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Abstract

This paper presentstwo contributions to the study of component deploymentfor

distributed real-time and emtedded (DRE) systems.First, it usesan inventory
tracking systems(ITS) as a case study to elicit challengesinvolved in deploy-
ing DRE systemsto aacount for their quality of serviee requirements. Second,
it descrites how we designel and implementead the Deployment And Con gu-

ration Engine (DANCE), which is QoS-enabld middleware that addressesthe
challengesthat arosein the context of our ITS casestudy. Our experience shows
that DANCE provides an e ective platform for deploying DRE system compo-
nents using a standard runtime environment and metadata.

1 Intro duction

Componert middleware platforms are an e ectiv e way of achieving systematic
reuseand composition of software artifacts [1]. In these platforms, components
are units of implementation and composition that collaborate with other compo-
nents via ports, including (1) facets, which de ne interfacesthat acceptpoint-to-
point method invocations from other componerts, (2) receptacles which indicate
dependencieson point-to-p oint method interfacesprovided by other componerts,
and (3) event sources/sinks, which enablethe exchange of typed messagesvith
one or more componerts. Groups of related componerts can be connectedto-
gether via their ports to form componert assembliesthat can be deployed to
particular nodesin a target domain. Implementations of componert assenblies
are bundled into packageghat cancontain (1) multiple binary executablesof the
same componert written in dierent languagesand for dierent OS platforms
and (2) metadata that describesthe package cortents.

In large-scaledistributed real-time and embedded (DRE) systems,such as
shipboard computing ervironments [2], inventory tracking systems|[3], and in-
telligence, surveillance and reconnaissancesystems|[4], componert middleware
features can help make the software more exible by separating (1) application
functionality from (2) system lifecycle activities, such as componert con gura-
tion and deployment. Convertional componert middleware platforms, suc as
J2EE and .NET, is not well-suited for thesetypesof DRE systemssincethey do
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not provide real-time quality of service (QoS) support. QoS-enabld component
middleware, such as CIAO [5], Qedo[6], and PRiSm [7], have beendeweloped to
addresstheselimitations by combining the exibilit y of componert middleware
with the predictabilit y of Real-time CORBA.

QoS-enabledcomponert middleware, however, also intro ducesnew complex-
ities that stem from the needto (1) deploy componert assenblies into the ap-
propriate DRE systemtarget nodes, (2) activate and deactivate componert as-
senblies automatically, (3) initialize and con gure componert serer resources
to enforce end-to-end QoS requiremerts of componert assenblies, and (4) sim-
plify the con guration, deployment, and managemen of common servicesused
by applications and middleware. The lack of portable, reusable,and standard
medanismsto addressthese challengesis hindering the adoption of componert
middleware technologiesfor DRE systems.

To meet these challenges,we have dewveloped the Deployment and Con gu-
ration Engine (DANCE), which is an open-source(www.dre.vanderbil t.e du/
CIAQ QoS-enabledmiddleware framework compliant with the OMG Deploy-
ment and Con guration speci cation [8] that enablesthe deployment of DRE
system componert assenblies by addressingvarious QoS-related concerns,suc
as collocation, memory constraints, and processorloading. The deployment and
con guration of componerts in DANCE, therefore,involvesmapping known vari-
ations in the application requirementsspace (such as variations in QoS require-
merts) to known variations in the software solution space (such as con guring
the underlying network, OS, middleware, and application parametersto satisfy
the end-to-end QoS requiremerts).

The key capabilities provided by DAnCE to support deployment and con g-
uration of DRE systemsinclude:

{ One-time parsing and storing of componert con guration and deployment
descriptions (which are represerted as metadata in XML format) so that
runtime parsing overheadis not incurred during componert deplaymert.

{ Automatic downloading of componert packagessothat the implemenrtations
can be changedseamlesslyas componerts migrate from onenode to another,
even in a heterogeneoudarget domains.

