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Motivation: the Distributed Software Crisis

e Symptoms

— Hardware gets smaller,
faster, cheaper
— Software gets larger, slower,
DIAGNOSTIC -
STATIONS more expensive

e Culprits

— Accidental and inherent
complexity

e Solutions

MODALITIES

(T, MR, CR) — Middleware, frameworks,

components, and patterns

Washington University, St. Louis 1
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Sources of Complexity for Distributed Applications

e Inherent complexity

— Latency

— Reliability
T - Partitioning
(1) STAND-ALONE APPLICATION ARCHITECTURE _ Orderi ng

e Accidental Complexity

— Low-level APls

— Poor debugging tools

— Algorithmic
decomposition

— Continuous re-invention

FILE SYSTEM
(2) DISTRIBUTED APPLICATION ARCHITECTURE

Washington University, St. Louis 2
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Techniques for Improving Software

Quality and Productivity

e Proven solutions

APPLICATION /
SPECIFIC - Com ponen ts
LOGIC H i "
INVOKES * Self-contained, “pluggable
g e T R ADTs
— Frameworks
(A) CLASS LIBRARY *x Reusable, “semi-complete”
ARCHITECTURE . .
applications
NETWORKING USER — Patterns
MATH \ INTERFACE . . .
FappLicATION * Problem/solution pairs in a
INVOKES SPECIFIC CALL
“/\ LOGIC context
ADTSs S — Architecture
(B) APPLICATION FRAMEWORK x Families of related patterns
ARCHITECTURE and components
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Motivation for Real-time Middleware

mackive ~ ® Many applications require
QoS guarantees

an — e.g., telecom, avionics,
‘ ‘ WWW

STATUS INFO //

S A e Existing middleware doesn't

/

NETWORK / / // / support QoS effectively
/ / //

COMMANDS | BULK DATA

YA TRANSFER - e.g., CORBA, DCOM, DCE
e Solutions must be integrated

— Vrtically and horizontally

GROUND
STATION
PEERS
Washington University, St. Louis 4
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Candidate Solution: CORBA

in args
operation()

out args + return value

¢ Goals of CORBA

SERVANT

" — Simplify distribution
by automating
v * Object location
and activation

IDL
SKELETON DSI
on || IPL ORB OBJECT
INTERFACE ADAPTER * Pa ram ete r
marshalin
GIOP/1IOP ORB : s :
CORE x Demultiplexing

x Error handling

O STANDARD INTERFACE O STANDARD LANGUAGE

MAPPING — Provide foundation
. ORB-SPECIFIC INTERFACE C) STANDARD PROTOCOL .
for higher-level
www.cs.wustl.edu/~schmidt/corba.html services
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Limitations of CORBA for Real-time Systems

e Limitations

— Lack of QoS
specifications

— Lack of QoS
enforcement

— Lack of real-time

in args
operation()

out args + return value

CLIENT SERVANT

A
A 4 A 4

IDL
IDL SKELETON
DIIL ORB OBJECT
rogrammin
GIOP/1IOP o b o8 &
CORE features
— Lack of performance
optimizations

O STANDARD INTERFACE O STANDARD LANGUAGE

MAPPING

. ORB-SPECIFIC INTERFACE O STANDARD PROTOCOL

www.cs.wustl.edu/~schmidt/ORB-
endsystem.ps.gz
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The ACE ORB (TAO)

in args ) o [ ] TAO OverVieW
operation()

SERVANT

— A high-performance,
‘ real-time ORB
[ RIDL ] ! x Telecom and
RIDL ORE QoS ST REAL_TIME] avionics focus
sTuBs INTERFACE | (T AAPTER — Leverages the ACE
framework
x Runs on RTOSs,
POSIX, and Win32
OS KERNEL OS KERNEL

+ Related work
SUBSYSTEM SUBSYSTEM
HIGH-SPEED HIGH-SPEED

- quo o 88

www.cs.wustl.edu/~schmidt/TAO.html - 'I?/IRI\I:IADA at U.
ich.

