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Message sequence charts (MSC)
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Example 1: establishing an (old-fashioned) modem connection
2dao b JLa3sl s (el 38 30\ o
r z = J i 2 A ol o

DTE DCE DCE DTE
(terminal) (modem) (modem) (computer)
user dials # dial digits DTR on
T =
RI on
tone on RTS ‘ﬂlJ
DTR on
Push short
data button DCR on delay CTS on
light on < data tones TxD
RxD _—
Y time

According to Stallings
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Embedded System Design

Example 2: setting up a TCP connection
TCP Juasl S oulais ¥ JUs

© Eventhelix.com

TCP - Transmission Control Protocol (TCP Basic Handling)
Client Node Internet Server Node EventHelix.com/EventStudio 2.0
Client Net Server
Client App | Client Socket Network Server Socket | Server App 04-Jul-03 14:31 (Page 1)

|
[Copyright © 2000-2003 EventHelix.com Inc. All Rights Reserved.

LEG: About TCP

sequence without loss or duplication.

TCP (Transmission Control Protocol) provides a reliable end to end service that delivers packets over the Internet. Packets are delivered in

create

=i Closed -3
I
seq num = 100 |

Docaive 5
_Passive Open

Ll Listen e

create

- Closed T
I

| seq num =0

Active Open |

Server Application creates a Socket

The Socket is created in Closed state

Server sets the initial sequence number to 100
Server application has initiated a passive open.
In this mode. the socket does not attempt to
establish a TCP connection. The socket listens
for TCP connection request from clients
Socket transitions to the Listen state

Client Application creates Socket

The socket is created in the Closed state
Initial sequence number is set 1o 0

Application wishes to communicate with a
destination server using a TCP connection. The
application opens a socket for the connection in
active mode. In this mode. a TCP connection
will be attempted with the server.

Typically. the client will use a well known port
number to communicate with the remote Server.
For example. HTTP uses port 80.

LEG: Client initiates TCP connection

|Client initiated three way handshake to establish a TCP connection

SN

SYN "
ste = (lient Port, dst = Servep Port,
seq num = 0

Client sets the SYN bit in the TCP header to
request a TCP connection. The sequence number
field is set to 0. Since the SYN bit is set. this
sequence number is used as the initial sequence
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ITU-TS Recommendation Z.120: Message Sequence Chart (MSC), ITU-TS, Geneva, ‘96.

Semantics also defined:
ITU-TS Recommendation Z.120. Message Sequence Chart (MSC) —
Annex B: Algebraic Semantics of Message Sequence Charts, ITU-TS, Geneva.

!%.JQ
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* H. Ben-Abdallah and S. Leue, “Timing constraints in message sequence chart specifications,” in Proc. 10th
International Conference on Formal Description Techniques FORTE/PSTV’J7, Chapman and Hall, 1997.
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Embedded System Design

Life Sequence Charts* (LSCs)

Key problems observed with standard MSCs:

During the design process, MSC are Initially interpreted as
“what could happen”

(existential interpretation, still allowing other behaviors).

Later, they are frequently assumed to describe

“what must happen”

(referring to what happens in the implementation).

*W. Damm, D. Harel: LSCs: Breathing Life into Message Sequence Charts,
Formal Methods in System Design, 19, 45-80, 2001
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Extensions for LSCs (1)

Extension 1: L ......... l

- s s am s e e e = —— o m ma s o — -t

Introduction of / proxSensor car cacHandler .
pre-charts: et Ack -
Pre-charts et 100
describe - |
conditions that | [T iR
must hold for the
main chart to

apply.

'y




Embedded System Design

Extensions (2)

Extension 2: Mandatory vs. provisional behavior

Level Mandatory (solid lines) Provisional (dashed lines)

Chart All runs of the system satisfy At least one run of the
the chart system satisfies the chart

Location Instance must move beyond Instance run need not move
location/time beyond loc/time

Message If message is sent, it will be Receipt of message is not
received guaranteed

Condition Condition must be met; If condition is not met, exit
otherwise abort subchart
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Embedded System Design

Provisional charts: Behavior may be this one:

LSC: Perform appraach - Stop at terminal
AC: car.arival

h
: a
i g:,;’:g:"" Cruiser Car Terminal i
: :
: ) |
Dashed charts . :
: H
; %‘- 1
T E ]
2 [ S new | CaHandler E
: H
[ ]
: :
' ]
' anivAck '
¥
: :
' 1
E < modke=stop > E
' alertStop :
1
: dsengage 5
: :
1
E < stopsAt-sisEmply=TRIE > :
; :
: H
H stop M
: | og——— | H
' :
' 1
L]
: oo > :
: :
1 / :
2
: X :
: L]
B mm e o  mm e A e R e e m e e m—ad
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Embedded System Design

... or this one:

LSC: Perform approdch - Pass through terminal

_____ AG: caantval ORI Y, [=1S15T=To [N 0 o1

g;?;ig:ﬁy Criser Car Terminai not need to
r arrive
— ] <
---------- »| CarHandler

T ————— | deparReg

departack .

