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New Demands on Distributed Real-time &
Embedded (DRE) Systems

Key challenges in the problem space

* Network-centric, dynamic, very large-scale
“systems of systems”

« Stringent simultaneous quality of service

(QoS) demands

ighly diverse, complex, & increasingly
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« Continuous evolution & change '9\ -
. Logistics ‘\“‘\\\1
» Highly heterogeneous (& legacy End-User Ny oS
constrained) platform, language, & Develgpmenti—n L
tool environments g;sgg?nr; Partners

‘ Mapping & integrating problem artifacts & solution artifacts is hard ‘



Exec

Mission-critical DRE systems
have historically been built
directly atop hardware

* Tedious

e Error-prone
 Costly over lifecycles

Evolution of DRE Systems Development

Technology Problems
e Legacy DRE systems
often tend to be:
» Stovepiped
* Proprietary
* Brittle & non-adaptive
* Expensive
* Vulnerable

Consequence: Small

changes to legacy
software often have M
big (negative) impact %
on DRE system QoS &
& maintenance
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Evolution of DRE Systems Development

’/
I & 'Ejr * o
- )
DRE DRE
Applications Applications
Middleware Middleware
Services Services
Operating Sys Operating Sys
& Protocols & Protocols
Hardware & Hardware &
Networks Networks

* Middleware has effectively factored out
many reusable services from traditional
DRE application responsibility

*Essential for product-line architectures

* Middleware is no longer the primary DRE
system performance bottleneck

D-C-C




Overview of Component Middleware
| “Write Code That Reuses Code”

, «Components encapsulate application

“business” logic
£ @ e Components interact via ports
*Provided interfaces, e.g.,facets
*Required connection points, e.g.,
receptacles
*Event sinks & sources

O o Attributes

@g « Containers provide portable execution
environment for components that

Container _ )

have common operating requirements
Container :
| « Components/containers can also
Middleware Bus e Communicate via a middleware bus
| | | | and
Replication Security Persistence |||Notification .Reuse common midd|eware
services

A/V Streaming Scheduling Load Balancing




DOC Middleware for DRE Systems (1/2)

Client Propagation & Server Declared Priority Models « CORBA is standard middleware

* Real-time CORBA adds QoS to
classic CORBA to control:

in args

C—»
operation()

OBJECT

CLIENT (SERVANT)

out args + return value

A +—O
1. Processor Resources
Static SCFNHMJHHQ Standard .'rhreeujljocﬂs
Service Synchonizers

* Priority models

oL Request * Portable priorities
IDL i :
Buffering - Standard synchronizers
ORB OBJECT » Static scheduling service
ADAPTER
2.

Explicit Binding _ { TERFAE | (Thread Pools

Network Resources
ORB - m * Protocol policies
CORE Portable Priorities « Explicit binding

0S KERNEL 0S KERNEL 3. Memory Resources

Protocol * Request buffering
0s 1/0 SUBSYSTEM . 0s 1/o SUBSYSTEM
Properties
NETWORK INTERFACES NETWORK INTERFACES

* These capabilities address key
DRE application development &
QoS-enforcement challenges

NETWORK

WWW.0maqg.orq D,@uf?



DOC Middleware for DRE Systems (2/2)

STATIC & DYNAMIC

CLIENT

SCHEDULING

END-TO-END PRIORITY
PRESERVATION

in args
Co—»

operation()

OBJECT

TAO is an open-
source version of
Real-time CORBA
«>>1 000,000
SLOC

PRESENTATION

(SERVANT)

out args + return value

-+—O0

LAYER

* 100+ person
DATA COPYING

IDL
STUBS

ORB
CORE

i years of effort

OS KERNEL

os /o SUBSYSTEM

NETWORK INTERFACES

IDL 2 ALLocATioN  Pijoneered R&D on
KELETON :
S ‘; \ omseer | S—= pEMUXIG & DRE middleware
INTERFACE ( ADAPTER DISPATCHING des.|gn &_
OpUﬂHZ&UOﬂS
B CONCURRENCY
m mopeELs  TAOQO is basis for
| ransporr ANy r;;lddleware
AN —
L CONNECTION _T OS KERNEL (‘*_ prorocoLs - R&D efforts
MANAGEMENT os ilo suesysTem N< I/0 Example of good
o synergy between
NETWORK  researchers &
NETWORK ADAPTER

practitioners

www.dre.vanderbilt.edu/TAO/




Applylng TAO In |\/|ISSIOn Critical DRE Systems

Boeing

Organization Application Domain

Aircraft mission & flight control computers

SAIC

Distributed interactive simulation (HLA/RTI)

ATDesk

Automated stock trading

Raytheon

Aircraft carrier & destroyer computing systems

Cisco & Qualcomm

Wireless/wireline network management

Raytheon & Army

Joint Tactical Terminal (JTT)

Contact Systems

Surface mounted “pick-and-place” systems

Turkish Navy

Shipboard resource management

Krones

Process automation & quality control

Siemens

Hot rolling mill control systems

LMCO & Raytheon

Local Area

Dynamic shipboard resource management (DDG)

Network

CUSeeMe

Monitor H.323 Servers

Northrup-Grumman

Airborne early warning & control (AWACS)

