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Other languages

= Estelle: Designed to describe communication protocols;
scope similar to SDL; unification of both failed.

= LOTOS, Z: Algebraic specification languages
= Silage: functional language for digital signal processing.
= Rosetta: Efforts on new system design language

= Esterel: reactive language; synchronous;
all reactions are assumed to be in O time;
communication based on ("instantaneous") broadcast;
[lwww.esterel-technologies.com

= |EC 60848, STEP 7.
Process control languages using graphical elements
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Levels covered by the different languages

Requirements

Architecture
HW/SW
Behavior System
Functional Vera C
Verification . e
ugar

Test bench I System g

Verilog Jeda
RTL Verilog I VHDL I
Gates

Transistors
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Language Comparison

Behavioral  Structural Programming Exceptions Dynamic
Hierarchy = Hierarchy Language Supported  Process
Language Elements Creation
StateCharts  + - - + -
VHDL + + + - -
SpecCharts  + - + + -
SDL +- +- +- - +
Petri nets - - - - +
Java + - + + +
SpecC + + + + +
SystemC + + + -(2.0) -(2.0)
ADA + - + + +
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Comparison of languages demonstrated

Communication/ Shared Message passing

local computations memory Synchronous Asynchronous

Communicating finite | StateCharts SDL

state machines

Data flow model Not useful Kahn process

networks

Von Neumann model | C, C++, C, C++, Java with libraries
Java CSP, ADA |

Discrete event (DE) | VHDL, Only experimental systems, e.qg.

model Verilog, distributed DE in Ptolemy
SystemC
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Observations

= Useful to consider model of computation
matching with the class of applications
considered

= Nevertheless, feasible to simulate one

model in another model (e.g. most models
are simulated with imperative computing <
Ptolemy)

= Commercial products available:

» DSpace (Paderborn): Synthesis of control
software for the power train in cars

* Esterel Technologies (Toulouse):
Synthesis from synchronous language
SCADE (used by Airbus)
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How to cope with language problems
in practice?

Mixed approaches: I

(RT-) UML or equivalenl| (RT-) UML or equivalem|
Y v

SDL (RT-) Java
Yy N ¥ \1’ ________________ |

C—programs VHDL : '
Yy Y

Assembly programs Net list
Y Y Y

Objectcode hardware Objectcode
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Models of computation in Ptolemy

Finite state machines

Communicating sequential processes

Discrete event model

Distributed discrete event model

Process networks, including Kahn process networks
Synchronous dataflow (SDF)

Continous time

Synchronous/reactive models

NSO DN -
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Higher levels of abstraction

= For many applications, it is
desirable to start modeling at a
level higher than the (Java-, ADA-
, SDL-code level)

= Special modeling mechanisms
have been designed for these
cases

* |n particular, the unified modeling
language (UML)
— building on concepts already
presented - is designed to cover
this requirement = Elements

technische universitat = fakultat far O p. marwedel,
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(Message) Sequence Charts (MSC)

Graphical means for representing schedules; time used
vertically, geographical distribution horizontally.

Cologne  Aachen  Amsterdam Brussels Paris

No distinction between accidental overlap and synchronization I
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Time/distance diagrams as a special case
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Example 1: establishing an
(old-fashioned) modem connection

DTE DCE DCE DTE

(terminal) (modem) (modem) (computer)

user dials # dial digits DTR on

RI on

one on RTS on |

DTR on
Push short
data button DCR on delay L C1S on
light on < data tones TxD W
RxD _—

V time

According to Stallings

technische universitat = fakultat far O p. marwedel, 13
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Example 2: setting up a TCP connection

