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Complex Publish Subscribe Systems

Object Oriented
Component Based
Multithreaded/MultiProcess
Real-time

Embedded
C++/Java/Ada/VHDL
Platform Independent
High Performance
Heterogeneous
Distributed

Vital

SecHie So what's the big deal?
e Each one by itself is difficult,
Pt let alone doing them all at the

Declarative same time \

Imperative
Dynamic -
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Computer Science, Software Engineering

“Computer Science is the discipline that believes all
problems can be solved with one more layer of
indirection™

Formalize the level of indirection
Provide ways to program at this new level

Provide automatic ways to get back to executable
ower levels of abstraction

Standardize
Optimize

1 Dennis DeBruler, Refactoring, Fowler et. al. Addist¢/esley 1999 1
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Levels of Abstraction

Programming ___Platform
Less Flexible j
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L evels of Abstraction — more accurate

Programmlng ___Platform
Less FIeX|bIQ } Frameworks More Productlve

Middlewareé
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The Problem

General Purpose programming languages
have not kept pace with the growth of
platform complexity

Families of systems are the order of the day

Systems and requirements have become
more complex

Model Driven Engineering, Douglas C Schmidt IEEEvaoter Feb 2006 i
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Families of Systems

A
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More Complex Systems and Requirements

A
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Insufficient tools to do the job
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Traditional tools

UML
Insufficiently domain specific
Some say not semantically precise enough to be machine processed
Not much different than programming with OO languages
3GL
C++, Java, Ada etc.
Insufficiently domain specific
Not at a sufficient level of abstraction
Frameworks, libraries and components
So many
Complicated
Manipulated via 3GL languages
DDS-tools
IDL pre-processing: Insufficiently domain specific

<
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Traditionally — a separation

modeling

Programming
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Traditionally — a separation

Systems Engineering

Software Engineering
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Critical Innovations

Technologies that enable systematic vs.
ad hoc reuse and enable the systematic
development of families of systems

Component technologies

Domain Specific Languages?

1Software Factories, Greenfield et. al Wiley 2005
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Model Driven Development

Bringing modeling and programming together

modeling Programming

“Instead of forcing a separation of the high-leeglgineering/modeling
work from the low-level implementation programmitidprings them
together as two well-integrated parts of the saog]

Eclipse modeling Framework, Budinsky et.al Addisosl#ye2004 Q
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Some ramifications

modeling and programming blend into one
activity

Models become development artifacts as
well not just design artifacts

Domain Specific Models can be machine

processed and thus integrate well with
generators

Developers can “program in terms of their
design intent rather than the underlying,
computing environment”s

3 |EEE Computer Magazine, February 2006 Model Dri#gineering, Douglas C. Schmidt i
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Model Driven Development

Bringing Systems and Software together

Systems Software
Engineering Engineering

“Instead of forcing a separation of the high-leeglgineering/modeling
work from the low-level implementation programmitidprings them
together as two well-integrated parts of the saog]

Eclipse modeling Framework, Budinsky et.al Addisosl#ye2004 Q

Slide 16 Copyright © PrismTech 2006 ﬁ PRISMTECH




Some ramifications

Increased cross discipline collaboration
Speaking the same language
Flattens learning curves

3 |EEE Computer Magazine, February 2006 Model Dri#gineering, Douglas C. Schmidt i
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Providing sufficient tools to do the job
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How is this done?

