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Motivation: the Distributed Software Crisis

WIDE  AREA

NETWORK

SATELLITESSATELLITES
TRACKINGTRACKING
STATIONSTATION

PEERSPEERS

STATUS  INFO

COMMANDS BULK  DATA

TRANSFER

LOCAL  AREA  NETWORK

GROUND
STATION

PEERS

GATEWAY
� Symptoms

{ Hardware gets smaller,

faster, cheaper

{ Software gets larger, slower,

more expensive

� Culprits

{ Accidental and inherent

complexity

� Solutions

{ Frameworks, components,

and patterns

Washington University, St. Louis 1
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Techniques for Improving Software

Quality and Productivity

APPLICATIONAPPLICATION

SPECIFICSPECIFIC

LOGICLOGIC

USERUSER

INTERFACEINTERFACE

((AA))  CLASS  LIBRARY  CLASS  LIBRARY

ARCHITECTUREARCHITECTURE

NETWORKINGNETWORKING

MATHMATH ADTADTSS

DATADATA

BASEBASE

APPLICATIONAPPLICATION

SPECIFICSPECIFIC

LOGICLOGIC

MATHMATH

((BB))  APPLICATION  FRAMEWORK  APPLICATION  FRAMEWORK

ARCHITECTUREARCHITECTURE

ADTADTSS

INVOKESINVOKES

CALLCALL

BACKSBACKS

NETWORKINGNETWORKING USERUSER

INTERFACEINTERFACE

DATABASEDATABASE

INVOKESINVOKES

EVENTEVENT

LOOPLOOP

EVENTEVENT

LOOPLOOP

� 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

Washington University, St. Louis 2
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The ADAPTIVE Communication Environment (ACE)

PROCESSESPROCESSES//
THREADSTHREADS

DYNAMICDYNAMIC

LINKINGLINKING

MEMORYMEMORY

MAPPINGMAPPING

SELECTSELECT//
IO  COMPIO  COMP

SYSTEMSYSTEM

VV    IPCIPC
STREAMSTREAM

PIPESPIPES

NAMEDNAMED

PIPESPIPES

C
APIS

SOCKETSSOCKETS//
TLITLI

COMMUNICATIONCOMMUNICATION

SUBSYSTEMSUBSYSTEM

VIRTUAL  MEMORYVIRTUAL  MEMORY

SUBSYSTEMSUBSYSTEM

GENERAL  POSIX  AND  WIN32  SERVICES

PROCESSPROCESS//THREADTHREAD

SUBSYSTEMSUBSYSTEM

FRAMEWORKS ACCEPTORACCEPTOR CONNECTORCONNECTOR

SELF-CONTAINED

DISTRIBUTED

SERVICE

COMPONENTS

NAMENAME

SERVERSERVER

TOKENTOKEN

SERVERSERVER

LOGGINGLOGGING

SERVERSERVER

GATEWAYGATEWAY

SERVERSERVER

SOCKSOCK__SAPSAP//
TLITLI__SAPSAP

FIFOFIFO

SAPSAP

LOGLOG

MSGMSG

SERVICESERVICE

HANDLERHANDLER

TIMETIME

SERVERSERVER

C++
WRAPPERS

SPIPESPIPE

SAPSAP

CORBACORBA

HANDLERHANDLER

SYSVSYSV
WRAPPERSWRAPPERS

SHAREDSHARED

MALLOCMALLOC

THE  ACE  ORBTHE  ACE  ORB

((TAOTAO))

JAWS  ADAPTIVEJAWS  ADAPTIVE

WEB  SERVERWEB  SERVER

MIDDLEWARE

APPLICATIONS

REACTORREACTOR//
PROACTORPROACTOR

PROCESSPROCESS//
THREADTHREAD

MANAGERSMANAGERS

ADAPTIVE  SERVICE  EXECUTIVE  ADAPTIVE  SERVICE  EXECUTIVE  (ASX)(ASX)

SERVICESERVICE

CONFIGCONFIG--
URATORURATOR

SYNCHSYNCH

WRAPPERSWRAPPERS

MEMMEM

MAPMAP

OS  ADAPTATION  LAYER

http://www.cs.wustl.edu/�schmidt/ACE.html

� ACE Overview

{ A concurrent OO

networking

framework

{ Available in C++

and Java

{ Ported to

VxWorks, POSIX,

and Win32

� Related work

{ x-Kernel

{ SysV STREAMS

Washington University, St. Louis 4
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Patterns for Communication Middleware
AcceptorAcceptor

