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Abstract 
Conceptual modelling for information systems often involves the use of multiple as well as 
binary relationships. The semantics of multiple relationships are not always clear, and 
modelling them is subject to designer intuition. There are wide areas of disagreement in the 
literature about how to model multiple relationships and few systematic treatments of the 
subject. This approach widens the definition of multiple relationships by considering the 
user viewpoint, and identifies commonly found classes based on three main characteristics. 
Four well-known conceptual models are used as a basis for discussion, and a comparison 
is made of their multiple relationship modelling capabilities. 
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1 INTRODUCTION 

1.1 Overview 

Within the context of conceptual modelling for information system requirements and 
database design, it is often the case that for many applications there are not only binary 
relationships, but also situations involving multiple relationships, involving more than two 
entities. However, there is a widely-held view in the literature that the semantics of 
multiple relationships are awkward and that modelling these using conceptual models is 
subject to designer intuition. In addition, the capabilities of different models for multiple 
relationship modelling have not been widely discussed. For example, a view is (Eimasri 
and Navathe, 1994: 60): "It is often tricky to decide whether a particular relationship 
should be represented as a relationship type of degree n or broken down into several 
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relationship types of smaller degrees. The designer must base this decision on the 
semantics or meaning of the particular situation being represented." 

There are wide areas of disagreement over the handling of basic issues. For example, 
Wintraecken (1990: 292) states that " ... an information structure diagram in which a non
binary fact type occurs is not in agreement with the 100% principle .... Therefore, a non
binary information structure diagram must be 'transformed' into a binary diagram." An 
opposite position is taken by Batini, Ceri and Navathe ( 1992:45), who claim "However, 
n-ary relationships are useful for some situations that are in fact 'naturally' modelled by 
them: decomposing an n-ary relationship into multiple binary relationships defeats the 
original intent" 

1.2 Objectives 

The paper objectives are to present a more systematic account of the concept of multiple 
relationship (MR) as it occurs in applications, identifying commonly-found classes, as well 
as discussing the capabilities of widely used conceptual models for modelling different 
classes of multiple relationship, and providing design guidance for multiple relationship 
modelling within a given conceptual model. Our intention is not to present a formal 
treatment of the topic but to discuss our preliminary ideas and concepts informally, 
emphasising the semantics of multiple relationships. 

We have used four well-known conceptual models as the basis for discussion of MR 
modelling. These are ER (Chen, 1976), NIAM (Nijssen and Halpin, 1989), SSADM 
(SSADM, 1990) and MERISE (Rochfeld, 1987). SSADM and MERISE are the national 
methods for systems development in the UK and France respectively, and we discuss their 
Conceptual Data Model (MERISE) and LDS (SSADM) conceptual modelling components. 
We have selected these four models for their variation in MR modelling capability. 

Section 2 presents a model construct overview, while our concept of multiple relationship, 
based on three main characteristics, is defined in section 3. Section 4 describes the 
semantics of different MR classes as they arise in applications, and, for each class, we 
describe how it may, or may not, be represented using the models. Section 5 summarises 
results and compares the different models. Section 6 presents our conclusions and 
identifies future work. 

2 OVERVIEW OF MODEL CONSTRUCTS 

Entities and Entity Classes. An entity represents a thing of interest in the application 
which may be concrete (e.g, a person) or abstract (e.g, a conference). A more precise term 
is entity instance. An entity class represents a particular set of entities in the application or 
the class of such entities. For the sake of simplicity we shall use the terms entity and entity 
instance to refer to an entity class and a class member respectively. In ER and MERISE, an 
entity is represented diagrammatically by a rectangle containing its name, while in NIAM 
and SSADM an ellipse and soft-cornered rectangle respectively are used, as in Figure I. 

Relationships and Relationship Classes. A relationship represents an 
association between entities in the application, and may be generally defined as a (time
varying) relation on two or more entity classes (not necessarily distinct). The number of 
entity classes participating in a relationship defines its degree. A more precise expression 
of relationship is relationship class, and the term relationship instance will be used where 
necessary. 



38 Information System Concepts 

(a) ER (b) NIAM 

r.:::\..:~cluded-c:r---
(c)SSADM (d)MERISE 

Figure 1 Basic diagrammatic construct representation in ER, NIAM, SSADM and 
MERISE. 

