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Motivation for Real-time Middleware
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� Many applications require

QoS guarantees

{ e.g., telecom, avionics,

WWW

� Existing middleware doesn't

support QoS e�ectively

{ e.g., CORBA, DCOM, DCE

� Solutions must be integrated

{ Vertically and horizontally
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Candidate Solution: CORBA
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� Goals of CORBA

{ Simplify distribution

by automating

� Object location

and activation

� Parameter

marshaling

� Demultiplexing

� Error handling

{ Provide foundation

for higher-level

services
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Limitations of CORBA for Real-time Systems
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� Limitations

{ Lack of QoS

speci�cations

{ Lack of QoS

enforcement

{ Lack of real-time

programming

features

{ Lack of performance

optimizations
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The ACE ORB (TAO)
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� TAO Overview

{ A high-performance,

real-time ORB

� Telecom and

avionics focus

{ Leverages the ACE

framework

� Runs on RTOSs,

POSIX, and Win32

� Related work

{ U. RI/MITRE

{ ARMADA, U. Mich.

{ QuO, BBN
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Scope: Real-time Features and Optimizations in TAO
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Problem: Meeting End-to-End QoS Requirements
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2) CLIENT  PROTOCOL  QUEUEING

3)  NETWORK  DELAY

4) SERVER  PROTOCOL  QUEUEING

5) THREAD  DISPATCHING

6) REQUEST  DISPATCHING

7) SERVER  DEMARSHALING

8) METHOD  EXECUTION

SERVANTSERVANT
88 � Design Challenges

{ Specifying QoS

requirements

{ Meeting operation

scheduling deadlines

{ Alleviating priority

inversion and

non-determinism

{ Reducing latency/jitter

for demultiplexing
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Problem: Providing QoS to CORBA Operations
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struct  RT_Infostruct  RT_Info
{{
  Time_t worstcase_exec_time_;  Time_t worstcase_exec_time_;
  Time_t cached_exec_time_;  Time_t cached_exec_time_;
  Period_t period_;  Period_t period_;
  Importance importance_;  Importance importance_;
  sequence<RT_Info> dependencies_;  sequence<RT_Info> dependencies_;
};};

RTRT
OperationOperation

� Design Challenges

{ Specifying/enforcing QoS requirements

{ Focus on Operations upon Objects

� Rather than communication channels

or threads/synchronization

� Initial focus

{ Static scheduling

{ Non-distributed

� Solution Approach

{ Servants publish resource, e.g., CPU,

requirements and (periodic) deadlines

{ Most clients are also servants
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Solution: TAO's Real-time Static Scheduling Service
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Solution: TAO's Real-time ORB Endsystem
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� 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
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Real-time ORB Endsystem Use-case
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TAO's Real-time Dynamic Scheduling Service
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COS Event Service
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� Features

{ Decoupled

consumers and

suppliers

{ Transparent group

communication

{ Asynchronous

communication

{ Abstraction for

distribution

{ Abstraction for

concurrency
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TAO's Event Service
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� Features

{ Stream-based architecture

� Enhanced pluggability

{ Subscription/�ltering

� Source and type-based

�ltering

{ Event correlations

� Conjunctions (A+B+C)

� Disjunctions (AjBjC)

{ Real-time scheduling support

� Priority-based dispatching

� Priority-based preemption

� Interval timeouts

� Deadline timeouts
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RT Event Channel Use-cases
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Priority Inversion Experiments

������

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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