{ Automatic con guration of object requestbrokers (ORBSs), containers, and
componert serersto (1) meet the desired QoS requiremerts and (2) re-
duce human operator mistakesintro ducedwhile con guring middleware and
application componerts.

{ Automatic connection' of componert ports sothat developers neednot be
concernedwith these low-level details.

{ Automatic deployment and lifecycle managemen of common middleware
services,such as directory, evernt, security, and load balancing services,so
that dewvelopers can concerrate on componert businesslogic, rather than
tedious and error-prone programming activities concernedwith managing
these common services.

1 In the context of this paper, a connection refersto the high-level binding betweenan
object referenceand its target component, rather than a lower-level transport (e.g.,
TCP) connection.



The remainder of this paper is organized as follows: Section 2 provides an
overview of inventory tracking system (ITS) casestudy that elicits many chal-
lengesof deploying large-scaleDRE systems;Section3 describeshow we designed
and applied DANCE to resolve key challengesin our ITS casestudy; Section4
comparesour work with related e orts; and Section 5 preserts concluding re-
marks.

2 Deployment and Conguration Challenges in
Comp onent-based DRE Systems

To illustrate the deployment and con guration challengesin DRE systems,this
section preserts a casestudy of a represenativ e component-based DRE system
called the inventory tracking system (ITS) [3]. An ITS is a warehouseman-
agemen infrastructure that monitors and cortrols the ow of goods and assets
within a storagefacility. Usersof anITS include couriers(such asUPS, DHL, and
Fedex), airport baggagehandling systems,and retailers (such as Walmart and
Target). This section rst provides an overview of the structure/functionalit y of
our ITS casestudy and then usesthe casestudy to describe con guration and
deployment challenges.

2.1 Overview of ITS

An ITS provides mecanismsfor managing the storage and movemern of goods
in a timely and reliable manner. For example,an ITS should enable human op-
eratorsto maintain the invertory throughout a highly distributed system (which
may span organizational boundaries), and track warehouseassetsusing decen-
tralized operator consolesin conjunction with colleaguesat Siemeng3], we have
developed the ITS shown in Figure 1 and deployed it using DANCE. Figure 1

Fig. 1: Key Componerts in the ITS Case Study

shows how our ITS consistsof the following three subsystems:

{ Warehouse managemen t, whose high-level functionality and decision-
making componerts calculate the destination locations of goods and delegate
the remaining details to other ITS subsystems.



{ Material o w control , which handles all the details (such as route cal-
culation and transportation facility resenation) neededto transport goods
to their destinations. The primary task of this subsystemis to executethe
high-level decisionscalculated by the warehousemanagemen subsystem.

{ Warehouse hardw are, which dealswith physical devices(such assensors)
and transportation units (such as corveyor belts, forklifts, and cranes).
After the ITS componerts comprising the ITS subsystemsdescribed above

are developed, they must be con gured and deployed to meet warehouseoper-
ating requiremerts. In our ITS casestudy, 200 componerts must be deployed
into 26 physical nodesin the warehouse.We focus on a portion of this system
to motivate key challengesDANCE faced when deploying and con guring the
ITS. Figure 2 shaws a subset of key componert interactions in the ITS case
study shown in Figure 1. As shown in this gure, the WorkflowManager com-
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Fig. 2: Componert Interactions in the ITS Case Study

ponert of the material o w control subsystemis connectedto the conveyor belt

and crane transportation units of the warehousehardware subsystem.We focus
on the scenariowhere the WorkflowManager contacts the ConveyorBelt and

Crane componerts using the move_item() operation to move an item from a

source (such as a loading dock) to a destination (such as a warehousestorage
location). The move_item() operation takes source and destination locations

as its input argumerts. When the item is moved to its destination success-
fully, the ConveyorBelt and the Crane inform the WorkflowManager via the

finish_mov() evert operation. ConveyorBelt and Crane componerts are also
connectedto various ItemLocationSens or componerts, which periodically in-

form the other componerts of the location of moving items.

