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Abstract
Legal Business Contracts govern the business relationship between trading business
partners. Business contracts are like blueprints of expected business behaviour from
all the contracting parties involved. Business contracts bind the parties to obligations
that must be fulfilled by expected performance events. Contractual violations can lead
to both legal and business consequences. Thus it is in the best interests of all parties
concerned to organise their business process flows to be compliant to the stipulated
business contracts terms and conditions.
However, Contract Management and Business Process Management in the current
information systems domain are not closely integrated. Also it is not easy for business
domain experts or information systems experts to understand and interpret the legal
terms and conditions into their respective domain needs and requirements. This thesis
addresses the above two issues in an attempt to build a semantic bridge across the
different domains of a legal business contract. This thesis focuses on the contract
execution phase of typical business contracts and as such views contract obligations
as processes that need to be executed and monitored. Business workflows need to be
as close as possible to the stated contract obligation execution workflow.
In the first phase, a framework for modelling and representing contractual knowledge
in the form of Multi Tier Contract Ontology (MTCO) is proposed. The MTCO uses
conceptual models as knowledge representation methodology. It proposes a structured
and layered collection of individual ontologies moving from the top generic level
progressively down to specific template ontologies. The MTCO is visualised as a
reusable, flexible, extendable and shared knowledge base.
In the second phase, a methodology for deducing the Contract Workflow Model
(CWM) is proposed. The CWM is deduced from the MTCO and a contract instance
document in a stepwise user guideline. The CWM outlines the preferred choreography
of business performance that successfully fulfils the execution of contract obligations.
The deduced CWM is visualised as an aid to monitor the contract, as a starting point
for business process integration and business process workflow design.
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1. Introduction
Ever since humanity started trading, business trade relationships have been forged
and carried out. With subsequent developments in the realm of information technology,
especially the Internet, the horizon and scope of business trading has increased.
E-commerce standardization efforts aim to bring the small and medium scale
entrepreneurs at par with established corporate players. A key issue facing the SME1
beginner is the need to be competitive yet efficient, reliable yet fast to grow. A global pool
of re-usable knowledge resources paves the way for promoting such trade relationships.
One such knowledge application domain is in the realm of legal business contracts. Open,
available contract knowledge should help the business entities in understanding their
contractual obligations and their expected fulfilment business behaviour.
Business legal contracts are testaments to the business trade relationship
established. The business contract is like a blueprint for expected business processes and
activities to fulfil the agreed trade relationship. Legal jurisdiction governs and sanctifies the
terms and conditions as expressed in a business contract. Hence, the need to integrate the
contractual terms and conditions into the regular business process workflow is apparent. A
profitable and efficient business workflow should conform or adhere as closely as possible
to the expected behaviour pattern of the contractual obligations. That is, ideally a business
process should be modelled based on the agreed contractual terms and conditions.
However, understanding and interpreting the contractual terms and conditions (as
expressed in legalese) is not an easy task for the business entrepreneur or the information
systems designer. Each of the users of the same legal business contract has a different
purpose for interpreting the contractual terms.
Focusing on legal business contracts alone, we see that the same contract can be
viewed from three different perspectives as illustrated in figure 1 below.

Figure 1: Different perspectives of a Legal Business Contract

1

•

Information Technology, Information System and Software Agent

•

Legal jurisdiction, regulations and government policy.

•

Business process, commercial trade practice

Small and Medium sized Enterprises
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The need for translation, understanding and interoperability between the three
perspectives of the contract is much needed. Starting from the legal language used in a legal
business contract an interpretation to a more easily understandable human language and
hence forth to machine-understandable language is needed. To understand the nature of
the research problem, we present a closer look at the three perspectives of the legal
business contract below:

1.1 Information Technology, Information system, Software Agent
One of the foremost requirements of any information management system is
coherency and precise clarity, which should enable anyone to understand the purpose,
meaning and implication of any such information system. The same applies to the field
of contract management.
Contract management software tools available today mostly adopt a document
centric view of a contract, which is processing a contract as a physical or electronic
document containing text and data. Some researchers like Karlapalam [26] have modelled
the contract terms and obligations as choreography of processes thereby promoting a
process centric view of a contract. The approach is valid and sound, however certain aspects
like the semantics or implied implications of a contract are not successfully handled. The
third legal centric view adopted by the legal domain experts interprets implicit and explicit
aspects of a contract. However it is at times complicated for the non-legal contract user
to understand.
None of the three prevalent approaches for handling contract management alone
are sufficient enough or are clear, precise enough to be of much use to the diverse users
of contractual information. There is a need for a more coherent and integrated approach
to model and represent contractual information. Recent efforts like that of the Semantic
Web [6], which aims at making the Internet machine-readable and searchable source of
information, could be one such approach for contract information management.
This research proposes a methodology for contract information modelling,
representation and interpretation using an approach that is a combination of the document
centric, process centric approach methodologies and the legal centric perspective of the
contract. This research views legal business contracts as legal instruments containing not
only meta-data information but also is a choreography of processes which are executed
through business performances.

1.2 Legal Jurisdiction, Regulation, and Government Policy
Contracts are first and foremost legal instruments. They testify the nature and
terms agreed between contracting parties. Hence, each contract is primarily bound to the
jurisdiction and regulatory law under which it is signed. This legal centric view of a contract
cannot be ignored in any contract management methodology. There are efforts ongoing
to standardize the regulations on a global basis. Within the European Union, the EC
Directives 982[72] have been adopted to facilitate e-commerce. Other organizations like
the International Chamber of Commerce3 have been instrumental in recommending
standard models for contract delivery terms (INCOTERMS4), etc. Other international
collaborative organisations like the United Nations have adopted model contract law

2

EC Directives 1998, available online at
http://europa.eu.int/comm/enterprise/newapproach/standardization/harmstds/reflist.html (accessed last
on 12-11-2003)
3
International Chamber of Commerce, http://www.iccwbo.org/
4
INCOTERMS 2000, can be got from ICC, http://www.iccwbo.org/index_incoterms.asp
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(UNCITRAL5 model law for contracts), or standard product codes like the UNSPSC6 or
CPV7. However, law governing trade and commerce may vary from nation to nation.
Thus, any business contract that is negotiated must take in to account prevalent local
regulations. Within the framework of information systems, this implies a need for a
translation from technical legalese in to more human or business oriented translation and
thereafter machine understandable format representation of the same contractual terms.

1.3 Business Process, Commercial Trade Practice and Concept
Every organization has its own in-house business policies and practices. They
have certain code and recommended strategies for customer relationship management or
their enterprise resource planning or even standard contract terms and conditions.
Sometimes, an organization may be flexible and have differential terms with various
customers. However, the business workflow would in all probability be the same for all.
But, if an organization wishes to maximize its efficiency and profitability then either they
should agree to terms that are conforming to their regular workflow pattern or they
should be able to adjust their business process flow to be compliant to the contract
terms. In other words, business process management cannot remain isolated from
business contract management. Legal business contracts govern the business process and
the business process influences the actual contract formation. Thus the process centric view
of a contract is further strengthened by the business and commercial practice domain.
As seen above, the three identified perspectives of the same contract cater to
different objectives and needs. At present the boundaries between these identified
perspectives are not cohesive and interaction between the perspectives is not easily
feasible.

1.4 Research Problem
Contract knowledge management is a crucial issue in the enterprise management
perspective. However, as seen from chapter 1.1, the various approaches deal with the
contract in one or more defined perspectives. An integrated, coherent approach for
contract knowledge management is needed. Specifically, legal contract knowledge is
isolated from business process knowledge in current information system approaches.
Shared common understanding integrating the three perspectives of the contract domain is
missing.
The research problem, focused in this thesis, is to bridge the chasm between legal
contracts, business process with respect to current information system requirements. The
identified gap needs to be filled in a coherent and meaningful manner that fosters easy
shared understanding for both humans and machines. Shared understanding needs to be
fostered in a flexible, extensible, simple and reusable form.
A secondary problem is that business processes or workflows are designed and
executed independently of the contractual expectations. Contracts outline the expected
business behaviour from the parties involved. Contracts have binding obligations that are
to be executed through the performance of business processes. Thus contracts need to be
monitored and at the same time they should govern the design of the actual business
workflow.

5

UNCITRAL: United Nations Commission on International Trade And Law.
http://www.uncitral.org/english/texts/
6
United Nations Standard Products and Service Codes (www.unspsc.org)
7
Common Procurement Vocabulary for product codes
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1.5 Research Goal
This research aims to solve the two problems identified in chapter 1.4 namely,
•

To foster reusable shared contract understanding: A contract
knowledge modelling approach using current information system
methodologies is proposed which would represent an integrated view of
business and legal domain. This contract knowledge base would bridge the
gap between contracts and business workflows. The proposed contract
knowledge model would target human understanding as the primary users.
The same should also be machine-understandable and searchable to
promote automated processes like contract monitoring, performance
monitoring, contract drafting etc.

•

To bridge the chasm between business contracts and business
workflow. A simple, easy-to-understand interpretation of the contractual
terms and conditions and their relation to business processes or workflow
is also proposed.

This research aims to achieve the above objectives by proposing a methodology for
contract knowledge representation in the form of a reusable contract knowledge base.
Thereafter the same proposed knowledge base is used to model the expected choreography
of business processes as stipulated in a contract. The proposed contract workflow
methodology is also used to monitor the obligation fulfilment of legal business contracts.
The contributions of this research may be more specifically summarized as follows:
•

To foster shared understanding:
A Multi Tier Contract Ontology framework is proposed to capture the
conceptual models of various contracts followed by their translations to
machine understandable formats.
Conceptual models for representing contract knowledge from legal domain
are presented with a focus on business contract types. The conceptual
models for a typical business sale of goods scenario are presented using the
proposed Multi Tier Contract Ontology (MTCO) framework.
A detailed analysis, categorization of contractual obligations on a generic
level is included as a part of the conceptual models. This thesis identifies a
set of obligation states that are abstract states through which any obligation
passes through during the contract obligation fulfilment process.

•

To integrate contract knowledge with business processes:
We propose a methodology for deducing Contract Workflow Model based on
the contract knowledge represented in the MTCO. Contract Workflow
Model (CWM) is intended to be a rough outline for recommended
business workflow process that would be compliant to the stated
contractual terms and conditions.
A practical user guideline for information system experts to deduce the
CWM starting from a contract instance is also proposed.

1.6 Research Method
The research problem was analysed and the above goals were proposed after
careful considerations of existing practical problems faced by the domain experts in

9

information systems, business management and legal systems. The most common obstacle
was found to be the understanding of each expert of the other domain.
Thus the first step adopted in the research methodology was a detailed study
and analysis of available background information of the problem area.
•

Legal contractual background was gathered from available literature,
standards and recommendations like UNIDROIT8, UNCSIG9,
UNCITRAL10 Modal Law, UN Recommendations, and INCOTERMS
[39] etc. Various legal experts including lawyers, judges practicing in
different international jurisdiction, have provided further input.

•

Typical business procedures and policies have formed another set of
empirii for this research. Again literature survey and domain experts have
been the source for the accumulated data and information.

•

Current information system technology and existing methodology for
contract management were studied. Various commercial tools available for
contract management were also studied to analyse the characteristics and
shortcomings of existing methodologies.

Based on the empirii from the three different domains a deductive approach
was adopted to design the methodology for the contract knowledge modelling
and representation.
•

Recommended contract models and sample contracts formed the source
for typical business contracts.

•

A bottom up deduction methodology was used to deduce the conceptual
models for the various levels of the proposed MTCO. Available contract
forms like that of ICC’s Commercial International Sale of Goods11 [63]
contract were first analysed to deduce the lowest level of the MTCO.
Thereafter, observing common patterns across similar contract types, the
conceptual models for the preceding level was deduced and by similar
process the top most generic and abstract level for the MTCO.

Once the knowledge base for contractual information in the form of MTCO
was designed, the second phase of this research, to integrate the contract
knowledge to business processes was initiated. A deductive cum inductive
approach has been taken for this part of the research.
•

Based on the analysis and conceptual models presented in the MTCO, a
contract compliant workflow was deduced.

•

A stepwise methodology in the form of a guideline was designed and its
validity tested by applying the proposed guideline to various sample
instance contracts of the same contract type.

8

UNIDROIT principles of International Commercial Contract, 1994, available online at
http://www.unidroit.org/english/principles/pr-main.htm, last accessed on 12th June 2003
9
United Nations Convention on Contracts for the International Sale of Goods, 1980, available online at
(accessed on 12th June 2003)
http://www.jus.uio.no/lm/un.contracts.international.sale.of.goods.convention.1980/doc.html
10
United Nations Commission on International Trade And Law. http://www.uncitral.org/, accessed on
12th June 2003
11
ICC International contract for sale of goods, published by ICC books, 2002
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A detailed discussion of the different theoretical background as well as the research
choices made is discussed in chapter 2.
Given the cross-domain nature of the research problem, an extensive theoretical
and background study has been a focal point of the research methodology. The strength of
the adopted methodology is that emphasis on human-to-human knowledge transfer and
fostering shared understanding is one of the key factors. Though alternative approach
methodologies for contract management have been proposed in the realm of artificial
intelligence and other domains (discussed in chapter 2.1), the approach adopted in this
thesis stands out due to its simplicity, reusability and coherency.

1.7 Result Evaluation
We used our proposed MTCO conceptual models to evaluate its usability in the
research aim of fostering human knowledge transfer. We tested our conceptual models
on novices to software design principles including legal experts and business strategy and
policy makers.
Proof-of-concept implementation for transformation of UML12 conceptual
models into machine-understandable ontology formats like RDFS13 and DAML14 have
been carried out successfully. This shows that our methodology is useful for both
humans as well as machines. This technology dependent transformation also vindicates
our stand on representing contractual knowledge on a conceptual level using standard,
graphical and easy to understand language like UML. The same conceptual models can
be interpreted and transformed into whichever technological format as required like
ontology, databases or any other prevalent knowledge base representation format.
For the second phase of our research goals, to facilitate contract monitoring and
business integration by deducing CWMs, we generated guidelines in the form of a user
manual for a prospective user to follow. However, since the focus so far has been only
on a single business contract type, namely sale of goods contracts, the user guidelines
have been tested with sample contract instances from the same contract type only.
Extended tests on other contract types is possible once other business contract type
conceptual models are also deduced. This aspect of the research is part of ongoing work.

1.8 Thesis Overview
This thesis begins with a description of the background, research problem and
goals in Chapter 1.
Owing to the wide range of the theoretical background influencing the identified
research problem area, the thesis presents background information and related research
approaches grouped by the domain to which they relate in Chapter 2.
Chapter 3 presents the MTCO framework and excerpts from the conceptual
models deduced. The target audience for this thesis are those involved in the
information system management domain and have working knowledge of the basic
concepts of legal business contracts as well as fundamental ontology design guidelines.
Attempt has been made to include basic interpretations of the legal terminology in this
thesis wherever possible (Chapter 3 specifically). Chapter 4 concludes with a discussion
on proof of concept implementations of the MTCO.

12

13

Unified Modelling Language. , http://www.uml.org/, accessed on 5th June 2003

Resource Description Framework Schema, W3C candidate recommendation 27
march 2000, http://www.w3.org/TR/2000/CR-rdf-schema-20000327/
14

Darpa Agent Markup Language
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Chapter 4 presents the CWM methodology. User guideline is included in Chapter
4.2. A sample contract analysis and walk through using the proposed CWM user
guideline is presented in Chapter 4.3.
Chapter 5 discusses the conclusions and future work.
Parts of this thesis have been published as papers in conferences and workshops
[23, 24, 25] as listed below and the author of this thesis is the first author in all the
papers:
• Kabilan, V. Johannesson, P. Semantic Representation of Contract
Knowledge using Multi-Tier Ontology, Published in the proceedings of
Semantic Web and Databases workshop, SWDB 2003
•

Kabilan, V. Johannesson, P. Rugaimukammu, D. An ontological
approach to Unified Contract Management. The proceedings of 13th
European Japanese Conference on Information Modelling and
Knowledge Bases, held on June 6-7th 2003,Kitakyushu, Japan. Published
by ISO Express.

