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On the Nature of Use Case-Actor Relationships

Gonzalo Génova-Fuster and Juan Llorens-Morillo

Use case diagrams are one of the key concepts in the Unified Modeling Language (UML), but their semantics
and notation have some gaps that lead to frequent misunderstandings among practitioners, even about very
basic questions. In this paper we address some issues regarding the relationships in which use cases and
actors may take part, presently defined in UML as associations. The multiplicity of these associations, the
ambiguities of a use case being associated with several actors and, finally, the very nature of these
relationships lead us to propose a different approach from the currently accepted one.

Keywords: UML, Use Case, Use Case Relationships, Use
Case Diagram.

Introduction
Use cases and use case diagrams are one of the key

concepts in the Unified Modeling Language (UML), where
they are intended to help engineers in modelling user require-
ments. A use case diagram contains use cases and actors: a use
case represents basically a typical system usage required by
users, while an actor represents a role played by external agents
interacting with the system. In spite of their apparent simplici-
ty, use case diagrams present some semantic difficulties that
have been studied by several authors [4] [2] [14] [15] [17] [10]
[5] [11] [8]. These difficulties usually refer either to use case
themselves, or to use case relationships.

There are two kinds of relationships in a use case diagram in
which use cases may take part: relationships between two use
cases, and relationships between a use case and an actor. The
authors have devoted a previous paper to the analysis of the
Include and Extend relationships between two use cases [5],
which in UML 1 present several semantic and notational prob-
lems. In fact, we have observed a general tendency towards
misinterpreting use case relationships as control flow relation-
ships between processes, leading to confusion between use
case diagrams and activity diagrams. In our opinion therefore,
auxiliary use cases employed as inclusions or extensions to a
base use case are not true use cases.

In this paper we are going to concentrate on the relationships
between use cases and actors, which are presently defined as
associations. In Section 2 we deal with the problem of how
many actors may be involved in a use case (that is, how many
actor instances and how many kinds of actors). In Section 3 we
study in detail the perplexing meaning of attaching a use case
to two or more different actors. Section 4 is dedicated to a more
fundamental question about the nature of use case-actor rela-
tionships, where we will challenge the currently accepted
notion that these relationships can be rightly modelled as asso-
ciations. Finally, in Section 5 we summarize our main conclu-
sions.

Since this is a conceptual research about the nature of use
case-actor relationships and their official definition, our main
source has been the OMG Unified Modeling Language Speci-
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fication [UML], more briefly referred to as ‘The Standard’
(currently version 1.5, March 2003). This document is the only
one that is truly ‘official’. Since there are many semantic ques-
tions that are poorly explained in it, we have also turned to the
works of the original authors of the UML in search of clarifica-
tion. The Unified Modeling Language Reference Manual [12]
seemed an obvious choice as well as The Unified Modeling
Language User Guide [18]. However, we cite the User Guide
not because we consider it a particularly reliable source, but
because it is probably the main source for many modellers, so
that we think it is important to show its virtues and deficiencies.
We quote version 1.5 of the Standard and we have checked that
there have been no significant changes from versions 1.3 and
1.4 regarding these topics. 

The work on the new UML version 2 is expected to be final-
ized in 2004. The last published draft (August 2003) [20],
which is nearly the final version, shows many modifications
and improvements, but no changes have been made to use case-
actor relationships, so the problems analysed here are still
unresolved.

Multiplicity in Actor Associations
Relationships between actors and use cases are said to be

binary associations [19, pp. 2–133, 2–134] which support the
communication between instances by means of messages, anal-
ogous to other associations between classifiers1: “There may
be Associations between UseCases and the Actors of the
UseCases. Such an Association states that an instance of the
UseCase and a user playing one of the roles of the Actor
communicate” [19, pp. 2–132]. This communication relation-
ship means “participation of an actor in a use case” [19, pp.
3–97]. That is, the actor instance takes part in the execution of
the use case.