L |
] 7. e |
I P
—
< cusing > <>
-_":_____.—-

D e e e e e AR A R e A I e R e e e e T e
(AT T LR L L LA L L L L E LA L L LR LLELLLEE LY 3.

\Vd
N\
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Embedded System Design

Extensions on other levels

o l, ___________ 4. ____________ I» _____ N
Fi Y

D Onyt entel' m a.|n ,!,’ proxSensor car carHandler ‘\\
chart, if condition '  dopatack
IS hot met. datld0 |
arrivReq
‘run” does not | g |
need to continue ~ 5
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Embedded System Design

Exploiting distinction in tools

Yional materia

Mandatory behavior can be used to generate
StateCharts models from LSC models.

% LSCs enable link between “timing” spec and FSMs
(no real link possible with standard MSCs).

ring RS 232 interface NO
Ring is input to FSM, precise
DT> FSM outputs DTR, timing!
transitions into new state

Provisional behavior can be checked against mandatory.

Error messages can be generated of the two are not
consistent.
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Embedded System Design

UML 3 3 )8

k .l | O | — 0 W = de | oo O \\ A'[ﬁ S .e. |Sequence Diagram; surf&login

)l gl 58 iy
olsls slas ) |
UML s bMSC

PSLS plgic L)
asalih adlss

(35850

.)5;9 [oA.c
G283 slaple)

ol gyl
9Ll puolic

from: http://www.gentleware.com/products/documentation/PoseidonUsersGuide/x1462.html
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Embedded System Design

UML (Unified modeling Ianguage)

IAIIAIIAN AW WY N YW aVe B EEFNaY2YWaVWaa IAA IIAAMAIA

: Dynamic % i §
e =LTTOT | 2
B~ 8- = i a
R = 0| i
GUI Prototype : o : ©
p | “ﬁﬂﬂgfﬂ pﬁ_?’_@ Sequence t

: | G- Diagram !

: Robustness :

: Diagram :

% )
|

i
v
E

H:

Model Diagram

From: www.sdmagazine.com/documents/s




Embedded System Design

State machine diagrams
State diagrams (UML 1.x

(UML 2.x)

:State machine diagrams/State diagrams
=l StateCharts jl 5355655 glsil ssLUML

student enrolled
[s=at avallable]!
] addstudent() ([ Qpan For Enroliment )
scheduled N cancelied
Proposed Scheduled antry! logSize()
g5 | chosed
canealled cancalled sludant anrollad
[na seal available] |
dd TowWaitingList
addioWaitngUst) | seat avaitatie
i Full ) ( Closed to Enrcliment )
seminar split enroll student / closed
add TaWaitingLisi{): entry’ notifylnstructor)

canceled

student dropped [ | considerSpit{)
[no seal available)] studant drapped cancelled

[saal available] !
anrolFramWaitngLisl{)

© Scott Ambler, Agile Modeling, //www.agilemodeling.com, 2003
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(Activity diagram) walled ol )50
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© Cris Kobryn: UML 2001: A Standardization : &—‘ _____________________________ _
Odyssey, CACM, October, 1999 ——
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(Deployment diagram) (s »8 )l 5L

wdeviees=>
sApplicationServer T
Exam | e WehServer ==RMI== {0¥5=%nlaris} <2 JDBC> f‘:dr:""“_}}
. p o : EJBContainer (OS-LinuX]
Student
I n CI u d I n g Administration @ = _ Ej
T e Student University DB
SO m e ko <<database==
{vendor=0racie}
detalils:
U)I)AI LS)LQ&Q Schedule
I l.Q - <<deployment spec==
) M’ Registration
exvcution: thread
w . - nested Transaction: frue
k;.o QO 9.)
Persistence D <<massage bus>> salpyipe==
H W O r SW <<infrastructure==> Mainframe
fvendor=Ambysoft} HOS=MV5}

| 3o oo b
6 ﬁ (1] = h-IaE:;::wIt
kSl-Qch\u‘_‘.Jou Course
Management

=<legacy systems==
Facade

(o w w <<weh services>>

© Scott Ambler, Agile Modeling, //www.gilemodeling.com, 2003
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Deployment diagram
- More concise example -