•

Kabilan, V. Johannesson, P. Rugaimukammu, D. Business Contract
Obligation Monitoring through use of Multi-Tier Contract Ontology.
Proceedings (Springer-Verlag Publications) of Workshop on Regulatory
Ontologies (Worm CoRe 2003), November 2003, Italy.
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2. Theoretical Background
The identified research problem (Chapter 1.4) spans across different domains and
thus the theoretical background based on which this research has been conducted also
spans across different fields of related research work. The main fields of related research
work from which guidance and inspiration has been drawn may be grouped as:
•

Contract Management: Since the research problem and goals deal
primarily with contract execution analysis, related work in the realm of
electronic contracting as well as traditional contract management form a
primary basis for this research.

•

Knowledge Management: In order to foster shared and reusable
understanding, we need to model, capture and reuse the contract
knowledge efficiently. In this context this research has adopted proposed
theories from other related research works in the field of knowledge
management.

•

Workflow Management: As stated earlier, the contract defines a set of
terms and conditions, which are to be carried out by the parties agreeing to
the contract. This research defines a legal business contract to be a legal
description of a set of objects (including obligations, prohibitions and
rights) that are to be fulfilled by execution of corresponding business
behaviour on the part of the parties. The proposed CWM methodology is
based on workflow and process flow design methodologies.

•

Ontologies: Contract knowledge is proposed to be modelled and
represented using Ontology for knowledge representation. We base our
definition of ontology on Gruninger and Uschold’s [46] definition as:
‘Ontology is a shared understanding of some domain of interest, which is
represented as a set of concepts (e.g. entities, attributes, and processes),
their definitions and their inter-relationships.’ Thus the proposed MTCO
takes the form of conceptual models that can be implemented in diverse
knowledge representation languages. We have adopted and integrated
several ontology design methodologies as discussed in Chapter 2. Another
aspect of ontology is the growing impact of the Semantic Web [6] activity.
The Semantic Web can be used effectively to shared and reuse the
proposed MTCO.

2.1 Contract Management
Contracting encompasses several stages namely conception where parties identify
each other, negotiation where offers and counter offers are made, contract establishments
which leads to signing and finally workflow execution accompanied by monitoring and
fulfilments, as summarized by Angelov [3], seen in figure 2 below.
Offer
Catalog

Negotiation

Signing

Workflow
Execution

Figure 2: Contract Knowledge Management Methodology
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This research focuses on the workflow execution phase of contract knowledge
management methodology. We believe that a contract instance is executed through a series
of workflow like processes in tandem with business process flows.
Electronic contracting projects like that of COSMOS15 have proposed architecture
and framework for the automated contracting process. Griffel in [14] has described the
technical foundation for the COSMOS project as based on CORBA16 and the Business
Object Model. They present the Contract Object Model to identify the main component
classes of their object model. The COSMOS project identifies who, what, how, legal parts of
any contract. The fundamental concepts are similar to the ones proposed in the MTCO.
However, in the legal part the approach taken in COSMOS has veered towards a textual
document centric analysis. The actual contract has been modelled as a composition of legal
paragraphs containing clauses etc. The primary objective of COSMOS has been to facilitate
electronic contracting through all the phases from negotiation using service brokers,
contract drafting using component-based contracts. They have used PAMELA (Petri-net
based Activity Management Execution Language) to model the contract execution flow
model. This research proposes the use of UML (Unified Modelling Language) as
knowledge representation language and predominantly focuses on contract execution
monitoring and workflow deduction using EPC (Event Process Chains).
While COSMOS has taken a document centric view of the contract, Yao-Hua Tan has
dealt in detail with directed obligations, permissions involved in trade contracts in [44]
from a legal and an action (process) centric view. He has used deontic logic to model the notions
of permission, rights and obligations. He aims to resolve ambiguity in interpretations of
trade relationships by building formal models for the obligations involved. He has viewed
obligations as relationships between two agents. He also introduces the concept of bearer
and the counterparty agents who are the two roles of the parties involved in the trade
contract. He has modelled several instances of legal obligations and permissions and their
legal implications. However, we find that he has not considered the business domain aspect
of a legal contract. The relationship between an obligation and its corresponding
performance or non-performance has not been taken in to account in the obligation
model. Also, the remedial option for obligation non-fulfilment has been assumed to be that
of only legal action, which is not always true in the business domain. In another paper [43],
he has demonstrated the use of event semantics to model contracts and then used prolog
to implement the model. Thus, though we agree with Yao-Hua Tan’s fundamental theories
regarding obligations, their types and nature, we differ in our methodology of modelling
and monitoring the obligations. We propose a human oriented approach for contract
obligation monitoring. Business is always carried out between human counterparts.
Business decisions and strategies, however rigid, are always subject to flexibility and
change. Thus automated and rigid contract enforcement and monitoring is not a practical
solution.
In another electronic contracting research, A Daskalopulu has analyzed contracts
for the purpose of establishing contract performance monitoring in [9,10,11,12]. She has
also promoted the legal centric view to a contract. Her work has been focused around
automated contract enforcement and monitoring. She has identified the main issues for
contract performance monitoring as (excerpt from [11]):
•

To establish what each party is obliged or permitted or prohibited to do at
a given point of time.

15

Common Open Service Market fOr Small and medium-sized enterprises Project. http://vsiswww.informatik.uni-hamburg.de/projects/cosmos/index.html
16
Common Object Request Broker Architecture from the Object Management Group. www.corba.org
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•

To determine whether each party complies with the behaviour stipulated
in the agreement

•

Where a party deviates from prescribed behaviour, to determine what the
remedial mechanisms that are applicable, that might return the business
exchange to a normal course.

The objectives for establishing the proposed Contract Workflow Model (CWM) in
this thesis are similar to those stated above.
Daskalopulu also holds the view that software agent aided electronic contract
enforcement and performance monitoring is too restrictive for realistic commercial
purposes. Thus she proposes a framework for an artificial controller who forms an opinion
based on evidence-based reasoning. In this aspect, Daskalopulu uses Subjective Logic to
support her proposal. She has modelled state diagram for contractual transactions like that
for a simple pizza-ordering example as illustrated in figure 3 below, extracted from her
publication [10].
s:α

p:β

S0

S1

not s : α

S2

not p : β

S4

S3

Legend:
S0 to S1: Delivery successful
S0 to S3: Delivery Unsuccessful
S1 toS2: Payment Successful
S1 to S4: Payment Unsuccessful
S5: Intolerably Unacceptable

S5

Figure 3: State Diagram for simplified pizza delivery
example (adapted from Daskalopulu)

She has associated the events occurring like the delivery of pizza( S0 to S1), or the
pizza not conforming to the order or the pizza being late, etc to the obligation status going
from obligation satisfactory(S1) to obligation unsatisfactory(S3). In case of exceptions, she
proposes a tolerably unacceptable (s3) state, where in the transaction may return to normalcy,
like if the right pizza is redelivered (S1), or in intolerably unacceptable (S5) state, when the
transactions cannot be recovered, like when the agreements are terminated and litigations
started. In [10], a combination of modal action logic and deontic action logic has been used
to represent the normal, tolerably acceptable and intolerably unacceptable states more
distinct. We have drawn inferences and guidance from this and other works of
Daskalopulu in our ongoing research methodology. We propose a similar obligation state
classification and a transformation in response to the performance of business activities.
However, our methodology differs in the manner the research goal is achieved. She has
used subjective logic to model obligations and we propose the use of contract ontology
(reusable knowledge base) and simple CWM to obtain a similar result.
Moving on we find efforts in the current trend for adopting XML as standard
business language for information system. Grosof in [15] has proposed Courteous Logic

15

Programs as a declarative approach to model the business rules and policies as expressed in
contracts. Grosof has further presented a XML based rule representation language RuleML
and has also used it with ontologies to produce SweetDeal [16], an approach to aid
automated creation, evaluation, negotiation and execution of contracts. He has viewed
contracts as specification for processes thereby conforming to the process centric view.
Business practice (rules and policies) play a major role in his approach for handling
contracts. He has dealt with two of the domains, business and information technology, but
has not ventured in to the legal aspects of contract. There exist possibilities of integrating
other contract ontologies like our proposed MTCO to the system as proposed by Grosof.
Thus, the business rule and policies as expressed by RuleML may be interfaced with the
MTCO to be able to support the various phases of the contract life cycle (figure 2).
On business process and contract process views, we also find Heuvel and
Weigand [22], who have presented integrated enterprise architecture to integrate
contracts with business workflow and business objects. They have visualized contracts as
the binding glue to cross-organizational business workflows. Contracts are scenarios
denoting sequences of transactions. They introduce a business contract specification
language (XLBC) to link to CDL (Component Definition Language) specification of
business object based workflows systems. They have based their contract specification
language on the Formal Language for Business Communication (FLBC) to specify
contracts between enterprises. FLBC catered to EDI standards, and XLBC is an adapted
XML version. XLBC architecture is a layered structure from speech acts as an elementary
block to workflows and finally contracts, as seen in the figure 4 from [22].
Speech Act
Transaction
Workflow Loop
Contract

Figure 4: The Multi Levelled Communication Patterns

Contracting using XML based approaches also includes efforts of Goodchild [13]
who analyzes the fundamental concepts for a business contract and models the contract
using UML and XML. However, he has viewed the contract as a document and has placed
emphasis on the physical characterization of a contract contents.
Milosevic and team have formulated another business domain and contract
integration approach. They propose a framework called Business Contract Architecture
[35]. Milosevic defines a contract in [36], as ‘Contract is an agreement governing part of the
collective behaviour of a set of objects it specifies obligations, permissions, and
prohibitions of the objects involved, all of which are regarded as constraints on the objects
behaviour in relation to other object.’
In the same paper, Genetic Software Engineering method for behaviour trees have
been used to identify and model components, states, events, decision and constraints along
with causal, logical and temporal dependencies.
In Business Contract Architecture, automation of contract activities like drafting,
negotiation, monitoring and enforcement has been considered through the use of software
agents. Various tools have been designed to handle each aspect. The Contract Form Editor
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tool is designed to draft contracts and is predominantly a document centric approach to
view contracts as textual documents. A Contract Repository is proposed to store all
contract instances and a Contract Notary is aimed to monitor and track negotiations.
Finally, a Contract Monitor is visualized to monitor the contract execution and monitor
performance.
As stated earlier, we hold the view that such rigid enforcement agents cannot
simulate the necessary and practical commercial aspects when the human counterparts
rather than artificial agents plan decisions and strategies. However, this research does agree
with Milosevic on the central role played by obligations, permissions and prohibitions in
the context of contractual execution monitoring.

2.2 Knowledge Management
Knowledge Management is gaining momentum due to increasing developments in
the field of e-commerce. As mentioned earlier, organizations need to re use and harness
their knowledge to increase their efficiency, performance and profitability.
Data

Information
CONTRACT & BUSINESS
CONTEXT

Analysis and Decision

Knowledge

Figure 5: Contract Knowledge Life Cycle

Knowledge exists in various forms as described by Suresh R. in [42].
Contemporary knowledge management principles propose that information and data
embedded in many different aspects of business management from decision, strategy and
marketing or that of customer relationship or trade partnership, need to be collated in a
central base (refer figure 5). Dispersed data provide information with respect to a particular
context. Information is analyzed and processed to provide knowledge about the same
context. Knowledge is ultimately useful to modify, re-engineer or construct the very basis
of business processes, which provided the information to start with. Thus we see that this
cycle of information and knowledge transformation leads to a better business process
management.
For example, a typical business sale contract between two different business
organizations contains data important to the business activities like delivery date or shipping
address or payment currency etc. The data put together, provide information regarding the
procedures to be followed for delivery or payment. Information regarding expected delivery
procedure and the possible repercussions of deviations provide the business enterprise
with knowledge of their contractual obligations, and the expected fulfilment patterns. This in
turn influences the business management to take appropriate steps in the actual execution
of the business process so as to comply with their obligations. The performance of the
business process provides the data (like actual delivery date, or actual shipment date or
payment received date), which is used to compare and monitor the compliance of the
executed performance with the stipulated information or contractual obligations. Knowledge
from such information can be used to further change of improve the entire process and so
the knowledge management cycle goes on.
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A legal business contract contains different types of knowledge, using the
classification of knowledge as proposed by Suresh in [42].

•

Explicit Knowledge like the identification and details of the contracting parties, the
consideration of the contract.

•

Implicit Knowledge like the competence of the parties to carry out their promises or
the intent of the parties to be legally bound.

•

Procedural Knowledge of expected behaviour from the other party, like say, the buyer
will release payment upon delivery of the goods by the seller.

•

Declarative Knowledge, like rights and prohibitions which are stated in a contract,
include warranties, guarantees or jurisdiction under which they are bound etc.

•

Strategic Knowledge of knowing when to do something, like how a non-performance
may be remedied or what is the possible repercussions of a breach of contract.

The above stated knowledge life cycle and classification of knowledge forms the
fundamental basis for the contractual knowledge extraction and representation
methodology for the MTCO.
The MTCO models explicit, declarative and strategic knowledge contained within a
contract. Interdependencies and relationships between the components of a contract are
represented. The three-tier contract ontology is a stratified presentation of information,
moving from the most generic global contract ontology domain to the shared contract ontology
domain and further down to implementation specific template contract ontology.
The procedural knowledge and strategic knowledge as presented through the
choreography of obligations and performance events in the contract are then modelled as a
set of CWMs of contract.

2.3 Workflow Management
Workflow management tools are now being used to support and control business
managerial responsibilities. W.M.P van der Aalst has proposed a Petri Net-based approach
for modelling workflows [1] as well as formalised the use of event driven process chains
for workflow modelling [2]. From his works, we adopt some of the fundamental concepts
pertaining to workflow management as well as business process models [3], a brief excerpt
from his definitions:
• Task: A task is defined as a piece of work to be done in a pre determined time
interval.
• Job, Job State: A job is a process modelling the execution of an amount of work
according to a given procedure. It is characterized by a sequence of events or a
sequence of states. As per van der Aalst, a job state is a snapshot of a job at some
moment in time. The job state is said to contain all information of the history of
the job at that instant and the future execution too. A task may be a precise piece of
work within the described job.
• A workflow is defined as a partially ordered set of jobs.
We propose a similar hypothesis for the analysis of contract obligations. We model
obligation states to capture the information relevant to that obligation as the fulfilment is
being executed. An in-depth analysis of our hypothesis is presented in chapter 3.1. We
further model the co-relation of individual obligation to their fulfilling activities, performance
events. Detailed explanation of these concepts and terms can be found in the chapter 3.1.1.
This relationship between obligations, obligation states and performance events forms the
foundation for the proposed CWM methodology (discussed in detail in chapter 4).
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We visualize a contract as containing directive or informative guidance for the
execution of business activities or tasks that will in turn fulfil the obligations expressed in
the contract. Similarly, we define a contract workflow as a partially ordered, parallel set of
obligations for the parties involved, and the corresponding fulfilling performance events.
Karlapalam [26] et al has proposed a framework for modelling electronic contracts
using a workflow approach. They have used traditional Entity Relationship (ER-R) data
model to represent a contract. They propose that a contract may be represented as an
ordered list consisting of {P, A, CL}, where P=P1, P2…Pn} is the set of parties, n>= 2; A
is the set of Activities to be performed by different parties; CL is the set of clauses. They
have linked the clauses with activities fulfilling them. Information from the contract
including parties, activities and clauses are stored in a database. Events and their exceptions
are handles as database events. On the other hand, they present workflow models for task
activity model. Finally they have mapped their contract ER EC model to a workflow
specification as:
1. Parties from a contract are mapped to agent types and roles in a workflow.
2. Activities from the contract to workflows are mapped to activities in workflows.
3. Contracts themselves are mapped to events that occur in the workflow.
4. Clauses of a contract are mapped to conditions that need to be satisfied in a
workflow.
5. Exceptional handling clauses in a contract are mapped to additional activities in a
workflow.
6. Payments and contracts instances are mapped to physical documents and
additional input output events in a workflow.
We see that Karlapalam has adopted a document centric analysis of a contract and
mapped them to workflow approach methodology.
The proposed methodology for CWM has been based on above-mentioned
workflow-based approaches. However, the proposed CWM builds on the reusable shared
knowledge base, MTCO.

