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Motivation: the High-speed Network Software Crisis

e Symptoms

— Network element hardware gets
smaller, faster, cheaper

— Control/management software gets
larger, slower, more expensive

e Culprits
— Inherent and accidental complexity

e Solution Approach

— Manage & control network elements
via QoS-enabled embedded

www.arl.wustl.edu/arl/ middleware
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General Switch Management Protocol (GSMP)

Features

SIGNALING

CLIENT
GSMPuB

SIGNALING PRQCESSOR

e Setup & release connections

v e Add & delete
GSMP Messages iddlewart A | i
) point-to-multipoint leaves

ADD_BRANCH NCH

% 7 e Manage ATM switch ports
GSMP
e Request configuration

NETWORK ELEVENT ° information & statistics

Conventional Implementation CORBA Based Implementation

Low-level C APIs send RFC
2297 GSMP ATM messages

N O™
Washington University, St. Louis D E L

Embedded Middleware Douglas C. Schmidt

GSMP Proxy Server Configuration

Features

e Supports standard CORBA
programming API

e Can use standard ORB

e Transparent to existing
GSMP servers

; . e Scales to distributed
o [ j configuration

— i.e., one CP can control
multiple switches

Washington University, St. Louis
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GSMP Embedded ORB Configuration

ONNECT_REQUEST

SIGNALING
SERVER

Features

SIGNALING PROCESSOR

e Leverages middleware
70~ M evare J flexibility and

I NTER- ORB. PROTOCOL

standardization
: @ : e Multiple protocols can be

supported

: \M\ : — GSMP in-line bridging,
siteh IIOP, etc.

ter—ORB':'ProtocoI

NETWORK OPERATIONS CENTER

SIGNALING PROCESSOR

w/embedded controllers

Goal: Apply Embedded Middleware to
footprint

Network Element Managment & Control

e Low-latency and statistical real-time deadlines
e COTS infrastructure, open systems, and small

e High-speed (20 Gbps) ATM switches

Embedded Middleware
CONNECT_REQUE;

Domain Challenges

Washington University, St. Louis
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Problem: Lack of QoS-enabled Middleware Candidate Solution: CORBA

e Many telecom applications require

INTERFACE IDL IMPLEMENTATION
QOS guarantees REPOSITORY COMPILER REPOSITORY

— e.g., call-processing, in args

COMMON | mev network/switch management, operation() OBJECT
SERVICES — Wirel ess out args + return value (SERVANT)

Goals of CORBA

e Simplify distribution
by automating

Object location &

HIGHER-LEVEL e Building these applications IDL
BATTETIL A 1D i SKELETON Parameter
X manually is hard OBJECT hali
INTERFACE ADAPTER marsha Ing

e Existing middleware doesn’t Demultiplexing

support QoS effectively Error handling

OPERATING - e.g., CORBA, DCOM, DCE, Java O STANDARD INTERFACE OSTANDARD LANGUAGE MAPPING @ Provide foundation

SYSTEMS & ) . .ORB-SPECIFIC INTERFACE OSTANDARD PROTOCOL for higher-level
PROTOCOLS e Solutions must be integrated

horizontally & vertically

www.cs.wustl.edu/~schmidt/corba.html services
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Caveat: Limitations of CORBA for QoS

Douglas C. Schmidt

Limitations

e Lack of QoS
specifications

e Lack of QoS

enforcement
@
SKELETON|
ORB OBJECT e Lack of

INTERFACE ADAPTER real-time

programming
features

INTERFACE IDL
REPOSITORY COMPILER

IMPLEMENTATION
REPOSITORY

in args

operation() ((S)g'VEAiI)

out args + return value

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

www.cs.wustl.edu/~schmidt/RT-ORB.ps.gz

e Lack of
performance
optimizations

N ™
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Overview of the Real-time CORBA Specification

END-TO-END
PRIORITY
PROPAGATION

OBJECT
CLIENT MUTEX
IDL

OBJ'ECT
ADAPTER

EXPLICIT
BINDING THREAD POOLS

PROTOCOL
PROPERTIE

OS KERNEL

0S 1/0 SUBSYSTEM
NETWORK ADAPTERS

OS KERNEL

0S 1/0 SUBSYSTEM
NETWORK ADAPTERS

Features

1. End-to-end priority
propagation

. Protocol properties
. Thread pools
. Explicit binding
. Mutex IDL

D-C-C
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Our Approach: The ACE ORB (TAO)

in args

operation() OBJECT
(SERVANT)

