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Abstract

Ajax-based web applications are designed to mimic
more traditional desktop applications and require quick re-
sponse times from the underlying Web services. However,
since availability and performance of Web services cannot
be guaranteed, response time and overall performance of
Ajax-based applications can vary. In this paper we de-
scribe a framework for developing autonomic self-healing
Web service-based applications that rely on the notion of
differentiated services (i.e., services that provide common
behavior with variable quality of service) in order to main-
tain required performance characteristics. We present the
expected impact of the framework through the use of a the-
oretical QN model, demonstrate the framework with an ex-
ample, and provide an evaluation of the technique.

1 Introduction

In modern Ajax-based [10] web applications, the under-
ling requests made from a browser-based application are of-
ten to web services. Ajax-based web applications attempt to
mimic the feel of rich client applications by making small
requests for data from a web server and, in response, updat-
ing a small portion of the web page rather than refreshing
the complete page. In order to maintain the feel of a rich
client application, the response times of the requests must
be small.

In our previous work [18] we explored the impact of
implementing an autonomic system in web portal applica-
tions. The autonomic responsibility was placed on the por-
tal application, rather than the underlying services. Portlets
were instructed to render at various resolutions or were
completely disabled, depending on the individual portlet re-
sponse times and system load. The underlying services that
the portlets used were not changed, nor were they aware of
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any autonomic systems being used. The results, while posi-
tive, where not as pronounced as those presented in this pa-
per. This was due to the nature of the portal application we
used, and the heavy service demands placed on the system
by the portal application compared to those of the portlets.

In this paper, we describe a self-healing framework
aimed at improving the performance of Ajax-based appli-
cations. For this framework we define a self-healing sys-
tem as an autonomic web server that can respond to server
overload situations without any system administrator inter-
action. One of the main attractions to Ajax-based systems is
the end-user impression of a very responsive and dynamic
web page. As the load on a web service increase, and the re-
sponse times surpass those set forth in a service level agree-
ment (SLA), the end-user impression of a responsive sys-
tem will be lost. In order to maintain the responsiveness
of Ajax-based applications, our self-healing framework di-
rects the underlying adaptive-content aware components to
lower their output resolution. The lowering of the output
resolution of the components reduces the service demands
of the components on the system and allows for higher re-
quest loads to be handled within the same SLA. Differenti-
ating services at the web service level is possible with any
application that returns a page-able data set. We define a
page-able data set to be one where the end user is expected
to take one or more actions (e.g., click next) in order to
view the complete information. Examples of this include
search results, image galleries, news feeds, blog postings,
user posted comments and calendars. Along with the pre-
liminary implementation, we present a Queuing Network
(QN) analytical model that predicts the expected increase
in request load handling that can be gained by implement-
ing the self-healing framework.

While admission control and queue management have
been shown to improve throughput [15] and response
times [12], the cost incurred is request refusal. We consider
request refusal to be the worst experience an end-user can
have. Request refusal is particularly bad in Ajax applica-
tions because there is no standard way for the application to



show the user that the request has failed (such as the 408 er-
ror code “Request Timeout” with a traditional web browser
request). With our self-healing approach, the server can re-
cover from unacceptable increases in response times by re-
ducing the resolution of the web services to the minimum
needed to convey the requested information. This approach
requires a small investment in software that can reduce the
cost of hardware needed to run an Ajax website. Normal
capacity planning requires that the server support the peak
load rather than the average load [2]. With our self-healing
framework in place, the hardware selection can be based on
full resolution requests at an average load level while allow-
ing for peak loads to be handled at a lower resolution and
still maintaining the response time SLA.

As stated by Bouch et al. [5], user experiences and ac-
ceptance of variations in performance are affected by feed-
back. In our approach, we use visual feedback to provide
users with an indication of system state in order to provide
explanations of why behaviors of services may differ over
time. In our sample application the feedback is visible to the
end user as changes to the calendar rendering. The dates for
which requested data was not returned are grayed out and a
tool-tip is available explaining how the user can request the
specific data.

The remainder of this paper is organized as follows. Sec-
tion 2 describes background material on autonomic com-
puting, Ajax, adaptive content and QN models. The self-
healing web services framework is presented in Section 3.
An evaluation of that implementation is presented in Sec-
tion 4. Section 5 discusses related work. Finally, Section 6
draws conclusions and suggests future investigations.

