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Douglas C. Schmidt High-performance, Real-time ORBs

Motivation

WIDE  AREA

NETWORK

SATELLITES
TRACKING

STATION

PEERS

STATUS  INFO

COMMANDS
BULK  DATA

TRANSFER

LOCAL  AREA  NETWORK

GROUND

STATION

PEERS

GATEWAY

� 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

Washington University, St. Louis 1
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Candidate Solution: CORBA

DII ORB
INTERFACE

ORB
CORE

operation()

IDL
STUBS

OBJECT

ADAPTER

IDL
SKELETON

DSI

in  args

out  args + return  value

OBJECT

IMPLEMENTATION
CLIENT

GIOP/IIOP

http://www.cs.wustl.edu/�schmidt/corba.html
� Goals of CORBA

{ Simplify distribution

{ Provide foundation for

higher-level services

� Limitations of CORBA

{ Poor performance

{ Lack of QoS features

Washington University, St. Louis 2
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The ACE ORB (TAO)

NETWORKNETWORK

ORBORB  QOS
INTERFACE

ORB
CORE

operation()

RIDL
STUBS

REAL-TIME

OBJECT

ADAPTER

RIDL
SKELETON

in  argsin  args

out  args + return  valueout  args + return  value

OBJECTOBJECT

IMPLEMENTATIONIMPLEMENTATION
CLIENTCLIENT

OS  KERNELOS  KERNEL

OS  IOS  I//O  SUBSYSTEMO  SUBSYSTEM

NETWORK  ADAPTERSNETWORK  ADAPTERS

OS  KERNELOS  KERNEL

OS  IOS  I//O  SUBSYSTEMO  SUBSYSTEM

NETWORK  ADAPTERSNETWORK  ADAPTERS

RIOPRIOP

http://www.cs.wustl.edu/�schmidt/TAO.html
� TAO Overview

{ A high-performance,

real-time ORB

� Networking and

avionics focus

{ Leverages the ACE

framework

� Ported to VxWorks,

POSIX, and Win32

� Related work

{ QuO at BBN

{ ARMADA at U.

Mich.

Washington University, St. Louis 3



Douglas C. Schmidt High-performance, Real-time ORBs

The ADAPTIVE Communication Environment (ACE)

THREADTHREAD

LIBRARYLIBRARY

DYNAMICDYNAMIC

LINKINGLINKING

MEMORYMEMORY

MAPPINGMAPPING

SELECTSELECT/
POLL

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

SYNCHSYNCH

WRAPPERSWRAPPERS

FRAMEWORKS

AND  CLASS

CATEGORIES

ACCEPTORACCEPTOR CONNECTORCONNECTOR

DISTRIBUTED

SERVICES  AND

COMPONENTS

NAMENAME

SERVERSERVER

TOKENTOKEN

SERVERSERVER

LOGGINGLOGGING

SERVERSERVER

GATEWAYGATEWAY

SERVERSERVER

SOCKSOCK__SAPSAP//
TLITLI__SAPSAP

FIFOFIFO

SAPSAP

LOGLOG

MSGMSG

SERVICESERVICE

HANDLERHANDLER

TIMETIME

SERVERSERVER

OS  ADAPTATION  LAYER

C++
WRAPPERS

THREADTHREAD

MANAGERMANAGER

SPIPESPIPE

SAPSAP

CORBACORBA

HANDLERHANDLER

SYSVSYSV
WRAPPERSWRAPPERS

REACTORREACTOR

SHAREDSHARED

MALLOCMALLOC

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

SERVICESERVICE

CONFIGCONFIG--
URATORURATOR

MEMMEM

MAPMAP

THE  ACE  ORBTHE  ACE  ORB

((TAOTAO))

JAWS  ADAPTIVEJAWS  ADAPTIVE

WEB  SERVERWEB  SERVER

MIDDLEWARE

APPLICATIONS

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

� ACE Overview

{ A concurrent OO

networking framework

{ Very widely used in

industry

{ Available in C++ and

Java

{ Ported to VxWorks,

POSIX, and Win32

� Related work

{ x-Kernel

Washington University, St. Louis 4
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Applying ORBs to Real-time Avionics

OBJECT  REQUEST  BROKER

2:PUSH (EVENTS)

Air
Frame

Sensor
proxy

HUD

Nav

EVENT

CHANNEL

Sensor
proxy

Sensor
proxy

3:PUSH (DEMARSHALED  DATA)

� Domain Challenges

{ Periodic hard

real-time deadlines

{ COTS infrastructure

{ Open systems

� Related work

{ Deng, Liu, and J.

Sun '96

{ Gopalakrishnan and

Parulkar '96

{ Wolfe et al. '96

Washington University, St. Louis 5
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Applying ORBs to Real-time Network Management

OBJECTOBJECT    REQUESTREQUEST    BROKERBROKER

2:2:PUSH PUSH ((EVENTSEVENTS))

ConCon
ProxyProxy

EVENTEVENT

CHANNELCHANNEL

AttrAttr
ProxyProxy

3:3:PUSH PUSH ((DEMARSHALED  DATADEMARSHALED  DATA))

AttrAttr
ProxyProxy

AttrAttr
ProxyProxy

ConCon
ProxyProxy

ConCon
ProxyProxy

� Domain Challenges

{ Periodic statistical

real-time deadlines

{ COTS infrastructure

{ Open systems

� Related work

{ Deng, Liu, and J.