Now, we can have several actors participating in a use case:
“There may be associations between use cases and actors,
meaning that the instances of the use case and the actor com-
municate with each other. One actor may communicate with
several use cases of an entity; that is, the actor may request
several services of the entity and one use case communicates
with one or several actors when providing its service” [19, pp.
2–137]. Therefore there may be several actor instances2

connected to the same use case instance: actor instances of the
same kind (playing the same role), or else actor instances of
different kinds (playing different roles). In the first case,
explored in this Section, we have a use case instance connected
to different actor instances of the same actor classifier through
a single association with a multiplicity higher than one. In the

second case, examined in detail in the next Section, we have a
use case instance connected to different actor instances of
different actor classifiers by means of different associations. 

According to the Standard “an association between an actor
and a use case is shown as a solid line between the actor and
the use case. It may have end adornments such as multiplicity”
[19, pp. 3–98]. The only example of multiplicity in actor asso-
ciations given in the documentation is shown in Figure 1, with
multiplicity “one” on the actor side and “many” (or “unbound-
ed”) on the use case side. 

The multiplicity on the actor side could be greater than one.
Suppose, for example, a computer racing game with two, three,
or four participants (see Figure 2.) 

Since there are no constraints on the multiplicity of actor
associations, the number of instances of a given actor commu-
nicating with a given instance of a use case might even be
unbounded. Imagine a stock exchange application with an
unbounded number of users playing the role represented by the
actor Broker in the use case Sell stocks.

Less obvious is a multiplicity greater than one on the use case
side, even though this is so in the only example given in the
UML documentation (see Figure 1). It is supposed to mean that
an actor instance can participate (simultaneously) in more than
one use case instance, that is, in more than one simultaneous

1.  Associations are defined, in general, between classifiers. The term
“classifier” denotes a generic concept in UML that appears in
several specific forms such as class, type, interface, data type,
component and even actors and use cases; the class is the most
common kind of classifier in concrete models. Like most classi-
fiers, actors and use cases can have instances, so that the terms
“actor” and “use case” can refer, with certain ambiguity, either to
the classifier or to the instance level. We will use the terms “actor
classifier”, “actor type” or simply “actor” for the classifier level
and “actor instance” for the instance level; similarly for use cases.

2

2.  Strangely, the UML Specification does not contain an ActorIn-
stance meta-class, although the concept of “actor instance” is
used to explain the semantics of actors and use cases [19, pp.
2–140 ff]. Moreover, the notation requires this meta-class, since
actor instances appear in sequence and collaboration diagrams
[19, pp. 3–105, 3–117]. The multiplicity in actor associations
implies that there exist actor instances too. The Instance meta-
class is abstract [19, pp. 2–97] and has concrete subclasses, such
as Object [19, pp. 2–97] or UseCaseInstance [19, pp. 2–135], but
there is no ActorInstance meta-class. We think this is a bug in the
UML meta-model. In UML 2, the Instance meta-class is replaced
by InstanceSpecification, which is no longer abstract [20, p. 57]
and the concrete meta-classes Object and UseCaseInstance dis-
appear.

Salesperson

Place Order
1 *

Figure 1: An example of Use Case-actor Association with 
Multiplicities (extracted from UML Specification v1.5, p. 3–99.)

Race player

Run Car
12..4

Figure 2: An Actor Association with Multiplicity Higher than 
One for the Actor.
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execution of the system. This can be applied perhaps with a
valid meaning in concurrent systems. Consider for example, a
salesperson simultaneously placing several orders through
different windows (see again Figure 1.)

Some authors think that it is hard to imagine an example
where several instances of a given actor type will communicate
with a given instance of a use case: they say, if there are two
distinct such actor instances, then almost by definition they
play different roles in the use case and should therefore be
modelled as instances of different actor types; this should be
enforced in UML by constraining the actor multiplicity to be
either “0..1” or “1..1” [17]. We do not fully agree with this
opinion. In the previous example of the computer racing game,
it makes sense to differentiate between “First race player”,
“Second race player” and so on, since they really play a slightly
different role with regard to the use case (for example, maybe
only one of them can start the race). Nevertheless, they have so
much in common that probably we should be tempted to
generalize all race player actors into a single common super-
actor, as it is shown in Figure 2. The example of the stock
exchange brokers is even harder to formalize with no multiplic-
ity t higher than one on the actor side. 