IDL A
RN REAL-TIME

OBJECT

Douglas C. Schmidt

TAO Overview —

out args + return value
+-—O

e An open-source,
standards-based,
real-time,
high-performance
CORBA ORB

o & xror S5  * RunsonPOSIX,

Win32, &
embedded RT
platforms
- e.g., VxWorks,

Chorus, LynxOS
e Leverages ACE

OS KERNEL
REAL-TIME 1/O REAL-TIME 1/O
SUBSYSTEM SUBSYSTEM
HIGH-SPEED HIGH-SPEED
NETWORK INTERFACE NETWORK INTERFACE

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

D-C-C
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The ADAPTIVE Communication Environment (ACE)

SELF-CONTAINED MIDDLEWARE

ACE Overview —

DISTRIBUTED JAWS ADAPTIVE APPLICATIONS

SERVICE WEB SERVER
COMPONENTS TOKEN GATEWAY [—
SERVER SERVER D m
LOGGING NAME TIME
SERVER SERVER SERVER

SERVICE
HANDLER

C++
WRAPPER
FACADES

OS ADAPTATION LAYER

THE ACE ORB

E\(W e A concurrent

OO networking
framework
e Available in
C++ and Java
e Ported to
POSIX, Win32,
and RTOSs

C  [pRroCEsSES/|| STREAM || SOCKETS/}| NAMED [| SELECT/ || DYNAMIC [| MEMORY | sysTEM
APIS | TREADS PIPES TLI PIPES 10 COMP /| LINKING || MAPPING | V IPC

PROCESS/THREAD COMMUNICATION
SUBSYSTEM SUBSYSTEM SUBSYSTEM

GENERAL POSIX AND WIN32 SERVICES

VIRTUAL MEMORY

Related work —

e x-Kernel

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

STREAMS

D-C-C

Washington University, St. Louis
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ACE and TAO Statistics
e Over 30 person-years of effort

— ACE > 185,000 LOC

— TAO > 100,000 LOC — Bellcore, Boeing,

— TAO IDL compiler > 100,000 LOC Ericsson, Kodak,

— TAO CORBA Object Services > Lockheed, Lucent,
150,000 LOC Motorola, Nokia, Nortel,

e Ported to UNIX, Win32, MVS, and giaeﬁheenosn'e??'c’
RTOS platforms T

e Currently used by dozens
of companies

e Supported commercially

— ACE —
WWW.riverace.com

- TAO —
www.ociweb.com

e Large user community

— www.cs.wustl.edu/~schmidt/ACE-
users.html

N ™
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Optimization Challenges for QoS-enabled ORBs
o ln ares Key Challenges

CLIENT operation() ’ ((s)m

out args + return value
+—O0

e Alleviate priority inversion
and non-determinism

Reduce demultiplexing
INTERFACE
ORB

latencyl/jitter

=58 e Ensure protocol flexibility
0S KERNEL . .
Specify QoS requirements

Schedule operations

1) CLIENT MARSHALING 5) THREAD DISPATCHING imi H
2) CLIENT PROTOCOL 6) REQUEST DEMUXING Eliminate (de)marShalmg

3) NETWORK LATENCY 7) OPERATION DEMUXING overhead
4) SERVER PROTOCOL 8) SERVANT DEMARSHALING

Minimize footprint

N O™
Washington University, St. Louis E} E e
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Problem: Optimizing Complex Software

Common Problems —

e Optimizing complex software
> is hard
S irays @ Small “mistakes” can be costly

Solution Approach (lterative) —

e Pinpoint overhead via
white-box metrics
- e.g., Quantify and
VMEtro
MODALITIES e Apply patterns and framework
(c1, MR, CR) BLOB STORE compone nts
www.cs.wustl.edu/~schmidt/ e Revalidate via white-box and

JSAC-99.ps.gz black-box metrics

N ™
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Solution: Patterns and Framework Components

( cuEnT I.:. SERVICE (' SERVANT ) Definitions

CONFIGURATOR

D d ABSTRACT D

e Pattern

FACTORY

— A solution to a problem in

ACTIVE
. STRATEGY II a context

THREAD-SPECIFIC [

e Framework
, reacror [ — A “semi-complete”

application built with

0S KERNEL 0S KERNEL com ponentS
D D
D D

WRAPPER FACADES |

e Components
www.cs.wustl.edu/~schmidt/ORB- i ned. “of ble”
patterns.ps.gz - ieD_ljgonta'”e » "pluggable

