3

3.73 Satechart Diagram

3.73.1 Semantics

Statetbart diagrams represent the behavior of entitiescapable of dynanic behavior by
specifyin g its respanse to the receipt of event instancesTypically, it is used for
desaibing the behavior of classes, but statecharts may also desaibe the behavior of
other model entities suchas us-casesactars, swbsystems, operatiors, or methods.

3.73.2 Notation

A statedart diagram is a graph that represents a state nachine. States andvarious
othertypes of vertices (pseudostates) inthe gate madine graph are renderedby
appopriate state andpseudbstate symbols, while transitions are generdly rendered by
directed arcs that inter-conmnect them. Staesmay also contain suldiagrams by phydcal
containmert or tilin g. Note thatevery sate machire hasa top state, whch containsall
the other elements of the entire state nachire. The graphical rendering of this top state
is optional.

The assoaation betweena state mabine ard its context does not have a special
notation

An examge statechrt diagamfor a simpe telgphone ohect is dgicted in Figure 3-59
on page 3-127.
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LdO/ play messageJ Connecting

Talking

Figure 3-59 State Diagram

3.73.3 Mapping

3.74 Sate

A statehatt diagam maps into a StateMehine. Tha StateMabine may be owned by
a model element capable of dynamic behavior, such as classfier or a behavioral
featue, which provides the context for that state nachire. Different contexts may
apply differert semantic constraints an the state nachire.

3.74.1 Semantics

A state is a ondition during the life of an dject or an intera@n during which it
satisfes sane condition, performs some action, or waits for some event. A composite
state is a statthat, in contrast to a simple state,has a gaphical decomposition.
(Composite states andheir notation aredescribed in more detail in Section 3.75,
“Composite States,” o page 3-130.) Conceptually, anobject remairs in a state dr an
interval of time. However, the serantics allow for modeling “flow-through” states that
are instantaneass, as well as tansitions that arenot instantareous.
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A state nay be usedto model an ongoing adivity. Such anactivity is spedfied either
by a nested state nmachine or by a computational expression.

3.74.2 Notation

A state is shen as a ectargle with rounded caners Figure 360 on page 3-129).
Optionally, it may have an attachedname tab. The nane tab is a rectande, usually
resting on the ouside ofthe top side ofa stateand it contains the nane ofthat state.It
is namally used to kep the nane of a conposite statethat has wncurent regions, but
may be used in other cases aswell (the Process state in Figure 3-65 on page 3-137
illustrates the se of the nara tab).

A state may be optionally subdivided into mutiple compartments seprated from each
other by a horizontal line. They are & follows:

® Name compartment

This compartment hdds the (optional) name of the state,as astring. States without
names ae aronymous andareall distinct. It is undesirabe to stow the same amed
state twie in the samediagram, as canfusion may ensue.Name compartmerts
should not be used if a nametab is used and vice versa

® |ntemal transtions conpartment

This canpartment hdds a list of intemal actions a actvities that areperformed
while the element is in the state The notation for each d these list itens has the
following gereral format:

action-label ‘/' action-expression

The adion label id entifies the ciraumstances uider which the action specified by the
adion expresson will b e invoked. The actionexpression may use ary attributes and
links that arein the scqe of the owning entity. For list items where the action
expressionis empty, the backslashseparaor is optional.

A number of action labels are rerved for various gecial purposesand cannot be used
as &ent names. The following are the reserved action labels ard their mearing:

¢ enry

This label identifies an actionspecified by the correspading adion expressio,
whichis performed upon entry to the state éntry action).

® exit
This labkel identifies an actionspecified by the carrespading adion expressia,
that is rformed upon exit from the state éxit action).

* do
This labelidentifies an orgoing activity (“ do adivity”) that is performed as longas
the nodeled elenent is in the stateor until the computation spedfied by the adion

expressionis completed (the latter may resut in a completion event being
generated).
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® include

This label is usedto identify a submachire invocation. The adion expresson
contains thename of the submachine that is to be invoked. Submadine states and
the caresponding notation are degribed in Section 3.81, “Submachine States” on
page 3-142.

In all other casesthe adion label id entifies the event that triggers the corresponding
adion expresson. These @ents arecalled intemal trangtions and are senantically
equvalent to self transtions except that the stateisn ot exited or re-entered. This
means that the corespnding exit and entry actions are not performed. The gereral
format for the list itemof anintemal trarsition is:

event-name ‘(" comma-separated-parameter-list )’ ‘[ guard-condition]” * /’
action-expression

Each event rame may appear more than oce per statef ithe guard corlitions are
different. The event paraneters and the guard corditions areoptional. If the evert has
paraneters, they can be used in the action expressia through the current event
variable.

3.74.3 Example

( Typing Password \

entry / set echo invisible
exit / set echo normal
character / handle character
help / display help

Figure 3-60 State

3.74.4 Mapping

A stae symbol maps into a Stae. See Section 3.75, “ Composite States,” on page 3-130
for further details on which kind of state.

The nane sting in the synbol maps tothe rame of the state. Wo symbols with the
sane name map into the same stateHowever, eact state synbd with no name (or an
empty name string) maps into a distinct anonymous State.

A list itemin the internal transition compartment maps into a correspnding Action
assaiatedwith a state. An “entry” list item (i.e.,anitem with the “entry” label) maps
to the “entry” role, an “exit” list item maps to the “exit” role, and a“do” item maps to
the “doActivity” role. ( The mapping of “in clude” items is discussedin Section3.81,
“Submachne Sates,” on page3-142))
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A list item with an event name maps to a Trarsition as®ciated with the “internal”role
relative to the state. Tie adion expressionmays into the ActonSequence and Guard

for the Transtion. The event nane and aguments nep into an Event coresmnding to
the event name and arguments. The Transition has atrigger Assaciation to the Event.

