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Distributed Real-time & Embedded (DRE) Systems

Remate Office Site

* Network-centric and large-scale “systems of systems”
* e.g., industrial automation, emergency response
Different communication semantics
* e.g., pub-sub
Satisfying tradeoffs between multiple (often conflicting)
QoS demands
* e.g., secure, real-time, reliable, etc.

Regulating & adapting to (dis)continuous changes in
runtime environments

* e.g., online prognostics, dependable upgrades,
keep mission critical tasks operational, dynamic
resource mgmt

DRE systems increasingly adopting
service oriented architectures




Challenges in Realizing DRE Systems

. S Variability in the problem space
2 ' (domain expert role)
e Functional diversity

e Composition, deployment and
configuration diversity

Variability in the so RN A Dy
(systems integrator role) \ \ : ﬁ‘}‘ﬁ‘ Sz ‘; “Tours
«Diversity in platforms, NN W I
languages, protocols & tool
environments

eEnormous accidental &
Inherent complexities

Coalition
Pariners

Mapping problem artifacts

to solution artifacts is hard y m




Technology Enablers for DRE systems:

Component Middleware
— “Write Code That Reuses Code”

«Components encapsulate application

“business” logic
@ «Components interact via ports

*Provided interfaces, e.g.,facets

*Required connection points, e.g.,
receptacles

*Event sinks & sources

\@\ @ « Attributes

IS
i@g Containers provide execution
Container environment for components with
' common operating requirements

« Components/containers can also

eCommunicate via a middleware
bus and

*Reuse common middleware

=¥| A/V Streaming Scheduling Load Balancing SErvICes

%

Container

Middleware Bus

Persistence

Replication Security

Notification




Lifecycle Issues in DRE Systems

@ - @
-

composition & packaging

‘ Advanced Air Transportation Technologies
:@ e P _
' f_’ _-_‘M | | .. ¥

specification

deployment planning &
QoS provisioning

Domain-specific
Services

Common Services

Distribution

Middleware
Infrastructure

Middleware

configuration &
optimization

analysis, validation & verification




Tutorial Focus: Model Driven Engineering (MDE)

* Develop, validate, &
standardize generative
software technologies that:

1. Model

2. Analyze

3. Synthesize &
4. Provision

DRE Applications

Middleware
Services

multiple layers of middleware
& application components
that require simultaneous
control of multiple quality of
service properties end-to-end

<CONFIGURATION_PASS>
<HOME> <...>

<COMPONENT>

<ID> <...></ID>

<EVENT_SUPPLIER>

<...events this
component supplies...>

</EVENT_SUPPLIER>

</COMPONENT>

</CO<I<I|-ILIOG'\TJER>ATION_PASS> perati ng SyS
& Protocols

Jdiddleware

» Specialization is essential for
inter-/intra-layer optimization &

Hardware & advanced product-line
Networks architectures

Goal is not to replace programmers per se — it is to provide higher-level —
domain-specific languages for middleware/application developers & users Il’




OMG D&C Specification

Specification & Implementation

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

Assembly & Packaging

* Bundling a suite of software binary modules & metadata
representing app components

Installation
» Populating a repository with packages required by app

= rackaging

Configuration

» Configuring packages with appropriate parameters to satisfy| -

functional & systemic requirements of an application without
constraining to physical resources

Planning

» Making deployment decisions to identify nodes in target
environment where packages will be deployed

Preparation

* Moving binaries to identified entities of target environment
Launching

* Triggering installed binaries & bringing appln to ready state

Teel Chaln

SpeEcification

R IR

BESEe EREER

Installation

——

Gorfigurs

g

alion
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e

Planning

SRS B

Preparated o

N

=| Launching

g
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GeS

e

QoS Assurance & Adaptation

* QoS validation, runtime (re)configuration & resource
management to maintain end-to-end QoS

al
Assurance [

specification (ptc/05-01-07)

Functional | T Syeeme
y

Madel o

9
Analysis

r r

I - :
soriplaimetadata 5!" nthesis

OMG Deployment &
Configuration (D&C)

| (




Our MDE Solution: CoSMIC

acti 4
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Assembly

Component
Deployer
(6) deployment Deplovment
(2) assembles |2 2 > Ap?)ligation
2 CoSMIC
(PICML) | g g RACE Framework
@
i ) Y= g )| ASSEMDlY
Component planning )
Assembler QQV
I}
i 88 Framework
=3
Deployment % S Assembly
Planner =. £
=
Component Q =
Developer g

(7) analysis &
benchmarking

System

Component
Resource Properties
Requirements
Analysis & Benchmarking

« CoSMIC tools e.g., PICML used to model application components, CQML for QoS
« Captures the data model of the OMG D&C specification

* Synthesis of static deployment plans for DRE applications

« Capabilities being added for QoS provisioning (real-time, fault tolerance)

.W CoSMIC can be downloaded at www.dre.vanderbilt.edu/cosmic




Part 1
The Basics

Tools & Technologies



Technology Enabler: Generic Modeling
Environment (GME)

“Write Code That Writes Code That Writes Code!”
GME Architecture

Application
Decorator - - - Decorator
Developers
(Modelers)
o |
MDE Tool UML / OCL
Developer Paradigm Definition
(Metamodeler)
>
DB#L| AL Storage Options

Goal: Correct-by-construction DRE systems

www.isis.vanderbilt.edu/Projects/gme/default. htm




MDE Tool Development in GME

*Tool developers use [Foe==

/ABLEE QN i F NS NERTEESE Y (8 WX ey
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MDE Tool Development in GME
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MDE Tool Development in GME

*Tool developers use LOREegsgy spsasTpener iarrtiaanaX
MetaGME to developa | e §—
domain-specific I | Al " .
graphical modeling L }= I?‘_'" - —
environment e i T

«Define syntax & — —
visualization of the B~ et icerraaiokor atamis
environment via o == i%EELh:ﬁ:nht:uuﬂ’mem:
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MDE Tool Development in GME

*Tool developers use LR P ERIRT s L ol VR
domain-specific il e

graphical modeling = .‘-:
environment e =

*Define syntax & ot
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environment via - I s i resiniensd

metamodeling — A BAtaNRE ML AR

‘CompressionfosPFredictor® />
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semantics via Object | it g
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MDE Application Development with GME

Fo- - N

°App|icati0n Jidaeatis i iiada ATEIOOESD ¥ b
developers use iy sl
modeling environments u
created w/MetaGME to | i 1oy
build applications o |

«Capture elements & JIT B o i

dependencies =8 -
visually gl L M—# ot

B
5
B
Lo
x |

5

i
- _'
fu.]
Ereamd
™ I [Fa?
F‘ B AEmAn | e | Pup |
Companent CompanantAssamily
< v
j:'\.
CompanintPockae CamponinFackageRefenton
| HLET s M b -

16



MDE Application Development with GME

«Application Vi
developers use
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& 1
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MDE Application Development with GME

«Application D = W g o
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<connecti or>
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Part 2
Case Studies

Bold Stroke
Robot Assembly
NASA Space Mission
Shipboard Computing
Modern Office
Stock Application



DRE System Example 1: Boeing Bold Stroke

Nav Sensors Vehicle Mission Data Links
Mgmt

omputes

Expendables

Bold :

Stroke :
Middleware Infrastructure

Architecture : \
Operating System

Mission Computing Services

Networking Interfaces

Hardware (CPU, Memory, |/O) E

* Avionics mission computing product-line *Based on COTS hardware, networks,

architeceure for Boeing air . F-18 E/F, Qner@ting systems, & mid
o TIMER .

pen Experime
1S P) fQ



DRE System Example 2: RobotAssembly

M anagement
Instructions

Intrusion Alarm
Switches

Human - Watch - Pallet

Off Enable M achine Setting Conveyor

Off Enable N
T I nterface* . M anager * Manager
ast e

Discretes

Control Station J—— ) Robot

; Storage
@ ............................... Da” ce

Disk Storage Controller

P

21




DRE System Example 3: NASA MMS Mission

* NASA’s Magnetospheric MultiScale
(MMS) space mission consists of
four identically instrumented
spacecraft & a ground control

system

» Collect mission data

e Send it to ground control at
appropriate time instances

Spacecraft 1

Sensor
Suite

e

Payload Processor
(I inux Nndp)

X J

\_

Algorithm\

Bus
Processaor

« MMS application

components are bundled
together into hierarchical

assemblies

» Assembly package
metadata conveys
component
interconnections &
implementation

i | Ethernet (802.3) I

alternatives

AN



DRE System Example 4. Shipboard Computing

e Use case drawn from DARPA
ARMS program

« Dynamic resource management '

for mission critical applications

« Multiple application workflows
replicated in multiple data
centers

= — e
R,

SLICE Scenario
SEnsor \\4_- , Amr recovery
i / planner planner \r-—"—'

SENSOr configuration

effector

effector

e SLICE scenario
depicts an application
workflow

23




DRE System Example 5: Modern Office

aummﬁ % oot ™ s |+ Office traffic operates over IP
b e networks & Fast ethernets

|R Hetwork . . .
E - = e Multiple application flows:
st * Email

Security

Video
conference

3 L. » Videoconferencing
- ﬂllh:e Enlerpnse e _
s s s e Sensory (e.qg., fire alarms)
a Fé'-"i' ho— gl | Differing network QoS
S L ((wentes, (SR requirements

. EIUN:JTIHFEEN_\
o "-i_: & sensor siw E ....———Em-"
{ T g controllers -

| « Fire alarm — highest priority
o | (P,

pratc == mi\“ﬂ | » Surveillance — multimedia
video) « Temperature sensing — best
' effort

QoS provisioned using DiffServ
Network QoS Provisioning Steps

1. Specify network QoS requirements for each application flow
2. Allocate network-level resources and DiffServ Code Points (DSCP) for

every application flow joining two end points

Mark outgoing packet with the right DSCP values
24




DRE System Example 6: Distributed Stock Application
\mir —+ Logaing
Component *~__
- ™
I Ida.rftlty II Stock el Database

** Manager ---* Component ~-* Component

if:__

/N Usage Patterns by User Type
Client B ,
Type Percentage | Response Time (msec)
Basic (Client A) 65% 300
Gold (Client B) 35% 150

Design & Implementation
* Functionality developed as components

» Target architectures include multiple different nodes.