2 Background

This section describes background material in the ar-
eas of self-healing systems, adaptive content, Ajax and QN
models.

2.1 Self-healing systems

An autonomic component consists of two integrated
parts: a managed element and an autonomic manager. [25]
The manager is in charge of maintaining status informa-
tion about the managed element and making sure that the
managed element remains healthy. In our framework the
autonomic manager takes the form of a QoS monitor. The
managed elements are the existing underlying web services.

Agarwala [1] explores the impact of QoS monitoring in
autonomic systems and presented a differentiated service
approach to managing the overhead of the monitoring soft-
ware. The quality of the monitoring is differentiated to suit
the needs of the system and to reduce the load generated by
the monitoring software. This research complements our
work quite nicely, and is an area of the field we have not
explored in depth.

Popular approaches towards self-healing systems fall

into two camps: queue management and dynamic web
server selection. Queue management includes modifying
the queue properties [17], prioritizing the incoming re-
quests [8], and sorting the requests into multiple priority
queues [26]. All of the queue management approaches will
finally reject a portion of the requests when the load reaches
a certain point. Dynamic web service selection has been
proposed as a way of solving performance issues with web
services. The basic concept is to have a selection of inde-
pendent web services that offer the equivalent functional-
ity. If the currently selected web service fails to meet the
SLA then another one is seamlessly selected to respond to
requests [21]. Our research applies differentiated services
techniques to the web services in order not to refuse re-
quests or rely on other web services.

2.2 Adaptive content

Our prior research [18] explored the impact of a differ-
entiated services approach to a web portal application. The
system architecture in that case was a more traditional three
tiered model where the first tier was the portal application
and encapsulated portlet instances. In that system the differ-
entiation took place at the portal application tier, all changes
to the resolution of requests to the second tier were handled
by the portlet wrappers, and the underlying web services
were unaware of any autonomic actions taking place.

The common approach is to re-encode multimedia files
into lower-quality, and therefore smaller, files. This has
been proposed by Bellavista [4] among others. The major-
ity of that research was done in the early days of the internet
before the current prevalence of dynamic database driven
websites and the performance issues that come along with
them. In contrast, our approach deals with adapting the de-
mands put on the server hardware, rather than the network.

2.3 Ajax

Ajax is a set of web and browser technologies that are
used to create applications that look and feel more like desk-
top applications. Ajax technologies are being used to build
web applications with more responsive user interfaces, im-
proved performance and higher levels of interactivity [19].
The core technologies behind Ajax are: dynamic HTML
(DHTML), cascading stylesheets (CSS), JavaScript, and
XML.

The term Ajax was coined by Garrett in early 2005 [10].
While the underlying technologies have been around for
much longer than that, and some prominent sites, such as
Microsoft’s Outlook web client, have been using it for a
few years. The implementation that really ignited the more
general usage of Ajax technologies was Google Maps. The
ability to drag the map around the screen instead of having
to reload the entire page whenever the user needed to pan
the map was revolutionary in the web application world.

The fundamental change between standard web applica-



tions and Ajax-driven applications is that standard web ap-
plications reload the complete page when any user action
takes place. Ajax applications will send an HTTP request
in the background to retrieve the requested information and
will then update a section of the current web page. If this
background request is done fast enough and the update is
small enough the impression given to the end user is that of
a more responsive dynamic page that “will update immedi-
ately without reloading” [19].

The functionality that makes this possible is a JavaScript
method called “XMLHttpRequest”. Due to security con-
straints this JavaScript method can only make HTTP re-
quests to the same server that served the original web page,
but is able to retrieve any sort of data that would be sent to
a standard browser. On the server side, the web server can
not differentiate between an XMLHttpRequest and a stan-
dard browser request.

Our test case uses Ajax technologies to make asyn-
chronous requests to a web service for a personal calendar
web application. The web service responds to date range re-
quests with a list of summaries of events that will take place
within that date range. This type of web application inter-
face is more responsive than a traditional web page [22].

2.4 QN Models

Analytic performance models are used to predict the
response of a system to various configuration and design
changes. They are composed of a set of computational algo-
rithms that use measured workload parameters to compute
the performance characteristics of a system. Using various
analytic models, one can identify bottlenecks and estimate
upper bounds on response times.

