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Abstract. Relation algebra can be used to specify information systems
and business processes. It was used in practice in two large IT projects
in the Dutch government. But which are the features that make rela-
tion algebra practical? This paper discusses these features and motivates
them from an information system designer’s point of view. The result-
ing language, Ampersand 1, is a syntactically sugared version of relation
algebra. It is a typed language, which is supported by a compiler. The
design approach, also called Ampersand, uses software tools that compile
Ampersand scripts into functional specifications. This makes Ampersand
interesting as an application of relation algebra in the industrial prac-
tice. The purpose of this paper is to define Ampersand and motivate its
features from a practical perspective.

This work is part of the research programme of the Information Sys-
tems & Business Processes (IS&BP) department of the Open University.

Keywords: heterogeneous relation algebra – domain-specific feedback
– specification language – business rules – requirements engineering –
type system – rule based design.

1 Introduction

Ampersand is a simple requirements specification language with relational se-
mantics. It is a syntactically sugared version of relation algebra. It has been
designed for students and practitioners with minimal mathematical background,
who use it for designing business processes. In the sequel, we shall call these
users ‘requirements engineers’, because Ampersand enables them to design by
eliciting requirements. The purpose of this paper is to describe the features of
1 It is named after the ampersand symbol (&), which means “and”. The name hints

at the desire to have it all: getting the best from both business and IT, achieving
results from theory and practice alike, and realising the desired results effectively
and more efficiently than ever before.
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Ampersand that make it practical. Ampersand is currently used in teaching at
the Open University of the Netherlands (OUNL) and it has already been used
to design several large scale IT-systems in the Dutch government2.

A challenge in designing Ampersand was to obtain a useful requirements spec-
ification language that is faithful to Tarski’s axioms. This sets Ampersand apart
from Codd’s relational model [3], which has been criticized for being unfaithful
to its mathematical origins [4]. In this paper Ampersand is defined with seman-
tics in a homogeneous relation algebra which is faithful to Tarski’s axioms. But
only relations with a type are considered useful. Ampersand with semantics in
a heterogeneous relation algebra is discussed in [15]. Generalization (subtyping)
is exploited in that paper to embed the relations appropriately such that the
composition and union operations are total and the Tarski axioms are valid to
a large extent.

Ampersand features rules, relations and concepts. It has a type system that
blocks compilation as long as a script contains type incorrect expressions. In
essence, a specification in Ampersand is a set of rules and a set of relation
symbol declarations with a concept-based type. Each rule is an expression (a
relation term) in a relation algebra that must be kept true throughout time.
Thus, each relation that is a rule represents an invariant requirement of the
business. A requirements engineer takes responsibility for a correspondence be-
tween requirements (in natural language) and rules (i.e., constraints in relation
algebra).

Ampersand features a compiler that produces requirements specifications in
natural language in the form of a PDF-document. A type system ensures the
absence of relation terms that are predictably nonsensical to the end user. Rela-
tion terms that are type incorrect (i.e., make no sense) are reported back to the
requirements engineer as a type error. This feedback explains why an erroneous
relation term makes no sense within the chosen context. The feedback generator
is implemented as an attribute grammar of untyped relation terms with a type
function as one of its attributes. This is described in section 4. This implemen-
tation allows for future extensions with new attributes to analyze and report in
even more detail.

The relevance of relation algebra in practice has surprised the authors. For-
malizing requirements results in compact scripts that allow substantial pieces of
the design process to be automated. Students at the OUNL now use an online
tool in which they can study the impact of their Ampersand scripts, analyse
them and generate requirements specifications from them. For the future we
plan to implement editing of rule models within the tool. This will give students
a working prototype of their design, which is expected to improve their learning
curve.

The work presented here advances the state-of-the-art of designing business
processes and the IT-systems that support them. The innovation Ampersand

2 In 2007 a new information system to support the Dutch Immigration Service in
managing all immigration requests was designed. In 2010 a platform independent
design for all courts of administrative law in the Netherlands was generated.
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brings is to generate design artifacts, such as class diagrams, directly from re-
quirements. The idea to use algebra for knowledge representation [1] lies at the
heart of our research. Ideas from heterogeneous relation algebra [13,7] were bor-
rowed to construct a type system. Furthermore, the existence of a well studied
body of knowledge called relation algebra [10] eliminated the need to invent a
new (possibly poorer) language. Ampersand has the distinct advantage of tap-
ping into an existing, well studied body of knowledge. Besides, relation algebras
are being used (e.g. [2]) and taught (e.g. [5]).