2.4 Ontologies
Ontologies have become popular outside the realm of knowledge representation
and data storage communities. Ontologies have become the basis for many automated
reasoning software agents and tools. According to Gruber [17], ontology is defined as a
“specification of a conceptualization”. Gruber has focused on the explicit specification of
all concepts for artificial intelligence purposes. Ontologies are associated with taxonomies,
vocabularies of terms and definitions, along with logical axioms and statements supporting
automated inference systems. Ontologies are also used for interoperability between
systems, communication between people and organisations and for systems engineering, as
put forward by Uschold and Gruninger in [46].
However, ontologies can serve more distributed application purposes also. The
primary use of our proposed ontology is as a knowledge transfer medium between humanto-human users. Thereafter, the same can be used for human-to-machine and machine-tomachine knowledge sharing purposes. As stated earlier, contract knowledge has to be
primarily imparted and shared between the human counterparts at both ends of a
contractual agreement.
We have adopted ontology design guidelines as recommended by Natasha Noy
and Deborah McGuinness in [37]. McGuinness has also advocated the use of ontology for
distributed applications [34], and she has contributed to the DAML [21], OWL ontology
language specifications too. We have adopted some principles from Noy and McGuinness
guide for ontology development [37] as described in the following section.
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2.4.1 Purpose for creating ontologies
Ontologies are developed for the following reasons, adopted from Noy and
McGuiness [37]:

•

To share common understanding of the structure of information between
humans or software agents: In context of contract knowledge, we found this to
be an essential requirement for sharing knowledge between the different domains.

•

To enable reuse of domain knowledge: As any knowledge modelling,
representation methodology recommends, reuse of knowledge is always a primary
goal. Recommended contract models like the ICC’s Sale of International Goods
[63] contract have lots of pre-defined sets of terms and conditions, which once
modelled can be adapted and re used as is by potential business partners.

•

To make domain assumptions explicit: In case of business contracts, we have
already seen that, the scope extends across different domains. Implications and
consequences of business actions may be felt only in the legal sense, as a breach of
contract requiring legal mediation. Thus, impact of obligations included in the
terms and conditions of a contract are not always explicitly stated in a document.
Such implicit domain knowledge from all the perspectives is to be made explicit in
the proposed framework.

2.4.2 Types of ontologies
Uschold and Gruninger in [46] have discussed in detail the principles, methods
and characteristics of ontologies. They have classified ontologies depending upon their
formality and complexity as a continuum as belonging to the following major categories:

•

Highly informal: which is expressed loosely in natural language

•

Semi informal: expressed in a restricted and structure form of natural language.

•

Semi Formal: Expressed in artificially formally defined language, like the ontolingua
version of Enterprise ontology 17[68].

•

Rigorously Formal: clearly defined terms with semantics, theorems and proofs like
the TOVE18 [45].
The proposed MTCO falls into the category of semi-formal ontology category.
We believe that conceptual models are ontology as per our definition of ontology stated
in the beginning of this Chapter 2. Our belief is further strengthened by similar proposals
by Wagner and Guizzardi [47]. UML as a conceptual modelling language has been
adopted in this thesis. Moreover UML as an ontology modelling language has been
advocated by others like Cranefield [7] for reasons discussed in chapter 2.4.5.
2.4.3 Design criteria for ontologies
Gruber [17] has formulated some criteria for design of formal ontologies mostly
for artificial intelligence purposes as discussed below:

17

The Enterprise Project : Enterprise Ontology
http://www.aiai.ed.ac.uk/project/enterprise/ontology.html
18
TOronto Virtual Enterprise
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•

Clarity: ‘Ontology should be able to effectively communicate its intended meaning
to its users.’ The proposed MTCO uses UML as its fundamental representation
and modelling language for the reasons of its simplicity and clarity as discussed in
chapter 2.4.5.

•

Coherence: ‘Ontology should support inferences that are consistent with its
definitions.’ MTCO should support coherency by the added rules and constraint
layer of OCL in the next phase of the ongoing research.

•

Extendibility: ‘Ontology should be designed to anticipate the uses of shared
vocabulary. One should be able to define new terms based on the existing
definitions.’ The entire multi tier layered structure for the proposed MTCO
supports in its entirety both horizontal as well as vertical layered extensions to the
existing framework.

•

Minimal encoding bias: According to Gruber, the conceptualization should be
specified at the knowledge level without depending upon any symbol or language
encoding. We have used UML notations for capturing and representing the
conceptual models and thereafter we demonstrate the easy translation to formal
ontology languages like RDFS [60] or DAML [21]. Thus not only is our approach
simple, clear, extendible but fundamentally practical having little encoding bias to
any particular ontology representation format. Users of our ontology framework
are free to use the modelled language for whichever application ranging from semi
formal to formal languages.

•

Minimal ontological commitment: Finally, Gruber recommends that ontology
should not restrict the domain being modelled, allowing the users the freedom to
specialize and instantiate the ontology as required. Moving top down through the
MTCO framework, a potential user can choose the degree of flexibility he wants to
implement. The top layer is very basic and has only conceptual definitions. The
second layer is domain specific to a certain contract type, yet it allows a range of
flexibility within that contract type domain. In the bottom layer the user would
have lesser degree of flexibility but would still be able to instantiate his contract by
choosing the appropriate terms from the given choices.

2.4.4

Methodology for design and developing ontologies

Methodology for defining ontology includes identifying the scope and use for the
ontology. Then the domain knowledge is to be classified and concepts identified. Ontology
is defined as a set of classes arranged in a hierarchy or taxonomy, where real world
concepts are modelled as classes, their characteristics as attributes and inter-object
relationships as relationships, properties or axioms.
Guarino [18] has defined ontologies as logical theory accounting for the intended
meaning of a formal vocabulary, i.e. its ontological commitment to a particular
conceptualization of the world. He has further classified ontologies, depending upon their
generality as (figure 6):
• Top-level ontologies: Top-level ontologies to describe general concepts like
time, space, matter, and event that are independent of domain or a particular
problem.

•

Domain Ontologies and Task Ontologies: are described to be ontologies
pertaining to a specific domain or task.
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•

Application Ontologies: Describe concepts that depend upon both a domain and
a particular task, usually being specializations of both ontologies.
Top-level ontology

Domain ontology

Task ontology

Application

Figure 6: Types of Ontology proposed by Guarino

The MTCO has a similar layered structure as proposed by Guarino. But it is
visualised as a more linear structure. The top level is generic and common across all other
lower layers. The lower layers are visualised as progressively specialised ontologies
extending the concepts from the top layer. The MTCO framework supports the addition
of more layers to the existing ones as also the addition of similar ontologies within the
same layer of ontologies.
2.4.5 UML as an Ontology Modelling Language
As stated earlier, the first objective in this research is to facilitate human-tohuman knowledge transfer through shared understanding. We chose Object
Management Group’s Unified Modelling Language (UML) as our conceptual model
representation language.
Advantages of UML as an ontology modelling language has been proposed by
Cranefield [7], Hart, Baklawski et al in [5] as:

•

It has a growing user audience in the software domain for object modelling
languages and other information system design. In our case, those attempting
to integrate business contracts with existing business management applications
are more likely to be familiar with UML than other knowledge representation
languages like KIF 19[69].

•

The graphical notation for UML is easy to comprehend and use and is suitable
for human-to-human knowledge transfer.

•

UML can be extended to suit the need of ontology definitions.

•

Object Constraint Language allows expression of rules and constraints.

Moreover, UML models can be translated into other ontology languages like RDFS
or DAML or even in to object oriented database systems. Cranefield in [8] has presented
methodologies to transform UML ontology models in to RDF and to generate Java classes
from UML using XSLT20.
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XML Stylesheet Language Transformations http://www.w3.org/TR/xslt
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Baklawski [5] has presented some mappings for translating in between DAML
and UML concepts and from UML to DAML, as illustrated in the figure 7 below, which
have been adopted in the proof of concept implementations of the MTCO.
DAML Concept

Similar UML Concepts
Package

Ontology
Class
As Sets (disjoint, union)
Hierarchy
Property
Restriction
Data Types
Instances and Values

Class
Difficult to represent
Class Generalization Relations
Aspects of Attributes, Associations and Classes
Constrain Association ends, including multiplicity
and roles. Implicitly as class containing the attribute
Data Types
Object Instances and Attribute Values

Figure 7: High-Level Mapping of UML and DAML
Concepts

Our proposed MTCO is visualised to be a coherent, reusable knowledge base for
facilitating understanding and to act as interpreter between the different perspectives of
contract. Use of Ontology as a translator or an inter-lingua, has been advocated by
Uschold and Gruninger [46]. As shown in figure 8 below, we propose the use of ontology
as an interpreter between the legal languages of the law, the business process language of
the business domain, human-oriented systems language of the information systems
domain.
Legal

Ontology

Business

IT

Figure 8: Ontology as Interpreter

Ontologies also form an architectural component of the Semantic Web and
comprise the global shared knowledge resource pool.
2.4.6 Semantic Web
The Semantic Web [6] has a visionary goal and objective of making the World
Wide Web as a gigantic knowledge resource. The Semantic Web has been visualized as a
gradual, stepwise tower of semantic languages by Tim Berners-Lee [6] (See figure 9). Our
contribution to the semantic web movement is currently in the knowledge resource
development in the form of ontology. Ontology vocabularies are viable candidate for
such global knowledge pools. Howard Smith [41] has discussed the need of ontology
engineering for the success of the net commerce.
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Trust

Logic
Ontology Vocabulary
RDF + RDF Schema

Digital Signature

Proof

Multi Tier
Contract
Ontology

XML + NS +XML Schema
Unicode

URI

Figure 9: Semantic Web Architecture

The Semantic Web aims to establish the web as a network of meaningful,
machine-understandable data, structured in a layered format. Though in its infancy, the
ongoing efforts show potential for future usability. The semantic web definition
languages like RDF21, RDFS 22[60], or other higher ontology description languages like
DAML 23[21] or OWL24 are all based on XML25. XML is currently gaining popularity as a
standard mark-up language for a variety of applications including e commerce, ebXML
26
[51]. Hence, we visualize that ontologies as a knowledge representation and storage
format will have manifold applications, not restricted to only Semantic Web context but
also to business process management, enterprise application integration and e-commerce.
In this Chapter, we have reviewed the related research and theoretical background
pertaining to the research problem stated in Chapter 1. In the following Chapter 3, we
present the MTCO framework and conceptual models.
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Resource Description Framework.
Resource Description Framework Schema
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Darpa Agent Markup Language
24
Ontology Web Langauge
25
eXtended Markup Language
26
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3. Multi Tier Contract Ontology
Within the realm of business contracts alone, there exist many different types of
contracts27 [61, 66] having different scopes and applicability. It is impractical to represent
all the different types by single contract ontology. Following the ontology design
principle as proposed by Guarino [18], a structured and layered framework for contract
ontology was envisioned. A layered structure provides the scope for defining individual
ontology for specific types yet coherently integrating under one unified framework. The
MTCO consists of a set of structured conceptual models represented using UML. From
the preceding discussion, we have established that conceptual models are an abstract
form of ontology representation. Thus for the rest of this thesis, all references to the
contract ontology layers refer to conceptual models. The MTCO is envisioned to consist
of the following layers (illustrated in figure 10 below):

•

Upper Level Core Contract Ontology

•

Specific Domain Level Contract Ontology

•

Template Level Contract Ontology

Upper Level Core Contract Ontology
Role
Sale of Goods
Contract type
ICC
contract

Consideration

Obligation

Specific Domain Level Contract Ontology

Sale of Boat

Template Level Contract Ontology

Lease Rental
Contract Type
Web page
hosting

Hire
Office

Figure 10: Multi Tier Contract Ontology Architecture

The Upper Level Core Contract Ontology defines all the required and necessary
components of a business contract in order to be legally valid. For electronic contracts,
we would have additional concepts like digital signatures, public key encryption, security
and archiving issues etc. This Upper Level Core Contract Ontology should capture all
the common concepts under one umbrella. The objective is to define fundamental
concepts like actor, role, consideration etc in a generic manner that would be applicable to
any business contract, keeping in mind that the scope of our research problem as limited
to the realm of business contracts.
The second, Specific Domain Level Contract Ontology relates to specific
contract types. Some examples of business contract types include purchase of good,
services, hire and lease rental contracts, employment contracts, business trade
partnership contract, real estate property etc. Each of the contract types may be designed
and represented as an individual ontology. Each of the specific contract type ontology
would define the major concepts particular to that contract type and would specialize and
extend the definitions inherited from the Upper Level Core Contract Ontology. As an
illustration, we propose a specific contract type ontology specification for Buy-Sell of
commercial goods. In this respect, we draw conclusions and guidance from various
27

Contract types, source: www.findlaw.com
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of

internationally adopted legal directives like UNCSIG [47], UNIDROIT [49] principles
for commercial transactions, UNCITRAL [48] model contract law etc. The research has
been focused specially on the obligations and the expected fulfilment through the execution
of performance events. This has been done in order to facilitate easy integration and
understanding of the required business process workflow to comply with the contract
terms.
The third layer, Template Level Ontology is visualized as a group of pre-defined
contract models that could be readily instantiated. These incorporate standard
recommended contract forms like that of ICC’s [62] contract model form for
International Sale of Perishable Commercial Goods [63], or standard forms for sale of
used vehicles etc. Each pertains to the same contract type but yet differ in specific
information details contained within them. Each of the template contract ontology
would essentially inherit from specific contract type ontology. In this level the concepts
are further narrowed down and specialized even to the level of defining Meta-data
specifications and constraints.
This framework allows the MTCO to be flexible, extensible and coherent. It can
be easily extended horizontally and further layers are also possible. Moreover, users of
the ontology can extract and use parts of the ontology as required for their domain of
applicability. MTCO is a hierarchy of ontologies moving from the general to the specific
and then down to precise Meta-data definitions.

