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operating systems, middleware, services, workflows...) in order to provide coherent and concurrent
adaptations.

The research results are presented through the summaries of joint papers that are classified according
to the solutions they provide to manage distributed and multi-level adaptation.
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The S-Cube Deliverable Series

Vision and Objectives of S-Cube

The Software Services and Systems Network (S-Cube) will establish a unified, multidisciplinary,
vibrant research community which will enable Europe to lead the software-services revolution,
helping shape the software-service based Internet which is the backbone of our future interactive
society.

By integrating diverse research communities, S-Cube intends to achieve world-wide scientific
excellence in a field that is critical for European competitiveness. S-Cube will accomplish its aims by
meeting the following objectives:

e Re-aligning, re-shaping and integrating research agendas of key European players from
diverse research areas and by synthesizing and integrating diversified knowledge, thereby
establishing a long-lasting foundation for steering research and for achieving innovation at the
highest level.

e Inaugurating a Europe-wide common program of education and training for researchers and
industry thereby creating a common culture that will have a profound impact on the future of
the field.

e Establishing a pro-active mobility plan to enable cross-fertilisation and thereby fostering the
integration of research communities and the establishment of a common software services
research culture.

e Establishing trust relationships with industry via European Technology Platforms (specifically
NESSI) to achieve a catalytic effect in shaping European research, strengthening industrial
competitiveness and addressing main societal challenges.

e Defining a broader research vision and perspective that will shape the software-service based
Internet of the future and will accelerate economic growth and improve the living conditions
of European citizens.

S-Cube will produce an integrated research community of international reputation and acclaim that
will help define the future shape of the field of software services which is of critical for European
competitiveness. S-Cube will provide service engineering methodologies which facilitate the
development, deployment and adjustment of sophisticated hybrid service-based systems that cannot be
addressed with today’s limited software engineering approaches. S-Cube will further introduce an
advanced training program for researchers and practitioners. Finally, S-Cube intends to bring strategic
added value to European industry by using industry best-practice models and by implementing
research results into pilot business cases and prototype systems.

S-Cube materials are available from URL: http://www.s-cube-network.eu/
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Chapter 1

Introduction

This document is part of the deliverable series of S-Cube, the Software Services and Systems Network.
Self-* Service Infrastructure and Service Discovery Support (WP-JRA-2.3): Work on service infrastruc-
tures will define policies, monitoring and redeployment techniques, for self-adaptive and self-healing
services. This will strongly rely on input from WP-JRA-2.2 to design policies for adaptive service com-
position. In addition, this workpackage will specify and develop registry support mechanisms for service
metadata, QoS attributes, service composition, and a federation of service registries.

This deliverable named “Specifications of policies and strategies for distributed and multi-level adap-
tation” reports on our findings about the reasonable policies to use in multi-level (also called cross-layer)
adaptation when applied to distributed systems like Grids and clouds.

1.1 Background

As it was stated in CD-JRA-1.2.1 [5]: “The dynamic nature of the business world highlights the contin-
uous pressure to reduce expenses, to increase revenues, to generate profits, and to remain competitive.
This requires Web services to be highly reactive and adaptive. It should be equipped with mechanisms to
ensure that their constituent component Web services are able to adapt to meet changing requirements.
In fact, services are subject to constant changes and variations. Services can evolve due to changes in
structures (attributes and operations), in behavior (when services are interacting) and policies.” There is
a strong consensus on the fact that services and service infrastructures must be able to perform (self-)
adaptation which is the topic of WP-JRA-2.3.

This deliverable focuses on the way to adapt large scale systems taking into account the requirements
of the users as well as the constraints of the providers of each part of the systems such as services,
middlewares, hardwares, networks... As itis needed to take into account all these elements, it is obviously
mandatory to be able to monitor and adapt them. That’s why the works described here complete, extend
or at least use the existing solutions presented on previous deliverable of the scube project (see the
list 1.1.2).

1.1.1 Connections to the JRA-WP-2.3 research architecture

Research work in WP-JRA-2.3 is driven by the Work Package vision that structures the research work
internally. Figure 1.1 illustrates the overall research architecture of WP-JRA-2.3: research on service in-
frastructures is comprised in three threads, Service Discovery, Service Registries and Service Execution.
Orthogonally different approaches are separated in three layers.

e Service Discovery Thread (A) - Service discovery is a fundamental element of service-oriented
architectures, services heavily rely on it to enable the execution of service-based applications.
Novel discovery mechanisms must be able to deal with millions of services. Additionally, these
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discovery mechanisms need to consider new constraints, which are not prevalent today, such as
Quality of Experience requirements and expectations of users, geographical constraints, pricing
and contractual issues, or invocability.

