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Abstract on remote objects without concern for where the object re-

sides [3]. In addition, DOC middleware shields applications

Although existing CORBA specifications, such as Real-tifagy non-portable details related to the OS/hardware platform
CORBA and CORBA Messaging, address many end-to-gi; run on and the communication protocols and networks

quality-of-service (QoS) properties, they do not define strajgsaq to interconnect distributed objects.

gies for configuring these properties into applications flexi- . licati . iddl h
bly, transparently, and adaptively. Therefore, application de- NéXt-generation applications require DOC middleware that
| daptive and configurable, as well as efficient, predictable,

velopers must make these configuration decisions manuﬁ% bl , he d 4 f bedded mult
and explicitly, which is tedious, error-prone, and often suffid scalable. For instance, the demand for embedded multi-

optimal. Although the recently adopted CORBA Componéﬂ?dia applications is growing rapidly and hand-held devices,
Model (CCM) does define a standard configuration framaych as _PlMS' \(Veb-phoneg, WEb'TVS’ and Palm comput-
work for packaging and deploying software components, cdis: funning multlmed!a applications, .SUCh as MIME-enabIed
ventional CCM implementations focus on functionality rathé& allhand WeE t:jrgwdsmg,l are (kj).ecomllr.lg u.blqunﬁuslg(li];elde-
than adaptive quality-of-service, which makes them unsuitaf} . these em edded multimedia applications shou
for next-generation applications with demanding QoS requifidured automaticallusing standard DOC middleware com-
ments. ponepts, rather thaprogrammed manuall}from sc;ratph.
This paper presents three contributions to the study of mMgetlng the QoS demands of next-generation applications re-

dleware for QoS-enabled component-based applications.q'flllreS the resc_;lution of many resear_ch challenges, hovyever,
outlines reflective middleware techniques designed to ad ch as adapting to frequent bandwidth changes and disrup-

tively (1) select optimal communication mechanisms, (2) m 10Nns in the established connections, maintaining cache consis-

age QoS properties of CORBA components in their contalgncy: and addressing various restrictions on memory footprint

ers, and (3) (re)configure selected component executors %J)Z/? and power consumption [5].

namically. Based on our ongoing research on CORBA andPOC middleware based on CORBA should be well-suited
the CCM, we believe the application of reflective techniqu@sprovide the core communication middleware for the next-
to component middleware will provide a dynamically adageneration distributed applications outlined above. For in-
tive and (re)configurable framework for COTS software that$éance, recent additions to the CORBA specification, such as
well-suited for the QoS demands of next-generation appli¢d¢al-time CORBA [6] and CORBA Messaging [7], address
tions. many end-to-end quality-of-service (QoS) properties. These
specifications standardize interfaces and policies for defining
and controlling various types of application QoS properties.

1 Introduction Historically, however, the standard CORBA specification
has not addressed componentimplementation or configuration
Emerging trends and challenges: Distributed applications issues effectively. For example, the CORBA 2.x [1] specifi-
are increasingly being developed via the standard interfagzgijon did not standardize interfaces to (1) initialize and de-
protocols, and services defined by distributed object comppiby services dynamically or (2) enable different service im-
ing (DOC) middleware, such as CORBA [1] or Java RMI [2plementations to interact portably with each other via stan-
DOC middleware that allows clients to invoke operatiomard interfaces. Moreover, many “cross-cutting” [8] service



implementation properties, such as memory and bandwittthomous changes in application behavior by adapting core
management, concurrency, dependability, security, and pos@itware and hardware mechanisms dynamically without the
management, are tightly coupled into the application struwed for explicit control by applications or end-users [22].

ture and behavior of CORBA servants. As a result, prBigure 1 illustrates the key architectural focal points where we
gramming applications directly using standard CORBA 2.x
APIs has often yielded (1) brittle servant implementations that

are hard to optimize, maintain, and enhance and (2) overly, o, o HowE ] 5

static or non-standardized mechanisms for bootstrapping an operation () o !ﬁé
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(re)configuring ORB components and services [9]. out args + retum value [IMPLEMENTATION % a2
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To address these problems, therefore, the OMG adopted th 7 ©5 b
CORBA Component Model (CCM) specification [10]. The 6
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CCM defines a framework for generating distributed servers

