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Douglas C. Schmidt

High-performance, Real-time ORBs

Problem: Lack of Real-time Middleware
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e Many applications require
QoS guarantees

— e.g., telecom, avionics,
WWW

e Building these applications
manually is hard

e Existing middleware doesn’t
support QoS effectively

— e.g., CORBA, DCOM, DCE

e Solutions must be integrated

Washington University, St. Louis



Douglas C. Schmidt

High-performance, Real-time ORBs

Candidate Solution: CORBA

in args

oO——
operation()

SERVANT

CLIENT

BT

out args + return value

OBJECT
ADAPTER

STUBS INTERFACE

ORB
™

O STANDARD INTERFACE Q STANDARD LANGUAGE
MAPPING
. ORB-SPECIFIC INTERFACE O STANDARD PROTOCOL

www.cs.wustl.edu/~schmidt/corba.html

e Goals of CORBA

— Simplify distribution
by automating
x Object location
and activation
x Parameter
marshaling
x Demultiplexing
x Error handling
— Provide foundation
for higher-level
services

Washington University, St. Louis
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Douglas C. Schmidt High-performance, Real-time ORBs

The ACE ORB (TAO)

in args

e TAO Overview

operation()
SERVANT .
out args +return value - A hlgh—performance,
<+—O .
real-time ORB
ST x Telecom and
ORB QoS SKELETON| L TIME avionics focus
STUBS INTERFACE | ( AABTER — Leverages the ACE
framework
REAL-TIVE | wior | # Runs on RTOSs,

POSIX, and Win32
0S KERNEL 0S KERNEL

REAL-TIME 1/0 REAL-TIME 1/0 e Related work
SUBSYSTEM SUBSYSTEM
HIGH-SPEED HIGH-SPEED
NETWORK ~ QuO at BBN

www.cs.wustl.edu /~schmidt/TAO.html B ,I?/IITCI\P/]IADA at U.
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Douglas C. Schmidt High-performance, Real-time ORBs

The ADAPTIVE Communication Environment (ACE)

SELF-CONTAINED MIDDLEWARE o A C E O verv i ew

DISTRIBUTED JAWS ADAPTIVE APPLICATIONS

Coifﬁg;ﬁm TOKEN GATEWAY | W];B SER‘VER g — C oncurrent O O

SERVER ' SERVER '
B === 1
LOGGING ' NAME ' TIME D R networ k In g
SERVER SERVER SERVER ‘_ f ramewor k
FRAMEWORKS ACCEPTOR 0 0 NDLER ="'.". - POI’ted to C_|__|_
D ) and Java

tan oo : SHARED — Runs on RTOSs,
‘ POSIX, and
Win32

‘WRAPPERS TLI _SAP

OS ADAPTATION LAYER

C  lprocesses/|] sTREAM || sockers/|| NaMED [ sELECT/ || DYNAMIC || MEMORY []
APIs | tureaps [i pipEs |4 TLI | PIPES |10 cOMP [)| LINKING [/ MAPPING J;

e Related work
— x-Kernel

— SysV STREAMS

GENERAL POSIX AND WIN32 SERVICES

www.cs.wustl.edu/~schmidt/ACE.html

Washington University, St. Louis 5
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Douglas C. Schmidt High-performance, Real-time ORBs

TAQO’s Real-time ORB Endsystem Architecture
[ CLIENTS ] [SERVANTS]

QoS (SERVANT DEMUXER)
GBIECT

ADAPTER

e Solution Approach

— Integrate RT dispatcher into
ORB endsystem

— Support multiple request
scheduling strategies
x e.g., RMS, EDF, and MUF

— Requests ordered across
thread priorities by OS
dispatcher

— Requests ordered within
priorities based on data
dependencies and importance
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Douglas C. Schmidt High-performance, Real-time ORBs
Real-time Experiments over ATM

4 B K[ Servants j
' @ @ [ Object Adapter |
Co €1 v G [‘QRBCQ{Q j e Server factory implements
—.7 - -
88 Requests — thread-per-priority
. /O SUBSYSTEM

\Client — Highest real-time

= priority for high-priority
— client

e One high-priority client

—/

e 1..n low-priority clients

tEI'IﬂGEIHC)S
ANITLNNY

ATM Switch EM‘”’E — Lowest real-time
Ultra 2 UItra2 priority for low-priority
www.cs.wustl.edu/~schmidt/RT-perf.ps.gz clients

Washington University, St. Louis 8
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Douglas C. Schmidt High-performance, Real-time ORBs

300

250

200

150

100

Jitter in milliseconds

50—

ORB lJitter Results over ATM

\ e Definition

— Variance from
average latency

e Synopsis of
results

— TAQ's jitter is
lowest and most

consistent
~ CORBAplus Low Priority — M T— O I’b iX’ S

CORBAplus High Priority

MT-ORBIX Low Priority J |tte r iS h Igh est

MT-ORBIX High Priority

miniCOOL Low Priority a n d m Ore

miniCOOL High Priority

TAO Low Priority Va rl a b I e

TAO High Priority

Number of Low Priority Clients
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Douglas C. Schmidt High-performance, Real-time ORBs
User-level and Kernel-level Locking Overhead
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Washington University, St. Louis 11
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Integrating TAO with a Real-time ATM 1/0 Subsystem

e Key Features

ORB CORE

— Vertical integration of QoS
through ORB, OS, and ATM
network

— Real-time 1/O enhancements to
Solaris kernel

— Provides rate-based QoS
end-to-end

— Leverages APIC features for cell
pacing and zero-copy buffering
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