Queuing Network (QN) models are one way of creating
an analytic performance model of a system. Menasce [16]
defines a QN model as a collection of interconnected
queues. Queues include both the resource providing the ser-
vice and the waiting line to access that resource. The QN is
used to model a system and estimate the performance im-
pacts of design decisions. Two parameter types are used
in creating QN models: workload intensity and service de-
mands. Workload intensity provides an indication of the
load of the system, and service demands are the average re-
sponse times of specific resources in the system.

QN models can be used to represent multiclass systems.
A multiclass system is one that supports more than one type
of request. We model web services that output multiple
resolutions as multiclass systems, with each resolution as-
signed a request class. Open and closed networks represent
two types of request arrival distributions. Open networks
assume that request arrivals are uniformly distributed and
throughput is used as a parameter to the model, while closed
networks are used to model bulk or batch jobs where there
is an assumption of a near constant number of requests in
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3 Approach

This section describes the proposed framework, and
presents a QN model with resolution factors for predicting
performance.

3.1 Self-Healing Framework

The self-healing framework presented in this paper pro-
vides a way to support autonomic webservices by using
Ajax technologies. One of the fundamental advantages to
using Ajax for websites is the ability to update a portion of
a web page without having to reload the whole page. When
the autonomic Web services respond to a request at a lower
resolution the user is given feedback allowing them to re-
quest any data that was not returned in the original request.

In order for an autonomic Web service to properly meet
service level agreements, it must be capable of monitoring
its current load. Based on system upgrade and downgrade
policies, this information is used to determine how requests
are modified in order to maintain adequate response times.
Our current response time monitoring approach uses a sim-
ple average of the last /N number of requests with a mech-
anism to handle periods of inactivity. The autonomic man-
ager uses the response times, the load on the server and the
system upgrade and downgrade policies to decide what res-
olution a service should respond to a request with.

The framework is made up of a small set of components,
as shown in Figure 1. The Autonomic Manager tracks the
current state of the server, the average response times of
the services at different resolutions and the resolution at
which requests should be handled. The Data Logger calcu-
lates response times and sends that information along with
other request-specific information to the Autonomic Man-
ager. The Adaptive Content Wrappers are simple filters,
written for each existing service, that modify requests de-
pending on the resolution that should be used. For each
application only short Adaptive Content Wrappers need to
be written.



A request that enters the system is intercepted by our
framework and follows the path shown in Figure 1. The
steps are as follows:

(1) A request enters the system.

(2) The data logger intercepts the request, captures the
request arrival time stamp and forwards the request,
based on the request type, to the correct adaptive con-
tent wrapper.

(3) The adaptive content wrapper queries the autonomic
manager with the request type and the user informa-
tion. Based on the current state of the system, the auto-
nomic manager responds with the resolution level that
the request should be processed at.

(4) The adaptive content wrapper modifies the request ac-
cording to the resolution set by the autonomic manager
and forwards the new request to the underlying service.

(5) The underlying service processes the request and re-
turns the results.

(6) The adaptive content wrapper augments the response
with information regarding any differentiation that
took place.

(7) The data logger captures the elapsed request process-
ing time and updates the autonomic manager with the
request type and the response time.

(8) The response is returned to the end user.

3.2 QN model with resolution factors

In a QN model each device that impacts the performance
of the system is modeled. Each device must have the service
demands (D; .) measured for each class of request, where ¢
is the user class, and ¢ is the device. The service demands
are represented as the time spent for the device to complete
the request. The goal of our framework is to lower the ser-
vice demand on the most bottleneck-prone parts of the sys-
tem. By reducing the resolution, the service demand on a
device will be reduced by some factor.

We represent the impact of lowering the resolution as
the resolution factor Fj ., per user class, where x is the
resolution level and X is the total number of resolutions.
For a full resolution request F; ., = 1. The resolution
factor is applied to the service demand in order to predict
the response time R, for a given user class, as shown in

Eq. (1).
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where c is the user class, 7 is the device and K is the total
number of devices in the system. The total utilization of

a device U; is the sum of the utilizations from all classes
for all resolutions. The per class utilization is a product of
arrival rates and service demands.
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where )\ is the arrival rate of requests of the class c at a res-
olution x. The first summation in Eq. (2) states that the uti-
lization of a device is the sum of utilizations from all classes
in the system. The second summation, which represents the
per class utilization for a device, is the product of the arrival
rates, the service demand and the resolution factor.

