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USING ASPECT REWEAVING TECHNIQUESFOR APPLICATION

Abstract — Aspect] and several other AOP frameworks
allow for aspects to be woven with classes at compile time
or at load time. While load-time weaving offers some
flexibility, once weaved classes stay that way until
application restarts with new aspects to be loaded.
Adaptive continuous monitoring built on these
frameworks requires periodical restarting of application
in order for the new aspect configuration to be loaded.
This approach is often very uncomfortable, sometimes
even unacceptable. There are applications and systems
that are not allowed to be restarted, or are allowed to be
restarted very rarely. For these systems, the use of
another AOP platform that allows runtime weaving and
re-weaving of aspects would be of great importance.
Keywords. Dynamic AOP, adaptive continuous
monitoring

1. INTRODUCTION

Continuous monitoring provides a picture of dynamic
software behavior under production workload. The data
obtained from monitoring can for instance be used as a
basis for architecture-based software optimization,
visualization, and reconstruction [1]. Based on the data
collected using continuous monitoring, it is possible to
predict the behavior of the application and make a plan of
further actions. Thisis, for example, important in capacity
planning and maintenance scheduling.

Performance overhead, that a monitoring system imposes,
is a very important issue. The monitoring system has to
work using a minimal amount of resources in order not to
interfere with performance of the monitored system.
Profilers and debuggers induce significant performance
overhead and are therefore unsuitable for monitoring
during the operational phase. In order to achieve a
reduction of monitoring overhead, it would be beneficial
to automatically adapt monitoring to only monitor
selected parts of the system, the ones that are suspected of
causing performance issues and problems.

The DProf system proposed in [2] has been developed for
adaptive monitoring of distributed enterprise applications
with a low overhead. In order to do that, the Kieker [1]
framework, which yields low overhead, is used for
collecting the monitoring data.

Deployment diagram of the DProf system is shown in
Fig. 1.

Additional components support the change of monitoring
parameters at application runtime. These additional
components have been developed using Java Management
Extensions (IMX) [3]. The system analyzes call trees
reconstructed from the gathered data and automatically
creates a new monitoring configuration if needed.

A cal tree represents calling relationships between
software methods [4]. It contains the control-flow of

method executions invoked by a client request. The first
method is called the "root".
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-Fig. 1. Deployment diagram of the DProf monitori-ng
system

DProf configuration parameters specify which of the
application's call trees are going to be monitored and can
furthermore specify nesting levels within the call tree that
will be monitored. DProf stores datain a central database,
regardless of on how many computers the monitored
application is being executed. Using a mechanism
integrated into the Kieker framework, during data
gathering, each method execution within a trace is
uniquely identified and is assigned a number which
represents the order of execution. This allows call trees to
be spread on different computers.

DProf reduces monitoring overhead by only monitoring
parts of the software suspected of containing problems or
deviating from expected behavior. The system starts by
monitoring methods that are at the root of the call trees. If
a deviation from expected results is detected in one of the
trees, the DProf incrementally turns on monitoring in
lower levels of that particular tree until the method that is
causing the problem is determined. DProf adapts without
human intervention to find the cause of the problem. This
simulates the manual procedure typically employed for
localizing the root cause of performance problems. Other
systems perform monitoring of the whole software,
regardless of the fact that other parts (i.e. other call trees)
are working fine. Since DProf’s additional monitoring
components are implemented using JMX technology, the
reconfiguration of the DProf monitoring parameters can
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gtill be performed manually by system administrators
using any JMX console.

DProf monitoring probes are usualy inserted into
application code using aspect-oriented programming
(AOP) [5].

AOP removes clutter created when additional concerns,
such as monitoring instrumentation, are implemented in
the same module as the, so called, business logic concern.
Using aspects that intercept the execution of program
logic at defined points (so-called join points), developers
can add additional behavior (defined in advices).
However, currently available AOP frameworks do not
allow for runtime changing of aspects. Whenever DProf
has to change monitoring configuration, i.e. to change
join-points or behavior defined in advices, the monitored
application has to be restarted.

This behavior of monitoring system can be problematic,
even unacceptable. There are applications that cannot be
simply stopped and restarted, as they have high
availability demands. Some examples of these
applications are stock market and banking systems and
life support systems.

In this paper we explore the possibility of using other
AOP frameworks that allow us to change aspects at
runtime, i.e. to weave new and remove aready woven
aspects.

The remainder of this paper is structured as follows.
Section 2 presents the concept of dynamic AOP and
frameworks that support it (Section 2.2). Main
characteristics of the HotWave framework for dynamic
AOP are shown in the Section 2.3. An example use of the
HotWave with the DProf is shown in section 3. Section 4
draws the conclusions and outlines future work.

