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ABSTRACT

This paper reports on a preliminary experiment using
aspect-oriented programming (AOP) [6] for pervasive
computing. Specifically, aspects are used to modularize
and structure crosscutting functionality into Jini services
[3] in a simulated pervasive environment. We believe this
proof-of-concept prototype demonstrates one way in which
AOP can complement conventional OOP techniques in
dynamic, pervasive environments.
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The shaded circle in Figure 1 represents a Jinvort
with core Jini services (Lookup, Transaction, Leasel
Event services) supplied within. Tlohents in the Figure
can be any Jini-enabled application or device. ddpect
structures functionality that crosscuts severakacts, and
exposes a one (or more) Jini service(s).

In a little more detail, theServiceHelper is a class
cooperating with the aspect, exposing the aspect's
functionality in terms of Jini servicesClientHelper is a
class that helps the aspect to use the other ssroic the
Jini network. Through th&lientHelper, the aspect can

Management of pervasive systems must provide aetrieve information about other applications/desion the

comprehensive means of structuring code that
responsible for a wide range of network servicési [3] is

a network architecture for structuring distribusggtems. It
provides a flexible infrastructure for deliveringrgices and
for creating spontaneous interactions between telimat
use these services.

Jini’s flexible infrastructure relies on the Javatform to
support highly adaptive system&hough Jini technology
enhances the manageability of certain concernsciased
with dynamic network services, inherent scattersmyg
tangling of other concerns that cannot be -effeltive
modularized with OOP still remains.

The goal of aspect-oriented programming (AOP) f61d

isnetwork. The advantage of using such helper caissthe

independence they provide the aspect from the ttarge
protocol/framework involved (for example, Jini \dX).

The rest of the paper proceeds as follows: Secfion
provides background for Jini, AOP, and profilingher
details of our proof-of-concept prototype are ferth
described in Section 3, while Section 4 provides an
evaluation of the implementation in a simulatedvpsive
system. Finally, Section 5 presents conclusiorksfature
work.

2. BACKGROUND AND RELATED WORK
The motivation to combine Jini with AOP methodology

provide structure for crosscutting concerns, such a Stems from a common underlying theme: concertenttsff

resource profiling instrumentation. In our expesity we
leveraged the infrastructure offered by Jini and th
structured approach to crosscutting concerns affdrg
AOP. A high-level overview of this architecturs i
highlighted in Figure 1.
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Figure 1: An aspect can be used to structure a cros  scutting
concern, such as resource profiling, as a one (or m ore) Jini

service(s).

to improve the modularity of complex systems. Thpact
modularity has on productivity is becoming increaby
evident as development moves to open source psoject

Profiling is a classic example of a concern tha¢sdoot
typically adhere to traditional structural boundaribut is a
necessary ingredient for dynamically adaptable esyst
Before launching into details of our experimentaidy
with Jini, we briefly provide background showingwho
these three pieces of the puzzle, Jini, AOP antilipg all
fit together.

2.1 Jini Background

Jini technology enables developers to more easifgtruct
and maintain systems made up of distributed ohjelits
supports spontaneous interaction between clieras ubke
services over a network, agnostic of network, platf
operating system, and application. Hence, the det
problems Jini addresses are those associated Wwih t
situation where individual applications/devices ayrncally



offer services to each other. These problems digclu Tools for profiling based on well-known published
finding and connecting to services, and evolving parts of theinterfaces are gaining momentum. Magpie [7] pesfil
service set zero downtime. websites to measure resource consumption (CPU, disk

When a service is introduced to a network of Jini-enablednetwork usage) of HTTP requ.es'ts, and 'bunds prd’!'s?‘b'
applications or devices, it first finds a place where it canMedels for performance prediction, tuning and dasgs
advertise itself. This step involves publishing a Java object’inpoint [4] uses a similar approach, relying ooffing,
that implements the service API. Clients find servibgs ~ analysis and anomaly detection for fault detection.
looking for an object that supports the API. Whedliant Commercial request  tracing systems include
receives the service’s published object, it dowdéoeode it ~ PerformaSure[9] and AppAssure [1].
needs in order to communicate with the service.

3. PROOF-OF-CONCEPT PROTOTYPE
2.2 AOP Background Here we compare options for instrumenting pervasive
AOP is gaining momentum as a means of facilitating Systems with code for resource profiling withoutl amith
modularization ofrosscutting concerns — concerns that are AOP, and overview our proof-of-concept implemerutai
present in more than one module, and cannot berbett
modularized through traditional means. 3.1 Instrumentation without AOP
Without AOP, profiling across resources can be dsitreer
gby a client application layer, or a little lowen what we
call the framework/middleware layer. We overviewe th
pros/cons of each approach below.