 Each component in the DSA is scheduled to complete its development at

different times in development lifecycle

25



Part 3
Modeling DRE Application Workflows

Assembly & Packaging

JIRS Inc 1 Network Architecture Overview

UHF SATCOM m

mMUOE
I"-.\’D . } Joimt =5
-3 USAF C2ISR Platforms TACAIR

f : .-,
i - .;_
O . 1 -
! 3 - . it
FCS ' o
i — e
o m .. ¥
+ i, / ; b
s b ' e
2NN
- Coalinion Fosces N
- gl 2 )



Assembly & Packaging Problem

« 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 -

27




Assembly & Packaging Challenges (1/2)

Ad hoc techniques for ensuring component
syntactic & semantic compatibility

\_Policies ;_' _ i L'T__/P“"Gi% _ Pl

., applies Z-,'-.-'-:. e, - applies ZF-:
) - gt Main 3 O . 5 ain g
o = Component Com pone nt O _:‘ Component CDmpDne nt

é"e‘“’“tf’ Specific é}‘ec“‘f’ Specific
3 o R - Context L. I - Context i
D__,.-"" CCMContext =) _D D__* CCMContext ) _E
Dt QOSContext | ™t ' QOSContext | “HL
I P
- -

4 d AvionicsComponent CCMContext ___-f"/ AvionicsComponeant CCMContext

D_"‘ D—_.‘
Servant Servant
RT Event
Container C POA hierarchy )/ Channel Container C POA hierarchy )

N

Ad hoc means to Distribution &
determine event deployment done in
notification support ad hoc manner




Assembly & Packaging Challenges (2/2)

Existing practices
involve handcrafting

<! — Associate conponents with inpls --> XML descriptors

—~

7

<conponentfil es>
<conponentfile id="RateGenerator">

<fil ei narchi ve nane=" HouseRat eGen. csd"/ >
</ conponentfil e>

XML file in

excess of 3,000 | <conponentfile id="H ResGPS">

lines, even for <fil ei narchi ve name="aGPS. csd"/ >
medium sized </ conponentfil e>

\scenarlos /

<conponentfile id="cockpitD splay">
<fil ei narchi ve nane="“navDi spl ay-if.csd"/>
</ conponentfil e>

</ conponentfil es>

KI\/Iodifications to the
assemblies requires
modifying XML file

29




 Platform-Independent

. —\
Modeling Language (PICML) Component i &1
« Developed in Generic Modeling @ Somyenen Asstb'

Environment (GME)

Component

e Core of - “mponent —ynthesis using
odel- ntegrated - omputing ( ) "

toolchain
o Capture elements & dependencies

visually
» Define “static semantics” using Object T i

. Deployment
Constraint Language (OCL) I - ]
Packager Meta-Model Package

« Define “dynamic semantics” via model E

interpreters

» Also used for generating domain
specific meta-data

. “Correct-by-construction”
g 30




Example Metadata Generated by PICML

 Component Interface Descriptor (.ccd) Component
* Describes the interface, ports, properties of a single Packaging
component

* Implementation Artifact Descriptor (.iad)

* Describes the implementation artifacts (e.g., DLLs, OS, etc.)
of one component

Component &
Home Properties

Implementation

. Component Artifact
« Component Package Descriptor (.cpd) DLLs I Descriptors
» Describes multiple alternative implementations of a single Packaging tiad
component Tools

- [ i Component Component
» Package Configuration Descriptor (.pcd) ompone Packane
Descriptors Descriptors

« Describes a configuration of a component package (ccd) (.cpd)

» Top-level Package Descriptor (package.tpd) ;
* Describes the top-level component package in a package As_?ggrsbly |m%?énrﬁ::ti?on
(Cpk) Descr_iptor
« Component Implementation Descriptor (.cid) H C.od
 Describes a specific implementation of a component Component
interface e

* Implementation can be either monolithic- or assembly-based

» Contains sub-component instantiations in case of assembly
based implementations

Component & Application
) ) ) ) ) Home Properties Assembl
» Contains inter-connection information between components

« Component Packages (.cpk) Based on OMG (D&C)

* A component package can contain a single component specification (ptc/03-06-03)
u component package can also contain an assembly Jl




Example Output from PICML

Timer

A Component Implementation Descriptor (*.cid) file
» Describes a specific implementation of a component

interface
« Contains inter-connection information between
components
<! — Conponent | npl ementati on Descriptor(.cid) associ ates conponents

with inmpl. artifacts-->
<Depl oynent : Corponent | npl enment at i onDescri pti on>

<l abel >GPS | npl ement ati on</ | abel >
<UUI D>154cf 3cd- 1770- 4e92- b19b- 8c2¢921f ea38</ UUI D>
<i npl ements href="CPS. ccd"/>
<monol i t hi cl npl >
<primaryArtifact>
<name>CPS | npl enent ati on artifacts</nanme>
<referencedArtifact href="CPS.iad"/>
</primaryArtifact>
</ monol i t hi cl npl >
</ Depl oyment : Conponent | npl emrent ati onDescri pti on>

32

1 </ Conmponent Assenbl yDescri pti on>

<Conponent Assenbl yDescri ption id="a_HUDDi spl ay" >

<connecti on>
<nanme>GPS- Rat eGen</ name>
<i nt er nal EndPoi nt >
<port Nane>Ref r esh</ por t Name>
<i nst ance>a_GPS</i nst ance>
</i nt er nal EndPoi nt >
<i nt er nal EndPoi nt >
<port Nane>Pul se</ port Nane>
<i nst ance>a_Rat eCGen</i nst ance>
</i nt er nal EndPoi nt >
</ connecti on>
<connecti on>
<nanme>NavDi spl ay- GPS</ nanme>
<i nt er nal EndPoi nt >
<port Nane>Ref r esh</ por t Nane>
<i nst ance>a_NavDi spl ay</i nst ance>
</'i nt er nal EndPoi nt >
<i nt er nal EndPoi nt >
<port Name>Ready</ por t Nanme>
<i nst ance>a_GPS</ i nst ance>
</'i nt er nal EndPoi nt >
</ connecti on>




Part 4

DRE System QoS Provisioning
QoS Modeling

»  Monufocturing
Data Collection

.....

Wireloss B
CNC Control \.,E

©

e DNC Networking
and Control




Sources of Variability Impacting QoS (1/3)

e Understand the sources of variability in the

¢ 0 problem/solution space that impacts QoS
e Find solutions to automate the mapping of

the problem space to solution space

« Per-component concerns
* Problem space: Functionality often supplied as third party COTS
« Solution space: Implementations for different platforms and languages
« P->S mapping challenges:
* Implementations must match platform and language choice
* Choice of implementation impacts end-to-end QoS

e Communication concerns

* Problem space: Choice of communication paradigms (pub-sub, RPC, MOM)
and requirements on QoS

» Solution space: Diversity in communication mechanisms e.g, CORBA IIOP,
Java RMI, DDS, Event channels, and QoS mechanisms e.g., DiffServ,
IntServ, MPLS

« P->S mapping challenges:

» Decoupling application logic from provisioning communication QoS
* Right optimizations in communication paths needed to enhance QoS
« Redundancy and mixed mode comgyunications needed to support QoS




Sources of Vartability Impacting QoS (2/3)

:if:i::i::if:ii

. Assemb|y| concerns

* Problem space: Discovering services and composing them together
» Solution space: Interfaces and their semantics must match
 P->S mapping challenges:

* Must ensure functional and systemic compatibility in composition

» Heterogeneity in platforms and languages in composition impacts QoS

« Deployment concerns
* Problem space: Need resources e.g., CPU, memory, bandwidth, storage
« Solution space: Diversity in resource types and their configurations
 P->S mapping challenges:
» How to select and provision resources such that end-to-end QoS is realized?

* How to (re)allocate resources to maintain end-to-end QoS?

* How to place components so that near optimal QoS tradeoffs are made?
* How to allow sharing of componen&5or assemblies?




Sources of Varlablllty Impacting QoS (3/3)

, ——

__________

Failover Unit

] 1
]
Lomm el
_____ ~ ~
. N
Q N Q
H S
y :
Q

« Configuration concerns

* Problem space: Multiple QoS requires right set of configurations

* What is the unit of failover? What is the replication degree? Are entire assemblies
replicated?

* How to define access control rights?
» Determining system task partitioning, schedulability
» Defining network resource needs
« Solution space: Platforms provide high degree of configuration flexibility
 P->S mapping challenges:
* What configuration options control a specific dimension of QoS?
* How do different configuration options interact with each other?
* How to configure heterogeneous platforms?
« What impact deployment decisions¥fave on configurations?