into which developer can configure custom component logic. gl Pt s
In theory, the adoption of the CCM should reduce the effort

required to integrate portable components that implement ser-

vices and applications. Moreover, the CCM should simplify m
the reconfiguration and replacement of existing application ==
services by standardizing interconnections among componen A== 3
and interfaces.
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In practice, however, the CCM standard and implementa
tions are as immature today as the underlying CORBA stan
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CCM implementations are not yet particularly efficient, pre-

dictable, or scalable. Moreover, commercial CCM vendors are %; gg‘iggg:g":“ ?(LL:?RSTS):SX:':F;%%\:\IT QOs
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focus on functionality and interoperability, however, with lit- ~ 4) ORBLEVEL QOS COMPONENTS
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QoS properties, such as timeliness, precision, dependability,

minimal footprint, and power consumption [11]. As a resulkigure 1: Focal Points of Reflective Techniques for CORBA

it is not feasible to use contemporary off-the-shelf CCM inMiddleware

plementations for applications with demanding QoS require-

ments. are applying reflective middleware techniques to improve the

configurability and adaptiveness of QoS-enabled CCM imple-

Solution approach — Reflective middleware: Our prior mentations. In this paper, we illustrate how reflective middle-

research on CORBA middleware has explored many aspe&gise techniques are being applied to improve the adaptivity of

of ORB endsystem efficiency, predictability, and scalabike following CORBA and CCM mechanisms.

ity, including static [12] and dynamic [13] scheduling, event

processing [14], I/O subsystem [15] and pluggable proto-e Selecting optimal communication mechanisms: To

col [16] integration, synchronous [17] and asynchronous [18jesent a homogeneous programming model for application

ORB Core architectures, systematic benchmarking of multiplevelopers, CORBA hides the location of objects from client

ORBs [19], and optimization principle patterns for ORB pegpplications. By examining an object’s location reflectively,

formance [20]. This paper focuses on another key dimenskswever, a CORBA ORB can select an optimal communica-

in the ORB endsystem design spae@plying reflective mid- tion mechanism automatically whenkiindsan object refer-

dleware techniques to implement QoS-enabled versions ofghee [23]. To avoid violating the CORBA object model, how-

CCM. ever, this selection must occur without direct application inter-
Reflective middleware is a term that describes a loosely wention so that middleware performance and predictability can

ganized collection of technologies designed to manage dredoptimized transparently. Robust and automated ORB col-

control hardware/software system resources based on molagiation support [20] is necessary since the CCM encourages

ing R&D experience with distributed applications and sysemplex, dynamically changing object composition relation-

tems [21]. Reflective middleware techniques enable alips [24].



 Managing QoS properties of components in their con- 2 Applying Reflective Middleware
tainers: In the CCM, acontainermanages the implemen- Techniques to Resolve Ke Design
tation of a component by encapsulating it within a run-time y
environment that provides certain services, such as security, Challenges for QoS-enabled CCM
event notification, and transactions. In addition, CCM con- ;
tainers should be extended to manage certain QoS proper- Implementatlons

ties of component implementations, including memory ar!dThis section describes the key research challenges that

bagdmdth managementt, cgncm;rrer;cy, erendatl)cljllt)/l,l SecgéﬁM developers must address to support QoS-enabled appli-
and power management. such extensions would allow c%ions and outlines the reflective middleware techniques we

endsystems to support dynamic QoS configuration since ﬂ?:l applying to address these challenges
could inspect and adjust a component’s QoS properties via its '

container. By factoring QoS adaptation policies and mecidl Challenge 1: Achieving QoS-enabled Loca-
nisms into containers, components developers can defer the tion Transparency Adaptively
selection of a component’'s QoS requirements until run-time,

thereby enhancing component flexibility and adaptability. COntext: Location transparency is an important feature of
the CORBA programming model. It allows applications to

invoke operations via well-defined interfaces, without having

* Dynamically (re)configuring selected parts of compo- ¢4 he concerned with where the target components reside.
nent implementations: Next-generation applications will

