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Problem: Lack of Real-time Middleware

WIDE  AREA

NETWORK

SATELLITESSATELLITES
TRACKINGTRACKING
STATIONSTATION

PEERSPEERS

STATUS  INFO

COMMANDS BULK  DATA

TRANSFER

LOCAL  AREA  NETWORK

GROUND
STATION

PEERS

GATEWAY

� Many applications require

QoS guarantees

{ e.g., telecom, avionics,

WWW

� Building these applications

manually is hard

� Existing middleware doesn't

support QoS e�ectively

{ e.g., CORBA, DCOM, DCE

� Solutions must be integrated

Washington University, St. Louis 1
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Candidate Solution: CORBA

DIIDII ORBORB
INTERFACEINTERFACE

ORBORB
CORECORE

operation()operation()

OBJECTOBJECT

ADAPTERADAPTER

IDLIDL
SKELETONSKELETON

DSIDSI

in  argsin  args

out  args + return  valueout  args + return  value

CLIENTCLIENT

GIOPGIOP//IIOPIIOP

SERVANTSERVANT

STANDARD  INTERFACESTANDARD  INTERFACE STANDARD  LANGUAGESTANDARD  LANGUAGE

MAPPINGMAPPING

ORB-ORB-SPECIFIC  INTERFACESPECIFIC  INTERFACE STANDARD  PROTOCOLSTANDARD  PROTOCOL

IDLIDL
STUBSSTUBS

www.cs.wustl.edu/�schmidt/corba.html

� Goals of CORBA

{ Simplify distribution

by automating

� Object location

and activation

� Parameter

marshaling

� Demultiplexing

� Error handling

{ Provide foundation

for higher-level

services

Washington University, St. Louis 2
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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

www.cs.wustl.edu/�schmidt/TAO.html

� TAO Overview

{ A high-performance,

real-time ORB

� Telecom and

avionics focus

{ Leverages the ACE

framework

� Runs on RTOSs,

POSIX, and Win32

� Related work

{ QuO at BBN

{ ARMADA at U.

Mich.

Washington University, St. Louis 4
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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

www.cs.wustl.edu/�schmidt/ACE.html

� ACE Overview

{ Concurrent OO

networking

framework

{ Ported to C++

and Java

{ Runs on RTOSs,

POSIX, and

Win32

� Related work

{ x-Kernel

{ SysV STREAMS

Washington University, St. Louis 5
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TAO's Real-time ORB Endsystem Architecture
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SOCKETSOCKET    QUEUEQUEUE    DEMUXERDEMUXER
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CONTROLLER  (APIC)
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FF

FF
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II//OO
SUBSYSTEMSUBSYSTEM

OBJECTOBJECT
ADAPTERADAPTER

SERVANTSERVANT    DEMUXERDEMUXER

CLIENTSCLIENTS
STUBSSTUBS

SERVANTSSERVANTS
SKELETONSSKELETONS

U

ORBORB    CORECORE

REACTORREACTOR

(20  (20  HZHZ))

REACTORREACTOR

(10  (10  HZHZ))

REACTORREACTOR

(5  (5  HZHZ))

REACTORREACTOR

(1  (1  HZHZ))

QQooSS
APIAPI

� Solution Approach

{ Integrate RT dispatcher into

ORB endsystem

{ Support multiple request

scheduling strategies

� e.g., RMS, EDF, and MUF

{ Requests ordered across

thread priorities by OS

dispatcher

{ Requests ordered within

priorities based on data

dependencies and importance

Washington University, St. Louis 7
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Real-time Experiments over ATM

����

C 1C 0

Requests

C n

�� ��������������������������

Client

...

...

2
ATM Switch

Ultra 2 Ultra 2

I/O SUBSYSTEM

Server

Object Adapter

ORB Core

Servants R
U

N
T

IM
E

SC
H

E
D

U
L

E
R

www.cs.wustl.edu/�schmidt/RT-perf.ps.gz

� One high-priority client

� 1..n low-priority clients

� Server factory implements

thread-per-priority

{ Highest real-time

priority for high-priority

client

{ Lowest real-time

priority for low-priority

clients
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ORB Jitter Results over ATM

1 5 10 15 20 25 30 35 40 45 50

TAO High Priority

TAO Low Priority

miniCOOL High Priority

miniCOOL Low Priority

MT-ORBIX High Priority

MT-ORBIX Low Priority

CORBAplus High Priority

CORBAplus Low Priority

0

50
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150

200

250

300

Ji
tt

er
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ill
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ec

o
n

d
s

Number of Low Priority Clients

� De�nition

{ Variance from

average latency

� Synopsis of

results

{ TAO's jitter is

lowest and most

consistent

{ MT-Orbix's

jitter is highest

and more

variable
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Integrating TAO with a Real-time ATM I/O Subsystem

REACTORREACTOR

(20  (20  HZHZ))

REACTORREACTOR

(10  (10  HZHZ))

REACTORREACTOR

(5  (5  HZHZ))

REACTORREACTOR

(1  (1  HZHZ))

ORBORB    CORECORE

APICAPIC    ATMATM    DRIVERDRIVER
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� Key Features

{ Vertical integration of QoS

through ORB, OS, and ATM

network

{ Real-time I/O enhancements to

Solaris kernel

{ Provides rate-based QoS

end-to-end

{ Leverages APIC features for cell

pacing and zero-copy bu�ering

Washington University, St. Louis 12
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