out args + return value
+«—O

REAL-TIME
ORB CORE

Washington University, St. Louis 7
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Applying ORBs to Real-time Avionics

e Domain Challenges

\ T — Periodic
3:PUSH (DEMARSHALED DATA) deterministic
real-time deadlines
CHANNEL .
J— — COTS infrastructure
2:PUSH (EVENTS) - Open systems

Sensor Sensor
proxy proxy

OBJECT REQUEST BROKER

Washington University, St. Louis 10
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Visualizing Periods for Avionics Operations

mrasei  Arsoe [T T P [ LT T 5
ngplier? - L2 L2 2] [ 2 ] 2]
| vt | v | waenk | wmint [Tl s
ol R T i e . B I o e L
bl | Pl ormwmemd ;L il pempes brnpad
ppier = il — — : I
! i 4 i i ] s
§oEse | 1 1] et
[ T B = ——— = ——— =
Hmgaer 1 ) H H {1 dase |
e B—— L i : ——td L
l I | i 15 5 I |
T i R I L
Cormin i ... ! R . = E |3 :.—:-:
| | Y 8 | 11 R [
:1:|- ; I (1T TR T PRI T . | thilm [ | 3
Tre | ] R O SRR : =g '::
L] |"1II:| Il g 'El:li: T 1 ‘th ARETEE 118 il: 11680 AR4TNT |1'|::|_|
e
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Real-time Features and Optimizations in TAO

in args
operation()

out args + return value

PRESENTATION
LAYER
OPTIMIZATIONS

CLIENT

| — OPTIMIZATIONS

IDL [ REQUEST

l DATA COPYING

SKELETON DEMUXING AND
IDL ORB OBJECT <[ DISPATCHING
STUBS INTERFACE ( ADAPTER [ orPrIMIZATIONS

<«<—}—  THREADING

GIOP OPTIMIZATIONS

— PROTOCOL

0OS KERNEL ’]‘ ’I‘ 0OS KERNEL OPTIMIZATIONS
CONNECTION /O SuBSYSTEM
MANAGEMENT 0S 1/0 SUBSYSTEM

<
o TIONS OPTIMIZATIONS

NETWORK ADAPTERS NETWORK ADAPTERSN <——— N£TWORK

NETWORK ADAPTER
OPTIMIZATIONS
Washington University, St. Louis 12
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Providing QoS to CORBA Operations

(pertonic scazoue avo osearenne | @ Design Challenges

— Specifying/enforcing QoS requirements
— Focus on Operations upon Objects

P: PERIOD x Rather than on communication
C:REQUEST COMPUTATION TIME__ channels or threads/synchronization
RT e Initial focus
Operation o _
— Determinisitic deadlines

vt REqnfo — Static scheduling
Time_t worstcase_exec_time_;
Time_t cached_exec_time_; e Solution approach

Period_t period_;
Importance importance_;

 Seauence<RT_Info> dependencies — Servants publish resource (e.g., CPU)
: requirements and (periodic) deadlines
— Most clients are also servants

Washington University, St. Louis 13
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TAQO'’s Real-time Scheduling Service

struct RT_Info
{

wc_exec_time_;
cached_exec_time_;
period_;
importance_;
dependencies_;

}’

1: CONSTRUCT CALL
CHAINS OF RT_OPERATIONS
2: IDENTIFY THREADS

DEPENDS UPON =
EXECUTES AFTER

e Components

OFF-LINE
SCHEDULER
@ — Offline
RT_IFO * Assess schedule
REPOSITORY . -
feasibility
4: ASSESS .
SCHEDULABILITY * ASSIgn thread and
5: ASSIGN OS THREAD . -
PRIORITIES AND queue priorities

DISPATCH QUEUE

|0p:::tion Op:::ﬁon Op:::tion 6: :I‘ill’(‘)’;:ms RUN-TIME (;':Jﬁﬁf;‘cmms — Online o
( OBJECT ADAPTER ) 1oors | SCHEDULER x Supply priorities to
ORB CORE | subprioniy ORB endsystem
Mode dispatcher via O(1)
1/0 SUBSYSTEM table lookup
www.cs.wustl.edu/~schmidt/TAO.ps.gz
Washington University, St. Louis 14