JPL/NASA

SOFIA telescope, Cassini space probe

BAE Systems

Joint Tactical Radio System (JTRS)

www.dre.vanderbilt.edu/users.html




Component Middleware for DRE Systems

Event Dynamic &_Static Multimgdia el Component
Notifications Scheduling Streaming Implementation
Definition
Fault Tolerance & Load Balancing n—  HOME Language
-
in args COMPONENT
N __ b _0119 _____ (SERVANT) gt Deployment &
out args + return O— Cf Cﬁ — Configuration
-————
IDL SERVANT -
STUBS Real-time Policies CONTAINER | LOCATOR Time/space

& Mechanisms Optimizations

Qo5
INTERFACE

Jusuedwiod
pajeibaju s=

O

O www.dre.vanderbilt.edu/




DRE Systems: The Challenges Ahead
q\

 Limit to how much application

RT-CORBA DRTSJ
Apps Apps Apps
RT-CORBA J2ME DRTSJ
Services Services Services

RT-CORBA J2ME DRTSJ

Operating System
& Protocols

Hardware &
Networks

functionality can be refactored into

reusable COTS middleware

* Middleware itself has become very
hard to use & provision statically &

dynamically

Load Balancer
FT CORBA

RT/DP CORBA + DRTSJ

RTOS + RT Java

IntServ + Diffserv

Workload &
Replicas

Connections &
priority bands

CPU & memory

Network latency
& bandwidth

« Component-based DRE systems are
also very hard to deploy & configure

* There are many middleware platform
technologies to choose from

Middleware alone is insufficient to solve key large-scale DRE system challenges!




RT-CORBA DRTSJ
Apps Apps Apps
RT-CORBA J2ME DRTSJ
Services Services Services

RT-CORBA J2ME DRTSJ

Operating System
& Protocols

Hardware &
Networks

It’'s enough to make you scream!
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|
Technology Evolution (1/4)

Programming Languages Model-Driven Engineering (MDE)

e

& Platforms | [ ] [ T’

Model <§
o @I i e B i s 9 W |
(D - " S _Targer_ N
< Generated
® Code | |l L - ]
o
o (— Pratform . N /
>
g R » State chart
= & Q&
2 \f;}x\o » Data & process flow
5 S
o 7~ \_Large -+ Petri Nets
> :
Semantic
Gap
Operating C/Fortran -
Systems Assembly
Hardware Machine code

DCE
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Technology Evolution (2/4)

Programming Languages

& Platforms
o[ HoE
COMPONENT
. S| ExEcUTOR ﬁu
CLIENT Qﬂp (SERVANT)  |BACKS
operation() O ?? e
T atargstremm
v S CONTAINER

%
SKELETONS
QoS EAL-TIME
INTERFACE PORTABLE OBJECT ADAPTER
REAL-TIME ORB CORE TN m
ESIOPs

| C/Fortran

Operating
Systems Assembly

Hardware Machine code

*Newer 3"d-generation languages &
platforms have raised abstraction level
significantly
«“Horizontal” platform reuse
alleviates the need to redevelop
common services

Application Code

Framework
Pattern Language

Platform

*There are two problems, however:

 Platform complexity evolved faster
than 3'd-generation languages

*Much application/platform code still

(unnecessarily) written manually

D-C-C
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Technology Evolution (3/4)

Programming Languages
& Platforms

Saturation!!!!

Operating C/Fortran
Systems Assembly
Hardware Machine code

e ———— =

Manual |lem==—
translation ...

Semi-automa{ted

Model-Driven Engineering (MDE)

p— Domain-specific

= modeling languages
s ESML

-.;_:-_-_... i ‘“"“ * PICML

= =~ | «Mathematica

» Excel

» Metamodels

« State Charts
. * Interaction Diagrams
e « Activity Diagrams

DCE
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Technology Evolution (3/4)

Programming Languages
& Platforms

Aug.4.,1986 TH E Price $1.50

NEW YORKER

Model-Driven Engineering (MDE)

A Domain-specific
B = modeling languages

« ESML
o - e PICML
:  Mathematica

— —=——1 «Excel

Manual _.:“— = I Metamodels

translation ...

Domain-independent
«.modeling languages

« State Charts
* Interaction Diagrams
* Activity Diagrams

HealthCare

Semi-autométed

* OMG is evaluating MDE via MIC PSIG
* mic.omg.org

Model Intagratad Computing PSIG
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Technology Evolution (3/4)

Programming Languages

& Platforms o
9 5
Model
I | =
@ Generated Code e &
Framework L
Pattern Language
Platform = =
Manual |—==
translation

Operating
Systems

Model-Driven Engineering (MDE)

Manufacturing

Finance

More.

e

E-Commerce

HealthCare

Semi-automa{ted

C/Fortran « OMG is evaluating MDE via MIC PSIG

Assembly * mic.omg.org

Hardware

Machine code

~_ «PICML

=~ eExcel

«.modeling languages
»

Domain-specific
modeling languages
s ESML

 Mathematica

» Metamodels

Domain-independent

« State Charts
* Interaction Diagrams
* Activity Diagrams

DCE



Technology Evolution (4/4)

Programming Languages
& Platforms

Needs

Model % Automatiog

I
3
I

Generated Code

Platform

uonoe.ssqy Jo [9AaT]

Model-Driven Engineering (MDE)

Domain-specific

= modeling languages
« ESML
== = --~—-— _" “ * PICML
s e S| e Mathematica
== - eExcel
Needs _ * Metamodels