W =1 (M > 17

W =17 (I~ 17
N




A Single Perspective: Tangling of QoS Issues

Differemn per-component

« Demonstrates numerous
tangled para-functional
concerns

« Significant sources of
variability that affect end-
to-end QoS

QoS concerns tangled
across system lifecycle

Gy | ey i
e L L] X
|' -— Hi L 1]
{:1 Gia G'f Cs |® 5%
rl » ifl » B E_ By S
____ o i R Bl \
| I; | P filure availability
E G\ Fi“:‘:""'B Unil - EOovery COpCRms
" Risk Group concems f
- S ) ) ® ® ® 5
L = o i .- g 2
Loy R (o B8 C Cq B Cs B g
» 1“:]' 2'!-I]' 3!—']- dl—ll 5.... ,%q
= - -"\-\._ = L --\._ . r - :
_I.I e | & |
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Requwements of a Solution Approach
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Need expressive power to define QoS
intent in the problem space, and
perform design-time analysis

e e.g., hetwork QoS needs of
application flows or end-to-end
latencies

Need to decouple DRE system
functionality from systemic capabilities
in the solution space

e e.g., decouple robot manager logic
from fault tolerance configurations

Need to automate the mapping from
problem to solution space

e e.g., automate the (re)deployment
and (re)configuration of system
functionality to maintain QoS

Need to provide a hosting platform with
dynamic adaptation capabilities

e e.g., survivability management of

n
HiT nre in CHE
- ] racton
)
'8

robot manager



Component QoS Modeling Language (COML)

Objectives:
 Express QoS design intent .
 Model crosscutting QoS concerns

* Perform design-time QoS tradeoff
analysis

Dependability QoS
Characerstics
# of Replica = 2

Charactensiics Lo

Timeliness Psinrih smnchl)
WCET = 500ms Frodu

Marnagemenyokinsinections
» VanagermenfNokinzinscians
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FailCwerlim
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WorsD 4= sk Displ MovaF T gl Pala
CiCont Human divmam s s Dl Falle = e Pala
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Walch Sedingl anassr | | ! ¥
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PolSecuniydos il
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—_— Proace
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ecimty Lo
haradenstics
KeyLength = 1024

W

Characiernistics
Traffic = High Pnanty

Robolhanagear
Roboflanagar
oY

Challenges:
Intuitive QoS abstractions

Separation as well as unification
of QoS concerns

4 types of QoS modeling
capabilities
 Real-time
e [ault tolerance
o Security
* Network QoS

Developed as overlay on a
composition modeling
language

Facility to integrate behavioral
modeling

Unified internal mechanism for
QoS integration

Pluggable back end analysis

tools for QoS tradeoff analysi
 e.g., Times tool LEB



Example of Failover Unit Intent

Primary

Component

Q
I

0

0

container/component server

»0— >

container/component server

oG

container/component server

Primary FOU
s "B el |
Replica . . .
| contamer/component server contamer/component server contamer/component server
Component
Replica FOU




COML FT Modeling Abstractions

QoS Enhancements to PICML (Platform
Independent Component Modeling Language)

Metamodel
* Fail-over Unit (FOU): Abstracts away )
details of granularity of protection (e.g. (ﬂ Protection granularity
Component, Assembly, App-string) ' concerns
 Replica Group (RPG): Abstracts away
fault-tolerance policy details (e.g. .4 State-synchronization
Active/passive replication, state- 4 % concerns

synchronization, topology of replica)

 Shared Risk Group (SRG): Captures
associations related to risk. (e.g. shared
power supply among processors, shared
LAN)

Model Interpreter (component placement
constraint solver): Encapsulates an algorithm for
component-node assignment based on replica
distance metric

Component Placement
constraints

Replica Distance
Metric
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COML RT & NetQoS Modeling Abstractions

Real-time modeling provided by the RT-Model

element
« Leverages known patterns of real-time
programming usage: Model
* e.g., real-time CORBA
« Enables modeling of: § s f-,i

* Priority models
* Banded connections
« Thread pools T
e Thread pools with Lanes
* Resources e.g., CPU, memory _
Network QoS modeling allows modeling QoS per ﬁ;_i"ﬁ
application flow
» Classification into high priority, high
reliability, multimedia and best effort classes

« Enables bandwidth reservation in both e e
directions

» Client propagated or server declared models
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COML Security Modeling Abstractions

 Focus on role based access
control

* Fine-grained: SIRE
* Interface Operation
« Assembly Property U
 Component Attribute e

« Coarse-grained:
 Interface PonSecuiyaos
« Set of Operations

» Class of Operations (based
on Required Rights -
corba:gsum) K

» Inter-Component Execution
Flow (Path in an Assembly)

Sens ok
L=
FlannaiCins PrarmsiTwa
i Trapck: | PlanneriOne_Co'WerkEr | | FlasrssrTwe_CaSorkEr |




Modeling & Generative Steps in COML

1. Model components and application strings in PICML

2. e.g., Model Fail Over Units (FOUs) and Shared Risk Groups
(SRGSs) using COML

3. Generate deployment plan

GME/PICML

M odel

Information _ FT Inter preter
Domain, ‘m% ’
Deployment, W

SRG, and FOU

Replica Placement

Algorithm Augmented
Deployment
Plan

4. Interpreter automatically injects
replicas and associated CCM
IOGRs

5. Distance-based constraint algorithm determines replica placement in

deployment descriptors.
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Example: FT Requirements Modeling in COML

Viigsaa mEmEnED 7
AapectFT =] B Wtk Zoo: (100 =]

LEGEND v y
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b |
FOU_Requremants H
-

= =f ATIH_Cosiuned
# | CUTS_Companan inphementahon
|l CUTS_Compranen Flciusges

H |Gl TUTS, Compane Ty

& |2 CUTS_pemertaton ddacts

#- [ CUTS niefacelslniors

# 3 CUTS_Frecelrad Types

* L CUTS_Wodoer lorsresy
HT1H_DE|31E:}'ITIEFIFH1H ¥ [ Conponentplementafiony

FOL_Requremants : E Componen Troes

SRG: Shared Risk
Group

FOU_Recuirements ". il FeullTeferzinte

[Cremo_SEG_Hierarchy

B a gl -
.|

ﬂﬂmﬂurﬂ_tphﬂﬂd Fwﬂﬂﬂﬂurﬁm 1

& (@)

Eail™micr] It P e

L, 3
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Automated Sample FT QoS Provisioning

e Automatic Injection of replicas

« Augmentation of
deployment plan based
on number of replicas

« Automatic Injection of FT
infrastructure components

 E.g. Collocated
“heartbeat” (HB)
component with every
protected component.

« Automatic Injection of _
connection meta-data Container

» Specialized connection
setup for protected
components (e.g.
Interoperable Group
References IOGR)
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Automated Heartbeat Component Injection

Collocated
O/ heartbeat
N component ——
I intra-FOU
C Prlmary FPC Q/ Q \heartbp <« O - Q )
7 o= 7 O- | 0=
omponent | |p— o " he”
'~ - — 0 - 7
w i |
0 0 0
0—F, - > 0—fi - > O—fFf~=
14 A ” DVV _— A - B - C
client 2T i o g
0 D:’/Q container/component server container/component server container/component server
0—F (10 _
- -1 O Primary FOU
—d 1] periodic FPC heartbeat />/—\
00, FPC 4// 0 \ 0 )
Q{L/ * Q O—’ ! . O_f ] S
o 0—1, = __HB © HB
. -. HB B~ — K
Connection L = o = o
. . Py ; ] :
Injection Ot > 0— = — e
“ T m® “ i .
. container/component server container/component server container/component server
Replica
Component

Replica FOU
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Example NethS I\/Iodellng In COML
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4 4 1E e L BRI R A R U N MEMER B 7
TR TR W
* T Bz |Gl |Comporenttamembl, &aipsct| D05 ll Bagdar [Hoth Zioen: {10005 ll
“ [ HIGH_RELIABI LIABILITY | ~
3:! Traffic 1 aoae]
®|  1wookeps & * @
= Reserved -, J
HR_1000 TemperatureSensor HR_500
Tio —eg—————————§ T —-} Tomck
- - - A MULTIMEDLA
FireSensorParking MonitorGontroller3 MonitorControllerz Traffic
| L @f,,-, Reserved
Track | - ] VIDED_5000
:.r .' ...' r .'.'.!!'--- . :
FireSensorServer T
Track
HP_1000 w é Hunlturﬂnnh'ulieﬁ
Same application code — ].f;?" MULTIMEDIA Traffic
different network QoS VIDED 1DI]I] 1000 KBPS Rese
specifications | g3
ety EDIT (300 COpe D) PM X

« Expressing QoS intent for application flows

Multiple connections sharing QoS can use same

Vi

element
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Part 5
DRE System Deployment Planning

Placement Algorithms




Deployment Planning Problem

Component integrators must make appropriate deployment
decisions, including identifying the entities (e.g., CPUs) of
the target environment where the packages will be deployed

COMPONENT REPOSITORY

\Selected target

2l

SeleCt the Taarget Marnager

ap p ro p rl ate Configures and Ir}:,'l!:_lli.',' F‘EII:-C;.-!!'JE |

p ac kag e tO Gels the Configured Package y

deploy on . g " s Rr!ﬁl'_ll_lrrx_'!.ﬁ'\lﬂi|:lhl|l1:p' Determ'ne Current

resource allocations

-
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on target platforms

¥ % r\-'.
Reposilory Adminlrabor

-'. .'.
i 3,

| Plannes / S .-11__
: § 'll'".

Accesses Via URL Creates the Deployment Plan
\ -

I M- 0 -

Hode Creates

A
Select appropriate target [ A\
platform to deploy ' E_D

packages

__
Z
;

I

Dhomigdn Sdmintrator



Example of Shared Risk Group Intent

DataCenter1 SRG Ship_SRG DataCenter2_SRG
Rackl_SRG Rack2_SRG Nodel Node2
/%\ %\ (blade31)  (blade3?)
Shelfl SRG  Shelf2 SRG Shelfl SRG
Blade30 Blade34 Blade29 Blade33 Blade36




Example Replica Placement Algorithm

Define N orthogonal vectors, one for each of the distance values
computed for the N components (with respect to a primary) and vector-
sum these to obtain a resultant. Compute the magnitude of the resultant
as a representation of the composite distance captured by the placement

1.

2.

ok w

Compute the distance from each of the replicas to the
primary for a placement.

Record each distance as a vector, where all vectors are
orthogonal.

Add the vectors to obtain a resultant.

Compute the magnitude of the resultant.

Use the resultant in all comparisons (either among X @)
placements or against a threshold)

Apply a penalty function to the composite distance (e.g. pair

wise replica distance or uniformity)
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Example: Automated Component Placement

(blade32)




Deployment Planning Challenges

How to ensure a particular deployment configuration maximizes QoS

1 AIRFRAME ¢

,—t*-r-

NAV DISP

17
d O

How do you correlate QoS
requirements of packages
to resource needs

How do you
determine
current resource
allocations?