3.1

Upper Level Core Contract Ontology

In this section, we present the Upper Level Core Contract Ontology in detail. We
start with an illustrative case scenario to help identify the principal concepts involved.
There after we present a detailed conceptual model for this layer. A discussion on the
major concepts follows the conceptual model.
3.1.1

Basic Concepts
Seller Delivers Car

$

Car

$

Buyer of Car

Contract governs transaction
$

Seller Promises

Contract for Buy Sell of Car

Seller Of Car

Buyer Pays for Car

Figure 11: Business Case Scenario Example

Assuming a hypothetical case scenario (figure 11) where a person (seller)
promises to sell cars to another person (buyer) in return for some amount of money. A
promise is a statement of commitment or obligation to fulfil some act or perform certain
deeds. When a promise is made with the legal intent to back it up in any court, it
becomes a legal obligation or commitment.
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Cars are the object or consideration of the Promise: a consideration28 is any
material or abstract benefit or thing of value for the exchange of which two parties agree
to enter in to a contract. It could also be simply a promise to fix a leaky roof or a
promise not to do something. ‘Selling’ becomes the performance, which fulfils the above
promise. The promise to sell is an obligation; which is realized only when the actual
business act of giving the cars in return for the money is performed. An obligation must
have a Receiver or an Acknowledger or a Claimant or a Beneficiary of the obligation that
is one who receives the consideration or is the recipient for whom the promised act is
being performed or carried out. The Buyer who buys the cars and pays money for it is
the Receiver of the obligation to sell.
Contracts are legal testament to the promises (Obligations/commitments) made
by the two parties to each other and spell out the details constituting the obligations, the
accepted boundaries and performance criteria like time, venue etc. Thus a Contract must
have an Offer of a promise from at least one of the Parties (who is then called the offeror),
an Acceptance from the other Party (acceptor). Each actor in the contract may play different
roles at different contracting phases, like proposer in the contract drafting and negotiating
phase, seller at the contract execution phase etc. The two parties promise to carry out
certain acts in order to fulfill their commitments, this presumption can be held valid if
and only if the two parties have the necessary capability or competence or ability to perform the
said deeds. That is the seller promising to sell the car must own the car and the buyer
must have the money to pay for it. Lastly the contract must outline the terms and conditions
under which the promised performance shall occur.
In a normal situation, a contract is executed as planned and agreed. In case the
expected performance does not occur within the expected time frame or occurs in an
unsatisfactory manner or is delayed due to forces beyond the control of the promisor,
then the primary obligation goes in to a state of Un-fulfilment. The occurrence of the
Non Performance event activates certain pre- agreed rights on behalf of the promisee. In this
case, the buyer may have the right to seek remedy in the form of some interest or
penalty, or may choose to terminate in accordance with the agreement. But the Buyer
may also choose not to do anything and could settle the issue by mutual agreement.
However, whatever course of action the Buyer chooses, the seller (the promisor of the
primary obligation) is bound to accept the choice and is now bound in a reconciliatory
promise to fulfil the remedy asked. This secondary or reconciliatory promise may also
include the fulfilments of the initial primary promise to sell.
The above was a very simple case scenario where we see the principal concepts
of actors having defined responsibilities or roles; agree to perform certain acts as per
agreed terms and conditions in a mutually satisfying and acceptable manner. We further
see that the contractual terms and conditions bind the actors to various obligations which
maybe legal, ethical, business or a combination of any of the types. Obligations may give
rise to other obligations and rights. Actors are also empowered by certain other rights or
may be bound by other prohibitions too. Rights too may give rise to new obligations being
formed etc. So we see the complex interplay in between obligations, their performance or
non-performance, probable secondary rights and obligations.
This implicit as well as explicit knowledge embedded in a business contract are
the focus for the Upper Level Core Contract Ontology. The Upper Level Core Contract
Ontology is not a mere catalogue of identified concepts, classes or definitions. But it
emphasizes on the implicit and tacit understanding of fundamental contractual concepts
like obligations, performance and non-performance. This is crucial from the business
28

Terms and definitions referred to from: Online Law dictionary, http://dictionary.law.com/
Duhaime, L. Duhaime’s law dictionary, www.duhaime.org.
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process integration perspective since one needs to be aware of the implications of
contractual obligations and repercussions while making business related strategic
decisions and choices.
In the following section, we present the conceptual model for the Upper Level
Core Contract Ontology and then we return to a continued discussion on our analysis of
obligations, obligation types and obligation states.
3.1.2

Upper Level Core Contract Ontology Concepts

We propose the use of UML as a conceptual modelling language as well as
ontology representative language as discussed earlier in chapter 2.4.5.
For sake of simplicity and ease of understanding we present the high level
concepts in figure 12, followed by detailed conceptual models as extracts in the following
figures. It is to be noted that they together comprise the upper level core ontology. The
current versions of the conceptual model are targeted for human to human knowledge
transfer and understanding. Hence details and constraints for machine querying and
understanding are not included at present. But that is work under progress for the future.
We describe some of the main concepts from the conceptual model, figure 12:
Concept:

Contract

Description:

This is an abstract concept to represent the defining contract that may be
said to be equivalent to the contract document in which the contract
terms and conditions are written.
Relationships: This concept relates like a container to other concepts.
Concept:
Actor
Description:
Every contract is drawn up between at least two different person,
organization or actors as they may be simply referred to.
Relationships: This concept has an association of being contracting party to the contract
concept. The contract should have at least two contracting parties,
though other third party players may also be defined and stated in the
contract. However, the legal obligations are binding on the two
contracting parties alone.
Comments:
Actors or parties to a contract are one of the mandatory concepts to
make a contract legally valid. The contract should provide ample details
so as to identify a particular party or actor clearly. This may include
particulars like the name, address, registration number etc.
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Figure 12: Upper Level Core Contract Ontology: Main Concepts

Concept:
Description:

Role
This abstract concept represents the responsibility an actor undertakes to
perform under the period and scope of the particular contract.
Relationships: This has an association of hasRole with the actors. It also has an
association of being a proposer or acceptor to the contract. This is used to
identify the party who initiates or accepts the contract and pertains more
to the contract drafting and negotiation phase than the contract
execution phase.
Concept:
Description:

Consideration
This is another mandatory component to make the contract valid. Every
contract must have some objective or purpose for which the agreement
is being made, in legal terms, consideration. The consideration may be
tangible goods or intangible services or promises but it should be of
some value to either or both the contracting parties.
Relationships: Consideration may be physical or abstract. That is it could be tangible
or intangible effects. Under this concept, we include detailed sub
categorisation of all tangible, intangible effects. For example, for
materialistic goods, we can merge established product codes or cargo
classification etc.
Concept:
Description:

Obligation
A contract lists out the promises made by the contracting parties and the
duties and responsibilities that accompany them. Obligations may be
explicitly stated or may be tacitly acknowledged as customary practice. A
further detailed analysis and categorization of obligation is given in
chapter 3.1.4.
Relationships: Obligation binds the actor, who is making the promise (promisor or
obligor) and it also relates to the receiver of the promise (obligee). Every
obligation is further fullfiled By the performance expected to be carried out
by the promisor. It is also unfulfilled By the occurrence of all those acts
that are defined as a non-performance.
Concept:
Description:

Performance
Performance is a concept used to define the expected behaviour or actual
execution of the contract that can be said to fulfil the promises made. It
may be a business event or activity like the delivery of ordered goods or
an economic event like the exchange of goods for money or simply a
moral act like assisting or informing the other party etc.
Relationships: Every Performance is related to some obligation. A group of
performances may be required to fulfil the same primary obligation.
Comments:
The relationship between obligation, performance and non-performance
as stipulated in a contract is the basis for analysis the expected flow or
choreography of business events and obligation fulfilment that is
depicted as the Contract Workflow later in this thesis.
Concept:
Description:

TimeFrame
Every contract is valid within a specified time period after which either it
is terminated or renewed or a new business contract may be renegotiated.
The time frame is particularly important while determining validity and
performance of expected behaviour. For example a delivery of ordered
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goods within specified time duration could determine whether the
contractual obligation has been fulfilled or violated.
Relationships: The time frame is more of a constraint on other related concepts like
obligation, performance or non-performance events etc. Also in cases
where time bound rights may be given like a buyer may be awarded the
right to report any damages or unsatisfactory conditions with the
delivered goods within a set time frame of 7 days from the date of
delivery etc.
Concept:
Description:

Non-Performance
Non-performance may be explicitly stated in a contract but in most cases
it can be inferred tacitly by the list of conditions that would be taken to
have violated the performance acceptance. For example, failure to
perform the act of delivery within the specified time frame would be
construed as a non-performance.
Relationships: This is inversely related to the performance and has an unfulfilled By
association with related obligation.
Concept:
Description:

Rights
Rights are promises like obligations but differ in their nature and
purpose. Rights are powers and options awarded by one party to the
other empowering the receiver of the rights to certain entitlements or
guarantees subject to certain conditions and situations. Rights are not
mandatory for the contractual execution unlike obligations that need to
be executed once for every cycle of contract execution. Rights or
permissions as they are also called may be executed at the discretion of
the rights owner more than once or not at all. For example, a buyer is
promised a guarantee of the delivered goods for a period of 6 months,
and then he is entitled to seek redress under the terms and conditions as
agreed. Rights may be broadly categorised as Unconditional rights, those
which are unconditionally given like warranties, guarantees, right to
inspect, limitation of liability etc. The second category may be said to be
conditional rights, which are subject to some condition being violated or
fulfilled, like right to redemption, right to penalty, right to terminate
contract etc. Rights may or may not be executed for a contract execution
to be fulfilled. Conditional Rights are activated and come in to play
mostly in cases of non-performance or breach of contract. Then the
contract workflow options are decided by the pre-agreed terms and
conditions. Thus conditional rights shall have entitlement options associated
with them that the rights owner should be entitled to invoke.

Relationships:
Concept:
Description:

Prohibitions
Prohibitions are similar concepts to obligations and rights but they differ
in the aspect that they specify condition or obligations that must not
occur. An occurrence of prohibited acts would result in a contract
violation. For example, in case of a non-disclosure agreement, the parties
are bound to conditions of secrecy and they are not allowed to divulge all
that has been agreed as confidential between the two contracting parties.
Relationships: Prohibitions are legal commitments binding the actors and the roles they
undertake to perform in the contract.
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After the brief description of the main components of the Upper Layer Core
Contract Ontology conceptual model, we focus on the obligation classification and the
analysis of the states an obligation passes through.
3.1.3

Contract Obligation Categorisation

Obligations or Commitments (as they are also known as) are not only legal
bindings but also are also business, moral and ethical related too. A business contract is
drawn up with the primary objective of clearly defining the obligations that all the parties
to the contract undertake to perform. Along with that they also agree upon the method
or manner in which the promised performance is supposed to occur. It is to be noted
that the business contract lays out the boundaries and parameters for the expected
behaviour, which should govern the actual business execution. In other words, a contract
compliant business workflow execution should be modelled based on the agreed upon
contractual behaviour pattern. This is the fundamental assumption on which this thesis
builds. Therefore, we analyse the concepts of obligations and their related performance
more closely than other concepts illustrated above. A clear understanding of what an
obligation implies and what is necessary to fulfil the obligation is paramount from the
business process modelling perspective.
As mentioned earlier, obligations may be categorised in to different types. An
individual obligation may belong to more than one category. The following obligation
categories or obligation types are based on the nature of obligation fulfilment required or
on the nature of implications of the obligations. Obligations have been the subject of
discussion for several other researchers.
3.1.4

Obligation Types

Figure 13: Common Obligation Types

As proposed by others like Ronald Lee [30], Yao-Hua Tan [44] and Daskalopulu
[10, 12], we acknowledge that the statements in a legal contract are either informative or
declarative (also called as performative statements by some). Informative statements
pertain to the description of the actors, the subject of the contract, jurisdiction and other
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pertinent information. Declarative or performative statements are statements of
intentions or conditions, whose execution undergoes state transformations. This thesis
focuses on these declarative statements that are in fact a statement of intent and describe
the choreography of expected behaviour from the parties involved. Declarative
statements include rights and prohibitions in addition to obligations. A brief recap of the
concepts of obligations, rights and prohibitions as described in the preceding section:
1. Obligations: Obligations are mandatory. They have an Obligee and an obligor.
Obligee has to be mandatory executed the obligation condition once and only once
in every single execution of the contract.
2. Permissions/Rights: Permissions or Rights have only a rights Owner. The
execution of a right is of an optional nature or it may be conditional depending on
the execution of some other obligation.
3. Prohibitions: Prohibitions are statements of whatever actions should not be
executed or whatever actions may be unacceptable to either or both parties.
These declarative statements are bound to their performative actions or nonperformative actions for their fulfilment. As seen from figure 13, performance event
types may be of business acts, legal acts or moral acts. In cases it may even be a
combination of one or more of the performance event types. Every obligation is fulfilled
by the related performance event.
For ease of understanding, we identify the obligations to be of business, legal or
moral obligation type. However, all obligations are legally binding in any case. This
obligation type classification is more abstract and for the sake of understanding than for
any other legal or business purpose.

•

Business Obligation Type: We state that business obligation type
require some related business activity or process to occur for the
obligation to be fulfilled. For example, in case of the obligation to deliver,
the seller must initiate the business process of procuring or
manufacturing the product to be delivered etc. Business obligations can
be further sub grouped as being monetary business obligations or non-monetary
business obligations. Certain business activities are essentially ‘economic acts’
as defined by REA ontology. That is, there is a certain monetary value
attached to the event fulfilment. Others like the act of informing the
seller of the chosen carrier or the required packaging can be classified as
non-monetary business obligation.

•

Legal Obligation Type: Legal obligation may be fulfilled by some legal
acts like signing the contract or sending an acknowledgement receipt,
notification of delivery etc. Understandably these are in any case
performance acts and could be a part of normal business acts.

•

Moral Obligation Type: Moral obligation may be based on common
business trade customs or understanding like aiding the other party in
customs clearance or advising of local practices etc.

The above grouping schema for obligations aids us to further analyse the precise
nature and relationships between obligations and performances. This is a crucial step in
our analysis as this forms the base for the transformation of the contractual semantics
from objects to contractual process flows.
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Based on the nature of their fulfilment execution, we propose a categorization of
obligations in to the following abstract categories, for ease of grouping and
understanding, refer figure 13 above:
1. Primary obligation: Has to be fulfilled whenever the contract is to be
executed and is the principal objective behind the agreement itself. Like the
obligation of a seller to deliver goods in conformity to the contract or that
of a buyer to accept and pay for goods as ordered.
2. Reciprocal obligation: Could be a primary obligation in itself, but is also
the obligation expected to be fulfilled by the counter party in response to
the execution of the primary obligation. E.g. the buyer’s obligation to pay is
reciprocal to the seller’s obligation to deliver and vice versa. Also the
buyer’s obligation to pay is a primary obligation for the buyer.
3. Conditional obligation: Does not need to be activated under the normal
course of events. Most remedial rights and obligations come in this
category, like the buyer’s right to seek compensation for failed delivery,
binds the seller to deliver the goods at his added cost etc.
4. Secondary obligation: Gets activated as a part of some other obligation.
Like the sellers obligation to package goods suitable for transportation
could be said to be sub unit of his primary obligation to deliver.
In the next section we move on to the life cycle of an obligation and the phases or
states through which any obligation may pass through.
3.1.5

Obligation States

At the time of signing the business contract all the agreed upon obligations
become legally valid and binding. From a legal perspective the contract obligations are
activated and they remain active through out the contract period, viz, the duration from
and till which the contract is deemed to be valid. However, from the business and
contract execution perspective, once the contract is signed, we assume the plan to be set
in motion, but the actual execution is subject to the business process execution and has
to be synchronised with the business process flow. Hence, we propose an analysis and
states of the obligation life cycle in tandem with the business process activity state
transitions and executions. An obligation may be said to pass through some abstract
‘Obligation States’ in response to some business activity or related business state change
events. The identification of these obligation states and their relation to business process
or workflow allows us to identify points of integration between business contracts and
existing business process workflow. Another advantage of the obligation state
classification is that it is now possible to monitor and track the contractual obligations as
they are being executed. This in turn enables us to also monitor the overall contract
compliance and business performance efficiency. Detailed methodologies and models on
these aspects are the focus of the ongoing research work of this thesis.
The proposed obligation states are similar to most common business activity
states and are also adapted from similar obligation state definitions proposed by Lee
[30,29], Yao-Hua Tan [44] (figure 14).
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Figure 14: Obligation State Models

•

Inactive: Every obligation can be said to be in an ‘inactive’ state once the

contract has been signed but contract execution is yet to be started. The
obligation will remain in ‘inactive’ state in between cycles of contract execution
also.