2. DYNAMICAOP

Dynamic AOP enables runtime adaptation of applications,
and consequently monitoring systems, by changing
aspects and reweaving code in a running system. In the
domain of designing application monitoring tools,
dynamic AOP enables creation of tools where developers
can refine the set of dynamic metrics of interest and
choose the application components to be analyzed while
the target application is executing. Such features are
essential  for analyzing complex, long-running
applications, where the comprehensive collection of
dynamic metrics in the overall system would cause
excessive overheads and reduce developers’ productivity.
In fact, state-of-the-art profilers, such as the NetBeans
Profiler [6], rely on such dynamic adaptation, but
currently these tools are implemented with low-level
instrumentation  techniques, which cause high
development effort and costs, and hinder customization
and extension.

21 CodeHotswapping

Lisp and Smalltalk languages are dynamically typed and
allow for runtime manipulation of program code - code
hotswapping.

In Java and other statically typed languages, this is much
harder to achieve. Hotswapping of loaded classes is
usually implemented using VM Tool Interface (WMTI)
[7]. This approach imposes several constraints. VMTI

requires the use of native code, besides Java. Class
interface cannot be changed. New methods and fields are
not allowed, and old are not allowed to be changed or
removed. Only method bodies can be modified.

Some authors propose extensions to existing JVMs, but
none of these extensions [8] has been incorporated in any
standard VM release so far.

2.2 An Overview of Dynamic AOP Frameworks

In standard AOP frameworks two types of weaving are
supported.

Compile-time weaving (CTW) is performed when
application source code is available. Aspect weaver uses
aspect sources or their binary form and weaves them with
application classes. Weaver can adso work with
application binaries in a process known as post-compile
weaving. The result of this process are new application
binaries.

Load-time weaving is post-compile weaving deferred
until class is loaded into JVM. Upon class loading, the
classis weaved with aspects, and then it is loaded.
Modern AOP frameworks do not have built-in support for
aspect un-weaving or re-weaving at runtime. Dynamic
AOP is available only in severa experimental
frameworks.

Existing dynamic AOP frameworks are implemented
using one of three following approaches.

The first approach uses pre-runtime instrumentation to
insert hooks - small pieces of code - at locations that can
become join-points. These locations are determined using
pre-processing, and applied using load-time
instrumentation or on just-in-time compilation.

Another approach is to implement runtime event
monitoring using low-level JVM support to capture
events - method entry/exit and field access.

The most challenging approach is to implement runtime
weaving. It can be implemented with customized VM or
using JVM hotswapping support.

PROSE [9] platform has been implemented in three
versions, each using one of the aforementioned
approaches. The first uses, now obsolete, VM Profiling
Interface [10] to receive notification that application
execution reached one of the join points. The second is
implemented based on the IBM Jikes Research Virtua
Machine and has very large overhead. The third version is
implemented for HotSpot and Jikes JVMs. Thisversion is
not able to work with code where compiler performed
optimizations, such as method inlining.

JasCo [11] introduces new AOP language and concepts of
aspect beans and connectors. Aspect beans are used to
define join-points and advices. Connectors deploy aspect
beans in a concrete component context. The development
of JAsCo technology has been stalled for some time now,
although it showed promising results.

JBoss AOP [12] and ApsectWerkz [13] support deploying
and undeploying of aspects using hotswapping. The
downside of both is that they require the knowledge of
their own AOP language, based on the XML. Like in
JAsCo, bytecode manipulations are performed using
Javassist [14].
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23 HotWave

HotWave [15] uses existing industry standard Aspect]
[16] language. It leverages Aspect] compiler and weaver
tools. The resulting code conforms to restrictions imposed
by hotswapping mechanism. Aspects can be woven right
after VM bootstrapping. Weaving can take place while
code is executing. Previoudy loaded classes are
hotswapped with classes woven with new aspects. If the
class was already weaved with aspects, new weaving uses
origina class bytes, not those from previously weaved
version.

HotWave lacks support for around advices. The
workaround is to use a pair of before and after advices
and inter-advice communication. Inter-advice
communication alows the creation of synthetic local
variables that can be passed between any advice. Thisis
something even AspectJ does not support.

3. USINGHOTWAVE WITH DPROF
The use of the HotWave with the DProf will be shown on
the example shown in [2]. In this example we show how

to monitor the software configuration management
application presented in [17].

In that example we used the monitoring probe
implemented as aspect shown in Listing 1.

This aspect has one pointcut - noni t or edMet hod() .
This pointcut intercepts execution of any method
annotated with Kieker's origina
@xer ati onExecut i onMoni t ori ngPr obe
annotation (line 3). In ar ound advice for this pointcut
(line 5) we perform measurements. First we measure time
before execution of the intercepted method. Using
proceed() weinvoke the intercepted method. After the
execution and end time measurement, new monitoring
record is created and stored using monitoring controller.
The record holds information about execution of the
intercepted method and data required for cal tree
reconstruction.

lpublic aspect ExecutionTi mneMonitoringAspect {

2 /Il ...
3 pointcut nonitoredMet hod()

execution (@perationExecutionhnitoringProbe * *(..));