How do you ensure that
the selected targets will

deliver required QoS

z




COML QoS Unification & Tradeoff Analysis

[ Event Bus J

Event
Reception

Event
Generation

Event
Generation

Direct Direct
Invocation Invocation

 Leverages QoS and behavioral models
* Model interpretation using an EventBus framework
 Each QoS dimension publishes its modeled QoS requirements
« A particular QoS dimension is chosen as the driver e.g., real-time
« Acts as subscriber of events generated by other dimensions
» Driver interpreter integrates other QoS dimensions making tradeoffs

on the way -

« Pluggable back end analysis and generative tools



i A LEGEND
Siaks Mew Stabe
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« CQML EventBus architecture weaves in FT and Security concerns
iInto RT concerns

* Feeds to backend schedulability analysis tools e.g., Times
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Part 6
Configuring Middleware for DRE Systems

Middleware Configuration Options

Mational
Command

Domain-specific
Services

Common Services

Distribution

Middleware
Infrastructure

Middleware




Translatlnq QoS Policies to QoS C Optlons

o Apph{;al_mn specific G'DS .y ol MldeWEll'ﬂ'EPﬂElﬁE QDS .y

.-"'-. H'\"\-
policies Hx f,r’ fn-aaumﬁg urefion aptions v Cont Hxx
r Asymchronous baoal Al request buffering, ol
i+ garvica -"'f long max_buffered_requests; Brng U!:d__:_l'r:': _Opas, x"-.
.-"r invacations II."r long stacksize: SArng S _Cont, "'.II
s & long max_buflar_size:; '
| Suppos Multiple Serace Boal alles bomowing,

long law,
lang high;

Lanes
long static lhreads;
long lane_pricrity;
Deg dynamic_thraads;

| simiulaneous Lavials for serveoe ‘

Ill".L I sEfvice axeculiong COMSUMErs !
'\.‘\. .-.-'..
" .-._,.-"
‘HH Service execubed at - ;
e fizcescl pricirity -

Prioritized service invocations
(QoS Policy) must be mapped
to Real-time CORBA Banded
Connection (QoS configuration)

» Large gap between application QoS policies & middleware QoS
configuration options

* Bridging this gap is necessary to realize the desired QoS policies

* The mapping between application-specific QoS policies & middleware-
specific QoS configuration options is non-trivial, particular for large systems

= ([
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Challenge 1: Mapping QoS Policies to QoS Options

e Conventional
mapping approach
requires deep
understanding of the
middleware
configuration space

e e.g., multiple
types/levels of QoS
policies require
configuring
appropriate number
of thread pools,
threadpool lanes

(server) & banded

connections (client)

Client Propagation & Server Declared Priority Models

I args
OBJECT
(sERVANT)

[
Standard

0BJ operation()
Synchonizers

EF aut mrgs + return veiue

1 -

CLIENT

Static Scheduling
Service

Request
STUBS SKELETON
ORB OBJECT
e El'h read Pools APAFTER

Explicit Binding

ORB -
CORE Portable Priorities

0S5 KERNEL

os o SUBSYSTEM
NETWORK INTERFACES

05 KERNEL

0s I/lo SUBSYSTEM
NETWORK INTERFACES

Protocol
Properties

NETWORK
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The Multilayer Configuration Problem

« Component-based Configuration

A S — of components
SOftV.Vare must be Gg:ﬁf‘j;;j”“ '_Eﬁun& assemblies
configurable at many : A A ) T
levels M;ﬁglm 1:_ ; l,.;.-._ :
. . b ; ompanen nac
*e.g., application TR | Speciicatos |
components & T .\ s Configuration of
- - A M~ ——— component server
containers, component| | P:;:ff = D-Eq:nluaymarn — ' Mﬁﬁaﬁm P |
servers, & middleware ! A== Confnlion QL LI ,/-.-|
services & - J //
infrastructure Client i' T T r;,eélﬁunent Server
Object  [= o |r:m¢n-n1| nisisumiciyd
Releroncs | Ciparaticon | 7. Home | Qo5
: Py pr———r—— inias iy
. . ”Naman:l : cﬁﬂﬂ:m ([ r—
Configuration of W Palicy -:—* J‘ I\
event notifiers — S0 T Adepter
T i 28
Adaptation | Real-Time POA ] Y
Configuration of : — Configuration of
the middleware busj F-"Iug-l:;n? v il component
> . - containers

L)




Example: The M/W Bus Configuration

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

|:l:,.l i “:‘._-..._
‘ zuq operation() OBJECT
CLIENT |"EE_A". Al mfge * felurf walue [EE““T]
—_—i

t

Hook for the event
demuxing strategy

Hook for
marshaling
strategy

Hook for
the request
demuxing

strategy

DL

Hook for the

/
ti INTEREACE Hook for the
ﬁ’]oannnaegce:](’:gnt concurrency
strate
strategy U 9y

05 KERNEL o5 HERHEL
—p—

NETWORK

Hook for the
underlying

transport

strategy

mhk1 55L
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Challenge 2: Choosing QoS Option Values

PriorityModel: CLIENT _PROPAGATED PriorityModel: CLIENT _PROPAGATED
PriorityModelPolicy: 50 PriarityModelPolicy: 20
Bands: {10, 20}, {30, 50}, {&0, 70} Bands: {80,100}, {10, 20}, {120, 160}

PriorityModel .SERVER_DECLARED
PriortyModelPolicy: 120

Lanes: {10, 20, 4}, {10, 30, 4}, {10, 50,
4}, {10, 70, 4}, {10, 90, 4}, {10, 110, 4},

ThreadPool: {true, 128, 10240, 65536, ThreadPool: {true, 128, 10240, 65536,
false} 2 false}

{10, 130, 4}, {10, 150, 4}, {10, 170, 4}
H ThreadPool: {true, 128, 10240, 65536,

false}
—(r‘—l Gizmo 1 4—[},— Filter 1 }—D—D—{ Iys-51J—D Fo
V.

) 3
sEoes D Glzmo 2 Fllter 2 Analysus 2 Comm Ground
Agent J
— b - Ny
: g & 'S ™ - ™)
—{Q—r:l—- Gizmo 3 |—D—D—| Filter 3 H 3+ Analysis 3 H —
\ J S

« Individually configuring component QoS options is tedious & error-prone

* e.g., ~10 distinct QoS options per component & ~140 total QoS
options for entire NASA MMS mission prototype

« Manually choosing valid values for QoS options does not scale as size &

complexity of applications increase




Example: Configuring Container Policies

= ™

etermine various
middleware policies
for server objects e.g.,
security, lifetime,

replication
\°P

%

Determine end-to-end
priority propagation
model to use

//w

oA

Ensure semantic
compatibility among
chosen configurations

( I

™

Determine thread pool

Thrud Poaol

Thread Pool

—| sizes; how are they
| | shared; number of lanes

{ Lﬁ_,J j

b

and their priorities; if
borrowing is enabled

_

server ohj

'
* ﬁ)etermine right buffer sizes:|

Determine the server object
management policies

» Existing techniques for

management metadata configurations
\< middleware rely on ad hoc manual
o L N0 L Y, configurations e.g.,
* This “glue code” is CORBA server-side
traditionally handcrafted Container programming
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Challenge 3: Validating QoS Options

PriorityModel: CLIENT _PROPAGATED F'rld:lﬂ'l"_p,l'M‘EldvEl ELIEHT PROPAGATED

PriorityModelPolicy: 50 ataiini N : Pnl:-nt}'MDdEI SEH\-’EH DECLARED
Bands: {10, 20}, {30, 50}, {60, 70} Eand5 {B'EI 1U'I]} {ﬂ] Eﬂ} {12‘[} 160}

ThreadPool: {true, 128, 10240, 65536, : D, Laraea {1'D 20, 4}, {10, 30, 4}, {10, 50,
false} 4}, {10, 70, 4} {10, 90, 4}, {10, 110, 4},

3 L
Science = ) . ™ | : "
Agent —(5—(; Gizmo 2 |—D—}_ )-I Filter2 H —3 ) Analysis 2 H — Comm Ground
— L A '\ ! )

L o

il My i “ s =

—{Q—r':‘l—- Gizmo 3 I—D—D—i Filter 3 H 3+ Analysis 3 H —

», s —

« Each QoS option value chosen should be validated

 e.g., Filter priority model is CLIENT_PROPAGATED, whereas Comm
priority model is SERVER_DECLARED

« Each system reconfiguration (at design time) should be validated

* e.g., reconfiguration of bands of Analysis should be validated such that
the modified value corresponds to (some) lane priority of the Comm




Challenge 4: Resolvmg QoS Option Dependencies

~—D—- Filter 1 }_E"_"'_“| Analysis 1 »—[

F‘»—| Filter 2 |—|:‘.'—.- )—{ #.nal;rmﬁz Ho

|

ThreadPool priorities of
_.—{ Filter 3 |—|:~—3_,—{ Analymﬁﬂ H.J [ Comm should match

priority bands defined
* “Q0S option dependency” is defined as: at Gizmo

* Dependency between QoS options of different components
« Manually tracking dependencies is hard — or in some cases infeasible
» Dependent components may belong to more than one assembly
» Dependency may span beyond immediate neighbors
—e.g., dependency between Gizmo & Comm components

« Empirically validating configuration changes by hand is tedious, error-
prone, & slows down development & QA process considerably

Science [ 2 '
. Agent = B

» Several iterations before desired QoS is achieved (if at all)




Solution Approach: Model-Driven QoS Mapping

« QUality of service e I A np: :
pICKER (QUICKER) PP T — A1
e Model-driven
engineering
(MDE) tools model
application QoS
policies

automatic

mapping of QoS
policies to QoS
configuration
options
 Validates the
generated QoS Fl a1 1 [ ==

0] ptl ons G0S Mapping of QoS policies to QoS optione using GRaA ] Hogar Input HEDTEEEII'II-E.ﬁEII'I af .ﬁﬁmlcatmn

« Automated QoS mapping & validation tools can be used iteratively
throughout the development process
\Y4
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QUICKER Enabling MDE Technologies

* Enhanced Platform
Independent Component _ __
Modeling Language S X
(PICML), a DSML for -
modeling component-
based applications

* Q0S mapping uses
Graph Rewriting &
Transformation (GReAT)
model transformation
tool

» Customized Bogor
model-checker used to
define new types &
primitives to validate
QoS options

=

fppication Devaloper

/>

System Configuration Evolution




QUICKER Enabling MDE Technologies

* Enhanced Platform
Independent Component
Modeling Language
(PICML), a DSML for

modeling component-

based applications

* Q0S mapping uses
Graph Rewriting &

Transformation (GReAT)

model transformation
tool

» Customized Bogor
model-checker used to
define new types &
primitives to validate
QoS options