increasingly run in wireless and mobile network configur&roblem: A straightforward strategy for implementing lo-
tions where there may be ra priori knowledge of (1) the cation transparency is to treat all operations as remote invoca-
appropriate implementation of service components and {@ns that are sent via IlOP over TCP/IP. This strategy imposes
the optimal partitioning of service components onto networknecessary communication overhead, however, when an ob-
nodes. Activation of components must occur in real-timct resides within the same host or the same address space as
which means that component initialization must not becoriie client. Thus, quality ORBs must determine the actual loca-
a bottleneck. Thus, on-demand linking/unlinking mech#on of a target object to optimize performance, while shielding
nisms are necessary to (re)configure component implemeggyelopers from these details to simplify programming.
tions dynamically. The lifecycle for linking/unlinking of these As shown in [25], an ORB can improve performance sub-
components must be optimized using reflective middlewatantially by determining the location of target objects and then
techniques to minimize footprint, prolong battery life, maxinvoking operations using the most efficient communication
mize extensibility, and meet key application QoS requirememtgchanism. For example, when invoking an operation on a
more adaptively. target component collocated on the same host, an ORB should
choose a communication mechanism, such as shared memory,
We are applying these reflective middleware techniquedit is more efficient than “loopback” TCP/IP. This selection
various levels, ranging from the ORB Core up to CORBRrocess is called the “collocation optimization.”
Component Model services. The vehicle for this research idt is important, however, that collocation optimizations be
TAO [12], which is an open-source, CORBA-compliant ORBnplemented in a “QoS-enabled” manner. In another words,
designed to support applications with demanding QoS requipplying collocation optimizations should not interfere with
mentst Figure 1 illustrates how CORBA components, cap&0S mechanisms provided by the underlying ORB endsys-
bilities, and services are being integrated into the TAO OR@M. For instance, two real-time ORB endsystem mecha-
endsystem. nisms defined by the Real-time CORBA specificationgaie
oritized schedulingand QoS-enabled communication chan-
nels[26]. Prioritized scheduling ensures that applications re-

Paper organization: The remainder of this paper is orga; iring QoS support receive enough resources to meet their

. ) : : u
hized as fOHOW.S' 'Sect|on 2 (1) monvgtes key challeng adlines. QoS-enabled communication channels ensure the
faced when designing CCM implementations to support QoS:

enabled applications and (2) outlines the reflective middlew rRB endsystem's communication infrastructure allocates suf-
PP %c‘?ent bandwidth, CPU, and memory resources to satisfy ap-

techniques we are applying to address these challenges; fSation QoS requirements end-to-end
tion 3 describes empirical results from some of our efforts to d '

date; and Section 4 presents concluding remarks. Solution — Reflective selection of optimal communication
mechanisms: To select an optimal communication mecha-

1The source code and documentation for TAO can be downloaded frB_ri|$mv an ORB must apply COllocation. optimizatiorﬁlec- _
www.cs.wustl.edu/  ~schmid/TAO.html . tively at run-time. In general, these optimizations must be in-




visible to ORB users to avoid violating CORBAs object mod&®.2 Challenge 2: Changing Component QoS
transparency. Moreover, although certain collocation opti-  Properties Adaptively
mization mechanisms (such as direct function calls or shared . o ]
memory) may befaster than other communication mechafontext: Next-.gen'eratlon applications require grgater QoS
nisms (such as TCP loopback or message queuing), a Qﬂg)_portfromthewmddleyvare. In CORBA-based middleware,
enabled ORB must select a communication mechanism ba$g Q0S support is provided by ORB endsystems [12]. For
on their client/object QoS requirements. For example, to avi§tance, the OMG defines the Real-time CORBA [26] and
incurring priority inversion, a reflective QoS-enabled colld=ORBA Messaging [7] specifications to standardize how ap-
cation optimization mechanism could establish multiple coplications interactwith the QoS and real-time mechanisms that
nections to partiton ORB communication between client aftp’s Provide.
server threads with different QoS requirements. Problem: Even with the adoption of Real-time CORBA and
When object migration occurs, an ORB must re-select ta®RBA Messaging, component developers still must program
optimal communication mechanism. To support migratioapplications manually to utilize the real-time or messaging ca-
an operation invocation will receive 1I20CATION_LFORWARD pabilities of an ORB. Unfortunately, this manual process is te-
message and a new object reference will be examined. gdsus, error-prone, and often sub-optimal because application
with the original binding, the ORB should determine the agevelopers must explicitly program end-to-end [27] QoS fac-
propriate communication mechanism reflectively, taking intors, such as service levet.g, deterministic vs. best-effort)
account the QoS characteristics of the various clients and abd flow specifications [28].
jects involved in the migration. One reason that programming sophisticated QoS support
manually is hard is because it cuts across [8] many aspects
, , ) ) ) . of functionality provided by components. For example, a
Applying reflective collocation mechanisms in TAO: Fig- myitimedia application running on an OS that provides zero-
ure 2. illustrates h_ow TAO is deS|gned_ to supportlreflecnve c_%py buffer optimizations [29] may need to interact with many
location mechanisms. TAO determines an object's locatigfs mechanisms to acquire/release buffers, control flow rate,