N ™
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document

rules for avoiding common design and
implementation problems that can degrade the

performance, scalability, and predictability of

ORB Optimization Principle Patterns
complex systems

e Optimization principle patterns
Key Principle Patterns Used in TAO

Embedded Middleware

Definition

Principle Pattern

functions with efficient special-purpose ones

expensive operations

1 | Optimize for the common case
2 | Remove gratuitous waste

4 | Shift computation in time, e.g., precompute

6 | Pass hints between layers and components

7 | Don't be tied to reference implementations/models
8 | Use efficient/predictable data structures

3 | Replace inefficient general-purpose
5 | Store redundant state to speed-up

Washington University, St. Louis
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ORB Latency and Priority Inversion Experiments

Method

Co Ci ... G

q Requests
Client

TR ATM Switch
Ultra2

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

Vary ORBs, hold OS
constant

Solaris real-time threads
High priority client Cy
connects to servant Sy
with matching priorities
Clients C; . .. C,, have
same lower priority
ClientsCy...C,
connect to servant Sy
Clients invoke twoway
CORBA calls that cube a
number on the servant
and returns result

Washington University, St. Louis
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ORB Latency and Priority Inversion Results

|| —=CORBAplus High Priority  —— CORBAplus Low Priority

IS
&

—A— MT-ORBIX High Priority % MT-ORBIX Low Priority

1S

—8-miniCOOL High Priority ~ —~miniCOOL Low Priority

&
&

——TAO High Priority —#-TAO Low Priority

@
8

«
8

N
8

N
R

~
B

Latency per Two-way Request in Milliseconds
N
5

-
s

Number of Low Priority Clients.

Synopsis of Results

e TAO's latency is lowest for
large # of clients

e TAO avoids priority inversion

— I.e., high priority client
always has lowest latency

e Primary overhead stems
from concurrency and
connection architecture

— e.g., synchronization and
context switching

Washington University, St. Louis
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ORB Jitter Results

Jitter in milliseconds

Number of Low Priority Clients

Definition

e lJitter — standard
deviation from
average latency

Synopsis of Results

e TAO's jitter is
lowest and most
consistent

"~ CORBAplus Low Priority

CORBAplus High Priority @ CORBApIUS, ]|tter
MT-ORe NPty is highest and
most variable

miniCOOL Low Priority
miniCOOL High Priority

TAO Low Priority
TAO High Priority

Washington University, St. Louis
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Problem: Improper ORB Concurrency Models

Common Problems
SKELP

— |»% SERVANT | o High context switching and
3: dequeue, —] SKELETONS

4 dispateh synchronization overhead
upcall()

opJecT ) ® Thread-level and
ADAPTER packet-level priority

=

e Lack of application control
over concurrency model

www.cs.wustl.edu/~schmidt/
CACM-arch.ps.gz

Washington University, St. Louis
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Problem: ORB Shared Connection Models

APPLICATION Common Problems

1: invoke_twoway()

S S Sn B &
5: dispatch_return

ORB CORE

e Request-level

priority inversions
SERVANTS
OO00 SERVER — Sharing multiple
ORB CORE priorities on a

2: select( it rereased) S single connection

= -~
IGRUDCoTg comecron (IR o Complex connection
COMMUNICATION LINK | multiplexing

SAVIIHL aamoddod

3: read(),

BORROWED THREAD

e Synchronization

www.cs.wustl.edu/~schmidt/ overhead
RTAS-98.ps.gz

N O™
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Problem: High Locking Overhead

Common Problems

@
3
S

e Locking overhead affects
latency and jitter significantly

@
S
s

Bclient e Memory management
Wserver commonly involves locking

IS
S
S

www.cs.wustl.edu/~schmidt/
RTAS-98.ps.gz

w
&
3

User Level Lock Operations per Request
N
5
8

.
1)
3

miniCOOL CORBAplus MT ORBIX
ORBs Tested

N O™
Washington University, St. Louis D E L
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Solution: TAO’s ORB Endsystem Architecture