An aspect is a module that structures crosscuttin
implementation. Looking at an aspect, a developer see
both the internal structure of a crosscutting comcand its
interaction with the rest of the program during @xen.
As brief example of the mechanisms used in thequdat
incarnation of aspect-oriented programming usedun
experiment AspectWerkz [2], the aspect below captures al
calls to the constructor afiyObject and simply prints some
tracing information:

3.1.1 Application Layer Instrumentation
| The advantage of customizing instrumentation at the
application layer is precision based on applicatipacific
requirements, assuming enough information is expase
lower layer. That is, just the right amount of filieg can
?ﬁ;gfgeogéggaehaus. aspect wer kz. j oi npoi nt. Joi nPoi nt; be done — pOtentia”y resulting in gains in efﬁmy and
accuracy from an application perspective. The main
drawback of this approach is that such instrumemajets
* @vound call (nyapp. nybj ect. new(..)) scattered and tangled throughout the applicatiaie c®his
p{JbI i ¢ void addToQr eat e(Joi nPoi nt | oi nPoi nt) { makes the application code harder to write, maintand

Systemout. println("before creating..."); evolve.
j oi nPoi nt . proceed();
Systemout.println("after creating...");

public class MyAspect {
/**

3.1.2 Framework/Middleware Layer Instrumentation

b Moving instrumentation to a lower level in the gyt such
The @Around annotation associates the execution of the@s the framework/middleware layer, relieves appboa
aspect’saddToCreate() method with the execution of the code of this burden and provides system-wide

constructor. instrumentation that can be globally configuredikelthe
application layer approach, this again depends ugpen
2.3 Profiling Background amount of information exposed to the

- . framework/middleware. Instrumentation points atd#l s
Log-based performance profiling has been used mlimited to methods from specific, predefined

distributed systems [5], operating systems [10]d an . . : .
adaptive app?/ications [[g] arF1) d con%inugs to be[ uﬁ]mr d framework/m|ddleware_ interfaces or publicly accblesi
performance analysis and fault detection. A commonmethOCIS and member fields.
characteristic of implementations based on prdafilin . .
technology is the fact that instrumentation requiirvasive ~ 3-2 | nstrumentation with AOP

changes to multiple modules of the target system.  In & large software system composed of distribotgects,
essence, profiling is a classic crosscutting cancer use of certain kinds of resources is scatteredsctbe
system. Furthermore, which resources are to be torexi

and what components/modules are to be profiled gian
L _ dynamically as the community evolves. The dynanaittire
For detailed treatment of syntax, see Aspecth?H:z We should rjote of pervasive computing requires applications tonhare
that, though we chose AspectWerkz for its abildyweave at runtime, reflective, adaptive and easy 1o evolve. We belia®P —

we were not able to successfully use this featureur prototype at this . . .
time. especially dynamic AOP which enables




2 ResourceReport getResourceReporti()
4 ResourcePolicy getResourcePolicy()
5

[=4]

public interface Resourcelerwvice extends Pemote {

throws RemoteException;
throws RemoteException:

hoolean setResourcePolicyiResourcePolicy policy)

1 class ResourceferviceProxy implements Serializable, Resourceierwvice |
2 final ResourcelSerwvice serverProxy:
c]

4 ResourceierviceProxy (Fesourcelervice serwverProxy) |

5 this.serverProxy
& }

public ResourceReport getResourceReporti)
9 return ServerProxy.

10 3

=
a 1

public ResourcePolicy getResoul
return sServerProxy.

public boolean setResourcePolic

= ServerProxy:

throws FemoteException |
getResourceReporti) 2

getResour: public Resourceldspect aspect:

3
4 protected woid init() throws Exception |
5 DiscoveryManagenent discowveryManager =

FeTUrn serverProxXy.secResourc JoinManager joinflanager = new JoinManager (proxy, ..,
1 } ; H
g public ResourceReport getResourceReporti) |
=] return aspect.getResourceReportl);
H

public ResourcePolicy getResourcePolicy() {

R S

return aspect.getReaocurcePolicy():
1z 1
14 public boolean setResourcePolicyi(ResourcePolicy policy)
15 return aspect.setResourcePolicyipolicy):
16 1
17 1

1 public class ResourceierwviceHelper implements ResourcelService, SerwverProxyTrust,

[DiscoveryManagement)
discoveryManager,

{

throws RemoteException;:

Proxydccessor |

config.getEntey(...}:
i

Figure 2(a): The ResourceService interface and proxy enables Jini clients to find t
and the client must download the proxy to communic
5-6 in the ResourceServiceHelper show the use the discovery manager to find the Look

The proxy is registered with Jini's Lookup Service,

he service offered by the ResourceServiceHelper.
ate with the service. Lines
up Services. The proxy is then registered

with the Lookup Service.