•

Active: An obligation may be said to be ‘active’ when the triggering performance
event has been issued. For example, once the buyer sends the Purchase Order to
the seller and he receives it, then the seller’s obligation to deliver is triggered.

•

Pending: When fulfilment activity from performer’s side has been accomplished

but the acceptance from the other party is still awaited. When the seller has
dispatched the goods from his warehouse, and is waiting for the third party
carrier to deliver the goods to the buyer. Alternatively, an obligation may remain
in the pending state, till the all the necessary fulfilment criteria are satisfied. The
buyer may have received the goods but may have rejected the goods as being
unsatisfactory.

•

Fulfilled: When the performance conditions are satisfied within the stipulated
performance conditions. Once the buyer inspects the goods and accepts the
delivery.

•

Terminated/Cancelled: If the activation of the obligation is terminated or

cancelled by the Obligee, mutually, or legal authority.

Such executions of obligation in different scenarios are modelled to form a basis
for the classification of obligation and their fulfilment options. The identification and
demarcation of these obligation states is the key to monitoring and tracking the execution
of the contract. When the Seller and the buyer sign a contract, all obligations are stated
but they are inactive (refer figure 15).
When the buyer sends an actual order for the goods to be delivered and the seller
acknowledges the order receipt, the seller’s obligation to deliver is activated. When the
seller dispatches the goods for delivery, the obligation may move in to a state of being
triggered. Once the delivery is accepted as being satisfactory or within the acceptable
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tolerance level the obligation to deliver can be accepted as fulfilled. This activates the
buyer’s obligation to pay. In case of non-performance, like delay or unsatisfactory delivery or
failure, the obligation goes in to a state of being pending. Such executions of obligation in
different scenarios are modelled to form a basis for the classification of obligation and
their fulfilment options.

Figure 15: State Transformation Diagram of Obligation

The identification and demarcation of these obligation states is the key to
monitoring and tracking the execution of the contract. When the Seller and the buyer
sign a contract, all obligations are stated but they are inactive (refer figure 15). When the
buyer sends an actual order for the goods to be delivered and the seller acknowledges the
order receipt, the seller’s obligation to deliver is activated. When the seller dispatches the
goods for delivery, the obligation may move in to a state of being triggered. Once the
delivery is accepted as being satisfactory or within the acceptable tolerance level the
obligation to deliver can be accepted as fulfilled. This activates the buyer’s obligation to
pay. In case of non-performance, like delay or unsatisfactory delivery or failure, the
obligation goes in to a state of being pending. There are several recourses possible hereon.
The buyer’s rights to remedy are activated and may choose enforcement options. The buyer
may opt for a penalty and accept delivery at a later date, or he may choose to accept the
delivery without any further penalty or he may choose to terminate that order or the
contract itself. In case the buyer seeks some compensation, it will activate the reconciliatory
obligation on the seller’s behalf and that obligation goes through its life cycle. Provided the
penalty compensation is successfully fulfilled, and then the initial pending obligation will
get fulfilled. In the worst scenario, when the order or the contract is terminated, the
obligation itself is terminated.
Every contractual obligation goes through various phases in tandem with the
execution of relevant business actions (refer figure 16). In figure 16, the obligation state
transformations are sketched on the horizontal axis for both the parties involved.
Expected performance events are marked as business activities transpiring between the
two parties.
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Figure 16: State Transition of an Obligation (delivery)
through Performance or Non Performance events

Figure 17 below lists only the relevant obligation state transitions of only the
seller’s obligation to deliver in accordance with figure 15 and figure 16. The obligation
state transitions in the shaded box represent extracts from the reconciliatory obligation of
the seller when the primary obligation is in Cs4 , when the obligation is unfulfilled or still
pending.

Figure 17: Obligation States transformation

Monitoring of the contract is achieved by tracking the fulfillment of all primary and
included obligations within the contract. A contract is executed through the fulfillment of
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obligations. The resulting obligation states may be deemed to be acceptable or non
acceptable as per the agreed conditions for performance event success. In case of
unacceptable states, it may be restored to an acceptable form by following through other
remedial measures as may be allowed under the contract. This could lead to other
reconciliatory obligation on the part of the defaulter, which in turn needs to be fulfilled by
the related performance event or events. A violation/non performance gives the
promisor certain rights that are activated.

3.2 Specific Domain Level Contract Ontology
The second layer is a collection of contract types. The focus has been primarily on
business and corporate contract types. Business contract types cover a wide range of
applicability, usage and legal contractual obligation types like sales contract, service
contract, bill of sale, transfer of technology, procurement, licensing. We also propose to
map to other existing ontologies like product catalogues (UNPSC [52], CPV [65], payment
terms (standard payment methods), and delivery terms (ex INCOTERMS [39]), which can
be applicable across diverse contract types. Specific Domain Level Contract ontology
provides information for users trying to understand the obligations, rights and their
fulfilments conditions and exceptions particular to that specific contract type. Each
contract type is an extension or restriction of the upper level core contract ontology to a
specified domain. We present conceptual models for sale of goods contract in this thesis.
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Figure 18: Extract from Sale of Goods Contract showing expanded view for Buyer’s obligation to pay
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In a sale of goods contract, (see figure 18 above) the principle role players are
commonly called as seller and buyer. The role domain is restricted to that of selling and buying.
Either the seller or the buyer may initiate the contracting process and thus may be the
proposer or the acceptor (refer figure 18). The consideration (refer figure 18) is usually some real
world entity or goods (both perishable, non perishable), but generally of a quantifiable and
measurable entity. The business transaction involved is that of an exchange of resources of
value in between the two business partners. So the main performance events are that of delivery
(non monetary) and payment (monetary). A seller would necessarily have to bind himself to a
promise to deliver as per the agreed delivery terms. Now delivery terms may refer to
standards like INCOTERMS or may simply define the agreed conditions. The delivery
conditions may be interpreted as business practice constraints in the business process view.
Similarly, the buyer has to commit to pay for the goods received as per the payment terms
agreed. Its possible to include recommended payment standards as the Unified customs and
Practice for Documentary Credits 29[54] as modelled by Lee [30] within this ontology layer.
In figure 18, some sample business activities have been included as shaded concepts to
explain the expected performance events more explicitly. Typically a legal business contract
may or may not include such explicit references. But an indicative inference may always be
included.

Figure 19: Illustration for common Payment Terms and
Methods

Similarly, Delivery Terms are also negotiated and expressed in a contract. The delivery
terms include details regarding the time, venue and choice of place of delivery. Standard
delivery terms like International Chamber of Commerce’s INCOTERMS [39], can be used
to describe the delivery terms. We see that such terms and conditions, either explicitly or
implicitly, defines some legal or business commitments on the part of the parties concerned.
These commitments that bind a role player, like the buyer or the seller, to perform certain acts
are called as obligations. The primary obligations of a buyer are obligation to pay and an obligation
to accept goods as inferred from INCOTERMS. On the other hand, a seller is bound by the
obligation to deliver and an obligation to accept payment as his primary obligation. Obligations need
to be fullfilledBy the execution of expected performance. Say for example, a seller’s obligation to
29

Unified Customs and Practice for Documentary
http://www.iccwbo.org/home/banking/778rev9.asp
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500,
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publication,

deliver could be accepted as fulfilled only if he carries out the business activities that can be
termed as a delivery. (See figure 19 for details)
The actual performance of delivery would probably be comprised of several other
business activities, which have been shown in figure 20. Such information, presented in the
conceptual models of the sale of goods specific domain ontology, forms a useful
contribution towards generating the CWMs for the business entities. It also helps in
business process integration by identifying and exposing shared business activities as
possible points of business interoperability and interfaces.
In the extract shown, we see that the seller’s obligation to deliver is fulfilled by
delivery. In reality, it is quite possible that execution of a promised event is not always
successful. A contract generally provides alternatives for handling such exceptions and
unacceptable non-performances. For example, the obligation to deliver may be UnfullfilledBy if the
delivery is late or delivery is not affected or the delivery is made, but the goods do not
conform to the specification as described by the goods specification. In such cases, the buyer
gets the right to seek redress for the failed performance. The buyer may be presented with
one or more enforcement options, whereby he could make a choice from the available options,
like choosing to have the order cancelled or simply imposing a penalty or opting for a redelivery of the goods or even having the contract it terminated. The buyer’s choice then
binds the defaulter, the seller to a reconciliatory obligation to fulfil the chosen form of remedy.
The seller has a secondary obligation to package the goods he delivers.
A detailed analysis has been done for each kind of obligation, rights, or prohibitions
that can be included in a typical sale of goods contract. Thus a wide range of possible
scenarios involved in a commercial business transaction is covered. This forms an essential
knowledge base for the business decision, and strategic planning also. Awareness of
possible consequences of non-performance or non-compliance to a contract terms could
influence the business process management to a great extent. Contract compliance and
performance monitoring have been a crucial concern for most business managements.
MTCO is visualized to contribute towards business knowledge management, improving
efficiency and performance. On a wider horizon, the proposed ontology framework is
visualized as a global network of integrated knowledge resources, exploiting the vast
potential of the Semantic Web [6] to its utmost.
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Figure 20: Seller’s Obligation to deliver expanded view

3.3 Template Level Contract Ontology

Figure 21: Extract from Template Level Contract
Ontology for Sale of Commercial Goods

The third and final layer is a conceptual model of standard contract models and is
application oriented. The templates provided here are intended to act as a guide to
understand the contract templates while drafting contracts. Figure 21 is an extract from the
conceptual model for the ICC contract model for International Sale of Goods 30[63]. The
concepts and their characteristics are specific in nature. Like for example, the ICC31 [62]
sets down recommended delivery term options and suggested outlines, even though the
parties to the agreement have the flexibility to choose other terms. The conceptual models
inherit most of their characteristics from the shared domain ontology. The detailed model
extracts vital Meta-data embedded in the contract and these are starting points for the
topic maps to the business process model entities.
30
31

ICC International contract for sale of goods, published by ICC books, 2002
International Chamber of Commerce
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Figure 22: Sample Template Level Contract Ontology
model for Sale of Motor Vehicle

The template layer ontologies further narrow down the scope and range of each
contract type, finally arriving at a specific domain and interest specialized contract form.
Say for example, a Sale of Automobile Contract32 template (figure 22) requires the
consideration, the Motor Vehicle, to define specific characteristics such as make, year of
manufacture, vehicle registration number, and engine chassis number. Another nearly similar
contract template could be of sale of boats (figure 23). The major difference is the
specification of the consideration. There are some variations in the nature and scope of the
obligations involved. The template ontologies being so specialized have little or no
reusability outside their specified range of use.

Figure23: Sample Template Level Contract Ontology
model for Sale of Motor Boat

32

Source: www.findlaw.com
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3.4 Proof of Concept Implementations for Multi Tier Contract
Ontology
Proof of concept implementations have been carried out successfully to verify the
feasibility and practicality of the proposed approach methodology as well as to test the
validity of the design. Detailed querying and reasoning capability is as yet to be tested and is
visualised as one of the goals for ongoing research.
3.4.1

UML to RDFS Transformations

We present a simplified version of our conceptual model for the Upper Core
Contract ontology layer, which has most of the main concepts illustrated in the figure 24
below. As mentioned in chapter 2.4.5, we chose to represent our conceptual models in
UML for reasons stated therein. We model the concepts as UML classes which could be
modelled as Resources in the Resource Description Framework [50]. UML class
associations are characteristics or Properties linking the resources to their values in the
RDF graphs. The UML association ends are used to depict the property roles or relation
to the other resources or classes in this case.

Figure 24: Sample Upper Level Core conceptual model

For example, the concept of an actor playing a role in context of the contract
has been modelled as an association hasRole in the above figure 24.
Using RDF Schema specification [60], it can be represented as the following extract
from our proof of concept RDFS implementation for the Upper Level Core Contract
Ontology (figure 25 below)
<rdfs:Class rdf:about="&contractontolog;Actor"
rdfs:label="Actor">
<rdfs:subClassOf rdf:resource="&rdfs;Resource"/>
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</rdfs:Class>
<rdf:Property rdf:about="&contractontolog;hasRole"
a:maxCardinality="1"
a:minCardinality="1"
rdfs:label="hasRole">
<rdfs:range rdf:resource="&contractontolog;Actor"/>
<rdfs:domain rdf:resource="&contractontolog;Role"/>
</rdf:Property>
Figure 25: Extract from RDFS proof of concept

implementation

Figure 26: Screenshot from protégé 2000: Using Plug-in to
transform to RDFS

Current developments in the field of ontology have provided us with several
ontology editor tools including Protégé 2000 [67]. Protégé 2000 is a graphical knowledge
base editor, which has an increasing user community. The UML plug in [53] supports the
import of XMI files. The plug-in also generates the corresponding RDFS and stores in
RDFS. This utility has been used for transforming our UML conceptual models in to
RDFS automatically (figure 26).
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3.4.2

UML to DAML Transformations

The DAML-UML Enhanced Tool (DUET) of the CODIP33 [71] project provides a
UML based environment for the development and manipulation of DAML ontologies. It
supports UML to DAML generation for tools like Rational Rose, ArgoUML. Another
DAML +OIL plug-in is also available from the Protégé community for design and
storage of ontology in DAML+OIL.
We have used DAML+OIL plug-in [58] for the sample illustrated below. As
mentioned in chapter (2.4.5), we have adopted the UML to DAML mapping guidelines
as supported by DUET [33, 31].

Figure 27: Screenshot of Protégé 2000, using DAML+OIL
plug-in

The same conceptual model as shown in figure 27 is translated in to
DAML+OIL. For example, the concept of the role in the Upper Level Core Contract
Ontology is specialised to that of a buyer in the context of a sale of goods contract model
as shown below (figure 28), the generated DAML +OIL definition of a Buyer and a
Seller has been illustrated:
<daml_oil:Class rdf:ID="Buyer">
<rdfs:subClassOf>
<daml_oil:Restriction>
<daml_oil:toClass rdf:resource="#Seller"/>
<daml_oil:onProperty rdf:resource="#hasCounterRole"/>
</daml_oil:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf rdf:resource="#Role"/>
</daml_oil:Class>
33

CODIP. Component for Ontology Driven Information Push project http://codip.grci.com/ (accessed
on 12-11-2003)
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<daml_oil:Class rdf:ID="Seller">
<rdfs:subClassOf>
<daml_oil:Restriction>
<daml_oil:toClass rdf:resource="#Buyer"/>
<daml_oil:onProperty rdf:resource="#hasCounterRole"/>
</daml_oil:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf rdf:resource="#Role"/>
</daml_oil:Class>
Figure 28: Extract from DAML proof of concept
implementation

3.4.3

Analysis of Implementation

From the above discussion, we see that UML has wide usage as an ontology
modelling language. The conceptual models are graphical, easy to understand and
comprehend by human users. UML can be translated to other machine understandable
forms like RDFS34 [60], DAML 35[21] or databases as mentioned earlier. In case of
databases, the concepts would be objects and their associations as object properties and
their attributes would become data properties. It seems a logical choice to represent
knowledge in the simplest form and translates to required complex languages based on
the requirement of the application. Our contribution of conceptual models can be re
used and extended by other users of the community tailored to their needs and
objectives.
DAML+OIL are built on RDFS [60] and have more constructs for expressing
more details. It is also more natural language like and is easy to follow for users not
familiar with language constructs like that of RDFS. We found DAML gave us a
greater flexibility in our MTCO since we could apply restriction to concepts from the
upper level easily. DAML also allows us to differentiate between object type
properties and data type properties. Concepts can be expressed in detail including
inverseOf relations and equivalentTo relations.
As the semantic web standardization efforts progress, more such libraries of
ready to use language constructs should be available. Structured and pre defined
common object type properties and data type properties could be assembled in re
usable vocabularies or libraries, for rapid design and development of ontologies in
general.
Mapping rules from UML to RDFS and UML to DAML would also need to be
standardized, so that everyone uses the same rules and notations. Also, methodologies
for transformation from one storage model to another are sorely needed in the semantic
web approach. For example RDFS to DAML interchange ability issues need to be
addressed. Such methodologies would help the migration from traditional database
storage approach towards the semantic web.