[ CLIENTS j LSERVANTSJ Solution Approach —

STUBS SKELETONS

RT OBJECT
ADAPTER

RT ORB CORE

REACTOR | REACTOR ) REACTOR )( REACTOR
®y) (®y) ®3) (L)

PLUGGABLE PROTOCOLS

e Integrate scheduler into ORB
endsystem

e Support multiple scheduling
strategies

e Co-schedule threads

mE-~zcRm)

<" ONOOCRAEN

Principle Patterns —

SOCKET QUEUE DEMUXER

RT I/O

e Pass hints, precompute,
optimize common case,
A r?mov?[ %rat;no,L:sbw?stg,t
HIGH-SPEED NETWORK [#4 store sta e_’ on e Ie_ 0
INTERFACES : reference implementations &
(e.g., APIC, VME) 1
models

(rmrcomzan
n R EEAW

N ™
Washington University, St. Louis D E L
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Problem: Reducing Demultiplexing Latency

6: DISPATCH
OPERATION

5:DEMUX TO
SKELETON

4: DEMUX TO
SERVANT

3:DEMUX TO
OBJECT
ADAPTER

2:DEMUX TO
1/O HANDLE

1: DEMUX THRU

Design Challenges

SERVANT o Minimize demuxing layers
LAYER

e Provide O(1) operation

demuxing through all layers

D DR (SE“VIANT”) e Avoid priority inversions

I I

(_roorPoa ) ore www.cs.wustl.edu/~schmidt/
LAYER

POA.ps.gz

05 1/0 SUBSYSTEM os
NETWORK ADAPTERS LAYER

OPERATION]
OPERATION2

e Remain CORBA-compliant

PROTOCOL STACK

Washington University, St. Louis
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Solution: TAO’s Request Demultiplexing Optimizations

(D) DE-LAYERED ACTIVE DEMUXING

(B) LAYERED DEMUXING,
DYNAMIC HASHING

(A) LAYERED DEMUXING,
LINEAR SEARCH
(C) LAYERED DEMUXING,
oy PERFECT HASHING

search(operation) hash(operation)

W) (B ) ... L =) =
SKEL 1) \ SKEL 2 SKEL N

(SERVANT 1) (SERVANT 2) oo (SERVANT 500) (SERVANT 1) (SERVANT 2) "'(SERVANT 500)
LA ALK
hash(object key)

OBJECT ADAPTER

=
z
g
3
=
g
2
a

|SERVANT500::0PERAT[ON100 |

SERVANT1::0PERATION]
SERVANT1::0PERATION2
| SERVANTS00::0PERATION1 |

-
A
index(object key/operation)

OBJECT ADAPTER

Perfect hashing

search(object key)

OBJECT ADAPTER

Demuxing

e Www.cs.wustl.edu/~schmidt/
{ieee_tc-97,CO0TS-99}.ps.gz

e Www.cs.wustl.edu/~schmidt/
gperf.ps.gz

D-O-C
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special-purpose &
predictable data

structures

e Precompute, pass
hints, use

O Active Demux

Principles

No. of Objects

ODynamic Demux
B Linear Demux

Servant Demultiplexing Results

Embedded Middleware

most efficient &
predictable

o o
3 & ©
— —

(sn) Aouare

Synopsis of Results
e Linear demux is
e Active demux is

Washington University, St. Louis
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Operation Demultiplexing Results

Douglas C. Schmidt

@ Perfect Hashing
OBinary Search

W Dynamic Hashing
OLinear Search

Synopsis of Results —

e Perfect Hashing
— Highly predictable
— Low-latency

e Others strategies
slower

Latency (us)

[ Principle Patterns

e Precompute, use
predictable data
20 structures, remove

30 X
No. of Methods gratuitous waste

D-O-C

Washington University, St. Louis




Embedded Middleware Douglas C. Schmidt
Real-time ORB/OS Performance Experiments

P F,] Method
. @ “.@ Obja:tAdapta
Co ¢ .. C

‘@P] @ e Vary OS, hold ORBs

constant
& & = & Single-processor Intel
8§ Reauests — Pentium Il 450 Mhz, 256
[P]Priority Mbytes of RAM
1/0 SUBSYSTEM

Client Client and servant run on

~ the same machine
Client C; connects to
servant S; with priority P;
— ¢rangesfrom1...50

Pentium 11 Clients invoke twoway

www.cs.wustl.edu/~schmidt/RT-OS.ps.gz CORBA calls that cube a
number on the servant and
returns result