2.2 Challenges in Conguring and Deploying ITS

Using the ITS casestudy described in Section2.1, we now illustrate the deploy-
ment and con guration challengesin componert-based DRE systems.

Challenge 1: Ecien tly storing and retrieving comp onent implemen-
tations. Large-scaleDRE systems need capabilities that enable application



developers and deployment runtime tools to (1) upload componert implemerta-
tions to storagesites and/or (2) fetch componert implementations from storage
sites for installation. These capabilities should allow multiple implementations
of a componert written in di erent programming languagesand run on di erent
OS platforms. Moreover, it should be possibleto pre-stage componert imple-
mentations to avoid downloading selectedimplementations from certral storage
sites during the deployment process.

As shown in Figure 2, it is conceivable that how an ITS ConveyorBelt com-
ponert could have implemertations for Linux in Java and Windows in C++,
which will require that these implementations be fetched and deployed appro-
priately on a particular node in a small and bounded amourt of time.

Challenge 2: Activ ation, passivation, and deactiv ation of comp onent
assemblies. To managesharedresourcesin a DRE system e ectiv ely, compo-
nents in an assenbly needto be activated to becomefunctional, passivated when
they will not be accessedor an extended period of time, and deactivated when
they are no longer needed.A key challengeis to coordinate theseoperationsin a
complete assenbly, rather than in an individual componert or node. For exam-
ple, componerts in an assenbly that collaborate by sendingmessage®r everts
must be preactivated to con gure the necessaryervironment and resourcesso
that messagesre exchangedin the intended fashion. In particular, all collabo-
rating componerts in an assenbly must be preactivated before any componert
is activated. Similarly, all collaborating componerts needto be passivated before
any componert is deactivated sothat no componert tries to communicate after
its recipient has beendeactivated.

For instance, when the ConveyorBelt componert in Figure 2 is being re-
moved, the WorkflowManagercomponert must already be passiwated since oth-
erwiseit could continueto make move_item() invocations on the ConveyorBelt .

Challenge 3: Conguring No deApplication comp onent server resources.
In large-scaleDRE systems,QoSrequiremerts (such aslow latency and bounded
jitter) are often important considerationsduring the deployment processsince
componert (re)deployment may occur throughout the lifecycle of a large-scale
system. To enforcethese QoS requiremerts, componert servers and containers
must be con gured in accordancewith QoS properties, such as those de ned

in Real-time CORBA [9]. Componert deployment and con guration tools must

therefore be able to (1) specify the middleware con gurations neededto con g-

ure componerts, cortainers, and componert serersand (2) setthe QoS policy

options provided by the underlying middleware into semartically consistert con-
gurations.

For instance, in the ITS casestudy (Figure 2), whenewer a ConveyorBelt
componert's hardware fails, it should notify the WorkflowManagerin real-time
to minimize/avoid damage.Likewise,ITS ConveyorBelt and Crane componerts
may needto be collocatedwith WorkflowManagerin someassenbliesto minimize
latency.

Challenge 4: Conguring and deploying common middlew are services.
Traditional object-oriented middleware (such asCORBA 2.x) providesDRE sys-



tems with accessto common middleware services(such as Naming and Trad-
ing) through the underlying Object RequestBroker (ORB) and Portable Object
Adapter (POA). Componert-based middleware, such as Lightweight CORBA
Componert Model (CCM) [10] enables(1) reusability of componerts by imple-
merting only application logic and (2) easierintegration into dierent appli-
cations and runtime contexts. Componert deployers thus needto support the
integration of common middleware servicesinto componernt-based applications
for which no standard medanismsyet exist.

For instance, Figure 2 showvs how the ITS ItemLocationSenso r and the
ConveyorBelt componerts exchange messagesising event sources/sinks, which
may require the con guration of some middleware publish/subscribe services,
such as the CORBA Real-time Noti cation Service or the Data Distribution
Service (DDS).

Section 3.2 describes how DANCE addressesthese challengesfor DRE sys-
tems and how our solutions have beenapplied to the ITS casestudy.