Another question may be raised: do these multiple actor
instances ignore one another, or do they cooperate in the exe-
cution of the use case? The following section can shed some
light on this problem.

Cooperative Actors versus Independent Actors
We can have a use case connected to different actors in a

use case diagram. The UML documentation gives several
examples of this [18, pp. 234, 237] [12, p. 64; repeated in 12,
p. 492 and in 19, pp. 3–95], although it does not explain clearly
its meaning. Specifically, can these different actors play the
same role in the use case?

In other words, can a use case be associated with two different
actors having both associations the same meaning? Imagine a
hotel room booking system where we define a Guest actor and
a Receptionist actor: a room is booked in the hotel either by a
guest or by a receptionist (see Figure 3). Should this be
modelled as a single use case associated with both actors, or as
two different use cases, one for each actor? If the interaction
were very different from the respective points of view of Guest
and Receptionist, it seems that we should model it as two
different use cases (see Figure 3a). But if the interaction were
the same for both actors, we would be tempted to connect them

directly to a single use case, indicating “here we have two
actors that can obtain independently the same service from the
system” (see Figure 3b.)3

Now suppose that the room is booked by means of some joint
interaction of the guest and the receptionist with the booking
system. For example, the guest introduces his/her personal data
through one terminal, while the receptionist assigns the rates in
another terminal. Here we have a single interaction in which
the two actors participate, so that both of them are associated
with the use case and communicate with it. We represent this
naturally as a use case attached to two actors as well. How do
we notationally distinguish this situation (cooperative actors)
from the previous one (independent actors), in which there
were two actors that communicated independently with the use
case?

Apparently then, there is an ambiguity in the interpretation of
actor associations: a use case connected to two actors could
mean either a service that is required independently by each
one, or a service that is required jointly by both of them. In the
first interpretation, both associations have the same meaning (a
service is required); in the second interpretation, each associa-
tion has a slightly different meaning, since they connect the use
case to two different participating roles. 

Consider now the example in Figure 4, taken from the Stand-
ard (the same example is also given in the Reference Manual).

The use case Place order is associated with the actors
Customer and Salesperson. According to the previous consid-
erations, we can interpret these associations in two different
ways:
• Independent actors. Place order is a service that the Tele-

phone Catalog system offers equally and independently to
instances of both actors.

• Cooperative actors. Place order is a service offered by the
system that requires the participation of instances of both
kinds of actors to execute.

Neither the Standard nor the Reference Manual solves this
ambiguity. In favour of the first interpretation “independent
actors”, we can argue that if the different associations between
the actors and the use case were supposed to have different
meanings, then they should have different names. Since these

3

3.  In this example we suppose that Guest and Receptionist are diffe-
rent actors because they will be connected to different sets of use
cases, not shown in Figure 3. If this were not the case, there would
be no reason to distinguish them any more.

Guest

Book room

Book room
from the outside

Receptionist

Book room
from the inside

Guest

Receptionist

Figure 3: Independent Actors. a) In the left-hand 
diagram, actors Guest and Receptionist execute 
different behaviors in order to book a room, which are 
modeled as two different use cases; b) in the right-
hand diagram, actors Guest and Receptionist execute 
independently the same behavior, modeled as a single 
use case directly connected to both actors.
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associations are usually unnamed4, we infer that they are all
alike: an association between an actor and a use case plainly
allows the actor to execute the use case and all actors connected
to a use case see and execute “the same” use case. Therefore,
the Place order use case in the example above represents the
same behaviour (or sequence of actions) for Customer and
Salesperson. This interpretation fits better with the definition of
a use case as something that “specifies a service the entity
provides to its users; that is, a specific way of using the entity”
[19, pp. 2–136]. A use case is a specific way of using the entity
from the point of view of some actor and all actors connected
to the use case see the same specific way of using the entity, that
is, they are independent actors.