3.75 Composite Sates

3-130

3.75.1 Semantics

A composite state isdecornrposed into two or more concurrent substates (alled
regions) or into mutually exclusive disjoint subgates. A given statemay only be
refinedin one of these two ways. Naturally, any substate of acomposite state an aso
be a composite state & either type.

A newly-created olpect takes its tgpmost default transtion, originating from the
topmost initial pseudbstate. An dject that transitions to its outermogt final stateis
terminated.

Each region of a state nay have initial pseudostates andinal states. A tansition to the
enclosng staterepresents a transitio to the initial pseudostate. Atranstion to a final
state epreserts the campletion of activity in the erclosing region. Completion of
adivity in all co ncurrent regions represents cmpletion of activity by the enclosing
state andriggers a completion event i the erclosing gate Completion of the tqp state
of an dvject correspnds to its termination.

3.75.2 Notation

An expansion of a state shes its internal state achine structureln addition to the
(optional) name and internal transtion compartments, the state nay have an addtional
compartmentthat contains a region holding a nesteddiagram. For corvenience and
appeararce, the text compartmens maybe shrunk horizontaly with in the graphic
region.

An expansion of a state ifio concurrent substatesis shown by tiling the graphic region
of the state umg dasted lines to divide it into regions. Each region is a concurrent
substae. Each region may have an optionad name and must contain a nested state
diagram with disjoint states. The text compatments of the entire state ae sepaated
from the oncurent sulstates ly asdid line. It is dso possille to use a téb notatin to
place the name o a concurrent state. The tab notation is more spae efficient.

An expansion of a state intaisjoint stbstatesis shovn by shawving a rested state
diagram within the graphc region.

An initial pseudbstae is shown as a snall solid filled circle. In a top-level state
machine, the transition from an initial pseudbstate may be labeled with the event that
creates the bject; otherwise, it must be wlabeled If it is unlabeled, it represents ag
transition to the enclosing state. The initial transition may have an action.
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A final state is shavn as acircle surrounding a snall solid filled circle (abull’ s eye). It
represents the conpletion of actity in the encla@ing state and it triggrs a transition
on the enclaing state lbeled by the implicit activity completion event (usually
displayed as an unlabeled transitim), if such a trarsition is defined

In some cases, it 5 corvenient tohide the deconposition of a composite state.For
example, the state mahine inside a conposite statemay be very large and may simply
not fit in the graphical space aailable for the dagram. In that ase, tte canposite state
may be represerted by a simple state gaphic with a special “composite” icon, ustelly
in the lover right-hand comer. This icon, corsisting of two harizontally placedard
connecte states, is anoptional visual cue that the datehasa deconposition that is not
shown in this particular satechart diagram (Figure 3-62 on page 3-131). Instead the
contents of the composite stateare shavn in a sefarate dagram. Note that the “hiding”
hereis purely a matter of graphical mnvenience anchas  senantic sigrificance in
terms of access restrictions.

3.75.3 Examples

/ Dialing

~

.

(" start N digit) (* partial Dial ) [number.isValid()]
entry/ start dial tone entry/number.append(n)
exit/ stop dial tone - J

digit(n)

Figure 3-61 Seguental Substaes

(HiddenComposite\

entry/ start dial tone
exit/ stop dial tone

Figure 3-62 Composte State with hiddendecompsition indicata icon
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/ Taking Class \

Incomplete

Lab1l @
---------------------------------- e
r——
%@

fal \ Failed
.

Figure 3-63 Concurrent Substaes

3.75.4 Mapping

A state synbol mapsinto a State.If the symbol has ro suldiagransin it, it mapsinto
a SinpleState If it is tiled by dashed lines intoregions, then it maps into a
CompositeState with the isConcurrent value true; otlerwise, it mapsinto a
CompositeState with the isConcurrent value false. A region maps into a
CompositeState with the isRegion value true and the isConcurrent value false.

An initial pseudbstate symbol map into a Pgudostate of kil initial. A final state
symbol maps toa final state.

3.76 Events

3.76.1 Semantics

An eventis a roteworthy occurence. For practical purposes in statediagrams, it is an
occurrance that may triggera state transition. Events may be of several kinds (not
necessarily nutually exclusive).
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® A designatedcondition becaming true (described by a Booleanexpresson) resuts
in a change event instance The event occurs whenever the value of the expression
changes from false to true. Note that tlis is different from a guard condtion. A
guard condition is evaluated ence wheneer its event fires. If it is false, then tk
transition does nd occur andthe evert is lost.

®* The reeipt of anexplicit signal from one dject toandherresults in a sgnal event
instance. It i s deroted by the signature of the event as a tigger ona transtion.

® The receif of a call or an operation implemerted as a tarsition by an object
represents aall ever instarce.

®* The passage of a designatedpetiod of time after a designatedevent (often the entry
of the curret state)or the occurence of a given date/time is a TimeEvent.

The event ceclaation has ope within the padkage it apeas in and may be wsed in
state diagams for classesthat have visibility inside the package. Anevert is not local
to a sinde class.

3.76.2 Notation

A signal or cdl event can ke defined wing the followving format:
event-name ‘(* comma-separated-parameter-list ‘)

A parameterhasthe format:
parameter-name ' type-expression

A signal can be declared using the «signal» keyword on a classsymbol in a class
diagram. The pammeters ae spedfied as attributes. A signal can be specified as a
subclass ¢ anaher sigral. This indicates that an occurrence of the swbevent triggers
ary transition that depends on the event or any of its ancestors.