34

Resource Description Framework Schema
Darpa Agent Markup Language http://www.ksl.stanford.edu/people/dlm/papers/ieee-daml01abstract.html
35
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4. Contract Workflow Model
In the previous chapter, we presented the MTCO as a knowledge base modelling
the concepts of a legal business contract. Any knowledge base can be used for a
multitude of purposes. In our context, contract knowledge can be used for almost every
phase of contract life cycle (figure 2) from contract drafting to negotiation till execution.
However, since the focus of this research is to bridge the gap between contract and
business process management, we focus on the application of MTCO to model a
contract compliant workflow. As stated earlier, we define the contract to stipulate a set of
declarative statements (obligations, prohibitions, and rights) that are to be fulfilled
through the execution of related performances. Thus the procedural and strategic
knowledge contained within the contract outline the choreography of obligationperformance execution. We term this outlined choreography as Contract Workflow Model
(CWM). The CWM is based on the conceptual knowledge from the MTCO and Metadata from a contract instance. In this section we present a guideline for deducing the
CWM.

4.1 CWM Guideline overview
A brief overview of the various phases of CWM generation may be stated as:

•

Phase 1: Contract Type Identification: The first phase enables the user to
identify the contract type to which the particular contract instance belongs. This is
done by guiding the user to identify the principal components from the upper level
core contract ontology and then moving on to match the specifics to specific
domain level contract ontology.

•

Phase 2: Contract Instance Meta-data Extraction: Once the user identifies the
specific contract type to which the contract belongs to, he is guided to identify all
the major object components of the contract type with respect to the contract
instance given. This leads to the identification of pertinent Meta-data and
information available in the contract instance. At the end of phase 2 the user
should be able to draw an object diagram for his contract if so desired but not
absolutely necessary. It would suffice for the novice user to come up with the list
of identified objects and Meta-data.

•

Phase 3: Obligation, Performance Events identification: Identify the process
oriented obligations, performance events, non-performance events, rights objects from the
identified list of objects/Meta-data.

•

Phase 4: Obligation, Performance, Non-Performance Inter-relationships
and conditions: Identify the conditions, pre conditions and binding relationships
between each of the identified obligations, rights, performances and nonperformances. Also identify the different obligation types, the various obligation
states through which each obligation may pass through and their related
performance event or right as the case maybe. Finally, to arrange the identified
obligation states and the performance events in a time ordered sequence list.

•

Phase 5: Optional mapping to existing Business Process Workflows: In case,
a business process or business workflow is available, a semantic mapping between
the contractual performance events and the available business process flow may be
executed else this phase may be stepped over and the user may proceed to Phase 6
directly.
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•

Phase 6: Logical sequencing of Contract Workflow: In this phase, the user is
guided to sketch a rough activity-state flow chart to help him visualise the expected
choreography of contract obligation execution workflow. This outline of contract
obligation execution in response to the business performance activities is referred
to as Contract Workflow Model in this thesis. The user may use any notation for
sketching the activity flow diagram. In this thesis, event driven process chain (EPC)
notation has been used. The EPC [2] makes use of logical connectors AND, OR
and XOR to channel the flow of event execution (figure 29). Performance events are
represented by events (see figure 29 below) and obligation state transitions are
represented by functions in the Event-Driven Process Chain diagram. If required the
user may also transform the deduced CWM in to formal Petri-nets. Aalst has
proposed formal methodology for transforming EPC notations to formal Petrinets in [2].
Logical connectors
function

event

XOR

^

V

Figure 29: Building Blocks of event driven process chain

4.2 CWM Guidelines
Now we present a phase-wise detailed user guideline for deducing a CWM. A
sample contract instance is analysed and a sample CWM drawn in the following section
4.3.
4.2.1 Phase 1: Contract Type Identification
INPUT: Contract Document, MTCO
OUTPUT: Contract document, identified shared domain ontology or template
ontology.
PROCESS:
STEP 1: Go through the contract to identify the contract type, like sale of commercial
goods, lease rental, non disclosure agreement, and service level agreement.
TIPS: In most cases the contract type would be explicitly stated as part of the heading or
covering information. It is necessary to have the legal intent and scope stated explicitly in
a contract.
STEP 2:
• Search and compare with available template ontology to see if the contract is
based on any pre-defined form.
• If not, then the user should be able to locate the shared domain ontology specific
to the contract type, like Sale of Goods Ontology for buy-sell contract type.
• If no contract type ontology is found, then the user has to make use of the Upper
Level Core Contract Ontology to identify all the concepts, as described in Phase
2 below.
TIPS: If the contract is based on template ontology, then all the user has to do is to
extract the actual data information for each of the metadata components as stated in the
template ontology.
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If it is based on a shared ontology, then the user still gets to identify the actual
information. Roles, obligations and performances stated in the shared ontology would
necessarily be there in the contract instance. Like from the Buy-Sell contract model
ontology, he gets the main concepts like that the primary role players are the seller and
the buyer. Their primary obligation is to deliver goods and pay respectively. Other
attributes and associations indicated present the user with a set of information, which he
needs to search for in his current instance of the contract. Additionally, he has to check
for the contract specific performance conditions and statements, as the parties may have
agreed upon some other conditions over and above the recommended minimum
conditions. The user can use the Upper Level Core Contract Ontology to further
enhance his basic understanding of the contract concepts and iterate till he can identify
the entire stated obligation, performance, rights and other conditions.
If no shared ontology can be found, then the user has to start from the
fundamental understanding of a contract as expressed in the Upper Level Core Contract
Ontology. The Upper Level Core Contract Ontology shall have all the mandatory,
recommended, and standard concepts for any legal business contract. Using that as a
guide to interpret the contract, a user will be able to move towards the shared and
template ontology subsequently.
Phase 2 is described with respect to a user starting from the Upper Level Core
Contract ontology. The section is equally applicable to users starting from shared or
template ontology, but they may have to work a little less to identify all the data and
information.
4.2.2 Phase 2: Contract Instance Meta-data Extraction
INPUT: Contract Instance Document (paper or electronic), identified Specific Domain
Level Contract Ontology from MTCO.
OUTPUT: Identified Meta-data list/ Object Diagram
PROCESS: Go through the contract and identify the following concepts. All of them
need not be found in all contract instances. But these are the recommended concepts to
be included in a contract, to ensure it is legally valid and binding. Also all the concepts
described below MAY NOT appear in the same order in a contract. The user is advised
to go through the entire contract to identify the specified concepts.
STEP 1:
• Go through the contract terms and identify who are the parties to the contract.
• Identify what roles they undertake to perform within the scope of the current
contract being examined.
• Also extract the identification information given for each of the parties, like
address, certification number etc.
TIPS: Usually, they are organizations or a person between whom the agreement is made is
clearly stated and defined in the opening paragraphs it. It is a legal requirement that every
contract MUST have clear identification of the ‘actors’ of the contract. The actors may
have certain responsibilities to carry out in the context of the contract, ‘roles’. Say an
organization may be buying goods from another, when it is generally termed as the ‘buyer’.
The same organization may be selling to customers in another context, where it could be
the ‘seller’. Thus, we have ‘actors’ playing a defined ‘role’ in a contract. Further descriptions
and characteristics of an actor, or role can be seen in the conceptual model for the upper
layer, and specific characteristics for a buy sell contract can be seen in the shared layer of
Multi Tier Contract.
STEP 2: Identify the period or duration within which the said contract is valid.
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TIPS: In some cases, only the contract valid from date or the date of signing may be
explicit. In that case you will have to infer, the valid till date, by reading through the
contract. If it is a framework contract, it may be specified that the period of contract is to
be decided mutually.
STEP 3:
• Identify the primary purpose for which the contract is being signed called the
‘object for consideration’ in legal terms.
• Identify specific descriptions and/or specifications for the stated ‘consideration’.
STEP 4: Identify the promises or guarantees made by each of the parties.
STEP 5: Identify the required performance which are expected to fulfil the promises
STEP 6: Identify the rights and liabilities listed for each of the parties.
STEP 7: Identify the legal jurisdiction under which the contract is valid.
TIPS: In international commerce, it is important to state which law and/or jurisdiction
the contract is valid. That would determine the court of law where all disputes would be
tried and adjudicated. In e-contracts, further specific details regarding security, storage
and other issues as discussed in the EC Directives’98 [72] would also need to be
identified.
STEP 8: In case of e-contracts for e-commerce, identify technical specifications for
messaging, routing etc.
TIPS: E-contract specifications as laid down by the EC Directives and other legal
jurisdictions are being analysed and carried out by various other research teams and
organizations. For example, the Trading Partner Agreement of ebXML [51] deals
exclusively with all technical parameters to be agreed for an electronic business. Detailed
discussion of those parameters is not included within the current scope of this thesis.
STEP 9: Represent the entire identified objects and their data on an object UML
diagram.
TIPS: This step is optional for those users not familiar with UML conceptual modelling.
It is sufficient to have identified the concepts and extracted the data in a simple list as
well.
4.2.3 Phase 3: Obligation, prohibitions, rights, performance event identification
INPUT: Basic Meta-data identified from contract instance in Phase 1 & 2.
OUTPUT: List of obligations, their types and their actors/roles, the related
performance required to fulfil the identified obligations. Similar lists for included rights,
prohibitions may also be drawn up following the same strategy.
PROCESS:
STEP 1: Identify the main obligation(s) which each of the party promises to fulfil (from
phase 2 we get basic idea)
• Identify the required performance, which would fulfil the stated obligations.
• See if any pre conditions, qualifying conditions or dependencies on the
performance events are stated.
• See if any timeframe for performance execution is stated either explicitly or
implicitly.
• See if any place or location or point has been stated for the performance to
occur.
TIPS: In case of commercial sale of goods, the seller promises to deliver the goods, then
he is bound to the actual execution of performing all those actions, which would allow
him to ‘deliver the goods’. That could even include the seller ordering his raw materials
from his supplier.
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The seller may delegate the execution of the business events to other third parties
unless otherwise stated in the contract. But in most cases, delegation of the performance
does not imply delegation of the obligation. For example, say the seller hires transporters
to deliver the goods to the buyer, and the transporters fail to deliver the goods, it would
still be the seller’s responsibility to deliver, which would have failed.
Generally, all performances are time bound. A seller, on receipt of a purchase
order from the buyer, would necessarily have to deliver the ordered goods within a
certain number of days or before a certain specific date. Such conditions are usually
stated clearly on the contract. The time aspect is crucial in determining many of the
distinction between a performance and a non-performance.
STEP 2: Identify the Unconditional Rights, like right to inspect, right to cancel etc.
Identify the Remedial rights or Conditional Rights, like Right to Penalty, liability risk
transfer etc.
TIPS: Guarantees, warranty periods, rights to inspect the goods are some examples of
rights, which a buyer may enjoy under a typical commercial contract. Legal contracts
should have explicit statements regarding the process of dispute resolution and remedial
actions for cases when one or both of the parties are dissatisfied with the performance
execution. A breach of contract clause may be included to cover all possible scenarios,
which constitute a non-performance or a contract violation.
STEP 3:
Identify for each obligation, who is the owner and who is the ownee. Similarly also
identify the rights owner and ownee as well as the prohibitions owner and ownee.
STEP 4:
Identify for each obligation, the obligation type from the MTCO.
Traverse the associations to get the related reciprocal, conditional, reconciliatory or
secondary obligation.
STEP 5:
• Look up the main performance events needed to fulfil each obligation, as
identified in the previous phase, from the MTCO.
• Look up the performance events that are prohibited under the list of
prohibitions.
• Look up the possible options for the identified rights.
STEP 6:
Look up the non-performance events that are stated to cause unacceptable conditions or
unfulfilment of obligations.
TIPS: Generally the violations of obligations are tied to the activation of related rights.
Therefore an occurrence of non-performance would activate the associated right that in
turn may activate reconciliatory obligations and so on. Thus this step is vital to identify
and establish the inter-relationships between obligations, prohibitions and rights.
4.2.4 Phase 4: Obligation, Performance, and Non-Performance Inter-relationship
Identification:
INPUT: List of obligations, List of rights, List of prohibitions, list of related
performance events and other identified inter-relationships identified in previous phases.
OUTPUT: Time ordered list of obligations, the obligation states through which each
individual obligation passes in response to the performance events.
PROCESS:
STEP 1:
• The user has now to order the obligations. The ordering of the obligations is
recommended on the nature of the obligation, that is the primary obligation
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•
•

should be the first to begin with, followed by the included secondary obligations,
thereafter the reconciliatory obligations etc. Group by the obligation ownee.
List all the rights of individual parties at the end. However they need not be
ordered sequentially since some of their execution need not be compulsory or no
time ordered choreography might be interpreted.
List any Prohibitions too, if stated.