=odevige=
rApplicationServer
iWebServer <<RMI>> {(s=5ularis} e DB > Lniversity IV
FOS=LinuX
stndentAdministration.war : EABContainer vendoer=0racle
versipn==9i
student.ear
Seminar.ear
schedule.ear

registration, sml <<deplovment spec=>
persistencel ramework.car

courseManagement., jur
<<message bus>=

<<device==

Mainframe

{05=MVS}
© Scott Ambler, Agile

Course Management <<legacy systems=> Modeling, //www.

agilemodeling.
com, 2003
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(Use case diagram) 3,55 3,90 5L

Captures typical application scenarios

customer

/open account >
~Cthdraw funds >
\Zclose account >

Correct Sl
Photographe

v Take Picture

//sds.hss.cmu.edu/courses/Syllabi/ids/271/umlfaqg.asp

© Scott Ambler, Agile Modeling,
/lwww.agilemodeling.com, 2003
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(Package diagram) asum ol 5L

University Information
System
. 2 : High-Level Use-Case
d".‘ U‘))S )I)SI Diagram
I) LQW Manage Loan and
. .t N Grants
I
| ) hu| )&Q.Lxu.lw I |
I
. . - Fifancial
AJLOJUO \J—))m ., _! Administrator
Manage Fees
[DI).TLL) :dl-l'- o Student |
l: Scheduler
S )0 S)ge
C\.u.u.) Enrollment et Sh;l:iﬁgfs |
Professor

© Scott Ambler, Agile Modeling, //www.agilemodeling.com, 2003
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(Class diagrams) GywMs s SLS

Student

.1

S 5o o o3 ) Lubl (sla ywlls

enrolled 1.

-

MNamea

Address

Fhone Mumber
Email Address
Student Number
Average Mark

3

o ordered, FIFO)

Is Eligible To Enroll
et Seminars Taken

© Scott Ambler, Agile Modeling, //www.agilemodeling.com, 2003

Enrollmant A I 4
= Marks Received - n = Seminar
et Average To Date Mame
et Final Mark Saminar Mumber
Feeas
on waiting list 0"
Add Student
0. | Drop Student
Professor
Mame instructs
Address 0.1
Phone Mumber s

Email Address
Salary

TE8ome seminars may
not have an
instructor?
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(Timing diagrams) k) s eSbo
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(Component diagram) aage el 5L

Embedded System Design

.. model the business software architecture, the technical software

architecture, ... . Physical architecture issues, in particular hardware

iIssues, are better addressed via UML deployment diagrams ...

leib
ol odlaiwl
)I)SI )" )') Datadccess Ej
r O Facilitics
FEI‘EiiiliESD
-
n -
L Datadcoess 2]
Managcment % ., T kit
g B e —
" ——Shude
. S0
S
N OO =
EI Dﬂlmﬁ'%— Seminar
Student i
Administration |f— — — -H;-E’Emﬁg_
wal ==
N
LD pongngs >
Dalaﬁ.m%w
Schedule
Schedule

e —
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2553 e LS

« Communication diagram
(called collaboration diagram in UML 1.x)

 Object diagrams \
e Interaction overview diagrams ; Less frequently used
« Composite structure diagrams |
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Lol

Fesalao (3185 S)lw oo
S 30 S 5 C++ 9 SDL L Vooso
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(Real-time) )55 S eiuun sl UML

el 03 b )5 5 sl s sl Blawl
Lo yhils 5o 9 by 4 )l 38l 5 Jl 81 @
ole) VIS =i ®
I 8l sladaalse ilw e ©
S8 sla)ls sl s real-time UML oy x5 sl o (@05 50
« ROOM [Selic] is an object-oriented methodology for real-time
systems developed originally at Bell-Northern Research.

 “UML profile for schedulability, performance and time”
http://www.rational.com/uml/resources/documentation
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duoda

» Message seguence charts

- Original (ITU) version, Time-Distance diagrams

- Life sequence charts, Sequence diagram in UML
= UML

- State machine diagram (StateChart-like)
Activity diagram (extended Petri nets)
Deployment diagram (exec. arch.), Use case diagram
Package diagram (hierarchy), Class diagrams,
Timing diagrams (UML 2.0), UML for real-time?
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