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Overview

-~ Model-Driven Architecture
-~ UML Extensibility

-~ Example DDS Realization
= Other Applications

= Concluding Remarks
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MDA - What is 1t?
Model-Driven Architecture

s Models to ‘define’ architecture
Use Case models, Interaction Overviews, Requirements

= Models to ‘describe’ architecture
Class models, Activity models, Deployment models

= Models to ‘drive’ architecture
One model to influence another (automated)

Longitudinal versus Latitudinal MDA

= ‘Across’ modeling Ianckg/luages
BPMN, UML, SysML, CW

Apply Model

= ‘Within’ a modeling language Transformation
UML Use Case, UML Class
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MDA - What Is it?

- Design abstract
services/design model,
independent of the
underlying technology

= Platform Independent Model

- Generate concrete

services/design model,
specific to the
underlying technology

= Platform Specific Model

cd two ) cdDDL
Book Account
Account Book column
column
- . hor. Stri . .
- name: String - author: String *PK zztok?[r): lr:rtﬁéqer XPK 2;(;:::mls?ﬁr:nteger
- title: String *  title: String ' ’
PK
PK + PK_Account(Integer)
+ PK_BookKInteger)
Automated
Transformation
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MJF\ — Why Is this important to DDS?
-~ Describe a DDS system in an abstract
design (PIM)
- DDS Domain
- DDS Subscribers & Publishers
- DDS Topics
= Application, or system logic

=~ Automatically generate the
implementation (PSM)

s C++, Java, C Class models

o Vergjor-specific FreeDDS, RTI DDS, Thales
DD
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MDA - Why is this important to DDS?

- Benefits

- Reduces Complexity
Application logic separate from implementation

- Reduces Design cycle time
DDS design change can more easily be propagated
down to implementation by retransforming PSM

s Increases Design Maintainability
Segregation of logic design and implementation easier
to troubleshoot
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~ UML Profiles

=

=

Provide a domain-specific taxonomy to UML

Define stereotypes that apply to various UML
constructs

Define domain-specific semantics to those constructs
= Properties (Tagged Values)
= Constraints (human, machine)

Define the appearance of constructs

= We can define a UML Profile for DDS
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UML Extensibility
- Benefits

s Standardizes Nomenclature
Domain, Topic, Subscriber as DDS profile constructs

- Standardizes Semantics
A DataReader can only read one topic

> Promotes Industry Standardization

Throughout RealTime-embedded community. DDS designers,
consultants across vendors, implementations, geographies all
share a common domain model

= Maximizes Communication
A DataReader can only read one topic
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Example DDS Realization

“Hello World” Example

= Simple example of 1 Topic, 1 Publisher, 1 Subscriber
= Modeled using a UML Profile for DDS

DDS Application Design

=  How DDS Entities are defined and bound to each other
= How QoS Policies are allocated to entities

Implementation

= How the DDS design is used as a PIM to generate a PSM
= C++ Domain Class model

= Data Dictionary

= Factory

= QoS

s> Generate to executable code
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Example DDS Realization

@ HelloWorld - EA

File Edit View Project Diagram Element Tools Add-Ins Settings Window Help
DEH BB RDS B, os s Zwkc [OBABIB S BE70n dnd Qaaa0 3
Toolbox ¥ Ao Class Diagram: "DDS"  created: 30/03/2006 9:05:53 AM modified: 30/03/2006 9.06:234M 100% 8271163 x ProjectView v oS
DDs vl S-@- c@Ea g
DDS Domain @ [Zops
(] DDS_Domain = [%,S! oS
DDS_Topic =[] «DDS_Domain> HelloWorldDomain
DDS_DomainParticipant 2 HelloWorldDomain
DDS_Subscriber
DDS_DataReader
B pps_publisher
DDS_DataWriter
A DDS_compose .t
) «DDS_Domain»
-~ DDS_type HelloWorldDomain
.~ DDS_read . r
.~ DDS_write
n
ﬁproject View I@Resource View V
Properties X
14010 &% 2 |6
= Package Settings
Name HelloWordDomain
Scope Public
Type Package
Stereotype DDS_Domain
Alias
Complexity Easy
Version 1.0
Phase 1.0
Language Java
Filename
® Project
@ Advanced &Settings
b
< 3 |
CORBA 4 StartPage\ *DDSJ [ CmProperties IQNotes I%Tagged Values
§ @ Package:HelloWorldDomain P R I S E
t2>£2 ’, A oo B B
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Example DDS Realization