TCP - Transmission Control Protocel (TCP Basic Handling)
¢ hL‘“} Node I]HL_-[‘”CI Server Node EventHelix.com/EventStudio 2.0
Client Net Server
Client App [ Client Socket Network Server Socket | Server App Od-Jul-03 14:31 (Page 1)
[Copyright © 2000-2003 EventHelix.com Ine. All Rights Reserved. |
LEG: About TCP
TCP (Transmission Control Protocol) provides a reliable end to end service that delivers packets over the Internet. Packets are delivered in
sequence without loss or duplication.
create Server Application creates a Socket
=T Closed - The Socket is created in Closed state
1 e
| seq num = 100 | Server sets the initial sequence number to 100
_Passive Open 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 {rom clients
< Listen - Socket transitions to the Listen state
create Client Application creates Socket
< Closed s The socket is created in the Closed state
I .. -
[ seq_num = 0 ] Initial sequence number is set to 0
Active Open 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.
Tvpically, the client will use a well known port
number to communicate with the remote Server.
For example, HT'TP uses port 80.
LEG: Client initiates TCP connection
[Client initiated three way handshake to establish a TCP connection |
SYN o Client sets the SYN bit in the TCP header to
sre = (flient Port, dst= Servef Port, request a TCP connection. The sequence number
seq num =0 field is set to 0. Since the SYN bit is set. this
sequence number is used as the initial sequence
technische universitat fakultat far O p. marwedel, @ Eventhelix co 14
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(Message) Sequence Charts

PROs:
= Appropriate for visualizing schedules,
* Proven method for representing schedules in transportation.
= Standard defined: ITU-TS Recommendation Z.120: Message
Sequence Chart (MSC), ITU-TS, Geneva, 1996.
= Semantics also defined: ITU-TS Recommendation Z.120.:
Message Sequence Chart (MSC)—Annex B: Algebraic Semantics
of Message Sequence Charts, ITU-TS, Geneva.
CONS:
= describes just one case, no timing tolerances: "What does an
MSC specification mean: does it describe all behaviors of a

system, or does it describe a set of sample behaviors of a system?”
*

* H. Ben-Abdallah and S. Leue, “Timing constraints in message sequence chart specifications,” in Proc. 10th
International Conference on Formal Description Techniqgues FORTE/PSTV 97, Chapman and Hall, 1997.
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. L3
Use in

_lient :

UML

Heavy
usage of
MSCs in
UML
(known as
sequence
diagram);

No precise
timing.

Many kinds
of additional
elements

|
technische universitat

dortmund

NN tlm o= T [Sequence Diagram: surf&login

mwehsite :

loginiCtrl : ClientContraller

select product ; Maw

go to catalog @ navigate . If

dizplay Catalog ; webpage :

request login @ webpage :

log in : loginthame, passwar

fakultat fur
informatik
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|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1

. lnginthame, passwnrd]b

cclient := ge{l]ientForMamelnamel

client : Client

 checkPasawordipassward
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Sequence Diagram (2)

- L2/3 Mode . L1 Reqgisiry L2 Mode
Senser ZigSee iMote MoreWay WAN Router Central DB Jser Client Lse
I | | pingiRegistry) | I |
I I I ) I I
I I i X i I I
| | | pingiirue) | | |
I I I I I I
I 1 etk -1 I I
| 1 | geiGleballD 1 1 1
| | | | | |
I ] I A ] ]
: : : : getGloballD : :
I 1 I I =1 1
! ! ! | getGlobaliD(ID1) ‘": !
[ I I e i I
: : I getGlobalDiD1) | : :
I I [ -1 I I
| | geiLocalll | | | |
| 1 | | | |
I ' getlocallD(iDZ) | I I I
N P I I I I
I i I I I
| connect | | | | |
I N I I I I
I "] advertiseSrv.(ID3) | | | |
I I | I I I
i i ”: advertiseSnv{ID2.1D3) i i i
! I T A 1 1
I I I advertiseSre{lD1.ID2.103) I
I I I i 5 I
: : : : : : getServicelist
I I I I I K
I I I I I I
| | | | | getServicelist |
I I I I s i
I I I I I I
’ ’ | 1 I getServicelistiList) 1
www.ist-more.org, deliverable 2.1 | | T |
. . ’ . : : : Il getServicelist{List)
1 1 1 1 1 [ —
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UML diagrams

e

GUI Prototype

-----------------------------------------

Miagram

e
d
v

Dynamic %
I | || e

[ 1]