Domain Specific modeling Languages?
Domain Specific Editors
Transformation engines and generators

Combine the above three — Called Model
Driven Development (a.k.a Model Driven
Engineering, or Model Integrated Computing)

2 |EEE Computer Magazine, February 2006 Model Dri#gineering, Douglas C. Schmidt i
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Domain Specificity

\\ i
-

Domain

Independent

The task
at hand
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The steps

In general In our domain

|Isolate the abstractions and
how they work together

Create a formalize

Create a formalized
DDS meta-model

grammar for these - DSL

Create a graphical representation ~ Create a DDS specific
of the grammar — GDSL graphical tool

Provide domain-specific Program into the tool the
constraints — GDSCL, DSCL constraints

C++, C and Java

Attach generators for
generators

necessary transformations
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DDS: An Information Centric Approach

Analysis

~

o B D

_ﬂ vIG -DDS

[ [
ﬁ Server
I I
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MDD-aspects in ‘Coalition Based Development’

[DESIGRPAULITGLY:

ommon Information Model

L

Company Company Company
Ga, Eb, ‘c’

_ dwt e,

formation Backbone...... |
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Introducing The Example

SENSOR LASSIFICATION DISPLAY
PROCESS PROCESS PROCESS

Optical sensor Classifies tracks Displays track info
Scans the environment Determines their identity Both position & identity
Produces ‘Tracks’ Analyses the trajectories Raises alerts

Position of ‘objects’ Determines hostility Requires ‘pointTrack’
Reports ‘pointTrack’ Reports ‘trackState’ Requires ‘trackState’
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MDD and the Example

Information-

PointTrack TrackState
s |
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(1) Information modeling

Information-
Model
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Information modeling: Scope & Purpose

Class Attribute Specification for systemTrackP... I3
[spstemT rackPhase]

Language
Define the ‘spoken language’ in the system
Requirements phase: to talk with the customer
Development phase: to talk between components
DDS-Domain specific ‘Topics’ (Type + Qo0S)
Editor
Semantics: UML (‘annotated’)
Syntax: IDL (optional MDD-input if predefined)
Behavior: QoS (reliability, urgency, durability)
Generator
Types (IDL) from UML (or direct IDL-import)
Topics from Types P —
DDS-entities o
Topic-creation, QoS-setup, typed readers/writers
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Information modeling: The Example

PointTrack {
long trackld;

Position pos;

Key: trackld
QoS: best-effort,
volatile

Real-time Information Backbone...... =@ |

Task: Information modeling MDD: Features / Advantages
Model the ‘PointTrack’ and ‘TrackState’ topics Graphical modeling of structure and QoS (intuitive, fast)
Model the system-wide behaviour of topics DDS-entity code generation (topics, interfaces)
Model the relationships between the Topics Allowing for direct utilization (by applications or tool)
Separate these concerns from applications Documented packages of re-usable topic-sets

Slide 30 Copyright © PrismTach 2006 &4 PRISMTECH



(2) Application modeling

& PRISMTECH




Application modeling: Scope & Purpose

Language Simple DDS-Loop Pattern
Processing-language

DDS ‘keywords’
publishers/writers, subscribers/readers,.. Deeke pusleiens
Content-filters, queries, waitsets, listeners,...

Editor
Templates & Patterns (loop, MVC, ...) Define queries (read_conditions)
Application-level QoS modeling (history, filters)

: . . Set query parameters
Process modeling (waitsets, listeners) T

v
Generator
|

Application-framework from templates v

- : Process data
DDS entities from (graphical) model
Annotated application- and test-code Publish output data

Register with DDS

Declare subscriptions

\

Q
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Application modeling: The Example

Track

trackld

T

PointTrack TrackState

pos identity

ﬂnt Filtered Multi-Topics
: !on!en!—lluere!

Multi-topic

Real-time Information Backboone.... ... . ==

Task: Display Process modeling MDD: Features / Advantages
» Model ‘aggregate interest’ Import information-model
» ‘multi-topic’ or ‘DLRL-object’ with local ‘QoS’ Provide Application-framework (from ‘loop’ template)
»  Model display process (periodic loop) Model DLRL-objects, Multi-Topics, Queries, Waitsets, ...
» Handle first-appearances of hostile tracks with prio Developer can concentrate on ‘business-logic’ (GUI)
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THE CONTENT-SUBSCRIPTION PROFILE (2)
Content Filtered Mulfi-Topics |