In NIAM, a relationship (class) is also termed a fact type. Within a fact type, each related 
entity plays a particular role, a role name expressing the semantics of the direction of the 
relationship from the viewpoint of an entity. Figure 1 shows that, for ER, a relationship is 
represented by a diamond containing its name, while for NIAM, the relationship is shown 
by boxes which contain the role names, with line segments joining each role name to the 
relevant entity. MERISE uses an ellipse containing the relationship name while SSADM 
joins the relevant entities with a line, showing role names on the line next to the entity 
which plays that role. 

Relationship Constraints. Two commonly occurring types of constraint which apply 
to an entity in a relationship are the cardinality constraint and the participation constraint 
(Elmasri and Navathe, 1994). Both constraints must be true at any time in the life of an 
entity. 

The cardinality constraint defines the number of instances (either one or many) of an entity 
which may associate with one instance of another entity in a relationship. Thus, for a 
binary relationship, in a given direction, there are four possibilities for the cardinality ratio: 
one to one, one to many, many to one and many to many. There are two main styles of 
expression for the cardinality constraint (Ferg, 1991). In the Lookacross style, used by 
ER, the character "1" or "M" (or other letter) next to an entity indicates that an instance of 
the other entity may be associated to only one or many instances respectively of that entity. 
SSADM also uses this style, but uses the "crow's foot" symbol or its absence, 
corresponding in meaning to the "M" or "1" of ER 

In the Participation style adopted by NIAM, the uniqueness constraint expresses the 
concept of cardinality constraint. A uniqueness constraint applied to a role restricts each 
entity instance in that role to be unique, and an arrowed bar is placed over the role to which 
a uniqueness constraint applies, its absence indicating that no uniqueness constraint 
applies. Where no uniqueness constraint applies to either role separately (the many-to
many situation) NIAM applies it to their combination. MERISE also uses this style, but 
employs the minimum/maximum cardinality convention. A maximum cardinality value of 
"1" or "n" for an entity in a relationship corresponds respectively to the NIAM uniqueness 
constraint or its absence on that entity. Figure 1 shows equivalent diagrammatic 
representations for this constraint. 

The participation constraint specifies whether the instances of an entity must participate 
(mandatory participation) or only may participate (optional participation) in a relationship 
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with instances of another entity. Figure 1 shows this diagrammatically, where, for ER and 
NIAM, a dot indicates that the participation of the instances of the entity in a relationship is 
mandatory. For SSADM, a solid or dotted relationship line respectively represents 
mandatory or optional participation, while MERISE uses the minimum cardinality values of 
"0" or "1" respectively to represent optional or mandatory participation. 

3 WHAT IS A MULTIPLE RELATIONSHIP? 

3.1 MR Definition 

We define a relationship between more than two entities, which is regarded in an 
application as a unit or combination that cannot be split for semantic reasons, as a multiple 
relationship. 

For example, an application may contain the entities student, subject and grade, which are 
related together as a unit with the semantics that a student receives a grade for a subject. 
We shall term such entities participating entities, or PEs for short. 

In the literature, there are a variety of terms used to describe the multiple relationship 
concept. For example, Batini, Ceri and Navathe (1992) state that an n-ary aggregation is a 
mapping established among three or more classes, and Ferg (1991) uses the term multiway 
relationship. Korth and Silberschatz (1986) refer to nonbinary relationship sets and 
describe an example with three participating entity sets as a ternary relationship, while 
Elmasri and Navathe (1994) describe relationship types of degree higher than two as well 
as n-ary relationships, and Nijssen and Halpin (1989) refer to fact types of arity 3 and 
beyond. 

Some attention (Nijssen and Halpin, 1989; Teorey, 1990; Wintraecken, 1990) has been 
given to the MR concept, but the treatment gives individual examples and does not attempt 
concept generalisation. 

3.2 MR characteristics 

We shall show that different classes of multiple relationships may be distinguished on the 
basis of the following three characteristics: 

1. Presence or absence of combination entity. We use the term combination 
entity to describe a named, abstract object which is employed by the user in the application 
to express the combination of the participating entities. If a combination is so named, a 
combination entity is present; if not, a combination entity is considered as absent. 

2. Cardinality constraints between PEs. The semantics of many MR examples are 
that the cardinality constraints of all PE binary relationships are many, but we shall describe 
cardinality variations that distinguish different .MR classes. 