Service Registry Research Thread (B) - Service registries are tools for the implementation of
loosely-coupled service-based systems. The next generation of registries for Internet-scale service
ecosystems are emerging, where fault tolerance and scalability of registries is of eminent impor-
tance. Autonomic registries need to be able to form loose federations, which are able to work in
spite of heavy load or faults. Additionally, a richer set of metadata is needed in order to capture
novel aspects such as self-adaptation, user feedback evaluation, or Internet-scale process discovery.
Another research topic is the dissemination of metadata: the distributed and heterogeneous nature
of these ecosystems asks for new dissemination methods between physically and logically disjoint
registry entities, which work in spite of missing, untrusted, inconsistent and wrong metadata.

Runtime Environment Research Thread (C) - There is an obvious need for automatic, autonomic
approaches at run-time. As opposed to current approaches we envision an infrastructure that is
able to adapt autonomously and dynamically to changing conditions. Such adaptation should be
supported by past experience, should be able to take into consideration a complex set of conditions
and their correlations, act proactively to avoid problems before they can occur and have a long
lasting, stabilizing effect.

Infrastructure /Mechanisms

Discovery i Environment

Self-* in Self-* in Self-* in
- Service — Service — Service
§ Discovery Registry Execution
'] ) { J {
E 3 ;
o P Mini Service Dep!oyénent
| Process Mining - I an
,.E Metadate Management
b N )
=) N \
= dback Multilevel
3 il Feethnels | | Dissemination | ultllevel/
based Service ProthEcIS Self-
Discovery Adaptation

Figure 1.1: WP-JRA-2.3 Research Architecture

In alignment with the lifecycle aspect of the Integrated Research Framework, the presented work, is

related mostly to runtime activities hence, to research topics in thread C in Figure 1.1. All these works
target the ”Multi-level and self-adaptation” research challenge.

1.1.2 Relationship to other deliverables and workpackages

Some previous deliverables provides various information that fits with the content of this deliverable:

e CD-JRA-1.2.2 [7] untitled “Taxonomy of Adaptation Principles and Mechanisms” provides a com-
prehensive and holistic overview of the knowledge and concepts in the field of adaptation and
monitoring. Those concepts are used and referred to in this CD-JRA-2.3.8 deliverable.
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e PO-JRA-1.2.3 [30] untitled “Baseline of Adaptation and Monitoring Principles, Techniques, and
Methodologies across Functional SBA Layers” provides some information about the requirements
for the multi-level adaptation and monitoring.

e CD-JRA-2.3.2 [8] untitled “Basic requirements for self-healing services and decision support for
local adaptation” captures the requirements for the design and realization of self-healing services
within the S-Cube architecture. These foundations are used in the following deliverables of the
“Infrastructure Mechanisms for the Run-Time Adaptation of Services” research thread.

e CD-JRA-2.3.4 [9] untitled “Decision support for local adaptation” documents research results re-
lated to making services adaptable and self-aware while adhering to a set of given specifications
and mechanisms; it also investigated the applicability of certain policies to trigger local adaptation
mechanisms. This decision support is extended to enable distributed adaptation in the CD-JRA-
2.3.8 deliverable.

e CD-JRA-2.3.6 [10] untitled “policies and strategies for adaptation from the infrastructure” de-
scribes the elements of infrastructure mechanisms that enable or support the specification of poli-
cies and strategies able to be used to adapt the infrastructure. The works presented in the CD-JRA-
2.3.8 deliverable build upon and extend these mechanisms to make distributed and multi-level
adaptations possible.

As you can see with the relationship to the other deliverables, the works described in this deliverable is
clearly related to the works proposed on the WP-JRA-1.2 that define methodologies to build cross-layer
adaptation and monitoring systems. It is also related with WP-JRA-1.3 that define “principles, techniques
and methods to ensuring end-to-end quality provision and SLA conformance by taking a holistic view
on service infrastructure, service composition and coordination, and business process management and
by employing SLAs as key elements to guide the integrated, cross-layer monitoring, and adaptation”.

1.2 Deliverable Structure

Firstly, section 1.1.2 describes the relationship with other workpackages and deliverables. In section 2.1,
we remind the definition of the adaptation, the layers, the multi-level adaptation also known as cross
layer adaptation (see the end of section 2.1) and provide some details about each of them. Then, in
section 2.2, we provide some concrete example which highlights the need of cross-layer adaptation and
especially on distributed systems. In section 2.3, we present very basic schemes to manage cross layer
adaptation. Finally, in chapter 3, we present the work done in this workpackage to manage distributed
and cross layer adaptation.
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Chapter 2

Cross-Layers Adaptations

2.1 Cross-layer adaptation

2.1.1 Adaptation process

To define cross-layer adaptation, we previously need to define what is adaptation. A self-adaptive soft-
ware makes decisions on its own, using high-level policies; it will constantly check and optimize its status
and automatically adapt itself to an evolving context. The figure 2.1 describes an adaptation framework
following the autonomic manager described by Kephart and Chess [21].