¥31NAIHIS

Absolute Time ( us)
servant dependent
operation dependent

POA; | (POA, ...@
( roor poa )

o———>

ACTIVE
DEMUXING

() (32) - ()
(sorvares) (vt ) e Srmvivry)

*————>

PERFECT
HASHING
ACTIVE
DEMUXING

5. Parameter demarshaling | operation dependent

Demultiplexing Stage
1. Request parsing

2. POA demux
7. Results marshaling

3. Servant demux
4. Operation demux
6. User upcall

Washington University, St. Louis B’ at

TAO Request Demultiplexing Summary

Washington University, St. Louis
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Real-time ORB/OS Performance Results Real-time ORB/OS Jitter Results
N N

¥

u Solaris
NT

N
1=}
S
S}

=
@
=}
S}

Two-way Jitter, usec

Two-way Jitter, usec

Two-way Request Latency, usec
Two-way Request Latency, usec

ARl
—A

AN ———

0 1 2 5 1015 20 25 30 35 40 45 50 0 1 2 5 10152025 30 3540 45 50
Low Priority Clients Low Priority Clients Low Priority Clients

AN
High-priority Client Latency Low-priority Clients Latency High-priority Client Jitter ~ Low-priority Clients Jitter

T
r t T
Washington University, St. Louis D E L Washington University, St. Louis
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Better Solution: TAO’s
Pluggable Protocols Framework

IN ARGS

o——»
CLIENT operation (args) OBJECT (SERVANT)
4———O
OBJECT ADAPTER

OTHER
ORB MESSAGING COMPONENT (0]3=)

CORE
REAL-TIME || MULTICAST || EMBEDDED SERVICES

IoP IOP IOP
ORB MESSAGE CONCURRENCY
FACTORY MODEL
ESIOP MEMORY
ORB TRANSPORT MANAGEMENT
RELIABLE, RELIABLE, ADAPTER FACTORY POLICY
svTe-sTreAu|| BYTESTREAV] | 5 conTROL

UDP ATM

SIeM3|PPIN pappaquig

1 @avod

sinoT 1S ‘Ausianiun uolbuiysep
7 @ivod

GIOPuITE

O &0

O 60

PLUGGABLE PROTOCOLS FRAMEWORK

ORB TRANSPORT ADAPTER COMPONENT

ADAPTIVE Communication Environment (ACE)

REAL -TIME | /O SUBSYSTEM
COMMUNICATION INFRASTRUCTURE — NETWORKWTERFACE'

Features Principle Patterns

able| 001

ag Aew 1uid100) abessaw 4OI19 —

VEIIITENN]

pue s[gIXajjul SgHO saxew syl —
sjoo010.d

Bunsixa 01 sjuswwwod Aoeba] —
S|0d0]0.1d 1JOdSU‘e.l_|_ pue

Buibessa gHO pPoapoo-pieH :wajqoid

e Pluggable ORB e Replace
messaging and general-purpose
transport protocols functions

(protocols) with

special-purpose

ones

.S|02010.d B|qebbn|d,
uoddns 1,uop sgyO Bunsixy e

S0Q Aressadau syoe| 4oL —

e Highly efficient and
predictable behavior

6°9 JUBIDIYNS 10U dIe dOII/dOID *

plwyas O selbnog

bl
Washington University, St. Louis E} C LLr

Embedded Middleware
One Solution: Hacking GIOP

e GIOP requests include fields that aren’t needed
in homogeneous embedded applications

HIAVT MHOMLAN
HIAVT LHOdSNVHL
LHOdSNVYL §HO
LNINOJINOD
ONIOVSSIN GHO
SIeM3|PPIA Pappaqwi3

— e.g., GIOP magic #, GIOP version, byte order,
request principal, etc.