This research is relevant for requirements engineers and students alike, who
specify business processes by means of constraints. They can rely on the feedback
from their design tool. This audience consists mostly of students and practition-
ers in business information systems. The attention given to feedback is justified
by the difficulty of learning how to formalize business rules in Ampersand.

The paper starts in section 2 with an informal introduction on requirements
and the way an information system satisfies them. Then the syntax and se-
mantics of Ampersand are defined. Next the type function is introduced. The
Ampersand compiler does type checking and type deduction simultaneously. It
has been implemented as an Haskell attribute grammar. The feedback system
implementation is described and demonstrated.

2 Language for Requirements

Requirements engineers need a language that is shared by all stakeholders. For
example, let us assume we are working for an auction house in Dendermonde.
The sentence “Peter presides over auction room 3” makes sense in this context, if
there is a person called Peter, there is an auction room 3, and the auction house is
familiar with the idea that a person presides over an auction room. In this context
the sentence “Vehicle 06-GNL-3 presides over auction room 3” does not make
sense, because vehicles never preside over auction rooms. That is non-sense. The
type system is an instrument by which the requirements engineer can exclude a
significant class of nonsense. The declaration presides : Person ∼ AuctionRoom
introduces a (heterogeneous) relation with the name presides , in which only pairs
of persons and auction rooms reside. By specifying relations, a requirements
engineer introduces the basic sentences of a language. More complex sentences
are made by means of the operators of relation algebra. If stakeholders agree to
use that language to express requirements, we call this language shared.

Ampersand sees an information system as a collection of data that rep-
resents facts in a given context. If, for example, Peter presides over auction
room 3, one expects a tuple 〈’Peter’, ’auction room 3’〉 in a relation presides
to represent this fact. Some time later that relation might contain the tu-
ple 〈’Sue-Ellen’, ’auction room 3’〉. In an information system, data content
changes as facts in the given context change. Rules constrain that data content.
For example, the auction house might require that a bid on a lot at an auction
may be placed only by persons who are registered as a bidder for that particu-
lar auction. Using relations to represent parts of that sentence, a requirements
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engineer assembles relation terms and declares them as logical expressions with
the keyword RULE.

bid : Person ∼ Lot (1)
at : Lot ∼ Auction (2)

registeredfor : Person ∼ Auction (3)
RULE bid o

9 at ⇒ registeredfor (4)

This fragment assembles relations into a rule by means of operators from re-
lation algebra, in this example o

9 (compose), and ⇒ (implication). The full set
of operators is introduced in definition 3. In this manner, a requirements engi-
neer formalizes all requirements that need to be maintained by an information
system. He can do this one rule at a time, adding requirements and nuance to
the specification incrementally. In the fragment above the requirements engineer
may add nuance by adding a rule covering that at is at least a partial function,
which is likely to be assumed by the reader of the original requirement.

An information system contains all relations and their data. The task of the
information system is to keep all rules satisfied. If a bid is placed by an unregis-
tered bidder, the computer might simply block the transaction, explaining that
you must be registered in order to place a bid. However, it might also signal this
event to a registrar, to register the new bidder. Or, it might automatically look
up this person, conclude that he is a subscribed member and register him auto-
matically. For the purpose of this paper, we restrict the large number of options
to two: One option is to block with an error message while the data remain in the
old state (rollback). The other option is to proceed with one or more violations.
In that case signals are raised, which persist as long as the violation persists.
This mechanism allows an information system to control business processes, i.e.,
collaborations between people and computers. Blocking rules enforce consistent
data throughout the business process. Signal rules trigger people to take some
action in order to restore the situation that all rules are satisfied. Such rules may
be satisfied with some delay, because people need some time to act.