Douglas C. Schmidt

High-performance, Real-time ORBs

TAQ'’s Real-time ORB Endsystem Architecture

SKELETONS

[ CLIENTS

)

SERVANT DEMUXER

STUBS
OBJECT

QoS
API
ADAPTER

ORB CORE

REACTOR ) REACTOR ) REACTOR ) REACTOR
(20 HZ) (10 HZ) 6 HZ) (1 HZ)
—
—]

SERVANTS ]

HZ'-'HZGW)

L /0 SOCKET QUEUE DEMUXER

SUBSYSTEM EE5EE

(wmrcca:rﬁm

ATM PORT INTERFACE [
CONTROLLER (APIC)

VA
E
R
o
C
o
P
Y

nAEHHCOR

Solution Approach

— Integrate RT dispatcher into
ORB endsystem
— Support multiple request
scheduling strategies
x e.g.,, RMS, RMS with
Deferred Preemption, and
EDF
— Requests ordered across
thread priorities by OS
dispatcher
— Requests ordered within
priorities based on data
dependencies and importance

Washington University, St. Louis
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Priority Inversion Experiments

~. ® One high priority client

e 1..nlow priority clients

( h ((Servants
' @ @ Object Adapter
Co G . G e Server factory implements
4.7 — —
88 Requests — = thread-per-rate
1/0 SUBSYSTEM

H371NAIHOS)
INILNNY

\Client J — Highest real-time
E%/zl\ﬁé priority for high priority
client
| [ . | [ .
g ATM Switch FEETTE) — Lowest real-time
Ultra2 Ultra?2 priority for low priority
www.cs.wustl.edu/~schmidt/RT-perf.ps.gz clients
Washington University, St. Louis 16
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Priority Inversion Experiment Results

- e Synopsis of results
e , — Chorus’ latency is lower for
) Eg‘;j""yy'y /// small # of clients
" ///// * ~1.2msec vs. ~1.4sec vs.
E ~2.0sec
i / — TAO'’s latency is much
s F"/ / lower for large # of clients
g 2 % ~2.3msec vs. ~7.6msec
: // /_/7J vs. ~14.1msec
) — TAO avoids priority
g inversion
) e % I.e., high priority client
L always has lowest latency

MT-Orbix, Chorus, and TAO Priority Inversion

Washington University, St. Louis 17
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Jitter Experiment Results

Jitter (millisec)

Number of Low Priority Clients

MT-Orbix, Chorus, and TAO Jitter

Orbix Low Priority Jitter
Orbix High Priority Jitter
Sun COOL Low Priority Jitter
Sun COOL High Priority Jitter
TAO Low Priority Jitter

TAO High Priority Jitter

e Definition

— Jitter is the
variance from the
average latency

e Synopsis of results

— TAO's jitter is
lowest and most
consistent

— MT-Orbix's jitter is
highest and more
variable

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

. . SERVANT
1: impl_is_ready() "2 SKELETONS
THREAD E 5: dispatch
FILTER thod
4: filter method()
request & @ > OBJECT
enqueue () ADAPTER
o | B
/

3: enqueue(data)

2: recv()

I/0 SUBSYSTEM

¢ Common Problems

— High overhead
* Context switching
* Synchronization
— Priority inversions
* FIFO request queueing
x Improper thread priorities
— Lack of application control
over concurrency model

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

APPLICATION e Common Problems

1: invoke_twoway()

— Priority inversions
x Sharing multiple
priorities on a

SERVER single connection
ORB CORE

[ SERVANTS ]

BORROWED THREAD
SAVIIHL FIMOYI0d

2: select(), : release() - CO m p l e)_(
— ONE TCP connection
/O SUBSYSTEM |REGRtl 1/0 SUBSYSTEM multiplexing
COMMUNICATION LINK | — Synchronization
overhead
Washington University, St. Louis 20
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TAQ'’s Inter-ORB Connection Topology