One of our goals is to be able to correctly estimate the
resolution factors that will predict the impact of the self-
healing framework on an existing web application. We will
accomplish this by analyzing existing web applications, im-
plementing our framework and measuring the impact on the
service demands. We feel that, with enough analysis of the
impact of our framework on existing applications, we will
be able to make informed estimates based on the type of
implementation model and the nature of the data set we are
presented with.

4 Evaluation

In this section we describe the process by which we eval-
uated the self-healing Web service system.

4.1 Self-Healing Monitor Configuration and Resolu-
tions

Our targeted Web service for this evaluation is a per-
sonalized calendar service that maintains the event list on a
per-user basis in a database. The calendar can also support
user-defined events. The service can return any arbitrary
date range of events; this feature was used for the differen-
tiated services with no modifications to the underlying cal-
endar service. At the full resolution the calendar displays
one month of events, at the mid resolution it displays one
week of events, and at the low resolution it displays one
day of events.

These three levels of resolution impact both the calen-
dar web service workload and the size of the data set re-
turned from the database. With a populated calendar, the
web service needs fewer database queries and less process-
ing to respond to a request for fewer days. The processing
requirements, as implemented, are mostly due to the eval-
uation of recurring requests. Also, as the returned data set
decreases in size the amount of memory used for temporary
objects is lower, and the less memory you use per request in
a Java Web server, the less often the memory garbage col-
lection has to run, improving the overall performance of the
web server.



The autonomic manager collects performance statistics
and maintains a set of QoS parameters. The main parame-
ter is the average response time for a given class of request.
This response time is calculated as an average of the last N
requests, where N is a configurable option that was set to 50
for our tests, and takes into account gaps in request arrivals
in order to re-set the average values during times of inactiv-
ity. Based on the current average response times, an incom-
ing request is assigned a differentiation level by the man-
ager. This differentiation level is used by the self-healing
calendar web service wrapper to change the date range of
the request before it is passed to the calendar web service.
When the event list is returned from the calendar web ser-
vice the self-healing wrapper injects information into the
resulting data set to indicate what range of requested days,
if any, was not queried. For example, if the request was for a
complete month and the level was set for one week’s worth
of data, the current week of the month was returned, with
the rest of the days flagged as not having been examined.
For a differentiated level of a single day, the current day
of the month was returned. In both cases there is a chance
that the user wished to see a different data set. The assump-
tion is that they will then request the specific day or week
they are looking for in a second request. This turns the sin-
gle 1-month request into 2, or potentially more, requests for
specific weeks or days. Even in the situation where the user
ends up requesting the same total data, it will have been
spread out over time among multiple requests which will
help alleviate the load on the server.

4.2 QN Model and Performance Testing Results

In order to model our self-healing web service system the
devices that will impact the response time of the server need
to be identified. For our calendar web service we created a
very simple QN model with a single CPU representing the
processing unit in the web services server. Disk IO due to
database activity is negligible in our test scenario (the data
set is small enough to fit into memory) and no files are read
in order to respond to a calendar request.

Since the calendar web service was an existing applica-
tion, we were able to measure the service demand for a stan-
dard one month data request. Using the Service Demand
Law [16] we measured the number of requests the server
responded to over a set period of time and the utilization of
the CPU.

_UxT
T C

The service demand on the web server CPU is calculated
using Equation 3. U is the utilization of the cpu, 7T is the
time, in seconds, over which the utilization was measured
and C' is the number of requests handled by the server dur-
ing that time period.

D

3)

Measured Service| Resolution D*F

Demand D Factor
One Month 0.04 sec/req 1 0.04
One Week - 1/4.5 0.009
One Day - 1/30 0.001

Table 1. QN Model Service Demands and Res-
olution Factors

The resolution factor F' can be thought of as an estima-
tion of the impact of lowering the resolution will have on
the load on a service. Making an assumption that the re-
lationship between the number of days requested and the
service demand imposed on the system would be linear, we
defined the resolution factors as seen in Table 1. The fac-
tors F' were reached by calculating the average number of
weeks and days in a month.

The impact of lowering the resolution is clearly visible in
the service demands on the Web services CPU. In order to
solve the QN model we made another assumption regarding
the percentage of requests that would be differentiated to
lower resolution levels. Using a split of 30% of requests
left at one full month, 30% reduced to one week and 40%
to one day we solved the QN model for a 1 second response
time. The concurrent request load was calculated to be 64.5
requests/second, which is very close to what was measured
in our performance tests.