Summarizing, Ampersand is a language built on binary relations, providing a
natural model for data and business rules. This differs from the idea to use rela-
tions as a model for nondeterministic programs, which became common in the
eighties [12]. There are other relational languages for constraint-based modelling,
like Alloy [9] or Z [14]. Semantically, Ampersand, Z, and Alloy bear great resem-
blance [8]. All three are declarative specification languages with a type system.
Underlying Alloy, one will find relations and atoms in a similar way Ampersand
has. Both Alloy and Ampersand do automatic analysis, albeit in different ways.
Ampersand uses notations of relation algebra, where Alloy and Z are more into
set-notations. More significant differences are found in what Ampersand does
with a specification. Unlike Alloy and Z, Ampersand generates data structures
and code for a database that can hold every model of an Ampersand script. Alloy
is a model checker, whereas Ampersand derives an implementation. Alloy tries
to find a model, whereas Ampersand verifies any particular model at runtime
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and reports violations. Alloy supports consistency checks at design time, as the
user can look for counterexamples on specific assertions. Ampersand checks for
consistency at runtime, and does so automatically.

3 Ampersand

This section defines the core of Ampersand. Its abstract syntax is defined in
section 3.1. The semantics of relation terms are given in section 3.2. Amper-
sand chooses an interpretation that allows the representation of requirements
and their satisfaction by means of data. A type function is introduced which
is partially defined. All expressions with an undefined type are deemed incor-
rect and therefore rejected by the type checker. The type system is discussed in
section 3.3.

3.1 Syntax

The Ampersand syntax consists of constant symbols for (business) concepts,
(business) elements, relations and relation operators. Relation terms can be con-
structed with relations and relation operators.

Let C be a set of concept symbols. A concept is represented syntactically by
an alphanumeric character string starting with an upper case character. In this
paper, we use A, B, and C as concept variables.

Let U be a set of atom symbols. An atom is represented syntactically by an
ASCII string within single quotes. All atoms are an element of a concept, e.g.
’Peter’ is an element of Person. We use a, b, and c as atom variables.

Let D be a set of relation symbols. A relation symbol is represented syntacti-
cally by an alphanumeric character string starting with a lower case character.
For every A, B ∈ C, there are special relation symbols, IA and VA×B . We use r,
s, and t as relation variables.

Let ¬, �, �, and o
9 be relation operators of arity 1, 1, 2, and 2 respectively.

The binary relation operators �,⇒ and ≡ are cosmetic and only defined on the
interpretation function (see definition 3).

Let R be the set of relation terms. We use R, S, and T as variables that denote
relation terms.

Definition 1 (relation terms)
R is recursively defined by

IA, VA×B , r,¬R, R�, R � S, R o
9 S ∈ R

provided that R, S ∈ R, r ∈ D, and A, B ∈ C

Definition 2 (statements)
An Ampersand design of context C is a user-defined collection of statements
where
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– RUL ⊆ R is a collection of relation terms called rule statements.
– REL is a collection of r : A ∼ B for all r ∈ D such that A, B ∈ C. The

instances of REL are called relation declarations.
– POP is a collection of a r b such that a ∈ A, b ∈ B and (r : A ∼ B) ∈ REL.

The instances of POP are called relation elements.

The relation declarations define the conceptual structure and scope of C. Re-
lation elements define facts in C. POP is called the population of C. Rules are
constraints on that population.

An Ampersand script is a user-defined collection of relation declarations, re-
lation elements and rule statements. It describes a (business) context C, in com-
pliance with the OMG standard Semantics of Business Vocabulary and Business
Rules (SBVR). The Ampersand compiler contains a parser, which extracts RUL,
REL, and POP from an Ampersand script that describes C.

3.2 Semantics

The previous section defines the syntactic structure of Ampersand. This sec-
tion introduces an interpretation I(R) that defines the semantics of a relation
term R. This function interprets relation terms based on POP and a relation
algebra [10] 〈R,∪, , ; , �, I〉 where R ⊆ P(U). All relation symbols used in a
relation term are either declared by the user in REL or IA or VA×B. So, the
relation algebra on R is configured by the user through REL. The interpreta-
tion of all relation symbols in D is completely user-defined through POP . Thus,
given some REL and some POP , I(R) determines whether some relation holds
between two elements.

Definition 3 (interpretation function)
Given some C, the interpretation function of relation terms is defined by

relation I(r) = {〈a, b〉 | a r b ∈ POP} (5)
identity I(IA) = {〈a, a〉 | a ∈ A} (6)

universal I(VA×B) = {〈a, b〉 | a ∈ A, b ∈ B} (7)

complement I(¬R) = I(R) (8)

converse I(R�) = I(R)� (9)
union I(R � S) = I(R) ∪ I(S) (10)

composition I(R o
9 S) = I(R); I(S) (11)

(the interpretation of the mentioned cosmetic relation operators)

intersection I(R � S) = I(¬(¬R � ¬S)) (12)
implication I(R ⇒ S) = I(¬R � S) (13)
equivalence I(R ≡ S) = I((R ⇒ S) � (S ⇒ R)) (14)
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Section 2 informally described that relations need to have a type. A relation
term R ∈ R with a type T(R) has an interpretation. If it has no type, it is said
to have a type error or to be (semantically) incorrect. An end user might call
a relation term without a type nonsense. Relation terms with a type error are
rejected with a proper feedback message.

