
Technische Berichte Nr. 33

des Hasso-Plattner-Instituts für  
Softwaresystemtechnik  
an der Universität Potsdam

Proceedings of the 

9th Workshop on 

Aspects, Components, 

and Patterns for 

Infrastructure Software 

(ACP4IS '10)

hrsg. von
Bram Adams, Michael Haupt, Daniel Lohmann



 



Technische Berichte des Hasso-Plattner-Instituts für 
 Softwaresystemtechnik an der Universität Potsdam 



 



Technische Berichte des Hasso-Plattner-Instituts für 
Softwaresystemtechnik an der Universität Potsdam | 33 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Proceedings of the 9th Workshop on  
Aspects, Components, and Patterns  

for Infrastructure Software  
(ACP4IS '10) 

 
 

herausgegeben von 
 

Bram Adams 
Michael Haupt 

Daniel Lohmann 
 
 
 
 
 
 
 
 
 
 
 
 
 

Universitätsverlag Potsdam 



Bibliografische Information der Deutschen Nationalbibliothek  
Die Deutsche Nationalbibliothek verzeichnet diese Publikation in der  
Deutschen Nationalbibliografie; detaillierte bibliografische Daten sind im Internet über 
http://dnb.d-nb.de abrufbar. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Universitätsverlag Potsdam 2010 
http://info.ub.uni-potsdam.de/verlag.htm 
 
Am Neuen Palais 10, 14469 Potsdam 
Tel.: +49 (0)331 977 4623 / Fax: 3474 
E-Mail: verlag@uni-potsdam.de 
 
Die Schriftenreihe Technische Berichte des Hasso-Plattner-Instituts für 
Softwaresystemtechnik an der Universität Potsdam wird herausgegeben 
von den Professoren des Hasso-Plattner-Instituts für Softwaresystemtechnik 
an der Universität Potsdam.  
 
Das Manuskript ist urheberrechtlich geschützt.  
 
Online veröffentlicht auf dem Publikationsserver der Universität Potsdam 
URL http://pub.ub.uni-potsdam.de/volltexte/2010/4122/ 
URN urn:nbn:de:kobv:517-opus-41221 
http://nbn-resolving.de/urn:nbn:de:kobv:517-opus-41221 
 
Zugleich gedruckt erschienen im Universitätsverlag Potsdam: 
ISBN 978-3-86956-043-4 



9th Workshop on
Aspects, Components, and Patterns for Infrastructure Software
(ACP4IS ’10)

co-located with the 9th International Conference on
Aspect-Oriented Software Development (AOSD)
March 16, 2010, Rennes, France

Workshop Home Page: http://aosd.net/workshops/acp4is/2010/

Aspect oriented programming, component models, and design patterns are modern and
actively evolving techniques for improving the modularization of complex software. In
particular, these techniques hold great promise for the development of “systems infras-
tructure” software, e. g., application servers, middleware, virtual machines, compilers,
operating systems, and other software that provides general services for higher-level ap-
plications. The developers of infrastructure software are faced with increasing demands
from application programmers needing higher-level support for application development.
Meeting these demands requires careful use of software modularization techniques, since
infrastructural concerns are notoriously hard to modularize.

Aspects, components, and patterns provide very different means to deal with infras-
tructure software, but despite their differences, they have much in common. For instance,
component models try to free the developer from the need to deal directly with services
like security or transactions. These are primary examples of crosscutting concerns, and
modularizing such concerns are the main target of aspect-oriented languages. Simi-
larly, design patterns like Visitor and Interceptor facilitate the clean modularization of
otherwise tangled concerns.

Building on the ACP4IS meetings at AOSD 2002–2009, ACP4IS ’10 aims to provide
a highly interactive forum for researchers and developers to discuss the application of
and relationships between aspects, components, and patterns within modern infrastruc-
ture software. The goal is to put aspects, components, and patterns into a common
reference frame and to build connections between the software engineering and systems
communities.

Scope of the Workshop

The importance of “systems infrastructure” software—including application servers, vir-
tual machines, middleware, compilers, and operating systems—is increasing as applica-
tion programmers demand better and higher-level support for software development.
Vendors that provide superior support for application development have a competitive
advantage. The software industry as a whole benefits from an increased base level of
abstraction, decreasing the need for application programmers to continually “reinvent
the wheel”.