Applicaton It \
T —— \
policias Appication Devaloper

Sysiem Configuration Evclutio
gi »

_comL)
|

————q_umhuﬁmﬁm_F:::::

CQML Model
Interpreter

Bogor Input
Representation

« COML Model interpreter generates Bogor Input Representation (BIR) of DRE
system from its CQML model
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QUICKER: Transformation of QoS policies(1/2)

1. Platform-Independent

MOde“ng Language RegquirermeantProsy

==hlodelProxy==

(PICML) represents ;
application QoS policies

RequirementProxy

* PICML captures policies et can be per
. eguirements
in a p|atform_ ==Model== Component or
independent manner —— Lassembly instance
* Representation at
multiple levels R SR
prioritize_service_invocations ; bool fixed_prioirty_senice_execution : hool
°e.g., ccl)jrlnplonelnt— or - 3 :
assem y' eve MultipleSericeRequests Servicelevels
==Atom== ==Atom==
simultaneous_service_execution bool | |varving_service_levels - baoal
minimum_simultaneous_serndce_level © field
huffer_serice_requests : bool
maximum_simultaneous_service_level : field

l/ : QUICKER| ;, _——

. W Model \~ ~h + “¢Target Platiorn
s ]:r | Transformation _Jifi camL | F-]x Model Checker J’t[-' R

i -




QUICKER: Transformation of QoS policies(1/2)

1. Platform-Independent
Modeling Language
(PICML) represents
application QoS policies

* PICML captures policies
In a platform-
iIndependent manner

* Representation at
multiple levels
e e.¢g., component- or
assembly-level
2. Component QoS Modeling
Language (CQML)
represents QoS options

« COQML captures QoS

configuration options in a [ et J:'[ Sy Jib[
platform-specific manner

.['.
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QUICKER: Transformatlons of QoS policies(2/2)

3. Translat!o_n of appllc_:atlon (o |
QoS policies into middleware _L_.g
QoS options

e Semantic translation rules
specified in terms of input
(PICML) & output (COML)
type graph

* e.g., rules that translate
multiple application
service requests & service
level policies to
corresponding middle-
ware QoS options

 QUICKER transformation
engine maps QoS policies
(in PICML) to QoS
configuration options (in
CQML)

Provider

| Provider Service Levels

Service Levels

Ty

’ Priority '
Model

Priority Model Policy




QUICKER: Validation of QoS Options (1/2

1. Representation of middleware QoS o e ol RO
options in Bogor model-checker .

* BIR extensions allow representing band;

threadpool;

domain-level concepts in a system S i e
axpdel JoSO0ptiomns.lane createlane |

policys
model
int static, int priority, int dynamic};

° QUlCKER deﬁnes new BIR f¢ ThreadPool constructor.

expdef QoS0ptions.threadpool

- : createThreadPool (boolean allowregbuffering,
eXtenSIOnS for QOS OptIOnS int mazbuffersdreguests, int stacksize, int
maxbuffersize, boolean allowbocrrowing):

be used for

 Allows representing QoS options & e i gl il § ol i Y
. L. . . actiondef rag erBands (QosOptlions.pollcy
domain entities directly in a Bogor barion ooSuksbasne ot
input mOdeI :'..?T.'_:r.*iq;-c' 1';9’15'50;1&“&-:‘:-;SES'-J[;-E]-.;l:lE.pT'_ii}'
policy, QoSopticns.lame ...);
—e.g., CCM components, Real-
time CORBA lanes/bands are e kmir pe e

edu.ksu.cls. bagor . module. fuicker

Fi/ Definas the now typa.

first-class Bogor data types
. typedal Componant;
« Reduces size of system model by | /' copenent construceer,

expdel Julcker .Component

Ei\/()i(jir]gy rT]LJItiF)IEB I()\A/_lea\/eal createComponent (string component);

/ Set the QoS policy for the component.

Varlables to represent dOmaln actiondsf registerfoSdptions (Quickser.Componsant

componank , QoSdptions.policy policy) s
H £ Maka connectlions BEetween CcoOmponants.
Concepts & QOS Opt|0ns actiondaefl connectlomponents (Quilcker.Component

garvar, guickar.Componant cliant):
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QUICKER: Validation of QoS Options (2/2)

2. Representatlon of propertles (that ','j }‘“”1'1 IEr T L '1 L o
f Declare a ata=type variables to be used in this
a system should satisfy) in Bogor

* BIR primitives define language
Jf Inastantlate tChe components With QoSPelicles;
constructs to access & // Reglater policles with components; Register
. . /f compenents as per assembly structure in Cf node 1
manipulate domain-level data PUIRATS A% ek aseby s S
types, e.g.:
» Used to define rules that validate
QOS OptIOnS & CheCk |f property &1 ':'lll]...'lri.TI getPriorityModelPolley (Comm)
is satisfied SR

3. Automatic generation of BIR of S, g yansii sammynn, ppvsasmis
DRE system from CQML models when ! (pm == pmodel.SERVER_DECLARED) do

ach: 1ive (1 /f

when ! Quie P t.hasQos0ptions (Conm)

[=1=kdtF

Rule determines if ThreadPool priorities o Dooptilians. gerlemernaned. {ansiysi 1),
at Comm match priority bands at Analysis yoto locd;

oo locd: live [hri}

Model interpreters auto-generate
Bogor Input Representation of a
system from its COML model

' lrl := QesOpticns.getUpperBound (Rnalysis_3);
I gote loch;




Soln: Translating Policies to Options (1/2)

Requests are executed at the

varying prionty Priaritize service
o invocations
b,

\\
\Y

sarvice executions

— n—(}: Gizmo 1 ’—H—aj—l Filter 1 J—. 3 )—1 Analysis 1 -|_‘,_ Support simultaneous

Soien0a —r”%‘ Gizmo E Filter 2 Analy&us 2
Agent ) --
L . L

i - 8 . b = g ) IF. i
—h’,l—4_;-| Gizmo 3 ]—_‘—D-[ Filter 3 i—[}—D— Analysis 3

» Expressing QoS policies
* PICML modes application-level QoS policies at high-level of abstraction

 e.g., multiple service levels support for Comm component, service
execution at varying priority for Analysis component

* Reduces modeling effort
e e.g., ~25 QoS policy elements for MMS mission vs. ~140 QoS options




Soln: Translating Policies to Options (2/2)

* Mapping QoS policies to
QoS options
* GReAT model
transformations automate
the tedious & error-prone
translation process

e Transformations generate
QoS configuration options
as COML models

 Allow further
transformation by other
tools

* e.¢g., code optimizers &
generators

« Simplifies application

traceability

SoeEnce

aganl |

{ ="k E’ln...‘. Haie Flied - = Analysis 3 H

| Rscpuine spparn for
| idaggipnsl I|.|"'H|||u

.q{ﬁ.ﬂﬂi ara ampcutnd @ T

Adins pronly ds s relusing

" ‘_'-.. Fiker 1
Fd

“d Giggha F —'-I—. '~ i 3 —;.-'—-:.'::— Armlyms 2 H

Aequrs suppor lor

| Raquere sapport for

Fatuies Conurrency
s i ke BG hangdie
ol (Ao requssis

PrigrilsMidet. CLIENT PROPAGATED

false)

Emanisn

Bands: (10, 20}, (30, 50}, [0, T0)
ThesndPool: frus, 128, 10240 5536,

fgenil

1240, EES3E

| ThimadFoal {um, 128
[l

s

—d Gamoi H

W Gamod e = Filler 2

—{ n Gl A i Fliecd

Fibar | H—Dd A w0

|.L'_-.W,J;E:-E !

= A Aralyss 3 - —

| | PricwiyMessl :SERVER_DECLARED
| | Priciy Model Policy: 1210

| | Lanes: 110, 20, 4), {v0, 30, 4§ {10, S0,
| {4k 90 70, €], [0, 90, 43, 110, 110, &)

{10, T30, 4], (10, 150, 4%, {10, 170, 4]
ThieadPook [nee. 128, 10240, BG5S
flaa|

development & enhances
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Soln: Ensuring QoS Option Validity

« COML model
Interpreter
generates BIR
specification from
CQML models

* BIR primitives
used to check
whether a given
set of QoS options
satisfies a system

property
* e.g., fixed
priority service

| PriorityModel: CLIENT PROPAL
PriarityfodeiPolicy: 60
Bands: {10, 20}, {30, 50). {60, 7(

| ThreadPool: {true, 128, 10240, §
|fal-sa:|

~ QUICKER

EC BhileEyics
[ EMDice |

Metaos

[ 1

57

sl harke
bohfin
- Beoka

aul_a
diarlaa

BClosedED
[ BMCinsedED ]

ol

BMDedcees

FailZrar nit
IEQuUration

Timei:

o e

l data_ .lg.n'l'

ExiDisplay
| BMCusplay |

( Model Checker

PriontyModel: CLIENT .FHDF'
PriontyhModeiFolcy: 40
Bands; {100, 1:30], {140, 1504], {50, 6

ThreadPood: {true, 128, 10240, 65536,

fatsm]

Iﬂ.r\.n.r.l or |

execution, a property of Comm

component

« Supports iterative validation of
QoS options during QoS
configuration process

- fbrus, 128, 10240, 65536

el .SERVER. DECLARED
delPalicy: 120

20, 4}, {10, 30, 4}, (10, 50,
47, {10, 30, 47, {10, 110, 4]
Il {10, 120, 4], {10, 170, 4]

i

el




Soln: Resolving QoS Option Dependencies

* Dependency
structure
maintained in
Bogor used to
track
dependencies
between QoS
options of
components, e.g.:

e Analysis &
Comm are
connected

e Gizmo &
Comm are
dependent

prityModel: CLIENT_PROPAGATED |
PlonlyModelPalicy. 20
i finas: (80, 100), {10, 20], {120, 160)
sadPool: {true, 128, 10240, B5535

| PriorityModet: CLIENT PROPAGS
| PriarityModelPolicy: 50

|Bands: {10, 20}, {30, 50], {60, 70}
| ThreadPool: {true, 128, 10240, &5
ifal-sa::

Soence

Agant |

5 i i
—H—_q Gemo2 - 33 Filer2

Detect mismatch if

i -I Gamg U
either values change

“4

| PromyModel SERVER._DECLARED
'ﬁ_r_-l_u WoielPolicy:

Lanes: (10, 20, &), (10, 30, 81 (10, 00,
d}, {10, T, 4], {10, 90, 4], {10, 110, 4]

fy

Priontyhocel: CLIENT, -FHDF'-EGATED

\ Bands: {*m, *}, {140, 150}, {50, GO

s S

Dependency Structure of MMS Mission Components

e Change(s) in QoS options of dependent component(s) triggers detection of
potential mismatches

e.g., dependency between Gizmo invocation priority & Comm lane pi‘lmi
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Part 7
Continuous System QoS Validation using
“What If” Analysis

MDE for Emulation Techniques



Level of Abstraction

Serialized Phasing in DRE Systems (1/2)

_ F
- N
System sensor \\ e error recovery effector
Infrastructure _ /plamer mannar\
components | |
developed first SEnsor nfiguration effector
\JEVEIOPEA ISt / -
Bio = Application components
| | - developed after
e e | infrastructure is mature
H Layer
- E

Development Timeline
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Serialized Phasing in DRE Systems (2/2)

| Finished development S .
. SLICE Scenario Ve N
N — ;’f errorrecovery ™./ sfector

.--""'II et -
ff':f planner plarner -

ronfiguration

Eystem Integration
& testing

Integration
Surprises!!!