By a relation declaration r : A ∼ B the user declares the existence of a relation
symbol r with a type denoted T(r) = A ∼ B. We use X, Y as type variables. By
Definition 2, given some r : A ∼ B, the user can only define a relation element
a r b ∈ POP if a ∈ A and b ∈ B. T(R) is inspired on Hattensperger’s typing
function for heterogeneous relation algebra [7].

Definition 4 (typing function)
Given some C, the partial typing function of relation terms is defined by

T(r) = A ∼ B , if r : A ∼ B ∈ REL (15)
T(IA) = A ∼ A , if A ∈ C (16)

T(VA×B) = A ∼ B , if A, B ∈ C (17)
T(¬R) = T(R) , if T(R) is defined (18)
T(R�) = B ∼ A , if T(R) = A ∼ B (19)

T(R � S) = T(R) , if T(R) = T(S) (20)
T(R o

9 S) = A ∼ C , if T(R) = A ∼ B, T(S) = B ∼ C (21)

3.3 Type System

Only type correct expressions are allowed in Ampersand scripts. Ampersand
allows overloading of relation symbols. This means that relation term names need
not be unique. Overloading is necessary for practical reasons only, in order to
give users more freedom to choose names. In particular, requirements engineers
may choose short uniform names, such as aggr , has , in , to represent different
relations for different types. The type system deduces all possible types for any
given relation term name. If there are multiple possibilities, a type error is given.
The script writer can disambiguate any relation term name by adding type
information explicitly.

Ampersand also allows that two different concepts overload an atom symbol,
i.e., an a ∈ A has an interpretation different from a ∈ B. Atoms are only inter-
preted in the context of typed relation terms, preventing an ambiguous identity
of atoms. In practice, business concepts may be overlapping, e.g., ’Peter’ the
Person has the same practical identity as ’Peter’ the Auctioneer. In the com-
panion paper, Van der Woude and Joosten [15] embed generalization of concepts
in Ampersand. They introduce supertype relations (ε), called embeddings, to de-
fine total extensions of the partial (heterogeneous) relational operators except for
the complement. These extensions give requirements engineers a type-controlled
freedom to express themselves in relations on sub- or superconcepts. The use
of negation in business rules with generalization requires further investigation.
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The requirements engineer declares the supertype relation between subconcept
A and superconcept B as ε : A ∼ B ∈ REL.

Altogether, the problem that the type system must solve is twofold. The type
system must deduce one relation term from a relation term name, and check the
type of relation terms simultaneously. We use R′, S′, T ′ as variables to denote
relation term names.

The type function T′(R′) is based on the partial typing function T(R). The
type system examines T′(R′) to mark the name R′ as bound to a relation,
ambiguous, undeclared or undefined.

– If some r is not declared with a type in REL, then r is said to be undeclared.
– If some R′ can only refer to one type correct relation term R, then R′ is said

to bind to R.
– If some R′ does not refer to any type correct relation term, then R′ is said

to be undefined.
– If some R′ can refer to more than one type correct relation term, i.e., an

alternative, then R′ is said to be ambiguous.

Definition 5 (type function)
Given some C, the type function of relation term names is defined by

T′(r) = {A ∼ B | (r : A ∼ B) ∈ REL } (22)
T′(IA) = {A ∼ A} (23)

T′(VA×B) = {A ∼ B} (24)
T′(R′

X) = T′(R′) ∩ {X} (25)
T′(¬R′) = T′(R′) (26)

T′(R′�) = {B ∼ A|A ∼ B ∈ T′(R′)} (27)
T′(R′ � S′) = T′(R′) ∩ T′(S′) (28)
T′(R′ o

9 S′) = {A ∼ C | �{B | A ∼ B ∈ T′(R′), B ∼ C ∈ T′(S′)} = 1} (29)

Rule 25 enables the requirements engineer to disambiguate an ambiguous rela-
tion term name with type information. Rule 29 ensures that if R′ o

9 S′ yields
more than one alternative with type A ∼ C, then A ∼ C /∈ T′(R′ o

9 S′).
This type system is not monotone, i.e., a well typed program can become

ill-typed by adding rules for different, independent relations. When this happens
to a requirements engineer, he will notice that the introduction of a new relation
forces him to add more type information to other parts in his script.