Sequence

v e oy Diagram

Robustness

Sl ]

www.sdmagazine.com/documents/s=815/sdm0012c/

: Static — 5

| ==

. & T B EE

| o B i —

' Domain Cass | =
. Model Diagram o
: L
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State machine diagrams (UML 2.x)
State diagrams (UML 1.x)

State machine diagrams/State diagrams:
UML includes variant of StateCharts

student enrolied
|seat avallable]! a(

W addStudent]) { Ogen For Enrolmant
schaduled Gpen cancelied
Proposad Stheduled airy logSize(
JﬂﬂSi}ﬂ
cancalled cancalled sludent enrclled
[na seal availablal /
ddToWaitingList
0dTOWatngL=t L | saat availabie
& 4 Ful ] ( Closed to Enroliment )
o Seminar Eplli enroll student | closed
Q@ g) add TaWailingLisl{); antry! natifyinstructar|)
<?:) % sludent dropped | considerspii) J
E‘ S [no seal availahlai‘ @ PE \slurjﬂrrt ::I_rl::lmr&d cancelled
- c Sanokiad [seal available |
E o enralFromWaitingList{)
< oo
2L @®
QP =
38 E3
©==d
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start activity

Activity d iag ram activity control flow E - E
: Begin —_ :
__,_...--"'"';- o ; fork of contral
. tﬂnﬁﬁ.:ﬂmﬁé? . Issue RFP i
Extended Petri nets. L g ( ) ;

RFF
o .
- [issued]

Include decisions condicioncl y g join of control

(ike in flow charts). |
Graphical notation N
similar to SDL. i

competitive
submitters

Submit
specification
draft

L object flow
s

Tpechication
[initia
proposal] I3

! ~8

g

Evaluate initia
submissions

~ input value

¥

join and fork

=

------------------------ of control
Finalize Y == B —Tmmmmememmmeel
specification
"~ 5f Evaluate final
i submissions
H . recommend
© Cris Kobryn: UML i Nemmed/) | - or guard

2001: A Standardization e D * v Lo
Odyssey, CACM, 2copiee ! <E—‘

------
---------------

SEERRREEEE b
October, 1999 e e Pttt
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Activity diagram (2)

FParent service of S0OAP connector SOAP Connector Inter_n:_al functhns or
praviding services
e e 5 B!
. [ ! = 'f:'._ra"usmdv_e_: ¥e }‘[ transcode |
T A
no ]
W
e e YES |
<. =nenypt = > encrypt
S LS 4
mna |
W
B!
| Create SOAP header |
Fill in SOAP body
- Y
Send messags &
receive result
.-'-"'-\'"\-\.__ o ™
= decrypt = = > decrypt |
T I\ A
[no |
T T YES '
=_Iranscode }a franscode
’(ﬂ{}
@<
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Service Installation and Middleware Start

Middlewars Started]

Activity diagram (3)

(Hand lo Hardware Description Fila:I

[Sbarr Senvice Detect And Heartbeat Timers

-

MM

-
| Checking Service Directory for Mew Servi
L -

Hﬁand Resource Request to MHM]

e )
=

.
o |<

-

[Service Detect Timeoul]

Mew Sevive Available?

[Yes]

i

[D-:lwnluad Description Filas To Local File Systam]

[Handle Sarvice Man 'rhs.t:l

1

/M
[Yes]
Parmission Mgt available
Nl or used?
Ve 5]
>/ G <
MRM available:

or used?

[Dl:lwnll:lad Senace Coda o Local File System

-

|

L Rastad
LN

i)

Parion Mebact Tirnprj

- [ed]
[ Send Permission Requast ]( !

[he]

(:Send Started ACH:{ —-:cm Bardce |n:.+.:mc,c~j

[l

-
Ik_HandIe- Chair‘rCi:unﬁgurati:un-FilB:)( [Inatall Service Chain-Configuration-File To Local Fike System

[Femote Service Install]
!