Level of Abstraction

Target Infrastructure —_—

Development Timeline
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Complexities of Serialized Phasing

| Stillin development | SLICE Scenario | i
sensor \\‘ ' -F' errar recovery effector
e / planner planner \—

SENs0or configuration effector
- Ready for testina o
o Domain Layer Complexities
S ol | | e System infrastructure cannot be
D || *“j,'.k-&’f-’. s tested adequately until applications
<  —— o are done
"'5 ' R Layer
>
()
-

Target Infrastructure 1—

Development Timeline
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\ Overall performance? - " pr— -
. SLICE Scenario .
\‘\ RF_ = __.-"//E’I'I"CIF covery / Belor

sepeor i
o .
7(s=:ur
S Do ey |
o | -~ P
e i\ _
5 || ol : /H%
G) \ \ - |
5 A XNV
- - s A
= : i
Target Infrastructure —_—
Development Timeline
|

Complexities of Serialized Phasing

ir'_

/wﬁguratiun /@ctur
Complexities

» System infrastructure cannot be
tested adequately until applications
are done

 Entire system must be deployed &
configured properly to meet QoS
requirements

 EXisting evaluation tools do not
support “what if” evaluation

It is hard to address these concerns in processes that use serialized phasing



QoS Concerns with Serialized Phasing

Meet QOS g? SLICE Scenario
equwements sepsor ‘\_ I T

f— FIIF ner

pldnner

N\

7(51:”
Domain Laye Key QoS concerns
* Which D&C’s meet the QoS

|~ \} }

’ .jfyam”‘y 5/% requirements?
—N ’/ i
SV oA

_\\/\ N7

v

Level of Abstraction

e o=

Target Infrastructure —_—
>

Development Timeline




QoS Concerns with Serialized Phasing

Performance [— . e
PN SLICE Scenario
mEtI'ICS : SEpEOr F—r errar rFecovery

F——_
/wﬁ’guratiun

planner plariner
7(51:”

Key Q0S concerns

/

N\

g | Domain Layes
I R— ., . -— b . y
S | - ‘ } / » Which D&C’s meet the QoS
2 .jfyem. # Tz +é . requirements?
< )\ = - » What is the worse/average/best
S ,_*JVWV/ *// time for various workloads?
) ; -
D K
o - = .

...... 2 .;::Z;_ _*"'I__ £

Target Infrastructure —
>

Development Timeline




QoS Concerns with Serialized Phasing

—
. SLICE Scenario /’ \
\\{:r— . errorsecovery ™/

—
4

—

Sepsor

System
overload?

s ‘\ ain Layer / Key QoS concerns
§ \_\a\ / | . Whlgh D&C’s meet the QoS
2ol ___j>\ m;@e/_ requirements?
é:: | 1\ * What is the worse/average/best
[ (e ANPAT™ *f//— time for various workloads?
> | XA » How much workload can the system
— || g Y handle until its QoS requirements

l'-_ H A3 are compromised?

- . o=

Target Infrastructure —_—
>
Development Timeline

p—p— r===1

It is hard to address these concerns in processes that use serialized phasing



Approach: Emulate Behavior using Next Generation

S%/stem Execution Modeling Tools
Component Workload Emulator (CoWorkFn

Utilization Test Suite (CUTS) Workflow

While target system under development:

1. Use a domain-specific modeling
language (DSML) to define & validate
Infrastructure specifications &
requirements

2. Use DSML to define & validate
application specifications &
requirements

3. Use middleware & MDE tools to
generate D&C metadata so syste
conforms to its specifications &
requirements

4. Use analysis tools to evaluate &
verify QoS performance

5. Redefine system D&C & repeat

Enables testing on target infrastructure throughout the development lifecycle
http://www.dre.vanderbilt.edu/~hillj/docs/publications/CUTS-RTCSAOQG.pdf



Distributed Stock Application anllenges
- ClientA - Naming = - Logging " Replaceable with
T FJ’ Service ’_H,,--""'J Component '“ﬁ_ “real” component
- 1 %, .
= g ______ﬁ.r’ .
-" e “‘ .~
/ 1 Gatawa'_f ______ Identlty .0 ‘Stock . .| Database
Enmpﬂnent ------* Manager g Eumpunent . Cnmpcnent

& "'___: \ Microsoft .NET &
ClentB " Realistic user behavior | Realistic behavioi

. . & workload
Challenges of Continuous QoS Validation

1. Emulating Business Logic: Emulated components must resemble their
counterparts in both supported interfaces & behavior

2. Realistic Mapping of Emulated Behavior: Behavior specification should
operate at a high-level of abstraction & map to realistic operations

3. Technology Independence: Behavior specification should not be tightly
coupled to a programming language, middleware platform, hardware

technology, or MDE tool
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DSMLs for Continuous QoS Validation

Component Behavior Modeling Language (CBML)

* a high-level domain-specific modeling language for
capturing the behavior of components

« e.g., its actions & states n——6——n
BasicType_Input  query stock_infa basic_respo[ Se .
_ CO——()
Workload Modeling Language (WML) s .58 f log_status |
oy =_, -.I u E

« a domain-specific modeling language  Go'dTyrelnput query_stock info.gold_response. i
for capturing workload, & used to
parameterize the actions on CBML

Worker =h
= L Ry
|

Legend: ﬂ _ f
a Worker
[_] f

Package

CBML & WML were both developed using GME
(http://wwwe.isis.vanderbilt.edu/projects/GME)



The Component Behavior Modelina Lanauaae

Context Component
, . Reference
« Component’s behavior can be
classified as: communication & internal , —~
actions O— 2
 Need to define these actions as close - & o b
. . 3z o 8 —C £g
as possible to their real counterpart =1 ﬁ =2 5t
) = =
(i.e., Challenge 1) 2 Po - = g D o o
N ) ?’53 3 3l D
Research Contributions of CBML  Aftributes 7
« Based on the semantics of = =
Input(Output (I{O) Automata | o ® 6 o *
* l.e., contains representative Input Action State  Action  Qutput Action Variable
elements =
. . L. . . tcondition:
 Behavior is specified using a series of *
action to state transitions SR R cmm
« Transitions have preconditions that B~ —6—0O—n
represent guards & effects have BasicType_Input  query_stock_info basic_respofse 5
postconditions that determine the new  oria O——0
. T log_status
state after an action occurs ol ot gold_count ++ - ;
« Variables are used to store state & can o—QO——0O—n

_quenystock_info.gold_response

be used within pre & postconditions GoldType_Input.
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Domain-Specific Extensions to CBML

Context

« Some aspects of component- }F_Fﬂ !
based systems are not first-class _“WW * -E
entities in I/O automata

* e.g., lifecycle events & s —
monitoring notification e
events n

 Extended CBML (without affecting

formal semantics) to support
domain-specific extensions [_€nvironment .

Domain-Specific Extensions

* Environment events — input
actions to a component thatare === — ————— — —

triggered by the hosting system periodic — 4, O—o—0
rather than another component ' gold_user — gold_request
 Periodic events - input actons ™ H§&- O—O—D—0)
b b
from the hosting environment that o mmm”ejﬁ": iRl RARISRNERI

[aYalH 1l aVa If\A II\I
CCul pcnuuu,any
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Ensuring Scalability of CBML

Context

« One of the main goals of higher- R
level of abstraction is simplicity &
ease of use

 Itis known that one of the main
drawbacks of automata languages
IS scalability

Usability Extensions

 Composite Action — contains other
actions & helps reduce model

R o

clutter 5 e |

* Repetitions - determines how ESSQH;;';S;ESSWQE o0 e e
many times to repeat an action to LT -0 —0—0
prevent duplicate sequential o MR
actions

* Log Action - an attribute of an gg— 80
Action element that determines if P i
the action should be logged 1

Tool Specific —- GME add-on that .7 it | e | P |
auto-generates required elements Ceahcton el
(e.qg., states) o
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The Workload Modeling Language
Context

generic action |
« CBML as a standalone language is ¥

sufficient enough to capture basic_cout _>———2~ | no payload
behavior of a component b o o -0 5
« For emulation purposes, it does BasicType_InpUt  query_stock_jnfo basic_resporjse

not capture the reusable objects of & Cr——()

a component & its workload (i.e., ot 1 log_status
gold coun
Challenge 2) o o —0O—n

Research Contributions of WML Goldwfn_e_lnpu_t_'f‘ia'uew;ma_.mtai_g@_l_d__r_e_s.p_qns_e_______________5

* Middleware, hardware, platform, &

programming Ianguage executable actions ]
Independent DSML

» Used to define workload
generators (workers) that contains - =
actions to represent realistic |-
operations

» Defined using a hierarchical
structure that resembles common Package
object-oriented programming
packaging techniques that are workload generator ]

consistent with conventional

qodd_count ++

3 rnl |_‘r ‘}?‘\ I_ ?:}q‘ﬁ
Legend - Action Propearty

| condains " . v --.! Worker
—I.' I

component technologies

;