These trends, however, mean that the demands on infrastructure software are in-
creasing. More and more features and requirements are being “pushed down” into the
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infrastructure, and the developers of systems software need better tools and techniques
for handling these increased demands. The design and implementation of systems-level
software presents unique opportunities and challenges for AOSD techniques. These chal-
lenges include the need to address the inherent complexity of infrastructure software,
the need for strong assurances of correct and predictable behavior, the need for maxi-
mum run-time performance, and the necessity of dealing with the large body of existing
systems software components.

This workshop aims to provide a highly interactive forum for researchers and devel-
opers to discuss the application of and relationships between aspects, components, and
patterns within modern infrastructure software. The goal is to put aspects, compo-
nents, and patterns into a common reference frame and to build connections between
the software engineering and systems communities.

This year’s workshop puts special focus on the challenges in system’s programming
introduced by multi-core platforms. As hardware-supported parallelization becomes
mainstream, there is an increasing pressure on systems infrastructure to exploit this
new parallelism to its fullest. However, the non-modular nature of parallel execution,
and the numerous levels at which parallelism can be achieved (application, systems
infrastructure, hardware or even a combination thereof) make it hard to come up with
an intuitive, yet efficient parallel architecture. We solicited novel ideas and experience
reports on this emerging research area.

Other topics in the scope of the workshop include, but are not restricted to:

• Approaches that combine or relate component-, pattern-, and aspect-based tech-
niques

• Dimensions of infrastructure software quality including comprehensibility, config-
urability (by implementers), customizability (by users), reliability, evolvability,
scalability, and run-time characteristics such as performance and code size

• Merits and downsides of container-, ORB-, and system-based separation of con-
cerns

• Architectural techniques for particular system concerns, e.g., security, static and
dynamic optimization, and real-time behaviour

• Design patterns for systems software

• Component, pattern, and aspect “mining” within systems code

• Application- or domain-specific optimization of systems

• Reasoning and optimization across architectural layers

• Quantitative and qualitative evaluations

The workshop is structured to encourage fruitful discussions and build connections
between workshop participants. To this end, approximately half of the workshop time
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will be devoted to short presentations of accepted papers, with the remaining half devoted
to semi-structured discussion groups. Participants will be expected to have read the
accepted papers prior to the workshop, to help ensure focused discussions.

A novelty at ACP4IS ’10 is that we will invite workshop attendees to give “sponta-
neous” short presentations on their work if they see a relation to topics being presented
and discussed at the workshop. These presentations will be limited to about ten minutes,
and are intended to provide additional structured input to discussions. Spontaneous pre-
sentations will be asked for during the workshop; no paper needs to be submitted, and
no publication is associated with them. There will be a session dedicated to them, just
prior to discussion.
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6. Each node replies to the initiator that it has completed the 
reconfiguration locally. 

7. When all nodes have reported completion the initiator node 
returns control to the caller of reconfigure(). 

An example of the use of Configurator.reconfigure() is given in 
Section 5.2. 

4. The Consistency Framework 

In this section we discuss our approach to the support of consis-
tent dynamic reconfiguration. This is independent of the basic 
AO-OpenCom reconfiguration architecture discussed in the above 
section which handles only the basic mechanics of dynamic aspect 
(un)deployment. The Consistency Framework (COF) illustrated in 
Figure 3 consists of: a System Consistency Framework, a Compo-
sitional Consistency Framework and a set of ‘threat aspects’ 
which are responsible for guarding against consistency threats 
such as those identified in Section 2; these threat aspects are wo-
ven into the lower-level frameworks using the usual AO-
OpenCom facilities.  

The fundamental strategy of the COF is to guard against con-
sistency threats by deploying ‘threat aspects’ at appropriate join 
points within AO-OpenCom itself. The benefit of this strategy is 
that threats can be handled in an incremental, selective and ex-
tensible manner where specific threat aspects can be deployed to 
guard against specific consistency threats. Crucially, we are using 
the same approach to guard against consistency as we are for ‘or-
dinary’ application-level dynamic reconfiguration: i.e. using as-
pect composition. 

Turning now to the detail, the Consistency Configurator is re-
sponsible for managing these threat aspects and for deploying 
them at appropriate join points within the AO-OpenCom-based 
distributed system (see below).  

 

Figure 3. Applying Consistency Framework to AO-OpenCom 

We now turn to a discussion of how the Consistency Configurator 
resolves each of the threats discussed in Section 2 by deploying 
appropriate threat aspects. When discussing the weaving of threat 
aspects, the following paragraphs refer to the numbered join 
points, 1-7, within the AO-OpenCom framework that are illu-
strated in Figure 3.  

4.1 Addressing System Environment Threats 

The Consistency Configurator uses the System Consistency 
Framework to instantiate the appropriate system environment 
threat aspects based on the reconfiguration needs as described in 
this section. 