@ HelloWorld - EA
File Edit View Project Diagram Element Tools Add-Ins Settings Window Help

=]

NS BB [00& B&. . os » ik IOBABRIR 0 ?c R g RQAQQQ 2
iz Xz ¥/
Toolbox v bl Class Diagram: "HelloworldDomain"  created: 30/03/2006 3:06:10 AM modified: 30/03/2006 9:33:16 AM  x  Project View 2 bl
ES v, A B @ A% A
DDS Domain & UBD.DS
. | = DDS
(33 pDs_Domain «CORBAStructs 9 pDs
DDS_Topic HelloWordTvee =- (] «DDS_Domain> HelloWorldDomain
DDS_DomainParticipant - message: string [128] 25 HelloworldDomain
DDS_Subscriber % «CORBAStruct» HelloWorldType
= i n
DS, DataReader «DDS_Topic» HelloWorld
B pps_publisher
DDS_DataWriter |
A DDS_compose EProject View I@Resource View
.~ DDS_type Tagged Values v ax
.~ DDS_read % * Ij B ﬂ.@. ?
™ DDS_write @ HelloWorld (Class) ~
deadline_period -1 7
K L destination_order... BY_RECEPTION_TIMESTAMP
o durability_kind VOLATILE
’,' history_depth 1
e history_kind KEEP_LAST
e initial_instances 1
g inttial_samples 1
Data Writer latency_duration 0
lease_duration -1
CORBAS Tk lfespan_duration -1
Data Reader liveliness_kind AUTOMATIC
max_blocking_time -1 L3
Common b max_instances -1
Help... max_samples -1
. max_samples_per... -1
ownership_kind SHARED e
v
(<3 > | .
CORBA |4 StartPage | DDS),  *HelloWorldDomain | b | “gProperties IGNotes ]%Tagged Values

& Source Code
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Example DDS Realization

@ HelloWorld - EA

File Edit View Project Diagram Element Tools Add-Ins Settings Window Help
D@ 2R [0D8 B&. s » Ak~ 1B AB Sl W ERa RQQ@ 2
Toolbox ¥ Ao Class Diagram: "HelloworldDomain"  created: 30/03/2006 9:06:10 &M modified: 30/03/2006 9:40:57 &M x  Project View 2 bl
|DDS | A-F-cBa 4P |
DDS Domain || @ Doos Al
("] DDS_Domain «CORBAStructs - 13%5 DS

DDS_Topic HelloWorldType
DDS_DomainParticipant B
DDS_Subscriber
DDS_DataReader
B pps_publisher
DDS_DataWriter
A DDS_compose
-~ DDS_type

.~ DDS_read

-~ DDS_write

message: string [128]

o2

«DDS_typexs

«DDS_Publishers
thePublisher

«DDS_Subscribers)
the Subscriber

«DDS_composexs «DD_S;resd» «DDS_.wgite» «DDS_composexs
B .
J' ‘\

«DDS_DstaReaders «DDS_DataWriters)
reader01 writer01
v
< 2
CORBA 4 Start Page L DDS\J\ HelloWorldDomain [

‘ Source Code

= (] «DDS_Domain» HelloWorldDomain
73 HelloworldDomain
«CORBAStruct» HelloWorldType

«DDS_DataReader» reader01
«DDS_DataWriter» writer01

NS NamainParticinants narticin:
(] &

EProject View l @Resource View

Tagged Values >+ aXx

5 OE X WP |

destination_order... BY_RECEPTION_TIMESTAMP ﬁ‘

durabilty_kind VOLATILE ‘
history_depth 100

history_kind KEEP_LAST

initial_instances

1
inttial_samples 1
latency_duration 0
lease_duration -1
lifespan_duration -1

liveliness_kind AUTOMATIC
max_blocking_time -1
max_instances -1
max_samples -1

max_samples_per... -1
ownership_kind SHARED

reliability_kind RELIABLE |
service_cleanup_... |BEST_EFFORT e
. R RELIABLE —

reliability_kind

Values: BEST_EFFORT RELIABLE

Default: BEST_EFFORT

Vc‘QProperties IGNohes ]%Tagged Values [

§ @ I Class:Helloworld
F==
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Example DDS Realization