4
5 around() nmoni t or edMet hod() {
6 I
7 doubl e startTime = System nanoTi ne() ;
8 try {
9 nj ect retVal = proceed();
10 } catch (Exception e) {
11 t hr ow e;
12 } finally {
13 doubl e endTi ne = System nanoTi ne();
14 | ong executionTime = endTine - startTi me;
15 DPr of Execut i onRecord dProf Exec =
new DPr of Executi onRecord(..., executionTine);
16 Moni t ori ngControl | er. getlnstance().newhbnitori ngRecord(dProf Exec) ;
17 /...
18 return retVal ;
19 }
20
21}
Listing 1. Aspect used for monitoring execution time when monitoring using AspectJ
Instead of @\round("nonitoredMethod()") startTinme (annotated with @ynt heticlLV

advice, we have to implement two new advices -
@ef ore( " nmoni t oredMet hod() ") and
@\ ound( " noni t or edMet hod() ") . New aspect is
shown in Listing 2.

This  aspect has the same
noni t oredMet hod(). Synthetic

pointcut -
local variable

annotation) holds the value of the method execution start
time between bef or e and af t er advice execution.

In bef or e advice we take time when method execution
starts. In af t er advice we take end time, and create and
store monitoring record, in the same way as in previous
example.

lpublic aspect ExecutionTi neMonitoringAspect {

1. ..
@ynt heti cLV
public static long startTi ne;

~NOoO U WN

poi nt cut nonit or edMet hod()

executi on
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( @er at i onExecut i onMbni t ori ngProbe java.l ang. Gbject *(..));

8

9 before() nmoni t or edMet hod() {
10 doubl e startTime = System nanoTi ne() ;
11 }
12
13 after() nmoni t or edMet hod() {
14 doubl e startTime = System nanoTi ne() ;
15 doubl e endTi ne = System nanoTi ne();
16 DPr of Execut i onRecord dProf Exec = new DProf Executi onRecord(...);
17 Moni t ori ngControl | er. getlnstance().newibnitori ngRecor d(dPr of Exec) ;
18 }
19}

Listing 2. Aspect used for monitoring execution time when monitoring using HotWave

This new aspect is used to monitor call tree shown in Fig.
2. Inthe Or gani zat i onFacade. checkOr gNane()

we placed time delay to ssimulate performance lag in this
method.

1.

SRV::
@3:..0rganizationFacade
.createOrganization()

VAR

SRV:: SRV
@2:..City @2:..0rganizationFacade
.getld() .checkOrgName()
4. 5.
SRV SRVZZ' ]
@1:..0rganization @1:..0rganization
.getld() .getAddress()
Figure 3. Monitored call tree
In the first pass only root method -

Or gani zat onFacade. creat eOrgani zati on()

- would be weaved and monitored. If deviation from
expected performance is detected, another level of nodes
is included into monitoring. In the next pass, if no
deviation from expected values is detected in execution of
City.getld() method, and there is a deviation in
Organi zat i onFacade. checkOr gName() results,
Cty.getld() is unweaved, and methods invoked
from Organi zati onFacade. checkOr gNane()
were weaved. In the last pass, if no deviation is detected
in the results for methods in the lowest level of the call
tree, Organi zati onFacade. checkOrgNane() is
pronounced the cause of the problem.

In the background, Analyzer analyzes obtained data.
Based on the analysis results it issues commands to
DProfManager. These commands contain nodes that are
to be weaved or unweaved. DProfManager trandates
commands into aop.xml clauses. Based on these clauses
HotWave is reweaving classes after each pass.

HotWave should not incur any additional overhead,
compared to the results presented in [2].

Overhead peakq[ 8] are expected only when reweaving is
initiated. After reweaving, as is the case with JVM

starting, new classes are loaded, linked and just-in-time
compiled. This would cause longer execution times at the
beginning of each DProf cycle. However, this
performance lag is acceptable. As stated in [1, 18], if
Aspectd or some other AOP framework is used with
DProf, application needs to be restarted. Complete restarts
would yield performance lag at the beginning, but also
add, very often unacceptable, down time.

4. CONCLUSION

This paper presented the possible use of the HotWave
with the DProf for continuous monitoring without the
need to restart monitored applications. The result of this
integration would be a tool that could be used for
continuous monitoring of any kind of applications,
including distributed. There is no need to use specific
JVM, with dynamic AOP support, or to learn additional
AOP language. Applications don't have to be restarted,
when monitoring parameters are changes. All changes in
monitoring configuration are applied at runtime. The fact
that it utilizes industry standard AspectJ platform and
language means that only minor changes in existing
monitoring probes are required.

The use of the DProf with the HotWave main advantage
liesin the fact that monitored application does not have to
be restarted when monitoring parameters change. The
performance evaluation of both DProf and HotWave
guarantees very little overhead. Increased overhead would
be experienced only during reweaving. This overhead
increase is acceptable considering the fact that restarting
the whole application is the only alternative.

Further work depends on the HotWave and DProf
development.
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