1 public class Client {
protected woid init() throws Exception {
3 ServiceliscoveryManager serviceDiscovery

4 Servicelten serwiceltem = serwiceDiscovery.lookup(new ServiceTemplate(...
(Resourcelervice) servicelten.serwvice;

5 Resourceiervice server =

Figure 2(b): The Client, where lines 3-5 show the use the

L 5%
2 % [ispect perJVH
3 *

= [(BerviceliscoveryManager) config.getEntry(...):

4 public class Resourcedspect |

5 private Map map = new Hashtable():
& private ResourcePolicy policy = new ResourcePolicy()
7 i

* [@Around call(* simulator.Resource+.process(..))

L

Object[] params

return result;

Figure 2(c): A simple example of a
target objects along with their usage data are stor
consuming method "process()"; finally, lines 10-18
the target request are passed to the policy object
request is granted, execution should proceed to the

final Object result =

to check if the request can be granted. (Note that

public Object adviceMethod(final JoinPoint joinPoint) throws Throwahle {
Resource resource =

[Rezource) joinPoint.getTargetInstance();

, hew Class[] {Resourcelervice.class}, ...

ServiceDiscoveryManager to look up the remote ResourceService.

= [(MethodRtti) joinPoint.getRtti()).getParaneterValues();

policy.check(resource, params):

joinPoint.proceed():

define the advice, where the request parameters (re

target actual resource consuming method "process()

ResourceAspect. Inline 2, the ResourceAspect is deployed as one per JVM; in line 5 all the

ed in a Map; line 8 specifies to weave around simul  ated Resource's resource

source amount and ...) and

line 15 specifies that, if the

.



crosscutting concerns to be introduced to a sys&m
runtime — can provide important language level supfor
such a need. With AOP, instrumentation can be noate
precise, and its crosscutting nature can be stedtand
modularized. Since AOP is a language level feature

instrumentation aspects can be easily applied to an

application layer and/or framework/middleware layer
without any modification of existing code. Figu
outlines the code involved in our Jini/AOP example.

First, Figure 2(a) overviews some of the serviceleco
involved. TheResourceService interface and proxy allow
clients to find and communicate with the
ResourceServiceHelper (corresponding t&erviceHelper in
Figure 1) During initialization, theResourceServiceHel per
starts by creating its proxy, then uses Jini's thnil
DiscoveryManagement to discover Jini's Lookup Smvi
and uses thdoinManager to finally register the proxy with
the Lookup Service. Figure 2(b) shows a sim@lent
initialization method, using th&erviceDiscoveryManager

to look up theResourceService. Finally, Figure 2(c) shows
the AspectWerkz version of a simple example of a
ResourceAspect. This is almost a poster child for AOP,
profiling all methods that consume resources.

4. EXPERIMENT

The experiment we performed uses an aspect to aozki|
resource profiling as a single Jini service within
simulation environment for a pervasive system.
overview of the simulation environment is showrFigure
3, and further described and evaluated in the viotig
subsections.
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Figure 3: The ResourceAspect instruments resources with
code to monitor and report low level details of res ource
useage. The aspect communicates with the ServiceHelper,
which exposes the aspect's functionality to the Jin i network as
one (or more) Jini service(s). The aspect exposes services for
ResourceReport and ResourcePolicy respectively

4.1 Simulation Setup

The simulation scenario proceeds as follows: Shailator
creates resources and calls the
methods. TheResourceAspect instruments resources, and
thus has access to all the resource informatidme aspect
controls resource usage based on an
policy/strategy, which is separate from both theeas and

associateithst request anount:

the resource for flexibility. TheClient pulls: (1) the
resource report, and (2) resource control poligmfrthe
ResourceAspect through theServiceHelper.

In Figure 3, theClient is a Jini client application; the
ResourceAspect provides customized monitoring advice to
instrument the methods that consume certain ressui
ResourcePolicy object represents the policy that the
ResourceAspect uses to control consumption of each
resource, which is consequently transparent totdinget
methods. In this simulation, we have explored rmiest
fine grained configuration possible, where there ais
different ResourcePolicy object for each method that the
ResourceAspect advises; finally, the ResourceReport
contains the information, such as type and usdymjtahe
resource.