pace the flow, and reserve bandwidth. Moreover, program-

ming these complex QoS properties manually tends to tightly

— couple components to particular OS QoS mechanisms [22],

Stub) RT-POA which yields sub-optimal performance when applications must

Eifective Qo switch adaptively among different QoS mechanisms on differ-
\

Pol
oucies ent OS platforms and networks.

l \ \ ORB Core Solution — Reflective management of component QoS

oP SHMIOP Servant properties by their containers: QoS-enabled CCM im-
Proxy plementations must be designed to extract QoS properties

%) ) from their components and integrate these properties together

through dynamic configuration and composition. For instance,
Figure 2: Reflective Selection of Optimal Communicatiosach CCM container uses a dedicated POA to manage the in-
Mechanisms in TAO terfaces supported by its managed component. Thus, contain-
ers, not application programmers, should be responsible for
when it binds an object reference [23] or receivesoaa- configuring QoS properties of components reflectively, based
TION_FORWARD message. If the object is local to the proces@ criteria such as priorities, deadlines, or network conditions,
TAO also considers the QoS policies associated with the objéégh as 09”995“0”; .
to guide its selection of an appropriate communication mechA container is an ideal entity to manage a component’s QoS
anism, which may not necessarily be the “fastest” mechanigiflicies because (1) POAs are the key policy designators in
For instance, connections and threads are often usecP%h the Real-time CORBA and CORBA Messaging speqlflca—
differentiate QoS requirement levels and execution prioPi(-)ns and (2) 'the component model encourages composmon of
ties [26]. To minimize priority inversion, however, TAO avoidéJnrelated objects [24]. Therefore, a container provides a cen-

multiplexing connections with traffic that possesses dif“feretf:l"i1| repository that allows unrelated implementation objects to

QOS requirements [17]. Thus, via reflection, TAO may dgpllaborate without explicit prior knowledge of their existence

cide to use a less efficient, but more predictable, collocati‘f.’fnQOS properties.
mechanism after examining the effective policies of an objegbplying container-based QoS adaptivity in TAO: Fig-
reference. ure 3 illustrates the design of TAO’s CCM container model.



To isolate the QoS properties of a componentinto its managaof@ssembly files. A component server may serve a large num-
ber of components, some of which will be used frequently and

o others less frequently.
ome .
P . In general, developers of next-generation component-based
Container applications may not knowa priori the most effective

strategies for (1) implementing components or (2) collocat-

QoS Property ing/distributing multiple component executors into processes
Adaptor and hosts. If developers commit prematurely to a particular

configuration of components, however, this can impede flex-
1

CORBA
Component

[T

clent ibility, reduce overall system performance and functionality,

and unnecessarily increase resource utilization. Often, initial
component configuration decisions may prove to be subopti-
(smedﬁ’ﬁﬁ gfrﬁe'lfi‘;ee;fgcgsﬂority___ mal over time,e.g, as platform upgrades or increased work-
' ' ’ loads require the redistribution of certain components to other
e processes and hosts.
Figure 3: Managing Component QoS Properties via Containin general, it desirable to make component configuration or
ers implementation decisions as late as possible in an application’s
i , i . . development and deployment cycle. Moreover, for applica-
container, TAO’s CCM implementation supports the followingq s vyith high availability requirements, it may be necessary
capabilities: to perform component updates online,, withouthaving to
1. A component’s QoS properties can be configured mn@odify or shut down an application obtrusively.
fleptlvely by its container. For instance, .QOS reflegtloq meclg_oblem: Although the number of components configured
anisms can allow a component to specify or monitor its Qo )