Sun '96

{ Gopalakrishnan and

Parulkar '96

{ Wolfe et al. '96

Washington University, St. Louis 6



D
o
u
g
la
s
C
.
S
ch
m
id
t

H
ig
h
-p
erfo
rm
a
n
ce,
R
ea
l-tim
e
O
R
B
s

R
e
se
a
rc
h
O
b
je
c
tiv
e
s

�

Id
en
tify
featu
res
an
d
arch
itectu
ral
p
attern
s
n
eed
ed
for
real-tim
e
O
R
B
s

{
B
oth
h
ard
real-tim
e
an
d
statistical
real-tim
e

�

D
evelop
op
tim
ization
s
req
u
ired
to
b
u
ild
h
igh
-p
erform
an
ce
O
R
B
s

{
e
.g
.,
G
igab
it
b
an
d
w
id
th
an
d
�

10
m
icrosecon
d
laten
cy

�

D
eterm
in
e
ch
an
ges
n
eed
ed
to
C
O
R
B
A
sp
eci�
cation

{
e
.g
.,
A
P
Is
for
d
e�
n
in
g
en
d
-to-en
d
Q
oS
req
u
irem
en
ts

W
a
sh
in
g
to
n
U
n
iv
ersity,
S
t.
L
o
u
is

7



Douglas C. Schmidt High-performance, Real-time ORBs

Real-time Features and Optimizations in TAO

NETWORKNETWORK

ORBORB    QQOOSS
INTERFACEINTERFACE

ORBORB
CORECORE

operation()operation()

RIDLRIDL
STUBSSTUBS

REALREAL--TIMETIME

OBJECTOBJECT

ADAPTERADAPTER

RIDLRIDL
SKELETONSKELETON

in  argsin  args

out  args + return  valueout  args + return  value

OBJECTOBJECT

IMPLEMENTATIONIMPLEMENTATION
CLIENTCLIENT

OS  KERNELOS  KERNEL

OS  IOS  I//O  SUBSYSTEMO  SUBSYSTEM

NETWORK  ADAPTERSNETWORK  ADAPTERS

OS  KERNELOS  KERNEL

OS  IOS  I//O  SUBSYSTEMO  SUBSYSTEM

NETWORK  ADAPTERSNETWORK  ADAPTERS

RIOPRIOP PROTOCOL

ENGINE

OPTIMIZATIONS

I/O SUBSYSTEM

OPTIMIZATIONS

NETWORK

ADAPTER

OPTIMIZATIONS

REQUEST

DEMUXING  AND

DISPATCHING

OPTIMIZATIONS

DATA  COPYING

OPTIMIZATIONS

PRESENTATION

LAYER

OPTIMIZATIONS

Washington University, St. Louis 8
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Experimental Setup for CORBA/ATM Testbed

���� 2Ultra 2Ultra
�������������� ��������������

Object Adapter

ATM Switch

Requests

Client Server

Services

ORB Core

Washington University, St. Louis 9
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Problem: Meeting End-to-End QoS Requirements

NETWORKNETWORK

OBJECTOBJECT

IMPLEMENTATIONIMPLEMENTATION

ORBORB
INTERFACEINTERFACE

operation()operation()

IDLIDL
STUBSSTUBS

OBJECTOBJECT

ADAPTERADAPTER

IDLIDL
SKELETONSKELETON

in  argsin  args

out  args + return  valueout  args + return  value

CLIENTCLIENT

OS  KERNELOS  KERNEL

OS  IOS  I//O  SUBSYSTEMO  SUBSYSTEM

NETWORK  ADAPTERSNETWORK  ADAPTERS

OS  KERNELOS  KERNEL

OS  IOS  I//O  SUBSYSTEMO  SUBSYSTEM

NETWORK  ADAPTERSNETWORK  ADAPTERS

GIOPGIOP//IIOPIIOPORBORB
CORECORE

11

22

33

44

55

66

77

1)1) CLIENT  MARSHALING CLIENT  MARSHALING

2)2) CLIENT  PROTO  QUEUEING CLIENT  PROTO  QUEUEING

3)3)  NETWORK  DELAY  NETWORK  DELAY

4)4) SERVER  PROTO  QUEUEING SERVER  PROTO  QUEUEING

5)5) THREAD  DISPACHING THREAD  DISPACHING

6)6) REQUEST  DISPATCHING REQUEST  DISPATCHING

7)7) SERVER  DEMARSHALING SERVER  DEMARSHALING

8)8) METHOD  EXECUTION METHOD  EXECUTION

88 � Design Challenges

{ Specifying QoS

requirements

{ Reducing

demultiplexing latency

{ Meeting scheduling

deadlines

{ Reducing presentation

layer overhead

Washington University, St. Louis 10
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Problem: Reducing Demultiplexing Latency

2:2: DEMUX  TO DEMUX  TO

        I/OI/O  HANDLE  HANDLE
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O
D
22
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M

E
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M

E
T

H
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D
11
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.........IDLIDL

SKEL  SKEL  11
IDLIDL

SKEL  SKEL  22
IDLIDL

SKEL  SKEL  MM

OBJECT  ADAPTER

ORB  COREORB  CORE

OS  KERNELOS  KERNEL

OS  IOS  I//O  SUBSYSTEMO  SUBSYSTEM

NETWORK  ADAPTERSNETWORK  ADAPTERS

OBJECT  OBJECT  11 OBJECT  OBJECT  22 OBJECT  OBJECT  NN

4:4: DEMUX  TO DEMUX  TO

     SKELETON     SKELETON

5:5: DEMUX  TO DEMUX  TO

     METHOD     METHOD

1:1: DEMUX  THRU DEMUX  THRU

     PROTOCOL  STACK     PROTOCOL  STACK

3:3: DEMUX  TO DEMUX  TO

     OBJECT     OBJECT

LAYERED

DEMUXING

� Design Challenges

{ Minimize demuxing

layers

{ Provide O(1)

operation demuxing

{ Avoid priority

inversions

{ Remain

CORBA-compliant

Washington University, St. Louis 11
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Solution: De-layered Active Demultiplexing
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DEDE--LAYERED  REQUESTLAYERED  REQUEST

