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Motivation: Highly Dynamic Distributed Systems

*Heterogeneous environments

Large number of bursty clients |

«Stringent QoS requirements, e.g.: : E
«24x7 availability |
sLow latency & high throughput

I
IR

*Examples NE | I D_!
*Online trading systems L
*Mission-critical systems for Local Ares
critical infrastructure —

*e.g., air transportation, power
grid control

L

LI

Our R&D goal is to assure the adaptability of these types
of distributed systems
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Component Middleware Distributed Systems

Component middleware capabilities:

 Creates a standard “virtual boundary” around
application component implementations that interact

only via well-defined interfaces (| romE EVENT SOURCE
I EVENT _i—>
. Deflng standard | - e
container mechanisms EXECUTOR | CALL

needed to execute von O

components in generic

CLIENT
component servers
] RECEFTACLE
» Specify a reusable/
standard

17

infrastructure needed [nu} [E'T?,;J
to configure & deploy

=N

components
throughout a ORB CORE

distributed system

DOC
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Overview of Lightweight CCM

« Many DRE CORBA applications
can’t use “enterprise” CCM due to

constraints like limited processing
overhead for performance-
Intensive applications

 CCM features supported by
Lightweight CCM are:

* All types of ports, i.e., Facets,
Receptacles, Event sources
and sinks and attributes.

« Component homes.
« Monolithic implementations.

e Session components and
containers.

Component
Home

Component
Reference T

Receptaclej

o e
g O —C 8
® o
5 3 T3
Dﬁk Attributes ¥ :>
L1 L1
Container
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General Approach: Adaptability via Swapping

*Goal: Improve the adaptability of

component-based distributed
systems.

*Requirement: Adaptive and
reflective environment where
distributed systems can adapt to
changing operating conditions.

*Approach: Providing such an

environment to dynamically swap
component implementations as anc

when the dynamic operating
conditions change.

L i

CPU

CH 5
CACHE

wfm)

Hot-swappable

iﬁ ...... ﬁ ﬁ .......

CPU CPU
CACHE CACHE

EEmE B

“Jﬁiﬁ e
T

Hot-expandable
Hot-swappable




Jaiganesh Balasubramanian

Techniques for Dynamic Swapping

SwapCIAQO Architecture (1/4)

/

Provides an execution
environment where
component implementations

can be instantiated, removed il | o) (Hw)
and swapped /[( N\ (e
: Component Server
Updatable Locate ; —
o - 7 m Component Executor Repository
[ D 1 Executors | Factory J Manager
‘ = = CCMContext ' -
Select
Generate Servant Executor
uging |:. PGA Remote Host Ii
‘updatable™
opton Update Client
Requesis Requests Client
- -HEqUEETE 'a )
Middleware Bus | i CORBA Object|
- WY Update _ )
Requests '

\

Load Executor

{ Exscutons) (_Expeutors)

]

|'I

i Exmcutors) ;
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SwapCIAQO Architecture (2/4)

/ . ——_ Load Executor
Dynamically opens and ) ]
loads component : :
Implementations during { T " () (o) S—
: pdala } ,
the component swapping Container 3 ! :
Process / Component Server
Locate -
) - Executor 2
D
- CCMContext
Select
Generate | | Servant Executor R Tioe
using B m os
opthan Update Client
Requesis Requests Client

Requests

CORBA Dhjm:t}
Update
Requests
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SwapCIAQO Architecture (3/4)

Load Executor
IIIII..- ]
Component Server b /
[ Execuos) (_Exprutors) (_Exscitors) ¢
" Um‘ﬁf Y ,’
2 Component - f
Spec :I ;: i Component Server
n e =
. _ Spect Locas —
D
CCMContext
Generate || E
.mr; C | Stores c_ompone_nt R Hiont
«updatable” implementations which are
option retrieved by the updatable
i component factory during ~ ['*™

) i uests

T — Update
Requests
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SwapCIAQO Architecture (4/4)

Load Executor
1 ]
Component Server “H /
- { Evecuton) Exscutors) (_Exncitars) ¢
Upsiaatls \ D G |
Container Mx (_Executars f;
ompone nsp“' mm"t Component Server
kot I:nrrla:; Locate _ . -.
Executor : |

Automatically generates

== .
glue code for swapping
Generate r
using component
Updee implementations —
option

Cliant

Requests

CORBA Dhjm:t}
Update
Requests
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Salient Features of SwapCIAO Architecture

» Updatable Container

« Extends Lightweight CCM session container interfaces to support
additional mechanisms for component creation, activation and
swapping.

