade

}
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Rule selection, a complex but crucial task

» Problems
» Corpus variability: extraction patterns are not equally relevant for all

corpora
» Focus must be put on recall rather than on precision but overloading
the text with annotations hinders browsing
» A crucial step for bootstrapping the annotations of rules
Semantic model

Documents
Ontology

0
q 0
B Indexin e owL
Regulations P jks 9 "'.
. HoFa ~Ro 4| Rules
M SBVR-SE

» Future work: the interactive learning of selection patterns

Rule extraction 32/55
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Outline

Rule normalization
Goal
Normalization operations
Lexical normalization
Decontextualisation
Syntactic normalization
Semantic restoration

Normalization output
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Goal

Documents
Acquisition corpus

I
Ontology = 7 T
Documents /

Acquisition corpus

0-Rule-extraction
1 Semantic annotation wrt. ontology

2 Extraction of relevant textual fragments Index| \

3 Rule editing and rephrasing

Business rule bases
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Goal

Method

vy

v

v

Lexical normalization

Checking the domain vocabulary of a candidate rule
Replacing all the mentioned terms by their preferred
forms

Disambiguating the ambiguous terms

Automatic semantic annotation
Manual revision

Ontology

| —
Unhing.le-planeﬂjghts,hou‘ll:_ i hhe| 1 .:u.‘,' desti "JI il _JI

A. Nazarenko

L}
be /
credited has’
with

Rule normalization

AAdvantage actugl base segment
member miles /
On segments, you'll be credited with the segnrént actual base miles. A / \ /
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Decontextualization

Co-reference links must be broken and the actual referent be made
explicit so that the rules can be understood independently of their context

» Pronouns
All the adjustment devices shall undergo a strength test [...]. They
must not break [.. . ].

» Generic business terms
The samples to be submitted to the micro-slip test [...]. The test shall
be carried out at a temperature |[. . . ].

» Reference keys
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Syntactic normalization

» Sentence reordering

Upgrades are void if sold for cash or other consideration.
If upgrades are sold for cash or other consideration, these upgrades
are void.

» Splitting enumerations
» Splitting rules
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Semantic restoration

Due to decontextualization or syntactic normalization, some implicit
discourse entities have to be restored

» Restoring an entity to solve a reference
» Restoring an interval to express constraints

The breaking load shall be determined within 5 minutes after
the strap is removed from [...].

The determination time is the time when the breaking load is
determined. The removing time is the time when the strap is
removed from [...]. The delay between the removing time
and the determination time will be less than 5 minutes.
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Use cases

Detailed analysis on 2 candidate rule samples
» American Airlines: 95 candidate rules

» Audi: 1

A. Nazarenko

Normalization operations

% of normalized candidate rules

Lexical
Contextual
Syntactic

— Decomposition
— Restructuration

65%
64%
100%
30%
68%

00 candidate rules

Normalization operations

% of normalized candidate rules

Lexical
Contextual
Syntactic

— Decomposition

— Restructuration

61%

57%
100%
40%

32%

Rule normalization
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@5 semEx
File Edit View Settings

SemEx rule editor perspective

[ [ search Engine [ Annotator @ [ Navigator

- @ Ra6[if the SafetyBeltAssembly is intel
- @ R27[if the SafetyBeltassembly is i
@ R28[if the y yi

In that case, when the dynamic test has been carried out for a type
of vehicle it need not be repeated for other types of vehicle
where each anchorage point is less than 50 mm distant from the

~ @R18[A 5 daN load shall be attached to the I
- @ R19[For the micro_slip_test a 5 daN load

- @ R20[For the micro_slip_test a 5 daN |

@ R23[For the micro_slip_test the tot|

@ R22[For the micro_slip_test the upj

@ R21[For the micro_slip_test a 5 da

~ @ R13[The test shall be carried out at a temps
- @ R14[The micro_slip_test shall be carried

- @ R15[The temperature of the micro_sli

@ R16[The temperature of the micro

@ R17[The temperature of the micro

- @ RS[If the strap slips or breaks at or within 1
- @ RGIIf the strap slips or breaks at or withi

@ R10[If the strap breaks at or within
@ R9[If the strap slips then the Testol
- @ RElIf the strap slips or breaks at or wi

point of the tested belt.

Editor

In that case, when the dynamic test has been carried out for a type
of vehicle it need not be repeated for other types of vehicle
where each anchorage point is less than 50 mm distant from the
corresponding anchorage point of the tested belt.