& HelloWorld - EA

File Edit View Project Diagram Element Tools Add-Ins Settings Window Help
DEH B RDS B, Ztok - | O B

pilsEl ot EB NI AQQQEQQ L

Py
BVl Project View +aXx

Toolbox
DDs v A~ B 8- cBa B 4P
DDS Domain || @ [@oos
D DDS_Domain «DDS_DomasinParticipants «CORBAStructs «DDS_DomasinParticipants = ?Ioé DDS
DDS _Topic Model Transformation : - = =[] «DDS_Domain> HelloWorldDomain
DDS_DomainParticip T3 HelloworldDomain
DDS_Subscriber Elements: Transformations: +CORBAStruct» HeloWorldType
L : : «DDS_DataReader» reader01
- Element Name Element Type Name [ Target Package ’ «DDS_DataWriter» writer01
DDS_Publisher Helloworld I cH «DDS_DomainParticipant» participantd
= DDS_DataWriter HelloworldType I~ pDL ] «DDS_DomainParticipant» participant(]
A DDS_compose p.?r?c!p.?n:gl F Ejg gnllly «DDS_Publisher» thePublisher
- DDS_type [F:;dlzlﬁﬁn o [~ Java ession «DDS_Sub'scriber» theSubscriber
2 DDS read thePublisher Class [ Junit “DDS _Topic» HelloWorld
. - theSubscriber Class [~ NUnit
-~ DDS_write writer01 Class |V RTIDDS_C++  DDS
[~ wsDL I | ¥
[7 %D ']Project View ’@Resource View ‘
ed Values v aXx
[ Include Child Packages YIRS R 3K )
. HelloWorldDomain (Package)
[[] Generate Code on result [] Perform Transformations on result
Intermediary File [optional for debugging only):
Do Transform J
| | E] Close ]
[ white Always [ Help ]
™
< | > i M l
CORBA 4 Start Page HelloWorldDomain b c‘%Properties |8Notes I%Tagged Values ‘

« Source Code ‘

§ @ eODS _Domain> HelloWorldDomain
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Example DDS Realization

File Edit View Project Diagram Element Tools Add-Ins Settings

D@G‘%E‘J‘&DQ‘E@E‘NM&

» Ak~ [[]B A B

LT e nn a3 QA8 Q L

Toolbox v RX ’ Class Diagram: "HellowWorldD omain_PSM"  created: 30/03/2006 10:02:55 AM modified: 30/03/2006 10:16: x

l None v |

DDS Domain

|

theSubscriber

(] DDS_Domain

B DDS_Topic

& DDS_DomainParticipant
5 DDS_Subscriber
B DDs_DataReader
DDS_Publisher
DDS_DataWriter
A DDS_compose
.~ DDS_type

.~ DDS_read

- DDS_write

< |

+ o+

shutdown{DDSDomainParticipant, DDSSubscriber, DDSTopic, DDSDataReader) : int

run(int, int, int) : int

+ on_data_svailable(DOSDstaRea

thePublisher

+ o+

shutdown{DDSDomainParticipant, DDSPublisher, DDSTopic, DDSDataWriter) : int

run(int, int, int) : int

HelloWorldDomainFactory

_dataDictionary: HelloWorlkiDomainDataDictionary™

+ 4+ttt

HelloWorldDomainFactory()

create_topic(DDSDomainParticipant®, char®, DDSTopiclistener®, int) : DDSTopic®

create_reader(DDSDomainParticipant®, DDSSubscriber®, DDSTopic®, char®, DDSDataReaderListener*, int) : DDSDataRead
create_writer(DDSDomainParticipant®, DDSPublisher, DDSTopic®, char®, DDSDataWriterListener®, int) : DDSDataWriter
create_publisher(DDSDomainParticipant®, char®, DDSPublisherListener®, int) : DDSPublisher*
create_subscriber(DDSDomainParticipant®, char®, DDSSubscriberListener®, int) : DDSSubscriber®

create_participant(int, int, char®, DDSDomainParticipantListener®, int) : DDSDomainParticipant™

HelloWorldDomainDataDictionary

topiclistfNUM_TOPICS]: Topiclnformation®

readerlistfNUM_READERS]: DataReaderInformation™
writeristfNUM_WRITERS]: DataWriterInformation™
publisherlistfNUM_PUBLISHERS]: Publisherinformation®
subscriberlistfNUM_SUBSCRIBERS]: Subscriberinformation™
participantlistiNUM_PARTICIPANTS]: DomainParticipant|nformation®

