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a b s t r a c t

The simplicity of the two-symbol activity cycle diagram (ACD) has made it easy to learn
and use to describe discrete event systems in a natural way. But as the complexity of
the model increases, the ability of the ACD to provide a full description of the system under
consideration becomes more limited. This paper presents an extended ACD with arc attri-
butes and its formal definition to increase the modeling power of the ACD. The validity of
the proposed extensions is shown by proving the generality of the extended ACD, which
has not yet been done on the ACD. In addition, this paper proposes a model specification
for the simulation execution of the extended ACD models which we call the activity tran-
sition table (ATT). At last, the simulation software tool is presented to support model
implementation, model execution, and experimentation for the extended ACD models.

� 2010 Elsevier B.V. All rights reserved.

1. Introduction

The activity cycle diagram (ACD) is a method to describe interactions among objects in a system. It provides the graphical
modeling notations to explain a series of activities in diverse real-life circumstances. The core idea of the ACD was intro-
duced by Tocher to solve the congestion problem at steel plants in a general framework; this took the form of the flow
diagram [1] with the three-phase rule [2].

Objects in a system can be classified into two classes: (1) transient object or entity that receives the services and leaves
the system; and (2) resident object or resource that serves the entities. In the ACD, the behavior or life cycle of an entity or
resource in the system is represented by an activity cycle, which alternates between active and passive states. The passive
state of an entity or resource is called a queue in a circle, and the active state is called an activity in a rectangle as shown in
Fig. 1. The arc is used to connect the activity and the queue or the queue and the activity.

The activity represents the interaction between an entity and resource(s), which usually requires a time delay for comple-
tion. The token is used to represent the state of a queue or an activity. A queue cannot contain different types of tokens. All
activity cycles are closed on themselves [3].

Fig. 2 shows an ACD model for a single-server system. This model consists of three activity cycles: one for an entity of
‘‘jobs’’ and the rest for the resources of ‘‘generator’’ and ‘‘machine’’. A job is generated at the interval of ta time unit by a gen-
erator and stored in a queue ‘‘B’’ waiting for its processing on a machine. A ready-to-process machine serves a job for ts time
unit if a queue ‘‘B’’ has at least one job. The resource can usually perform one or more different activities in any sequence. All
the activity cycles in Fig. 2 are closed.

The three-phase rule [2] provides a fundamental method to handle the flow of time in a discrete event simulation:

Phase A: Advance the clock to the time of the next (bound-to-occur) event.
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Phase B: Terminate any activity bound to end at this time.
Phase C: Initiate any activity of which the condition in the model now permits.

The ACD represents the state flows of entities and resources in a system, while the three-phase rule is based on the event
that denotes a state change of a system when it occurs. In phase B, the activities, which are bound to occur, end with the
release of resources and entities (into output queues), which is called a bound or bound-to-occur (BTO) event. In phase C,
any conditional event that satisfies the beginning condition represented by the availability of entities and resources is initi-
ated by acquiring them.

Assume that the single-server system in Fig. 2 starts with a bound-to-occur (BTO) event (‘‘Generated’’) for a ‘‘Generate’’
activity at time zero. At phase A, the simulation clock is advanced to zero because ‘‘Generated’’ is the only available BTO
event and the time-to-occur of this event is zero. At phase B, a ‘‘Generated’’ BTO event is executed to terminate the
‘‘Generate’’ activity by adding a job token to a queue ‘‘B’’ and returning a resource token to a queue ‘‘G’’. At phase C, any
activity of which all input queues have one or more tokens is initiated. Currently, every queue in the model has exactly
one token. Therefore, the conditional events for the ‘‘Generate’’ and ‘‘Process’’ activities are now initiated by updating the
token values of the input queues. Then, the BTO events for the ‘‘Generate’’ and the ‘‘Process’’ activities are scheduled to occur
at 0 + ta and 0 + ts time. This process continues until it satisfies the end-of-simulation (EOS) condition.

Formally, the ACD model M can be defined as follows:

M = (A,Q, I,O,s,l,l0), where
A = {a1, a2. . . an} is the finite set of activities,
Q = {q1, q2. . . qm} is the finite set of queues,
I = {ia # Q j a 2 A} is the input function, a mapping from activities to sets of queues,
O = {ia # Q j a 2 A} is the output function, a mapping from activities to sets of queues,
s ¼ fsa 2 Rþ0 j a 2 A} is the time delay function,
l ¼ flq 2 Nþ0 jq 2 Qg is the finite set of the number of tokens for each queue,
l0 = {l1, l2. . . lm} is the finite set of initial token values for each queue.

In the ACD, the activity represents the active state of entities and resources or the interaction between them, which re-
sults in a change of states in the system whenever it begins and ends. Therefore, the relationship between queues and activ-
ities is defined as a function of activities. The input function I represents the queues directly connected to an activity and
output function O defines the queues directly connected from an activity. The time delay function s defines the time that
a resource(s) takes to serve an activity to the entity (ies). On the contrary, the time of the entities or resources in a queue
is undefined, because it cannot be decided until at least one succeeding activity of a queue has satisfied its beginning
condition.

An ACD model for a single-server system shown in Fig. 2 can also be represented formally as shown in Table 1. For exam-
ple, the ‘‘Process’’ activity, a2 2 A, has the input queues of ‘‘B’’ (q5 2 Q) and ‘‘M’’ (q6 2 Q) queues. This is defined by the element
i2:{q5, q6} of the input function I.

This paper presents an extended ACD model with arc attributes to increase the modeling power of the ACD models. The
generality of the extended ACD model is also demonstrated with two approaches: (1) conversion of the extended ACD model

Fig. 1. Basic graphical modeling notations of the ACD.

Fig. 2. ACD model of a single-server system.
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