CLIENT APPLICATION SERVER ORB CORE

CLIENT ORB CORE

CONNECTOR

2010 5 1
HZHZHZ HZ

==sAaO®EZ2Z0A0
NHAHZZOAO
w=HANZZOAO
FO-HwEAOO>
—aAaE2Z2200
M=EAEZZ200
w=aAamEZ22Z200

FRO=H"EAOO>
FRO=="EAO>
FO=="=OOP

CONNECTOR CONNECTOR

20 10 5 1 2010 5 1 REACTOR ) REACTOR ) REACTOR
HZHZHZHZ HZHZHZ HZ (20 HZ) (10 HZ) 5 HZ)

I/0 SUBSYSTEM 1I/0 SUBSYSTEM

COMMUNICATION LINK

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

Washington University, St. Louis 21
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Problem: Reducing Demultiplexing Latency

- || e - .
18| |3 e Design Challenges
E g E LAYERED
£ 5| |£ DEMUXING — Minimize demuxing
6: DEMUX TO |ayer5
OPERATION . -
(o) (o) oo (i) — Provide O(1) operation
5:DEMUX TO [ I T | demuxing
SKELETON . . . . .
@ERVANT l) GERVANT 2) oo — Avoid priority inversions
SERVANT .
(OBJECT ADAPTER) CORBA-compliant
3:DEMUX TO

OBJECT ADAPTER
ORB CORE
2: DEMUX TO

1/O HANDLE OS KERNEL

0S 1/0 SUBSYSTEM
1: DEMUX THRU
PROTOCOL STACK NETWORK ADAPTERS

Washington University, St. Louis 22
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Demultiplexing Performance Experiments

S S (D) DE-LAYERED ACTIVE DEMUXING
2l 2| (A)raverep pevuxinG, || g ([ Q 7| (B)LAYERED DEMUXING, 1 ] T3]
E E E LINEAR SEARCH g g g DYNAMIC HASHING s = =
S| Eleee| & s 3 S| (C)rLaveERED DEMUXING, 22 = E E
g E E g g oo g PERFECT HASHING § % § é 5

search(operation) hash(operation) £ & g2 $ s
DL DL DL S| 2 lece| S [oee | S |ose| S
o ) (o 2) -+ (o) i)ty () |2 e
> = > > >

% =
(SERVANT 1) (SERVANT 2) eoe (SERVANT 50(9 (SERVANT 1) (SERVANT 2) OOO(SERVANT 50(9 21 8 é é é
LA LA LA Y

search(object key) hash(object key) index(object key/operation)

OBJECT ADAPTER (OBJECT ADAPTER) OBJECT ADAPTER

e Linear search based on Orbix demuxing strategy
e Perfect hashing based on GNU gperf
— www.cs.wustl.edu/~schmidt/gperf.ps.gz

e Results at www.cs.wustl.edu/~schmidt/GLOBECOM-97.ps.gz

Washington University, St. Louis 23
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Demultiplexing Performance Results

e Synopsis

— Linear search is far too
costly

— Dynamic hashing is too
erratic

— gperf solution is 100%
compatible, but static

— Active demuxing may

]
~ 328 %
7858 £
T 8 £ E 8 0
g E£%8:-8¢8 not be 100%
2 522838383568
= = o o c M M
g £ § 2225557 compatible, but is
500 400 509 T g £ 28 ¢&8 &8¢ .
o, g 28 28255 dynamic
£ e S L L oo E E %
() = S ['4 [ w [+ < c
= g 2 49 g o s s 3
2 2 x5 6 ©° 84
x
Number of Objects 5 2 §
g o) [a]
o 9 9
o 2 2
z 2 8
3 g <
< Demultiplexing scheme
Washington University, St. Louis 24
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Integrating TAO with RT 1/O Subsystem and ATM

ORB CORE e Key Features
— Vertical integration of QoS
REACTOR REACTOR REACTOR REACTOR R
0 through ORB, OS, and ATM
C
—] = — | network
PER-VC P — Provides rate-based QOS
SOCKET Y
RRER end-to-end
— Leverages APIC features for cell
pacing