: . iNnto a component server may be large, not all installed com-
requirements and prpwde feedpack on Fhe performance St%tgr?ents will be used simultaneously. Care must be taken
of the component to its managing container. when a container chooses its DLL linking/unlinking strategy —

2. Deployment information in component descriptors ca@eping unused DLLs linked into an application for extended
be extended to deploy components using containers with g¢iériods can consume limited system resources, particularly
ferent QoS properties. For example, assume a logging $geémory. Conversely, linking and unlinking DLLs upon ev-
vice component must forward large amount of data to a cefly method invocation not only degrades system performance,

tral logging repository in a timely manner. With a containgjut can also consume other system resources, such as battery
implementation that supports QoS adaptation, developers gaer in mobile devices.

deploy the original component with this container and spe

cify Lo .
the QoS requirements to enhance the timeliness of the con‘%%l-“t'on — Reflective linking/unlinking of component ex-
nent. ecutors: To address the problems mentioned above, compo-

_ . _ nent servers should reflectively manage the lifetimes of their
By decoupling component implementations from the Q@Recutor DLLs. The following two patterns — Component

configuration mechanisms defined by containers, TAO alloggnfigurator [30] and Evictor [3] — can help to guide this pro-
QoS-unaware components to be reused with various Q@3s:

properties in different applications without modifying their ]
implementations. Moreover, it is easier to monitor and con-® Component Configurator pattern:  The Component

trol the dynamic behavior of an implementation with differefitonfigurator pattern decouples the implementation of services
QoS configurations. from the time when they are configured. This pattern supports

various (re)configuration strategies that component servers can

. . use to link/unlink the DLL containing component executors
2.3 Challenge 3: Changing Component Behav-im|D|ementaﬂonS on-demand.

ior and Resource Usage Adaptively For example, during the initial component configuration

Context: Component implementations in the CCM are cdf'@S€; & component server can use the Component Configura-
executorsand are packaged into assembly files that can 9% Patternto (1) dynamically link its executors from DLLs that
linked dynamically. The use of assembly files enables the f2Ntain these components and (2) set up the interconnections
stallation of components on genedomponent serverswe SPEcified by the components’ assembly descriptors. When an
will refer to assembly files as dynamic-linked libraries (DLLgjPdated implementation is available, the Component configu-

in the remainder of this paper as they form the building blo&RtCr Pattern can also be used to unlink, then re-link, compo-
nent executors dynamically.




e Evictor pattern: The Evictor pattern describes a gen-
eral strategy for limiting memory consumption.' This pattgrr - -
can be used by component servers Fo reflectively passive (Servants| | Servants
component executors that are used infrequently and unlir i
their DLLs. For instance, a component that generates authe / RO
tication certificates may be used only at the beginning of DLL %‘\
session. Once a certificate is generated, therefore, it need [ SERVANT MANAGER |

be retained during the remaining secure session.

OBJECT ID
OBJECT D CHILD POA
(SERVANT MANAGEMENT POLICY)

Both the Component Configurator and Evictor pattern

should be guided by policies and environmental condition CONTAINER
For example, the Component Configurator pattern can be used }
to reconfigure component implementations based on inform
tion available in CCM component descriptors, such as apply-
ing componentfeatures . Componentfeatures  is an Figure 4. Dynamic Linking/Unlinking of Component Parts via
XML entity in component descriptor that describes a compgervantLocator
nent's capabilities and operation policies. Likewise, eviction

olicies should reflect common usage patterns based on pe- _ . . , . . .
Piodic ORB endsystem monitoring r?1ec$1anisms or resourc?e' EV.'Ct'On: TAO's CCM |mplementat|on Qef|nes ausage
management strategies. query interface that returns certain usage information, such

as frequency of use and time of last use, of executors. In-

ternally, TAO’s CCM implementation uses amictormecha-

Applying dynamic (re)configuration in TAO: TAO's nism, which queries components’ usage interfaces and applies
CCM implementation supports the following capabilitiestha{ ' q P 9 PP

. ; i eviction policies to determine whether to passivate a compo-
enable dynamic (re)configuration of component executors. L
nent executor and unlink its DLL.