For simplicity, two types of resources are definedhe
simulation, representingallocateable and consumable
resources respectively:

The AllocateableResource simulates a resource that
can be allocated upon request and recovered/de-
allocated after the request has been serviced. We
envision this resource as corresponding to ressurce
such as network bandwidth, memory and CPU time.

The ConsumableResource simulates a resource that
cannot be recovered/deallocated after a request has
been serviced. We envision this resource as
corresponding to resources such as battery power or
write only secondary storage.

In the experiment, a multi-threaded driver is udéegpatch
requests. This driver simulates requests (for \ergi
amount of a resource, and for a given duratiompfotients
in a pervasive system. A resource can be alloctded
multiple requests simultaneously. If however, émount
of the resource a request requires is more tharnt vgha
currently available, the request is queued at #dsource
until at least that quantity of the resource becomeilable.

4.2 Simulation Results& Analysis

The resource consumption results of a simple sitoala
execution are shown below. This simulation usey 8n
different allocateable resources, each with its own unique
resourceid. As a direct result of the aspect, each resource
reports:the amount of the resource in use and not in use;
the number of requests waiting/processing; andlyinthe
amount and duration of the most recent requesicasty

Resource id: sinulator.Resource@ab653

resource Cconsuminget in use: 55

I'n use: 481

Nunmber of requests waiting: 2
Number of requests in process
259

Last request interval: 2135

2



Resource id: sinulator. Resource@cdd02
Not in use: 2

In use: 525

Number of requests waiting: 4
Nunmber of requests in process
Last request anount: 242

Last request interval: 2275

2

Resource id: sinulator. Resource@ Ob4a3
Not in use: 48

I'n use: 498

Nunmber of requests waiting: 1
Nunmber of requests in process
Last request anount: 249

Last request interval: 2460

2

In the snapshot above, each service is simultaheous
processing 2 requests, while other requests angegueThe
important take-away point when looking at this auits
that the resource profiling code is configured chatgly
within the aspect.

4.2.1 Analysis

This simulation shows how AOP can provide a powerfu
way modularize and structure Jini services thassuoot
resources in a pervasive system. Specificallypues
profiling code introduced by an aspect can be coizted to
collect low level data, and yet still be kept seypamwith the
system. It is important to note here that, sithemecurrent
version of AspectWerkz does not have built-in supjfor
distributed crosscutting concerns, the proof-ofeapt
implementation is limited to resources within agénJVM.

4.3 Jini: Bottle versus Aspect?

The prototype implementation demonstrates how A@® c
be merged with Jini technology to improve modulatitn
for crosscutting Jini services. Though this staasisimply
a proof-of-concept experiment, the fact that it keat now
begs the question: what kind of services could fiefilem
modularization as contemporary  aspects
conventional (bottled) OOP.

The advantage of this implementation over a non-AOP

approach is essentially modularity, resulting icreased
flexibility, extensibility and reusability.

Flexibility is increased because can be specifiedl a
customized in one centralized place, separate ftoen
application and framework/middleware involved. Tigh
runtime-weaving technologies, instrumentation

ultimately be extended dynamically at runtime whitee
pervasive community evolves. Dynamically adjusting
between aggressive profiling for diagnostic purgosersus

versuge]

can[g]

lightweight approaches to eek out performance
particularly important in dynamic pervasive envinents.
Finally, we anticipate that general purpose aspeotdd
form a common starting point for reuse, perhagbénform
of available libraries

5. CONCLUSIONSAND FUTURE WORK

The prototype implementation shows how AOP can
improve the modularity of code in pervasive envinamts.

As opposed to having this code scattered and tdragleoss
classes, the example shows how resource profiling
techniques used by clients of Jini services calotalized,
structured, and managed as aspects.

The current prototype has shown several encouraging
proof-of-concept results. In terms of future eomiments,
we plan to investigate crosscutting concerns withim
open-source J2EE server built on a JMX microkeraet
experiment with fine-grained load balancing asp&gthin
cluster environments. In terms of language featuvee
plan to investigate available metadata (JSR-17%) fo
additional management capabilities, utilize contfioiw
information structured within aspects for path-sfiec
resource provisioning, and experiment with dynamic
aspects (aspects loaded/unloaded at runtime) fgptation.
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