DEMULTIPLEXERDEMULTIPLEXER

OBJECT  ADAPTER

ORB  COREORB  CORE
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OS  IOS  I//O  SUBSYSTEMO  SUBSYSTEM

NETWORK  ADAPTERSNETWORK  ADAPTERS

3:3: DEMUX  TO DEMUX  TO

     METHOD     METHOD

DEDE--LAYEREDLAYERED

ACTIVEACTIVE

DEMUXINGDEMUXING

2:2: DEMUX  TO DEMUX  TO

        I/OI/O  HANDLE  HANDLE

1:1: DEMUX  THRU DEMUX  THRU

     PROTOCOL  STACK     PROTOCOL  STACK

� Solution Approach

{ Pre-negotiate

demuxing keys

{ Tunnel demuxing

key with Object key

{ Use ACT pattern

for validation

� Related Work

{ Yau and Lam '97

{ Dittia and Parulkar

'97

{ Engler and

Kaashoek '96

Washington University, St. Louis 12
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Demultiplexing Performance Experiments
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index(object key)hash(method)

search(method)

� Linear search based on Orbix demuxing strategy

� Perfect hashing based on GNU gperf

{ http://www.cs.wustl.edu/�schmidt/gperf.ps.gz

� Results at http://www.cs.wustl.edu/�schmidt/GLOBECOM-97.ps.gz

Washington University, St. Louis 13
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Problem: Meeting CORBA Request Deadlines

NETWORKNETWORK

OBJECTOBJECT

IMPLEMENTATIONIMPLEMENTATION

ORBORB
INTERFACEINTERFACE

operation()operation()

IDLIDL
STUBSSTUBS

OBJECTOBJECT

ADAPTERADAPTER

IDLIDL
SKELETONSKELETON

in  argsin  args

out  args + return  valueout  args + return  value

CLIENTCLIENT

OS  KERNELOS  KERNEL

OS  IOS  I//O  SUBSYSTEMO  SUBSYSTEM

NETWORK  ADAPTERSNETWORK  ADAPTERS

OS  KERNELOS  KERNEL

OS  IOS  I//O  SUBSYSTEMO  SUBSYSTEM

NETWORK  ADAPTERSNETWORK  ADAPTERS

GIOPGIOP//IIOPIIOPORBORB
CORECORE

11

22

33

44

55

66

77

1)1) CLIENT  MARSHALING CLIENT  MARSHALING

2)2) CLIENT  PROTO  QUEUEING CLIENT  PROTO  QUEUEING

3)3)  NETWORK  DELAY  NETWORK  DELAY

4)4) SERVER  PROTO  QUEUEING SERVER  PROTO  QUEUEING

5)5) THREAD  DISPACHING THREAD  DISPACHING

6)6) REQUEST  DISPATCHING REQUEST  DISPATCHING

7)7) SERVER  DEMARSHALING SERVER  DEMARSHALING

8)8) METHOD  EXECUTION METHOD  EXECUTION

88 � Design Challenges

{ Specifying/enforcing

QoS requirements

{ Focus on Objects and

Operations

� Not on threads or

comm. channels

� Assumptions

{ Static scheduling

{ Non-distributed

(initially)

Washington University, St. Louis 15
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Solution 1: Real-time Object Adapter

  REQUEST

SCHEDULING

 QUEUES

REAL-TIME

THREADS

AND  UPCALLS

OBJECT  ADAPTER

Run-Time
Scheduler

ORB  CORE

REQUEST  DEMUXER

PERIODIC  SCHEDULING  AND  DISPATCHINGPERIODIC  SCHEDULING  AND  DISPATCHING

P:P: PERIOD PERIOD

CC:: REQUEST  COMPUTATION  TIME REQUEST  COMPUTATION  TIME

PP

CC CC

TIMETIME

TT TT++PP TT++22PP

ZEROZERO

COPYCOPY

BUFFERSBUFFERS

APPLICATION

  OBJECTS
APPLICATION

  OBJECTS
APPLICATION

  OBJECTS

R
E

Q
U

E
S

T
  
F

L
O

W

� Solution Approach

{ Integrate RT dispatcher

into ORB

{ Support multiple request

scheduling strategies

� e.g., RMS, RMS with

Deferred Preemption,

and EDF

� Related work

{ Zinky, Bakken, and

Schantz, '95

{ Lee, Rajkumar, and

Mercer '96

Washington University, St. Louis 16
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Solution 2: Real-time Scheduling Service