APIC PACING
APIC ATM DRIVER (020 218) O

/o
SUBSYSTEM

B
U
F
F
E
R
S

Washington University, St. Louis 25



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

Dimensions of ORB Extensibility

profile;
profiley

profiles
profiley

°
LR

c POSIX, Win32, RTOSs, MVS

e Extensible to retarget on new platforms
e Extensible via custom implementation strategies

e Extensible via dynamic configuration of custom strategies

Washington University, St. Louis 26
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Applying Patterns to Develop Extensible ORBs

( cLENT ) SERVICE (' SERVANT ) e Definition
CONFIGURATOR
C] — "“A recurring solution
ABSTRACT . .
D FACTORY ﬁ to a design problem in

CTRATEGY ACTIVE a particular context
OBJECT
THREAD-SPECIFIC o Benefits of Patterns
CONNECTOR STORAGE ACCEPTOR . i
— Facilitate design reuse
REACTOR . .
— Preserve crucial design
| WRAPPER FACADES inform ation
OS KERNEL OS KERNEL . . .
PRI Prm—. — Guide design choices
3 ——— 3

Document common
www.cs.wustl.edu/~schmidt/ORB- traps and pitfalls
patterns.ps.gz

Washington University, St. Louis 27
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Addressing ORB Portability and Typesafety Challenges

e Problem

— Building an ORB using low-level system APlIs is hard

e Forces

— Low-level APIs are tedious to program
— Low-level APls are error-prone
— Low-level APIs are non-portable

e Solution

— Apply the Wrapper Facade pattern to encapsulate low-level OS
programming details

Washington University, St. Louis 28
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Enhancing Portability and Typesafety with the Wrapper
Facade Pattern

] . e Intent
client —— |:Wrapper
1: request ()

request() — Encapsulates low-level,
stand-alone system
mechanisms within

2 SpeCiﬁc—req“eStOl type-safe, modular, and

portable class interfaces

:Wrappee

specific_request()

e Forces Resolved

— Avoid tedious, error-prone,
and non-portable system
APIls

— Create cohesive
abstractions

Washington University, St. Louis 29
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Using the Wrapper Facade Pattern in TAO

TAO's ORB Core
: spawn() open(), } dlopen()
SunSoft IIOP's ORB Core ACE acquireQ 13’“0’«:0 handle_events()  dIsym0
recv(), sen
Yy v A Y
h . i WRAPPER
Pt‘ rea‘!_CTeﬂteO . socket(), bmeJ‘ gest:l:::gfd;io, FACADES THREAD SOCKETS/ SELECT/ DYNAMIC
| pthread_mutex_ recv(), send() i WRAPPERS TLI 10 COMP LINKING
GENERAL
Socket GENERAL = :
POSIX & [FRN BSD  Macros  Other OS PoSIX & [Ty RN
s::z’gzzs Pthreads Sockets — System Calls SE‘:\l/l:ggs SUBSYSTEM Bl SUBSYSTEM
SunSoft IIOP TAO

e TAO’s wrapper facades are based on ACE

e The Wrapper Facade pattern substantially increased portability and
reduced the amount of ad hoc code

Washington University, St. Louis 30
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Addressing ORB Demuxing and Dispatching Challenges

e Problem

— ORBs must process many different types of events simultaneously

e Forces

— Multi-threading is not always available

— Multi-threading is not always efficient

— Tightly coupling general event processing with ORB-specific logic is
inflexible

e Solution

— Use the Reactor pattern to decouple generic event processing from
ORB-specific processing

Washington University, St. Louis 31
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Enhancing Demuxing with the Reactor Pattern

Initiation Dispatcher select (handlers); N e Intent

handle events() oL __ _y | foreach h in handlers loop

register_handler(h) endhiloligdle‘evem(type) — Decouples

remove handler(h) | handlers

| 1 T Event Handler synchrgnous_ event _
uses Handle | «—owns handle event(type) demuxing / dispatching

X get_handle() from event handling
notifies

Synchronous Event
Demultiplexer

select()

i

Concrete
Event
Handler

e Forces Resolved

— Demuxing events
efficiently within one
thread

— Extending applications
without changing
demux infrastructure

Washington University, St. Louis
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Using the Reactor Pattern in TAO

(

APPLICATION ( SERVANT )