Protocol Message Disruption. To ensure that reconfiguration 
messages are not lost, the System Consistency Framework uses a 
reliability threat aspect and this aspect is woven at join points 4 
and 5. The reliability threat aspect implements a reliability proto-
col atop the Distribution Framework to ensure that all messages 
are reliably received by each member. Because it is implemented 
as an aspect, this behaviour can be realised using various underly-
ing mechanisms and can therefore be made straightforwardly 
applicable to a variety of implementation environments. This 
point is an important one and also applies to all the other threat 
resolution aspects to be discussed below. 

In more detail, our currently-implemented reliability threat 
aspect is composed of an aspect with two advices and a ‘message 
store’. The first advice is woven ‘before’ join point 5, and has the 
task of piggybacking reliability information to the message before 
it is sent via the ISend interface. The second advice is woven as a 
‘before’ advice at join point 4 (i.e. before the message is delivered 
to the Configurator via INotify); this monitors incoming messages 
(and caches them in the message store), detects any losses within 
the transmission sequence, and requests retransmission of lost 
messages.  

To weave the reliability threat aspect in a consistent manner 
(this again applies also to all the other threat resolution aspects to 
be discussed below) the quiesce() operation is first called on the 
connectors at join points 4 and 5 by the Consistency Configurator. 
Upon successfully achieving quiescence, the reliability threat 
aspect is woven at the front of the advice chain list (for brevity, 
we discuss this weaving process only for join point 5; see Figure 
4); hence, it is invoked before method calls go to the Distribution 
Framework. Once the reliability threat aspect have been success-
fully woven at both join points, the resume() operation is called by 
the Consistency  Configurator. 

 
Figure 4. Weaving the reliability threat aspect at join point 5 

Local Node Disruption Threat. To guard against this threat, the 
System Consistency Framework instantiates a consensus threat 
aspect and this aspect is woven at join points 4 and 5 to ensure 
that local node failures or disruptions do not compromise the con-
sistency of the system. This aspect is ‘flexible’ in that it can im-
plement any one of a range transaction protocols [7] depending on 
the specific requirements and deployment environment. To illus-
trate the operation of the advices we briefly describe our two-
phase commit implementation. In this implementation, a ‘before’ 
advice woven at join point 5 takes messages before they are sent 
and converts them into the required sequence of messages for 
two-phase commit. Correspondingly, the ‘around’ advice at join 
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point 4 receives these transaction protocol messages and sends 
phase acknowledgements; it also communicates with the AO-
OpenCom Configurator to enact or undo the local reconfiguration 
as appropriate.  

Infrastructure Service Failures Threat. To guarantee the liveness 
of the infrastructure services (e.g. the Aspect Repository), the 
System Consistency Framework uses a replication aspect. This 
aspect is woven at join point 6 as an ‘around’ advice. Based on 
application requirements, a number of replication algorithms 
could be used to ensure maximum aspect availability and consis-
tency during updates—e.g. the Coda [15] or Bayou [6] algorithms. 
More advanced algorithms which consider specific application 
and context requirements could also be used: e.g. Beloued [2].  

Further, the System Consistency Framework uses a load ba-
lancer aspect to manage the load across the infrastructure services 
and this aspect is woven at join point 6 as a ‘before’ advice. Our 
current load balancer algorithm implements both the push and pull 
migration approaches [11]. The detailed functionality of the load 
balancing algorithm is beyond the scope of the paper; but, in brief, 
with push migration, periodic checks are made on the load of 
particular replicated repository loads, and as imbalances are found 
the load is evenly distributed from overloaded to less busy reposi-
tories. And the pull technique arranges that an idle replicated re-
pository can transparently take tasks from a busy repository.  

To prevent version conflicts in the Aspect Repository, the 
System Consistency Framework uses a concurrency management 
aspect. This aspect is woven as a ‘before’ advice at join point 7. 
The concurrency mechanism uses an optimistic read/write locking 
mechanism with priority for readers. Calls to update an aspect 
instance/version in the repository access the lock as a writer such 
that a writer can access the lock when there are no readers, while 
calls to retrieve aspect instances access the lock as a reader.  

Simultaneous Reconfiguration Threat. To ensure that simultane-
ous reconfiguration requests do not interfere with one another, the 
System Consistency Framework uses a distributed read/write 
concurrency aspect and is woven at join point 1. This is an 
‘around’ advice, the ‘before’ part being activated before the Con-
figurator.reconfigure() is called. The advice then attempts to 
access the framework’s lock set by the concurrency aspect, and 
blocks the call until this is obtained, at which point the reconfigu-
ration can proceed. At this point, any reconfiguration attempts by 
other nodes are blocked until the present reconfiguration is com-
plete, at which point the Configurator returns the reconfigure() 
call, and the ‘after’ part of the ‘around’ advice releases the lock. 