OBJECT  ADAPTEROBJECT  ADAPTER

ORB  COREORB  CORE

REQUESTREQUEST

QUEUESQUEUES

RT_TaskRT_Task
RT_TaskRT_Task
RT_TaskRT_Task

CPUCPU CPUCPU CPUCPU CPUCPU

OS  DISPATCHEROS  DISPATCHEROPERATING

SYSTEM

RT
Task

RTRT
TaskTask

RTRT
TaskTask

WorkWork
TaskTask

APPLICATION  OBJECTS

RT_TaskRT_Task

1:1: OBJECT  ADAPTER OBJECT  ADAPTER

      RECEIVES  RIOP      RECEIVES  RIOP

      REQUEST  FROM      REQUEST  FROM

      ORB  CORE      ORB  CORE

2:2: RUN RUN--TIME  SCHEDULERTIME  SCHEDULER

      DETERMINES  PRIORITY      DETERMINES  PRIORITY

      OF  TARGET  RT      OF  TARGET  RT__TASKTASK

3:3: REQUEST  QUEUED REQUEST  QUEUED

      ACCORDING  TO      ACCORDING  TO

      RT      RT__TASKTASK''S  PRIORITYS  PRIORITY

4:4: REQUEST  DEQUEUED REQUEST  DEQUEUED

      BY  THREAD  WITH      BY  THREAD  WITH

      SUITABLE        SUITABLE  OSOS
      PRIORITY      PRIORITY

5:5: REQUEST  DISPATCHED REQUEST  DISPATCHED

RTRT__INFOINFO

REPOSITORYREPOSITORY

OFFOFF--LINELINE

SCHEDULERSCHEDULER

RUNRUN--TIMETIME

SCHEDULERSCHEDULER

Priority/Priority/
SubprioritySubpriority
Table PerTable Per

ModeMode

struct  RT_Infostruct  RT_Info

{{

  wc_exec_time_;  wc_exec_time_;

  cached_exec_time_;  cached_exec_time_;

  period_;  period_;

  importance_;  importance_;

  dependencies_;  dependencies_;

};};

Washington University, St. Louis 17
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Scheduling Service Roles

RTRT__INFOINFO

REPOSITORYREPOSITORY

OFFOFF--LINELINE

SCHEDULERSCHEDULER

1:1:  CONSTRUCT  CALL  CONSTRUCT  CALL

       CHAINS       CHAINS

2:2:  IDENTIFY  THREADS  IDENTIFY  THREADS

DEPENDS  UPON  =
EXECUTES  AFTER

3:  ASSESS  SCHEDULABILITY

4:  ASSIGN  OS  THREAD

       PRIORITIES  AND  DISPATCH

      QUEUE  ORDERING

      SUBPRIORITIES

5:  SUPPLY  PRIORITIES

       TO  OBJECT  ADAPTER

       DISPATCHER

3:  POPULATE

       RT_INFO

       REPOSITORY

OBJECT

ADAPTER

RUN-TIME

SCHEDULER

Priority/
Subpriority
Table Per

Mode

MODE  0

MODE  1

MODE  2

MODE  3

CURRENT

MODE

SELECTOR

http://www.cs.wustl.edu/�schmidt/TAO.ps.gz

� Components

{ O�ine

� Assess schedule

feasibility

� Assign thread and

queue priorities

{ Online

� Supply priorities to

Object Adapter's

dispatcher

Washington University, St. Louis 18
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Scheduling Service Interfaces

RTRT

TaskTask
RTRT

TaskTask
RTRT

TaskTask

RTRT__INFOINFO

REPOSITORYREPOSITORY

OFFOFF--LINELINE

SCHEDULERSCHEDULER

RUNRUN--TIMETIME

SCHEDULERSCHEDULER

Priority/Priority/
SubprioritySubpriority
Table PerTable Per

ModeMode

APPLICATION

INTERFACE

PRIVILEGED

INTERFACE

struct  RT_Info

{

  wc_exec_time_;

  cached_exec_time_;

  period_;

  importance_;

  dependencies_;

};

interface  Scheduler

{

  register_task();

  schedule();

  priority();

};

RT_Task

REQUEST

QUEUES

RT_Task
RT_Task
RT_Task

EVENT  CHANNEL

RT_Task

� Components

{ Application interface

� Use RT Infos

{ Privileged interface

� Used by system

tasks and services

Washington University, St. Louis 19



Douglas C. Schmidt High-performance, Real-time ORBs

Scheduling Steps During Con�guration Run

OFF-LINE  SCHEDULER'S  TASKS:
A:  ASSESSES  SCHEDULABILITY

B:  ASSIGNS  PRIORITIES

C:  GENERATES  OUTPUT  FILES

       CONTAINING   PRIORITIES

1:   APPLICATIONS  CONSTRUCT   RT_INFOS

2:2:     COMPILE   AND  LINK  PROGRAM     COMPILE   AND  LINK  PROGRAM

                      ((USE  USE  -DSCHEDCONFIG=1)-DSCHEDCONFIG=1)

3:3:   RUN  PROGRAM   RUN  PROGRAM

        A        A::    APPLICATIONS  REGISTER  WITH   EVENTAPPLICATIONS  REGISTER  WITH   EVENT

                CHANNEL                  CHANNEL  ((WHICH REGISTERS  OPERATIONSWHICH REGISTERS  OPERATIONS

                 WITH   SCHEDULER                  WITH   SCHEDULER ))  OR  OR

                  B:B:  APPLICATIONS  REGISTER   DIRECTLY  WITH  APPLICATIONS  REGISTER   DIRECTLY  WITH

                SCHEDULER                SCHEDULER

                  C:C:  PROGRAM   INFORMS   EVENT   CHANNEL  PROGRAM   INFORMS   EVENT   CHANNEL

                 THAT  REGISTRATIONS  ARE   COMPLETE                 THAT  REGISTRATIONS  ARE   COMPLETE

4:4:   COMPLETE  PROGRAM

        A:  EVENT   CHANNEL  CALLS  SCHEDULER'S

                SCHEDULE()  METHOD

        B:  PROGRAM  EXITS

struct  RT_Infostruct  RT_Info

{{

  wc_exec_time_;  wc_exec_time_;

  cached_exec_time_;  cached_exec_time_;

  period_;  period_;

  importance_;  importance_;

  dependencies_;  dependencies_;