1:RUN EVENT LOOP

~

7: UPCALL

[

OBJECT
2|: GET REQUEST ADAPTER |

5: DISPATCH

3

3:BLOCK FOR CONNECTION

server
\ endpoints

4: select()

6: INCOMING
MESSAGE

%

SunSoft IIOP
e The ACE Reactor pattern is widely used by industry

(

1: RUN EVENT LOOP o TREAIL

[

OBJECT ACTIVE OBJECT MAP
ADAPTER 4: DISI;\ATCH

APPLICATION ( SERVANT T}

2

Connection
Handler
Reactor Connection
Handler
2: select() —~— Connection

3: handle_input() L8fuGLEe

TAO

Washington University, St. Louis
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Douglas C. Schmidt
Addressing ORB Endpoint Initialization Challenges

e Problem
— The communication protocol used between ORBs is often orthogonal

to its connection establishment and service handler initialization
protocol

e Forces
— Low-level connection APIs are error-prone and non-portable

— Separating initialization from subsequent processing increases software

reuse for many types of communication software

e Solution
— Use the Acceptor-Connector pattern to decouple passive/active

connection establishment and GIOP connection handler initialization

from the subsequent ORB interoperability protocol (e.g., IIOP)
34

Washington University, St. Louis
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Douglas C. Schmidt
Enhancing Endpoint Initialization with the
Acceptor-Connector Pattern

d Comecton et [ Commecion famdier |
:Connection : Strategy :Connection : Strategy
Handler Acceptor Handler Connector
peer_stream_ peer_acceptor_ peer_stream__ connect(sh, addr)
open() CREATE & handle_input() open() CREATE & complete()
ACTIVATE ACTIVATE
“@@5 ADLE ASYNC
:Event 0 :Event CONNECTION COMPLETION
Dispatcher PN Dispatcher )
Connector Structure

\_
Acceptor Structure

e Intent
— Decouple connection establishment and service handler initialization

from subsequent service processing
35

Washington University, St. Louis



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

Using the Acceptor-Connector Pattern in TAO

e

1: operation( ORB CORE 6: DISPATCH((

Conn
Connection Han Connection

Handler T Handler

1: lookup()

server
endpoint

4: CREATE &
ACTIVATE

endpoint
GIOP 0.N

Handler

Concurrency
Cached Strategy

Connect

Strategy

client endpoint
endpoint 3: select()

Strategy]
Acceptor|

listener
endpoint

4: accept()

client
endpoint

Strategy
Connector

SunSoft IIOP TAO
e Forces Resolved

— (1) Improve portability and reuse and (2) avoid common mistakes

Washington University, St. Louis 36
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Addressing ORB Concurrency Challenges

e Problem

— Multi-threaded ORBs are needed since Reactive ORBs are often
inefficient, non-scalable, and non-robust

e Forces

— Multi-threading can be very hard to program
— No single multi-threading model is always optimal

e Solution

— Use the Active Object pattern to allow multiple concurrent server
operations using an OO programming style

Washington University, St. Louis 37
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Enhancing ORB Concurrency with the Active Object

Client
Interface

ResultHandle m1()
ResultHandle m2()
ResultHandle m3()

VISIBLE
T0
CLIENTS

HDDEN
FROM
CLIENTS

¢

&mlo —’3

Pattern

loop {
m' = actQueue.remove()
dispatch (m', resource_rep)
}

/ 3: dispatch()

Scheduler

dispatch() | Method Objects |
ml'() -
m2'() 2: insert(m1')

m3'() — 1

Activation
Queue
Resource insert()
Representation remove()

e Intent

— Decouples the thread
of request execution
from the thread of
request reception

e Forces Resolved

— Allow blocking
operations

— Permit flexible
concurrency strategies

Washington University, St. Louis
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Using the Active Object Pattern in TAO

select() =
2: NOTIFY

select()
2: NOTIFY

2a: Task::activate()
Concurrency

server

endpoint

server
endpoint

server
endpoint

—>

Strategy

—

2: ACTIVE OR PASSIVE?