An elapgd-time event can be sgadfied with the keyword after followed by an
expressionthat evaluates (& modeling time) to an anount of time, such as ‘after (5
secands)” or after (10 seconds since exit fr om state A).” If no starting point is
indicated, thenit is the time sincethe entry to the current state.Other time eventscan
be spedfied as caditions, suchaswhen (date = Jan. 1, 2000).

A condition becaning true is slown with the kesword when followed ty a Boolean
expression This may be regarded asa cortinuous test for the cordition until it is tr ue,
although in practice it would only be checked on a change of values.

Signals canbe dedaredon a class diagram with the keyword «signal» on a rectargle
symbol. These deine signal names that may be used totrigger transitions. Their
parameters are shavn in the attibute conpartment. They have no operations. They
may appear in a generization hierardy.
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3.76.3 Example

«signal»
InputEvent

time

«Sighal»
Userlnput

device

T

«signal»
Mouse
Button

location

«signal»
Keyboard
Character

character

=

al

«signal»
Mouse
Button

Down

«signal»
Mouse
Button

Up

«signal»
Control
Character
«signal» «signal» «signal»
Space Alphanumeric Punctuation

Figure 3-64 Signal Declaraion

3.76.4 Mapping

3-134

A class ba with steeotype «signal» maps intoa Sgnal. The name andparameteas are
given by the name string and the &tribute list of the box. Generalization arrows
between sigal class loxes map into Generaliation relationships between the Signal.

The usage of an event string expresson in a context requiring an event maps into an
implicit reference d the Eventwith the given nane. It is an eror if various wses d the

sarmre name (including any explicit d eclaraions) do not match.
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3.77 Smple Transitions

3.77.1 Semantics

A simple transition is a relatiorship between tw states inttatingthat an bject inthe
first state will enter the secon state andperform specific actionswhen a sgdfied
evert occurs povided that cettain specifed conditio ns aresatisied. On swch a chamge
of state the transition is said to “fire.” The trigger for a trarsition is the occurence of
the evert labeling the transition. The evernt may have parametess, which areaccessible
by the actions speciied onthe transtion as well & in the correspnding exit and entry
actions asscciatedwith the souce andtarget states repectively. Events are processed
one at a tire. If an event doesnot trigger ary transtion, it is discaded. If it cantrigger
more than ae transition within the sane sequertial region (i.e., not in different
concurrent regions), only one will fire. If these conflicti ng trandtions are of the sane
priority, an arbitrary one is selected ard triggered.

3.77.2 Notation

3.77.2.1

A transition is slown as a skd line originatirg from the source state ard teminated
by an arrow on the target stae. It may be labded by atransition string that tas the
following gereral format:

event-signature ‘[’ guard-condkion ‘] ‘ /’ action-expression
The event-signature describes anwent with its aguments:
event-name ‘(" eomma-separated-parameter-list )’

The guard-condition is a Boolean expression written in tems o parameters d the
triggering event ard attributes andlink s of the olject tha owns the state mahine. The
guard condition may also involve tests & concurrent states of the current machine, or
explicitly designated gates of some reatable object (for example, “in Statel or “not
in Stae2”). State names may be fully qualified by the nested states that contain them,
yielding pathnares of the form “Statel::State2::State3.” fiis may be used in case
sare state name occurs in different composite stateregions of the overall machine.

The action-expression is executed if and when the transition fires. It may be written in
tems of operaions, attributes, awl link s of the owning object andthe parameters of the
triggering evert, or any other featues visibe in its scgpe. The caresponding action
must beexecued entirely before any other actions are considered. This model of
execution is referred to as run-to-completion senantics. The actionexpression may be
anaction sequence comprising a number of distinct actions including adions that
explicitly g enerde events, suith as sendéhg signals or invoking operaions. The details
of this expresson are dependent on the adion language chosen for the model.

Transition times

Names may be placel on transitions to designate the times at which they fire. See
Section3.62, “Transition Times,” on page 3-104.
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3.77.3 Example

right-mouse-down (location) [location in window] / object := pick-object (location);
object.highlight ()

The event may be any of the dandad event types. Sdecting the type depends onthe
synax of the name (for time events, for examge); however, SignalEvents ard
CdlEvents ae not distinguishable by syntax and must be discriminated by their
declamtion elsewvhere.

3.77.4 Mapping

A transtion string and the transition arow that it labels together map into a Transition
andits attachments. The arrow conneds two state synbols. The Transtion has the
correspading States asts source (the state & the tail) and destinaion (the state at the
head) States in agdation to the Transition.

The event name and parameters map into an Event element, which may be a
SignalEvent, a CallEvent, a TimeExpression(if it has the proper syntax), or a
ChangeEvert (if it is expressedas a Booleanexpresson). The event is attached as a
“trigger” role inthe assaiation to the transition.

The guard candition maps into a Guard elenent attachedto the Transtion. Note that a
guard condition is distinguished graphically from a change eventspeciication by being
erclosed in brackets.

An action expressio magps intoan Action attaded as an“effect” role reldive to the
Transition.

3.78 Transitionsto and from Concurrent Sates

3-136

A concurrent transitiom may have multiple saurce state andtarget states. It represerts
a syrchronization andor a splitting of control into concurrent threads without
concurrent subgates.

3.78.1 Semantics

A concurrent transitio is erabled wten all the sorce statesare occuped. After a
compound transition fires, all its destination states ae occipied.