In this framework, we identify 4 phases called Monitoring (described in [7], Analysis (also called
Decision [9, 10], Planning and Execution (MAPE). Each phase triggering the next one: the monitoring
gather contextual information used by the analyzing part to decide whether an adaptation is needed or
not; from this need, the planning part builds an execution plan to be executed by the execution part.

The contextual information is gathered by probes through events and measures. Events can trigger
adaptation while measures are done on demand by the analyzing part when complementary information is
needed. The monitoring is not only platform specific, it can also be application or domain specific when
adaptation is not due to resources. The application itself can be monitored, for self-healing purpose for
example, by a machine learning software, the user or by using ad-hoc metrics.

When receiving an event, the analysis phase chooses if an adaptation is needed by following a specific
decision policy and using some information requested to the system. By using decision policy, the
analysis phase is generic and can be used for different systems; only the policy is specific to each system
adaptation.

Once an adaptation is chosen, the analysis sends a strategy to the planning part. The planning has to
work out how to apply the strategy to the system to adapt; the implementation of the planning refers to
a guide. This guide provides some information about how to decompose the strategies into elementary
tasks to be executed. Like the decision policies, the planning guide may be specific to each adaptation
system and so the planning phase is generic.

Then the plan of actions is sent to the executing part. Its role is to execute each action specified in
the plan, taking into account the execution of the system to adapt. To do so, the execution phase interact
with the system to adapt and may intercept the execution flow to execute adaptation actions.

The system described on the framework may represent something different according to points of
view. In the case of Service-Based Applications (SBA), the system is most of time viewed as the ap-
plication itself but it can also encompass the underlying architecture that host the services. Indeed this
architecture is composed by a set of heterogeneous machines. A machine is able to communicate with
some others in order to allow service(s) interoperation (communication). A machine can range from
small devices like smartphones to more powerful ones like clouds, including personal computers and
laptops. Moreover machines are running specific operating systems and some middlewares providing all
the necessary core services needed such as communication facilities and resource brokering and they are
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.

System

Figure 2.1: General adaptation framework

distributed which means that operating systems and middlewares do not provide seamless data sharing.
Indeed, delays can vary while communicating between machines and there will be some failures among
machines. At last, applications are not only composed by services and business processes but may also
include humain beings.

2.1.2 Adaptation capabilities and layers

Every layer composing a system can be adapted in various ways. These ways can be classified according
to several criteria (some of them are also described on [8]. The simplest one, “parameter adaptation” con-
sists in changing the value of a parameter, for example to modify the frame rate on a video or to change
the time between harvesting and processing in the Scube Wine production case study [6]. “Functional
adaptation” that consists in changing a piece of code without visible logical consequences for the outside
(the users). This means that this adaptation must not modify the interface for the service. For instance,
one can change the bytecode of a Java service to improve its performance. Oppositely, “behavioural
adaptation” consists in changing the algorithm of an element while having some visible effect for the
outside. Then, “structural adaptation” concerns the modification of a composition of elements (such as
services), by changing one or several links between them. For example, this can be used to replace a
service by another.

All these adaptation capabilities may require various information and may also be executed with
different techniques depending on what is adapted. Indeed, the adaptation of a parameter of the Operating
System (the scheduling algorithm for example) doesn’t use the same operations as the adaptation of a
parameter of a service, because these capabilities don’t have the same providers and impact different
layers.

2.1.3 Adaptation layers

There exist various definition of layers. For example a layer may be defined for each level of the software
stack (hardware, OS, middleware, services, workflow) but it is also possible to define layers according to
the properties of the distribution of the system (one machine, one cluster, a set of connected computers
on a same network, on differents networks, ... ) because it can provide different adaptation capabilities.
Moreover some layers may represent a set of layers due to the heterogeneity of the top layer. For example,
it is possible to use different middlewares to host services and these middlewares may have different
adaptation capabilities. At last, in the deliverable 2.3.2 [8], the authors define 3 other layers with the
introduction of “human (or not) in the loop” properties (a human may replace the analysis phase in
the adaptation process) and the need of coordination (e.g. services should be able to agree before any
adaptation) before to adapt a set of related services.

Each layer is not clearly independent of the others because an adaptation at a specific layer may
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impact some others. For example, migrating a service form one server to another can impacts at least to
layers: at the service layer, the composition between services has to take into account the new address
of the service and the infrastructure layer may have to deploy a host (virtual machine or middleware) for
the service. Such an adaptation can be useful to do load balancing and thus improve the QoS.