};};

RTRT__INFOINFO

REPOSITORYREPOSITORY

OFFOFF--LINELINE

SCHEDULERSCHEDULER

REQUESTREQUEST

QUEUESQUEUES

RT_TaskRT_Task
RT_TaskRT_Task
RT_TaskRT_Task

Washington University, St. Louis 20



Douglas C. Schmidt High-performance, Real-time ORBs

Scheduling Service Internal Repository

RT_TaskRT_Task DEPENDENCIES

RT_Task DEPENDENCIES

DEPENDENCIESWork
Task

23 MS/20 HZ => PRIORITY 1

15 MS/10 HZ => PRIORITY 2
CALL-CHAIN

LEAF

CALL-CHAIN

LEAF

RT_TASK1
8  MS/20  HZ

RT_TASK3
10  MS

RT_TASK2
5  MS/10  HZ

� Components

{ RT Info references

{ Vector of RT Tasks

called by each RT Task

� Vector records

dependencies

{ Called-task chains are

traversed to compute

total CPU time and

minimum period

Washington University, St. Louis 21
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Real-time Dispatching Experiments

0 1 2 3 4

(B) RTU Dispatching

Dispatcher

Run-Time
Scheduler

3:3: DEQUEUE DEQUEUE

    REQUEST    REQUEST

4:4: DISPATCH DISPATCH

     REQUEST     REQUEST

0 1 2 3 4

(C) Threaded Dispatching

Run-Time
Scheduler

1:1: INCOMING INCOMING

     REQUEST     REQUEST

2:2: ENQUEUE ENQUEUE

REQUESTREQUEST

3:3: DEQUEUE DEQUEUE

    REQUEST    REQUEST

4:4: DISPATCH DISPATCH

     REQUEST     REQUEST

Dispatcher

OBJECTOBJECT    ADAPTERADAPTER

1:1: INCOMING INCOMING

     REQUEST     REQUEST

2:2: ENQUEUE ENQUEUE

REQUESTREQUEST

(A) FIFO Dispatching

Dispatcher

4:4: DISPATCH DISPATCH

     REQUEST     REQUEST

1:1: INCOMING INCOMING

     REQUEST     REQUEST

2:2: ENQUEUE ENQUEUE

REQUESTREQUEST

3:3: DEQUEUE DEQUEUE

    REQUEST    REQUEST

� Available at http://www.cs.wustl.edu/�schmidt/oopsla.html

Washington University, St. Louis 22
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Key Patterns in TAO

Acceptor

ConnectorHalf-Sync/
Half-Async

Strategy AdapterProxy

TACTICALTACTICAL    PATTERNSPATTERNS

STRATEGICSTRATEGIC  PATTERNSPATTERNS

ReactorReactorAsynchronousAsynchronous
CompletionCompletion

Token (ACT)Token (ACT)

ActiveActive
ObjectObject

Abstract
Factory

� De�nition

{ \A recurring solution

to a design problem in

a particular context"

� Bene�ts of Patterns

{ Facilitate design reuse

{ Preserve crucial design

information

{ Guide design choices

{ Document common

traps and pitfalls

Washington University, St. Louis 23
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Real-time Event Channel Overview

Subscription
& Filtering

Event
Correlation

Dispatching
Module

EVENT
CHANNEL

Consumer

Consumer
Consumer

Supplier Supplier
Supplier

push (event)

push (event)

Consumer
Proxies

Supplier
Proxies

Priority
Timers

Event
Flow

� Real-time Event Channel

Features

{ Scheduling

{ Correlation dependencies

{ Filtering

Washington University, St. Louis 24
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Collaboration in the RT Event Channel

Subscription
& Filtering

Supplier
Proxies

Priority
Timers

Event
Correlation

Dispatching
Module

Consumer
Proxies

EVENT
CHANNEL

Object Ref

Subscription Info Publish Types

Correlation
Specs

Scheduling QoS

Object Ref

Timeout Registration

Consumer

Supplier

CONNECT_PUSH

SUPPLIER

CONNECT_PUSH

CONSUMER

Washington University, St. Louis 25
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RT Event Channel Use-cases

2:2:PUSH PUSH ((EVENTSEVENTS))

AirAir
FrameFrame

SensorSensor
proxyproxy

HUDHUD

Nav

EVENT

CHANNEL

Sensor
proxy

Sensor
proxy

3:PUSH (DEMARSHALED  DATA)

CONSUMERS

SUPPLIERS

RATE  QUEUESRATE  QUEUES

Avionics

2:2:PUSH PUSH ((EVENTSEVENTS))

ConCon
ProxyProxy

AttrAttr
proxyproxy

EVENTEVENT

CHANNELCHANNEL

AttrAttr
proxyproxy

AttrAttr
proxyproxy

3:3:PUSH PUSH ((DEMARSHALED  DATADEMARSHALED  DATA))

CONSUMERSCONSUMERS

SUPPLIERSSUPPLIERS

RATE  QUEUESRATE  QUEUES

ConCon
ProxyProxy

ConCon
ProxyProxy

Network management

Washington University, St. Louis 26
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Applying CORBA to Medical Imaging

DIAGNOSTICDIAGNOSTIC

STATIONSSTATIONS

ATMATM
MANMAN

ATMATM

LANLAN

ATMATM

LANLAN

MODALITIESMODALITIES

((CTCT,, MR MR,, CR CR))  CENTRAL CENTRAL

BLOB STOREBLOB STORE

CLUSTERCLUSTER

BLOBBLOB

STORESTORE

DXDX

BLOBBLOB

STORESTORE

� Domain Challenges

{ Large volume of \Blob"

data

� e.g., 10 to 40 Mbps

{ Lossy compression isn't

viable

{ Prioritization of requests
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Problem: Reducing Protocol Engine Overhead

