1uudg ‘| 7 suswalg ‘N suswiIS YDHS suswilS ‘DIVS
|.LO ‘BJ|0J010J/ ‘HOSOUDIA ‘IuadNT ‘pPIsyd0T] ‘Yepoy
'SIa9/1ad ‘Suteog ‘su0djjeg 'vd¥vA '4SN
siosuodg

/Ipiwyds~ /npa-jasnm so-mmm/ /:diay

SINO 1S ‘ANSJdAIU UOISUIYSEAA
NP’ [3SNM"S2H)IPIWYIS

PpIwyds ) sednoq

9/em}jog uoiljediunwwo) OO dojpnaQg
0} suJ4dlled pue Jiomawel4 JIHY 24l suisn)



Douglas C. Schmidt Distributed Object Computing Group

Motivation: the Distributed Software Crisis

TRACKING e Symptoms
STATION

— Hardware gets smaller,
faster, cheaper

— Software gets larger, slower,
more expensive

WIDE AREA
NETWORK Iy
commanos |/ 7 BULK DATA o u prltS
/7 7 TRANSFER

— Accidental and inherent
— complexity

CROUND e Solutions

STATION
PEERS

— Frameworks, components,
and patterns

Washington University, St. Louis 1



Douglas C. Schmidt Distributed Object Computing Group
Techniques for Improving Software

Quality and Productivity

e Proven solutions

armaemo | et — Components
roaie INVOKES | MATH ADT*‘J x Self-contained, “pluggable”
Toor | | ivrerrace [ | DATA ADTs
— Frameworks
(A)AI%QISTSEI&I:I?&AERY x Reusable, “semi-complete”
applications
NETWORKING USER — Patterns

MATH

\ INTERFACE ] _ _
INVOKES CAPPLICATION * PrOblem/SO|Ut|0n pairs in a
|\ tocic. context
ADTs o — Architecture
(B) APPLICATION FRAMEWORK x Families of related patterns
ARCHITECTURE and components

Washington University, St. Louis 2
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Douglas C. Schmidt

Distributed Object Computing Group

The ADAPTIVE Communication Environment (ACE)

SELF-CONTAINED
DISTRIBUTED
SERVICE
COMPONENTS

MIDDLEWARE
JAWS ADAPTIVE APPLICATIONS

WEB SERVER

= ==

THE ACE ORB

L

TOKEN GATEWAY
SERVER SERVER
LOGGING NAME TIME
SERVER SERVER SERVER

FRAMEWORKS : PTOR

PROCESS/
THREAD SHARED

oC

C++
WRAPPERS _

WRAPPERS

TLI_SAP

OS ADAPTATION LAYER

DYNAMIC |}
LINKING [

NAMED
PIPES

MEMORY |
MAPPING |7

| SELECT/ [

STREAM || SOCKETS/ [
7| I0_ COMP_|/

PIPES | TLI

C  PROCESSES/
APIs | yprEaDs [

SYSTEM
V IPC j

GENERAL POSIX AND WIN32 SERVICES

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

e ACE Overview

— A concurrent OO
networking
framework

— Available in C++
and Java

— Ported to
VxWorks, POSIX,
and Win32

e Related work

— x-Kernel
— SysV STREAMS

Washington University, St. Louis



G sino 1§ ‘Ausiantlun) uoi3urysepp

WO 9JBIIAIL" MMM — jwly siasn

-JDV/IPIUYIS~ /NPa°[ISNM SO MMM —
Ajjerdsswwod payoddng e

Allunwwod Jasn 9384e7 e
219 %3] 401G ‘suswaIg

‘“IIVS ‘€[0J010|\ GoGd ‘SOXUAT ‘SHIOMXA ‘T —
U9dN7 ‘Pa’Y 0T

‘Yepoy| ‘uossdl]j

‘Suisog ‘su00|pg —

swJojie|d pappaqwa
Pue ‘SAIN ‘TEUIAM "XINN 03 pauiod e

10J]9 1O sieak-uosiad A —
ssiuedwod Jo HoJe 4 GT 4970

suszop Aq pasn Ajpuaiin) e 447 JO Saul| 000'GET < ulewuod JHy e

sonsiels 3Jv

dnoig Sunnndwon) 123[qQ painquisiqg Ip1wydg ") sejdno(




Douglas C. Schmidt Distributed Object Computing Group
Patterns for Communication Middleware

e Observation

Thread-per

Request Router L Acceptor

— Failures rarely result

ConnCeE from unknown scientific
principles, but from
q Service failing to apply proven
Thread-per Configurator . . . d
Session engineering practices an
Double patterns
Asynchronous Checked
Completion Reacta LS e Benefits of Patterns

Token

D Thread _ -1: .
External Specific Facilitate design reuse

Polymorphism Storage — Preserve crucial design
information

Concurrency Event Initialization — Guide design choices
Patterns Patterns Patterns

Washington University, St. Louis 6




Douglas C. Schmidt Distributed Object Computing Group

Active Objects with ACE Tasks

e ACE Task Features

t:
s+ enquene (s Task — Queueing o
- o : Event demultiplexing
Queue _,% 5: do_work(msg) oncurrency
ACTIVE — Dynamic linking

1: put (mmsg)

tl :
Task

: Message
Queue _,%

X 6: put (msg)