3 The Design of DANCE

This section describes the Deployment And Con gur ation Engine (DAnCE),

which is middleware we developed basedon the OMG's Deployment and Con-
guration (D&C) speci cation [8]. This speci cation standardizesmany aspects
of con guration and deployment for componert-based distributed systems,in-

cluding componert con guration, componert assenbly, componert pacdkaging,
padkage con guration, package deployment, and target domain resource man-
agemen. Theseaspectsare handled via a data model and a runtime model. The
data model can be usedto de ne/generate XML schemasfor storing and inter-

changing metadata that describescomponert assenblies and their con guration

and deployment characteristics. The runtime model de nes a set of managers
that processthe metadata described in the data model during system deploy-
mert. This section shows how the design and implementation of DANCE has
beentailored to addressthe D&C challengesof componert-based DRE systems
described in Section 2.2.

3.1 The Structure and Functionalit y of DAnCE

The architecture of the Deployment and Con guration Engine (DANCE) is
shown in Figure 3. This section describeshow DANCE provides a reusablemid-
dleware framework for deploying and con guring componerts in a distributed
target ervironment, using the ITS casestudy in Section2.1to motivate its key
capabilities. DANCE is built atop The ACE ORB (TAO) [11] and CIAO [5],
which makesit portable to most hardware and OS platforms in usetoday.

As shown in Figure 3, an ITS deployer createsXML descriptorsthat corvey
application deployment and con guration metadata, using external model driven
developmert (MDD) tools[12]. This metadata is compliant with the data model
de ned by the OMG D&C speci cation. To support additional deployment and
con guration concernsnot addressedoy this speci cation, we enhancedthe spec-
de ned data model by describing additional deployment concerns(such as real-
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Fig. 3: Overview of DAnCE

time QoS requiremerts and middleware service con guration and deployment)
discussedin Section 3.2.

All the metadata to describe theseconcernsis captured in an XML le called
the deploymentplan, which describes(1) the DRE systemcomponert instances
to deploy, (2) what properties of thesecomponerts should be initialized, (3) what
QoS policies these componerts must cortain, (4) what middleware servicesthe
componerts use,and (5) how the componerts are connectedto form componert
assenblies. The various ertities of DANCE shown in Figure 3 are implemerted

as CORBA objects? that collaborate as follows:

ExecutionManager  runs asa daemonand is usedto managethe deployment
processfor one or more domains. In accordancewith the D&C speci cation,
DANCE de nes a domain as a target environment composedof nodes intercon-
nects, bridges and resources An ExecutionManager usesthe factory and nder
designpatterns to managera set of DomainApplicatio nMaagers.

DomainApplicationManager manageshe deployment of componerts within
a single domain (to managemultiple domains, an ExecutionManager can coor-
dinate with multiple DomainApplicatio nMaagers). A DomainApplication -
Managersplits a deployment plan into multiple subplans, one for ead node in
a domain. In DANCE, the ExecutionManager and DomainApplicatio nMinager
objects residein the samedaemon processto improve deployment performance

by leveraging the collocation optimizations provided by TAO.

No deManager runsin a daemonon ead node and managesthe deployment of
all componerts that reside on that node, irrespective of which application they
are assaiated with. Componerts are created by containers, which are hostedin
componert server processegalled NodeApplication s.The NodeManagecreates

2 The DANCE deployment infrastructure is implemented as CORBA objects to avoid
the circular dependenciesthat would ensueif it was implemented as componerts,

which would have to be deployed by DANCE itself!



the NodeApplicationM anager , which in turn createsthe NodeApplication pro-
cesseghat host containers, thereby enhancingthe reuseof componerts shared
betweenapplications on a node.

No deApplicationManager is collocated with a NodeManageto managethe
deployment of all componerts within a NodeApplication which is a sener pro-
cessthat hosts a group of related componerts in a particular application. To
di erentiate deployments in a node, DAnCE's DomainApplication Manager uses
the node's NodeManageto create a NodeApplication Mamger for eat deploy-
ment and sendsit the metadata it needsto deploy componerts.

