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Motivation: the Distributed Software Crisis
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� Symptoms

{ Hardware gets smaller,

faster, cheaper

{ Software gets larger, slower,

more expensive

� Culprits

{ Accidental and inherent

complexity

� Solutions

{ Frameworks, components,

and patterns
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Techniques for Improving Software

Quality and Productivity
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((BB))  APPLICATION  FRAMEWORK  APPLICATION  FRAMEWORK
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EVENTEVENT
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� Proven solutions

{ Components

� Self-contained, \pluggable"

ADTs

{ Frameworks

� Reusable, \semi-complete"

applications

{ Patterns

� Problem/solution pairs in a

context

{ Architecture

� Families of related patterns

and components
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Why We Need Communication Middleware

� System call-level programming is wrong abstraction for

application developers

{ Too low-level ! error codes, endless reinvention

{ Error-prone ! HANDLEs lack type-safety, thread cancellation woes

{ Mechanisms do not scale ! Win32 TLS

{ Steep learning curve ! Win32 Named Pipes

{ Non-portable ! socket bugs

{ Ine�cient ! i.e., tedious for humans

� GUI frameworks are inadequate for communication software

{ Ine�cient ! excessive use of virtual methods

{ Lack of features ! minimal threading and synchronization

mechanisms, no network services
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The ACE Stream Class Category

NETWORK  INTERFACE

OR  PSEUDO-DEVICES

STREAMSTREAM
TailTail

MultiplexorMultiplexor

APPLICATIONAPPLICATION

StreamStream

STREAMSTREAM
HeadHead

APPLICATIONAPPLICATION

StreamStream

U
P
S
T
R
E
A
MD

O
W
N
S
T
R
E
A
M

MESSAGEMESSAGE

OBJECTOBJECT

WRITEWRITE

TASKTASK

OBJECTOBJECT

READREAD

TASKTASK

OBJECTOBJECT

MODULEMODULE

OBJECTOBJECT

open()=0
close()=0
put()=0
svc()=0

� ACE Stream Features

{ Layered service

composition

{ Synchronous and

asynchronous messaging

{ Dynamic con�guration
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Alternative Concurrency Models
ModuleModule

AA

PROCESS  ORPROCESS  OR

THREADTHREAD

READ  TASKREAD  TASK

OBJECTOBJECT

READ  TASKREAD  TASK

OBJECTOBJECT

MODULEMODULE

OBJECTOBJECT

ModuleModule
BB

ModuleModule
CC

ModuleModule
AA

ModuleModule
BB

ModuleModule
CC

2: svc()2: svc()

1: put()1: put()

4: svc()4: svc()

3: put()3: put()

ACTIVEACTIVE

ACTIVEACTIVE

ACTIVEACTIVE

ACTIVEACTIVE

2: put()2: put()

1: put()1: put()

ACTIVEACTIVEACTIVEACTIVE

TASKTASK--BASEDBASED

THREAD  ARCHITECTURETHREAD  ARCHITECTURE

MESSAGEMESSAGE--BASEDBASED

THREAD  ARCHITECTURETHREAD  ARCHITECTURE

MESSAGEMESSAGE

OBJECTOBJECT

� Message-based

Evaluation

{ Low overhead

{ Harder to program

� Task-based Features

{ Higher overhead

{ Easier to program
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Use-cases for ACE