Domain-independent
«.modeling languages

« State Charts
* Interaction Diagrams
* Activity Diagrams

Operating C/Fortran
Systems Assembly
Hardware Machine code

Needs Automation

Research is needed to automate
DSMLs & model translators

See February 2006 IEEE Computer special issue on MDE techniques & tools




Pattern, Framework, & MDD Synergies

* Frameworks codify  Patterns codify expertise in * MDE tools codify
expertise in the form of the form of reusable expertise by automating
reusable algorithms, architecture design themes & key aspects of pattern
component styles, which can be reused languages & providing
iImplementations, & event when algorithms, developers with domain-
extensible architectures components implementations,  specific modeling

N or frameworks cannot languages to access the
P nctionainy s 7 [ powerful (& complex)
==t evsré*au:“a/'/ i capabilities of frameworks

o
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- r » "= | Sirategized
Interface v LI g w Locking
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Pattern Language
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2 Error
¥ R
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There are now powerful feedback loops advancing these technologies

Proactor

Double-Checked
_ | Locking Optimization

Platform




MDD Tool Development in GME

MetaGME - PICML - [ComponentTy

*Tool developers use [i=="= _
/ildB@ax|n PRV S A REMEEDET ? s X &
M etaG M E to d eve | 0 p a : T Name: [ComponentType  |ParadigmShest AsDecl‘CIassDiagram j Base: [N7A Zoom:ﬁﬂﬂz _Y_J N ]\nhamance] Meta | *
. - & ComponentFactory [Component Type -
domain-specific o |, e
. . 4 b fa Common
g rap h ICaI m Od el I n g 5_,' hla(n(a(}gs;éogﬁin)ent ﬂ.fffgg%a;fe 1 c
environment

- IPIC

dst|1

M Component Assembly

{dl Component Benchmark

{4l ComponentBuild

M Componentimplementation
{dl Component Interface

{dl Component Package

{4l ComponentType

{4l DeploymentPlan

{& Domain

{dl EvertChannelCorfiguration
faf ldTags

{al Implementation Atfact

[l InhertableTypes

{dl InterfzceDefinition

fal NamedTypes

{al OperationTypes

M PackageCorfigurstion

{dl PredefinedTypes

{dl TargetEements

!4 TopLevelPackage Description

Component
ComponentRet p Port

- <=Reference=> 1 ==Model=» Bl
*Define syntax &
ReadonlyAtiribute field

label:
=zModelProwy== }

visualization of the ' "
‘ i |
environment via oy

g : <<Reference==» ==Reference==
multiple_connections : bool
‘ out_event_port_type : enum

metamodeling E—

Provideable
<F 0

S = e = = = e = = 5 e = O = 5 e = O S = e O = N

Object Event
GenericObject b ==WodelProxy==
==AtomProxy=> local : bool
B abstract hoal .
’
x x
A |Genenth\eot r
<<Atom=> ==AtomProxy==
i Attributes ] Prelelencesl Ploperlles]
i A
==Connection== ==ConnectionProxy==
"
.
Caonnector . b
Equivalence
v
ClassDiagram | Yisualization M}M}

Ready EDIT |100% |MetaGME 04:29 PM
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MDD Tool Development in GME

*Tool developers use
MetaGME to develop a
domain-specific
graphical modeling
environment

* Define syntax &
visualization of the
environment via
metamodeling

* Define static
semantics via Object
Constraint Language
(OCL)

MetaGME - PICML - [inheritableTypes - /PICML/]

faf Fle Edit View Window Help .8 x
JildE@X|Ag[4id i NEvEARRIEOED ? | A8 X8
3 TName:]|nthitab|ET}'DES |Pafadigm5heet Aspect:|Constraints lJ Bage: {N;’A Zoom:ﬁﬂﬂz :_J
o ; i L A
z Constant
® =<RefarenceProxys=
value ; field ObjectByValue
A 2 <<Model>> ComponentFactory Component
ﬂ Object abstract: bool ==MadelProgy== 4® ==llodelProxy:
_® G sode ’ OneParsnt uuiD: f
ullRgference local : boal label: fi
NoMonLocalFromLocal | apstract: hool ’
é MNoDeriveAndSupport
Or
MotLocalAndAbstract Event ValueObjedt =
i <<Model=> <<Model=> -
=<References==
ConcreteEventParent ConcreteValueParent
v
< >
x x
‘ConcreteEventParent [~ fo
® Aributes l Preferencesl Properties]
Caonstraint r - R
et concrete_parents = self parts "Inherits"|-> select [+ ; gme::Model | 5 oclhsType (Event]. abstiact = falze) 3
in
® it [zelf. abstract = tug] then
ConstraintFunc concrete_parents-raize = 0
else £
concrete_parents-»size ¢ 2
endif
¥
ClagsDiagram | Visualization Corstraints
Attributes
Ready EDIT |100% MetaGME |11:36 PM
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M&r o EPNERA )

*Tool developers use ABSSiSy sy sngngeess (s sernangX
MetaGME to developa | B i i —
domain-specific | Feoh
graphical modeling

1 Strgam? F‘-.l--——‘
- i e
environment i I T
Bty f_—-———-
5 g 1 o KiitiRecpne
SyslemAesourceManager B e :
SysemRescurcelianager | i T | AR
™ Strand e