No deApplication  plays the role of a componert sener processthat provisions
the computing resources(e.g, CPU, memory and network bandwidth) for the
componerts it hosts. Basedon metadata provided by other DANCE managersin
the deployment processthe NodeApplication createsthe initial containers that
provide an environment for creating and instantiating application componerts.
Componerts in a node are thus deployed in one or more NodeApplications in
accordancewith a deployment plan.

Rep ositoryManager  runs as a daemon dedicated to a domain and is used
by (1) deployer agens to store componert implementations and (2) DAnNCE's
NodeApplicationM anager to fetch necessarycomponert implementations on de-
mand. Each NodeApplicationM anager usesits RepositoryManager to seard
componert implemenrtation binaries (stored in the form of dynamic linking li-
braries) and fetchesthem into the local node's storage cace.

3.2 Applying DANnCE to Address DRE Systems D&C Challenges

The remainder of this sectiondescribeshow (1) the DANCE managersin Figure 3
addresskey DRE systemsD&C challengesdescribed in Section 2.2 and (2) our
solutions are applied to the ITS casestudy preserted in Section2.1.

Resolving Challenge 1: Storing and Retrieving Comp onent Implemen-
tations via a Rep ository Manager. DANCE's RepositoryManager provides
e cien t medanisms where applications can (1) store componert implemerta-
tions at any time during the systemlifecycle and (2) retrieve di erent versionsof
implemertations as componerts are (re)deployed on various types of nodes. As
shown in Figure 4, the RepositoryManager can alsoact asan HTTP client and
download componert implemertations speci ed as URLs in a deployment plan.
It cachestheseimplementations in the local host wherethe RepositoryManager
runs sothey can be retrieved by NodeApplicationM anagers .

Over a system's lifetime, a componert could be migrated and redeployed
on a node whosetype is di erent than its earlier host(s), in which casea dif-
ferent component implementation must be provided. To support e cient de-
ployment, DAnNCE's NodeApplicationMa nager s periodically contact the Repo-
sitoryManager to download the latest implementations of designated compo-
nents. When a componert is redeployed, therefore, all its implementations can
be caded locally on the target nodes, so downloading overhead need not be
incurred during the deployment process.



DANCE's RepositoryManager usesZIP compressionand le archiving med-
anisms(debin.org/zzip ) to provide an e cien t represeration of the contents of
a ZIP archive and (de)compressall the implemertations in a packagedformat. It
usesCORBA operation invocations to transfer the ZIP-encoded componert as-
senbly packagesto the node(s)in adomainthat run NodeApplicationMa nagers.

In the ITS casestudy, an initial deployment might write the ConveyorBelt
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componert in Java and host the componert on an Embedded Linux node. As
the systemruns, ITS dewelopers could create a C++-based Win32 implementa-
tion of ConveyorBelt and submit it to DAnNCE's RepositoryManager. At some
point during the ITS lifecycle,the ConveyorBelt could be stopped at the current
Linux node and movedto a Windows node. To executethat deployment request,
DANCE's NodeApplicationMa nager running on the Windows node could con-
tact the RepositoryManager to retrieve the Windows implemertation of the
ConveyorBelt componert and deploy it. The RepositoryManager thus helps
decouplewhen and how ITS componert implementations are developed from
when they are deployed.

Resolving Challenge 2: Using the DomainApplicationManager to Co-
ordinate the Comp onent Assembly Lifecycle. During the lifecycle of the
componert assenbly, DANCE's DomainApplicati onMinager maintains prea c-
tive , active , passive, and deactiv ated runtime state information on ead
componert in the componert assenbly, as shovn in Figure 5. The prea ctive
state indicates that the componert has been created and has been provided its
ervironment settings. The active state indicates that the componert has been
activated with the underlying middleware. The passive state indicates that the
componert is idle and all its resourcescan be usedby other componerts. The de-
activ ated state meansthat the componernt has beendeactivated and removed
from the system.