Conclusion :

Revisions :

Refers to :

Subrule of :

User name :

Editing date :

1 Base Rules| g Pattem base = 0| & Vview a rule & Edit a rule | Browse the rules =g
- @Rule
= Al 4 | | = | | $ | | ?
- @ R24[In that case, when the dy test ha
- @ R25[In that case, when the dynamic_test ||| Initial version

R24
R:

R26
R24
R25

R26

06/02/2011

-~ @ RIIIf the strap slips or breaks at or wi

@ R12[If the strap breaks at or within

Informations

Qe

Type : Concept

A. Nazarenko
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An iterative process

SELECTION NORMALIZATION

revision revision: Candidate rule 4
I_ I_ | _Structural rule

position:

[Candidate rule 1] [Candidate rule 2] [Candidate rule 3rdecom 1 revision—y
A Candidate rule 6
Candidate rule 5

Input A set of textual fragments extracted from the source text (NL)

Source
documentation
XML

Process A sequence of normalization operations applied on each
fragment (Human control)

Output A set of rule statements that are independent, decontextualized,
unambiguous, (possibly) structured into premise and conclusion

A derivation tree of candidate rules (Controlled Language)

IF a test has a duration less than 6 hours, THEN the test is InvalidTest

A. Nazarenko Rule normalization 41/55



Underlying index structure

Documents Semantic model
Ontology
OWL
s .
S Indexing
Regulation links .
XML f/ RDFa Cancfldate
& rules
————— |

A documented rule model
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Outline

Rule formalization
Turning CR into decision rules
Consistency checking
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Further semantic transformation

The business expert in charge of the normalization of rules often cannot
achieve their semantic transformation
» His/her job is to clarify the business knowledge
» He/She is usually not aware of the details of
» the implementation language
» the way the rules must be finally encoded to be machine processable

New semantic operations are required to describe the real business
processes (expected vs. deviant)
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Decision rules

» Taking a decision = choosing an action in a set of possible actions
» A decision rule

1. the set of actions among which one must be chosen
2. the triggering conditions of the decision rule
3. the action to be undertaken
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Decision formalization method

» Approach
» Splitting problems
» Relying on decision variables
» A two-step process
1. Create a detection rule stating that a decision has to be taken

Premise same conditions as a standard rule
Conclusion a decision variable

2. Create a decision rule associating a decision to a decision variable

Premise a decision variable + (specific sub-conditions)
Conclusion an action

A. Nazarenko Rule formalization 46/55



Example

Candidate rule The car must be returned at the return branch

Detection rule If the drop-off location of a rental is not the return branch
of the rental , the rental is elsewhere-returned

Decision variable the rental is elsewhere-returned
Decision rule If the rental is elsewhere-returned then ACTION

» Breaking: “cancel the rental” or “end the rental”
» Re-trying: ask the renter to drop-off in the right place
» Repairing: “charge a penalty”
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Consistency checking

Non process is error prone
» Extraction: long-distance dependencies
» Normalization: interpretation incosistencies
» Formalization: formal inconsistencies [Fink et al., 2012]
The index structure supports consistency analysis [Nazarenko and Lévy, 2013]
» Select all the candidate rules with the concept C in the premise
» Select all the candidate rules derived form sentences with the word W

» Select all the candidate rules derived from the candidate rule CR

Documents Semantic model

Ontology
OowL

Indexing
links

RDFa | candidate

rules

N
Regulation:
XML Z

—
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Outline

Conclusion and Future work
Documented BR Model
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Overall architecture

Terminae

Ontology
acquisition

S—
Linguistic
knowledge

SPARQL
QUERY

Ontology

Index

Enriched index

Business
rules

Selected
elements

— Decisions

Conclusion and Future work
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Integrating LN sources in decision systems
Of course, human expertise is required for
» Understanding the business case (documentation & target application)

v

Building the relevant domain ontology [Omrane et al., 2011b]

v

Selecting the relevant rule fragments in the source documentation
» Rephrasing those NL fragments into CL and formal statements
» Modeling and formalizing the candidate rules wrt. the target application
but the Documented rule model integrates NL sources in rule systems
» Acquisition of rule that are anchored in source NL regulations
» Traceability of the rule base and system decisions
» Joint maintenance of the NL regulations and the knowledge base

Documents Semantic model
A Ontology

Mz.‘ owt

a Indexing

links - A

RDFa '. Candidate
\ bl

Regulation:
XML %
4
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Further assistance to formalization

» Current SemEx platform

v

v

>

>

Overall methodology

Set of normalization operations
Semantic and keyword annotation
Interfaces

» Future work

A. Nazarenko

»

>

>

>

Integration of NLP tools

» Anaphora detection and resolution
» Syntactic pattern recognition
» Syntactic transformation

Stronger controlled language

» Syntactic validation of the resulting candidate rules

» Semantic conformance wrt. the underlying semantic model
Dynamic updating of the ontology
Machine learning of patterns

Conclusion and Future work
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Dynamic updating of the ontology

SemE
emex O}%O\i;b Ontology
Ontology
S—
Linguistic
knowledge

acquisition

Enriched index

Semantic annotato

Business

SPARQL rules

QUERY

,
7 // -
Selected — Decisions

elements
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Dynamic updating of the ontology

SemE
emex O}%O\i;b Ontology
Ontology
S—
Linguistic
knowledge

acquisition

Enriched index

Semantic annotato

Business

SPARQL rules

QUERY

,
7 // -
Selected — Decisions

elements
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Machine learning of patterns

» Rule detection

» It relies mainly on combinations of indices
» Those indices and their importance vary from one corpus to another

» Rule normalization
» The same patterns of rule are transformed in the same way

» Consistency checking

— Towards interactive and incremental machine learning
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