« Automatically handles challenges involved in swapping components.

» Updatable Component Factory

« Extends CCMHome by providing mechanisms for creating component
implementations on demand.

« Can be configured with sophisticated component implementation
selection algorithms which can help selecting the right implementation
to swap during the component swapping process.

 Provides a portable interface for opening DLLs on heterogenous run-
time platforms.

DHGHC 10
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Providing Consistent and Uninterrupted Swapping (1/2)

. . ey Load Exatit
«Clients can initiate new st
Invocations when dynamic W
swapping takes place N —
» These invocations o s -l - |
t=r-e { 1
should be blocked and ] Component | BB
. : Specific Component Sarver
allowed into the system | % | po- Conton Locale : -

. Compller | - | Execulor | Repository
after the swapping D _ Manager
finishes. i | GCMContoxt

*Ongoing invocations could Generate || Servant
Uging | 5 POA Remote Host
be processed when updatabe’ : |i
dynamic swapping opton Updale | | Clen
h ap p ens Requests Requests Clienl
\ Requasts ,
*These invocations must Middieware Bus %% .| (CORBA Object
be allowed to complete b |
before swapping starts.
r-
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Providing Consistent and Uninterrupted Swapping (2/2)

Lond Expcubor

*Ongoing invocations need to

complete processing. -.:,,,m,.,.L.,“,

fanifon

1

[ TRT T R

«Maintain a dispatch table at Uproat S
the POA and track h_ow many ” c:‘!“ﬁﬁ“:m |- E“‘i'“““.“":‘-“""..
requests processed in each | o ol ‘ ecuior | [ Repository |
thread CeMContot || L ‘ Mﬂnmr '
*Use standard reference e || Serant | 15?;.':.’.11 T
. . . Lislr smote Hosl
counting and deactivation uptaate o | m
. opbon
mechanisms to delete a ” Hi!iil“.;{ L;T:;u e
Y Rejuials
component only when the | Middleware Bus L |CORBA Object
dispatch table count is zero. v |
*Block new invocations from entering the system.
*Updatable container instructs the ORB to block invocations
using standard CORBA Portable Interceptors.
RGO 12
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Providing Client Transparent Swapping (1/2)

. . Load Exacut
«Clients hold an object coatuictin
reference to the component W
to make an invocation. ===
i ' Updatable s ammn |
*During swapping, the old o1 i : .L_r;mi_lu_ .
component is removed and o Component |
: Specific Component Sarver
the new component G:ﬂ'?lliu i Contet Lo e
implementation is loaded. Dr | 7] Manager ‘
*Old component reference e CCMConton —
held by client no longer valid. G | Servant
) ) Lging 8 POA Remote Host
*Dynamic swapping needs to  ‘uaabie’ - bt
il i B
be transparent. i Updele | | Clln
) Requests Requests Clienl

Clients should not update . \ Roquosts .

their references and still Middieware Bus K- CORBA Object

not receive invalid Redquess '

reference exceptions

r-
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Providing Client Transparent Swapping (2/2)

*POA intercepts client requests

after the component is removed. Targot Host
*Active Object Map will be empty if | /A Objec
: Map  Executors) | Executors
component is removed already.
] ] Update t Exacutors |

*Associate the POA with servant L :

tivat . Component | | |ndatable EI:: E‘IL Companent Server
activator. POA ™ Compaonent | Reposiory
*Register the updatable component . I" ey Manager

. . Noarnate
factory with the servant activator. ‘
Ramots Host
*If no component available, the et
servant activator automatically calls l Middieware Bus +—— CORBA Objoct
%

the updatable component factory to
create new implementation.

«Store the new implementation in the POA’s Active Object Map.

«Activate component servants with unique user id, so that clients need not
be updated with the new reference, preventing roundtrip delays informing
the client about the new component.
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Conclusion

» SwapCIAO is a component middleware framework based on Lightweight
CCM that supports dynamic component updating.

« SwapCIAO is designed to handle dynamic operating conditions by
swapping component implementations that are optimized for particular
run-time characteristics.

« Standard Lightweight CCM interfaces can be extended to develop a
scalable and flexible interface for supporting dynamic component
updating.

* Hence client programming model and the client/server interoperability
were unaffected by the new interfaces added.

» Developers of client/server applications need not do anything special to
get the benefits of swapping component implementations.

DHGHO 15