™

2

1: handle_input()

3: SERVICE REQUEST

SunSoft IIOP

TAO

e TAO supports several variants of Active Objects (e.g., Thread-per-
Connection, Thread-per-Request, Thread Pool, Thread-per-Rate, etc.)

Washington University, St. Louis
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Reducing Lock Contention and Priority Inversions with

the Thread-Specific Storage Pattern

e Problem
— It is important to minimize the amount of locking required to serialize
access to resources shared by an ORB
e Forces

— Locks increase performance overhead
— Locks increase potential for priority inversion
— Different concurrency schemes yield different locking costs

e Solution

— Use the Thread-Specific Storage pattern to maximize threading-model
flexibility and minimize lock contention and priority inversion

Washington University, St. Louis 40
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Minimizing ORB Locking with the Thread-Specific
Storage Pattern

e Intent
THREAD A THREAD B
1: ACE_OS::thr_getspecific(key) > — Allows m UItlple
— threads to use
THREAD-SPECIFIC .
OBJECT TABLES one logically

INDEXED BY KEY g/obal access

point to retrieve
ORB
thread-specific
data without
incurring locking
overhead for each
access

Reactor Reactor

Acceptor

Acceptor ORB THREAD-

06 iiginy  SPECIFIC STATE

e Forces Resolved

— Minimizes overhead and priority inversion

Washington University, St. Louis 41
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Using Thread-Specific Storage in TAO

CLIENT APPLICATION SERVER ORB CORE

CLIENT ORB CORE

CONNECTOR

2010 5 1
HZHZHZHZ

HAam®zZz2z20A0
HAamzz0A0
HAam®zZz2z20A0
Ha®m2200
Ha®m2Zz2z200
Ha®m2Z200
FO=E~"EAOP

- =082Z2Z00
NS AEZZ200
w=_AEZ2200
RO-M="=AOOP
== A0®ZZ200
vN=EAEZZ200
w=aAaAE2200
ARO=H="= OO P

CONNECTOR

2010 5 1
HZHZHZHZ

CONNECTOR

2010 5 1
HZHZHZHZ

-
)
w
-
)
[

REACTOR |( REACTOR ){ REACTOR ) REACTOR
(20 HZ) (10 HZ) S HZ) (1 HZ)

I/0 SUBSYSTEM I/0 SUBSYSTEM

COMMUNICATION LINK |

Washington University, St. Louis 42
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Addressing ORB Flexibility Challenges

e Problem
— Real-world ORBs must be flexible to satisfy the requirements of many
different types of end-users and applications
e Forces
— Ad hoc schemes for ORB flexibility are too static and non-extensible
— Flexibility often has many (related) dimensions
e Solution

— Use the Strategy pattern to support multiple transparently “pluggable”
ORB strategies

Washington University, St. Louis 43
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Enhancing ORB Flexibility with the Strategy Pattern

Context STRATEGY Strategy e Intent
context_interface() algorithm_interface() — Factor out similarity
7 among algorithmic
alternatives
e Forces Resolved
Concrete Concrete
Strategy A Strategy C — Orthogonally replace
algorithm_interface() algorithm_interface() behavioral subsets
Concrete transpargntly )
Strategy B — Associating state with
- an algorithm
algorithm_interface()
Washington University, St. Louis 44
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Using the Strategy Pattern in TAO

/ b (B) ACTIVE DEMUXING smTEcy\

(A) PERFECT HASHING
DEMUXING
STRATEGY

\ hash(operation)
OBJECT ADAPTER ] L] e e

(OPERATION1
OPERATIONK|

SERVANT1::0PERATION]
SERVANT1::0PERATIONK
SERVANTN::OPERATIONT

if (do_thread)

DEMUXING; // thread... | SERVANT 1 | | SERVANT 2 | ooe | SERVANT N | index(object key)
CODE else .
// single-threaded hash(object key) OBJECT
ORB CORE ADAPTER

CONCURRENCY Thread- Cached Reactive Threaded
Specific Connect Concurrency | |Concurrency
CODE if (do_thread) Connect Strate Strategy Strategy
g // take lock... Strategy i

CONNECTION S
trategy Strategy
MANAGEMENT if (do_thread) Connector Acceptor
CODE // release

lock...

