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Preface

This volume of the Lecture Notes in Computer Science series contains all the
papers accepted for presentation at the second IEEE International Workshop on
Self-Managed Networks, Systems and Services (SelfMan 2006), which was held
at University College Dublin, Ireland on June 16, 2006.

This workshop follows up on a very successful edition that took place last
year in Nice, France. The online proceedings of SelfMan 2005 are available at
http://madynes.loria.fr/selfman2005/ .

The objectives of this year’s edition were to bring together people from dif-
ferent communities (networking, distributed systems, software engineering, P2P,
service engineering, distributed artificial intelligence, robotics, etc.) and cross-
pollinate their experience in designing and implementing self-managed networks,
systems and services.

We received 51 papers from 21 countries, of which 12 were selected. The ac-
ceptance ratio was below 24%. In addition, we selected three work-in-progress
papers for short presentations. This one-day event was structured so as to en-
courage discussions and foster collaborations.

The breadth of the topics presented herein reflects the current interest and
developments in this rapidly growing field. It is also a testimony to the promises
of self-management to design, operate and manage today’s increasingly complex
and heterogeneous networks, systems and services.

SelfMan 2006 was co-located with the third IEEE International Conference
on Autonomic Computing (ICAC 2006). It was sponsored by the IEEE Com-
puter Society’s Task Force on Autonomous and Autonomic Systems (TFAAS)
and Technical Committee on Parallel Processing (TCPP), in cooperation with
the ACM Special Interest Groups on Operating Systems (SIGOPS) and Artifi-
cial Intelligence (SIGART), the IEEE Systems, Man, and Cybernetics Society
(SMC), and the IFIP Working Group 6.6 on Management of Networks and Dis-
tributed Systems (WG6.6).

The outstanding quality of this workshop’s technical program owes a good
deal to the members of the Technical Program Committee, who encouraged
colleagues in the field to submit papers and devoted much time to review papers.
We sincerely thank them, as well as the few external reviewers who also took
part in the review process. Finally, we are grateful to the corporate patrons of
SelfMan 2006, Cisco and BT, for their generous donations.

New York and Montreal, June 2006 Alexander Keller
Jean-Philippe Martin-Flatin
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Implementation and Evaluation of a Middleware
for Self-Organizing Decentralized Web Services

Constantin Adam and Rolf Stadler

KTH Royal Institute of Technology, Laboratory for Communication Networks,
Stockholm, Sweden
{ctin, stadler}@kth.se

Abstract. We present the implementation of Chameleon, a peer-to-peer
middleware for self-organizing web services, and we provide evaluation re-
sults from a test bed. The novel aspect of Chameleon is that key functions,
including resource allocation, are decentralized, which facilitates scalabil-
ity and robustness of the overall system. Chameleon is implemented in
Java on the Tomcat web server environment. The implementation is non-
intrusive in the sense that it does not require code modifications in Tomcat
or in the underlying operating system. We evaluate the system by running
the TPC-W benchmark. We show that the middleware dynamically and
effectively reconfigures in response to changes in load patterns and server
failures, while enforcing operating policies, namely, QoS objectives and
service differentiation under overload.

1 Introduction

Large-scale web services, such as on-line shopping, auctioning, and webcasting,
rapidly expand in geographical coverage and number of users. Current systems
that support such services, including commercial solutions (IBM WebSphere,
BEA WebLogic) and research prototypes (Ninja [1], Neptune [2]), are based on
centralized designs, which limit their scalability in terms of efficient operation,
low configuration complexity and robustness.

To address these limitations, we have developed Chameleon, a decentral-
ized middleware design that dynamically allocates resources to multiple services
classes inside a global server cluster. Chameleon has three features characteristic
of peer-to-peer systems. First, the server cluster consists of a set of functionally
identical nodes, which simplifies the design and configuration. Second, the de-
sign is decentralized and the cluster dynamically re-organizes after changes or
failures. Third, each node maintains only a partial view of the system, which
facilitates scalability.

Chameleon supports QoS objectives for each service class. Its distinctive fea-
tures are the use of an epidemic protocol [3] to disseminate state and control
information, as well as the decentralized evaluation of utility functions to con-
trol resource partitioning among service classes. In [4], we have presented our
design in detail and evaluated it through extensive simulations. This work com-
plements simulation studies we have conducted earlier to validate the scalability
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of the Chameleon design. The implementation presented in this paper further
validates the design and the system model we have used in our simulations.

The rest of this paper is structured as follows: Section 2 reviews the design
of our peer-to-peer middleware. Section 3 describes the implementation of the
design on an experimental test bed. Section 4 evaluates the implementation. Sec-
tion 5 reviews related work. Finally, Section 6 contains additional observations
and outlines future work.

2 Overview of the Chameleon Middleware Design

We have developed our design for large-scale systems. A typical deployment
scenario that contains several data centers and many entry points is shown in
Fig. 1. We assume that the data centers are connected through high-capacity
links and the networking delays are much smaller than the processing delays.
We refer to the collection of servers in these centers as the cluster.

Note that the design in this paper covers the tier of the application servers,
but not the database tier. Specifically, we do not provide an approach to scale the
database tier, which is an active area of current research. This is also reflected
in the evaluation of the design, where we use database operations in browsing
mode for read-only data, which do not have transaction requirements.

Service requests enter the cluster through the entry points, which function in
our design as layer 7 switches. An entry point associates an incoming request
with a service class and directs it to a server assigned to that class. An epidemic
protocol runs in the cluster to provide the entry points with information about
servers assigned to each service class.