The cross layer adaptation can be defined in multiple ways. First of all, it can be seen as a set of
adaptation that are applied at the same time on different layers. In that case, there are multiple adaptation
process (MAPE) where each have access to the information of a single layer. It can also be seen as a
single adaptation that impact multiple layers. In that case, there is only one adaptation process but each
part of it have access to information of multiple layers.

We always speak about cross layer adaptation instead of multi-level adaptation because cross layer
adaptation explicits that adaptations on differents layers can have impacts and/or interactions with the
others while multi-level only explicits there are some adaptations at different layers.

2.2 The needs of cross layer adaptations

Each level can and must adapt itself to fulfill the SLA constraints. Thus the cross layer adaptation is a
strong issue to ensure the consistency and the coordination between all the adaptations. Indeed, when
there are multiple adaptation systems, the consequences of an adaptation at a specific level may have
impacts on the others. For example, the modification of the scheduling algorithm to promote a specific
software (the one that are the most used) may decrease the CPU time allowed to others and so damage
their quality of services. Moreover, the cross layer adaptation allows to optimize the adaptation itself by
reducing the number of actions to execute or by selecting more appropriated actions at different levels.
The figures 2.2 to 2.4 details a usecase showing the difference between clearly independent adaptations
and cross layer adaptation.

At the beginning, there are three applications that are executed on top of two machines. Each of these
applications are service-based and execute on top of middlewares (middleware 1 and 2 are equivalent).
App2 is made up of three services called Core which provides the set of functionality of the application,
MM 1 which is an active monitoring manager that looks at some sensors on a network and allows to get
aggregate values of them, and Cache that is used as a cache between the Core and MM1 because MM 1
needs times to compute an aggregate value whereas this value doesn’t evolve to much.

Operating System 1 Operating System 2

Figure 2.2: State of the usecase before adaptation

During the execution of the applications, the adaptation system at the middleware level decides to
migrate the core service (Figure 2.3(a)) to reduce bandwidth used and so increases the response time
between core and MM1 (or cache). Meanwhile, the App3 is stopped on the resource 2 and the adaptation
system at the resource level decides to migrate the middleware 2 on resource 1 (Figure 2.3(b)).

If the two adaptations are seen as independent, then the core will be migrated on the middleware
2 and this middleware 2 will be migrated on the resource 1 (Figure 2.4(a)) while the migration of the
middleware 2 would have been enough. This shows why taking into different layers in a an adaptation is
so important. Furthermore many possibilities exist to do these two adaptations and maybe one of them
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i ‘Middlewarel‘ ‘MiddlewareZ‘
Operating System 1 Operating Systenq Operating System 1 Operating System 2,
(a) State of the usecase after service layer adaptation (b) State of the usecase after OS layer adaptation

Figure 2.3: State of the usecase after single adaptation

is more efficient than the others. For exemple, if a service migration between middlewares is less time
consuming than middleware migration on top of resources, it will be better to migrate MM 1 and Cache
to the middleware 1 instead of migrate the complete middleware 2 (Figure 2.4(b)).

- Kpp2 <
—

Appl)  Core (@ (M1 @ . (App3
- P U e i
‘Middle'\l//\//arel‘ Middleware?) M|ddleware3 %Middle‘l;/,\//arezi §Midd|;ware3§
e —
Operating System 1 Operating System 2 Operating System 1 Operating System 2
(a) State of the usecase after both layer adaptations (b) State of the usecase after cross layer adaptation

Figure 2.4: Independant layer adaptations and cross layer adaptation

2.3 How to manage multi-level/cross layer adaptations

Managing multi-level/cross layer adaptation can be done with different solutions according to the behav-
ior of each adaptation system and the layers. All these approaches have some common requirements to
be able to manage cross-layer. These requirements are described on [30]. One of the solutions consists
to manage all the layers with only one adaptation system that is able to get all the needed information of
all the elements in each layers to adapt the overall system. The complexity of this kind of solutions lies
in the way to build such a global description of the system to have enough information to be able to take
decisions.

Another solution consists to coordinate adaptation systems. Thus each adaptation system must ask
validation and agreement to the other adaptation systems before to enact its adaptations. The complex-
ity of this kind of solutions lies in the way to coordinate the adaptation systems. Indeed this solution
is interesting when already existing adaptation systems must be used and when these adaptation sys-
tems have different implementations and different communication languages that are difficult to make
interoperable.
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Chapter 3

Contributions

3.1 Overview of the contributions

The core of this deliverable is constituted by a collection of published papers attached as appendices.
These papers summarize research work carried out in or related to JRA-WP-2.3 according to its long-
term goals, with a focus on distributed and multi-level adaptation. Mainly two complementary paradigms
emerge to manage cross-layer adaptations: the approach based on chemical programming and another
one based on distributed frameworks. This section presents the contributions in this order, followed
works either using a different perspectives or targeting a specific problem.