STEP 2: Separate the list of performance events ordered by the role player expected to
perform the activity.
TIPS: Each list would ultimately lead to the business activity workflow as per the
contract requirement for each of the organization involved.
STEP 3: Now order the activities sequentially in the order (with respect to time) they
should be executed.
STEP 4: Note down any pre conditions or rules or policies, which need to be checked
or enforced for any of the listed activities.
STEP 5: Identify the obligation states through which each identified obligation will pass
through.
STEP 6: Identify which performance event is related to individual obligation state
change for the listed obligations.
STEP 7:
• From step 1, the user should have separate list of obligations for each of the role
players involved.
• From step 3 and 4, the user will also have a separate list of performance events.
• From step 5 and 6 the user now has a broken up detailed list of individual
obligation states and their related performance events. Keep the same sequential
time order the user is now required to merge the list of obligations with the
detailed obligation state detail.
• Thereafter, the user is to insert the time ordered performance events into the
now merged list of obligations for the same role player. A similar process for the
other role player will give the user another time ordered sequence of obligations
and performance events.
• Now the user is to place both the flowchart like time ordered contract obligations
and performance event lists for both role players side by side. The user should be
able to see the points of interaction between the two lists. The user has to simply
link the points of interaction. Any pre conditions or policies are to be
superimposed to get the binding conditions.
TIPS: They are usually the obligation state changing performance events initiated by
the beneficiary of the activating obligation. For example, for obligation to deliver
state change from ‘triggered’ to ‘fulfilled’ for a seller is initiated by the performance
event of acceptance of delivery by the buyer. Also, pre-conditions like delivery
acceptance notification must be done within 7 days of delivery should be written on
the inter-connecting link.
4.2.5 Phase 5: Optional mapping to existing Business Process Workflows
INPUT: Deduced list of performance events and activities from the contract from
phase 3, business process workflow model of the organisation to which the contract is to
be mapped. This phase is an optional phase to be carried out in tandem with the phase 4
described above. The existing business process flow will provide precise identified
business activities to be included in lieu of the performance events list. User may step
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over this optional phase directly to phase 6 if no such input business process flow is
available.
OUTPUT: Merged and mapped business process event list, with identified points of
tracking obligations.
PROCESS:
STEP 1: If a business process workflow or ontology describing the regular internal
business workflow is available, then the user may now try to map the inferred list of
performance events to the list of activities in the business workflow. Similar terms may
indicate the same event.
STEP 2: The internal business workflow model would enable the user to break up some
of the more abstract or major performance events, like ‘packaging’ in to more practical
sub processes and events like ‘get material’, ‘get dimensions’, ‘pack goods’, ‘mark the
goods’ etc. The identified common events between the obligation state changes related
performance events list and the business process events, like for example, ‘acknowledge
receipt of order’ are the common points of integration between the contractual workflow
and the workflow of the business organisation. On the other hand a similar, ‘send order’
from the buyer’s list would be the counterpart of this mapping of business and contract
workflow integration. Since the identified points of integration in effect change the state
of the obligation, they are useful in monitoring and tracking the commitment fulfilment
process.
4.2.6 Phase 6: Contract Workflow Sequencing
INPUT: Time Ordered list of obligation, obligation states, and the related performance
events (or business events in business process workflows) from phase 4 (or from phase 5
if mapping has been done)
OUTPUT: CWM using Event-Driven Process Chain notations for the flow of
contractual obligation fulfilment.
PROCESS:
STEP 1: The user first represents the list of time ordered obligation states and their
performance events from Phase 4 (or phase 5) in a graphical form using the event-driven
process chain notations as discussed earlier (chapter 4.1). Obligations are mapped to
functions and performance events to events in this thesis.
STEP 2: The user connects the events and functions with arcs and logical connectors.
The logical connector to be used OR, XOR or AND is to be decided by the user
following the agreed statement in the contract. A choice of OR is usually the case when
the obligation owner is given an option of choosing one or more than one alternatives
for obligation fulfilment. Example, when the buyer may choose to have his remedy for
unsatisfactory delivery as a ‘penalty payment’ and ‘a redelivery of goods’. A XOR
connector is used whenever the obligation state transformation can occur by the function
of any of several alternative performances.
TIP: Remember, in the event-driven process chain notation, the functions represent
obligation states, the events the performance event required to change the state of the
obligation.

4.3 Sample Contract Workflow Model
In this section, we present a hypothetical contract instance for sale of goods.
Thereafter, we present a walk-through analysis of the sample contract following the
above-proposed CWM methodology.
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4.3.1 A Typical Contract for Sale of Goods
Given below is a sample sale of goods:
1. Agreement made and entered into this [12th May 2003], by and between [ABC
Computers Incorporated Ltd], of [Österogatan 17, Kista, Sweden], herein referred
to as "Seller", and [Stock and Financial Movers AB], of [Strandvägen 2,Stockholm,
Sweden], herein referred to as "Buyer".
2. Seller hereby agrees to transfer and deliver to buyer, within 30 days from the date
of order receipt, the following goods:
DELL PC Dimension 4550, Intel Pentium 4 processor, 333 MHz DDR SDRAM
desktops conforming to the technical specifications. Product details specified
separately.
3. Buyer agrees to accept the goods and pay for them in accordance with the terms of
the contract.
4. Buyer and Seller agree that identification shall not be deemed to have been made
until both parties have agreed that the goods in question are to be appropriated and fulfil
the requirements of performance of said contract with the buyer.
5. Buyer agrees to pay for the goods at the time they are delivered and at the place
where he receives said goods.
6. Goods shall be deemed received by buyer when delivered to address of buyer as
herein described.
7. Until such time as said buyer has received goods, all risk of loss from any casualty to
said goods shall be on seller.
8. Seller warrants that the goods are now free from any security interest, other lien or
encumbrance, that they shall be free from it at the time of Delivery, and that he neither
knows nor has reason to know of any outstanding title or claim of title hostile to his
rights in the goods.
9. Buyer has the right to examine the goods on arrival and has [7] days to notify seller
of any claim for damages on account of the condition, grade or quality of the goods.
That said notice must specifically set forth the basis of his claim, and that his failure
to either notice seller within the stipulated period of time or to set forth specifically
the basis of his claim will constitute irrevocable acceptance of the goods.
10. This agreement has been executed in duplicate, whereby both Buyer and
Seller have retained one copy each, on [12th May 2003].
______________________________
______________________________
[Signatures]
4.3.2

Sample Contract Analysis

All data are fictional and have been generated for purpose of demonstration only.
First we iterate repetitively through Phase 1 and Phase 2 to identify the type of contract
and then to extract the Meta-data and information from the sample contract. For ease of
understanding for the novice user, the following explanation has been done taking the
user stepwise through each textual paragraph of the instance contract. In practice, the
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user is recommended to follow the steps as illustrated in previous section 4.2. The
information systems expert should be able to read through the contract instance
document and extract the relevant contract type information and Meta-data.
Note: In all the input requirements for each phase described below, the contract
instance, the MTCO and the CWM guidelines are a common input. Additional or
specific input are identified and stated in each phase description.
4.3.3

Phase 1 and Phase 2 Iterations:

1. PARAGRAPH/SECTION 1

In paragraph 1, we can see,
Agreement made and entered into this 12th May 2003 by
and
between
ABC
Computers
Incorporated
Ltd,
of
Österogatan 17, Kista, Sweden, herein referred to as
"Seller",
and
Stock
and
Financial
Movers
AB,
of
Strandvägen 2, Stockholm, Sweden, herein referred to as
"Buyer".
At the first glance, we can pick out the principal ‘parties’ or actors to be ABC
Computers Incorporated Ltd and ‘Stock and Financial Movers’. We can also see that
the first actor is deemed to be the ‘seller’ and the second ‘buyer’. In some other types of
agreements, explicit definition of these terms may also be present, to help the reader.
Additional information, like the actor’s ‘address’, location is also given. More
importantly, the date on which the contract is being signed is also given to indicate the
period under which it is to be legally valid. Other contracts may be more explicit
regarding the contract valid from and till date, but generally at least one should have been
explicitly mentioned.
2. PARAGRAPH/SECTION 2

The next statement gives us the idea of the promises being made that is the primary
obligation of the two actors, seller and buyer in this case.
Seller hereby agrees to transfer and deliver to
buyer, within 30 days from the date of order received
from the buyer, the following goods:
DELL PC Dimension 4550, Intel Pentium 4 processor, 333 Mhz
DDR
SDRAM
desktops
conforming
to
the
technical
specifications. Product details specified in separately.
From the above, we get the following information, what is the object of the
contract from the seller’s perspective, he has to deliver and transfer the goods, in this case,
‘Desktop computer’. Additionally, we see detailed particulars of the type and
specification of the computer, which would be ordered. This is the definition of ‘what’
consideration has to be and to what parameters it should conform, in order to fulfil the
requirements for the ‘consideration’ to be acceptable.
3. PARAGRAPH/SECTION 3

The next thing is to identify what is the primary obligation of the buyer. A buyer
has to make payment for the goods received. The description also gives a clue as to the
nature of performance to be performed by the buyer in order to fulfil the obligation.
Buyer agrees to accept the goods and pay for them in
accordance with the terms of the contract.

4. PARAGRAPH/SECTION 4

The following paragraphs state the condition for fulfilment of their obligations is
reached when the related performance has been executed.
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Buyer and Seller agree that identification shall not
be deemed to have been made until both parties have agreed
that the goods in question are to be appropriated and
fulfil the requirements of performance of said contract
with the buyer.
5. PARAGRAPH/SECTION 5

Next, we search for more information regarding the performance of the
obligations. Like answers to the questions, When? Where? How? For example, when is the
delivery supposed to occur? Where the delivery should be made? What other activities
should have been completed before this activity can occur?
Buyer agrees to pay for the goods at the time they are
delivered and at the place where he receives said goods.
We find the answers that the buyer should pay the seller for the goods at the time
and place where the delivery is scheduled to occur. The actual place and time of delivery
may be prescribed in the actual order or any other form of mutual agreement. In case
specific details are explicitly available from the contract, but it is implied, then the
business process integrator should make provisions for activities to be carried out in
order to determine this information, at the time of contract execution.
6. PARAGRAPH/SECTION 6

Next we try to find answers regarding the obligation fulfilling condition for the
seller, like:
When is the seller’s obligation to deliver completed? Or what activity is to be executed for
the completion to occur?
When can it be said to have been completed? How can it be completed?
In some cases there may be more than one way in which it can be completed. That
indicates some choice available, in that case we need to determine the conditions for the
choice, like when, who or how the choice is to be made etc?
Answers to all those queries are usually found within the contract terms and
conditions.
Goods shall be deemed received by buyer when
delivered to address of buyer as herein described.
In this sample, we see that the seller’s obligation to deliver is fulfilled when the
goods are delivered to the buyers address. In other cases, where an INCOTERM may be
chosen for delivery term, the extent and point of delivery could vary from the seller’s
premises to on board carrier to port of destination to the buyer’s premises. But, the basic
information to be found out is, when the seller free from his obligation is? Where? How?
7. PARAGRAPH/SECTION 7

Now that we have found out the information as to who is doing what, how and
when as per the contract terms, we need to establish certain boundary conditions,
exception conditions or other remedies which could be taken to put an exception right
etc.
In cases like a sale of goods which could be transported through various modes of
transportation or media, one should ensure and agree upon who has to bear the risk, cost
for damage, insurance transport etc. Such details should be explicit in the contract terms.
Like in our case example:
Until such time as said buyer has received goods,
all risk of loss from any casualty to said goods shall be
on seller.
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We see that the seller is the one who has to bear the cost and risk. That implies that
the seller should be the one to take out insurance and all such business steps, which
should protect and limit his liability. That lets us know that the seller would have to carry
out business activities like say, ‘Arranging Insurance’, in addition to his primary required
activities for performance. Needless to say, that insurance should have been arranged
prior to the time the seller would carry out his delivery activity. Thus, this performance
activity is a pre requisite for the performance activity ship or delivers goods.
8. PARAGRAPH/SECTION 8

Next, we also see some guarantees and assurances made by the seller to the buyer
regarding the goods.
Seller warrants that the goods are now free from any
security interest or Other lien or encumbrance, that they
shall be free from it at the time of Delivery, and that
he neither knows nor has reason to know of any
outstanding title or claim of title hostile to his rights
in the goods
9. PARAGRAPH/SECTION 9

We should now try to find answers to questions like what happens when there is
a non-performance.
In some contracts, one may find explicit definitions of activities, which would be
interpreted as constituting a non-performance or a violation of the contract. Since
contracts are outlining expected business behaviour or process patterns, they also lay the
foundations for what can be done to remedy a possible disruption or non-compliance to
the agreed pattern. Of course severe violations may have to be settled through arbitration
or legal jurisdiction only. But in most cases, the parties usually agree on some alternate
courses of actions to settle their differences. Like in case there is a late delivery, they
could agree that the buyer could impose a late delivery fee or say that the buyer was late
in making the payment, and then he could be asked to pay an interest rate proportional
to the time by which he is late.
In our example:
Buyer has the right to examine the goods on arrival
and has 15 days to notify seller of any claim for damages
on account of the condition, grade or quality of the
goods. That said notice must specifically set forth the
basis of his claim, and that his failure to either notice
seller within the stipulated period of time or to set
forth specifically the basis of his claim will constitute
irrevocable acceptance of the goods.
We see that the buyer has been allotted 15 days after the delivery has occurred to
make an inspection of the goods and then notify the seller about any discrepancy like
damages or missing parts of the computer etc. In case he does not do so then the delivery
is acknowledged as completely accepted, and the seller can now claim payment for the
entire amount. From this we get a lot of information like, what constitutes a nonperformance or a violation. What are the remedial rights, what options are allowed, what is
the seller obliged to do to rectify this non-performance etc.
OUTPUT FOR PHASE 1 and 2 FOR SAMPLE CONTRACT:
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Contract Type: Sale of Goods Contract type.
Actor1: ABC Computers Incorporated Ltd.
Role1:
Address for Actor 1: Österogatan 17, Kista, Sweden
Actor 2: Stock and Financial Movers AB
Address for Actor2: Strandvägen 2,Stockholm, Sweden
Role 2: Buyer.
Consideration: Computers:
Specification: DELL PC Dimension 4550, Intel Pentium 4 processor, 333 Mhz
Contract date: 12th may 2003
Primary Obligation of Seller: Transfer and delivery of goods
Primary Obligation of Buyer: Receive and pay for goods.
Delivery Condition. :
Performance: Delivery
Performed By: Seller
Place of delivery: Buyer’s address
Date and time: within 30 days from the time the seller receives PO.
Delivery fulfilled when: goods received by buyer
Payment Condition:
Performance: Pay
Performed By: Buyer
Place: at the place of delivery
Date and time: at the time of delivery
Rights:
Right to inspect: owner is buyer.
Performance: inspect goods, notify seller.
Time period: within 15 days after delivery receipt.
Warranty:
Ownee: seller
Obligation: free from defects, no other owner claim.
Table 1: Meta-data extracted from contract instance

4.3.4

Phase 3: Obligation Performance Events Identification

INPUT: Meta-data from Phase 2.
OUTPUT: List of obligations, their types and their actors/roles
PROCESS:
STEP 1: The next step is to list all the obligations explicitly or inherently implied in the
contract.
TIPS: Most of the obligations would already have been identified in phase 2 themselves.
In this step, the user would need to re-use his extracted knowledge. Some obligations
may not be explicitly stated but would have been implied based on contemporary
business practices. For example, the seller is responsible for loading the goods on to the
carrier, whenever the carrier is picking up the goods at the seller’s premises.
In our case scenario, the some of the obligations are:
Obligation to deliver
Obligation to pay
Obligation to insure the goods
Obligation to accept the goods
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Obligation to package the goods
Obligation to arrange for carrier for transporting the goods.
Table 2: List of Obligations

STEP 2: Identify for each obligation, who is the owner and who is the ownee.
TIPS: Find out who has to perform the obligation, and who is the beneficiary or
claimant for the same. Most of the standard obligation owner and ownee could be found
in the multi tier ontology, but the actual specification can only be found from the
contract instance, which could be different from recommended models (which have been
the source for the shared buy sell contract conceptual models). Hence, the user is
recommended to refer to the ontology as a guide to determine the exact information
from his contract.
In the case contract, we see that:
Obligation
Obligation to deliver
Obligation to pay
Obligation to insure the goods
Obligation to accept the goods
Obligation to arrange carrier
Obligation to package the goods

Owner
Buyer
Seller
Buyer
Seller
Buyer
Buyer

Ownee
Seller
Buyer
Seller
Buyer
Seller
Seller

Table 3: Obligation Owner and Ownee

STEP 3:
• Identify for each obligation, the obligation type from the MTCO.
• Traverse the associations to get the related reciprocal, conditional, reconciliatory
or secondary obligation.
TIPS: Look up the obligation in the MTCO. In case of shared ontology for a buy sell
contract type, the user will be able to directly look up ‘obligation to pay’ or ‘obligation to
deliver’. From the MTCO, the user will get the information regarding the nature of
obligation (whether it is business obligation, a monetary obligation or a legal obligation
or a combination of these), obligation type (whether it is the primary obligation, does it
have any related reciprocal or conditional or secondary obligation etc).
Obligation

Obligation Type

Nature of
Obligation

Related Obligation

Obligation to deliver

Primary

Legal, business

5,2(reciprocal)

Obligation to pay

Primary

Monetary, legal

4, 3,8,1(reciprocal)

Obligation to insure the goods

Secondary

Legal, business

Obligation to accept the goods

Primary/secondary

Business

Obligation to package the goods

Secondary

Business

Obligation to pay penalty

Reconciliatory

Monetary, Legal

Obligation to arrange for carrier
(If seller performs)