ININOdNOD d3ldvav

e TAO's gioplite option save 15 bytes
per-request, yielding these calls-per-second:

sinoT 1S ‘“Ausianiun uolbuiysep

doll

Marshaling-enabled Marshaling-disabled
min max avg min max avg

GIOP 2,878 | 2,937 | 2,906 || 2,912 | 2,976 | 2,949

GIOPlite | 2,883 | 2,978 | 2,943 || 2,911 | 3,003 | 2,967

a117doI9  dOI9

d3AIEA

SNOILYYNOIINOD T000.10dd

NLY
(g1wv)

N1V
dOIs3

Javinay

dOIl-INLY dOlI-3NA
1dV ONINNVHOOHd V8400 QdVANVLS
al1n10911yaJy Aljigeladolalu] |090101d YaHOD

a3oN3N03Ss

e The result is a measureable, but small (2%),
improvement in throughput/latency

e Our pluggable protocols framework will all much
greater decreases in IOP request sizes, as well
as more flexible support for multiple transport
protocols

z6°sd*sjoo0101d-3|qebBN|d APILYIS~/NPS ISNM SO MMM
< sainjesd

jlodsuel] e

dolo “69 —

e However, there will be no changes required to
the standard CORBA programming model

d:)_l_ 1.5.9 _
suondwnsse
HGO 1.5.8 _

dol doll 69 —
Buissalppe 123lqO e

Sjew.lo) abessalN e
laAe| uoneiussald e

plwyas O selbnog

5 PLOS
Washington University, St. Louis E} C LLr
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Embedded System Benchmark Configuration

CLIENT I OBJECT (SERVANT) I

'
obj->op (paran_qs)

1 IDL ACTIVE
OBJECT
MARSHAL MaP

OBJECT ADAPTER
PARAMS 1A cory

ORB MESSAGING ORB MESSAGING
ORB TRANSPORT ORB TRANSPORT

DATA COPY P
VME
DRIVER —

] VME BUS

OVME/GIOPIite avg.
B VME/GIOP avg.
O Ethernet/GIOPlite avg.

required to support

e No application
changes are

OUTGOING
ONINOODNI

§

Synopsis of Results

VxWorks running on PowerPC over 320 Mbps VME & Ethernet

much faster than

Ethernet & VME Two-way Latency
long seq <long>
short seq <long>
long seq <octet>
short seq <octet>
Ethernet

e VME protocol is

Washington University, St. Louis

Embedded Middleware

. . . . r L] Data Type
Washington University, St. Louis E} E L
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Pinpointing ORB Overhead with VMEtro Timeprobes

CLIENT I OBJECT (SERVANT) l

512 1024 2048

256

ONINODNI
ONIOOLNO

OBJECT ADAPTER o

RECV
_.
ORB MESSAGING d 5 ORB MESSAGING A
L ona riavsron
OS KERNEL OS KERNEL
VME DRIVER

OUTGOING INCOMING

64

Sequence length (bytes)

32

O ORB client post-write  [JORB server overhead
12

OVME + OS overhead O ORB client pre-write

Synopsis of Results

e Timeprobes use VMEtro monitor, e Timeprobe overhead is
which measures end-to-end time minimal, i.e., 1 usec

— e.g., ~110 usecs per end-to-end operation

e ORB overhead is relatively constant and low
e Bottleneck is VME driver and OS, not ORB

ORB & VME One-way Overhead Results

Washington University, St. Louis

Embedded Middleware

N
Washington University, St. Louis E} E L
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Client Whitebox Latency Results

Direction

Client Activities

Absolute Time ( us)

Outgoing

. Initialization

36

. Get object reference

12

. Parameter marshal

operation dependent

. ORB messaging send

4

. ORB transport send

2

. I/0 send

operation dependent

Embedded Middleware

Douglas C. Schmidt

Server Whitebox Latency Results

Direction

Server Activities

Absolute Time ( uS)

Incoming

1/O receive

operation dependent

ORB transport recv

10

ORB messaging recv

33

Parsing object key

12

POA demux

3

Servant demux

6

Incoming . I/O receive operation dependent
. ORB transport recv 2
. ORB messaging recv 12

10 Parameter demarshal | operation dependent

O 0| N| O OIf B WIN| =

Washington University, St. Louis

Operation demux 4
Parameter demarshal | operation dependent
. User upcall servant dependent
Outgoing 10 Return value marshal | operation dependent
11. ORB messaging send 34
12. ORB transport send 3
13. I/O send operation dependent

©| O N| O 91 A Lo NV =

Washington University, St. Louis
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Problem: Overly Large Memory Footprint
e Problem

INTERFACE IDL IMPLEMENTATION
REPOSITORY COMPILER REPOSITORY

— ORSB footprint is too

in args H
CLIENT (5 operation() OBJECT big for many telecom
REF / out args + return value (SERVANT) appS