LI B B R )

v
»~ 0

CORBA

N

HelloWorkdiDomainDataDictionary()
~HelloWorldDomainDataDictionary()
getTopicQosAndType(char®) : QosTypePairt
getDataReaderQos(char”) : QosDataReaderPair
getDataWriterQos(char®) : QosDataWriterPair®
getPublisherQos(char®) : QosPublisherPair*
getSubscriberQos(char®) : QosSubscriberPair*

getDomainParticipantQos(char®) : QosDomainParticipantPair®

Createlists() : void
Deletelists() : void

natTAaninOnclndTinalrhar® int intl © OacTvnaPasir®

StartPage |  HelloWorldDomain ™  HelloWorldDomain_PSM |

‘ Source Code ‘

HelloWorldTypeListen

A B B-cEa w4
= (Jobs ~
= [Ea] DDS ]
8 DDs
= (] HelloWorldDomain_PSM
BT ioiioionsn. P |
T8 Qos
8 Facility
B commonListener
B DataReaderInformation
DataWWriterInformation
DomainPartidpantInformation b
HelloWorldDomainDataDictionary
HelloWorldDomainFactory
HelloWorldTypeListener
PublisherInformation
QosDataReaderPair
QosDataWriterPair
B QosDomainParticipantPair
QosPublisherPair
T B QossubscriberPair
E QosTypePair
SubscriberInformation
TopicInformation v
< | >

‘ lTE]Projec’( View | @Resource View

Tagged Values > ax
g8 T ) i R

v

b ‘ c‘QProperties IGNohes I%Tagged Values 7
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Example DDS Realization

File Edit Add-Ins  Settings

D@Qlﬁk?\@@é\@@awme -

View Project Diagram Element Tools Window Help

Lk o L LLELA

y- ]

oy

@ HelloWorld - EA c]

senl B A RAKAQQ G

Toolbox v e ’ C:ADDSDesign\HelloworldDomain_PSMsHelloworldD omainD ataDictionary. cpp x | Project View v 12
lNone V| 172 %"\C.QE@WHQQ
DDS Domain 173 = [[Jops ~
(Z DDS_Domain e . o ) =] DDS
— = 175 [l HelloWeorldDeomainDataDictionary: :Createlists () { IIg DDS
DDS_Topic 176 = (] HelloWorldDomain_PSM
DDS_DomainParticipant 177 | cpiclnformation *newlnfo; &8 HelloWorldDomain_PSM
178 HelloWeorldDemainTopicQos *topicQes0 = new HelloWorldDemainTopic(
DDS_Subscriber 179 s QoS“
' . L ) 8 Facility
DDS_DataReader 180 topicQos0->durability.kind use_defzult = RTI_TRUE; 5 CommonListener
DDS Publisher 181 topicQosO->deadline.pericd.use_default = RTI_TRUE; .
- . 182 topicQosO->destination_order.kind use_default = RTI_TRUE; DataRetaderInforma'hon
5 DDS_DataWriter 183 topicQes0->history.kind_use_default = RTI_TRUE; DatalriterInformation
A DDS_compose 184 topicQes0->history.depth = 100; = DomainParticipantInformation b
2 DDS_type 185 topicQos0O->latency_budget.duration.use_defzult = RTI_TRUE; He“°Waldoomainoamoidonafy
= - 186 topicQos0->liveliness.lease_duration.use_defzult = RTI_TRUE; HelloWorldDomainFactory
-~ DDS_read 187 topicQos0->liveliness.kind_use_default = RTI_TRUE; B HelloWorldTypelistener
.~ DDS_write 188 topicQos0->lifespan.duration.use_defzult = RTI_TRUE; PublisherInformation
189 topicQosO->relisbility.kind = PREERARSIAER IR snssgleel]; QosDataReaderPair
150 topicQosO->reliability.max_blocking time.use_default = RTI_TRUE, QosDataWriterPair
151 topicQosO->rescurce_limits.max_samples_use_default = RTI_TRUE; QosDomainParticipantPair
1s2 topicQosO->resource_limits.max_instances_use_default = RTI_TRUE, QosPublisherPair
1583 topicQosO->rescurce_limits.max samples_per_ instance_use_default QosSubscriberPair
154 topicQosO->rescurce_limits.initial_ samples_use_default = RTI_TRI QosTypePair
1 95’ cop:g.cQosO->zesou:ce_l:u?uts -initial_instances_use_default = RTI_* SubscriberInformation
19¢ tnplcQésO—>ownersh1p.klnd_use_default = RTI_TRUE; TopicInformation X
157 //service_cleanup delay = 0 —
138 //transport_priority = 0 < ‘ >
133 ’EProject View I @Resource View ‘
200 newInfo = new TopicInformaticn;
Z01 strepy (newInfo->_topicName, "HelloWorld"); Tagged Values vax
302 newinio—>_qosﬁcdi;ype = new Qostz?ePai;; %‘ 13 Ql v 1 “@- ?
;;2 newtntomr_gon ype=>_dos SERSSRaRts @ HelloWorldDomainDataDictionary (Class)
205 strcpy (newInfo->_ gosAndType->_typeName, "HelloWorldTIype");
20¢& topiclist[0] = newInfeo;
207
208
208
210 DztzReaderInformaticon *newRInfe; v
< | > < >
CORBA ‘ < HelloWorldDomainDataDictionary.h ™,  HelloWorldDomainDataDictionary.cpp b ’%Properﬁes IGNohes I%Tagged Values ‘