In favour of the second interpretation “cooperative actors”,
we could instead say that if two users see the system from the
same point of view and they receive the same service, then they
must be classified under the same actor type. In other words,
from the very definition of “actor”, it is implicit that two actor
instances of two different actor classifiers connected to the
same use case are seeing and using the system from a different
point of view. If Place order were the same system service for
both Customer and Salesperson, then these two actors should
be merged into one actor when they are associated with the use
case, because they are playing the same role. This interpreta-
tion fits better with the definition of an actor as “a coherent set
of roles that users of an entity can play when interacting with
the entity” [19, pp. 2–135]5. In UML, an actor may be consid-
ered to play a separate role with regard to each use case with
which it communicates. If an actor represents a particular role
that the user plays in a specific use case, then it seems that the

same actor should always play the given role. Consequently,
two actors mean two different roles played in the use case, that
is, cooperation.

The two interpretations, “independent actors” and “coopera-
tive actors”, cannot be simultaneously true since this would
lead to ambiguities in the models constructed by UML users.
Which one of them is the true interpretation intended by the
UML? The official documentation gives no direct answer to
this question, although it offers some indications in favour of
the second interpretation. In the Reference Manual we find that
“a use case may involve one or more actors” [12, p. 144] and
that “one use case may communicate with one or more actors
when providing its service” [12, p. 489]. This is not explicit
enough since “one or more actors” could refer to actor instanc-
es of the same actor classifier (see the previous section on mul-
tiplicity in actor associations) or actor instances of different
actor classifiers. The Standard repeats these ideas adding that,
when performing a sequence of actions as specified by the use
case, the use case instance can communicate with actor instanc-
es “not necessarily only the initiating one” [19, pp. 2–137] and
that “each use case should yield some kind of observable result
of value to (at least) one of its actors” [19, pp. 2–140]. This
cannot be considered definitive either for the same reasons. 

Some authors think that the language is truly ambiguous in
this respect: a diagram such as the one in Figure 4 could mean
either cooperative actors or independent actors. They call this
problem the “AND/OR semantics of attaching actors to use
cases” [7]. Other authors implicitly assume the notion of
“cooperative actors” [3] [9] [16] or even the notion of “inde-
pendent actors” [1], but without any in-depth explanation of the
issue. We believe that the UML authors would support the
“cooperative actors” interpretation, but a clearer statement is
desirable in the Standard6, since we have often observed that
practitioners are perplexed in this regard.

Now we turn back to the previous example of room booking
and applying to it the interpretation of cooperative actors. If we
do want the two actors Guest and Receptionist to communicate
with the use case Book room independently in the same way,
that is, we do want a guest and a receptionist play the same role
when booking a room, then we cannot connect the two actors
directly to the use case. Instead, we have to create a new actor
Room booker, which is a super-type of Guest and Receptionist,
that we must then associate with Book room (see Figure 5a).
Even if the interaction is identical, we cannot associate two
actors with the same use case, because we would involuntarily
express cooperative behaviour (see Figure 5b.)

Each one of the interpretations has its own drawbacks. In the
cooperative actors interpretation the model may become over-
crowded with super-actors, with the only purpose of being
super-types of the ‘true’ actors of the system. Incidentally, if

4.  Sometimes this association bears the stereotype «communicate»,
as shown in the UML example profile for Software Development
Processes [19, pp. 4–8].

5.  In UML the term “role” tends to be used to denote what an object
or an actor does in one specific collaboration. So, technically an
actor instance plays a different role in each use case with which it
communicates and therefore an actor classifier is more properly
defined as a coherent set of roles [16].

6.  In particular, the UML 2 draft [20] does not address this point.

Customer

Check

Salesperson

Shipping Clerk

Supervisor

status

Establish
credit

Place
order

Fill orders

Telephone Catalog

Figure 4: An Example of a Use Case Diagram with Different 
Actors Attached to the Same Use Case (extracted from UML 
Specification v1.5, p. 3–95; see also Reference Manual, pp. 64 
and 492.)
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the different actors associated with a given use case are shown
in different diagrams, the cooperative aspect of the use case
will remain hidden even though it exists. In the independent
actors interpretation, on the other hand, there is simply no way
to express the cooperative behaviour when it exists.

A possible solution to allow the coexistence of both interpre-
tations and express graphically their mutual difference, avoid-
ing ambiguity, is the use of the notation we propose in Figure 6.