*Define syntax & gt
. . . “5ij EEE-ﬁujf,“_ . <connection>
Vlsuallzatlon Of the ' @ <name>compressionQosPredictor_gosLevels

. t . . Streamd {,name)
Nt VI *'- _ _ ~ " iese| <internalEndpoint>
e nVI ro n m e a ! : f e L <portName>gosLevels</portName>

I <instance xmi:idref=
m etam Od e I I n g Componant ComponentAssembdy "CompressionQosPredictor" !’}

\:jﬁ jj’ </internalEndpoint>
= : <internalEndpoint>

i Deflne StatIC m:qw:‘ i i B - <portName>compressionQosPredictor
. . . </portName>
semantics via Object e
Constraint Language

"LocalResourceManagerComponent' />

@ </connection>
Implemented via @ e
model interpreters @ @ @ @ @ @

</internalEndpoint>
* Dynamic semantics @ :



*Tool developers use

MetaGME to developa [ pwss s —

. . . [T T I 5 i ;a”______ i B4 o
» a \ H sonom b ORSP_ ; E o 3 frved Tyooen
domal n-S peCIfIC TransportationF acility CQ;-QMCU-'“DEQ i
. . | TeanspartationF scis a | | OperatorCansslo |
g rap h ICaI m Od el I ng m "m ST T} e S rrete e
. | Riimasnnan L e ; _.__:_: % m-
environment :- e - |
Wordonensgn s e S P

[ WorkNowkanager |

* Define syntax & .
i i <connection>

\/lS;LJEillZZEitl()r] ()f tf]EE StoragsFacilty <name>compressionQosPredictor_gosLevels
. . ' | StorageFacility | {,name)
fih ~.|* G <internalEndpoint>
EET]\/IF()T]TT1EET?t \llai r--—_-' f ' ed <portName>gosLevels</portName>
<instance xmi:idref=
m etam Od e | I n g Component ComponentAssembly "CompressionQosPredictor" {}
Qﬁ? .j% | </internalEndpoint>

<internalEndpoint>

i [)f?fif]f? EStEiti(: “;q?w‘ i i B - <portName>compressionQosPredictor
. . . </portName>
semantics via Object e
Constraint Language

"LocalResourceManagerComponent' />

@ </connection>
Implemented via @
model interpreters @ @ @ @ @ @

</internalEndpoint>
* Dynamic semantics @ :



*Application
developers use

modeling environments
created w/MetaGME to

build applications

« Capture elements &

dependencies
visually

p

4

ICML - Root Folder - [FourStreams - /UAY/Componentimplementations/FourStreams/]

faf Fle Edit Wew Window Help

MDD Application Development with GME

A
LS
P
®
X
£

ildBaX|(a a|s VRV A IETIEEDED ? In 22
T Mame: |FouSeams |Comperentssembl Aspecl‘Packaging L] Base: [N/ Zoom lmuz :J
= Aggregate I\nheritance] Meta |
1 ‘FourSlreams lj
_— 5 =% UAV
\ o =I-z3 Componentimplementations
c3 # §4 FourStreams
#-Jdl SingleStream
cl +- () InterfaceDefintions
+-|_J PredefinedTypss
P
L
cd " 1
deliverTa -F«.— o
| L
" " re out
|, pol ———— — inc
g res ————— delivarTo
e MultiReceiver
SystemResourceManager [MERecaiver]
[ SystemRezourcsliznagar | )
ppppppp C5
deliveiTo 4
==
c2
e [
:Pol ; .
“Res < hﬂm”“—».—
b
Stream4

r—

CompanentAssembly

Component

4 o

ComponentPackage ComponentﬁackageReference

Packaging

Ready

D-C-C
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)&Example DSL is the\

“Platform-Independent

Component Modeling
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*Application
developers use
modeling environments
created w/MetaGME to

build applications

« Capture elements &
dependencies
visually

faf Fle Edit Wew Window Help

(RS A MEEIEDEETD ? Ir 77

MDD Application Development with GME

PICML - Root Folder - [FourStreams - /UAY/Componentimplementations/FourStreams/]

Zoom [100% |

T Mame ]FourSt lllll JComponenMSsamhl Aspecl]Packaging L] Base: ]NJA

T Aggregate l\nheritance] Meta 1

L

LS

Pl

® |
{ WanS -
EAN L}

TransponationFaciiity
[ TranspotationFaciiay |

L g RPN .- -, T (s Rt S e Pl e
| ' ok, ,
[ - :
e dsp_ - d . ;
m_ﬁ.:.‘......:............-...........' - i
i : |
.. Worldlowhanager sl s P ' 000d =
[ Wiaiklovwhanager | v
: [
I ; ; GoodRepo
e I . @ e [ GasdRepa |

StorageF acility

| StorageFacilily | N
A
\ r

i JFourStreams Lj
=% UAV

| {3 Companentimplementations

mmy : ’ % shore s ----- Bt + 1l SingleStream
1= - frangi----. '
e BT D 2

oo ARERSGAC ORSONS . |
y | OperatorConsole | '

—

CompanentAssembly

ferences ] Properties I

)&Example DSL is the\

“Platform-Independent

Component
$
g f:f\
ComponentPackage ComponentPackageReference
Packaging
Ready

Component Modeling |

D-C-C
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MDD Application Development with GME