*

A

[Install Service Chain]

[(Parmission Mgt not Available &8 Positive Resource Raquesf|]

Sarvice (Permission Granted &5 Resource Mgt not Available) |
| Chain? (Permission Grant&& Positive Resource Requesf]
v

[All Subscription Acks for a Service Chain

MMt

[Hag wsher to Lecal Regestry

o (o be registerad) from Dependent Services recaned ]

=

N |
g

Registar
Globalky'?®

P [Yes]
-l‘hRagisher at Ghobal Ftegisdr:rj(

{
L

Subscribe to Services in the Ehah}{‘i

www.ist-more.org, deliverable 2.1
[Yes]
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Deployment diagram

Example

‘WebServer

=<=RMi=>

ey e
ApplicationServer
OSs=5nlaris}

<< JDBC>>

including
some

Student D
Administration
=< J5Ps>=

details:

Describe
execution
architecture
of systems
(HW or SW).
Important for
embedded
systems.

technische universitat
dortmund

© Scott Ambler,
Agile Modeling,
IIwww.
agilemodeling.
com, 2003

= fakultat fir
informatik

: EJBECuntaincr

£l

Stuwdent

Seminar

Schedule

=<deployment spegs=>
Registration

execution: thread
nested Transaction: true

Persistence D:
<<infristructure:=
fvendar=Ambysoft]

<zevice==
iDEServer
FOS=LinuX}

University DR il
<<ilatabases=
ivendor=0rache}

<=massage bus>>

Course
Management
Facade
“awih servicess=

[ p. marwedel,
informatik 12, 2008

<<devier==
Mainframe
fOS=MVE]

Course
Management
<=legacy syshem=>=
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Deployment diagram
- More concise example -

<< eviee> T
tApplicationServer —
SWeb&Server << RM|>> 1hs=5olaris} << JDBC>> Iaiversily 1VE
fOS=LinuX
studentAdministration.war : EIBContainer viendoer=0racle
version==9i}
epos = - iugdd
student.ear
seminar.ear
schedule.car
registration, sml <<deployvment spec==
persistencel ramework.car
cenrseManapgement. jur
<<message buss>
<<device==
Mainframe
105=MVS} © Scott Ambler,
Agile Modeling,
Course Management <<legacy system=> I WWW _
agilemodeling.
: — . e com;-2003
technische universitat fakultat fur O p. marwedel,

dortmund

informatik informatik 12, 2008

- 24 -



Use case diagram

Captures typical application scenarios

Correct REmER
Photographe

] Take Picture

— | ==

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

technische universitat = fakultat fir
dortmund informatik

customer

X

© Scott Ambler, Agile Modeling,
Ilwww.agilemodeling.com, 2003
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Represents
the
partitioning
Into
packages.
Introduces
hierarchy.

Example:
Use case
package
diagram.

Package diagram

University Information

System

High-Level Use-Case
Diagram

Manage Loan and

1

Student

© Scott Ambler, Agile Modeling,
[lwww.agilemodeling.com, 2003

technische universitat

dortmund

— = Grants
I
I
I
I
I
Manage Fees
Manage
Enrollment > Seminars

= fakultat fir
informatik

F;:-m;ai

Administrator

Scheduler
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Class diagrams

Describe object classes. Example:

© Scott Ambler, Agile Modeling,
IIwww.agilemodeling.com, 2003

] led { Enrollmeant g | ;
Student enrofe —=f Marks Received n Seminar

MName Get Average To Date Mame
Address Get Final Mark Seminar Numbear
Phone Mumber rdered. FIFO Feeas
Email Address i __*{':' s ; on waiting list f
Student Number Add Student
Average Mark " | Drop Student
Is Eligible To Enroll
Get Seminars Taken Professor

Mame instructs

Addrass 0.1

Phone Mumber s

Email Addrass

Salary

TSome seminars may
not have an
instructory

technische universitat

dortmund

= fakultat fr
informatik

O p. marwedel,
informatik 12, 2008
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Timing diagrams

S

Can be Sqpuene s Tevching a/l Zors.
used to Mok i s ——
show the Indroctor: Skl e
change of '

Dl
the state %ﬂ.,;;: \ Tale2s e
of an N AN
object N [Nt \ oL

Ject Jochufasd:  Resaurchy LeSon \ Dot [P ff;:q

over time. S , |

o e

[de ———
© Scott Ambler, = ll 1' ¥ i [ - —‘ .
Agile Modeling, S5 T \ \_
/Iwww.agilemode Week Vv 23 4 5 4 2 i!‘ 2 4o A - L]
ling.com, 2003
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Component diagram

.. model the business software architecture, the technical

software architecture, ... .