3. Participation constraint between combination and PEs. We extend the 
concept of participation constraint to the involvement between the combination (which has 
"object-like" properties) and the PEs. Examples mainly assume that this participation is 
mandatory, where the combination must be related to all the PEs. However, we shall show 
an example where this constraint is optional. 

In the examples below we present different MR classes based on these characteristics. 
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Although we use ternary (3 PEs) relationships as illustrations our results apply to MRs of 
degree greater than 3. 

3.3 MR modelling - n-ary or binary relationship construct? 

We emphasise the distinction between the following terms that we shall use throughout: 

1. The term multiple relationship refers to a situation involving a combination of more than 
two entities in an application. 

2. The terms n-ary relationship construct and binary relationship construct refer to the 
different modelling constructs used by models to express the semantics of a 
multiple relationship. 

We shall see that certain classes of MR may not be capable of expression by the n-ary 
relationship construct in a given model. In this case, the binary relationship construct must 
be used. 

However, to model an MR using only binary relationships to relate the PEs causes a 
problem, as the combination is irreducible without loss of information. That is, the 
semantics we wish to express concern the PEs as a unit, and cannot be expressed as an 
aggregation of information contained in the binary relationships between the PEs only 
(Howe, 1989; Nijssen and Halpin, 1989). 

There are two approaches to this problem (Laender and Flynn, 1993): (1) the n-ary 
approach and (2) the nested binary approach: 

1. N-ary approach- a new, "designer" entity is built (so called as it is created and named by 
the designer) and is associated to all the PEs with binary relationships. 

2. Nested binary approach- two entities are associated together to form a "designer" entity 
dependent on their combination, which is then associated to the remaining PEs; binary 
relationships are used for all associations. 

4 CLASSES OF MULTIPLE RELATIONSHIP 

4.1 Class 1 

4.1.1 Semantics 
We begin with perhaps the most familiar multiple relationship, frequently quoted in 
examples to illustrate the MR concept. We use a ternary example from Date (1981) where a 
combination exists such that suppliers supply parts to projects, and the user wants to be 
able to know, for example, for a given supplier, which parts are supplied to which 
projects. This is frequently termed M:N:P (Teorey, 1990) or M:M:M (Ferg, 1991) 
reflecting the cardinality ratio of the binary relationships between the PEs supplier, part and 
project. 

The characteristics of this class are: 

Characteristic I - combination entity may be absent or present. 

Characteristic 2 - cardinality ratio of binary relationships between all PEs is many to many. 
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That is, for this example, many to many binary relationships exist between supplier-part, 
supplier-project and part-project. 

Characteristic 3 - the participation of the combination with each of the PEs is mandatory. 
It would not be meaningful in the application for a combination instance to be without the 
participation of any PE instance. It would not, in this example, make sense for a supplier 
to be supplying a project without the part being specified. 

4.1.2 Modelling 
The n-ary relationship construct in ER can express the semantics of the combination of the 
entities, and the n-ary relationship (termed SPJ by Date) is shown in Figure 2(a). All PEs 
constitute a joint identifier of the combination, so that an instance of SPJ implicitly 
represents a unique combination of a supplier, part and project. 

I I I 

(b)NIAM 

(c)MERISE (d)NIAM 

8-
8-

(e)NIAM 
8- (f)SSADM 

Figure 2 Class 1 MR modelled (a) in ER using the n-ary relationship construct; (b) in 
NIAM using the n-ary fact type construct; (c) in MERISE using the n-ary relationship 
construct; (d) in NIAM using the binary relationship construct (n-ary relationship 
approach); (e) in NIAM using the binary relationship construct (nested binary approach); 
(0 in SSADM using the binary relationship construct. 
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In NIAM, the n-ary fact type can express this, as shown in Figure 2(b), where the 
uniqueness constraint spanning all PEs shows explicitly that a fact type instance represents 
a unique combination of the PEs. The MERISE use of the n-ary relationship construct is 
shown in Figure 2(c). 

The binary relationship construct can also model this situation, and we show, in NIAM, the 
result of the two approaches discussed above in section 3.3. 

