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Introduction to SysML
Part 8.0: State Machine and

Sequence Diagrams
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State Machines nter

State Machine is a kind of Behavior
State Machine Diagram is a view of a State Machine

A State Is a collection of Behaviors that the system exhibits at some stage
of its lifecycle or under certain conditions

States are mutually exclusive within a State Machine

A State Machine can be in one and only one state at a time

A Transition is an allowable path from one State to another

State Machines are often the top-level Classifier Behaviors of Blocks

State Machines are a compact way to describe systems with distinct
operating modes and subject to many internal and external factors
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State Machines nter

“stm [State Maching] Data Station States [ Cata Station States |

iniial @ SEUTO- ) Final States T
states |eover S
Idle receive_data() [S/N = 3 db]
Transitions

EOT / Log Data

 Initial Pseudostate identifies first state after state machine becomes active.
» Final State identifies state system must be in to terminate the state machine.
* If no Final State symbol, state machine may terminate from any state.
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States

Inter

A State Is a collection of Behaviors.

The text inside a State lists them

— Entry — behaviors carried out as soon as
the state is entered

— Do — behaviors carried out while the
system is in that state (or until natural
completion)

— Exit — behaviors carried out just before the
system transitions out of a state

Receiving Data

entry / Time Marker = how
do f Record Data
eXit / Record Duration = now - Time Marker
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States nter

States can contain State Machines as do

behaviors.

Such a State is called a Composite Receiving Data

State. S T

A Composite State can contain more - exit / Record Duration = now - Time Marker
than one State Machine.

These parallel State Machines are called T -
Concurrent Behaviors. | | Archiving |———= LiveFeed
SysML uses an organizing element 0% |

called a Region to separate States

In different State Machines.
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Transitions nter

Triggers [Guard] / Effect (5 ot Siton e |

A Trigger is an Event that causes a ~ Trlgger Guard

transition to occur F;f;ﬂﬁ
These may be Call, Signal, Time, Change receve data() sm;aun
or Completion events \

Every Transition must have at least one
Trigger, though it may not be shown
ECT / Log Data

A Guard is a condition that must be true for - T
a Transition to occur
Effect

An Effect is a Behavior that occurs during

the Transition.
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Transitions

Inter

stm [State Machine] Data Station States | E}j Drata Station Statesu

I

(o Junction
Tpuwer_ Pseudostate

Idle

Receiving Data

down()
receive _data()
[S/N = 3 db]

[else]

EOT / Log Data

entry / Time Marker = now

do / Record Data

exit / Record Duration = now - Time Marker

!

Archiving

Logon

Logoft

Live Feed

A Junction Pseudostate allows a Transition to
branch, controlled by Guard conditions.
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Submachine State

("stm [State Machine] Data Station States | h%j Data Station Statesu

I

power_
down()

Idle

[els

Logon

Logoff]

play1 : Playback

]

rec E‘WE‘_U Fron
“stm [State Machine] Playback [ [E54 Playback ]/J

Receiving Data

entry / Time Marker = now
do / Record Data

PR PO B o [P SR ———

T o Pl

Inter

!

Record
Search

id_record{ rec# }

Record

EOR

Viewing

start_edit( rec# )

stop_edit()

Record
Editing

A Submachine State is a usage of a State Machine in a higher-level State Machine
Diagram. The small state machine icon in the lower right corner and the entry and exit
points identify it.
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UAV Flight State Machine

.jv

-

Power On

takeofii)
I Taxi

“stm [State Machine] Flight States [ Flight Statesu

Manual Flight

entry / Run Diagnostics

POWET_
Lol

when (Landed)

when
(Landed}

do / Fly under Manual Control

Autonomous Flight

when (Comm

auto(} [Comm
== Stable]

abort auto(}

Restored) / when (Comm==Failed}

lesue Alert

Autonomous Landing

do / Return to Base and Land

when (Comm==Failed)

do / Fly Preprogrammed Course
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First Exercise

-

Power On

entry / Run Diagnostics

power_
downi)

,

when (Landed)

“stm [State Machine] Flight States [ Flight Statasu

takeoftD Manual Flight Eum%t[g't?lgm Autonomous Flight
aken ==
I Ta do / Fly under Manual Control I s e e e
when L abort autol)
(Landed}) when
(Course
Complete)
h C
wﬂél:ﬂ(ﬁggn;n when (Comm==Failed})
lzzue Alert

Autonomous Landing
do [ Return to Base and Land

when (Comm==Failed}

| -
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Review - Interactions and

Sequence Diagr

Interactions model message-
based behaviors

A Sequence Diagram shows the
internal elements of an Interaction

Lifelines represent part
properties, parts of the system or
domain

Messages can be synchronous,
asynchronous or reply, and are
read from the top down.

=d [Interaction] UAV TakeOff[ UAW TakeOff J_J

Lifelines

ablocks
UAV : UAV
T

p_stn : Pilot Station
T

wblocks

Asynch Message

2. load_prgmiprgm=}

1: initiate_prgm_xfer(}

Synch Message

30 intiate_power_on(}

{3060}

5 confirm

Reply Message

9. prepare_takeoff()

& intiate_takeoff()

7. confirm takeoff?

