
State Machine Diagrams
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Introduction

• A state machine diagram, models the dynamic 
aspects of the system by showing the flow of 
control from state to state for a particular class.
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Introduction

• Whereas an activity diagram models the flow of 
control from activity to activity, a state machine  
diagram models the flow of control from event to 
event.

• State machine diagrams show how an object 
reacts to external events or conditions during the 
course of its lifetime.

– Useful in modeling real-time systems or the part of a 
system that interacts with a human user.



State Machine Diagrams

• As an example, the following state 
machine diagram shows the states 
that a door goes through during its 
lifetime.

• The door can be in one of three states:
"Opened", "Closed" or "Locked".

• Notice that not all events are valid in all
states; for example, if a door is opened,
you cannot lock it until you close it.

• Also notice that a state transition can have
a guard condition attached: if the door is
Opened, it can only respond to the Close
event if the condition doorWay->isEmpty
is fulfilled.
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Terms and Concepts
• State

– A state is a condition or situation during the 
life of an object in which it satisfies some 
condition, performs some activity, or waits for 
some event.

– A state may include …

• Name

• Entry/exit actions

• Internal transitions

• Activities

• Substates - may sequential or concurrent

• Deferred events (infrequently used)
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Terms and Concepts

• State

– Special categories of states

• Initial state - indicates the initial starting state for 
for the state machine or a substate.

• Final state - indicates the state machine’s execution 
has completed.



A state has several parts.

1. Name:  A textual string that distinguishes the state from other states; a 
state may be anonymous, meaning that it has no name

2. Entry/exit actions: Actions executed on entering and exiting the state, 
respectively

3. Internal transitions: Transitions that are handled without causing a change 
in state

4. Sub states :The nested structure of a state, involving disjoint (sequentially 
active) or concurrent (concurrently active) sub states

5. Deferred events : A list of events that are not handled in that state but, 
rather, are postponed and queued for handling by the object in another 
state



Transitions

• A transition is a relationship between two states indicating 
that an object in the first state will perform certain actions 
and enter the second state when a specified event occurs and 
specified conditions are satisfied.

• On such a change of state, the transition is said to fire. Until 
the transition fires, the object is said to be in the source state; 
after it fires, it is said to be in the target state. 

• For example, a Heater might transition from the Idle to the 
Activating state when an event such as tooCold (with the 
parameter desiredTemp) occurs.



1. Source state: The state affected by the transition; if an object 
is in the source state, an outgoing transition may fire when 
the object receives the trigger event of the transition and if 
the guard condition, if any, is satisfied

2. Event trigger :The event whose reception by the object in the 
source state makes the transition eligible to fire, providing its 
guard condition is satisfied

3. Guard condition: A Boolean expression that is evaluated when 
the transition is triggered by the reception of the event 
trigger; if the expression evaluates True, the transition is 
eligible to fire; if the expression evaluates False, the transition 
does not fire and if there is no other transition that could be 
triggered by that same event, the event is lost



4. Action : An executable atomic computation that may directly 

act on the object that owns the state machine, and indirectly 
on other objects that are visible to the object

5. Target state: The state that is active after the completion of 
the transition
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Introduction



13

Terms and Concepts

• Advanced States and Transitions

– Entry action - Upon each entry to a state, a specified 
action is automatically executed.
• Syntax (to be placed inside the state symbol):                           

entry / action

– Exit action - Just prior to leaving a state, a specified 
action is automatically executed.
• Syntax (to be placed inside the state symbol):                           

exit / action
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Terms and Concepts

• Advanced States and Transitions

– Internal Transitions - The handling of an event without 
leaving the current state.
• Used to avoid a states entry and exit actions.

• Syntax (to be placed inside the state symbol):                           
event / action

– Activities - Ongoing work that an object performs 
while in a particular state.  The work automatically 
terminates when the state is exited.
• Syntax (to be placed inside the state symbol):                           

do / activity

• Activities are ongoing operations; actions are instantaneous 
operations.
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Terms and Concepts
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Terms and Concepts

• Advanced States and Transitions

– Deferred Event - An event whose occurrence is 
responded to at a later time.

• Syntax (to be placed inside the state symbol):                           
event / defer

• Once an event has been deferred it remains 
deferred until a state is entered where that 
particular type of event is not listed as deferred.   
The state diagram then responds to the event as if 
it had just occurred.
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Terms and Concepts

• Advanced States and Transitions

– Simple state - A state that contains no 
substates.

– Composite state - A state that contains 
substates.

– Substate - A state that is nested inside another 
state.

• Substates allow state diagrams to show different 
levels of abstraction.

• Substates may be sequential or concurrent.

• Substates may be nested to any level.
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Terms and Concepts

• Advanced States and Transitions

– Sequential Substates - The most common type 
of substate. Essentially, a state diagram within 
a single state. 

• The “containing” state becomes an abstract state.

• The use of substates simplifies state diagrams by 
reducing the number of transition lines.

• A nested sequential state diagram may have at 
most one initial state and one final state.
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Terms and Concepts



State Machine Diagrams

• Choice Pseudo-State - A choice pseudo-state is shown as a diamond with 
one transition arriving and two or more transitions leaving. The following 
diagram shows that whichever state is arrived at, after the choice pseudo-
state, is dependent on the message format selected during execution of 
the previous state.



State Machine Diagrams

• Junction Pseudo-State - Junction pseudo-states are used to chain together 
multiple transitions. A single junction can have one or more incoming, and one 
or more outgoing, transitions; a guard can be applied to each transition. 
Junctions are semantic-free. A junction which splits an incoming transition into 
multiple outgoing transitions realizes a static conditional branch, as opposed 
to a choice pseudo-state which realizes a dynamic conditional branch.



• Terminate Pseudo-State - Entering a terminate pseudo-state indicates that 
the lifeline of the state machine has ended. A terminate pseudo-state is 
notated as a cross.

State Machine Diagrams

• History States - A history state is used to remember the previous state of a 
state machine when it was interrupted. The following diagram illustrates 
the use of history states. The example is a state machine belonging to a 
washing machine.



State Machine Diagrams

• Concurrent Regions - A state may be divided into regions containing sub-
states that exist and execute concurrently. The example below shows that 
within the state "Applying Brakes", the front and rear brakes will be 
operating simultaneously and independently. Notice the use of fork and 
join pseudo-states, rather than choice and merge pseudo-states. These 
symbols are used to synchronize the concurrent threads.





Examples





Thank You