DIIDII ORBORB
INTERFACEINTERFACE

operation()operation()

IDLIDL
STUBSSTUBS OBJECTOBJECT

ADAPTERADAPTER

IDLIDL
SKELETONSKELETON DSIDSI

in  argsin  args

out  args + return  valueout  args + return  value

CLIENTCLIENT

ORB  COREORB  CORE

OBJECTOBJECT
IMPLEMENTATIONIMPLEMENTATION

RECEIVERRECEIVER

  TYPECODE

INTERPRETER

TypeCode::traverse()

  CDR::
encoder()

visit()

deep_free()

  CDR::
decoder()

deep_copy()

SENDERSENDER

  deep_free()

visit()

CDR::
decoder()

 deep_copy()
CDR::

encoder()

REQUESTREQUEST

RESPONSERESPONSE

ORBORB    CCORE  RUNORE  RUN--TIME  SYSTEMTIME  SYSTEM ORBORB    CCORE  RUNORE  RUN--TIME  SYSTEMTIME  SYSTEM

  TYPECODE

INTERPRETER

TypeCode::traverse()

� Design Challenges

{ Small memory footprint

{ Predictable

performance

{ Minimize the typecode

interpreter overhead
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Solution: TypeCode Interpreter Optimizations

_ttcp_sequence_
sendStructSeq_skel()

CREATE   NVLIST  AND

POPULATE   IT  WITH

PARAMETER  TYPECODES

for each parameter
get the typecode, tc
CDR::decoder(tc,val,0,

strm,env)

ServerRequest::params()

PARSING   PARAMETERSPARSING   PARAMETERS TypeCode::traverse(value1,TypeCode::traverse(value1,
          value2,visit,strm,env)          value2,visit,strm,env)

if (primitive typecode)
    return visit(this,val1,val2,

strm,env);
switch(_kind){
//complex typecodes
case tk_sequence:

OctetSeq *seq =
(OctetSeq *)val1;

bounds = seq->length;
value1 = seq->buffer;
goto shared_array_code;

case tk_array:
bounds=ulong_param(1, env);

shared_array_code:
TypeCode_ptr tc2 =

typecode_param(0, env);
size = tc2->size(env);
while(bounds--){

visit(tc2,val1,val2,strm,env);
value1=size + (char*)val1;
value2=size + (char *)val2;

}
case tk_struct:

create an encapsulation
CDR stream for our params
struct_traverse(&encap,val1,

val2,visit, strm,env);
}

struct_traverse(encap,struct_traverse(encap,
      val1, val2,visit,strm,      val1, val2,visit,strm,
      env)      env)

switch(tc->kind(env) {
case tk_char:
case tk_octet:

strm->get_char
(*(char *)data);

break;
case tk_short:

strm->get_short
(*(short *)data);

break;
case tk_long:

strm->get_long
(*(long *)data);

break;
case tk_double:

strm->get_longlong
(*(longlong *)data);
break;

case tk_sequence:
OctetSequence* seq =

(OctetSeq *)data;
strm->get_ulong
(seq->length);
seq->max=seq->length;
seq->buffer=0;
// get typecode of elem
tc2=typecode_param(0);
size = tc2->size(env);
//allocate buffer
seq->buffer=new uchar [
size*seq->max];
//Fall thru these cases

case tk_struct:
case tk_array:

return tc->traverse
(data, 0, decoder,

strm, env);
}

CDR::decoder(tc, data,CDR::decoder(tc, data,

          parent, strm, env)          parent, strm, env)

RECEIVER

TYPECODE

INTERPRETER

skip_string; // repository id;
skip_string; // struct name;
get number of members;
for each member {

skip_string; //member name
size =
calc_nested_size_
        and_align(&tc,align);
visit(tc,val1,val2,strm,env);
val1 = size + (char*)val1;
val2 = size + (char *)val2;