Table 3.1 summarizes the contributed papers by the problem they address and the global approach
taken to this end.
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3.2 A Chemical Based Middleware for Workflow Instantiation and Exe-
cution

The paper [13] proposes a middleware architecture for dynamic workflow instantiation and execution.
The middleware integrates late binding service selection mechanisms with a workflow execution module.
The selection mechanisms are carried out at two levels. The first occurs at the composition request level
and it allows for the selection of abstract services by taking into account global QoS requirements on
the composition of services, such as the overall delivery time and the total price. An abstract service is
an interface specifying a required functionality of the workflow, and the corresponding QoS offered by
a provider for that functionality without referring to a specific service implementation. The global QoS
requirements usually concern the application and/or business levels.

The second selection mechanism takes place at the concrete binding level, and it allows to select ac-
tual service implementations, i.e. concrete services, based on some local QoS dimensions (i.e. referring
to a single service), such as performance, reliability. These requirements usually concern system and/or
middleware levels. The middleware architecture implementation is based on the chemical programming
model, so that the dynamic selection of both abstract and concrete services is realized as an autonomous
and always running process that can react to environmental changes affecting system behaviour in the
form of chemical perturbations.

The middleware can be used as a component of an adaptation architecture making it possible to pro-
cess adaptation needs coming from different levels. In the present work strategies for each level are not
specified, since the main contribution is to model the dynamic selection of abstract and concrete services
as a chemical process always running and always ready to process any change in the environment. In
such a way adaptation needs coming from different levels can be continuously processed and the corre-
sponding adaptation strategies can be inserted dynamically in the chemical system for each coming need,
so providing support at the infrastructure level for multi-level adaptation.

3.3 The chemical machine: an interpreter for the Higher Order Chemical
Language

Previous and ongoing research work has proven the viability of non-conventional approaches, partic-
ularly the chemical modeling to service composition and enactment. One of the research questions is
how the chemical model described in the Higher Order Chemical Language (HOCL) can be realized and
executed. This work focuses solely on creating an interpreter for HOCL that enables native execution
of the entire language; the applicability of the HOCL to service composition has been investigated and
published in other works, e.g. [12] [4] and reported in [10]. The major obstacle of realizing the chemical
model is its intrinsic semantic difference from von Neumann architectures and imperative languages.

Such an unconventional computing model requires a full reconsideration of implementation means:
we completely rejected all techniques related to imperative languages instead, carefully analyzed related
models and distilled similar features that can be re-used in a chemical framework. In this way the concept
of the chemical interpreter (i) follows the notion of abstract interpreter engines of declarative languages
such as Prolog, Lisp, where HOCL is transformed into an intermediate language that is interpreted by the
engine; (ii) is based on a production system that lends its state-of-the-art pattern matching mechanism
nevertheless, needs modifications to support the hierarchical notion of knowledge base of the chemical
semantics and fulfill other technical challenges; and (iii) several additional mechanism ensure the proper
chemical behaviour.

A proof-of-concept implementation of the interpreter was realized that supports the entire HOCL
language and has a graphical user interface and a basic support for tracing and debugging. The interpreter
with its additional tools is able to support more complex experiments in the realm of the chemical model.
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3.4 Distribution and Self-Adaptation of a Framework for Dynamic Adap-
tation of Services

The paper [1] presents a generic framework for self-adaptation of services and service based applications.
The basic steps of an adaptation framework are Monitoring, Analysis, Planning and Execution, following
the MAPE model proposed in [21] and presented in section 2.1.1. This work intend to improve this basic
framework by refining each step of the MAPE model, in particular by providing elements that cope
with the distribution of the application and the infrastructure layer. The adaptation system can itself
be distributed for the purpose of scalability or to better match the heterogeneity of the environment.
Moreover, it can be adaptable, allowing to take into account unforeseen situations.

This system called SAFDIS for Self-Adaptation For DIstributed Services fully exploits the advan-
tages of the framework concept [32]. It gives a frame, paradigms and rules to develop and implement
adaptation mechanisms, as well as the liberty and the flexibility for the developer to specialize its system
according to its specific needs. Using this framework, the task of developing concrete adaptation systems
for some applications, services or infrastructures will be facilitated as many of the different elements that
may be composed in adaptation systems are exposed, their interfaces clearly defined, the relationships
between them coherently specified.

The SAFDIS framework is build as a set of services, providing functionalities useful to build an
adaptation system. Not all functionalities are necessarily needed for each instantiation of an adaptation
system. For instance we provide a negotiator service to negotiate the adaptation decisions when SAFDIS
is distributed on several nodes; this service is not useful when SAFDIS is build as a unique centralized
adaptation system.