3.78.2 Notation

A concurrent transitiom includesa short heavy bar (a synchronization bar, which can
represent synchronization, forking, or bath). The ba may have one a more arrows
from states to tte bar (these @e the source states). The bar may have one or more
arrows from the ber to states these ae the destination states). A transition string may
be slown near the bar. Individual arrows do not have their own transition strings.
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3.78.3 Example

Process

CD e N

Figure 3-65 Concurent Transtions

3.78.4 Mapping

A bar with multiple transition arows leaving it maps into a fork pseudostate.A bar
with multiple transition arrows entering it maps intoa join pseucbstate. The transitions
correspnding to the incoming and outgoing arrows attat to the pseulostateas if it
were a rggular state If a barhas multiple incoming and multip le outgoing arrows, then
it mapsinto a join connededto a fork pseudostate ly a single transition with no
attachments.

3.79 Trangtionsto and from Composite Sates

3.79.1 Semantics

A transtion drawn to the boundary of a mmposdte state is egiwalent toa transition to
its initial point (or to acomplex transition to theinitial point of ead of its corcurrent
regions, if it is concurrent). The entry action is always performedwhen a state is
enteed from outside.

A transition from a camposite state idicates a trsition that applies to eachof the
states witin the state egion (at any depth). It is “in herited” by the nested states.
Inherited transitions can be masked by the presence ofiested tansitions with the sane
trigger.

3.79.2 Notation

A trarsition dravn to a conposite state bandaly indicates a transitio to the
composite state.This is equivalent to a transition to the initial pseudostatewithin the
composite state egion. The initial pseudostate must be presen. If the stateis a
concurrent composite state, then th transition indicates a transition to the initial
pseudostae of each of its concurrent subgtates.
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3-138

Transitions may be drawn directly to states within a composite state legion at any
nesting degth. All entry actins arepeformed for ary states tht ae erieredon ary
trarsition. On a transition within a concurrent composite state,transition arrows from
the synchronization bar may be drawn to one or more concurrent states. Any other
concurrent regions stat with their default initial p seudostate.

A transition drawn from a composite stateboundary indicates a transition of the
composite state If such a transition fires,ary nestedstatesare forcibly terminated ard
perform their exit actions, thenthe transition actions occur andthe new state is
establisled.

Transitions may be drawvn directly from states withina composite stateregion at any
nestirg depth to outside states. All exit actions are perbrmed for ary states tlat are
exited on arny transition. On a transition from within a concurrent composite state,
transition arrows may be specified from one or more concurrent states to a
synchrorization bar; therefore, sgecific states in the other regions are irelevant to
triggering the transition.

A stateregion may contain a history state indicator shown as asmall circlecontainng
an‘H.” The history indicatorapplies to the stateregion that directly containsit. A
history indicator nay have ary number of inconing transitions from outside states.tl
may have at most one ougoing unlabeled transition. This identifies the default
“previous state”if the region has mver been enteredf la transtion to the histary
indicator fires,it indicates that th object resumes the state it last hadithin the
composite region. Any necessary entry actions are performed. The history indicator
may also be H*' for deep history. This indicates that the doject resumes the state it
last hadat arny depthwithin the conposite region, raher than beimy resticted tothe
state athe sane level asthe history indicatar. A region may have both shallowv and
deephistory indicators.

3.79.3 Presentation Options

3.79.3.1 Subbedtransitions

Nested statesiay be sippressed Transtions to nested statesra subsumed to the most
specific visible enclosing state of the suppressed tte. Sutsumed transtions that do
not come from an unabeled ina state or go to an unlabeled iritial pseudostate may
(but need not) be showvn as coming from or going to stubs. A stub is shown as a small
vertical line (bar) drawn inside the baundary of the erclosing state. It indicates a
trarsition connectal to a suppressed iternal state.Stubs are na used for trangtionsto
initial or from final states.

Note that eventsshauld be shown on transitions leadirg into a state either to the state
boundary or to an internal sbstate,including a trarsition to a stubbed state Normally
everts should not be stown on trangtionsleadng from a stulbedstateto an extemal
state.Think of a transition as kelonging to its source statelf the source state is
suppressedthen soare the cetails of the transition. Note dso that a transition from a
final state is sinmarized by an unlabeled transition from the conposite state ontour
(dending the implicit evert “action complete” for the correspmding state)
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3.79.4 Example

See Hgure 3-64 on page 3-134 and Figure 3-65 on page 3-137 for examplesof
composite transitions. The following are examples of stubbedtranstions andthe
history indicator.

@
e -%@J

may be abstracted as

(e ) \@

Figure 3-66 Stubbed Transiions

4 )
O

interrupt

resume

A2

N /

Figure 3-67 History Indicaior
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3.79.5 Mapping

An arrow to any state baindary, nestedor not, maps into a Transtion between the
correspnding States andsimilarly for transitions drectly to history states.

A histay indicator maps into a Pseudostate of kind shallowHistory or deepHistory.

A stubbed transition does nat map into anything in the model. It is a ndational €elision
that indicates the presence of trasitions to additional states inthe model that are nat
visible in the diagram.

3.80 Factored Transition Paths

3-140

3.80.1 Semantics

By definition, a transtion conneds exactly two vertices inthe state nachine graph
However, since sone of these vertices nay be pseudostates (wkch aretrarsient in
natue) there isa needfor describing chainsof transtions that may be execued in the
context of a single run-to-completion gep. Sucha transition is known as acompound
transition.

As a pratical measure, it is often useful tosharesegmentsof a compound trarsition.
For exanple, two or more diginct conpound transitions may come together and
corntinue via acommon path, sharing its action, and pssibly terminating on the sare
target gate. In other cases,it may be useful to split a transition into separse mutually
exclusve (i.e.,, non-concurrent) paths.