}

� Solution Approach

{ Optimized Typecode

Interpreter

{ Based on SunSoft

IIOP engine

� Related work

{ Hoschka '97

{ O'Malley, Proebsting,

and Montz '94

Washington University, St. Louis 31



Douglas C. Schmidt High-performance, Real-time ORBs

TypeCode Layout for Sequence of BinStructs

TKTK__SEQUENCESEQUENCETCKTCKIND IND __KINDKIND

ULULONG LENGTHONG LENGTH 128128

OCTET OCTET *_*_BUFFERBUFFER

BYTE  ORDERBYTE  ORDER 00

ELEMENT  ELEMENT  TTYPEYPECCODE   KINDODE   KIND TKTK__STRUCTSTRUCT

ENCAPSULATION   LENGTHENCAPSULATION   LENGTH 112112

ENCAPSULATIONENCAPSULATION

BOUNDS  OF  THE  SEQUENCEBOUNDS  OF  THE  SEQUENCE 00

ENCAPSULATIONENCAPSULATION

FOR   ARRAYFOR   ARRAY

 MEMBER

0

0

0

1

1

BYTE ORDER  OF  ENCAPSULATION

6

ACTUAL  NAME  OF STRUCT

LENGTH   OF  STRING   STRUCT  NAME

ACTUAL   STRING ID

LENGTH   OF  STRING  ID

ACTUAL   NAME  OF  MEMBER  OF TYPE  SHORT

LENGTH   OF  STRING  NAME   FOR  STRUCT   MEMBER   OF  TYPE  SHORT

NUMBER  OF  MEMBERS   IN  STRUCT

1

0

TK_SHORT TYPECODE   KIND  FOR  MEMBER  OF T YPE   SHORT

LENGTH   OF  STRING  NAME  FOR  STRUCT  MEMBER  OF  ARRAY   TYPE

ACTUAL   NAME   OF  MEMBER   OF ARRAY  TYPE

TYPECODE   KIND  FOR  MEMBER  OF  TYPE   ARRAY

ENCAPSULATION   LENGTH  FOR  ARRAY  MEMBER

1

0

TK_ARRAY

12

0 BYTE  ORDER   FOR  ENCAPSULATION

SIZE  OF  ARRAY

TYPECODE   KIND  FOR  ELEMENT   OF  ARRAY

8

TK_OCTET

� TypeCode Description

in CDR format

// 32 bytes

struct BinStruct{

short s; char c; long l;

octet o; double d;

octet pad[8];

};
typedef sequence<BinStruct>

StructSeq;
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Throughput of the SunSoft IIOP Implementation

0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0
Sender Buffer Size in Kbytes

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

110.0

120.0

130.0

T
hr

ou
gh

pu
t i

n 
M

bp
s

shorts
longs
chars/octets
doubles
structs
TCP/IP

� Experimental design

{ Transfer 64 Mbytes of

\oneway" data

{ Various types of data
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Sender-side Analysis of SunSoft IIOP Implementation

'
&

$
%93.33

2.69

1.92

1.55

write

put_longlong

CDR::encoder

TypeCode::traverse

'
&

$
%88.65

2.99 1.57
1.73 1.33 write

get_long

calc_nested_size_and_al
ignment
CDR::encoder

TypeCode::traverse

double struct

Percent Execution Time for doubles and structs
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Receiver-side Analysis of SunSoft IIOP Implementation

'
&

$
%

23.80
15.10

14.22

10.51

7.32

 23.81 
Typecode::traverse

CDR::get_longlong

deep_free

CDR::decoder

read

TypeCode::kind

'
&

$
%

27.65

18.3111.94

8.22

8.20

5.12
5.04 2.68

CDR::get_long

calc_nested_size_and_
alignment
struct_traverse

CDR::decoder

TypeCode::traverse

deep_free

CDR::skip_string

CDR::get_byte

double struct

Percent Execution Time for doubles and structs

Washington University, St. Louis 37



D
o
u
g
la
s
C
.
S
ch
m
id
t

H
ig
h
-p
erfo
rm
a
n
ce,
R
ea
l-tim
e
O
R
B
s

P
ro
b
le
m
s
a
n
d
S
o
lu
tio
n
s

�

P
ro
b
lem
s

{
In
vo
cation
overh
ead
for
sm
all,
freq
u
en
tly
called
m
eth
o
d
s

�

S
o
lu
tion

{
In
lin
e
m
eth
o
d
calls

�

P
rin
cip
le

{
O
p
tim
ize
for
th
e
com
m
on
case

W
a
sh
in
g
to
n
U
n
iv
ersity,
S
t.
L
o
u
is

3
8



Douglas C. Schmidt High-performance, Real-time ORBs

Throughput After 1st Optimization
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Receiver-side Analysis of IIOP Implementation (1st Opt)

'
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%

25.62

23.63

16.25

15.34

7.32

Typecode::traverse

CDR::get_longlong

deep_free

CDR::decoder

TypeCode::kind

'
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$
%

23.28
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12.32

11.30

10.56

7.97
4.97

calc_nested_size_and_
alignment
ptr_align_binary

struct_traverse

CDR::decoder

CDR::skip_string

TypeCode::traverse

deep_free

double struct

Throughput for doubles and structs
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Throughput After 2nd Optimization
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Receiver-side Analysis of IIOP Implementation (2nd Opt)
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Throughput After 3rd Optimization
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Receiver-side Analysis of IIOP Implementation (3rd Opt)
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Throughput After Optimizations
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Receiver-side Analysis of IIOP Implementation after

Optimizations
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Throughput Comparisons

'
&

$
%

0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0
Sender Buffer Size in Kbytes

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

110.0

120.0

130.0

T
hr

ou
gh

pu
t i

n 
M

bp
s

shorts
longs
chars/octets
doubles
structs
TCP/IP

'
&

$
%

0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0
Sender Buffer Size in Kbytes

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

110.0

120.0

130.0

T
hr

ou
gh

pu
t i

n 
M

bp
s

shorts
longs
chars/octets
doubles
structs
TCP/IP

Original SunSoft Optimized TAO

Throughput for SunSoft and TAO Versions of IIOP

Washington University, St. Louis 50



D
o
u
g
la
s
C
.
S
ch
m
id
t

H
ig
h
-p
erfo
rm
a
n
ce,
R
ea
l-tim
e
O
R
B
s

R
e
su
lts
fo
r
T
y
p
e
c
o
d
e
In
te
rp
re
te
r
O
p
tim
iz
a
tio
n
s

�

O
u
r
m
easu
rem
en
t-d
riven
,
prin
cip
le-b
ased
op
tim
ization
pro
cess
im
proved

