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CHAPTER 8
Activity Diagrams

This chapter focuses on activity diagrams, which depict the activities and responsibil-
ities of elements that make up a system. First, I introduce activity diagrams and how
they are used. Next, I discuss action states and their details. Finally, I go over flows
and their details. Many details of activity diagrams that were not fleshed out in
Chapter 2 are more fully elaborated here, and throughout the chapter, I include sug-
gestions relating to activity diagrams.

Activity modeling is a specialized type of behavioral modeling concerned with mod-
eling the activities and responsibilities of elements. You usually apply activity model-
ing in conjunction with sequence and collaboration modeling (Chapter 6) to explore
the activities and responsibilities of interacting and collaborating elements.

Action States

As discussed in Chapter 2, as elements communicate with one another within a soci-
ety of objects, each element has the responsibility of appropriately reacting to the com-
munications it receives. An action state represents processing as an element fulfills a
responsibility. There are various types of action states, including simple, initial, and
final action states. The next few sections discuss these different types of action states.

Simple Action States

A simple action state represents processing. For example, the project management
system may have the following simple action states:

Project Manager Enters Report Criteria
Indicates that the project manager enters report criteria

Project Management System Cenerates Report
Indicates that the project management system generates a report

Printer Prints Report
Indicates that the printer prints the report
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In the UML, an action state is shown as a shape with a straight top and bottom and
convex arcs on the two sides, and is labeled with the name of an operation or a
description of the processing. Figure 8-1 shows the various action states associated
with the project management system.

Project Manager
Enters Report Criteria
Project Management
System Generates Report
Printer Prints Report

Figure 8-1. Simple action states

Initial and Final Action States

An initial action state indicates the first action state on an activity diagram. In the
UML, an initial action state is shown using a small solid filled circle. A final action
state indicates the last action state on an activity diagram. In the UML, a final action
state is shown using a circle surrounding a small solid filled circle (a bull’s eye).
Figure 8-2 updates Figure 8-1 with an initial and final action state. An activity dia-
gram may have only one initial action state, but may have any number of final action
states.

Project Manager
Enters Report Criteria
Project Management
System Generates Report
Printer Prints Report

®

Figure 8-2. Simple, initial, and final action states

Flow Transitions

Given a collection of action states, how are those action states related to one
another? Flow transitions address this issue. As discussed in Chapter 2, a flow transi-
tion shows how action states are ordered or sequenced. There are various types of
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flow transitions, including control-flow and object-flow transitions, which are men-
tioned in Chapter 2 and discussed here.

Control-Flow Transitions

A control-flow transition indicates the order of action states. That is, once a source
action state completes its processing, a target action state starts its processing. For
example, the project management system may have the following order of action
states for the task of generating a report:

1. The Project Manager Enters Report Criteria action state occurs first, because
the project manager must enter the report criteria before the system can gener-
ate a report.

2. The Project Management System Generates Report action state occurs next,
because the project management system must generate the report before the
printer can print the report.

3. The Printer Prints Report action state occurs last, once the report has been
generated by the project management system.

In the UML, a control-flow transition is shown as a solid line from a source action
state to a target action state. Figure 8-3 shows the order of action states associated
with the project management system.

Project Manager
Enters Report Criteria
Project Management
System Generates Report

Printer Prints Report

Figure 8-3. Control-flow transitions

Figure 8-3 also shows a control-flow transition originating from the initial state to
indicate the first action state, and a transition to the final state to indicate the last
action state.

Control-flow transitions are also known as default transitions or automatic transi-
tions, because they are unlabeled and are immediately triggered after the source
action state completes processing.
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Object-Flow Transitions

An object-flow transition indicates that an action state inputs or outputs an object.
For example, the action states shown in Figure 8-3 may have inputs and outputs as
follows:

Project Manager Enters Report Criteria
Outputs a Report Criteria object and may be renamed as the Project Manager
Enters Data action state

Project Management System Cenerates Report
Inputs the Report Criteria object and outputs a Report object and may be
renamed as the Project Management System Generates Information action state

Printer Prints Report
Inputs the Report object and may be renamed as the Printer Prints Information
action state

In the UML, an object-flow transition is shown as a dashed arrow between an action
state and an object. An action state that uses an object as input is shown with the
object-flow transition arrow pointing from the object to the action state. An action
state that updates or produces an object as output is shown with the object-flow
transition arrow pointing from the action state to the object. Figure 8-4 shows the
objects used by the action states associated with the project management system.

Notice the new names for the action states in Figure 8-4 as compared to Figure 8-3.
In Figure 8-3, the action state names conveyed some idea of the inputs and outputs
from each state. Figure 8-4 however, shows these inputs and outputs explicitly, so
there’s no longer any need to imply them redundantly in the action state names. The
advantage is the action state names can now focus purely on the actions, while the
object-flow transitions indicate clearly the inputs and outputs to and from the

actions.
Project Manager
Enters Report Criteria

v
I Project Management
Report Criteria ><System Generates Report )

A"

Report --->< Printer Prints Report )

Figure 8-4. Control-flow and object-flow transitions
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A control-flow transition may be omitted when an object-flow transition indicates
the ordering of action states; that is, when an action state produces an output that is
input to a subsequent action state, the object-flow transition implies a control-flow
transition and an explicit control-flow transition is not necessary. Figure 8-5 updates
Figure 8-4 by removing the unnecessary control-flow transitions.