N-ary approach. A "designer" entity named SPJ is built from the PEs, and is associated to 
these with binary relationships, as shown in Figure 2( d). The participation of the abstract 
entity with the PEs is mandatory. The semantics of an instance of SPJ are that of one 
supplier supplying one part to one project. The fact that a joint instance of each of the PEs 
uniquely determines one instance of SPJ is modelled by the NIAM inter-fact type 
uniqueness constraint (Nijssen and Halpin, 1989), represented by a "U" in Figure 2(d). 
An instance of SUPPLIER is associated to several instances of SPJ, each instance of which 
is associated to only one instance of PART and only one instance of PROJECf. 

Nested binary approach. PART and PROJECf are grouped, creating the designer entity 
PJ, with the semantics of a unique combination of one part supplied to one project. This is 
then associated to the third entity SUPPLIER with a many to many binary relationship, as 
in Figure 2(e). The participation of the abstract entity with the PEs is mandatory. The 
semantics of this figure are identical to those of Figure 2(d), as the combination of an 
instance of each of the PEs is unique, but this is implicit in the SUPPLIER-PJ relationship. 

It should be noted that modelling with the binary relationship construct in ER, SSADM and 
MERISE is more ambiguous for this MR class than it is for NIAM, as a construct 
corresponding to the inter-fact type uniqueness constraint cannot be shown on binary 
relationships, and joint identifiers are not shown in any other way. We show an example 
of this for SSADM in Figure 2(f). 

4.1.3 What are the conditions for reducibility? 
We now use the example above as a basis to demonstrate the conditions under which a 
combination is apparently reducible to binary relationships between PEs only, and hence 
may not be regarded as an MR. We vary the supplier-part-project example so that the 
cardinality ratio of all binary relationships between PEs is not many to many, allowing the 
project-supplier relationship to be many to one. The semantics are identical in all other 
respects, particularly the fact that if, for example, a supplier supplies a part, then the project 
to which that part is supplied should be known also. 

This situation appears similar to that described in section 4.1.1, in that there is a 
combination of entities. However, it is unnecessary to model the situation using the n-ary 
relationship construct as PE-only binary relationships are adequate, as shown in Figure 3. 
This is discussed in Howe (1989) and Nijssen and Halpin (1989:94), who describe the 
projection and join method for demonstrating reducibility. 

Although it is possible for the diagram in Figure 3 to be used as a basis for recording 
information in the correct combinations, it may be argued that this is a "minimalist" 
approach, which does not capture the semantics of the combination from the user point of 
view, particularly when validation of the diagram semantics is attempted using hypothetical 
operations on the objects in the diagram. 
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Figure 3 ER "minimalist" binary relationship modelling. Cardinality ratio of all binary 
relationships between PEs is not many to many. 

Considering a hypothetical query to retrieve, for example, the parts supplied by a supplier 
to a project, the required information would be obtained by joining the information 
recorded in the binary relationships. Having to understand the join operation may place an 
unnecessary burden on a user. For update, the diagram could be interpreted, for example, 
such that a supplier may be related to a part by inserting an instance of SP, without also 
relating this to a project. The underlying problem here is that binary relationships are 
usually interpreted as being mutually independent, that is, not implying any combination of 
more than two entities. 

Although procedures may be devised later on the design level for queries which retrieve 
and updates which record correct combinations of information, it is not apparent that the 
semantics which should act as a basis for such a design are explicit in Figure 3. An 
interesting discussion of some of these issues may also be found in Falkenberg (1993). 

To what extent does a diagram such as Figure 3 determine a correct design? For example, 
does it imply that semantics are preserved by designing update operations on single objects, 
or do transactions have to be designed which update several objects within one transaction? 
Does such a diagram imply that a query may be designed using any entity as an entry point 
that will retrieve information in the correct combination? The wider question is: should all 
the semantics required for a correct design be in a diagram such as Figure 3, or may they be 
elsewhere? 

4.2 Class 2 

4.2.1 Semantics 
The example for Class 2 concerns the PEs salesperson, part and city, where salespersons 
sell parts in cities. The class characteristics are, in addition to a many to many cardinality 
ratio between PEs, one or more pairs of PEs may uniquely determine another PE. 