* Application D

ima ’I- ) ’K ’K

! out ._------ir-]e\ligl:;-e----f_ inc out| =---- e =-==» ‘inc out._---:em-it--*i inc out f—--‘
PolicyChangeEwt) i g = T, M e |
d eV6| 0] p ers use delegatesTo ! L sca o ________' _______ CropQosket ScaleqQosket " CompressQosket i
] ) 1 5@ i [ CropQosket | [ ScaleQosket |  [CompressQosket] |
! I . - emit ]
m Od e I IN g environme ntS emitl LIOG aI:Resourt:eManagerCo:rnpone"ﬁvtoke . .
nvpke! [ LocalResourcelVanagerComponefit | Jinc out |
cre ated W/ M 8taG M E tO ResourceAllocationEvt E — mkei """"""" T~ i =
. U —... | |} - Difsenqosket e ou e
build applications L (s

sen .
CroppingQosPredictor LocalReceiver IMmageGenerationtvt

Capture elements & e e e

S ] [ CPUBrokerComponent ]

dependencies —
visually

qos  <--

. . <connection>
CompressionQosPredicta . .
[ Compressi Precictor | <name>compressionQosPredictor_gosLevels</name>

° M d | H t t <internalEndpoint>
O e I n e r p re e r = <portName>gosLevels</portName>
I <instance xmi:idref="CompressionQosPredictor F3C2CBE0-B2CE-46CC-B446-

produces something _ rosisuszse />

</internalEndpoint>

=

<internalEndpoint>

u Sefu | fro m th e ScaIersPredictor <portName>compressionQosPredictor</portName>

[ ScaleQusPrecictor | <instance xmi:idref="LocalResourceManagerComponent 7EF8B77A-F5EA-
4D1A-942E-13AE7CFED30A" />

m O d e IS </internalEndpoint>

</connection>
<connection>

«e.g., 3" generation T
code, simulations, /amm/

deployment s

descriptions &

configurations

ictor F3024A4F-F6E8-4B9A-BD56-

>
erComponent 7EF8B77A-F5EA-

PICML generates XML descriptors
corresponding to OMG Deployment
& Configuration (D&C) specificatiy




OMG Component Deployment & Configuration

Goals of D&C Phase
% % * Promote component reuse Hﬁ
SW SW  Build complex applications by assembling .

Crelator Creator,|  exjsting components
« Automate common services configuration

» Declaratively inject QoS policies into Infrastructure
applications Interfaces

_I « Dynamically deploy components to target

- heterogeneous domains

Deployment « Optimize systems based on component

requirements : : :
configuration & deployment settings

Shipping ﬂ {Q/.
0 — N gt

Deployment Deplc;ymen ;
Deployment Interfaces (e e

Tools (generic)

Implementations

SW Deployer

OMG Deployment & Configuration (D&C) specification (ptc/05-01-07)



OMG Component Deployment & Configuration
% % OMG D & C Spec
(PIM & PSMs)

Creator  Creator,
1

XMLSchema
Generation

IDL
Generation

Implementations

E]

Deployment "~ | Interchange
CEOTERERS —— Formats

Shipping l l

SW Deployer

v
O..
L4
L4
L4
&

~—

g — N

Deployment

Deployment Infrastructure

Tools (generic)

OMG Deployment & Configuration (D&C) specification (ptc/05-01-07)



MDD Example: OMG Deployment & Configuration

Specification & Implementation

* Defining, partitioning, & implementing app functionality as
standalone components

Packaging | | B ==
 Bundling a suite of software binary modules & metadata po— == = "
representing app components e[ | |
Installation 1| Packeging [~
* Populating a repository with packages required by app %q_
Configuration an
 Configuring packages with appropriate parameters to satisfy “Im" ™
functional & systemic requirements of an application without Paming L1
constraining to physical resources BESRE EEEE
Plannl_ng B | | | Preparaton He—
« Making deployment decisions to identify nodes in target A Launching
environment where packages will be deployed ——— ||
Preparation [ Assuramce e | ! R
« Moving binaries to identified entities of target environment scripis/metadata Synthesks
Launching
« Triggering installed binaries & bringing app to ready state OMG Deployment &

Configuration (D&C)

QoS Assurance & Adaptation Y
specification (ptc/05-01-07)

* Runtime (re)configuration & resource management to
maintain end-to-end QoS



* Application components are bundled
together into assemblies

« Several different assemblies tailored
towards delivering different end-to-
end QoS and/or using different
algorithms can be part of the package

*e.g., large-scale DRE systems
require 100s-1,000s of components

» Packages describing the components
& assemblies can be scripted via
XML descriptors

DCE




Packaging Aspect Problems (1/2)

—

Ad hoc techniques for ensuring component Inherent Complexities
syntactic & semantic compatibility

o2

- ¢ . DS
Main -~ Main B
Component Component .-+ Component Component --——
Executor Specific Executor Specific
- Context |--=+" - Context |--=+"
D d O CCMContext =D 3 - . O CCMContext D
D—""| (Executors) -1 CExecutors) 1D
= — CCMContext — | CCMContext
EnterpriseComponent EnterpriseComponent
Servant Servant
Container C POA > RT Event Container C POA >
\ Channel
Ad hoc means to Distribution &
determine pub/sub deployment done in
support ad hoc manner