During the deployment process,DAnCE's DomainApplicatio nhManager en-
suresthat componerts are not connectedand activated until all the componerts



are in the preactive state. Similarly, during assenbly deactivation, DANCE's
DomainApplicatio nManager ensuresthat componerts in an assenbly are deac-
tivated only when all the componerts are in the passivestate.

To ensurethat a componert's ongoing invocations are processedcompletely
beforeit is passiwated, all operation invocations on a componert in CIAO are
dispatched by the standard Lightweight CCM Portable Object Adapter (POA),
which maintains a dispatching table that tracks how many requestsare being
processedby eadh componert in a thread. CIAO usesstandard POA reference
courting and deactivation mechanismsto keep track of the number of clients
making invocations on a componert. After a sener thread nishes processing
the invocation, it decremerts the referencecourt in the dispatching table. Only
when the court is zero, is the componert passivated. CIAO therefore ensures
that the systemis always in a consistert state to ensurethat no invocations
are lost. To prevent new invocations from arriving at the componert while it is
being passiwated, the corntainer blocks new invocations for this componert in the
sener ORB using standard CORBA portable interceptors.

In the ITS casestudy, DAnCE's DomainApplication Mamger ensuresthat
the ItemLocationSens or componerts does not make operation invocations on
the ConveyorBelt componerts unlessboth are active. Similarly, during the de-
activation of the ConveyorBelt componert, the DomainApplicatio nMnager
ensuresthat WorkflowManager componerts are passiated, which ensuresthat
all move_item() requestsare handled properly. Finally, the ConveyorBelt com-
ponernt's POA ensuresthat all requestsbeing processedby the component are
dispatched before deactivating the componert.

Resolving Challenge 3: Conguring No deApplication Comp onent Ser-
ver Resources. ToenforceQoSrequiremerts, DANCE extendsthe OMG D&C [8]
speci cation to de ne NodeApplication serwer resourcecon gurations, which
heavily in uence end-to-end QoS behavior. Figure 6 shows the dierent cate-

Fig. 6: Specifying RT-QoS requirements ~ Fig. 7: Example Server ResourcesSpeci -
cation

goriesof server con gurations that can be speci ed using the DANCE server re-
sources XML schema which are related to systemend-to-end QoS enforcemett.



In particular, ead server resourcesspeci cation can set the following options:
(1) ORB command-line options, which cortrol TAO's connection managemer
models, protocol selection, and optimized request processing,(2) ORB service
con gur ation option, which specify ORB resourcefactories that cortrol server
concurrency and demultiplexing models. Using this XML scema, a systemde-
ployer can specify the designatedORB con gurations.

As described in Section 3.1, componerts are hosted in corntainers created
by the NodeApplication process,which provides the run-time ernvironment and
resourcesfor componerts to executeand communicate with other componerts
in a componert assenbly. The ORB con gurations de ned by the server re-
sources XML schemaare usedto con gure NodeApplication processeghat host
componerts, thereby providing the necessaryresourcesfor the componerts to
operate. Sincethe deployment plan describesthe componerts and the artifacts
required to deploy the componerts, DANCE extendsthe standard OMG D&C
deployment plan to specify the server resourcecon guration options.

As shown in Figure 3, XMLConfiguration Hardl er parsesthe deployment
plan and storesthe information asIDL data structures that can transfer infor-
mation between processese cien tly and enablesthe rest of DANCE to avoid
the runtime overhead of parsing XML les repeatedly. The IDL data structure
output of the XMLConfiguration Handl er is input to the ExecutionManager,
which propagatesthe information to the DomainApplication Marmger and Node-
ApplicationManag er. The NodeApplicationM anager usesthe server resource-
related options in the deployment plan to customizethe containers in the Node-
Application it creates.These containers then use other options in the deploy-
ment plan to congure TAO's Real-time CORBA support, including thread
pool con gurations, priority propagation models, and priorit y-banded connec-
tion models.