The Nature of the Relationship
In this section we are going to address a more fundamen-

tal issue. We all are used to the familiar representation of rela-
tionships between use cases and actors in use case diagrams,
like that in Figure 7. We naturally interpret the line that
connects the Client actor with the Withdraw money use case as
“the client requires that the ATM system provides a service or
function to withdraw money”. This relationship is represented

as a solid line, which is the usual UML graphical symbol for an
association. In fact, the UML Specification tells us that it
formally is an association [19, pp. 2–132, 3–97], which can
have some of the usual association adornments such as multi-
plicity or navigability markers. Nevertheless, it has some re-
strictions as an association: it must be a binary association, it
cannot have an aggregation marker, etc.

In the general sense, an association is a relationship between
(two or more) classifiers that specifies a set of connections
between instances of the corresponding classifiers; the instanc-
es of the association are referred to as links [19, pp. 2–19]. The
most common kind of classifier is the class, but actors and use
cases are also classifiers in the UML meta-model. Therefore, a
use case-actor association is supposed to specify a set of links
between use case instances and actor instances. As we have
seen, an actor represents some kind of external agent playing a
certain role as it interacts with the system: an actor classifier
specifies a class of external agents7 and an actor instance is a
concrete external agent. That is, an actor represents some kind
of entity. 

On the other hand, a use case represents some kind of func-
tionality or service required by the associated actor [19, pp.
2–136, 3–96]. A use case classifier specifies a behaviour [19, p.
2–132] and a use case instance is the execution of that behav-
iour to provide the required functionality [19, p. 2–133]. That
is, a use case instance is not an entity, but a system’s execution.
A very strange kind of instance, indeed! [8]. Consequently, a
link between a use case instance and an actor instance is not a
link between two entities, but a link between an entity and the
execution of another entity (the system). This should be more
than enough to suspect that use cases are not true classifiers and
use case-actor relationships are not associations. But there are
other stronger arguments in favour of our position, as we are
going to see.

In addition to specifying a set of links, an association speci-
fies also a possibility of communication [6]: that is, the linked
instances know each other and can communicate, according to
the properties specified by the association, by sending messag-
es through the links. A message is the way objects have to
request and provide services between each other, that is to
communicate. Therefore, a link between a use case instance

4

7.  An actor instance may belong to more than one actor classifier,
which is known as multi-classification.

Book room
Guest

Receptionist

Room booker

Guest

Receptionist

Book room Figure 5: Cooperative Actors (a) In the left-hand 
diagram, actors Guest and Receptionist play the 
same role, inherited from actor Room booker and 
can book a room independently, executing the 
same behavior; b) in the right-hand diagram, both 
actors cooperate in the execution of use case 
Book room.)

Guest
Book room

Receptionist

{and}

Guest
Book room

Receptionist

{or}

Figure 6: Proposed Notation for AND/OR Semantics for Use 
Case-actor Associations (the constraints are used to resolve 
the ambiguity: {and} means cooperative actors, {or} means 
independent actors.)
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and an actor instance allows them to communicate and interact
[19, pp. 2–137, 3–96].

Interactions are represented in UML by means of interaction
diagrams, which represent instances and messages inter-
changed through links over time. Interaction diagrams are
widely used to describe the scenarios (use case instances)
belonging to a given use case. Consider the simple interaction
diagram in Figure 8, where an instance of the Client actor
communicates with an instance of the ATM System class
(which, at a certain level of abstraction, is a perfectly legitimate
abstraction of the whole system). The communication consists
of withdrawing some amount of money from a certain account.

At first sight it might seem that the link between the Client
instance and the ATM System instance, which supports the
message withdrawMoney(account, amount), is an instance of
the association in Figure 7 between the Client actor and the
Withdraw money use case, but not at all! Instead, it is an
instance of an association between the Client actor and the
ATM System class. We haven’t any proper way in UML to
represent a link between a use case and an actor, probably
because these links do not exist at all8.

