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Pre-condition:
Characterizes situation or 
information that must be 
provided by a requestor to 
execute a service

Post-condition:
Characterizes situation after 
successful execution of the 
service

Semantic Service Descriptions

1 0..1 1 1

0..*0..1

Order Invoice Payment

Customer Cart BankAccount CreditCard

:CreditCard

:Cart :Customer

:Order

:Cart :Customer

:Invoice

:CreditCard

Static Information:
Class Diagrams

Behavior:
Visual Contracts

typed typ
ed

orderCart
Visual Contracts:
• UML-based representation of 

graph transformation rules
• Loose semantics

– based on graph transitions
(double-pullback)
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Model-Driven Matching: Overview

Service Requestor Service Provider

Request
(Visual Contract)

Service
Description

(Visual Contract)

DeveloperDeveloper

Semantic Matching
erstellterstellt

Order Invoice Payment

Customer Cart BankAccount CreditCard

Ontology
typ

ed
ov

er
typed over

• Common language of 
requestor and provider

• depicted as UML class 
diagram
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Description of a request

Pre-condition Post-condition

Information that the requestor is 
willing to deliver as input to a 
service

Characterizes the situation that 
requestor wants to achieve 
by using a service

The goal of the requestor is
to order a book 

invoice is not part of 
post-condition

:CreditCard

:Cart :Customer

:Order

:Cart :Customer

:CreditCard
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Matching: intuitive definition

S
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Requestor provides all 
information the 
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Provider produces all 
results expected by the 

Requestor
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S
ervice D

escription
Service R

equest

Problem using simple subgraph
relations
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Solution: Decomposition of post-
condition

• Compare pre-/post-conditions to deduce effects of operation
• Use pre-condition and effects for matching

S
ervice R

equest

:CreditCard

:Cart :Customer

:Order

:Cart :Customer

:CreditCard:BankAccount :BankAccount

Remove unmodified 
objects
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S
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:Cart :Customer

:Order
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:CreditCard

Solution: Decomposition of post-
condition

requirements effects 

Service R
equest

:CreditCard

:Cart :Customer

:Order

:Cart :Customer

requirements effects 

:BankAccount
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Generated DAML+OIL Code: Overview

<?xml version="1.0"?>

<rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#"
xmlns:daml="http://www.daml.org/2001/03/daml+oil#"
xmlns:xsd="http://www.w3.org/200/10/XMLSchema#"
xmlns:dex="http://www.daml.org/2001/03/daml+oil-ex#"
xmlns:exd="http://www.daml.org/2001/03/daml+oil-ex-dt#"

xmlns="file:///D:/shopOntology.xml#"
>

<daml:Ontology rdf:ID="shopOntology">
<daml:versionInfo>1.0</daml:versionInfo>

<rdfs:comment>An ontology for selling products</rdfs:comment>
<daml:imports rdf:resource="http://www.daml.org/2001/03/daml+oil"/>
</daml:Ontology>

…

DAML+OIL extends RDF with some 
concepts like assocications or 
cardinalities etc.

Namespace for ontology

Define name of ontology

© Gregor Engels - University of Paderborn 16

Generated DAML+OIL Code: Overview
…
<!– Class Order -->
<daml:Class rdf:ID="Order">

<!– use association oinv -->
<rdfs:subClassOf>

<daml:Restriction>
<daml:onProperty rdf:resource="#oinv"/>
<daml:toClass rdf:resource="#Invoice"/>
<daml:minCardinality>0</daml:minCardinality> 
<daml:maxCardinality>1</daml:maxCardinality>

</daml:Restriction>
</rdfs:subClassOf>

…
</daml:Class>

…

<!-- Association: oinv -->  
<daml:ObjectProperty rdf:ID="oinv">

<rdfs:domain rdf:resource="#Order"/>
<rdfs:range rdf:resource="#Invoice"/>

</daml:ObjectProperty>
…

• Define class Order.
• Concept of classes in DAML+OIL is 

similar to concept of classes in UML.