Packaging Aspect Problems (2/2)

Accidental Complexities ﬁxisting oractices

involve handcrafting
XML descriptors

<I- Associate components with impls -->
<assemblylmpl>
<instance xmi:id="RateGen">

<name>RateGen Subcomponent</name>
i e <package href="RateGen.cpd"/>
excess of 3,000 </instance>
lines, even for Kinstance xmi:id="GPS">
medium sized | <name>GPS Subcomponent</name>

scenarios <package href="GPS.cpd"/>
</instance>
<instance xmi:id="NavDisplay">

<name>NavDisplay Subcomponent</nam
<package href="NavDisplay.cpd"/>
</instance>
</assemblylmpl>

Modifications to the
assemblies requires
modifying XML file

(P.._.f‘

~ 2



MDD Solution for Packaging Aspect

3 Prow Prov (s
W Con= Puszh |

Timer PSS AlrFrame MavDisplay
Approach:

* Develop a Platform-Independent Component Modeling Language
(PICML) to address inherent & accidental complexities of packaging

» Capture dependencies visually e eE
‘: T Hame: [Companent Aspect| ClassDisgram ] Base: [N/& =
» Define semantic constraints using = g
Object Constraint Language (OCL) = R ey [
« Generate domain-specific JL }}}}}}}} Jﬁ
metadata from models

» Correct-by-construction

* PICML is developed using Generic
Modeling Environment (GME)

www.cs.wustl.edu/~schmidt/PDF/RTAS-PICML.pdf




Example Metadata Generated by PICML

* Component Interface Descriptor (.ccd) Component
« Describes the interface, ports, properties of a single Packaging
component
* Implementation Artifact Descriptor (.iad) ST 2
« Describes the implementation artifacts (e.g., DLLs, OS, etc.) IO FREEE
Of One Component Component |mp|em.entati0n
« Component Package Descriptor (.cpd) / DLLs I Deﬁg;ff)‘férs
« Describes multiple alternative implementations of a single > packaging (iad)
component

Tools
. . . Component
« Package Configuration Descriptor (.pcd) SIS Package
i ; ; f Descriptors
* Describes a configuration of a component package Des(_ccr(':%‘)ors (.cpd)

» Top-level Package Descriptor (package.tpd) |
» Describes the top-level component package in a package As_?s(r)r:gly Im(;)(ljenr]npeonr]cg?it) )
(Cpk) Descr_iptor
« Component Implementation Descriptor (.cid) ' H L)
» Describes a specific implementation of a component Component
interface s

* Implementation can be either monolithic- or assembly-based
 Contains sub-component instantiations in case of assembly

based implementations Component & Application
. . . . ) Home Properties Assembly
 Contains inter-connection information between components
» Component Packages (.cpk) Based on OMG (D&C)
» A component package can contain a single component specification (ptc/05-01-07)

» A component package can also contain an assembly



Example Output from PICML

Timer =P5S

AirFrame MavDisplay

A Component Implementation Descriptor (*.cid) file

» Describes a specific implementation
of a component interface

» Describes component
Interconnections

<monolithiclmpl>[...]
<deployRequirement>
<name>GPS</name>
<resourceType>GPS Device</resourceType>
<property><name>vendor</name>
<value>
<type> <kind>tk_string</kind> </type>
<value> <string>My GPS Vendor</string>
</value>
</property>
</deployRequirement>
[... Requires Windows OS ...]
</monolithicimpl>

<connection> <name>GPS Trigger</name>

<internalEndpoint> <portName>Pulse</portName>
<instance href="#RateGen"/>
</internalEndpoint>
<internalEndpoint> <portName>Refresh</portName>
<instance href="#GPS"/>
</internalEndpoint>
</connection>
<connection> <name>NavDisplay Trigger</name>
<internalEndpoint> <portName>Ready</portName>
<instance href="#GPS"/>
</internalEndpoint>
<internalEndpoint> <portName>Refresh</portName>
<instance href="#NavDisplay"/>
</internalEndpoint>
</connection>




Challenge 2: The Configuration Aspect

Component middleware is characterized by a large configuration
space that maps known variations in the application requirements
space to known variations in the middleware solution space

in args

o—
operation()

out args + return value
+-—O

Hook for the event
demuxing strategy

@

OBJECT
(SERVANT)

CLIENT

Hook for
marshaling
strategy

Hook for
the request
demuxing
strategy

IDL
TUES

Hook for the
connection

management
strategy

OBJECT
ADAPTER

(Hook for the
concurrency
1strategy

O0S KERNEL

NETWORK INTERFACES

Hook for the
underlying
transport
strategy




Configuration Aspect Problems

Middleware developers Application developers
 Documentation & capability e Must understand middleware
synchronization constraints & semantics
e Semantic constraints & QoS * Increases accidental complexity
evaluation of specific configurations Different middleware uses different
i}%igbvitf?l'}_flf},l111:EE‘.D’._[-’E!._L,DIIIIEF:-"_.DJL Swve .oy Configuration mechanisms

22:23:04 nanbor Exp §  —-» Microsoft

:;;tic id;::.duanced_Resuurce_Facturv” nﬂ XML COnflguratlon FlleS
®

params="-0ORBReactorType select_mt -
ORBReactorMaskSignals O -
ORBFlushingStrategy blocking" /=