Both of these examples d graphical factorirg in which same transitions are shared
resut in simplified diagrans. However, factoring is also useful for modeling
dynamically adaptive behavior. An exanple of this occus when asingle event may
lead to ary of a set 6 possilde taget states, Wit where tte final target state is nly
detemined as the resut of an action(calculation) performed after the tiggering of the
compound transition.

Note that the splitting andjoining of paths due to factoring is different from the
spitting andjoining of concurrent transitions described in Section3.78, “ Transitionsto
and from Concurrent States,”on page 3-136. The souces aml targets of these fctored
transitions are not concurrent.

3.80.2 Notation

Two or more transiticns enanatingfrom different nm-corcurrent states or
pseudostates ca terminate an a common junction point. This allows their respective
compound transitions to share the paththat emanates from that junction point. A
junction point is represented by a small black circle. Alternatively, it may be
represented by a diamond shape(see Section 3.86, “ Decisions,” on page 3-150).

Two or more guarded transitims enmanatingfrom the same junction point represert a
static branch point. Normally, the guards ae nmutually exclusive. This is egivalent to
a set 6 individual transitions, one for each path through the tree,whose guard
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condition is the “and” of all of the conditions alang the path Note that the senantics
of static branches isthat all the outgoing guards are evaluated before ary transtion is
taken.

Two or more guardedtransitions emanatingfrom a common dynamic choice point are
used to model dynamic chdces. In this case, the gardsof the outgoing transitions are
evaluatel a thetime the chaice point has beenreated The value of theseguards may
be a finction of some calculatiors performedin the actions of the incoming
trarsition(s). A dynarmic choice pant is represented by a swil white circle
(reminiscent d a snall stateicon).

3.80.3 Examples

In Figure 3-68 a sinde junction point is used tomerge andsgit transitilms. Regardless
of whethe the junction point was readedfrom state StateOor from state Stéel,the
outgoing pathsare the sane for both cases.

If the state mehine inthis exanmple is instate Statelandb is less tha O whenevent
el accurs, the outgoing transition will b e taken anly if on e of the three davnstream
guards is true. Thus, if ais equal to 6 at that point, no transition will b e triggered.

ellb<0]

e2[b < 0]
[a>7]

[a= 5]

Figure 3-68 Juncton points

In the dynamic choice point exampe in Figure 3-69 on page 3-142, the decision on
which branch to take is only made ater the transition from Statelis taken and the
choice point is reached. Note that the action asscciatedwith that incoming transition
computes anew value for a. This new value canthen be usedto detemine the odgoing
transition to be taken. The u® of the predeined condition[else] is reconmended to
avoid run-time errors.
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Statel

el[b < 0)/a ;= f(m)

Figure 3-69 Dynamic choice points

3.81 Submachine Sates

3-142

3.81.1 Semantics

A submechine state epresents tle invocation of a state mahine defined elsevhere. It
is similar to amacro cdl in the sese that it epresens a @raphical) shorthard that
implies enbedding of a complex specifcaion within andher specifcaion. The
submachine must be ontained in the same context as the invoking state madine.

In the general case,an invoked state madine canbe entered at ary of its substates or
through its default (initial) pseudostate. Similarly, it can be eited from any substate or
as a esult of the invoked statemachne reacing its final state a by an “inherited” or

“group” trarsition that apjies to all slostates inthe sibmachire.

The non-default entry and exits are specified through special st states.

3.81.2 Notation

The sulmachine state is deicted as a nrmal statewith the agoropriate ‘include’
declaation within its internal transitions canpartment (see Setion 3.74, “ State,” on
page 3-127). The expression following the include resewved word is the name of the
invoked stbmachine.

Optiondly, the submachine state may contain one or more ertry stub states and one or
more exit stub states. The ntation for these is sintar to that usedfor stub erds d
stubbedtransitions, except that the ems are labeled. The labls represen the names of
the coresmnding substates withinthe invoked sibmachine. A pathname may be used
if the substate is nbdefined a the top level of the invoked sulmmachine. Naturally, this
name mmust be a valid name of a state inthe invoked state mahine.
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If the submachire is entere through its default pseudostateor if it is exited as a esult
of the conpletion of the submachire, it is not necessary to use the st state ndation
for these caes. Similarly, a stub state is not requiredif the exit occurs through an
explicit “grou p” transition that enanates fom the boundary of the submacdine state
(implying that it applies to all the substates of the submachine).

Sulmachine states iroking the same submachine may occur multiple times inthe
sane state diagram with different ertry and exit configurations and with different
internal transitions and exit and entry action specificatiors in eachcase.

3.81.3 Example

The following diagram stows afragment from a statecan diagam in which a
submachine (the RilureSuomachire) is invoked in a particular way. The actual
submachine is presumably defined elsewhere ard is not shown in this diagram. Note
that the same submachine could be invoked elsewvherein the same statehart diagram
with different entry aml exit configurations.

/ Handle Failure \

include / FailureSubmachine

| -/
errorl/ _\ /_ error2/

subl subl::subl2
error3/ subEnd
< o—o
\ J fixed1/

—

Figure 3-70 Submachie Sate

In the abare exanple, the trarsition triggered by event “errorl” will term inate on state
“subl” of the FailureSulbmackhine statemacthine. Since tte enty point doesnot contain
a path mame, this means that “subl” is defined at the toplevel of that submachire. In
contrast, the transition triggered by “error2” will ter minate onthe “sub12” substate of
the “subl”substate (as indicated by the path rame), while the “error3” trarsition
implies taking of the default transtion of the FailureSubmachire.

