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UML Statecharts

by Bruce Powel Douglass

The term reactive is applied to objects

that respond dynamically to incoming
events of interest and whose behavior is
driven by the order of arnval of those
events, Such objects are usually modeled
and often implemented as finite state
machines. A feature of the graphical
Unified Modeling Language (UML),
called statecharts, inakes modeling reac-
tive objects a breeze.

A finite state machine (FSM) speci-
fies the events ol interest 1o a reactive
object, the set of states that object may
actions (and their

assume, and the

order of execution) in response to
incoming events in any given state. This

is crucial in many systems because the

allowable sequences of primitive behav-

iors may be restricted.
State awareness

Consider Figure 1, which shows a state-
chart of a non-invasive blood pressure
(NIBP) monitor. This statechart speci-
fies the various states (shown as rounded
rectangles) and the transitions (arrows)
that indicate how the system responds to
different events. We see that the system
responds to a number of events, such as
evMessage, evDiastolicFound,
evSystolicFound We see that to moni-

and

tor blood pressure, these events must
occur in certain predefined sequences.

If an event occurs while the system is in

a state that doesn’t specifically handle

that event, it is ignored. Thus, when the

system is in the state waitForSystolic,
any received evDiastolicFound events
are quietly discarded. The syntax for

transitions is event-name (parameter-list)
[guard-condition] / action-expression.
The

occurrence of interest that's processed

event-name is the name of an
by the object’s state machine, such as
evMessage or tm (imeout). If the event-
name is left blank, the event fires as soon
as the state is reached. When the object
is in the predecessor state (from which
the transition arises) and the named
event is sent to the object, the transition
fires and the object moves to the new
state executing the specified actions
along the way. Parameters may be
passed to the object along with the event
and manipulated in the actions on the
transiton.

A Boolean expression inside the
square brackets is a guard. If the event
fires and the guard evaluates to TRUE,
the transition is taken; if the guard
FALSE,

ignored. For example, coming from

evaluates to the event is
the waitForCufflnflationstate, if the
tm event occurs, the transition is only
taken if the guard (itsSignalProcessor
—>getValue() < MaxCuffInflationLimit)
is TRUE. If not, the timeout event is
discarded.

Following the guard, a / precedes the
aclion expression, which is the set of
actions executed when that wansition is
taken. For example, when the monitor is
in the waiting state and a timeout event
is received, messages are sent 1o the asso-
ciated Alarmobject (by dereferencing a
pointer to that object) and the Pump
object. Actions may also be executed
when a state is entered (called enfry

actions) or exited (exil actions).

Responses to events may have a time
value associated with them (via a UML
constraint), but they execute via nin-to-
completion semantics. This means that
once an event is received and the object
determines that it will respond to it, the
object will execute first the exit actions of
the predecessor state, followed by the
transition actions, and finally the entry
actions of the subsequent state, in that
precise order, and not process any new
events until that set of actions has com-
pleted. Actions are normally specified in
the implementation language.

The
kinds of events: SignalEvents, CallEvents,

UML identifies four different

ChangeEvents, and TimeEvents. A
Signallivent is an asynchronous event sent
from a source and queued by the receiv-
eruntil it’s ready to handle it. A CallEvent
is a synchronous event wherein the
sender blocks until the receiver has han-
dled the event. Changelvents occur when
a state value is changed for an object. A
TimeEvent occurs when time passes from
entry to the state; if the object leaves the
state prior to the timeout, the timer is
logically discarded. This is shown in the
figure with the tm(MaxWaitForValue)
transition. The keyword after is some-

tmes used mstead of tm
State hierarchy

The states NIBPEnabledand NIBPDisabled
in Figure 1 are called m=staies because the
object is in either one or the other. Also
note that NIBPEnabled is a composite state
these nested

with  nested states inside;

states are orstates with respect to each
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Statechart example
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other. The ability to nest states greatly
enhances the applicability of statecharts
to more complex problems.

Statecharts may also have and-states,
which are always nested states of an
enclosing composite state. The primary
difference between orstates and and-
states is that when the object is in the
enclosing composite state, it must be in
every active and-state simultaneously (in
other words, logically concurrent).

The figure only shows a single state
at the highest level of abstraction
(NIBPControl). This toplevel state has
two and-states (separated by the dotted
line). These are independent aspects of
the class, the one on the left focusing on
the high-level measurement manage-
ment, and the one on the right detecting
blood pressure pulses.

There are various graphical annota-
tions that are neither states nor transi-

tions to be found in the figure. These
annotations are called pseudostates.
These symbols represent special seman-
tics to be applied in the given situation.
The transition emanating from a black
dot is the initial pseudostate. It indi-
cates the default orstate at some specif-
ic abstraction level. At the outermost
level, it indicates the inital state when
the object is created. The circum-
scribed C symbol (alternative notation:
diamond) is a conditional pseudostate
and indicates a branch point; each out-
going transition from the conditional
pseudostate has a guard; when the
event occurs, the various outgoing tran-
sitions are examined until a TRUE
guard is found. I none of the guards
evaluates to TRUE, then the event is
discarded, just as with the simple tran-
sition; at most a single branch of the
conditional pseudostate will be taken.

The UML recognizes about a dozen
pseudostates.

Statecharts are a great way to specify
behavior as a set of actions to be execut-
ed when an object is in some given state.
The statechart remembers the condition
of existence for the object as the object’s

state, Through the use of separation of

the object’s lifecycle into different states,
hierarchical nesting of states, and the or-
and and-states, you can model any mun-
dane or highly complex behavior
Continuous algorithms can be modeled
by statecharts as well. esp
Bruce Powel Douglass has over 25 years expe-
rience designing safeiy-eritical veal-time appli-
cations in a variety of hard recl-time environ-
ments and is the author of several books
inchuding Real-Time UML, Doing Hard
Time, and Real-Time Design Patterns.
He can be reached at bpd@ilogix.com.
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