PointTrack {

dataWriter long trackld;

(sensor) Position pos;

Key: trackld
QoS: best-effort,
volatile

Query-condition
Sample-state
Selection

Any

Not_Read

Read

Query-condition
Lifecycle-state
Selection

Any

New Modified

No_Writers  Disposed

\/—\

MyTrack {
long Id;

Position p;
long env;

\}/\
¢

Multi-topic

aggregation

TrackState {
dataWriter on ekl
classification) ong trackld;

long identity;

Key: trackld
QoS: reliable,
transient
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Application modeling: MDD-Tool ‘Sneak-Peak’
e —

£ Resource - DDS - Eclipse SDK [_[5]x]
File Edit Refactor Mavigate Search Project Run Window Help

s e lR-d@ e | 2laa8|s e 4 [[resouce | &lmen

= 7

B

B Mavigator 52

£ &% ChatRoomE sample
=@ Types
E--f# ChatRoom
£ ChattessagsType
& userld: unsigned long
& sequenceNumber : unsigned loi
& msg: sting
© MNameServiceEntiyType
© NamedessageType
=T Topics
Eh T ChatMessage
© ChatRoom:ChatMessageType
4 QoS
T/ NameServizeEnty
@ ChatRoom:NameServiceEntyType
% Qos
NamedMessage
© ChatFioom:NamedMessageType
4 QoS
)< Participants
<= Chatter
== MessageBoard
el MameService
- # ::.ﬁi::md Farttion-Particl.. 53 Topic-Partition View 53
# ChatRloom |
| ChatMessage
© NamedMessage
' NameServiceEntry

r?!a’r'n'e_sm¢
= NameService |
> MessageBoard
Lgge Useroad

|- (@) Domains

(@ ChatRoamDomain
£ Applications

3 EmplyE sample

@ Types

- Topice

< Paticipants

# Pailitions

(@) Dormaing

=1 Applicatians

ChatRoom 3 . ChatRaom

SR

Protlems | Erecr Log (= Properties £
Property:
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(3) Deployment modeling

network
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Deployment modeling: Scope & Purpose

Language
Deployment-language
DDS ‘keywords’

Participants, Partitions, Resource limits,..
Latency-budget, Transport-priority,...

Editor

Configure ‘physical’ DDS system
Networking, Durability, Resource-limits, ...

Map DDS (QoS) properties to Deployment properties
DDS ‘partitions’ to Network-partitions (multicast groups)
‘transport-priority’ to Network-channels (prio/diffserv)
‘latency-budget’ to Network-dispatcher (efficiency)

‘Generator’ (Control & Monitoring)

(remote) set-up, configure and monitor DDS-system

Deploy information-models (create readers/writers)

Deploy applications (monitor, QoS-tuning)

Deploy systems (logging/replay, QoS tuning,...)
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Deployment modeling: The Example

MDD-suite

network

Task: Deployment modeling (‘Control & Monitoring’) MDD: Features / Advantages
»  Configure Durability-service (transient TrackState topic) » Round-trip engineering
»  Configure Network-channels (priority, reactivity) » Deploy & tune models (info & application)
» Configure Resources (resource-limits) »  Control & Monitor deployed system
» Remote control & Monitoring of deployed system » Using the domain specific ‘DDS-language’
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Deployment modeling: MDD-tool ‘sneak-peak’