Component descriptors can also be extended to include
viction strategies or to predefine component usage patterns

bination of the Component Configurator pattern [30], tﬁ at provide hints to TAO’s CCM evictor mechanism. The ac-

ACE Service Configurator framework [31] that implemenfglat'On of TAO's evictor mechanism can be controlled_by poli-
this pattern, and standard CORB&rvantManager s [32]. cies selected by component server developers. Eviction can

The ACE Service Configurator framework dynamically Iink@1en be triggered either periodically or in response to events
and unlinks component executors stored in DLLs. T nerated by system resource monitors that track CPU load

types of ServantManager are supported by a POA:""nd memory usage.

(1) ServantActivator s, which activate/deactivate ser-

vants in a POAs active object map on-demand and (§) ..
ServantLocator s, which are designed to implement use Current Progress and Empmcal Re-
defined object demultiplexing and servant lifetime managing glts

mechanisms on a per-invocation basis.

TAO's CCM framework enhances containers to providg this section, we report the results of our ongoing efforts to

their own ServantLocator s that link in the necessaryenhance TAO to support the reflective middleware techniques
component executors from DLLs on-demand, as shown in Figsscribed in Section 2.

ure 4. The same mechanism in TAO’s CCM also detects the

availability of new component implementations and switch€urrent Progress: We have added a QoS adaptation layer
to use these updated versions automatically. For instartbat shields TAO from differences among the QoS interfaces
TAO'’s ServantLocator s can detect updated DLLs conen different OS platforms. Key capabilities in this adapta-
taining component executors and delegate the actual workiom layer include (1) support for prioritized scheduling by
ACE Service Configurator to link these executors on-demapdrtitioning requests for different QoS requirement into dif-
This feature helps minimize system resource usage by fesent threads and servicing these threads through different
linking component executors until they are accessed. In addpoints, (2) support for initializing endpoint QoS properties,
dition, TAO's CCM implementation enhances component dsdch as bandwidth reservation and flow pacing, (3) support for
scriptors to provide meta-information that the ACE Servigmortable scheduling control so the ORB can schedule requests
Configurator uses to swap component executors dynamicalgaptively based on the QoS requirements of objects.

e On-demand linking: On-demand linking of compo-
nent interface implementations is achieved in TAO via a co



1000000

These mechanisms are then used to implement the QoS-
aware containers described in Section 2.1.

We have implemented a container prototype that supports
the on-demand linking and eviction of component executors oo
described in Section 2.3. We are currently strategizing the :
eviction mechanism and will integrate it with TAO’s CCN 1000 1
component usage reflection support. z

TAO supports two co-process collocation mechanisms [25]
and several other co-host optimization mechanisms via its | |
pluggable protocols framework [16]. Currently, however, TAO o
just allows reflective selection of co-process collocation opti- e E— — op e T o
mizations, though we are adding a more comprehensive cjg;mn:'::q e o soror e
location selection mechanism, outlined in Section 2.1. TR0 smaisea 1088 1207 1247 30195 65467
remainder of this section presents empirical results of péfree= = ® L= | W =2

formance comparisons of the collocation optimization mecrrqgure 5: Buffered One-way Request Throughput for Various
nisms supported by TAO. TAO Protocols
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Measurement techniques: The following four ORB com-

munication optimization mechanisms were measured in tggg, yoqits in this figure illustrate the importance of config-

experiments: uring an ORB'’s collocation selection mechanism reflectively
1. Shared-memory transport for optimizing co-host commig-take advantage of OS platform the ORB runs on. For exam-
nication: ple, on Windows NT, the performance of SHMIOP~&0%
. o .. faster than that of IIOP. However, it it only marginally faster
2. QNIX doma|.n socket, which is also a co-host OptImIZQ:LO%) than 1IOP on UNIX, due to the higher overhead of
tion mechanism; process-level semaphores on UNIX compared with Windows
3. Thru.POA co-process collocation optimization [25]; andNT. Thus, UIOP outperforms actually SHMIOP on Solaris.
Our current implementation of SHMIOP in TAO uses the
loopback localhost pseudo-device interface as a signaling
Compared to invoking a method docal interface, which mechanism. Thus, we notify the ORB’s reactive [30] event
is a new interface type in the CCM, invoking a method ulpop via a socket on each send operation. We expect the per-
ing theDirect collocation strategy incurs just one extra virtugbrmance of SHMIOP will be enhanced greatly after we im-
function call. Thus, it indicates the benefits of declaring @ement a multi-threaded version of SHMIOP. As a thread
interfacelocal . only services requests from one connection in TAO, the mul-
We measured the performance of TAO’s collocation optithreaded SHMIOP implementation can use a more efficient
mization mechanisms by invoking operations that sent a signaling mechanism, such as semaphores. Moreover, since
quence of 4 and 1,024 elements of typag . Both server we no longer need to emulate the socket stream buffer which
and client ran on the same host, allowing us to compare thgequired for reactive SHMIOP implementation, we can take
performance gain of applying each optimization mechanisaglvantage of “zero-copy” shared memory buffers and further
The performance of IIOP is measured as a baseline for nsnprove performance. However, the current SHMIOP im-
optimized communication. plementation is required to support applications that are not