Define association

Define cardinality

0..1
Order Invoice

Reference association

oinv
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Generated DAML+OIL Code: Overview

<rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
xmlns:daml="http://www.daml.org/2001/03/daml+oil#"
xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#" 
xmlns:xsd="http://www.w3.org/2000/10/XMLSchema#" 
xmlns="file:///D:/shopOntology.xml#">

…

<CreditCard rdf:ID="cc"></CreditCard>
<Cart rdf:ID="c"></Cart>
<Customer rdf:ID="cu"></Customer>

…
</rdf:RDF>

How to instantiate classes from ontology?

cc:CreditCard

c:Cart cu:Customer

Use ontology as 
default namespace

Reference elements 
(classes) from 
standard namespace

Define identifier
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How to compute subgraphs with 
DAML+OIL?

Simple RDQL Query: 

SELECT ?cc, ?c, ?cu
WHERE 
(?cc, <http://www.w3.org/1999/02/22-rdf-syntax-ns#type>, 

file:///D:\shopOntology.xml#CreditCard>), 
(?c, <http://www.w3.org/1999/02/22-rdf-syntax-ns#type>, 

<file:///D:\shopOntology.xml#Cart>), 
(?cu, <http://www.w3.org/1999/02/22-rdf-syntax-ns#type>, 

<file:///D:\shopOntology.xml#Customer>) 

Compute RDQL
queries from 

Visual Contracts

Execute RDQL
with Semantic Web

Toolkit Jena

RDQL: RDF Data Query Language
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Software development process

problem domain

Model
(specification)

abstracts from 
irrelevant details

abstracts from 
implementation details

program
code

code

analysis and
design

• Visual models
• UML models
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Model-driven Software Development

complete code generation:
• not always realistic
• standardized mapping to inflexible
• complete and low level models needed 

(expensive)

Model
(Specification)

program
code

correctness

A program is correct if it behaves 
according to its specification

code 
generation

Complete Code Generation does not work:
• Loose semantics of visual contracts
• Visual Contracts do not describe the 

behavior of a service completely
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Model-driven Software Development

correctness?
Manual implementation:
• still common approach today
• more flexible
• models are still an abstraction of the 

implementation

manual
implementation

Model
(Specification)

program
code
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Model
(Specification)

Design by Contract (Eiffel)

program
code

Technique that uses the concept of pre- and post-conditions on implementation level

program code

specification
(assertions)

manual
implementation

C
ontract

operation

Contract:
A kind of formal agreement
between an operation
and its clients (i.e. callers)

Pre-condition Post-condition

Properties that must 
hold before execution of 

operation

Properties that must hold 
after execution of the 

operation
• Contracts are logical 

expressions
• Allow description of 

behavior Integration in model-based software development processes?
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Model
(Specification)

Model
(Specification)

Model
(Specification)

Design by Contract (Eiffel)

program
code

program code

specification
(assertions)

manual
implementation

C
ontract

operation

Pre-condition Post-condition

compiler

executable
code with
run-time

assertions

• Integrate specification 
into program code

• Test specification 
(correctness) at runtime

test pre-condition execute operation test post-condition

system
state sk

system
state sk+1

operation call

program codecorrectness

Technique that uses the concept of pre- and post-conditions on implementation level
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Model-driven Software Development

How to generate implementation level 
contracts from visual contracts?

correctness?
manual

implementation
Model

(Specification)

program
code
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?
program code

contracts

Model-driven Software Development
Model (Specification)

Visual
Contract

Class
diagrams

manual
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correctness?
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class 
skeletons

Model (Specification)

Model-driven Software Development

• uses visual contracts as 
reference for implementing
operations

• codes bodies of operations
• is allowed to:

• implement new operations
• implement new classes

• not allowed to change
generated code

Visual
Contract

Class
diagrams

assertions

class
skeletons

manual
implementation

class 
skeletons

assertions

complete
program code

Contains program code for 
handling static structures:
• attributes
• links
• operation signatures
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class 
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Model (Specification)
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Visual
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JML-Compiler