4 Feedback System

The type system is embedded in the feedback system of the Ampersand compiler.
The feedback system must give an error message if and only if a relation term
name cannot be bound to a relation term. The error messages must be concise,
i.e., correct and kept short, precise and relevant. The quality of the feedback
deserves attention, because it lets students focus on learning rule-based design.
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The feedback system is implemented in Haskell [11] based on an attribute
grammar [6] Haskell library developed at Utrecht University. The feedback sys-
tem checks all relation term names R′ used in any statement in RUL or POP ,
given the conceptual structure of C represented by REL. REL is an inherited
attribute called context structure. Within the scope of a statement, given the
context structure, R′ is bound, ambiguous, undeclared or undefined.

A bound R′ implies the existence of one suitable alternative for any subname
S′ of R′. The reader may verify this surjective function from subname S′ to
bound R′ in rule 22-29. However, T′(S′) may yield more than one alternative.
The feedback system uses two attributes to determine the type of any S′ within
the scope of R′. T′(S′) is a synthesized attribute called pre-type. Some X ∈ T′(S′)
is an inherited attribute called automatic type directive. The automatic type
directive is based on Definition 5.

For example, consider two statements a rule and a relation element, both
yielding relation rel1 :

rel1 � rel2 ∈ RUL

’atom1’ rel1 ’atom2’ ∈ POP

where

REL = {rel1 : Cpt1 ∼ Cpt2, rel1 : Cpt1 ∼ Cpt3, rel2 : Cpt1 ∼ Cpt2}
The rule binds to a typed relation term, although T′(rel1) yields more than one
alternative:

T′(rel1 ) = {Cpt1 ∼ Cpt2, Cpt1 ∼ Cpt3} (rule 22, ambiguous)
T′(rel2 ) = {Cpt1 ∼ Cpt2} (rule 22, bound)

T′(rel1 � rel2 ) = T′(rel1 ) ∩ T′(rel2 ) (rule 28)
= {Cpt1 ∼ Cpt2, Cpt1 ∼ Cpt3} ∩ {Cpt1 ∼ Cpt2}
= {Cpt1 ∼ Cpt2} (bound)
= T′((rel1 � rel2 )Cpt1∼Cpt2) (auto)

= T′((rel1 Cpt1∼Cpt2 � rel2 Cpt1∼Cpt2)Cpt1∼Cpt2
) (auto)

T′(rel1 Cpt1∼Cpt2) = {Cpt1 ∼ Cpt2} (rule 22, bound)
T′(rel2 Cpt1∼Cpt2) = {Cpt1 ∼ Cpt2} (rule 22, bound)

(done)

The relation element is ambiguous, because T′(rel1) yields more than one alter-
native:

T′(rel1 ) = {Cpt1 ∼ Cpt2, Cpt1 ∼ Cpt3} (rule 22, ambiguous)
(done)

The requirements engineer should have specified a type directive

’atom1’ rel1 Cpt1∼Cpt2 ’atom2’ ∈ POP
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or
’atom1’ rel1 Cpt1∼Cpt3 ’atom2’ ∈ POP

Detailed information can be obtained through synthesized attributes of the
attribute grammar. Three synthesized attributes are defined in our implementa-
tion. One attribute holds either T(R) if R′ is bound to R and T(R) is defined, or
an error message as described in Section 4.1 otherwise. Another attribute holds
a fully typed relation term name RT(R) if the previous attribute holds T(R), and
is undefined otherwise. The third attribute holds an extensive LATEX report for
complete detail on type errors or binding relation term names. Such a report
contains equational traces like presented for the examples in this section. This
report is generated by the Ampersand compiler.

4.1 Error Messages

If a relation term has an error, then an error message must be composed. We
have designed templates for error messages which relate to the type system rule
at which an error first occurs. The error messages are defined short but complete
and specific. The templates are presented in the same order of precedence as the
operators they relate to. If subterms of a relation term have error messages, then
the error message of the relation term is the union of all the error messages of
subterms.

relation undeclared If T′(r) yields no types, then there is no relation declaration
for r.

relation undeclared: r

relation undefined Requirements engineers may use the unique name of some R
e.g. R′

X . This may cause different kinds of errors which are checked in the same
chronological order as described here.