Integrating WML Models with CBML Models

Context Integration Enablers
« CBML & WML are standalone * WML worker elements have
DSMLs with a distinct purpose \S/gmfblrggdel semantics as

— 1.e., model behavior & workload, « WML actions have same

respectively modeling semantics as CBML
« WML is designed to complement actions
CBML by providing CBML with « Allows WML elements to be
reusable operations that can map to used in CBML models

realistic operations
%\ |:> () |:> % WML Legend:

Database_Worker  query_stock_info stock_symbol
CBM L e
. '

[ references Y

# j ey
basic_count = S
oO—O—@&—O 5
EBasicType Input db_handle basic_response ;
[ query_stock_info ] o~ .

1 log_status

1.. ’_> e gold count 5
oD—0O—6—0—m— |

GoldType_Input  db_handle gold_response

[ query_stack_infao ]
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Integrating Behavioral and Structural DSMLs

Context

« Structural DSML (e.g., the
Platform Independent Component | e ™%

Modeling Language (PICML output ports component input ports
g Langiace (L) & | ()

capture the makeup of

component-based systems _1_t I S I I R i_'”T
« There is no correlation between a - 1 ! et
component’s ports & its behavior *
. 1
Integration Enablers (behavioral model

« Defined a set of connector
elements that allow structural mput connectlons ]
DSMLs to integrate with (or e -
contain) CBML models

& CBML, : output name

*

 Input ports directly connect to Jasic_count go_handle  9old_count i
Input Action elements | | 2
] I D ----- A— O —0—0 b{aa:c_respm:se |
« Output actions have the same | coatype_npu! db_handle buﬂp L1 oo |
name as their output port to ; ] O e W el
reduce model clutter | it | ‘D
e je., pre\_/ent many to one igasw_p_,,-pe_mput Wl _handle.. s gold_response i log_status |
ConneCtlonS :;‘_______i':::::[;n;_im:_m:]::::::::::::::::i ______ "II

\Y -




Code Generation for Emulation

Context

* The generation technique should
not be dependent on the underlying
technology

« Although we are targeting CUTS,
would should be able to generate
emulation code for any
benchmarking framework

Generation Enablers

 Emulation layer — represents the
application layer’s “business logic”
where elements in WML used to
parameterize CBML behavior are
mapped to this layer

 Template layer — acts as a bridge
between the upper emulation layer
& lower benchmarking layer to
allows each to evolve independently
of each other

 Benchmark layer — the actual
benchmarking framework (e.g.,

void DatabaseConponent: ipush BasicType Inp

Component Cnmp-nnent
| H
| Emulation | Emulation Top Level
| Templates i | | Templates ] Middle Level
: AR | e
L - g -

went method |

emulation

TH_I'E
eptio

luer

AcE template /
7 {_benchmarking ==
thisj}hasic_cuunt_ ++ -

IVATION RECORD () ;

recurd—}perfurm_ackion_no_lugging i
CUTS_Database Worker::cquery stock_info (this->db_handle 1);

CUTE CCH Ewvent T <0BV QueryResponses
this-=context -=push basic response {_ ewent 1000000Z8

__ewent 100000025 ;
Sim (hh s

CUTE _CCH Ewent T <0BV LogStatuss _ ewent 1000000Z3  ;

this-rcontext -Fpush log status (_ event 100000023  .din ());

ﬁJTS)
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Part 8
Usecase-driven Middleware Optimizations

Feature Oriented CUStomizer (FOCUS)
&

Pattern Oriented Software Architecture
Modeling Language (POSAML)



Optimizations for Product-line Architectures

-
Fiﬂi i?;;' >}%§3IT\ zéjlﬁgf‘\ "'7:!!l|llll'

N
AV 8-B - F/A 18
product
elraor?;nctt ﬂ variant UCdAV
roduct
ero-(;LSct A A7 F\)/ariant

variant
HUD ~ GP

| Domain-specific Services

oL \

y ——

A\

Common Middleware Services
[ Distribution Middleware E

Host Infrastructure Middleware | .
[ OS & Network Protocols ] Z:gﬁ#;&l&?:
[ Hardware (CPU, Memory, I/0) |

*PLAs define a framework of components that adhere to a common
architectural style with a clean separation of commonalities and
appropriate provisions for incorporating variations

* Middleware factors out many reusable general-purpose & domain-specific

services from traditional DRE application responsibility

Standards middleware is a key technology candidate for
supporting and sustaining vision of software product-lines




Middleware Structure & Functionality

.
APPLICATIONS J
DOMAIN- _REPLIC&TIDN
SPECIFIC ) ERVICE \

SERVICES -
" COMMON <
MIDDLEWARE, | ciamvi
. SERVICES
” I

[—Q1

b [— |
4 ™
INFRASTRUCTURE

MIDDLEWARE
M I

OPERATING

SYSTEMS &

PROTOCOLS . . .

- HARDWARE DEVICES

* There are layers of middleware,
just like there are layers of
networking protocols

» Standards-based COTS middleware
helps:

e Control end-to-end resources & QoS

 Leverage hardware & software
technology advances

* Evolve to new environments &
requirements

* Provide a wide array of reusable, off-
the-shelf developer-oriented services

* Problem
e Manually provisioning
middleware is tedious, error-
prone, & costly over system
lifecycles

Need an intuitive, visual and declarative
mechanism for middleware provisioning.

e
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Technology Gaps in Middleware for PLASs

F‘rnd'ﬁﬂt L'i'ne Architectu res

Faalura QoS
Reguirements Reguiraments

Footprint
Raguiremants

'NEED FOR

T -

e _” w 9 ; H_EED_I?UTJGN
| R S R o
| & v H_.mh:lj' I_E'HI'I k3
|\ seeeffic o kmized )| infrastructure JE

=y

PLAs have very “focused but
crosscutting” requirements of underlying
middleware infrastructure

» Optimized for the platform

* Lean footprint

« Efficient configuration & deployment

e Support run-time adaptations &

reconfigurations

Standards middleware development &
optimizations philosophy catered to
maintaining “generality, wide
applicability, portability & reusability”

 OS, compiler and hardware
independent
 e.g., CORBA, J2EE. .NET

These technology gaps are hindering PLA
progress => adverse economic and societal
consequences

» e.g. shortcomings of pre-postulated

Need to tailor and optimize standards middleware for PLAs while
continuing to provide standards compliance, portability and flexibility




Middleware Specialization Catalog

Specification-imposed
specializations
 Layer-folding

« Constant propagation
 Memoization

Framework specializations
» Aspect Weaving
techniques

* Bridge > Reactor

 Template method >
Protocol

» Strategy > Messaging,
Wait, Demultiplexing

Component
(Servant)

Deployment platform
specializations
« Unroll copy loops
e Use emulated exceptions
e Leverage zero-copy

i data transfer buffers

*Development of reusable specialization
patterns

* ldentifying specialization points in
middleware where patterns are applicable

* Domain-specific language (DSL) tools &
process for automating the specializations
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Feature Oriented CUStomizer (FOCUS)

FOCUS addresses specialization challenges by building specialization language,
tool, & process to capture & automate middleware specializations

Middleware Instrumentation Phase
e Capture specialization transformationsvia || ..

FOCUS specialization language i & iiook
* Annotate middleware source code with iddleware Developer
specialization directives .
p
Rules
» Create a domain-specific language (DSL) \ \
to capture middleware variability » ~1,000 Perl SLOC Parser +
weaver
| - ~2500xmL sLoc
specialization files
. .. ) - » ~50 (files) annotations
Middleware Specialization Phase ks f% i
: 7o, s ) |y N
* Analyzes & determines the type of i 7 T
specializations applicable G s waseiee ) /%

Application Devloper

* FOCUS transformation engine selects the

[ OS & Network Protocols ] {//

appropriate transformations & uses the Rule \k '. Y
annotations to automate specializations selection PR ,§
101 RO




FOCUS Specialization Language (FSL)

FOCUS uses an XML DTD to create a DSL for capturing

ﬂ:apability to specialize base implementatiorgati

FSL Approach

<start-hook> - start copying

<end-hook>

kdest-hook>

- destination

 Framework specialization requires code
to be copied from derived to base classes

<copy-from-source>: Copy code from a specifig
point to a specific point between different files

- hook to stop copying

!

<substitute>
<search>ACE_Reactor_Impl</search>

<replace>ACE_Select Reactor_Impl</replace>

</substitute>

/Capability to perform code R

substitutions

* Devirtualize interfaces

* Replace base classes with derived
class

FSL Approach

e <substitute>: Capability to do

<copy-from-source>
<source>Select Reactor.h</source>

<copy-hook-start>HOOK-START </copy-hook-start>

<copy-hook-end>HOOK-END </copy-hook-end>

<dest-hook>HOOK-COPY</dest-hook>
</copy-from-source>

<search> ... <replace> on code

@;ility to weave code at

specified points \

» The layer folding specializations
require code to be woven in along
the request processing path

FSL Approach

» <add>: <hook> that specifies the
annotated point; <data> where
data is specified

<add>

<hook>FORWARD_ DECL</hook>
<data>#include

“Select_Reactor.h” </data>

<add>




Cumulative Specialization Results

« Applied to Bold Str W__“,m_w,u Layer folding,
BasicSP Average end-to- |7 deployment platform,

L end measures memoization,
* Specification relateq improved by ~43% constant propagation

e Layer folding = 200]
« Memoization "

o

£ ¥

- :.}“ m—pr—

= 150

||:l:'l.. .............. .E;. I':]‘H'. .............. _F?-':'..___
e Constant propagation 50 g 50 %
(ignoring endianess) - |
e Framework . Standard Deviation WOI’S'[-CB.SGW Max |
_ i measures
o Aspect weaving §pemmmeeemeee--——--| improved by
(Reactor + protocol) 7| OO, /51
« Deployment : BT R,

(Bl =

ated twice as good as
emulated exce general-purposeJ

optimized TAO

B [

===

sl

 End-to-end client side throughput improved by ~65%.
* Results exceeded the hypothesis & evaluation criteria

[(]§

103



Automation Tool Requirements (1/2)