3

SunSoft IIOP TAO
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Douglas C. Schmidt

High-performance, Real-time ORBs

Using the Abstract Factory Pattern in TAO

Thread- > Concurrency | Thread-
per- Strategy per-
Connection Rate
Medical | ORB g ..
Imaging Server Avionics
FIFO Abstract Perfect | Concrete
Concrete i erfec
Factory Dispatching \\ / Hashing Factory
Dispatching Demuxing
Strategy Strategy
Active X Rate-based
Demuxing Dispatching
Washington University, St. Louis 48
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High-performance, Real-time ORBs

Addressing ORB Dynamic Configurability Challenges

e Problem

— Prematurely committing ourselves to a particular ORB configuration
is inflexible and inefficient

e Forces

— Certain ORB configuration decisions can't be made efficiently until

run-time

— Forcing users to pay for components they don't use is undesirable

e Solution

— Use the Service Configurator pattern to assemble the desired ORB
components dynamically

Washington University, St. Louis
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Douglas C. Schmidt
Enhancing Dynamic ORB Extensibility with the Service
Configurator Pattern

Service services | Service e Intent
Repository init()
fini() — Decouples ORB
suspend() . .
resume() strategies from time
info()
when they are

/ configured

Demuxing || Dispatching
e Forces Resolved

Concurrency

Service Service Service
CORBA::0RB_init (int &argc, char *argv[]) — Reduce resource
{ - .

// Configure the ORB. utilization

Service_Config tao (argc, argv); — SUppOft dynamic

// Perform initialization... (re)conflgurat|on
}

50
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Douglas C. Schmidt
Using the Service Configurator Pattern in TAO

Medical
TAO R.ate-bas.ed Imaging | .,/
PROCESS | Dispatching Concrete
Factory
Perfect /
Thread-per Hashing
Rate Active FIFO
Concurrency \ / Demuxing Dispatching
Avionics
Service ~ Concrete Thread-per
Repository Factory Connection
Concurrency

Run-time Configuration

Washington University, St. Louis
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Macabe Complexity Metric Scores for TAO

Quantifying the Benefits of Patterns

e Statistics

70.0

60.0

SunSoft IIOP
TAO

50.0

40.0

30.0

% Methods in Range

20.0

10.0

0.0

1-5 6-10
MVG Range

and SunSoft IIOP

>10

— Patterns

greatly

reduce code

complexity

* e.g., Most TAO
components have
v(G) < 10

— TAO components are

substantially smaller

than SunSoft [IOP

% e.g., connection

management

of b

reduced by a factor

Washington University, St. Louis
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Current Status of TAO

-

ol e, :
CLIENT operation() SERVANT
out args + return vnllle

in args

~

A IDL v
SKELETO
s]'A]‘?!Il;s ORB REAL-TIME
INTERFACE OBJECT
ADAPTER

1:Ioperation(); ORB CORE

Connep”Coppe, Connectio
5: REQUEST Hand\ g, Handler

RESPONSE »

\\4: CREATE &
\ ACTIVATE

Cached
Connect
trategy | — —

CLIENT SERVER

4 i

~

O
| CLIENT D operation()

out args +return value

| SERVANT

A

IDL
STUBS ORB
INTERFACE

SKELETO .

GIOP/IIOP

Y

OBJECT
ADAPTER

(A) LAYERED DEMUXING,
PERFECT HASHING

(B) LAYERED DEMUXING,
DYNAMIC HASHING

OPERATIONM

OPERATION]
(OPERATION2

hash(operation)
DL DL
sty 1) () = e )

(SERVANT 1) (SERVANT 2) ---( SERVANT N)

(C) DE-LAYERED ACTIVE

DEMUXING

SERVANT1::0PERATION]
SERVANT1::0PERATION2
SERVANT1::0PERATIONM

OBJECT ADAPTER

ORB CORE

index(object key/operation)

OBJECT ADAPTER

ORB CORE

SERVANTN::OPERATION]
SERVANTN::OPERATIONM

%
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