If X = A ∼ B and A or B does not occur in the type signature of any relation
declaration, then there is probably a typo in the concept name.

unknown concept: A, or

unknown concept: B, or

unknown concepts: A and B

If X /∈ T′(R′), then there is no R such that T(R) = X . If R′ = r then rX is
undeclared.

relation undeclared: rX

In all other cases:

relation undefined: rX

possible types are: T′(R′)
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incompatible/ambiguous composition Let T′(R′) and T′(S′) yield alternatives.
If T′(R′ o

9 S′) yields no types, then there is no alternative for R′ o
9 S′. In case

�{B | A ∼ B ∈ T′(R′), B ∼ C ∈ T′(S′)} = 0, then R′ and S′ are incompatible
for composition.

incompatible composition: R′ o
9 S′

possible types of R′: T′(R′)

possible types of S′: T′(S′)

In case �{B | A ∼ B ∈ T′(R′), B ∼ C ∈ T′(S′)} > 1, then the composition of R′

and S′ is ambiguous.

ambiguous composition: R′ o
9 S′

possible types of R′: {A ∼ B | A ∼ B ∈ T′(R′), B ∼ C ∈ T′(S′)}

possible types of S′: {B ∼ C | A ∼ B ∈ T′(R′), B ∼ C ∈ T′(S′)}

incompatible comparison Let T′(R′) and T′(S′) yield alternatives. If T′(R′ �S′)
yields no types, then R′ and S′ are incompatible for comparison.

incompatible comparison: R′ � S′

possible types of R′: T′(R′)

possible types of S′: T′(S′)

ambiguous type If R′ is ambiguous within the scope of a statement, then the
ambiguity is reported as an error.

ambiguous relation: R′

possible types: T′(R′)

4.2 Demonstration

Let us demonstrate a typical constraint that some relation is contained within
another relation.

(rel1 � rel2 ⇒ rel0 ) ∈ RUL

where

REL = {rel1 : Cpt1 ∼ Cpt2, rel2 : Cpt3 ∼ Cpt4}
R � S = ¬(¬R � ¬S)

R ⇒ S = ¬R � S
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Fig. 1. compiler screen snippet with type error (Dutch)

The rule contains two errors. Both will be mentioned in the error message as
depicted in Figure 1.

These messages provide the requirements engineer with relevant and suffi-
cient information which they understand. For complete detail, the requirements
engineer requests a LATEXreport containing a trace like:

T′(rel1 ) = {Cpt1 ∼ Cpt2} (rule 22, bound)
T′(¬rel1 ) = T′(rel1 ) (rule 26)

= {Cpt1 ∼ Cpt2} (bound)
T′(rel2 ) = {Cpt3 ∼ Cpt4} (rule 22, bound)

T′(¬rel2 ) = T′(rel2 ) (rule 26)
= {Cpt3 ∼ Cpt4} (bound)

T′(¬rel1 � ¬rel2 ) = T′(¬rel1 ) ∩ T′(¬rel2 ) (rule 28)
= {} (undefined)

T′(rel0 ) = {} (rule 22, undeclared)
(done)
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5 Conclusions and Further Research

In this paper we have introduced Ampersand by means of an abstract syntax,
semantics, and a type system, and motivated this from a practical use of specify-
ing information systems. Ampersand allows requirements engineers to represent
a situation specific language by relation declarations and express truths in it.
True facts are represented by relation elements and requirements are represented
by rules. Rules are terms in a syntactic calculus of relations based on Tarski’s
axioms. The relation terms are enriched with typing arguments to enable the
filtering of rules without a type, and relation elements of undeclared relations.
Ampersand allows overloading of relation and atom symbols and generalization
of concepts, in order to give requirements engineers a more natural syntax. The
type system filters relation terms with an undefined or ambiguous type.

Ampersand generates precise feedback on type errors. This feature keeps
requirements engineers from implementing rules which will never hold. The feed-
back is generated by an attribute grammar on relation term names. The con-
creteness and relevance of the generated feedback is meant to focus students
on learning rule-based design. So far, the practical experience with students is
encouraging. Systematic experimentation and evaluation of the learning process
is scheduled in the nearby future.