The transition triggered by the event “fixed1’ emanatesfrom the “subEnd” substate of
the sibmachine. Firally, the transtion emanatirg from the edge o the submachire
state is talen asaresult of the completion event generatel whenthe
FailureSubmachire reeches its final state.
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3.81.4 Mapping

A submachne state in a statechat diagr.am maps directly to a SubmachneState in the
metamodel. The name following the “include” resened action lakel represeits the state
machire indicaed ty the “submachne’ attribute. Stubstates mapo the StubState
concept in the metamodel. The label on the diagam correspnds to the pathname
representd by the ‘refererceStaté attribute d the stubstate.

3.82 Synch Sates

3.82.1 Semantics

A syrch stde is for synchronizing concurrent regions of a stae machine. It is usa in
conjunction with forks andjoins to insure that one region leaves a particularstate or
states bfore arother region canenter a paticular state orstates. Tl firing of outgoing
trarsitions from a synch statecan be limited by spedfying a bound on the difference
between tk number of times outgoing and incoming transti ons have fired.

3.82.2 Notation

A synch state is $iown as a small circle with the upper bound inside it. The bound is

eithera positive integer or astar ('*") for unlimited. Synch states ae dravn on the
boundary between two regions when possble.
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3.82.3 Example

/ Build House \

Install
Foundation

®

Install Install Install
Electricity Electricity Electricity
In Foundation In Frame Outside

Figure 3-71 Synch gates

3.82.4 Mapping
A synchstate cicle maps into aSyrchState contaired by the least ommon containing
state of the gionsit is synchronizing. The number inside it maps onto the bound

attribute of the synch state.A star ("*') inside the syrch state circlemaps to avalue of
Unlimited for the baund attribute.

Part 10 - Activity Diagrams
3.83 Activity Diagram

3.83.1 Semantics

An actiity graphis a \ariation of a state madtine in which the state represen the
performance of adions or subacivities and the transtions are triggered by the

completion of the actions or sulactivities. It represents a state nachine of a procedure
itself.
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3.83.2 Notation

An activity diagramis a specid case d a state dag.amin which all (or at least most)
of the states arection or subactivity staes andin which all (or at least mast) of the
trarsitions are triggered by completion of the actions or subactiities in the saurce
states. Th entire activity diagram is attacted (through the model) to a class,such asa
use case, 0 to a pad&age, a to the implementation of an geration. The purpose ofthis
diagam is to focus onflows driven by internal processing (as opposed to external
events). Use actiity diagransin situations where all or most of the events represent
the conpletion of internally-geneatedactions (that is, procedrd flow of control). Use
ordinary statediagrams in situations where asyrchronous everts ocaur.
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3.83.3 Example

Peason::Prepare Beveage

Y [ Find \ [no caoffee] [no cda]

\ Beverage /
[found cdfee] [found cda]
Put Coffee
in Filter Add Water Get
to Resenoir Cups
Put Filter
in Machine Get cans
of cda
Turn on
Machine
[coffeePot.turnOn
light goes ait

Pour Coffee )

Figure 3-72 Activity Diagam

OMG-UML V1.3  Activity Diagram  March 2000 3-147



3.83.4 Mapping

An actiity diagrammaps into an Activity Graph.
3.84 Action Sate

3.84.1 Semantics

An action state is shathandfor a statewith anertry action ard & least oe ougoing
trarsition involving the implicit event of conpleting the entry action (theremay be
several suchtransitions if they have guard corditions). Action states sould not have
internal transitions or outgoing transitions based o explicit events, use rormal states
for this situation. The normrel use of an action state is to rodel a step inthe execution
of an algorithm (a procedure) or a workflow process.

3.84.2 Notation

An action state is shavn as ashape with straight top and bottom andwith convex arcs
on the two sides. The action-expression is pacedin the symtol. The action expression
need ot be unique within the diagram

Transitins leaving an actionstateshould not include an event signature Such
transitions are implicitly triggered by the completion of the action in the state. The
trarsitions may include guard conditions and actions

3.84.3 Presentation options

The action may be desaibed by naural language, pseudocode, or programming
language code. It may use only attributes and links of the owning object.

Note that action state ndation may be usedwithin ordinary state dagrams; however,
they are mare commonly used with activity diagrams, which are spesial cases of state
diagrams.

3.84.4 Example

(matri x.invert (tolerance:ReaI))

Figure 3-73 Action States
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3.84.5 Mapping

An actionstate syniol maps into an ActionStatewith the action-expression mapped to
the ertry action of the State. There is no exit nor ary internal tarsitions. The State &
normally anonymous.

3.85 Subactivity State

3.85.1 Semantics

A subactivity state invokes anactvity graph When a sibactvity state is etered the
adivity graph“nested” init is executed as anactivity graph would be. The sulactivity
state is no exited until the final state of the rsted graphis reached or when trigger
events occur ontransitions coming out of the subactity state Since states inadivity
graphs do nat normally have trigger events, sibactiity states are namally exited when
their nestedgraphis finished. A single activity graphmay be invoked by many
sulactivity states.

3.85.2 Notation

A subactivity stateis shown in the sane way as an actionstate with the addion of an
icon in the lower right comer depicting a nestedactivity diagam. The name of the
subactvity is placedin the symbol. The subactivity need rot be unique within the
diagram.

This rotation is applicable toany UML construct that supports “nested” stucture. The
icon must siggest the type of nested sucture.

3.85.3 Example

Build Product Fill Order

o™ o

Figure 3-74 Subacitvity States

3.85.4 Mapping

A subactvity state syrhol mags into a SulactiityState. Thre rame d the sulactivity
maps toa sulmachne link between the SulactiityState ad a StéeMachine d that
name. The SibactivityState is nomally ananymous.
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3.86 Decisions

3.86.1 Semantics

A state dag-am (ard by deiivation an actvity diagram) expres®s a decision when
guard conditions are used toindicate different possilde transtions that depend on
Boolean canditions of the owning object. UML provides a shorthard for showing
decisims ard merging their separ#e paths back together.