In the context of the S-Cube infrastructure, the work presented in the paper addresses the Multi-
level Adaptation research challenge of WP2.3, since it proposes a framework for building self-adaptable
services that is aware of the different layers. Moreover, it enables users of this framework to propose and
fine-tune adaptation policies and strategies for their service-based applications.

3.5 Combining SLA Prediction and Cross Layer Adaptation for Prevent-
ing SLA Violations

Service-based Applications (SBA) are deployed in highly dynamic and distributed settings, where vari-
ous parts of the constituent components — services and their infrastructure — are controlled by different
third parties. In such a loosely coupled environment, adaptation capabilities are needed to manage devi-
ations and unforeseen situations which might lead to negative consequences (e.g. contractual penalties).
Current approaches either focus on cross-layer-adaptation or the prevention of SLA violations. In con-
trast to this, the approach presented in this paper combines both. The paper presents an architecture
as a generic framework for the management of arising problems during service execution. Multiple
adaptation mechanisms are available to react on adaptation needs, acting on different layers of the SBA
(including e.g. the composition layer and the infrastructure layer). The final goal of the cross-layer adap-
tation capability is to avoid the violation of agreed Service Level (in SLAs) and thus ensure the benefits
of SBAs for both customers and providers. The novelty of the approach is the exploitation of all SBA
layers (BPM, SCC and SI) for the prevention of SLA violations. The identification of adaptation needs is
based on SLA prediction, which uses assumptions on the characteristics of the running execution context.
Multiple adaptation mechanisms are available to react on the adaptation need, acting on different layers
of the SBA. The adaptation strategy chooses the right adaptation mechanism, coordinated by a multi-
agent community. In the future, we plan to further generalize the mechanism for handling the adaptation
management cycle of detection, selection and enactment, and to incorporate more components, event
types and adaptation capabilities.
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3.6 ECMAF: An Event-Based Cross-Layer Service Monitoring and Adap-
tation Framework

The paper [34] outlines a cross-layer monitoring and adaptation framework that is based on monitored
events. In addition, a layer-based taxonomy of adaptation-related events and a meta-model describing
the dependencies among components of a cross-layer system are introduced to pinpoint the need for such
a type of framework.

Although several techniques have been proposed towards monitoring and adaptation of Service-
Based Applications (SBAs), few of them deal with cross-layer issues. This paper proposes a framework,
able to monitor and adapt SBAs across all functional layers. This is achieved by using techniques, such
as event monitoring and logging, event-pattern detection, and mapping between event patterns and ap-
propriate adaptation strategies. In addition, a taxonomy of adaptation-related events and a meta-model
describing the dependencies among the SBA layers are introduced in order to capture the cross-layer
dimension of the framework. Finally, a specific case study is used to illustrate its functionality.

3.7 A QoS Assurance Framework for Distributed Infrastructures

Maintaining the promised QoS properties is a major concern for service providers in order to avoid
losses and penalties. On the one hand, most research on QoS assurance in SOAs targets composite
services, where managing QoS typically involves replacing services by other services more suitable for
the composition [18]. However, such work does not address how individual, atomic services guarantee
QoS properties, which unavoidably requires controlling the underlying infrastructure. On the other hand,
further work that addresses QoS assurance of atomic services such as [2, 19, 17], fails to address the
SLA life-cycle. This paper proposes the QudDS framework which addresses QoS assurance for atomic
services by taking into account the complete SLA life-cycle. In particular, atomic services that build
on large-scale distributed infrastructures, such as clusters, grids or clouds. Importantly, the framework
supports dynamic adaptation, i.e., support for monitoring and automatically modifying service behavior
and resource usage.

Currently, the Qu4DS framework supports providers in enforcing quality properties in distributed en-
vironments. The framework has three main features. First, Qu4DS provides flexible support for dynamic
adaptation, necessary for maintaining agreed SLAs in the face of fluctuating environmental conditions.
Second, the framework tackles the complete SLA life-cycle, from contract negotiation to service termina-
tion. Lastly, the framework lies on a modular design, extensible structure, cleanly separating the different
QoS management functions and service implementations. In order to increase its applicability, Qu4DS
builds on the standard SAGA API that provides a uniform and consistent interface to the most commonly
used distributed functionality. A prototype of the framework has been developed; this prototype uses the
XtreemOS [11] grid and leverages the MAPE Autonomic Computing control loop [21]. Furthermore,
the paper presents initial experimental results that provide evidence that Qu4DS can effectively reduce
SLA violations in dynamic environments.