ITS componerts, suc as ltemLocationSen sor and WorkflowManager, have
stringent QoS requiremerts sincethey handle real-time item delivery activities.
The sener resourcecon gurations for all nodes hosting these componerts are
specied via an MDD tool. Figure 7 shows an example XML documert that
speci es the server resourcecon gurations de ned by a system deployer. The
XMLConfiguration Hardl er parsesthe descriptors produced the MDD tool to
notify the NodeApplicationM anager. To honor all the speci ed con gurations,
the componert serners hosting these componerts are con gured with serner-
declared priority model with the highest CORBA priority, thread pools with
preset static threads, as well as priorit y-banded connections.

Resolving Challenge 4: Conguring Common Middlew are Services
During the Deployment Pro cess. To support the integration of common
middleware servicesinto component-basedapplications, DANCE providesa meta-
programmable service integration framework showvn in Figure 8. This gure
shows how DANCE usesthe serviceintegration framework to integrate various
middleware servicesinto a DRE system. At the heart of this service integra-
tion framework is the DANCE Service Con gur ator, which is hosted in eath
NodeApplication . Common middleware services(such as the Naming Service,



Fig. 8: Con guring Common Middlew are Services

Event Service,and TAO Real-time Event Service)are con gured using standard
CORBA interfacesand hencethe usagepatterns of such middleware servicescan
be formulated easily. For example, when an application usesTAQO's Real-time
Event Service,it needsto (1) initialize and con gure the QoS properties of the
event channel, (2) de ne the semartic behaviors of event publishers and evert
consumers,and (3) register the event publishers and event consumersthrough
the evernt channel interfaces.

To con gure and deploy middleware servicesvia DANCE, CIA O encapsulates
thesecommonusagepatterns and provides a set of reusableservicelibraries, one
for eat type of middleware service,e.g., we designedCIA O Real-time Event Ser-
vice library for the Real-time Event Serviceprovided by TAO. Each library is a
wrapper facadeof the middleware serviceprovided by the underlying ORB that
shields componert developers from tedious and error-prone programming tasks
assaiated with initializing and con guring QoS-enabledcommon middleware
services.These libraries also exposeinterfacesto the DANCE Service Con gu-
rator to managethe services.For example, the Real-time Event Serviee Con g
shown in the Figure 8 captures the various usage and con guration options
(such as event dispatching threading model, event dispatching priority model
and ewvent Itering model) for the CIAO Real-time Event Service library. Our
DANCE Service Con gurator is designedto support any CORBA service,even
those developed to usethe earlier CORBA 2.x object model.

During the deployment process,DANCE usesthe deployment plan to express
servicecon guration properties assaiated with componerts and assenblies that
inform the NodeApplication Marmger how to initialize the middleware services
with desiredcon guration settings. The NodeApplication Mamger then cornveys
to the NodeApplication which componerts to create and which middleware
servicesthey require. In response,the NodeApplication triggers the DANCE
ServiceCon gurator to load and con gure the corresponding CIA O middleware
servicelibraries automatically.

ITS deployment engineerscan use MDD tools [13,14] to model the inter-
actions betweenthe ItemLocationSen sor and ConveyorBelt componernts and



could indicate whether a direct connectionor an evernt channelis neededfor com-
munication. Moreover, stringent QoS requiremerts sud as timing constraints

and evert delivery latency could alsobe speci ed in the communication between
the two componerts. If a direct connectionis speci ed, then at deployment time

DANnCE makesthe ItemLocationSen sor componert with an event source port

cade the object referenceof the event sink port of the ConveyorBelt compo-
nent. After the deployment is complete,thesetwo componerts can communicate
directly through a CORBA remote invocation call. If the DRE system deployer
speci es the useof CIAO Real-time Evernt Service,then DANCE servicecon gu-

rator and its metadata-basedcon guration mecanismscon gures and manages
the serviceand its QoS settings to provide the desired QoS.