3.86.2 Notation

A decision may be shown by labeling multiple output transitions of an action with
different guard conditions.

The iconprovided for a decision is the traitional diamond shepe, with one incoming
amrow and with tw o or more outgoing arrows, eah labeled ty a distinct guard
condition with no event trigger. All possible outcomes stould appearon one of the
outgoing trangtions. A predefined guard denoted “else” may be defined for at most
one outgoing transition. This transtion is enabledif all the guards labeling the other
transitions are false.

The sameicon can be used to merge dedsion branches backtogether, in which case it
is called a merge. A merge has two or more incoming arrows ard one ougoing arow.

Note that a chainof decisions may be part of a conplex transition, but only the first
seggment in such a chainmay contain an even trigger label. All segments nay have
guard expressias. Thetrandgtion coming from a merge may not have a trigger labelor
guard expressions.

3.86.3 Example

cog < $50 Charge
Calculate [ ] customer’s

acoount

total cost

[cost = $50]

Get
authorization

Figure 3-75 Decision and mege
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3.86.4 Mapping

A decision symbol maps intoa Psedostae o kind junction. Each label on an outgoing
amrow maps into a Guard o the carresponding Transition leaving the Pseudstate.A
merge symbol alsomays into a Pseudstate & kind junction.

3.87 Swimlanes

3.87.1 Semantics

Actions and sulactivities may be organized imo swimlanes. Swimlanes are used to
organize responsihility for actions and subactivities accading to class. They often
correspond to organizatioral units in a business model.

3.87.2 Notation

An actvity diagam may be divided visually into “swimlanes,” each separated from
neighboring swimlanes ly vertical solid lines o both sides. Eab swimlane represents
responsibility for part of the overall activity, and may eventually be implemented ly
one or more objects. The relative ordering of the swimlaneshas no semantic
significance, but might indicatesome affinity. Each actionis assgned to one swinlane.
Transitims may cross lanes. fiere is no sigificanceto the iouting of a transition path.
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3.87.3 Example

Customer Sdes Stockroom

Request service

@

N

Deliver order

Collect order

®

Figure 3-76 Swimlanes in Activity Diagram

3.87.4 Mapping

A swimlane maps into a Partition of the Statedn the ActivityGraph. A state ymbol in
a swinlane causes the corrgponding State to belong to the corresponding Partition.
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3.88 Action-Object Flow Relationships

3.88.1 Semantics

Actions operate ly andon objects. These bjects eithethave primary respasibility for
initiating an action or are usedor detemined by the action. Actions usually spedfy
cdls sern betweenthe dject owning the actvity graph, which initiates actiors, and the
objects that are thetargetsof the adions.

3.88.2 Notation

3.88.2.1

3.88.2.2

3.88.2.3

Object responsiblefor an action

In sequence dagrams, the object respnsible for performing an adion is shown by
drawing a lifeline and pladng actiors on lifelines. SeeSection 3.58, “Sequence
Diagran,” on page 3-94. Activity diagrans do not shav the lifeline, ut ead action
specifies which object performs its operation. These objects may also be reldedto the
swimlane in some way. The actions within a swimlane canal b e handled by the same
object or by multiple objects.

Object flow

Objects that ae input to or output from an action may be shavn as ohect symbols. A
dashedarrow is drawn from an adion state to an output object, and a dashed arow is
drawn from aninput object to an actio state. Thesameobject maybe (and usually is)
the output of one action and the input of one or more subseguent actions.

The ontrol flow (solid) arows rrust be omitted when the object fow (dashed) arows
supply a redundant constraint. In otherwords, whena state poduces anoutput that is
input to a subsequent state,that object flow relationship implies a control constraint.

Object in state

Frequertly the same object is manipulated by a nmber of successive actiors or
subactiities. It is posdgble to show one object with arrows to and from all of the
relevant actions and subactivities, but for greate clarity, the object may be displayed
multiple times ona diagram. E@h appearance dentes adifferent point during the
object’s life. To distinguish the various appgamanas of the same ofect, the date of the
object at each point may be placed in brackets axd appended to the name of the object
(for exanple, PurchaseOrder[approved]). This motation may also be usedin
callaboration and seqience dagrams.
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3.88.3 Example

Customer

] ~
~

Sdes

~

N\

Pay

Order
[delivered]

Collectorder

Order
[filled]

\_Z/

- Deliverorder ]

Stockro om

Order
[entered]

Y

=

4 — Fill order

3-154

Figure 3-77 Actions and Object Flow

3.88.4 Mapping

An object flow symbol maps into an ObjectFlowState whose incoming and outgoing
Transitins correspand to the inconing andoutgoing arrows. The Transitions have no
attachments. The classname ard (optiond) state name of the object flow symbol map
into a Class ora ClassfierInStatecorrespading to the namés). Solid and dashed

arows both map to trarsitions.
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3.89 Control Icons

The following icons provide explicit symbols for cetain kinds o information that ca
be smdfied on transitions. These icas arenot necessary for constructing actiity
diagrams, but many users prefer the addedimpact that they provide.

3.89.1 Notation

3.80.1.1

3.89.1.2

Sgnal receipt

The receift of a sigral may be shavn as a cacave pentagon that laoks like a ret¢ande
with a triangular notch in its side (either side). The signature of the sigral is shown
inside the symbol. An unlabeled transition arrow is drawn from the previous action
state to the pentagan and anaher urlabeled transition arrow is drawn from the
pentagon to the next acton state. A dashed arrow may be drawn from an object symbd
to the notchon the pertagon to show the sender of the signal; this is optional.