4.3 Performance Testing

All tests were run on three desktop-class computers run-
ning RedHat Fedora Core6. The Web services server was a
1.7Ghz Pentium with 1.5G of RAM. The operating systems
were not tuned in any way. A minimal set of applications
was running at the same time, but care was taken not to use
the machine while the tests were underway. Apache Tomcat
5.5 was used as the Web server and had the maximum num-
ber of threads set at 1000 in order not to throttle the incom-
ing requests at the server level. The maximum number of
database connections to the Postgresql database server was
set at 250 (higher than the number of concurrent requests)
in order not to cause database connection pool related star-
vation to incoming requests.

Apache Benchmark [9] was used to load test the Web
services. This program allows you to configure the num-
ber of concurrent requests it will make at a given time and
either the total number of requests it will make or the time
spent on the test. The response data was returned with the
median response time, the mean response time and break-
down of what percentage of requests were returned within
a given response time. The autonomic manager logs were
also analyzed for internal Web service response times, to
measure how many requests were differentiated and what
level of resolution was returned.

The performance tests were run for 1000 requests at con-
currency rates ranging from 5 to 60 parallel requests. Each
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test was repeated 5 times and the results presented in this pa-
per represent an average values over these 5 tests. In order
to create a baseline, the autonomic manager was configured
not to change the resolution for the one month, one week
and one day plots. The “one week” plot is an average of the
5 weeks in the month we tested. The “one day” plot is an
average of each of the 30 days in the month we tested.

Figure 2 shows the response times for the calendar ser-
vice for each individual resolution and with the self-healing
framework in place. The average response times are shown
in milliseconds for each level of concurrent requests. As ex-
pected, the lower the resolution of the output, the less time it
takes to respond to the request. The “one month” plot shows
how quickly the default system fails to meet the 1 second
SLA we are aiming for. With our self-healing framework in
place the response times are kept under 1 second with close
to twice the load. An ideal autonomic manager would show
a response time plot that would follow the “one month” plot
until it reached 1 second and then it would maintain the re-
sponse times at that level for as long as possible. Future
work on the autonomic manager will be directed towards
this goal.

The response times should be read with the differentiated

— Sequential Requests

Figure 4. Differentiated Service Levels Per In-
dividual Request (60 Concurrent Requests)

service distribution graph, found in Figure 3, in order to see
what percentage of requests were returned at a lower reso-
lution. The graph shows the distribution of requests at each
resolution versus the number of concurrent requests. This
graph shows how our current autonomic manager handles
the increased load. While the autonomic manager could
have reduced the percentage of “one month” responses at
the higher concurrency rates, we felt that for this implemen-
tation a 2x increase in the request load was enough to show
the effectiveness of our self-healing framework.

Figure 4 plots the resolutions returned for each of the
1000 requests at a concurrency rate of 60. This is one of
the five performance tests used to generate the last entry in
Figure 3. A resolution level of “1” is a request handled at
“one month”, “2” is a request handled at a “one week” level
and “3” is a request handled at a “one day” level. As we can
see in the graph, the system was initially able to maintain
the SLA with “one month” responses and two bursts of “one
week” responses. At the middle of the performance test run,
as some of the slower requests are handled and the average
response time increases, the autonomic manager instructs
the calendar service to drop to “one day” responses. Longer
performance tests we have examined show similar patterns
of autonomic management. We are currently investigating
a more preemptive autonomic manager that will intersperse
lower resolution responses earlier in the cycle in order to
minimize the large blocks of “one day” responses.

These results show the effectiveness of our self-healing
system in keeping the response times below a 1 second cut-
off for a much higher load than the original implementation.
Our autonomic manager is still a very basic implementation.
Ideally we would return full resolution requests and the re-
sponse time would follow the full month plot until it met
a pre-set level (1 second). At that point the response time
plot would flatten while the resolution levels would fluctu-
ate much more rapidly in order to maintain the 1 second
response time goal.