{10.20}

11: takeoff()
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Combined Fragments nter

« A Combined Fragment consists of an interaction

operator and a frame containing one or more
messages

* Four important ones are Loop, Opt, Alt, and Par

» Using a combination of fragments, including

nesting, very complex multibranch scenarios can
be modeled
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Combined Fragments

sd [Interaction] 3 Right Turns| [t 3 Right Turns ]J

+] PIIDtTET zblocks
— UAvV : UAV
i |
! iy
loo T :
[3] | 1: Aileron +2 !
2. Rudder +2
3. Aileron 0
4: Rudder 0
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Combined Fragments

sd [Interaction] Stall Recovery[ B Stall Recuvewﬂ

p : Pilot ?']-T ablocks
— UAV : UAV
| |

|

|
opt i
|
|
[51:4.'"] 1° Elevator +2 |

H |
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sd [Interaction] Course Change[ i Course Change ]J

p : Pilot TliT ablocks
— uAvV : VAV
| i
alt i 1- Aileron +2 T
[right turn] 2- Rudder +2
3. Alleron 0
4: Rudder 0
[left turn] 5: Aileron -2
6. Rudder -2
72 Ailleron 0
&, Budder 0
[else] T T
|
|
|
|
|
|
|
|
| |
|
|
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Combined Fragments

sd [Interaction] Right Turn[ [t Right Turn ]J

p: Pilot T'iT eblocks
— UAY : UAV
|
| |
oA
| 1: Aileron +2 '

[] :

— o~

[1 2- Rudder +2 |
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Interaction Uses

o'

Inter

e |nteraction Uses reference a
lower-level interaction in a
higher-level sequence diagram

00000000

________________

,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,
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Interaction Uses nter

sd [Interaction] UAV TakeOff[ UAW TakeOff ]J

* Interaction Uses reference a

lower-level interactinn in A 5 7

sd [Interaction] UAV Flight Complete Cycle [ @ UAN Flight Complete C}rcleu 3: initiate_power_on() |
r : 4: power_on(} L
130..60% :
S confirm !
sblocks = | wblocks T T T T T T T T T T T T T T
uA\V : UAY p_stn : Pilot Station & ntite_takeoff)
T

7. confirm takeo ff?

rek, 0 eaa-.,.,e>5$ |\ . yFfFTTTT T
UAV TakeOff preparefaieott
{10.20}
rEf D e 1:: h:keo;(} 777777
UAV Manual Flight Control
ref |
UAV Landing
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State Invariants nter

« State Invariants show the State that must be
active for the following messages to be valid

zd [Interaction] UAY Flight Complete Cycle| @ UaAN Flight Complete C.',rcle]/J

xblocks = xblocks = p : Pilot _L
UAV : UAV p_stn : Pilot Station |
T T

r.

Manual Flight]

1. initiate_auto_mode()

Autonomous Flight]
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State Inv

e State Invariant
active for the f

zd [Interaction] UAY Flight Complete Cycle| @ UAN Flight Comg

wblocks
uAV : VAV

Manual Flight

|f Power On

takeoff()
/ Taxi

stm [State Machine] Flight States [ Flight Statesu

Manual Flight

entry / Run Diagnostics

POWET_
Wi

when (Landed)

.,

when
(Lagded)

do / Fly under Manual Control

Autonomous Flight

auto(} [Comm
== Stable]
v

abort autol)

when (Comm
Restored}/
lz=zue Alert

!

anding

o Base and Land

when (Comm==Failed}

do / Fly Preprogrammed Course

o

Autonomous Flight
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Sec

sd [Interaction] UAN Flight Comnplete Cycle [ @ Ua\ Flight Complete Cycle u

wblocks

UAV : UAV

]
Manual Flight

wblocks = p: Pilot 7"&

p_stn : Pilot Station

I
I
I
I
I
I
|
L

ref
UAV TakeOff
y y :
ref
UAV Manual Flight Control
I I :
& &
opt T T 17 initiate_auto_mode() i
[Autonomousihﬂode] 2 auto() H
[Autunumuus Flight] :
|
! |
]
ait | 3 initiate_auto_abort() !
[early term|lhat|0n] 4" abort auto()
0
B 1 I
[else] 5. auto termination |
6. Preprogrammed course complete |
Manual Flight o
T |
! L
ref
UAV Manual Flight Control
- . -
1 1 L
ref

UAV Landing
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ReCap Inter

At the end of the hands-on exercises, you should be able to

Explain the following terms: state, transition, pseudostate,
combined fragment, interaction use, submachine state, trigger,
guard, effect

Create a state machine diagram

Create combined fragments and interaction uses in a sequence
diagram

|ldentify the principle purpose(s) of state machine diagrams
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Questions? inter

email
blog
Twitter | LinkedIn

Disclosure
This course material is developed by InterCAX LLC. All copyrights held by InterCAX LLC.
Usage of this material is governed by the licensing agreement terms between user and InterCAX. Usage or
distribution for educational or other purposes outside these terms is not permitted. No part of this material
may be reproduced or repurposed without the written consent of InterCAX.
The intent is to present vendor-independent concepts and examples in an objective educational way that the
course participants will find helpful. References are made to commercial products by InterCAX for the
purpose of making these concepts concrete. Course participants are responsible to evaluate these products

and tools for themselves and to investigate similar products and tools by other organizations where
applicable.
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