“ Source Code ‘
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Example DDS Realization

I. .
File Edit View Project Build Debug Tools

B ?
2

myMyHello, count
myMyHello, count
myMyHello, count
myMyHello,. count

ct DD5_Duration t rec

status = 07

loWorldDomainFactory t

| Build

HellcoWorld_subscriber - up-to-date.

Build: 2 succeeded, 0 £faziled, 0 sk

<
Y| o

El output | E&

MainWin

Window  Help

» Debug

e C:\DDSDesign\objs\i86Win32VS2003\HelloWorld_subscriber.exe

message [1851:
message [1861:
message [187]
message [188 ]
message [189]
message[118]
message[1111]
message[112]
message[1131]
message[114]
message [115]
message[1161]
message [117]
message[1181]
1
1
1
1
1
1
1
1
1
n

Iy
we
we
v
.

Iy
we
we
we
v
v
v
we
v

message[119
message [120
message [121
message [122
message [123
message [124
message [125
message [126
message [127

(O %n %% A% %R R RS RE R RE RE %R AR RS %R RE A8 RE GE A8 RE 4R 4

for 4 sec...

Subscriber sleepi

v | MyDomainSusbcriberQos

REE
B

MR-,

o lp|
lon

Solution Explorer - HelloWorld_subscriber 1 X
=
a Solution 'HelloWorld' (2 projects) A~

- [Zd HelloWorld_publisher
[12] References
+- ] Source Files
+- (] Header Files
(. Resource Files
|- [Z4 HelloWorld_subscriber
[+3] References
- {3 Source Files
c_"] _subscriber_main.cxx
C_"] CommonlListener.cpp
t‘_"] DataReaderInformation.cpp
t‘_‘] DataWriterInformation.cpp
tﬂ DomainParticipantInformation.cpp
t‘j HelloWorldDomainDataDictionary.cpp
Cj HelloWorldDomainDataReaderQos.cpp

TEE pp
[« r.cop
ntQos.¢

-cpp

§ I’ﬂ l Build succeeded
< >
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Other Applications

- Maintenance

- Using a UML Agent to interface to a DDS
- Agent can perform a DDS ‘discovery’
= Publish the results to a DDS model visually

= Common presentation of DDS discoveries

= Visually inspect, or execute a ‘model check’ to flag
faults
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Other Applications

-~ Prototyping

- Using a UML Agent to interface to a DDS as
per Maintenance

- Automatically instantiate DDS Entities from a
model

- Real-Time update of QoS policies
= Observe behavior

= Useful process in eliciting QoS policies for a

deployment
Which values work, or do not work
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Concluding Remarks

-~ Summary

=

SIPARS

SYSTEMS

Understanding of how the MDA process functions

between models
PIM = PSM using automated transformation

Extensibility of UML through Profiles

UML Stereotypes for constructs to specify domain-specific modeling
taxonomy

Example of DDS Realization using MDA and UML

Profile
HelloWorld Example, how a simple PIM can generate a complex PSM
without human intervention

Other Applications

Using a UML agent to visualize a ‘live’ DDS model
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Concluding Remarks

~ Importance of Realizing CDS through MDA

= MDA Process to reduce complexity, reduce cycle
times

s UML Profile to standardize nomenclature, and
Increase industry acceptance

- Current & Future Works

s Sparx Systems developing an integration application
for RTI's DDS implementation — publicly available
September 2006

s Sparx Systems plans to initiate an RFP for a UML
Profile for DDS through the OMG
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