4 Related Work

As componert middleware becomesmore pervasive, there has beenan increase
in researd on technologies,platforms, and tools for deploying componerts e ec-
tively within distributed systems.This section comparesour work on DAnCE
with other related e orts.

The OpenCCM (corbaweb.lifl.fr/ OpenCCM) Distributed Computing In-
frastructure (DCI) federatesa set of distributed servicesto form a unied dis-
tributed deployment domain for CCM applications. DCI, however, implements
the Padkaging and Deployment (P&D) model de ned in the original CCM speci-
cation, which omits key aspectsin the componert con guration and deployment
cycle, including padkage repository managemem, server real-time QoS con gu-
ration, and middleware servicecon guration and deployment. We are currently
working with the OpenCCM team to enhancetheir DCI sothat it is compliant
with the OMG D&C speci cation and DANCE.

[15] proposesusing an architecture descriptive language (ADL) that allows
assenbly-level activation of componerts and describes assenbly hierarchically.
Although DANCE is similar, it usesthe XML descriptors synthesized by MDD
tools to characterize the metadata regarding componerts to deploy. Likewise,
DANCE descriptors can specify QoS requiremerts and/or server resourcecon g-
urations, soits deployment medanismsare better suited to deploy applications
with desiredreal-time QoS properties.

[16] proposesthe use of the Globus Toolkit to deploy CCM componerts on
a computational grid. Unlike DANCE, this approac does not provide model-
driven developmert (MDD) toolsthat enabledevelopersto capture various con-
cerns,such asdeployment planning and server con guration, visually. Moreover,
DANCE is targeted at DRE systemswith stringent real-time QoSrequiremerts,
rather than grid applications, which do not provide real-time support.

Proactive [17] is a distributed programming model for deploying object-
oriented grid applications. Proactive de nes applications as virtual structures
and removesreferencesto the physical machines from the functional code writ-
ten for the applications. The functional code is mapped to the physical machines
using XML descriptors. DANCE is similar sinceit also separately describesthe
target ervironment using XML descriptors, but it goesfurther to specify com-
ponert interdependenciesand ensure system consistency at deployment time.



Moreover, Proactive work focuseson deploying Java applications on Java vir-
tual machines,whereasDANCE implements the OMG D&C speci cation, which
focuseson deploying DRE systemsusing language-and platform-indep endert
componert middleware written in di erent languagesand running on di erent
operating systems.

5 Concluding Remarks

Componert middleware is intended to enhancethe quality and productivity of
software and software dewvelopers by elewating the level of abstraction used to

develop distributed systems.Convertional middleware, however, generally lacks
medanismsto handle deployment concernsfor distributed real-time and embed-
ded (DRE) systems.This paper describes how we addressedthese concernsin

the Deployment And Con guration Engine (DAnCE), which is an open-source
implemertation of the OMG's Deployment and Con guration (D&C) speci ca-

tion targeted for deploying and con guring DRE systemsbasedon Lightweight

CORBA Componert Model (CCM). DANCE leveragesmodel-driven develop-
ment (MDD) tools and QoS-enabledcomponert middleware features to sup-
port (1) the e cien t storage and retrieval of componert implementations, (2)

componert activation, passiation, and removal semarics within componert as-
senblies, (3) con guring QoS-relatedclient/serv er resourcesand (4) integrating

common middleware servicesinto applications.

Our future work on DAnCE will focus on (1) integrating reliable multicast
mechanismsin TAO to the various *Manager objects described in Section 3.1
to improve the scalability and reliabilit y of the deployment process,(2) extend-
ing DANCE to support dynamic componert assenbly recon guration, redeploy-
ments, and migrations, (3) enhancingDANCE to provide state synchronization
and componert redeployment or recovery support for a fault-tolerant middleware
infrastructure, such as MEAD [18], and (4) applying specialization techniques
(such as partial evaluation and generative programming) to optimize DRE sys-
tems using metadata contained in componert assenblies.
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