<static id="Client_Strateqy_Factory"
params="-0ORBTransportMuxStrateqgy
EXCLUSIVE -ORBClientConnectionHandler

RW" /=
=zstatic id="Server_Strateqy_Factory"

params="-0RBConcurrency thread-per-

connection" /=
JACE_Swc_Confs

XML Property Files

CIAO/CCM provides ~500

Ah. 4. configuration options
CORBA




MDD Solutions for Configuration Aspect

Approach:

*Develop an Options Configuration Modeling Language (OCML)
w/GME to ensure semantic consistency of option configurations

*OCML is used by

Middleware developers to . _ Option
. . . -~ asigng Configuration
design the configuration model | Language Model

*Application developers to
configure the middleware for a
specific application

* OCML metamodel is platform-

independent : Application
\ =4 | Options Mode|
*OCML models are platform- == Afrgiealion

A

- Developer
Specrnc Sarvice
Configuration File

www.cs.wustl.edu/~schmidt/PDF/RTAS-process.pdf




plying OCML to CIAO+TAO

*Middleware developers specify
« Configuration space
« Constraints

« OCML generates config model

ORBConnectionPurgingStrategy

¥ NewO ptionSet

T Name_INeprtionSet IDptionSet Azpect|Aspect

Aggregate | Inheritance | |

MER

NewlptionS et

s
ORB_Default_Resource

¥ test]
] MewDptionSiet
(=1} Cliert_Strateagy

+-{&l ORBClientCo
- 14l ORBConcum
+-ful ORBProfilele
+-fal OREThreadr
+-faf ORBTranspo
ORE_Default_Re
+ {4l ORBConrect

x

Server_Strategy

—;

oy

—;

+-faf ORBCornect
+-Jdf OREConnect
+-af ORBCornect

=t

x

+-Jdl OREFlushing

Client_Strategy

4 faf ORBMuxedC
Felation-Set

Relation-Set

OREBClien
ORECon:

T
i
1 EConnec!

- 3

reac il
thre [l

REBConcurrency

T il

| £
OREThreadPerConnectionTimeout

ORECanr
ORBConr
ORBConr
ORECanr
OREFusk
OREBRuzme
OREProfil
OREThre
ORETran

r_Strategy
+ f&l DRBConcum
+ -4l ORBThreadF

~

reactive

a EEEEEKERE RN &

T
I
I
T
I
T
I
I
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thread-per-connectior

|~

2 Integer
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Ifu &
fif & i

x_ ORBConnectionCachePurgePercentage

nul 43

& Integer

ORBConnectionCachehax
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Applying OCML to CIAO+TAO

* Application developers provide
a model of desired options &
their values, e.qg.,

*Network resources

e Concurrency & connection
management strategies

.
L}

Cunflgiaiy Jﬁ
' ImplR epaServicePort 0 = ;]

TradingS erdcePort |0

EI 0RE_Configuration_Optians
Command_Line_Options
m e i

i i MameServicePort |0

En aiiables o

B Service_Configurator_File TradingServicel OR
EIlent_Strategy_F.actory ImplRepaServicelOR

Resource_Factaries

- Server_Stategy_Factor NameServicel DR

P bedlafe

Il

j

Ag mentioned earlier, envionment variables have a limited uge in TAD ORE configuration. The currently supported environment variables are
listed below, They are uged to specify the I0R and port numbers for three of TAD's ORE services.

In general, setting enviranment variables is not particulary portable or convenient, which is why users can also set these options via

command-ing options. The example shown below demonstrates a deployment scenario where the client and Naming Service run oh the
same host:

% NameSerwice.exe -0REEndpoint iiop://localhost:lZ2345
% client.exe -0FEInitBef NameService=iiop://localhost:lZ345"

An explanation of these command-line optiohs appears below.

Create Cloze




Applying OCML to CIAO+TAO

* OCML constraint checker flags
Incompatible options & then

» Synthesizes XML descriptors
for middleware configuration

* Generates documentation
for middleware configuration

Validates the configurations

B3 ES.?L-F{E-EI’.I.-J‘_-,F.-" I'hE EaDl_l*E!.'_LDIlIlE'.':E 10T, W0 . oo
ACE Sve. Confs

e i

ol i $Id: avc.conf.xml,w 1.1 Z00Z/054Z23
22:23:04 nanbor Exp 3 =

o el

<static id="Advanced_Resource_Factory"
params="-0ORBReactorType select_mt -
ORBReactorMaskSignals 0 -
ORBFlushingStrateqy blocking" /=

<static id="Client_Strategy_Factory"
params="-0RBTransportMuxStrateqy
EXCLUSIVE -ORBClientConnectionHandler
RW" /=

<static id="Server_Strateqgy_Factory"
params="-0RBConcurrency thread-per-
connection" />

YEREE Svr Eanfs




Challenge 3: Planning Aspect

Component integrators must make appropriate deployment decisions,
identifying nodes in target environment where packages will be deployed

COMPONENT REPOSITORY

ES

Configures and Installs Packa
Gets the Configured Package /

i Gets Resource Availability

Repository Admintrator

/Select the
appropriate
package to
deploy on
selected

Qarget

Target Manager

N

‘ Planner

) |
Accesses Via URL Creates the Deployment Plan

Determine current
resource allocations
on target platforms

Select appropriate
target platform to

9

]

Creates

)

Domain Admintrator




Planning Aspect Problems

How to ensure deployment plans meet DRE system QoS requirements

{1Prowy

v Prow Frons v Prone Prow = Conn (:
P Cons Push | - Cons Push | -J-iEI:rTs Puzh |
Timer GRS AlrFrame MavDisplay
HOVSV d]?_y;)u e;valutate [ — How do you correlate QoS
QoS of infrastructure \ & requirements of packages
before applications to resource needs
are built? O
O
= Q
Ca

How do you How do you ensure that

determine selected targets will

current_ resource deliver required QoS

\allocatlons?