We associate two performance targets with each service: the maximum re-
sponse time (defined per individual request), and the maximum drop rate (de-
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Fig. 1. We have developed a design for large-scale, self-configuring server clusters. The
design includes the servers in data centers, the entry points and a management station.
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fined over all the requests for a specific service). In this paper, we use the terms
service and service class interchangeably.

Upon receiving a request, a server schedules it for execution, using a FIFO pol-
icy. In case of overload, or high CPU utilization, the server redirects the request to
one of its neighbors that runs the same service. A request that cannot be processed
within the maximum response time objective is dropped by the system.

2.1 Cluster Services and Utility Functions

The objective of the system is to maximize a cluster utility function that mea-
sures how well it meets the performance targets for the offered services. We
define the cluster utility function as the sum of the service utility functions. A
service utility function specifies the rewards for meeting and the penalties for
missing the performance targets for a given service.

Let p denote the maximum allowed drop rate and r represent the experienced
drop rate. Meeting or exceeding the QoS objectives for a service yields a reward:

Ut =a(p—r),ifr <p.

The violation of the QoS objectives for a service results in a penalty. In order
to avoid starvation of a service, the penalty increases exponentially past the
point 7+ = p + a/(B-1);

- = —a(r—p)v P<7'ST'+
Tl =(r=p)pf, r>rt

The control parameters « and [ are positive numbers that define the shape
of the graph and determine the relative importance of a service.

As the cluster utility is the sum of service utilities, the system will attempt to
maximize the cluster utility by allocating cluster resources to services in such a
way that the performance targets of services with higher values for o and /3 are
more likely to be met than those of services with lower values. This enables service
differentiation in case of overload. Note that the behavior of a system depends
on the specific choice of the cluster utility function. For example, a system for
which the cluster utility function is defined as the minimum of the service utility
functions will attempt to provide fair allocation to all cluster services.

2.2 Decentralized Control Mechanisms

Three distributed mechanisms, shown in Fig. 2, form the core of our design.
Topology construction, based on Newscast, an epidemic protocol, organizes the
cluster nodes into dynamic overlays, which are used to disseminate state and
control information in a scalable and robust manner. Request routing directs
service requests towards available resources, subject to response time constraints.
Service selection dynamically partitions the cluster resources between services in
response to external events, by periodically maximizing utility functions. These
mechanisms run independently and asynchronously on each server.

The topology construction mechanism organizes the servers of a cluster with
s service classes into s + 1 logical networks: one system overlay and s service
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Fig. 2. Three decentralized mechanisms control the system behavior: (a) topology con-
struction, (b) request routing, and (c) service selection

overlays, one per service class. Each server runs, at any time, a single service S
and is a member of two logical networks, the system overlay and the overlay for
the service S. For each of these networks, a server has a neighbor table, with the
structure shown in Tables 1 and 2. As we will explain below, the request routing
mechanism uses the information in the service table, while the service selection
mechanism uses the information in the system table.

Table 1. Structure of the service neighborhood table

[IDJTimestampI Utilization | Processed Requests[Dropped Requestsl

Table 2. Structure of the system neighborhood table

[ID|Timestamp|[Service[Processed Requests|Dropped Requests|

The request routing mechanism directs incoming requests along the service
overlays toward available resources, subject to the maximum response time ob-
jective. It is invoked when a server is overloaded and does not have sufficient
local resources to process a request in time. If the server has light neighbors
(i.e. with utilization below a threshold cpumqz) in its service neighborhood ta-
ble, it forwards the request to a randomly selected light neighbor. Otherwise,
it forwards the request to a random neighbor. In order to avoid routing loops,
each request keeps in its header the addresses of the servers it has visited. If a
node cannot process the request and the request has already visited all of its
neighbors, the request is dropped.

1. Service_id my_service, s, new_service;
2. Hashtable known_services;
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3. Double max_util;

4. while (true) {

5. max_util=estimateNhoodUtility(my_service);
6. new_service=my_service;

7 for each s in known_services {

8. estimateCurrentDropRate(s) ;

9. predictDropRateAfterSwitch(s);

10. }

11 . for each s in known_services {

12. U_s= predictNhoodUtilityAfterSwitchTo(s);
13. if (U_s > max_util) {

14. max_util=U_s;

15. new_service=s;

16. }

17.  }

18. if (new_service!=my_service) {

19. if (local_utilization<random(0%..100%)) {
20. switchService(new_service);

21. my_service=new_service;
22. }

23. }

24, wait(delta_t);
25. }

The service selection mechanism partitions the system resources between ser-
vices. Each server starts the service selection mechanism at a random time and
performs an execution cycle with period At. A server uses the information in its
system table (Table 2) to estimate the utility currently produced by its neighbor-
hood (line 5) and compares that to the utility the neighborhood would generate
in the event the node would switch to a different service (lines 7-17). The server
then probabilistically switches to the service it predicts will yield the highest
utility for the neighborhood. The probability for switching increases with de-
creasing server utilization (line 19). We choose a probabilistic approach, because
applying deterministic switching can lead to oscillations, whereby several servers
periodically switch between two or more services.

3 Implementation: Integrating Chameleon into the
Tomcat Framework

We have implemented our middleware in Java, within the Tomcat environment
[6]. We have chosen Tomcat because it is simple and it is widely available as open
source. We believe that Chameleon could be integrated as well with other web
server environments that support application filters, such as IBM WebSphere.
To let the reader better understand the integration, we provide a short de-
scription of Tomcat; Fig. 3 shows its internal architecture. The components of the
architecture are called containers. The service container has a set of connectors
that handle the communication with clients on a specified port (80 or 8080 for