3.8 A Self-Adaptable Approach for Easing the Development of Grid-Oriented
Services

The Service-Oriented Architecture (SOA) proposes a support which addresses service composition as
well as basic and high-level service management features. However, the SOA was not conceived to take
into account non-trivial computational capabilities for services that require high-performance comput-
ing. On the other hand, grid computing [15] leverages low-cost and heterogeneous resources in order
to provide a distributed infrastructure for high-performance computing in large-scale. Grids precisely
define resource access through the management of Virtual Organizations (VO) in a dynamic fashion.
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Thereby, grids offer an infrastructure suitable for supporting services that have high-performance com-
puting needs. In order to use the grid, such services rely on the grid job abstraction by submitting and
managing them through the grid interface. However, in spite of interesting efforts as the Simple Grid API
(SAGA) [16] that addresses to ease the use of grids, grid usage still remains complex. This drawback
becomes an inconvenience for the development of grid-oriented services.

This paper proposes a self-adaptable support for easing the conception of grid-oriented services.
The self-adaptive aspect leverages Dynaco (Dynamic Adaptation for Components) [3] by following
its component-based design. The architecture proposed takes advantage of the iPOJO [14] component
model owing to its dynamic and flexible capabilities for developing and maintaining services on top of
OSGi [29] platforms. iPOJO allows to separate the functional code from non-functional concerns which
are modularly addressed in handlers. Thereby, this paper proposes an iPOJO handler which automati-
cally addresses the management of jobs on grids. Moreover, the XtreemOS [11] grid platform is used as
case study.

3.9 CLAM: Cross-layer Adaptation Manager for Service-Based Applica-
tions

CLAM [35] is a cross-layer adaptation management platform where adaptation actions are analyzed and
validated for their consistency with the overall service-based system (SBS). It relies on two pillars:

1- Cross-layer system meta model: It is basically a directed graph where nodes represent the system
elements from different layers and the edges represent the relations between these elements. Apart from
system elements and their relationships, we have the tools associated with the elements. They are the
analysis and adaptation mechanisms that are available for the SBS: (i) Analyzers check the compatibility
of a new adaptation for a system element that they are associated with. (ii) Solvers get an incompatibility
problem triggered by an analyzer and try to propose an adaptation to handle the problem. (iii) Enactors
implement final adaptation strategies validated by CLAM.

2- Rules and the algorithm: We perform the entire adaptation analysis as a continuous execution
of predefined rules. These rules and the overall algorithm determine how to navigate the SBS meta
model to identify the system elements affected by an adaptation, and subsequently how to decide which
analyzers and solvers to invoke, and finally how to gradually construct a cross-layer adaptation tree upon
receiving results from those external tools. Cross-layer adaptation tree is basically the output of the
analysis process where the branches correspond to alternative adaptation strategies validated by CLAM.

3.10 Stepwise and Asynchronous Runtime Optimization of Web Service
Compositions

Providers of service compositions often guarantee important customers so called service level agree-
ments (SLAs), which are essentially collections of target qualities (service level objectives, SLOs) and
monetary penalties that go into effect if the promised target quality cannot be achieved. Hence, providers
of service compositions have strong incentives to prevent cases of SLA violation. One promising ap-
proach to achieve this is predicting violations at runtime, before they have actually occurred, and using
adaptation to prevent these violations [27, 20]. An important part of runtime adaptation is deciding which
adaptations to apply, which we have modeled as an optimization problem in other work [25]. However, a
limitation of the approach presented in that papers is that it is inherently assumed that the decision prob-
lem can be solved in time, before the first adaptation has to be applied. Even using fast meta-heuristics
this is not guaranteed, especially so for shorter service compositions.

In this paper, we improve on this by proposing an asynchronous and step-wise optimization model,
in which we do not generate a decision for all adaptations at once. Instead, we run the optimization in
parallel to the execution of the composition. At so-called decision points we make a decision for only
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those adaptations that absolutely need to be decided at that moment, update the optimization problem
according to the made decisions, and continue optimizing for all remaining possibilities for adaptation.
Note that the contribution presented here is not specific to the approach presented in [25]. Much more,
the same ideas are applicable for other runtime adaptation approaches facing similar problems as well,
e.g., [20].

3.11 FCM: an Architecture for Integrating IaaS Cloud Systems

Highly dynamic service environments require a novel infrastructure that can handle the on demand de-
ployment and decommission of service instances. Cloud Computing offers simple and cost effective out-
sourcing in dynamic service environments and allows the construction of service-based applications ex-
tensible with the latest achievements of diverse research areas, such as Grid Computing, Service-oriented
computing, business processes and virtualization. Virtual appliances (VA) encapsulate metadata (e.g.,
network requirements) with a complete software system (e.g., operating system, software libraries and
applications) prepared for execution in virtual machines (VM). Infrastructure as a Service (IaaS) cloud
systems provide access to remote computing infrastructures by allowing their users to instantiate virtual
appliances on their virtualized resources as virtual machines.