Project Manager
Enters Data

A
oria Lo Project Management
Report Criteria ><System Generates Information

A\

Report - - -><Printer Prints Information>

Figure 8-5. Control-flow and object-flow transitions without unnecessary control-flow transitions

Swimlanes

As discussed in Chapter 2, a swimlane is a visual region in an activity diagram that
indicates the element that has responsibility for action states within the region. For
example, the project management system may have the following swimlanes, which
are illustrated in Figure 8-6:

Project Manager
Shows the action states that are the responsibility of a project manager. The
swimlane makes it obvious that the project manager is responsible for entering
data, thus the rather cumbersome action state name of Project Manager Enters
Data may be shortened to Enter Data.

Project Management System
Shows the action states that are the responsibility of the project management
system. Again, because the swimlane makes it obvious who (or what, in this
case) is generating information, the rather cumbersome action state name of
Project Management System Generates Information may be shortened to Generate
Information.

Printer
Shows the action states that are the responsibility of a printer. Because of this
swimlane, the rather cumbersome action state name of Printer Prints
Information may be shortened to Print Information.
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Notice how the use of swimlanes allows me to rename the action states to omit the
responsible element for each action state.

In the UML, a swimlane is shown as a visual region separated from neighboring
swimlanes by vertical solid lines on both sides and labeled at the top with the ele-
ment responsible for action states within the swimlane. Figure 8-6 shows the swim-
lanes associated with the project management system.

Project
Management
Project Manager System Printer
Enter Data
Y

Report Criteria ~ f---- >< Generate Information )
\VJ
Report  f-----f---2 Printer Prints Information

Figure 8-6. Swimlanes

Decisions

A decision involves selecting one control-flow transition out of many control-flow
transitions based upon a condition. For example, once a report is printed by the
project management system, other reports may be selected and printed if the project
manager chooses to print more reports.

In the UML, a decision is shown as a diamond shape with incoming control-flow
transitions and outgoing control-flow transitions where each outgoing control-flow
transition is labeled with a guard condition in square brackets indicating the condi-
tion that must be satisfied for the transition to fire, or occur. Figure 8-7 shows that
once a report is printed, a project manager may choose to print more reports. Notice
that because the diamond shape is in the project manager’s swimlane, the project
manager is responsible for making the decision.
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i Project
Management

Project Manager System Printer

‘ Enter Data }

A4
Report Criteria ==~ >< Generate Information )
\V4

[More Report  f-----p---2 Printer Prints Information
Reports]

\,
[No </
More
Reports]

@®

Figure 8-7. Decisions

Concurrency

Concurrency involves selecting multiple transitions simultaneously. For example,
while the printer is printing a report, the printer must also monitor for other incom-
ing print requests.

In the UML, concurrency is shown using a short heavy bar. If a bar has one incom-
ing transition and two or more outgoing transitions, it indicates that all outgoing
transitions occur once the incoming transition occurs. This is called splitting of con-
trol. If a bar has two or more incoming transitions and one outgoing transition, it
indicates that all incoming transitions must occur before the outgoing transition
occurs. This is called synchronization of control. Figure 8-8 shows that the printer
uses concurrency to print a report using the Print Information action state, and to
monitor for other incoming print requests while handling the current request using
the Monitor for Print Requests action state. Once both of these action states have
completed, a project manager may choose to print more reports.

Exercises

1. Describe Figure 8-9, an activity diagram that describes the action states and flow
transitions between action states for a project manager printing a report using
the project management system: identify action states and flow transitions.
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Project
Management
System

Printer

[More :
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Report Criteria f---- -->( Generate Information }
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Figure 8-8. Concurrency
Project
Management
System

Project Manager

Enter Data

[More
Reports]
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Generate Information

Report

Printer

Print Information

[No
More
Reports]
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®

Figure 8-9. Action states and flow transitions for a project manager printing a report

Exercises
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2. Update Figure 8-9 stepwise to show the following details. After each step, check
your answers against the solutions shown in Appendix B:

a. The Enter Data action state outputs a Report Criteria object that is then
input by the Generate Information action state.

b. The Generate Information action state transitions to the Print Information
action state only if the report is successfully generated; otherwise, the
project management system generates an error using the Generate Error
action state. In either case, the project manager may choose to print more
than one report.

c. The project management system must simultaneously generate a report
using the Generate Information action state (as well as handle error process-
ing discussed in part b) and execute other processing using the Other
Processing action state. Once the report is printed and other processing is
handled, the project manager may choose to print more than one report.
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