Sgnal sending

The sendhg of a sgnal may be shavn as a cawex pentagon that looks like a rectargle
with a triangular point on one dde (either side). The sigrature of the sigal is shown
inside the symbol. A unlabeledtranstion arrow is drawn from the previous action state
to the pentagn and another unlabeled transitim arrow is drawn from the pertagon to
the next action state.A dashed arrow may be drawn from the point on the pentagon to
an dject synbol to show the recaver of the signal, this is optional.
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3.89.1.3

Turnon
Machine

turnOn — — = coffeePot

Brew cdfee

I
|
|
|
|
J

light goes out% o

{  Pour Coffee )

Figure 3-78 Symbols for Signal Recept and Snding

Deferred events

A frequent situationis when anent that occurs mst be “defered” for late use while
some other action or subactvity is underway. (Normally an event that is not handled
immediately islost.) This may be thought of as having aninternal tansition that
handles the event ard places it @ anintemal queue until it is needed or until it is
discarded. Each state spedfies aset of events that are deferedif they occur during the
stateand are nd usedto trigger a transtion. If anevert is not included in the set of
defarable everts for a state,and it does rot trigger a transition, then it is discarded
from the queue even if it has already occurred. If a trarsition depends onan event, the
transition fires immediately if the event is alreadyon the internal gieue. F several
transitions are posdble, the lealing evert in the queue takes precdence.

A deferrable event is shown by listing it within th e state bllowed by a slash andthe
special operation defer. If the evert occurs, it is saved and it recus when the object
trarsitions to anather state where it may be deferred again. Whenthe abject reaches a
statein which the evert is not deferred, it mustbe acceped or lost. The indication may
be placedon a canposite state ¢ its equivalents, submachine and subadivity states, in
which case itremains defrrable throughout the conposite state. A containedtransition
may still be triggered by a deferabe event, whereupn it is removed from the queue.
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It is not necessary to defer everts on action states, lecaise these states are rot
interruptible for event processng. In this case, bth defered ard undeferred everts that
occurduring the state are deferred until the state is conpleted. Thismeans ttat the
timing of the transition will be the same regardlessof the relative order of the event
and the state ompletion, andregardless ofwhether everts are ceferred.

Turn on

Machine

turnOn

Brew coffee
light goes out / defer

Get Cups
lightgoes ou/ defer

light goes out <

{  Pour Coffee )

Figure 3-79 Defered Bvent

3.89.2 Mapping

A signal receig symbol maps into a state with no actions or internal transitions. Its
specified event maps to a trigger event on the outgoing transition betweenit and the
following state.

A signal sendsynbol mas into a SendAction on the inconing transition between it
and the previous state.

A deferred event dtachel to a state m@s into a deferredEvent assaiation from the
State tathe Even.
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3.90 Synch States

The SychState otation may be amitted in Activity Diagrans when a SychSate has
one incoming and one outgoing transition, and an urimited bound. The senantics and
mapping arethe sane as if the syrch state circles were ircluded, as defined for state
machine ndation

/ Build House \

[ PutOn |
\ Roof |

Install
Walls

Install
Foundation

In spect

Install
Electricity
Outside

Install
Electricity
In Frame

Install
Electricity
In Foundation

N /

Figure 3-80 Synchronizing parallel actvities

3.91 Dynamic Invocation

3.91.1 Semantics

The adions of an actin state orthe ativity graph of a subactivity state nay be
execued more than once concurrently. The number of concurrent invocaions is
determined at runtime by a concurrency expression which evaluaesto a set d

argument lists, one argument list for eachinvocation

3.91.2 Notation

If the dynamic concurrency of anaction or subactivity stateis not always exactly one,
its multiplicity is shown in the uger iight corner of the state. Otherwisenothing is
shown.
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3.91.3 Mapping

A multiplicity string in the upperright corner of an actionor subactivity state meps to
the sane value in the dynamicMultiplicity attrib ute of the state.The preserte of a
multiplicity string alsomaps to avalue of true for the isDynamic attribute of the state.
If no multiplicity is present, the @lue of the isDynamic attribute is false.

3.92 Conditional Forks

In Activity Diagrams, transitions outgoing from forks may have guards. This means tle
region initiated by a fork transition might not start, andtherefore is nd required to
complete atthe carespmding join. The usual notation and mapping for guards may be
used on the transition outgoing from a fork.

Part 11 - Implementation Diagrams

Implemertation dagrams shav asgects ofimplementation, including sairce cale
structure ard run-time implementation structure. They come in two forms:

1. component diagrams show the stucture of the codeitself and
2. deployment diagrams show the stucture of the run-time system.

They can alsdbe apfied in a broadr serse to usiness nedeling in which the “code”
componerts are the business pocedires am documerts andthe “run-time structure” is
the organization units and resources(human and other) of the business.

3.93 Component Diagram

3.93.1 Semantics

A component dagram stows the defendercies amag software cmponents,including
souce code canponerts, binary code components, and execuable components. For a
business, “software” componerts are taken in the broad serse to include business
proceduresand documents. A software module may be represente as a canponent
stereatype. Same components exist at conpile time, some exist at link time, sone exist
at run time, and sone exist at more thanone time. A compile-only component is one
thatis only meanirgful at compile time. The run-time component in this @se would be
an exeautabe program.

A component dagram has only atypeform, not aninstanceform. To shawv component
instances, use a deployment diagram (possilly a degenerate one without nodes).

3.93.2 Notation

A component diagamis a gaphof components canectedby dependercy
relationships. Components mayalso k& connectedto canponents by physical
containment represerting compostion relationships.
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