What messages can be sent through a use case-actor associa-
tion? None. A use case instance is not an entity that provides
services nor is it an entity that answers messages. It is merely
an execution or a behaviour (of another entity). It makes no
sense to say “one entity communicates with one execution”.
Instead, we should say “one executing entity communicates
with another executing entity and this is a behaviour”.

Moreover, the receiver of the message cannot be the use case
instance. If the use case instance is defined as the “perform-
ance of a use case, initiated by a message instance from an
instance of an actor” [19, pp. 2–137], it is clear that it does not
exist prior to the message reception, therefore it cannot be the
message receiver. Things are much simpler: the message is not
sent to the use case instance, but to the system itself and the
behaviour initiated is what we call a use case instance.

All this demonstrates a severe confusion in the definition of
use cases as classifiers and use case-actor relationships as asso-
ciations. The actor does not really interact with the use case [8];

the actor interacts with the system and the representation of this
interaction is what we call a use case. That is, the concept of a
use case includes both the system and the actor! Therefore, a
use case diagram should not show use cases related with actors,
but rather a system related with actors through use cases. In this
sense it can be thought that a use case is some kind of property
of an association between the actor and the system, such as a
system interface, if not the system-actor association itself (see
Figure 9).

This notation shows that a use case represents an interaction,
rather than an entity. Already interactions are adequately repre-
sented by associations [6], as Rumbaugh already argued some
years ago [13].

Conclusions
In our experience in using and teaching UML we have

learned that, contrary to what is seen at first sight, it is not that
easy to represent a system's functionality by means of use case
diagrams. There are some very basic questions about the mean-
ing of the symbols in the diagram that do not have an easy
answer. For example, what is the meaning of a use case that is
not directly connected to an actor (that is, included and extend-
ing use cases), what is the meaning of several actors being
connected to one use case and so on.

The relationships between actors and use cases have been
revealed to be underdefined and ambiguous. The multiplicity of
these associations, although rather neglected in the official
documentation, really poses no fundamental problems. Instead,
the meaning of a use case associated with different kinds of
actors is truly obscure within the definition of the language: do
the actors cooperate in the execution of the use case, or do they
interact independently with the system? We have shown some
arguments that justify our preference for the cooperative inter-
pretation, but at the same time we have proposed a notation that

8.  A use case diagram is a specialized form of class diagram that
allows only two types of classifiers: actors and use cases. There-
fore, it seems we need a specialized form of object diagram that
allows only two types of instances. What is the instance diagram
corresponding to a use case diagram? This special diagram is not
acknowledged in UML.

5

withdraw money

Client

ATM System

Figure 7: Simple Use Case Diagram for an ATM System.

: Client

: ATM System

withdrawMoney(account, amount)

Figure 8: Simple Collaboration Diagram Showing a Money 
Withdrawal.

Withdraw money

Client

ATM System

Figure 9: Proposed Use Case Diagram Notation Showing an 
Actor Associated with a System Through a Use Case (the use 
case becomes equivalent to an association.)
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could well serve to easily distinguish between cooperative
actors and independent actors, if keeping both interpretations is
necessary. We have pointed out too that the meta-model lacks
an ActorInstance meta-class.

If we admit that use cases and use case diagrams are useful
for the elicitation of requirements, then use case-actor relation-
ships are necessary and useful, but they should not be modelled
as associations, since they do not truly specify a set of links
between communicating instances. This is a confusion with
system-actor associations. At least it should be recognized that
use case-actor associations and common class-class associa-
tions are two very different kinds of relationships, too different
to say usefully that they are both ‘associations’. The root of this
problem is probably to be found in the intention to reuse the
general classifier concept and adaptation to the representation
of use cases. But use cases are not adequately modelled as
classifiers, since use case instances are not entities. The concept
itself of a use case instance is really problematic. Use case-
actor relationships do not specify a set of links between
instances. Rather, a use case-actor relationship specifies a
system service, represented as a use case that is required by an
actor. Therefore, a use case is more conveniently modelled as
an interface provided by the system in the system-actor associ-
ation, or as the system-actor association itself as it is reflected
in the notation we have proposed. Summing up: use case-actor
relationships should not be associations, but another kind of
relationship or modelling element.
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