5 Related Work

Research into self-healing Web service systems has in-
cluded self-managing and self-recovering autonomic sys-
tems. The majority of the relevant self-managing systems
used an autonomic manager to choose between equivalent
services. Sadjadi et al. [21] address self-management of
composite systems using autonomic computing. Their goal
is to use two different equivalent Web services (images from
a surveillance system) in order to create a fault-tolerant sys-
tem. Liao et al. [13] also use autonomic computing to
manage composition of Web services. They use a “feder-
ated multi-agent system for autonomic management of Web
services ... for autonomic service discovery, negotiation,
and cooperation”. They propose that the use of autonomic
computing to manage the federation of agents will “sim-
plify the control of Web services composition, sharing and
interaction”. They offer some rules for selecting alterna-
tive Web services in the case where the currently selected
Web service is no longer responding within its SLA. Max-
imilien [14] uses the term “self-adjusting” to describe the
mechanism by which Web service selection should be un-
dertaken. Other research into self-healing systems has cov-
ered the total server failure scenarios [6] and transaction-
based models for recovery of failed systems [7].

Due to Ajax security restrictions, Web requests can
only be placed to the server that responded to the original
Javascript file. Therefore, any system that involved dynamic
Web service selection would have to include a proxy ap-
plication running on the original Web server, which would
add another layer of Web requests and potential bottlenecks.
The other requirement of a system that dynamically selects
between distinct Web services is that requests can not con-
tain session information or personalized information if a
seamless transition between services is expected.

Angelaccio [3] shows the improvement in performance
of a Web-based chat application when it is converted to the
Ajax model of Web development. Hanakawa [11] explored
the performance impact of using Ajax-like asynchronous
Web requests on existing Web sites. They found a distinct
performance advantage in using asynchronous requests that
generate partial updates of a Web page in situations where
the load on the server is high.

Pradhan [20] took the approach of using the request file
type as the criterion used to separate the requests into dif-
ferent queues. Each file type queue was assigned a weight,
and as the load increased on the server, certain file types
were given less priority. By doing so Pradhan shows that
observation-based adaptation of the queues is advantageous
compared to statically setting the QoS parameters. Ur-
gaonkar [24] and others define and assign requests into mul-
tiple user classes to differentiate the service level per re-
quest. Their approaches classify the user class of the re-
quest and assign the request to the appropriate queue. If

the server approaches overload, the lower class requests are
dropped or delayed in order to allow the higher user class
requests to go through. Menasce [15] modifies the single
request queue of the Apache Web server in order to bal-
ance throughput and request times. By reducing the size of
the incoming request queue, he limits the number of con-
current requests the server has to handle, thereby keeping
the response time per request under a specified value. The
trade-off here is that when the queue is shorter there are
more rejected requests. Zhou [27] has a similar user class
queuing approach, but also allows for lower class users to
enter into the higher class queues if that will not impact
the overall QoS of the higher classes. Urgaonkar et al [23]
also describe a performance model for multi-tier dynamic
websites that uses the Mean-Value Analysis algorithm for
closed-queuing networks to estimate response times. They
present two solutions to overload situations: dynamic ca-
pacity provisioning in order to respond to peak workloads
without denying requests and policing requests with an ad-
mission control policy that refuses requests that would ex-
ceed the SLA.

6 Conclusions and Future Investigations

The self-healing portal system presented in this paper is a
continuation of our initial [18] investigation into autonomic
systems. The system uses the ability of the underlying ser-
vices to respond to requests at different resolutions in or-
der to complete the end-user’s request without violating the
SLA. As the load on the system increases, the responses
become smaller, until they contain only the most critical in-
formation. We also presented a QN model with an added
resolution factor to reasonably predict the response times
and throughput of the multi-resolution output of the self-
healing web services.

Using our framework, few changes are necessary in or-
der to convert an existing web application system into a self-
healing system. Either the underlying services are slightly
modified or a light-weight wrapper that will know how to
respond to lower resolution requests is written. The client
applications will need some modifications in order to han-
dle the varied resolutions that are returned by the web ser-
vices. The benefits of the system are evidenced by increased
throughput without increased response times. While this
implementation does not cover some of the more familiar
self-healing functionality (e.g., complete failure of a com-
ponent or system), we do not foresee anything in the design
or implementation that would hamper the co-existence of
our self-healing system with other autonomic systems.

We plan to continue this line of research by implement-
ing our framework in existing open source web applica-
tions such as a blogging site, a discussion forum and an
e-commerce site. We would like to be able to analyze an
existing web application and accurately predict, using our



knowledge base, the potential impact of the self-healing
framework. Future investigations will cover a more robust
autonomic manager that will be more dynamic in the levels
of differentiation, integration with the research into differ-
entiated QoS monitoring done by Agarwala [1], and inte-
gration of other autonomic features and frameworks.
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