ConnectorConnector

Thread-perThread-per
SessionSession

Half-Sync/Half-Sync/
Half-AsyncHalf-Async

DoubleDouble
CheckedChecked
LockingLocking

ServiceService
ConfiguratorConfigurator

ReactorReactor

Thread-perThread-per
RequestRequest

AsynchronousAsynchronous
CompletionCompletion

TokenToken

ActiveActive
ObjectObject

ExternalExternal
PolymorphismPolymorphism

ThreadThread
SpecificSpecific
StorageStorage

ThreadThread
PoolPool

RouterRouter

ConcurrencyConcurrency
PatternsPatterns

EventEvent
PatternsPatterns

InitializationInitialization
PatternsPatterns

ProactorProactor

� Observation

{ Failures rarely result

from unknown scienti�c

principles, but from

failing to apply proven

engineering practices and

patterns

� Bene�ts of Patterns

{ Facilitate design reuse

{ Preserve crucial design

information

{ Guide design choices

Washington University, St. Louis 6
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Active Objects with ACE Tasks

ACTIVEACTIVE

::  MessageMessage
QueueQueue

tt22 : :

TaskTask
2: enqueue (msg)2: enqueue (msg)

1: put (msg)1: put (msg)

::  MessageMessage
QueueQueue

tt11 : :

TaskTask

::  MessageMessage
QueueQueue

tt33 : :

TaskTask

6: put (msg)6: put (msg)

3: svc ()3: svc ()
4: dequeue (msg)4: dequeue (msg)
5: do_work(msg)5: do_work(msg)

ACTIVEACTIVE

ACTIVEACTIVE

:: TASK TASK

STATESTATE

:: TASK TASK

STATESTATE

:: TASK TASK

STATESTATE

� ACE Task Features

{ Queueing

{ Event demultiplexing

{ Concurrency

{ Dynamic linking

Washington University, St. Louis 7
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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

Washington University, St. Louis 8



Douglas C. Schmidt Distributed Object Computing Group

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

Washington University, St. Louis 9
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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
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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

Washington University, St. Louis 11
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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

Washington University, St. Louis 12



Douglas C. Schmidt Distributed Object Computing Group

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

Washington University, St. Louis 13
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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

Washington University, St. Louis 14
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The ACE ORB (TAO)

NETWORKNETWORK

ORBORB    QQOOSS
INTERFACEINTERFACE

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  ADAPTERSNETWORK  ADAPTERS

REALREAL--TIME  ITIME  I//OO
SUBSYSTEMSUBSYSTEM

RIOPRIOP

SERVANTSERVANT

OS  KERNELOS  KERNEL

HIGHHIGH--SPEEDSPEED

NETWORK  ADAPTERSNETWORK  ADAPTERS

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

Washington University, St. Louis 15
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JAWS Adaptive Web Server

WWWWWW
SERVERSERVER

2: index.html2: index.html

1: GET ~schmidt1: GET ~schmidt
HTTP/1.0HTTP/1.0

COMMUNICATION  PROTOCOL

(E.G., HTTP)

GUI

HTML
PARSER

REQUESTER

GRAPHICS
ADAPTER

NETWORKNETWORK

OS  KERNELOS  KERNEL

OS  IOS  I//O  SUBSYSTEMO  SUBSYSTEM

NETWORK  ADAPTERSNETWORK  ADAPTERS

OS  KERNELOS  KERNEL

OS  IOS  I//O  SUBSYSTEMO  SUBSYSTEM

NETWORK  ADAPTERSNETWORK  ADAPTERS

DISPATCHERDISPATCHER

PROTOCOLPROTOCOL

HANDLERSHANDLERS

WWWWWW
CLIENTCLIENT

�jxh/research/

� JAWS Overview

{ A high-performance

Web server

� Flexible

concurrency and

event dispatching

mechanisms

� Full HTTP 1.0 and

CGI support

{ Leverages the ACE

framework

� Ported to most OS

platforms

Washington University, St. Louis 16
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Java ACE

FRAMEWORKS

AND  CLASS

CATEGORIES

DISTRIBUTED

SERVICES  AND

COMPONENTS
NAME

SERVER

TOKEN

SERVER

LOGGING

SERVER

TIME

SERVER

JAVA

WRAPPERS
SYNCH

WRAPPERS
SOCK_SAP

THREAD

MANAGER

LOG

MSG

TIMER

QUEUE

SERVICE

CONFIGURATOR

ADAPTIVE  SERVICE  EXECUTIVE  (ASX)

ACCEPTOR CONNECTOR
SERVICE

HANDLER

JAVA  VIRTUAL  MACHINE  (JVM)

�schmidt/JACE.html

�schmidt/MedJava.ps.gz

�schmidt/C++2java.html

� Java ACE Overview

{ A version of ACE

written in Java

{ Used for medical

imaging prototype

Washington University, St. Louis 17
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