Visual Contract Workbench

Model-Driven Monitoring: Tool Support

Class Diagrams Visual Contracts

Designer

Implementation

Lauffähiger
Service Assertions

Java byte code with run-time assertions

Klassengerüste

implements

Programmer
Java

Class Skeletions

complete
program code

JML-
Assertions

designs

JML (Java Modeling Language)
Design by Contract Extension for Java
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parameter

Translation to JML: An example

pr:Product

c:Cart

pr:Product

c:Cart

ci:CartItem
self:Shop self:Shop

cartAdd(asin, cid, x)

For the JML code generation we additional allow
• the usage of attribute values,
• the usage of parameters,
• the combination of parameters with attribute values

cartAdd

ASIN = asin ASIN = asin

cartID = cid

ASIN = asin
quantity = x

cartID = cid
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P
ost-condition

P
re-condition

Translation to JML: An example

JML Assertions are based on 
Java expressions

/*@ public normal_behavior
@ requires (\exists Product pr;
@ getProducts().values().contains(pr);
@ pr.getASIN().equals(asin)
@ && (\exists Cart c;
@ getCarts().values().contains(c);
@ c.getCartID().equals(cid))));
@
@ ensures (\exists Product pr;
@ getProducts().values().contains(pr);
@ pr.getASIN().equals(asin)
@ && (\exists Cart c; 
@ getCarts().values().contains(c);
@ c.getCartID().equals(cid)
@ && (\exists CartItem citem;
@ c.getCartItems().values().contains(citem);
@ item.getASIN().equals(asin)
@ && citem.getQuantity() == x)));
@*/
public String cartAdd (String asin, String cid, int x);

Visual
Contracts

Class
diagrams

Java
Class

Skeletons

JML
Assertions

use

typed
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P
ost-condition
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Translation to JML: An example

JML Assertions are based on 
Java expressions

/*@ public normal_behavior
@ requires (\exists Product pr;
@ getProducts().values().contains(pr);
@ pr.getASIN().equals(asin)
@ && (\exists Cart c;
@ getCarts().values().contains(c);
@ c.getCartID().equals(cid))));
@
@ ensures (\exists Product pr;
@ getProducts().values().contains(pr);
@ pr.getASIN().equals(asin)
@ && (\exists Cart c; 
@ getCarts().values().contains(c);
@ c.getCartID().equals(cid)
@ && (\exists CartItem citem;
@ c.getCartItems().values().contains(citem);
@ item.getASIN().equals(asin)
@ && citem.getQuantity() == x)));
@*/
public String cartAdd (String asin, String cid, int x);

Visual
Contracts

Class
diagrams

Java
Class
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JML
Assertions

use

typed

pr:Product

ASIN = asin

operation

c:Cart

cartID = cid

self:Shop

cartAdd(asin, cid, x)

pre-condition
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P
ost-condition

P
re-condition

Translation to JML: An example

JML Assertions are based on 
Java expressions

/*@ public normal_behavior
@ requires (\exists Product pr;
@ getProducts().values().contains(pr);
@ pr.getASIN().equals(asin)
@ && (\exists Cart c;
@ getCarts().values().contains(c);
@ c.getCartID().equals(cid))));
@
@ ensures (\exists Product pr;
@ getProducts().values().contains(pr);
@ pr.getASIN().equals(asin)
@ && (\exists Cart c; 
@ getCarts().values().contains(c);
@ c.getCartID().equals(cid)
@ && (\exists CartItem citem;
@ c.getCartItems().values().contains(citem);
@ item.getASIN().equals(asin)
@ && citem.getQuantity() == x)));
@*/
public String cartAdd (String asin, String cid, int x);

Visual
Contracts

Class
diagrams

Java
Class

Skeletons

JML
Assertions

use

typed

pr:Product

ASIN = asin

c:Cart

cartID = cid

ci:CartItem

ASIN = asin
quantity = x

self:Shop

post-condition
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Visual Contract Workbench
• Visual Contract Workbench is implemented as Eclipse plug-in
• allows for modeling of class diagrams and visual contracts
• complemented by code generation facilities for 

• DAML+OIL
• Java and JML
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