+—O0

sl ¥ e Unnecessary
zt ore | OO N opseer Features
R INTERFACE ADAPTER

DSI & DI

Dynamic Any
O STANDARD INTERFACE OSTANDARD LANGUAGE MAPPING

Interface Repository
'ORB-SPECIFIC INTERFACE OSTANDARD PROTOCOL Advanced POA

www.cs.wustl.edu/~schmidt/ features
COOTS-99.ps.gz — CORBA/COM
interworking

Washington University, St. Louis

Embedded Middleware Douglas C. Schmidt

Solution; Minimum CORBA

Component CORBA | Minimum | Percentage

CORBA Reduction

POA 281,896 207216 26.5
ORB Core 347,080 330,304 4.8
Dynamic Any 131,305 0
CDR Interpreter 68,687 68,775 0
IDL Compiler 10,488 10,512 0
Pluggable Protocols 14,610 14,674 0
Default Resources 7,919 7,975 0

Total 861,985 639,456 25.8

Applying Minimum CORBA subsetting to TAO reduces memory
footprint by ~25% and increases ORB determinism
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Lessons Learned Developing QoS-enabled ORBs

Avoid dynamic connection management (s

Minimize dynamic memory management &
and data copying

Avoid multiplexing connections for
different priority threads

Avoid complex concurrency models

Integrate ORB with OS and 1/0
subsystem and avoid reimplementing
OS mechanisms

Guide ORB design by empirical
benchmarks and patterns
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Concluding Remarks

e Researchers and developers of distributed, real-time, embedded
telecom applications confront common challenges

— e.g., service initialization and distribution, error handling, flow control,
scheduling, event demultiplexing, concurrency control, persistence, fault
tolerance

Successful researchers and developers apply patterns,
frameworks, and components to resolve these challenges

Careful application of patterns can yield efficient, predictable,
scalable, and flexible middleware

— I.e., middleware performance is largely an “implementation detail”

Next-generation ORBs for telecom will be highly QoS-enabled,
though many research challenges remain
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Summary of TAO Research Project

Completed work
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Ongoing work

e First POA and first deployed
real-time CORBA scheduling
service

e Dynamic/hybrid scheduling
of CORBA operations

e Distributed QoS, ATM 1/O
Subsystem, & open
signaling

Pluggable protocols framework

Minimized ORB Core priority
inversion and non-determinism e Implement Real-time

Reduced latency via demuxing CORBA spec

optimizations e Tech. transfer via DARPA
Quorum program and

Co-submitters on OMG's WWW.ociweb.com

real-time CORBA spec
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Summary: Real-time Optimizations in TAO Next Steps: New TAO Features and Optimizations
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Next Steps: Integrating TAO with ATM 1/0O Subsystem Next Steps: Strategized Scheduling Framework
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Next Steps: Open ATM Signaling & Control
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Control

e Uses CORBA for control
messages and
properties

ORB CORE
STREAM
Flexibility

MULTIMEDIA
www.cs.wustl.edu/~schmidt/av.ps.gz

Next Steps: Audio/Video Streaming
to get high performance

e Sockets for data transfer

Flow data
End-point
Efficiency
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Web URLSs for Additional Information

These slides: ~schmidt/TAO4.ps.gz

More information on CORBA: ~schmidt/corba.html
More info on ACE: ~schmidt/ACE.htm|

More info on TAO: ~schmidt/TAO.html

TAO Event Channel; ~schmidt/JSAC-98.ps.gz

TAO static scheduling: ~schmidt/TAO.ps.gz

TAO dynamic scheduling: ~schmidt/dynamic.ps.gz

ORB Endsystem Architecture: ~schmidt/RIO.ps.gz

Pluggable protocols: ~schmidt/pluggable _protocols.ps.gz
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Web URLs for Additional Information (cont'd)

e Performance Measurements:

— Demuxing latency: ~schmidt/COOTS-99.ps.gz
— Sll throughput: ~schmidt/SIGCOMM-96.ps.gz
— DIl throughput: ~schmidt/GLOBECOM-96.ps.gz
— ORSB latency & scalability: ~schmidt/ieee  _tc-97.ps.gz
— IIOP optimizations: ~schmidt/JSAC-99.ps.gz
— Concurrency and connection models: ~schmidt/RT-perf.ps.gz
— RTOS/ORB benchmarks:
~schmidt/RT-OS.ps.gz
~schmidt/words-99.ps.gz
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