Nowadays, several public and private IaaS systems co-exist and to accomplish dynamic service en-
vironments users frequently envisage a federated cloud that aggregates capabilities of various IaaS cloud
providers. These IaaS systems are either offered by public service providers (like Amazon or RackSpace)
or by smaller scale privately managed infrastructures. Therefore there is a need for an autonomic resource
management solution that serves as an entry point to this cloud federation by providing transparent ser-
vice execution for users. The following challenges are of great importance for such a mediator solution:
varying load of user requests, enabling virtualized management of applications, establishing interoper-
ability, minimizing Cloud usage costs and enhancing provider selection.

To address these issues, this paper proposes a layered architecture that incorporates the concepts
of meta-brokering, cloud brokers and automated, on-demand service deployment. The meta-brokering
component allows the system to interconnect the various cloud brokers available in the system. The
cloud broker component is responsible for managing the virtual machine instances of the particular
virtual appliances hosted on a specific infrastructure as a service provider. Our architecture organizes
the virtual appliance distribution with the automatic service deployment component that can decompose
virtual appliances to smaller parts. With the help of the minimal manageable virtual appliances the
Virtual Machine Handler rebuilds these decomposed parts in the [aaS system chosen by the meta-broker.
As aresult, the cloud broker component uses the VM Handler to maintain the number of virtual machines
according to the demand.

3.12 Integrated Monitoring Approach for Seamless Service Provisioning
in Federated Clouds

Cloud Computing offers simple and cost effective outsourcing in dynamic service environments, and
allows the construction of service-based applications using virtualization. By aggregating the capa-
bilities of various IaaS cloud providers, federated clouds can be built. Managing such a distributed,
heterogeneous environment requires sophisticated interoperation of adaptive coordinating components.
However, user demands are frequently overextending the boundaries of a single cloud system. In these
cases, they need to handle the differences between the various cloud providers and have to negotiate their
requirements with multiple parties. Federated clouds aim at supporting these users by providing a single
interface on which they can transparently handle the different cloud providers as they would do with a
single cloud system.
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This paper proposes an architecture to construct federated cloud systems that not only offers a single
interface for its users but it automatically manages their virtual machines independently from the cur-
rently applied cloud system. We argue that efficient cloud selection in federated clouds requires a cloud
monitoring subsystem that determines the actual health status of the available IaaS systems. We present
an architecture that incorporates the concepts of on-demand service deployment, cloud brokering and
meta-brokering, supported by an integrated monitoring solution. The meta-brokering component allows
the system to interconnect the various cloud brokers available in the system. It is also responsible for
selecting a proper execution environment managed by a cloud broker. This selection process relies on
a sophisticated monitoring component, which provides up-to-date service availability and infrastructure
reliability based on specific monitoring metrics. The cloud broker component is responsible for manag-
ing the virtual machine instances of the particular virtual appliances hosted on a specific infrastructure
as a service provider. Our architecture also organizes virtual appliance distribution with its automatic
service deployment component that can decompose and deliver virtual appliances in smaller parts. We
also provided a simplified scenario for exemplifying the operation of our proposed solution using a min-
imal metric monitoring service. Our future work targets the evaluation of the proposed architecture with
ordinary services deployed at different cloud providers.
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Chapter 4

Conclusion

This deliverable presented our results related to elements and aspects of infrastructure level mechanisms
to specify adaptation policies and strategies for distributed and multi-level adaptation. These mechanisms
are targeting the objectives of the “Infrastructure Mechanisms for the Run-Time Adaptation of Services”
research thread of the work package. As the last deliverable of this research thread, the proposed mech-
anisms build upon its previous deliverables, mainly the deliverable CD-JRA-2.3.6 “Specifications of
policies and strategies for adaptation”.

The deliverable is a collection of scientific papers published in conference proceedings and organized
along the research directions of WP-JRA-2.3. The papers all have been peer reviewed which ensures that
the papers represent significant contributions to service-based system research and they demonstrate
progress in the WP. The positioning of the papers within the adaptation framework, their relationship to
the WP-JRA-2.3 research goals and vision and to other research WPs are exposed in Section 3. These
research directions are focused around various solutions to manage cross layer and distributed. First, we
have applied the chemical metaphor in 3.2 to reveal the possibilities of composing services while taking
into account the multi-level or cross-layer properties and the distribution of the infrastructure. Next, we
have demonstrated that framework-based approach [1, 34, 23, 24, 35, 28, 22] can be extended to manage
and enact cross-layer and distributed dynamic adaptation of services based applications.

The papers presented in this deliverable proposed mechanisms that focused on distributed and multi-
level aware components of service based infrastructures. They demonstrate that viable approach exists
to build self-adaptive and self-healing services in the dynamic environment of the future internet.
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