APPLICATIONSAPPLICATIONAPPLICATION--
SPECIFICSPECIFIC

APPLICATIONAPPLICATION--
INDEPENDENTINDEPENDENT

APPLICATIONSAPPLICATIONS
APPLICATIONSAPPLICATIONS

ConcurrencyConcurrency
globalglobal

ReactorReactor

ServiceService
InitializationInitialization

ServiceService
ConfiguratorConfigurator

StreamStream
FrameworkFramework

InterprocessInterprocess
CommunicationCommunication

NetworkNetwork
ServicesServices

� Domains

{ Medical imaging

{ Network

management

{ Wireless

communications

{ Real-time avionics

{ Multimedia services

Washington University, St. Louis 10

Douglas C. Schmidt Distributed Object Computing Group

Applying ACE to Medical Imaging

DDIIAAGGNNOOSSTTIICC

SSTTAATTIIOONNSS

AATTMM
MMAANN

AATTMM
LLAANN

AATTMM
LLAANN

MMOODDAALLIITTIIEESS

((CCTT,,  MMRR,,  CCRR))
  CCEENNTTRRAALL

IIMMAAGGEE
SSTTOORREE

CCLLUUSSTTEERR
IIMMAAGGEE
SSTTOORREE

DDXX
IIMMAAGGEE
SSTTOORREE

� Domain Challenges

{ Large volume of \Blob"

data

� e.g., 10 to 40 Mbps

{ \Lossy compression"

isn't viable

{ Prioritization of requests

� �schmidt/COOTS-96.ps.gz

� �schmidt/av.ps.gz
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Applying ACE to Network Management

Session Router
Module

Presentation
Module

Event Filter
Module

Event Analysis
Module

Presentation
Module

Switch Router
Module

Reactor

MD110MD110 ERICSSONERICSSON

TELECOMTELECOM

SWITCHESSWITCHES

SUPERSUPER

VISORSVISORS

MD110MD110 ERICSSONERICSSON

MD110MD110 ERICSSONERICSSON

SUPERSUPER

VISORSVISORS

SUPERSUPER

VISORSVISORS

Switch IO

Session IO

� Domain Challenges

{ Low latency

{ Multi-platform

{ Family of related

services

{ �schmidt/DSEJ-

94.ps.gz
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Applying ACE to Global PCS

WIDE  AREA

NETWORK

SATELLITESSATELLITES
TRACKINGTRACKING
STATIONSTATION

PEERSPEERS

STATUS  INFO

COMMANDS BULK  DATA

TRANSFER

LOCAL  AREA  NETWORK

GROUND
STATION

PEERS

GATEWAY
� Domain Challenges

{ Long latency satellite links

{ High reliability

{ Prioritization

{ �schmidt/TAPOS-95.ps.gz
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Applying ACE to Real-time Avionics

Consumers

I/O Facade

Sensor
Proxy

Sensor
Proxy

Sensor
Proxy

Sensor
Proxy

1: I/O via interrupts

I/O Facade I/O Facade

Event
Channel

2: push (demarshaled data)

Aircraft
Sensors

3: push (demarshaled data)

Suppliers

� Domain Challenges

{ Real-time periodic

processing

{ Complex dependencies

{ Very low latency

{ �schmidt/JSAC-

98.ps.gz
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The ACE ORB (TAO)

NETWORKNETWORK

ORBORB RUN RUN--TIMETIME

SCHEDULERSCHEDULER

REALREAL--TIMETIME
ORBORB    CORECORE

operation()operation()

RIDLRIDL
STUBSSTUBS

REALREAL--TIMETIME

OBJECTOBJECT

ADAPTERADAPTER

RIDLRIDL
SKELETONSKELETON

in  argsin  args

out  args + return  valueout  args + return  value

CLIENTCLIENT

OS  KERNELOS  KERNEL

HIGHHIGH--SPEEDSPEED

NETWORK  INTERFACENETWORK  INTERFACE

REALREAL--TIME  ITIME  I//OO
SUBSYSTEMSUBSYSTEM

RIOPRIOP

OBJECTOBJECT
((SERVANTSERVANT))

OS  KERNELOS  KERNEL

HIGHHIGH--SPEEDSPEED

NETWORK  INTERFACENETWORK  INTERFACE

REALREAL--TIME  ITIME  I//OO
SUBSYSTEMSUBSYSTEM

� TAO Overview

{ High-performance,

real-time ORB

� Networking and

avionics focus

{ Leverages ACE

� Runs on VxWorks,

POSIX, and Win32

� �schmidt/TAO.html
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