Unauthorised Reconfiguration Threat. To prevent unauthorised 
nodes initiating reconfiguration, the System Consistency frame-
work uses a series of security aspects, which are subsequently 
woven at join points 4 and 5. These comprise aspects that each 
addresses a different flavour of security threat: e.g. access control, 
integrity or confidentiality. The weaving order of these aspects is 
crucial: of the three mentioned the order would be authentication, 
confidentiality and then integrity.  

Currently, an authentication aspect is woven as a ‘before’ ad-
vice at join point 5 such that it is called before the Distribution 
Framework and performs access control before allowing continua-
tion. Then a confidentiality aspect encrypts the arguments of 
method calls as they are passed through the Distribution Frame-
work. This is achieved by weaving an encryption advice as a ‘be-
fore’ advice at join point 5 and a decryption advice at join point 4, 
also as a ‘before’ advice. Finally the System Consistency Frame-
work implements an integrity aspect in terms of an SSL layer 
between reconfigured nodes.  

4.2 Addressing Compositional Threat 

The Consistency Configurator uses the Compositional Consisten-
cy Framework to instantiate the appropriate compositional threat 
aspects based on the reconfiguration needs as described below. 

Unsynchronised Weaving of dependent aspect Threat. The 
Compositional Consistency Framework uses a transaction man-
agement concurrency protocol or coordination protocol to pre-
serve compositional dependencies. Each of the protocols is 
encapsulated as an aspect and is woven as a ‘before’ advice at join 
points 4 and 5. This process is equivalent to that used for threat 2. 
Here, the Saga transaction model [7] allows dependent aspects to 
be divided into a sequence of sub-transactional aspects, each of 
which manages an associated compensating sub-transaction that 
can be triggered to undo the effects of the committed sub-
transaction aspect in case one fails.  

With respect to the coordination protocol, protocol the Com-
positional Consistency Framework uses the NeCoMan [9] proto-
col which is encapsulated as an aspect and woven to provide 
synchronisation between the reconfigured entities.  

Unsynchronised binding of distributed remote aspects. To pre-
vent race conditions in which remote connectors attempt to com-
municate with remote aspects that have previously been removed, 
a ‘before’ advice is woven at join point 3. This detects when a 
‘remove’ command is passed to the Aspect Handler, and in re-
sponse weaves a proxy caretaker aspect this is woven in front of 
proxies for the removed application aspect. Then, when a remote 
client (connector) attempts to invoke this removed aspect, the 
proxy caretaker aspect is invoked instead which redirects and 
informs the remote connector that the referenced aspect has been 
removed. To avoid the connector from invoking the aspect in the 
future, it removes the remote aspect reference from its aspect 
chain when it receives the ‘remove reference’ message. 

Mutual exclusion of Aspect(s) Threat. To ensure that conflicting 
aspects are not composed, the Compositional Consistency 
Framework uses a semantic reasoning and resolution aspect (e.g. 
[17]) and is applied at join points 1 and 4. This aspect holds appli-
cation-specific rules about which mutual exclusive behaviours are 
allowed and not allowed when reconfiguration (both addition and 
removal of aspects) is performed. Using reflection, it identifies 
aspect(s) woven at the join point and determines if adding or re-
moving the aspect will cause any inconsistencies. For detected 
conflicts an exception is raised and the reconfiguration is aborted.  

4.3 Ordering of Threat Aspects 

Although the threats discussed above are essentially orthogonal to 
one another, the order in which the corresponding aspects are 
composed is still important. For example, when the consensus 
aspect is woven at join points 4 and 5, the reconfiguration can 
proceed in either of the following ways: (i) if no threat aspects are 
deployed then the consensus aspect is then woven as a ‘before’ 
advice; or (ii) in the case where the threat 1 aspect has already 
been woven, the consensus aspect is woven as a ‘before’ advice 
with position 2. The decision is determined from priority ordering 
information attached as attributes to the individual aspects. Weav-
ing the reliability aspect first ensures that a reliable consensus 
protocol is selected.  