MDD Solution for Planning Aspect

Approach

* Develop Component Workload Emulator (CoWorkEr) Utilization Test
Suite (CUTS) w/GME to allow architects to detect, diagnose, & resolve
system QoS problems before system integration phase

o CoWorkEr is an component
assembly of monolithic
components responsible for

generating respective workload
 CoWorkEr ports can be connected

to define operational strings

 Workload Modeling Language
(WML) is used to define CoWorkEr

behavior

« WML is translated to XML
metadata descriptors that
configure CoWorkErs

‘| Benchmark

CPU
Trigger Worker
: P ——
PN
Memory
( D Worker
Event
Handler Lr—'\
Database
Worker

Agent

N To BenchmarkDataCollector

To/From Test DB

Event
Producer |

o)

Eventonvrqwly

InputEvent

d>

o

<CPUAction repetitions="15" />
<DatabaseAction repetitions="30" />
<CPUAction repetitions="30" />

<MemoryAction repetitions="35" operation="DEALLOCATE" />
<PublicationAction repetitions="1" eventType="TrackSimEvent" dataSize="16" />

</Worklo

ad>

MemoryAllocate  CPUAction  Databasection

@ translates to

<InputEvent ev'entTvpe=‘Cummand8imEvgnt“ count="1" />
<Workloa
<MemoryAction repetitions="35" operation="ALLOCATE" />

E m I"_- “)
i | \l_r‘[

CPUACtion MemoryDeallocate OutpatEvent

www.cs.wustl.edu/~schmidt/PDF/QoSPML-WML.pdf




| |
MDD Solution for Planning Aspect

CUTS Workflow for Architects

1. Compose scenarios to Yol
. - £ Associate
exercise critical system paths xperiment Expenmenter QoS
_ Characteristics
2. Associate performance Component Interaction

properties with scenarios & | 3 d j‘ o
assign properties to B = :" ster

components specific to paths e N o

: % x Ji = e,‘:::‘-::‘_‘:t-_:': .f.‘Latenc,..',

3. Configure CoWorkers to run —n

Synthesize
&
Execute

experiments, generate
deployment plans, & measure
performance along critical
paths

Deployment
Plan

4. Analyze results to verify if
deployment plan &
configurations meet
performance requirements

www.cs.wustl.edu/~schmidt/PDF/CUTS. pdf




Integrating MDD & Middleware for Planning

Deployment Plan

CoWorkEr

models system | o = . mm D /
components, = we = C D ————
requirements, | . — == D ot
& constraints Bl =T & 5
N -
« Deployment And \
\ Deployment Manager y Configuration ,
Engine (DANCE) L_Rp=
Resource Allocation & maps plans to 9/ [ j [
Control Engine (RACE) computing nodes T T 7
middleware provides « RACE controls adl] ,%AH';—
deployment planners reallocations LY K\i/f =

www.cs.wustl.edu/~schmidt/PDF/DANCE.pdf




Software Commercial Related Work
Factories ° Software Factories go beyond “models as documentation” by
Applcatins - « Using highly-tuned DSL & XML as source artifacts &

;";‘qutk /jﬁéj' « Capturing life cycle metadata to support high-fidelity model
W transformation, code generation & other forms of automation
g i . www.softwarefactories.com

* The Graphical Modeling Framework (GMF) forms
a generative bridge between EMF & GEF, which
linkes diagram definitions to domain models as
iInput to generation of visual editors

 GMF provides this framework, in addition to tools
for select domain models that illustrate its

capabilities www.eclipse.ora/gmf/

Model-Driven °openArchitectureWare (0AW) is a modular MDA/MDE generator

Software  framework implemented in Java

Development . y; spports parsing of arbitrary models & a language family to check &
" transform models, as well as generate code based on them

Technology,
Engineering,
Management

=
=
=3
=

www.openarchitectureware.orq

D ‘J “-:4

Thomas Stahl,
Markus Vilter




Concluding Remarks

*To realize the promise of model- === = [romomenroors | e T
driven technologies, we need to | *eawea 5 & [ e | |
augment model-driven method- e _{ ‘ ‘

ologies with a solid (ideally WI mw I

standard) tool infrastructure

*Model-driven tools need to (@(

. : . -5 Microsoft
coexist with & enhance existing == n_G't
middleware platform technologies JAVA

*We need to validate model-driven {
technologies on (increasingly) —— kS
large-scale, real-world systems s -

Although hard problems with model-driven technologies remain, we're
reaching critical mass after decades of R&D & commercial progress

*Open-source CoSMIC MDD tools use Generic Modeling Environment (GME)
* CoSMIC is available from www.dre.vanderbilt.edu/cosmic

« GME is available from www.isis.vanderbilt.edu/Projects/gme/default.htm