SPLICE-DDS Tuner {

File Edit Yiew

D Paticipant: Splice Tuner
[ service: cMS0AR
¢ [ service: splicedasman
¢ [ Pubklisher: Built-in publisher
D Farition: __BLILT-IM PARTITIOMN__
¢ [ wuriter; DCPEParicipantiriter
[ Topic: DCPSParticipant
o [ Writer; DCPESPublicationyyriter
[y Topic: DCPSPublication
¢ [ wiriter: DCPSSubscrptioniriter
D Topic: DCPSSubscription
o [ wiriter: DCPSTopicyriter
[y Topic: DCPSTopic
¢ [ Subscriber; _ BUILTIM SUBSCRIBER.
% [} DataReader. DCPSPardicipantReader
¢ [ Wiew: DCPSParticipantyiew
[ Topic: DCPSParticipant
o [ DataReader. DCPSPublicationReader
9 [ Wiew: DCPSPublication'ieww
[ Topic: DGRSPUblication
¢ [ DataReader DCPSSubscriptionReader
9 [ Wiew: DCPSSubscriptionView
D Topic: DCPSSubscription
% [ DataReader. DCPSTopicReader
¢ [ view: DCPSTopicyiew
[ Topic: DCPSTopic
D Fartition: __BUILT-IM PARTITION__
o= [ Wiew: DCPSParticipantyiew
o= [ Wiew: DCPSPublicationiew
o= [ Wiew: DCPESubscriptionView
o= [ Wiew: DCPSTopicyiew

participant view

i Writer: DCPSPublicationWriter | Entity info Ji I'g' Ex'[
File Edit Yiew
[ attributes | Status | 005 | Datatype |
Mame Field Walue
STATE 0
LIVELIMNEES_LOST total_count 0
LIWELIMESS _LOST total_count_change u]
OFFERED_DEADLIMNE_MISSED total_count 0
OFFERED_DEADLINE_MISSED total_count_change u]
OFFERED_DEADLINE_MISSED last_instance_handle null, full
OFFERED_IMCOMPATIELE_QOS total_count 0
OFFERED_IMCOMPATIELE_Q0S total_count_change 0
OFFERED_IMCOMPATIELE_QOS last_policy_id 0
OFFERED_IMCOMPATIELE_QOS policies [0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 0,00
PUBLICATION_MATCH total_count 0
PUBLICATION__MATCH total_count_change 8]
PUBLICATION_MATCH last_subscription_handle [=MNULL=
| DataReader: DCPSParticipantReader | Entity info - I _|I:|L§i[
File Edit View
[ Attributes | Status | QoS | Datatype |
I Marme Field Walue
IDURABILITY kind TRAMEIEMT
|DURABILITY service_cleanup_delay 0.0
|lDEADLIMNE period 0.0
|LATERMCY _BUDGET duration 0.0
|LIVELINESE kind AUTOMATIC
|LIVELINESE lease_duratian 0.0
|| RELIAEILITY kind RELIAELE
||RELIAEILITY rmax_hlocking_time 0.0
|DESTINATION_ORDER kind Bv_RECEPTION_TIMESTAMP
|HisTORY kind KEEPLAST
|HisTORY depth 1
|RESOURCE_LIMITS max_samples 9
|RESOURCE_LIMITS max_instances 3
|RESOURCE_LIMITS max_samples_per_instance 3
|lUSERDATA value null
| TME_EASED_FILTER minimum_separation oo
|READER7DATA7LIFECYCLE autopurge_nowriter_samples_delay 0.0
Get Set
Topic: DCPSParticipant | Entity info —1Of =] Topic: DCPSPublication | Entity info ol x|

File Edit View File Edit Yiew

[ Attribmtes | Status | 0oS [ Datatype | [ Attributes | Status | QoS | Datatype |
typedef struct v_gid s { = k' gield SRR Tani SR D 2
ul e in apic

C—ul'mg fysafi? + name DCPSPublication

s handle index 14

&_ulong lifecycleld, =|||[handle serial 1213484880
Y} v builtinTopicKey, address 3eaZ?0

ke list userData key systemid, userData key localld, userData key lifecyeleld

struct ¥_participantInfo { tvpe name kernelModule:v_publicationinfo

v_builtin T opicKEesy key;
struct v_userDataPolicy {

al

C AREAY<c ocitet> walue |

|Ready |
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MDD For DDS

QUESTIONS ?

Slide 40 Copyright © PrismTech 2006 ﬁ PRISMTECH