Represent components
used in applications:

Physical architecture issues, in

particular hardware issues, are better addressed via UML

deployment diagrams ..

Datadccess il
O Facilitics
Facilitizs
=0 Encrypti
ryption
- security
Seminar il - DalaAccess @ Accass Controd | <<infrastruciure>=
Management g o O— Student
b g ©
LT =
e
N =
Dam'ﬁ'miﬁo— Seminar Persistence
Student EI \"'- Samin Persistence | <<infrastructure==>
Administration jf—— — — -'T —gf}-"' — @'—‘ |
e ] s \ | ||
£ T T " _I I|_
Dala.ﬁ.m%_ d:q:'reqqiresb-:\-
Schadife Schedule \
C i
0— =
University VB !
. . << lnlabase= ipDBec
© Scott Ambler, Agile Modeling,

IIwww.agilemodeling.com, 2003
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Additional diagrams

= Communication diagram

(called collaboration diagram in UML 1.x)
* Object diagrams \
" Interaction overview diagrams | Less frequently
= Composite structure diagrams used

technische universitat = fakultat far O p. marwedel,
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Evaluation

Precise specification of semantics?
Typically combined with some other “precise” language

technische universitat = fakultat far O p. marwedel, 31
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UML for real-time?

Initially not designed for real-time.
Lacking features (1998):

= Partitioning of software into tasks and processes
= specifying timing
= specification of hardware components

= Projects on defining real-time UML based on previous
work

= 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.omg.org/cgi-bin/doc?ptc/2002-03-02

technische universitat = fakultat far O p. marwedel, 32
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UML Profiles Relevant for SoC

SPT (Schedulability, Performance, and
Existing Timing Analysis)
(OMG) Testing Profile
QoS and Fault Tolerance
SysML (System Modelling Language)
UML Profile for SoC

Upcoming MARTE (Modeling and Analysis of Real-
Time Embedded Systems)

UML/SystemC
(STMicroelectronics)

SPRINT Profile (ST, NXP, Infineon, ...)

DATE 2007 UML Workshop = W. Mueller

technische universitat = fakultat far O p. marwedel, ) 33
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Example: Activity

diagram with
annotations

See also W. Muller et
al.: UML for SoC,
http://jerry.c-lab.de/uml-
soc/

technische universitat
dortmund

vs : VideoServer

vp : VideoPlayer

v : VideoWindow

«PAstep»
send
frame

64

{PAdemand=('est''mean’,10,'ms"), B
PAextOp=(filesys',12),('network’ 65)}

..\ | /

«PAstep»
receive
frame

O—

<

(('est,'mean’,15,'ms"),
t''sigma',10

{PAinterval=

('req"Percentile',9930,'m5')}5_

[http:/mww.omg.org/cgi-bin/doc?ptc/2002-03-02]

0

«PAstep»
show
frame

..-Ill-..
SN

\
I . |
\ /

'\,______/'

Figure §-10 Details of the “send video” subactivity with performance annotations
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UML Profile Summary

UML Profile comes as class diagrams with constraints,
textual outlines (semantics), icons, diagram symbols, ...

Constraints and behavioral semantics typically leave several
issues open (variation points)

Different OMG profiles of related domains may not be
compatible!

Current OMG UML Profiles are mainly for modelling
UML Profiles do not come with a formal semantics

... but Hardware Design is not just modelling

HW verification and synthesis requires a well-defined
and precise behavioral semantics

Several UML tools already support UML profile definition

DATE 2007 UML Weorkshop — W. Mueller
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Summary

= Message sequence charts
* Original (ITU) version, Time-Distance diagrams
* 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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