Criteria 1: Intuitive management of middleware
variabilities that impact performance in significant ways

e Tool must account for

__________ - I eesemvem |- Compositional Variability
O8JECT
REMOTE & couPoNENT | | * Incurred due to variations in the
OPERATION ] = CONFIGURATOR [ - .
EXTENBION compositions of mw building blocks
> [wrercerron | e
oy | e = AEARTER. | o — * Need to address compatibility in the
‘ TR —_559195*__ | texaon [| compositions and individual

ETRATEGY

THREAD=
SFECIFIC

BTORAGE [
i HRFHCHAIAGIE

FORWARDDR=
| REE-ETl.'EFI
COEPETES TOEDS
| AROHIR

M:EEF'TIS‘H:

HDNIT{IH |
OiMET

1 ARAPPEN FACADES

HALF-syMCS
HALF=AB YN

LEADER/
)| FOLLOWERS

REACTOR

WHAFFER FACADES

Reactor

single
thread pool

event handling strategy

WaitForMultipleObjects

event demultiplexing strategy

configurations
Dictated by needs of the domain

E.g., Leader-Follower makes no sense
in a single threaded Reactor

* Must account for Per-Block
Configuration Variability

 Incurred due to variations in
implementations & configurations for a
patterns-based building block

* E.g., single threaded versus thread-pool
based reactor implementation dimension
that crosscuts the event demultiplexing

strategy (e g., sel ect pol |,




Automation Tool Requirements (2/2)
CLIENT OBJECT/SERVANT " . . .
i LE i Criteria 2: Visual separation
~ sTuB ] ADAPTER || SKEL [ 3 of concerns within the Unified
PROXY L MANAGER | | Framework
F"‘"{-FEATEI HAMODLER S>> ma cuHE LSECREATES HlﬂDlEFF":"x ° Separatlon Of Concerns
[ | LEapEr/ [* « Unified framework must separate the
CONNECTOR a2l ppp— provisioning and validating stages
T YRRy J-t-:m:rm-:uu:-!r 1 - Different actors should be able to use
SECoNTAmEEE . I the visual aids in different stages of the
STRATEGY | <<courams>> application lifecycle

T— ABSTRACT COMPONENT

e —
CLLREATESSS EACTORY =< gua*> |CONFIGURATOR

Criteria 3: Unified framework for

middleware provisioning and QoS
WRAPPER FACADES d validation

< 0% K
SCENCAPEULATESS N 0% KERMEL

=)

05 KERMEL

5 mi

* Unified framework for provisioning and
validating

* Provisioning decisions should be coupled with
QoS validation

» Decisions at one stage drive decisions at the

next stage
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POSAML: A Visual Provisioning Tool

CLIENT OBJECT/SERVANT
| sTue | [ Apaprer || sxer | [
e + ) = A Middleware
| PROXY | | MANAGER | | ==model=> Feature
’ 1 ==Aspects=

Metamodel for the POSA pattern language

3 Reactor_Pattarm ¥
SECHEATER HANDLER RR ﬂ“B cﬂ!E L cWESTES HEHGLERRR ==hlodel== Acceptor_Connector
- r Bl <<Model==
| *| LEADERS [® | L
FOLLOWERS i Benchmarking
CONNECTOR ACCEPTOR |D.." ==Aspect==
4 |
& A ) -
Active_Chject
s ¥ —
P, REACTOR DHPATCHES - <Madeles
ETRATEGY el pHTaIHRR
i 0.7 Fattern
i o Half_Sync_Half_Async ==hspect>
- ' ==Model==
ABETRACT COMFONENT Reactor_Acceptor_Connector_Connection

o

z2onhection==

SECREATERN FACTORY CELIHE AR CONFIGURATOR

h | WRAPPER FACADES

I ’ _

Los rernce SRR os «enc e
 POSAML - GME-based modeling I e
language for middleware composition v o

. - | Reactor_Type_Options : enum .
* Provides a structural composition oo e 1 1

Reaclor_Pattern

[ PT———— End_Paolnts
= L Wy "
rT] caf o - |46 1 : . == 4bomes:
Odel <shlodalProxy 1 sk R itorm=
a 5 R = - 7| Protocel : enum |l
o ’7 | Concumency_Options :  @num Par field =

 Captures variability in blocks ; e :
« Generative programming capabilities to | [z s camesior l TR i
synthesize different artifacts e.g., i [[rreadcveue optons: enum | |

_—

benchmarking, configuration, RS TICd e (i R DRTMALT Sl | | p D
performance modeling. . =
v Feature modeling metamodel in POSAML




POSAML Unified Framework

LB

bt Hevdd@EE@ZEOSM ¢ & ] —l— Qg
Aspent] Patiem =] Base: [NiA Zoor [100% =] ] == ‘l | —ix egclor EvantHandler]
A Inher Meta
A Connes E| Handle Set
Root Fold
0 Newiddemare H!ﬂdfﬂ'
[+ [ Acceptor_Connector
e Handle1 |
8 End_Foints : 4
= B Reactor Patter EventHandiard
5] EwentHandlerl Handle
8 EventHandler2
8] Handlet
Harille2
CQ) e SynchronousEventDemultplexar andle
W Reactor
8, Synchronousk ventDemul
@ Reactor_Type
i@ RoundiripLate a7
% Servics_Time - %
Acceptor_Connector Reactor_Pattern g ¥::::;ﬂueu & ,
i@ Throughput " 1 -
i (15 oW
thes. B s Despatdher A
) ¥ ] I— & =
E 2 war Transpari_Handle

Acceptor_Connector

= Tramapor_Handie
B Z i S ~ JADDGDtULEDHHBDlD[ = for ki — grmitey
u L Attibutes | Preferences | Propsites |

| Transport_Hamdlé
Active_Object oS,
Ay _ﬂ- E by FEEH
K R 3‘ L = — - ] T = o o L L
ALTOCONNECT |100% [POSAML 10:20 P

+
.11'\-1\.1!1&'E F —y JEeam Aﬁl‘.ﬂprﬁr
’I il -

Servica_Handler

« Unified visual view enables modeling the middleware composition as a

set of interacting patterns

» Individual patterns can be visually configured
« E.g., reactor and acceptor-connector patterns

POSAML languages conforms to the POSA pattern language enab
error-free compaosition of building piPCKS.




POSAML Separation of Concerns

Concyrrency

Acceptor_|Connector

Rr
by

End_Paoints

Reactor| Pattern Thréaa_auéue

o

e |:t
Rea::mr _Type

—

anm(ghﬂ‘ é{;\

r g
Acceptor Connector
50 9
l\.__-" -..l L"\.
Threads

RoundtripLatency

Service_Time

POSAML separates pattern
feature modeling from pattern
benchmarking

Feature model allows selecting
features of each pattern

* E.g., reactor and acceptor-
connector shown with
concurrency models

Benchmarking view separated
from feature view

 E.g., selecting parameters
for elements of the pattern

Views are unified under the
hood
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Structure Spectrum of DSLs

Routine configuration

Creative construction

>

>

Wizards

2 R s B B B

Path through a decision tree

Feature-based
configuration
I?.E__:[Iil

[N |-

matrix
[element type] shape format bounds checking
rect symm vect array
fiang | Thang
—— -
C-like Frtn-like

Subtree of a feature tree

Graph-like language
(with user-defined elements)

Moy
T T Tir P . ,

L

Subgraph of an
(infinite) graph
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Research Impact & Future Work

Current progress stems from
years of iteration, refinement,
& successful use

Model driven
middleware Shape the standards e.g.,
RT/CCM OMG’s Model Driven

Architecture (MDA) for

\\DRE systems

Long-term Research Directions
* High confidence, geographically

CORBA & DCOM distributed DRE systems
» Grid applications

> DcE - Large enterprise systems
D> Micro-kernels - Greater focus on platform-

independent models
D RPC « Heterogeneous systems
D Internet

970 2000 2005 2010
V Year 110

CORBA Component
Model (CCM)

Component
Models (EJB)
Real-time (RT)
CORBA
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Multiple Levels of Abstraction Sempenan & e s

* CoSMIC - Modeling Deployment & Crempceme Coremcace

Bpesaicainrs

Configuration (D&C) crosscutting Gt Pebwes

nae oS
1 » concerns u,'-_'..:;,::" | Matapdsban
$

Analysi «RACE — Resource and Control ey

Engine :-.-“--4 :;ll::ll'ln

Artapisiion

Systemic
Model

Functional
Model

O Posice "

* DANCE — Deployment And | et )

T i

Configuration Engine =l |

«CIAO — QoS-enabled component oo O
\J A .
| Synthesis | middleware

Lol xmLto
DL |

R-F Plan R-F Plan

esour roperti
Analyzers Managers Assembler
.4 LisPto
ot F-R F-R
reates
2D Bin Priority . o ses
{packing]-- Sched . ( ZDE'”]_ .{Z“Erléy]
path path packing ched .

—»»=00=‘40=»5=01

R-F Component Packages
Applications that fetch
XML or LISP and call Output Configures \ i Aﬁiﬁ?ﬁ%,
appropriate plug -ins Adapters

FR

F-R. Line source is a Facet and Line To |, To
destination is a Receptacle DANCE OpenCCM

R-F. Line source is a Receptacle and
Line destination is a Facet
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Concluding Remarks

* Model-Driven Engineering ;.ﬁ—CT,ET"“”‘PE"EEfI;,I.__ﬁ e
(MDE) is an important I T
emerging generative EARES 55 /o1 258 .

technology paradigm that
addresses key lifecycle AT -
challenges of DRE e | NARLT e ey
middleware & appllcatlons =T ' '

*OMG PSIG on Model

‘__.I-:

(5 ceploymesnt plarring

ﬂ":-'b-dl'l':"l'f.

Integrated Computing il 4 "
www.omg.org/news/meetings/tc/ T ) o
agendas/mic.htm (TR ()

Analysis & Banchmarking

Many hard R&D problems with model-driven engineering remain unresolved!!

« CoSMIC MDE tools are based on the Generic Modeling Environment (GME)
* CoSMIC is available from www.dre.vanderbilt.edu/cosmic

Vi
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ME is available from www.isis.vanderbilt.edu/Proiects/qme/default.h