We show three situations below. In example 1, just one pair is involved, where a 
particular salesperson and part uniquely determine the city. That is, a salesperson can only 
sell a particular part in a particular city. For example 2, two pairs are involved, so that, in 
addition to the semantics of example 1, a particular salesperson and city uniquely determine 
the part. For example 3, three pairs are involved, so that, in addition, a particular part and 
city uniquely determine the salesperson. These situations are termed respectively M:M:1, 
M: 1:1 and 1:1:1 (Ferg, 1991). 

Characteristic 1 - combination entity absent or present. 

Characteristic 2 - one or more pairs of PEs determine another PE. In addition, the 
cardinality ratio of all binary relationships between PEs is many to many. 
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Characteristic 3- the participation of the combination with the PEs is mandatory. 

4.2.2 Modelling 
Example 1 (M:M:1). Figure 4(a) shows how ER models this situation, where the 
meaning of the cardinality I on the CITY entity is that a joint instance of SALESPERSON 
and PART uniquely determines a CITY instance. Figure 4(b) shows that NIAM can model 
the situation using binary relationships with the inter-fact type uniqueness constraint, where 
an abstract entity SPC is defined to enforce the restriction on CITY. Figure 4(c) shows 
how the NIAM n-ary fact type models this, where the uniqueness constraint is represented 
by the arrowed bar over the two "determining" entities. 

MERISE cannot model this situation using the n-ary relationship construct alone, due to its 
Participation style of cardinality. However, an additional constraint, the AC (Functional 
Integrity Constraint), with the same semantics as the NIAM inter-fact type uniqueness 
constraint, may be specified as shown in Figure 4(d) to indicate the determining and 
dependent entities. 

Example 2 (M:1:1). Figure 4(e) shows how ER models this example, where the 
meaning of the cardinality of I on the PART entity is that a joint instance of 
SALESPERSON and CITY uniquely determines a PART instance. Figure 4(f) shows the 
binary NIAM modelling using two uniqueness constraints, which may be read so that a 
joint instance of the entity pairs SALESPERSON and PART, and SALESPERSON and 
CITY uniquely determine an instance of CITY and PART respectively. MERISE can 
model this using two ACs. 

Example 3 (1 :1 :1). Figure 4(g) shows how ER models this example, where the 
meaning of the cardinality I on the SALESPERSON entity follows the previous examples. 
A NIAM solution is possible along similar lines to Figures 4(c) and 4(f), and MERISE may 
use three A Cs. 

For these NIAM examples, it may be noted that, in addition to any joint identifiers, all PEs 
implicitly comprise a joint identifier also. As binary relationship modelling in ER, SSADM 
and MERISE diagrams omits joint identifiers then it cannot be used for this MR class. 

4.3 Class 3 

4.3.1 Semantics 
We shall use a ternary example involving lecturers, subjects and tutorials, with the 
semantics that a lecturer delivers certain subjects in certain tutorials. In addition, the 
combination is named DELIVERS. The first characteristic of this situation is that a 
combination entity is present. The second characteristic is that, as in section 4.1.3, the 
cardinality ratio of all binary relationships between PEs is not many to many, as a lecturer 
specialises in only one subject and delivers only one tutorial. Despite this, we show that it 
is necessary to regard this situation as an MR. 

Characteristic 1 - combination entity present. The name DELIVERS is a naturally 
occurring name in the application used to refer to the combination of PEs as a unit. An 
instance of this combination consists of an instance of each of the PEs. 

Characteristic 2- cardinality ration of all PE binary relationships is not many to many, as 
two functional dependencies are present, lecturer: subject and lecturer: tutorial. 

Characteristic 3- the participation of the combination with the PEs is mandatory. 
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(a) ER -example 1 (b) NIAM -example 1 

I 
SALES-

I I 
PART CITY 

PFRSON 

(c) NIAM- example 1 
(d) MERISE- example 1 

(e) ER -example 2 (f) NIAM - example 2 

(g) ER - example 3 

Figure 4 (a) Salesperson and part determine city- ER n-ary construct; (b) Salesperson 
and part determine city - NIAM binary relationship; (c) Salesperson and part determine city 
- NIAM n-ary fact type; (d) Salesperson and part determine city - MERISE n-ary construct 
with AC; (e) Salesperson and part determine city, salesperson and city determine part-ER 
n-ary construct; (f) Salesperson and part determine city, salesperson and city determine 
part, NIAM binary relationship; (g) Salesperson and part determine city, salesperson and 
city determine part, part and city determine salesperson - ER n-ary construct. 
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4.3.2 Modelling 
In ER, it is not possible to model this situation using the n-ary relationship construct, as its 
Lookacross style of cardinality means that, for a given cardinality value next to an entity, 
we cannot know which entity is "looking across" to that entity. However, as MERISE 
employs the Participation style it can model the situation using the n-ary relationship 
construct, as shown in Figure 5(a). Here, an instance of LECTURER has a maximum 
cardinality of one, hence it may participate only once with an instance of DELIVERS, 
which is related implicitly to only one instance each of TUTORIAL and SUBJECT. 