T
A
O
's
IIO
P
proto
col
en
gin
e
p
erform
an
ce
as
follow
s

{
1
.8
tim
es
for
d
ou
b
les

{
3
.3
tim
es
for
lon
gs

{
3
.75
tim
es
for
sh
orts

{
5
tim
es
for
ch
ars/o
ctets

{
4
.2
tim
es
for
stru
cts

�

R
esu
lts
availab
le
at
h
t
t
p
:
/
/
w
w
w
.
c
s
.
w
u
s
t
l
.
e
d
u
/
�

s
c
h
m
i
d
t
/
I
I
O
P
.
p
s
.
g
z

W
a
sh
in
g
to
n
U
n
iv
ersity,
S
t.
L
o
u
is

5
1



D
o
u
g
la
s
C
.
S
ch
m
id
t

H
ig
h
-p
erfo
rm
a
n
ce,
R
ea
l-tim
e
O
R
B
s

C
u
rre
n
t
S
ta
tu
s
o
f
T
A
O

�

ID
L
C
om
p
iler

{
B
ased
on
S
u
n
"ID
L
"
fron
t-en
d
+
ou
r
b
ack-en
d

�

R
IO
P
P
roto
col
E
n
gin
e

{
O
p
tim
ized
version
of
S
u
n
's
G
IO
P
/IIO
P
proto
col
en
gin
e
w
ith
real-tim
e

en
h
an
cem
en
ts

�

A
C
E
O
R
B
C
ore

{
M
u
lti-th
read
ed
O
R
B
ru
n
-tim
e
system
b
ased
on
A
C
E

�

R
eal-tim
e
O
b
ject
A
d
ap
ter

{
D
em
u
ltip
lex,
sch
ed
u
le,
an
d
d
isp
atch
clien
t
req
u
ests
in
real-tim
e

�

O
b
ject
S
ervices

{
R
eal-tim
e
E
ven
t
C
h
an
n
els
an
d
M
u
ltim
ed
ia
S
tream
in
g
S
ervice

W
a
sh
in
g
to
n
U
n
iv
ersity,
S
t.
L
o
u
is

5
2



Douglas C. Schmidt High-performance, Real-time ORBs

Developing an ORB Core with ACE

DIIDII ORBORB
INTERFACEINTERFACE

operation()operation()

IDLIDL
STUBSSTUBS

REALREAL--TIMETIME

OBJECTOBJECT

ADAPTERADAPTER

IDLIDL
SKELETONSKELETON DSIDSI

in  argsin  args

out  args + return  valueout  args + return  value

CLIENTCLIENT

ORB  CORE

OBJECTOBJECT
IMPLEMENTATIONIMPLEMENTATION

SERVERSERVER

: Strategy: Strategy
ConnectorConnector

: Cached

Connect

Strategy

TYPECODE  INTERPRETERTYPECODE  INTERPRETER

CLIENTCLIENT

: ROA: ROA
HandlerHandler

: ROA: ROA
HandlerHandler

: ROA: ROA
HandlerHandler

: Strategy: Strategy
AcceptorAcceptor

: Reactor: Reactor

TYPECODE  INTERPRETERTYPECODE  INTERPRETER

5:5:  REQUEST  REQUEST//
RESPONSERESPONSE

2: connect()2: connect() 3: accept()3: accept()

: Client: Client
HandlerHandler

: GIOP: GIOP

HandlerHandler

: Thread: Thread

ActivationActivation

StrategyStrategy

0..N

6:6: DISPATCH DISPATCH()()

OPERATIONOPERATION

RECEIVED  BYRECEIVED  BY

ORBORB    CCOREORE

FROM  CLIENTFROM  CLIENT..

CONNECTION INITIATED,

USING  AN UNUSED

CACHED CONNECTION  IF

AVAILABLE

CONNECTION  ACCEPTED BY

SERVER  AND HANDLER

ACTIVATED USING

CONFIGURED STRATEGY.

HANDLER  EXTRACTS REQUEST  AND

PASSES  IT  TO THE  OBJECT  ADAPTER

F OR DEMULTIPLEXING  AND

DISPATCHING.

4:4:  CREATE    CREATE  &&
  ACTIVATE  ACTIVATE

1: operation()1: operation()

� Components

{ Acceptor/Connector

� Parameterized via

strategies

{ Reactor

� Demuxes client

requests

{ Active Objects

� Processes client

requests

Washington University, St. Louis 53



D
o
u
g
la
s
C
.
S
ch
m
id
t

H
ig
h
-p
erfo
rm
a
n
ce,
R
ea
l-tim
e
O
R
B
s

C
o
n
c
lu
d
in
g
R
e
m
a
rk
s

�

C
u
rren
t
F
o
cu
s:
H
igh
-p
erform
an
ce,
R
eal-tim
e
O
R
B
s

{
R
ed
u
cin
g
laten
cy
via
d
e
-
la
y
e
r
e
d

a
c
t
iv
e
d
e
m
u
x
in
g

{
A
p
p
lyin
g
op
tim
ization
prin
cip
les
to
T
yp
eC
o
d
e
in
terpreter

{
E
n
forcin
g
p
erio
d
ic
d
ead
lin
es
via
R
eal-tim
e
O
b
ject
A
d
ap
ter

�

i.e
.,
su
p
p
ort
static
req
u
est
sch
ed
u
lin
g

{
A
p
p
lyin
g
op
tim
ization
prin
cip
les
to
presen
tatio
n
layer

�

F
u
tu
re
W
ork

{
P
in
p
oin
t
n
on
-d
eterm
in
ism
an
d
priority
in
versio
n
s
in
O
R
B
s

{
D
yn
am
ic
sch
ed
u
lin
g
of
req
u
ests

{
D
istrib
u
ted
Q
oS
an
d
in
tegration
w
ith
R
T
I/O
S
u
b
system

{
T
yp
eC
o
d
e
com
p
iler
op
tim
ization
s

W
a
sh
in
g
to
n
U
n
iv
ersity,
S
t.
L
o
u
is

5
4