: multi-threaded.
Hardware/OS Benchmarking Platforms: The tests were

conducted using a Gateway PC with two 500 Mhz Pentium-
[l CPUs running Microsoft Windows 2000 and an a Ultra
SPARC with four 300Mhz UltraSparcs running SunOS 5.7.

We compiled the test on NT using Microsoft Visual Studi

: : . . . cent CORBA specifications define more comprehensive
with Service Pack 3 and on Solaris using egcs version 2.91. , "
) T support for QoS, configurability, and automated server de-
but using full optimization.

velopment. In particular, the CORBA Component Model
Results: Figure 5 shows the performance of TAO'’s collocgCCM) [10] defines standard interfaces, policies, and services
tion optimization mechanisms compared with the [IOP bader structuring, integrating, and deploying CORBA compo-
line. Shared-memory transport is labeled as SHMIOP aments. Likewise, the Real-time CORBA [6] and CORBA Mes-
UNIX domain transport is labeled as UIOP in the figursaging [7] specifications address many end-to-end quality-of-

4. Direct co-process collocation optimization.

Concluding Remarks



service (QoS) properties. [16] C.O'Ryan, F. Kuhns, D. C. Schmidt, O. Othman, and J. Parsons, “The
; ; ; ; ; Design and Performance of a Pluggable Protocols Framework for
However’ OUr experience sing CORBA in a wide variety Real-time Distributed Object Computing Middleware,"Rnoceedings
of projects suggests that the new generation of CORBA spec- of the Middleware 2000 Conferenc&CM/IFIP, Apr. 2000.

ifications will be unsuitable for an important class of Qo$t7] D.C. Schmidt, S. Mungee, S. Flores-Gaitan, and A. Gokhale,

ot : ; “Software Architectures for Reducing Priority Inversion and
enabled appllcatlons unless ORB |mplementat|ons apsply Non-determinism in Real-time Object Request Brokeisfirnal of

flective middleware techniqués automate the selection and  Real-time Systems, special issue on Real-time Computing in the Age of

. . . . the Web and the Internett 2000.
adaptation of key QoS properties. The reflective middleware © VS anc e Iemeto appear _ _
. . . e[(l:?] A. B. Arulanthu, C. O'Ryan, D. C. Schmidt, M. Kircher, and
techniques we are focusing upon currently include (1) seleCt= ; parsons, “The Design and Performance of a Scalable ORB

ing opti'mal communication mecha'nisms', (2) mf';maging QoS @{g%%%}%ﬁgg ZCO%E%% ﬁfggggg%nm's: I'\Fﬁlegzﬁgzig%é)ﬁmceedings of
properties of CORBA components in their containers, and ﬁ% '
m_

. . A. Gokhale and D. C. Schmidt, “Measuring the Performance of
(re)configuring selected parts of component executors dyn Communication Middleware on High-Speed Networks, Pioceedings

ically. We are applying these techniques to TAO, which is ©f SIGCOMM 96 (Stanford, CA), pp. 306-317, ACM, August 1996.

i i imizi ; 20] 1. Pyarali, C. O’'Ryan, D. C. Schmidt, N. Wang, V. Kachroo, and
our platform for implementing, optimizing, and experiment A. Cokhale. “Applying Opfimization Paiterns to the Design of

ing with QoS-enabled CCM. Real-time ORBs,” irProceedings of thet"* Conference on
Object-Oriented Technologies and Syste(Ban Diego, CA),
USENIX, May 1999.
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