Figure 5(b) shows how NIAM can model this example using binary relationships. A 
LECTURER instance is related to only one instance of the combination entity DELIVERS, 
which in tum is related to only one instance of SUBJECT and one instance of TUTORIAL. 
Hence, a tutorial may have many delivers and hence many lecturers and many subjects. A 
subject has many lecturers and many tutorials. A DELIVERS instance represents one 
lecturer delivering one subject at one tutorial. SSADM can model this in similar fashion. 

It is important to treat this situation, where the cardinality ratio of all binary relationships 
between PEs is not many to many, and where a combination entity is present in the 
application, as a multiple relationship. If the combination were to be split then, in Figure 5, 
the entity DELIVERS would be lost and the user semantics would not be completely 
captured, as also argued in Ritson ( 1994). This situation also is not covered by the 
splittability key length rule (Nijssen and Halpin, 1989), which would imply that splitting is 
necessary, as LECTURER is a key of length one in a combination of three PEs. 

4.4 Class 4 

4.4.1 Semantics 
We choose a sales-related example here, where a marketing exercise assigns together 
regions, products sold in those regions and salespersons responsible for products in 
regions. The cardinality ratio of all binary relationships between PEs is many to many, and 
the key situational characteristic concerns the participation constraint between the 
combination and the PEs, as some marketing exercises may assign regions and products 
together first, with the decision to assign salespersons following later. 

(b)NIAM 

Figure 5 Lecturer delivers only one tutorial on one subject - (a) MERISE n-ary 
relationship construct; (b) NIAM binary relationship construct 
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Characteristic 1 - combination entity absent or present 

Characteristic 2- cardinality ratio of all PE binary relationships is many to many. 

Characteristic 3 - the participation between the combination of the two PEs region and 
product with the salesperson PE is optional. 

4.4.2 Modelling 
In ER, NIAM and MERISE, it is not possible to model this situation using the n-ary 
relationship construct, as there is an implicit requirement in these models that a relationship 
instance must consist of one instance of each of the participating entities. However, Figure 
6 shows how NIAM can model this example using the nested binary approach. Two PEs 
which "naturally belong" together are related to form the entity PRODREG. Region and 
product belong together as they have a mandatory relationship with PROD REG and are 
related together before salesperson. SALESPERSON may then be related with an optional 
relationship to PROD REG (note the many to many cardinality ratio of this relationship), 
allowing a salesperson instance to be related to a PROD REG instance at any time. 

5 SUMMARY OF RESULTS 

5.1 Classes of Multiple Relationships 

We summarise the results of the above discussion as follows. We propose the following 
classes of MR to be used as an aid to identify the most appropriate modelling approach: 

Class] 
Characteristics: (a) presence or absence of combination entity (CE), (b) cardinality ratio of 
all PE binary relationships many to many, with no additional constraints, (c) CE:PE 
participation mandatory. 

Class 2 
Characteristics: (a) presence or absence of CE, (b) cardinality ratio of all PE binary 
relationships many to many, with additional constraints, (c) CE:PE participation 
mandatory. 

Figure 6 Salesperson optional with product and region combination - NIAM nested 
binary approach. 
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Class3 
Characteristics: (a) presence of CE, (b) cardinality ratio of all PE binary relationships not 
many to many, (c) CE:PE participation mandatory. 

Class4 
Characterised by: (a) presence or absence of combination entity, (b) cardinality ratio of all 
PE binary relationships many to many (with possible additional constraints), (c) some 
CE:PE participation optional. 