Conditional
On buyer’s request

Moral
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Obligation

Obligation to arrange for carrier
(If buyer performs)

Obligation Type

Nature of
Obligation

Secondary

Business

Related Obligation

Table 4: Obligation Type and Nature of Obligation

4.3.5

Phase 4: Obligation, Performance, Non-Performance Interrelationships

INPUT: List of obligations from Phase 3 (tables 3 and table 4)
OUTPUT: Unordered list of performance events corresponding to each obligation.
PROCESS:
STEP 1: Look up the main performance needed to fulfil each obligation, as identified in
the previous phase, from the MTCO.
STEP 2: Deduce the business activities required to execute that performance
successfully.
TIPS: In most cases the obligation statement gives an indication of the required
performance from the ownee. The obligation Ownee is the one who has to be the
performer. Like, the obligation to deliver clearly indicates that the seller has to deliver the
goods. If we accept ‘deliver goods ‘ as the performance event required for fulfilling this
obligation, we see from the internal business process model of a seller, that in order to be
able to deliver the goods, he may need to make the goods first. Maybe to make the
goods, he needs to get the raw materials from his supplier. That could mean that he
would need to place an order with his supplier and so on. Such deductions can be made
from the basic required event by the business organization (or business process manager
etc). A good contract should be able to give all required information regarding the
performance events to be executed. Any ambiguity left in the specification could lead to
different interpretations and finally to non-compliance to the contract terms.
The internal business process modelling of the organizations is currently beyond
the scope of this guideline. The guideline assumes and adopts common business process
models as recommended strategies. In the above example, deductions for required
sequence of business activities on the seller’s side are inferred from standard business
models like the supply value chain, other enterprise ontologies like that of TOVE [45],
Enterprise Ontology [68] or standards like ebXML [51] (Business Process Schema
Specifications, Business Process Work Sheets) etc.
See example in table 5 below:
Obligation
Obligation to Deliver

Possible list of Performance Events
Ship goods

Obligation to package

Deliver goods(basic performance)
Load goods
Mark goods
Get raw materials
Arrange carrier
Quality assurance of goods
Pack goods
Get information of mode of transport
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Obligation to pay

Assess duration of transportation
Assess type of packaging required
Get packaging material
Pack goods (basic performance)
Pay for goods (basic performance)
Make arrangements with bank
Receive goods
Inspect Goods
Send Acceptance
Notify seller
Table 5: Deduced performance activities

Similar exercises can be done for every obligation, primary, conditional, reciprocal or
remedial as the case may be.
STEP 3:
•
The user has now to order the obligations. The ordering of the
obligations is recommended on the order of the nature of the obligation. Sort by the
obligation ownee.
•
List all the rights of individual parties at the end. However they need not
be ordered sequentially since some of their execution need not be compulsory or no time
ordered choreography might be interpreted.
•
List any Prohibitions too, if stated.
TIPS: The primary obligations first, then the nested or secondary obligation (obligations
which are part of the primary obligation), followed by conditional obligations
(obligations which may be triggered only if certain conditions arise and are not enforced
by default, they are mostly cases like when due to non performance some particular right
of the other party is enforced etc).
Conditional obligations may also be treated on par with nested secondary
obligations as they could be fulfilled as a necessary sub- unit of the main primary
obligation itself.
Help may also be taken from the list of performance activities (table 5), to judge
the nature of obligation.
Obligation to deliver
Obligation to package
Obligation To Ship
Obligation to Transfer ownership
Obligation to Remedy
Table 6: Seller’s obligation list

Obligation to Pay
Obligation to arrange carrier
Obligation to inform seller about carrier
Obligation to accept goods
Right to inspect
Right to cancel
Right to remedy
Table 7: Buyer’s obligation list
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STEP 4: Separate the list of deduced activities and obligations (refer table 5, 6 and 7) by
the performer.
TIPS: Each list would ultimately lead to the business activity workflow as per the
contract requirement for each of the organization involved.
STEP 5: Now order the activities sequentially in the order (with respect to time and/or
logic) they should be executed.
Some information should be available from the contract, which would help in the
ordering. Like in Paragraph 5, we see that the buyer would pay after he receives the
goods or in Paragraph 9 that the buyer should inspect the goods and then notify the
seller before a set number of days, if he wishes to claim compensation.
STEP 6: Note down any pre conditions or rules or policies, which need to be checked
or enforced for any of the listed activities.
Along with a rough idea for the order of execution, the contract also provides
information regarding the conditions for execution of the same activities. For example,
the buyer can cancel his order as long as the seller has not already dispatched it. That
implies that the action ‘cancel order ‘ by the buyer has a qualifying condition that the
seller’s action ‘ ship goods’ must not have occurred. These conditions need to be in built
as the boundary parameters within the CWM. The user is advised to note these preconditions and sketch them in roughly in the CWM.
Send receipt acknowledgement for PO
Get Raw materials
Make PC
Pack PC
(has pre condition: Should have received info about mode of transport
from buyer before this)
Ship PC
Receive delivery receipt
Send Invoice (has time bounded condition Send invoice on delivery receipt or after 15
days from Delivery accepted at buyer.)
Table 8: Seller’s activities, in time ordered sequence

Send Purchase Order
Receive acknowledgment
Cancel order
(has pre condition can occur only till ship goods has not occurred)
Arrange carrier
Inform seller of carrier choice
Receive goods
Inspect goods
Send delivery receipt
Receive invoice
Make payment
Table 9: Buyers Activities, in time ordered sequence

STEP 7: Break up each listed obligation (table 3, 4) into the states through which each
individual obligation will pass.
TIPS: From the MTCO, the user should be getting a picture of the different states an
obligation would cycle through, Inactive, active, pending, fulfilled, cancelled. The user
will also get additional information as the when the state change of each obligation will
occur. This would be typically on execution of a related performance.
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The performance, which triggers the obligation from inactive to active, is
connected to the obligation state. A state –activity diagram can be sketched for each role
player.
STEP 8: Identify which activity is related to which obligation
TIPS: Either performer may execute the activities. (Either the seller or buyer). Ex: The
obligation to deliver for the seller is activated when the order sent by the buyer reaches
the seller. The obligation could be pending when the seller has sent the delivery but is
waiting for the buyer to accept. But note that the seller’s obligation to bear the risk for
damage is fulfilled once the delivery has been made to the Buyers premises. After the
buyer inspects the goods or the time period lapses, the seller’s obligation to deliver is
fulfilled.
STEP 9: Keep the same order as listed in previous phases and now insert the identified
states, and draw a simple flow diagram, listing all the obligations, their states, related
performance activities for each role player, seller and buyer.
TIPS: The user may put the two sequences side by side on the same vertical time scale to
get a clearer picture of the flow of control and execution of the contract.

Figure 30: Obligation and Performance events ordered by
Time

But in the contract workflow pattern, the two business activity threads are not
isolated but intertwined. Activity A in one workflow may be triggered or fulfilled by
some other Activity B in the other workflow or vice versa. Similarly Obligation A may be
state changed due to activity B executed by the other workflow. A CWM essentially
models a rough outline for the flow of business processes and fulfilment conditions and
patterns for the obligations stipulated in a contract.
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At the end of this phase, the user is ready with all the concepts and object blocks
to deduce the CWM. Once the CWM is deduced, the business activity workflow depicted
for each organization should be the recommended workflow for contract compliance.
The derived business workflow would probably not be complete but only an indicative
guide for recommended business process workflow. Internal business process activities
may not be captured and only qualitative analysis and interpretations of required business
activities may be proposed.
4.3.6

Phase 5: Optional mapping to existing Business Process flows

This phase is an optional stage and can be used to map to existing internal business
process flows of the business organizations involved in the contract. Alternatively one can
also map to other established process or enterprise ontologies like TOVE [45] or
Enterprise Ontology [68] or standards like the Business Process Worksheets within the
ebXML [51] etc. For simplicity sake, detailed analysis on this phase is excluded from this
thesis document.
4.3.7

Phase 6: Contract Workflow Model for sample contract

INPUT: figure 30 and information tabulated in tables 6 to 9.
OUTPUT: simple contract workflow using EPC notations
PROCESS:
STEP 1: The user has now to draw separate CWM diagram for each of the parties
involved. He should translate the rough sketch from figure 30 in to the EPC notation, by
mapping obligations to functions and performance events to events (as discussed in
chapter 4.2.6)
STEP 2: Now the user connects the events and functions blocks by the appropriate
logical connectors, AND, OR or XOR. An AND connector is to be used when the all
the paths of the CWM is to be executed. Like the seller must make the goods as well as
have the carrier information ready before he can ship the goods. An OR connector is to
be used when there are choices or options to be made. In the CWM, an OR usually
denotes one or more choices to be made. A XOR connector is to be made when one and
only one choice from a multiple set of choices is to be made. Now the user has deduced
the CWM from the contract instance (Figure 3136)
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The Figure 30 illustrating the sample CWM is spread over two pages and should be interpreted as one
single continuous flow diagram.

66

Contract
signed
Obl. To deliver
inactive
Order received

Obl. To Deliver
active: Active

XOR

Send
acceptance

order

Order cancelled

Obl. To Deliver:
Cancelled

Right to
receive carrier

^
Make Goods (sub
process)

Carrier info (sub
process)

^
Obl. To pack: active

Packing Sub
process
Obl. To pack:
fulfilled
Goods ready
for delivery
Obl. To deliver:
triggered

XOR
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Delivery Rejected

Delivery
accepted
Obl. To deliver
fulfilled

Obl. To deliver:
Pending

Send Invoice

Remedy option
invoked

Right to seek
pay active

Obl. To remedy:
active
Remedy action
taken

XOR

Payment not
received

Payment
recieved

Obl. To remedy:
triggered

Right to
remedy: active
Remedy option
sub process
Right to seek
pay fulfilled

Obl. To remedy
fulfilled

XOR

Remedy
Accepted

Order
terminated

Obl. To remedy
fulfilled

XOR

^

Obl. To remedy
cancelled

Remedy
unaccepted
Obl. To remedy
pending

Obl. To deliver:
cancelled

Contract cycle
finished

All Obligations
inactive

Figure 31: Contract Workflow Model based on EventDriven Process Chain notations

The above CWM (figure 31) depicts a rough outline of the flow of business
execution. Sub processes indicated above, like that of packaging sub process, may be
modeled as a separate CWM which then constitutes a sub process within the main
workflow. The outline gives a simplified idea of the required business process flow. In
the above example all possible scenarios to every branch of the contract workflow has
not been indicated.
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5. Conclusions and Future Work
In this thesis we have analysed and discussed some of the salient features and
problems faced in the integration of contract management with business process
management (Chapter 1). We have analysed the contractual domain in depth and proposed
a framework for integrating all the three visualised perspectives of a contract (figure 1)
through the use of MTCO (Chapter 3). Starting from a contract instance the thesis has
proposed a methodology for arriving at the CWM (Chapter 4). The proposed MTCO and
the CWM methodology build on several theories (Chapter 2).
We conclude that a shared understanding is the key to solve the existing problems in
the field of contract management. As proposed, ontology is useful as an interpreter or
translator between the legal language, business language and the information systems
language. Based on a common knowledge base, almost all phases of contract life cycle may
be modelled and managed. However, this research has focused only on the contract
execution phase. The approach methodology is to be extended to cover other phases of
contracting from drafting to signing. This research has tried to reuse and integrate several
related research methodologies and approaches. Proof-of-Concept implementations have
demonstrated the practicality and usability of the proposed MTCO conceptual models in
the practical information systems domain.
In the following sections, we present a brief summary of the contributions made to
research, some salient features and future work to be carried out.

5.1 Summary of Contributions
Given below is a brief summary of the original contributions of this research that
aim to achieve the main research goals and objectives of this thesis as stated earlier
(Chapter 1.5).

•

To fulfil the objective of fostering shared, re usable understanding
of legal business contracts: this thesis has proposed a framework for
capturing and modelling the relevant contractual knowledge and
information in a Multi-Tier Contract Ontology (MTCO). The framework
has been further been populated with conceptual models for the generic
business contract (Upper Level Core Contract Ontology), a typical sale of
goods contract and other related terms (Specific Domain Level Contract
Ontology) and models for Template Level Ontology. Emphasis has been
laid on the analysis of obligations, their types, nature and relationship to
expected performance. This is a significant aspect of this research, which
makes monitoring of contract fulfilment feasible.

•

In the goal of bridging the gap between business process
management and contract management: This research has proposed
the use of MTCO as an interpreter for translation between the legal,
business and information system domain languages. Thus the common
shared, knowledge base, MTCO is the bridge based on which the gap
between business process management and contract management is
visualised. To achieve this, this research has proposed a methodology,
CWM, which aids in not only monitoring the contract execution but also
helps in designing contract compliant business workflows. Continuing
work in this regard is aimed to further narrow down the existing gap.
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5.2 Salient Features
The following are some advantages and features of the proposed methodology:

•

The MTCO is a reusable, flexible, extensible, coherent knowledge base.

•

The MTCO has been designed and developed using integrated methodologies
prevalent in the realm of ontologies and the Semantic Web. Thus realising the
vision of global integration and reuse of knowledge resources.

•

The MTCO has a ready and valid application especially for business process
integration. Several applications based on the same knowledge base are possible
like:
Contract Drafting Wizard based on the template and shared domain
ontologies.
Contract Monitor Wizard, which tracks and prompts for possible contract
violations, possible choices for action etc.

•

One of the major contributions and advantages of the MTCO is the analysis and
categorisation of contractual obligations, their states, their types and their
relationships to performance and non-performance issues. This is visualised as an
invaluable aid in the step to monitor the fulfilment process of contractual
obligations.

•

This research has also supported existing theories of Wagner [56] and Cranefield
[7] of that conceptual model can be termed as ontology and that UML is a good
choice for ontology modelling.

•

Another key advantage is the ease of understanding that the conceptual models
provide to potential users. UML has been used to graphical capture the design and
concepts of the MTCO. UML is not only human understandable but is also
machine understandable as has been evaluated by the proof-of-concept
transformation to machine-readable RDFS and DAML format for MTCO.
Another advantage is that the conceptual models may be translated to other forms
of knowledge representation including databases.

•

The CWM is a simple, user-friendly methodology to help the user understand the
terms and conditions of a contract instance. It also provides the rough outline for
the choreography of business processes that would be compliant with the contract
conditions. In that aspect it is a valuable guide to business strategy planners and
decision makers while deciding the actual business execution.

5.3 Future Work
There are some current disadvantages to the methodology proposed in this thesis.
However, ongoing research and extensions to the existing methodology is visualised to
erase these shortcomings:

•

Preconditions, business policies and rules are not sufficiently expressed in the
conceptual models
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•

Linking between conceptual model and the contract process flow is not clear and
automated.

•

Automated or at least partly automated generation of CWM from a contract
instance is not currently supported.

•

Mapping to existing business process workflows and other relevant ontologies is
not available.

As discussed, the research is visualised to progress to the next level by removing the
current drawbacks and further improving the proposed model and methodology. Some of
the key issues under design and development are:

•

Logic, reasoning, rule interpretation from natural language and conceptual models.
Use of Object Constraint Language to write the constraints.

•

See how the actual business strategies and company policies and rules can be
mapped or integrated to the contractual terms and conditions logic layer.

•

Methodology for transformation and mapping rules from UML (OCL) to semantic
web based logic languages or other equivalent formal languages.

•

Methodology for querying, analysing, deducing from the proposed MTCO, logic
and CWM to enable business process analysis, prognosis and suggest solutions to
resolve possible contractual deadlocks, non-compliance or violations.
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