For the purpose of systematic research and learning, Ampersand development
is moving from an ASCII text editor towards an Integrated Development Envi-
ronment (IDE) for education. We consider this IDE as an information system
for the business process of system development with Ampersand. As such it is
described within Ampersand, and a prototype web-based information system is
generated with the compiler.

The current information system for system development with Ampersand,
called Atlas, is read-only. The Atlas is the prototype generated from an Am-
persand script describing the Ampersand language. The compiler loads type
correct Ampersand scripts, and derived data like rule violations and pictures
into the database of this system. Through the generated web-interface students
can explore the design of their context C by clicking on related elements. Student
behaviour is stored in the database and may serve as input to prove intended
didactical improvements on the system.

The Atlas will become editable in controlled phases. First students will be able
to edit the POP of their context. Certain rules, e.g., syntax rules, may be violated
by changes in POP . These rules need to be implemented as business rules such
that the generated IDE gives feedback on violations of these rules. After POP
has successfully become editable, REL followed by RUL will become editable
resulting in a rule-based educational environment to develop with Ampersand.

The use of Ampersand in practice is also encouraging. Large information sys-
tem projects in the Dutch government have already been designed in Ampersand,
and one has been realized.

Further research in the Ampersand project focuses on:
– Publishing the software and disclosing further results in the open source

domain (ampersand.sourceforge.net).
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– Refining the didactics of teaching Ampersand as a rule based design method.
– Design for large IT projects in industry.
– Generate software prototypes from Ampersand scripts.
– Automate the design of web services.

References

1. Brink, C., Schmidt, R.A.: Subsumption computed algebraically. Computers and
Mathematics with Applications 23(2-5), 329–342 (1992)

2. Brink, C., Kahl, W., Schmidt, G. (eds.): Relational methods in computer science.
Advances in Computing. Springer, New York (1997)

3. Codd, E.F.: A relational model of data for large shared data banks. Communica-
tions of the ACM 13(6), 377–387 (1970)

4. Date, C.J.: What not how: the business rules approach to application development.
Addison-Wesley Longman Publishing Co., Inc., Boston (2000)

5. Desharnais, J.: Basics of relation algebra, http://www2.ift.ulaval.ca/

~Desharnais/Recherche/Tutoriels/TutorielRelMiCS10.pdf

6. Dijkstra, A., Swierstra, S.D.: Typing haskell with an attribute grammar. In: Vene,
V., Uustalu, T. (eds.) AFP 2004. LNCS, vol. 3622, pp. 1–72. Springer, Heidelberg
(2005)

7. Hattensperger, C., Kempf, P.: Towards a formal framework for heterogeneous
relation algebra. Inf. Sci. 119(3-4), 193–203 (1999)

8. Jackson, D.: A comparison of object modelling notations: Alloy, UML and Z. Tech.
rep. (1999), http://sdg.lcs.mit.edu/publications.html

9. Jackson, D.: Software Abstractions: Logic, Language, and Analysis. The MIT
Press, Cambridge (2006)

10. Maddux, R.D.: Relation Algebras. Studies in logic, vol. 150. Elsevier, Iowa (2006)
11. Peyton Jones, S. (ed.): Haskell 98 Language and Libraries – The Revised Report.

Cambridge University Press, Cambridge (2003)
12. Sanderson, J.G.: A Relational Theory of Computing. LNCS, vol. 82. Springer, New

York (1980)
13. Schmidt, G., Hattensperger, C., Winter, M.: Heterogeneous Relation Algebra. In:

Relational Methods in Computer Science. Advances in Computing, ch. 3, pp.
39–53. Springer, New York (1997)

14. Spivey, J.M.: The Z Notation: A reference manual, 2nd edn. International Series
in Computer Science. Prentice Hall, New York (1992)

15. van der Woude, J., Joosten, S.: Relational heterogeneity relaxed by subtyping,
(submitted 2011)

http://www2.ift.ulaval.ca/~Desharnais/Recherche/Tutoriels/TutorielRelMiCS10.pdf
http://www2.ift.ulaval.ca/~Desharnais/Recherche/Tutoriels/TutorielRelMiCS10.pdf
http://sdg.lcs.mit.edu/publications.html

	Ampersand
	Introduction
	Language for Requirements
	Ampersand
	Syntax
	Semantics
	Type System

	Feedback System
	Error Messages
	Demonstration

	Conclusions and Further Research
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