5.2 Summary of MR modelling capabilities in conceptual 
models 

Table 1 presents some interesting results. Firstly, by model, the NIAM binary fact type 
construct appears to be the most powerful construct, as it is able to model all classes of 
multiple relationship. It wins over the binary relationship construct of the other models as 
it possesses the inter-fact type uniqueness constraint, enabling identifiers to be explicitly 
shown in the diagram. 

Secondly, it is often argued (Batini, Ceri and Navathe, 1992) that the n-ary relationship 
construct is more natural for modelling MR situations. However, inspection of Table 1 for 
the n-ary relationship construct shows that, for two of the three models, this construct can 
only model two of the four classes of MR. In addition, the models vary in the classes they 
can model with this construct, as the n-ary relationship construct in MERISE can model 
Class 3, which ER cannot do with its corresponding construct 

6 CONCLUSIONS 

The n-ary relationship construct is not adequate for modelling all the classes of multiple 
relationship identified here. Table 1 shows that models vary considerably in the capabilities 
of the constructs which they provide for modelling multiple relationships. As the factors 
which determine the choice of a model are likely to be related to, for example, CASE tools 
or methods in use in an organization, then practitioners will find it is necessary to choose 
the most appropriate features of their model when confronted with modelling multiple 
relationships. Table 1 may assist in this decision. 

The choice for a given situation is basically between the n-ary and binary relationship 
constructs. If practitioners work in an environment where it is felt that n-ary modelling is 
more natural and less diagrammatically complex then they may follow this where it can 
model the semantics, and use the binary relationship construct where it cannot. However, 
there are cases where some semantics are not shown on diagrams which have to be made 
explicit elsewhere. For example, in ER and NIAM when modelling Class 2 MR, all 
identifiers are not explicit on the diagram, resulting in unclear semantics of the 
combination. Alternatively, the aggregate object may be used. For Class 1, SSADM and 
MERISE models do not possess the aggregate object and so identifiers must be indicated 
elsewhere, perhaps on attribute lists. 
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Table 1 Comparison of MR modelling capabilities of constructs in ER, NIAM, SSADM 
andMERISE 

MODEL 

ER NIAM SSADM MERISE 

CLASS n-ruy rei. binatyrel. n-aty binaty binatyrel. n-aty rei. binatyrel. 
construct construct fact type facttype construct construct construct 

Yes Yes- but Yes Yes Yes-but Yes Yes- but 
identifiers identifiers identifiers 
not shown not shown not shown 

2 Yes- some No Yes- some Yes No Yes No 
identifiers identifiers 
implicit implicit 

3 No Yes No(would Yes Yes Yes Yes 
be split) 

4 No Yes-but No Yes Yes- but Yes-but 
identifiers identifiers No identifiers 
not shown not shown not shown 

For Class 2, SSADM cannot model this at all in its diagram, and MERISE must use the 
special AC constraint. For Class 3, it is interesting to note that the only n-ary relationship 
construct which can model this situation is the one with participation style cardinality 
(MERISE). Finally, for Class 4, none of the models can use their n-ary relationship 
construct. We recommend that models consider the possibility of adding diagrammatic 
identifiers to binary relationships, as these are vital for modelling the semantics of 
combination entities in multiple relationships. 

Aggregate objects can also be used to model multiple relationships. The semantics of the 
aggregate object used would be the same as those of the nested fact type (Nijssen and 
Halpin, 1989), which is basically a relationship considered as an object in itself. The 
aggregate object can be used to model all four classes of MR discussed in this paper, with 
varying degrees of success. For example, classes 1 and 2 (M:M: 1) can be modelled 
clearly, as can most class 3 and 4 MRs, whereas class 2 (M: 1:111:1: 1) is more difficult to 
model due to its extra constraints. 

We have identified four common classes that are obviously not a complete set of all 
possible MRs that may arise in applications. However, we have provided the basis for a 
systematic approach, based on three characteristics, and critically discussed MR modelling 
capabilities in different models. In addition, we have also identified what to us remains an 
open question: should splittability or modelling "naturalness" be a criterion for regarding 
situations as multiple relationships? 
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For future work on this topic we are planning to develop a more formal approach to MR 
expression, to widen the number of MR classes, to investigate the attention paid to multiple 
relationships by traditional mapping algorithms from the models to relational schemas, to 
seek more views on the criteria for regarding situations as MRs and to consider further the 
use of aggregate objects for MR modelling. 
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