Washington University, St. Louis 7



Douglas C. Schmidt Distributed Object Computing Group

The ACE Stream Class Category
e ACE Stream Features

APPLICATION APPLICATION
Stream

— Layered service
composition

— Synchronous and

i % asynchronous messaging

— Dynamic configuration

NETWORK INTERFACHE
OR PSEUDO-DEVICES(

omrer  MODULE UK TASK
OBJECT
OBJECT OBJECT OBJECT

Washington University, St. Louis



Douglas C. Schmidt Distributed Object Computing Group
Alternative Concurrency Models

ACTIVE ACTIVE ACTIVE o Message—based
™ 3 3 _\ E
% Evaluation

— Low overhead
— Harder to program

Task-based Features

— Higher overhead
— Easier to program

MESSAGE MODULE READ TASK READ TASK PROCESS OR
OBJECT OBJECT OBJECT OBJECT THREAD

Washington University, St. Louis 9



Douglas C. Schmidt Distributed Object Computing Group

Use-cases for ACE

e Domains

APPLICATION-
SPECIFIC — Medical imaging
— Network
Network management
° Serxices Stream — Wireless
APPLICATION- Framework communications

INDEPENDENT

— Real-time avionics
— Multimedia services

Service
Initia/lization

Interprocess
Communication Service

Configurator
®

Reactor

Concurrency
global

Washington University, St. Louis 10



Douglas C. Schmidt Distributed Object Computing Group

Applying ACE to Medical Imaging

e Domain Challenges

— Large volume of “Blob”
data
x e.g., 10 to 40 Mbps
— "“Lossy compression”
isn’t viable

DIAGNOSTIC
STATIONS

ATM — Prioritization of requests
MAN
atM T | e ® Nschmidt/COOTS—96.ps.gz
:X: LAN STORE
X e ~schmidt/av.ps.gz
MODALITIES —1 CENTRAL
(cT, MR, CR) IMAGE
H STORE

Washington University, St. Louis 11



Douglas C. Schmidt Distributed Object Computing Group

Applying ACE to Network Management

VISORS

e Domain Challenges

Session Router

=

Module
— Low latency
P tati .
Module Q ? — Multi-platform
Event Filter C ? Session IO — Fa m.lly of related
Module D services
eactor .
Event Analysis i 7 — NSChmIdt/DSEJ_
Module
Switch 10 94.ps.gz
Presentation
Module QT?

-

¢
U

Switch Router
Module

L\

il

Washington University, St. Louis 12
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Applying ACE to Global PCS

TRACKING e Domain Challenges
& SATELLITES STATION

— Long latency satellite links
— High reliability

— Prioritization

— ~schmidt/ TAPOS-95.ps.gz

WIDE AREA
NETWORK % // ,
; /

comManps ;) BULK DATA
/7 7 TRANSFER

LOCAL AREA NETWORK

GROUND @

STATION
PEERS

..

Washington University, St. Louis 13
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Applying ACE to Real-time Avionics

Consumers e Domain Challenges
@ @ @ — Real-time periodic
> N o processing
3: puswemarshaled data) —_ Com plex dependencies
$ — Very low latency
— ~schmidt/JSAC-
2: push (demarshaled data) 98.ps_gz
Sensor
Proxy
q
T [T

Washington University, St. Louis 14



Douglas C. Schmidt

Distributed Object Computing Group

The ACE ORB (TAO)

in args
operation()

out args + return value

<+—O0

CLIENT SERVANT

RIDL
SKELETON

REAL-TIME
OBJECT
ADAPTER

OS KERNEL

ORB QoS
INTERFACE C

REAL-TIME
ORB CORE

OS KERNEL

e TAO Overview

— High-performance,
real-time ORB
x Networking and
avionics focus
— Leverages ACE
x Runs on VxWorks,
POSIX, and Win32

e ~schmidt/TAO.html

REAL-TIME 1/0 REAL-TIME 1/0
SUBSYSTEM SUBSYSTEM
HIGH-SPEED HIGH-SPEED
NETWORK ADAPTERS NETWORK NETWORK ADAPTERS
Washington University, St. Louis 15



Douglas C. Schmidt Distributed Object Computing Group

JAWS Adaptive Web Server
e JAWS Overview

1: GET ~schmidt
WWW HTTP/1.0
L 2: index.html — A high-performance
-
PR N PROTOCOL ) Web server
HANDLERS .
HTML x Flexible
=EEEE
gur|\____ > 4 concurrency and
T\ DISPATCHER . .
REQUESTER -3 5 < event dispatching
0000000 @ .
NN / 0000 ) mechanisms

COMMUNICATION PROTOCOL X FU I I H TT P 1. 0 an d
ADAPTER (E.G., HTTP)
CGl support

— Leverages the ACE

OS KERNEL OS KERNEL
framework
+ Ported to most OS
NETWORK platforms
~jxh /research/

Washington University, St. Louis 16



Douglas C. Schmidt Distributed Object Computing Group

Java ACE

[ )
DISTRIBUTED e Java ACE Overview
SERVICES AND TOKEN LOGGING NAME TIME
COMPONENTS SERVER SERVER SERVER SERVER

— A version of ACE

FRAMEWORKS - .
AND CLASS CONNECTOR SERVICE written in Java
CATEGORIES HANDLER

ADAPTIVE SERVICE EXECUTIVE (ASX) - U Sed for m ed ICa |
. e P e = == » "
JAVA SYNCH ||sock sapl| THREAD LOG TIMER SERVICE Imaging prOtOtype
WRAPPERS WRAPPERS - MANAGER MSG UEUE CONFIGURATOR

JAVA VIRTUAL MACHINE  (JvM)

~schmidt/JACE.html
~schmidt/MedJava.ps.gz

~schmidt/C+-+2java.html

Washington University, St. Louis 17
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