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StateMachines

Thislecture describedow statemadinesare designecind specified.
Afterthislecture youshouldbe ableto designa statemadinefroma descriptionof its behaviour You shouldbe able
to describethe statemadine usingstatetransitiondiagramsand statetransitiontables.

State Machines

A statemachineis anabstractvay of describingthe
behaiour of acontroller Thestatemachinedescrip-
tion reduceghe descriptionof ary controllerto four
things: inputs, outputs, states,and statetransition
rules.

The state machine descriptioncontainsno de-
tails aboutthe implementatiorof the controller(no
flowcharts, programs,schematicsmechanicaldia-
grams.etc.). Instead a statemachineonly describes
the differentstatesthat the controllercanbein, the
outputsin eachstate,andwhatinput conditionswill
causdransitionshetweerstates.

A statemachinedescriptioncan be usedto de-
scribeandanalyzeexisting systemsandasanaidin
the designof newv systems.The simplified descrip-
tion representedly a statemachineallows usto ver
ify properoperationanddocumenthe logical oper
ation of a controllerbeforeproceedingvith detailed
design(e.g. writing a programor designinghard-
ware).

Design of State M achines

Therearefour stepgo designinga statemachine:

o definethe outputs— theseare the signalsthat
controlthosethingsthatthe controllerneedgo
control

definethe inputs— the signalsthat provide the
controllerwith informationaboutthingsthat it
needgo monitorin orderto operateproperly

defineall of the possiblestatesthat the con-
troller will needto be in and what valuesthe
outputswill take for eachof thesestates

definethe exactinput conditionsthatwill cause
the statemachineto switch from one stateto
another
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I nputs and Outputs

A controllers inputs are typically signals from
sensorssuch as switches, thermometerspressure
gaugesandsoon. Theoutputsaresignalsthatdrive
actuatorsuchasmotorsor valves,displays.etc.

We will restrict ourselhes to inputs and outputs
thatarebinaryvalues(representeds0/1, false/true,
or low/high).

To simplify the state machinedescription,each
input and outputis given an abbreiation, usually
mnemonic For exampleaninputthatindicateghata
tankis full might be giventhelabelf ul | , anoutput
thatturnsa drill motor on might be given the label
drill.

States

A statemachinegalsocalleda Finite StateMachine
or FSM)is acontrollerthatcanbein afinite number
of differentconditions. Eachof theseconditionsis
calledastate.

For example,a simplecontrollerfor a motormay
have two states:motor turnedon and motor turned
off. A morecomplicatedcontrollermay have more
statesFor example,acontrollerfor anoverheacdro-
jectorcoolingfanmotor(whichmustcontinueto run
until it the bulb hascooleddown, evenif the projec-
tor is turnedoff) may have threestates:motor run-
ning, motorcoolingdown, andmotor off.

Thenumberof stategequiredto describehestate
machineand the definitionsof eachof thesestates
will bedeterminedy theapplication.

Each state is given a mnemonic symbol (ON,
COOLI NG COFF, etc).

In thiscoursewewill only consideistatemachines
whoseoutputis a functionof the currentstaté. Be-
causeof thisthere mustbe at leastonestatefor eac

11t is alsopossibleto have statemachinesvhoseoutputis a
functionof theinputsaswell asthe state



desiedcombination of outputvalues In somecases
theremayactuallybe morestateghanthereareout-

put conditions.For example,the secondnotorcon-

troller describedabore might have only onebinary

output (to control the motor) but might have three
stateqON, OFF, andCOCLI NG).

State Transition Diagram

The rules describingthe transitionsbetweenstates
arecommonlygivenasadiagramcalleda statetran-
sition diagram(or simply “statediagram”).

In the statediagrameachstateis representedby
a circle. Eachcircle is labeledwith its statename.
Linesaredravn to shav the possibletransitionsbe-
tweenthe statesand eachsuchline is labelledwith
a logical expressiondescribingthe input conditions
requiredfor thattransitionto happen.If noneof the
transitionconditionsis met,thecontrollerremaindgn
its currentstate.

For example, the 3-state motor controller de-
scribedabore might have a switch input (on) and
aninput from a temperaturesensoi(hot ). The state

transitiondiagrammight look asfollows:
on==1

hot==0 && on==

on==1

Therearemary differentcorventionsfor draving
statediagrams. For example,it's commonto also
shav the valuesof the outputson the statediagram.
In the examplesin this coursewe will describethe
outputvaluesfor eachstateseparately

Tabular Representation

The operationof a state machinecan also be de-
scribedby usingtwo tables: oneto list the output
valuesfor eachstateandoneto give theinput condi-
tions which causethe statemachineto switch from
onestateto another Thefirst tablehasonerow for
eachstate. Eachcolumngivesthe value of the out-
putsfor thatstate.For example the motorcontroller
hasonly one output, sayr un, and the table might
look like:

State r
ON
COOLING
OFF
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The secondtable hasone row for eachpossible
combinationof currentstateandinput conditions.It
hasthreecolumns:the currentstate theinput condi-
tionsandthe stateto switchto if thatparticularcom-
binationof stateandinput conditionshappens.

For example, for the motor controller described
above, the takular form of the statetransitiondia-
gramshavn aboveis:

current input next
state conditions state
on | hot
ON 0 0 COOLING
ON 0 1 COOLING
ON 1 0 ON
ON 1 1 ON
COOLING | O 0 OFF
COOLING | O 1 COOLING
COOLING | 1 0 ON
COOLING | 1 1 ON
OFF 0 0 OFF
OFF 0 1 OFF
OFF 1 0 ON
OFF 1 1 ON

Exercise:

A simple burglar alarm has two inputs: an on/off switch (ar )
and an open-window detector (open). It has one output that
sounds a siren (si ren). If the alarm is armed and the window
is opened then the siren is turned on. The siren remains on until
the alarm is shut off even if the window is closed again.

List the inputs and outputs. How many unique combinations
of outputs are there? How many states will be required? Give a
table showing the outputs for each state. Draw the state transition
diagram. Give the state transition table in the format described
above.

Deadlock and Unreachable States

Thestatemachinediagramallows usto easilydetect
certainerrors. Oneof theseis a statethatcannever
be reached.This indicatesan incompletespecifica-
tion. Anotherproblemis a statethatcanbereached
but cant be exited. This is called deadlockandis
usuallyundesired.