The order in which aspects woven at the same join point are 
invoked affects the reconfiguration semantics. This is particularly 
true for join points 4 and 5 at which numerous aspects are woven. 
Aspects being executed in the wrong order could lead to situations 
in which a message needing to be processed by a particular aspect 
has already been consumed by another.  
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To guard against such eventualities, the COF mandates a par-
ticular order for the weaving of the threat aspects. These are illu-
strated in Figures 6(a) and 6(b) which respectively illustrate the 
required ordering at join points 4 and 5. 

 
Figure 6(a). List of threat aspects woven at join point 4 

 
Figure 6(b). List of threat aspects woven at join point 5 

5. Evaluation 

We focus on two dimensions of evaluation: (i) the extent to which 
AO-OpenCom/COF achieves our stated goals of configurability 
and transparency; and (ii) the overhead of AO-OpenCom/COF in 
‘typical’ usage scenarios.  

5.1 Configurability  
In Section 4.1 we have already demonstrated the configurability 
of AO-OpenCom/COF in addressing a wide range of consistency 
threats. Our general approach to dealing with such threats—i.e. by 
selectively applying threat aspects to join points in AO-OpenCom 
itself—is inherently highly configurable and can be changed or 
extended simply by applying different threat aspects. However, 
two potential vulnerabilities of our approach might become evi-
dent if new threat aspects are added to the set we have already 
identified: (i) it could become harder to keep track of the threat 
aspect ordering constraints discussed in Section 4.2; and (ii) there 
could be an increased possibility of undesirable interactions be-
tween the behaviour of the different threat aspects. The extent to 
which these vulnerabilities become problematic will become 
clearer with experience. However, we believe that the set of threat 
aspects we have identified is already quite comprehensive, and 
that many cases can be covered with the current set alone. Under-
lying this belief is our experience that most threats seem to reduce 
to a tractable number of common underlying patterns. 

5.2 Transparency 
Turning now to the issue of transparency, AO-OpenCom/COF 
naturally supports a selectively transparent approach. At one ex-
treme, an appropriate set of threat aspects can be pre-configured at 
application start-up time so that the application programmer who 
wishes to initiate a run-time reconfiguration needs only to make 
the appropriate call to Configurator.reconfigure(). This achieves 
complete transparency of consistency-related mechanisms. At the 
other extreme, the programmer can be explicit about which threat 

aspects should be put in place for each reconfiguration. In this 
case, COF will apply the requested threat aspects on-the-fly (if 
they are not already present) before proceeding to perform the 
requested reconfiguration. Note that this extreme is still partially 
transparent as the programmer is protected by the Consistency 
Configurator from the low level details of actually weaving the 
threat aspects.  

To illustrate the partially transparent case consider a reconfi-
guration scenario relating to the case study in Section 2. Assume 
that the application programmer wants to add an MPEG4 video 
codec aspect to all nodes in domains 1 and 2 which already have 
video-codec components with an IMPEG interface. Further as-
sume that domains 1 and 2 offer reliable TCP-based communica-
tions. The programmer would specify the reconfiguration request 
by writing code along the lines of Figure 7 (the code is simplified 
for presentational purposes).  

Note that the required threat aspects are specified as part of 
the aspect specification. In this case no compositional threats are 
applicable, and the protocol message disruptions threat (T1) is not 
applicable either because of the availability of TCP. This leaves 
only the remainder of the ‘system environment’ threats: i.e. 
threats T2-T5. The Configurator.reconfigure() call takes the given 
pointcut and aspect specifications and also specifies that the speci-
fied aspect should be added, that the scope of the reconfiguration 
should be the entire DCF and that the weaving locus should be 
before.  

Pointcut pc = new Pointcut( “domain1* && domain2*”, “video-
codec*”, “IMPEG”,  “video-player*”); 

Aspect aspectVideo = new Aspect(MPEG4VideoCodec, “T2 T3  
T4 T5”);  

Configurator.reconfigure(multimedia_app, pc, add, aspectVideo, 
perDCF, before); 

Figure 7. Reconfiguration specification 

5.3 COF Overhead 
The following experiment was performed on two Core Duo 2, 1.8 
GHZ PCs’ with 2GB RAM running Windows, and using the Java-
based version of AO-OpenCom. Each measurement was repeated 
ten times and mean values taken to discount anomalous results. 
The purpose of the experiment was to evaluate the performance 
overhead of dynamic reconfiguration operations using AO-
OpenCom and COF, We approached this by instrumenting an 
implementation of the application scenario described in Section 
5.2, while using different threat aspect configurations from the 
consistency framework.  

The results are shown in Figure 8 which shows the measured 
overhead of the following 4 cases: (i) reconfiguration without 
COF; (ii) reconfiguration using COF with the system consistency 
framework threat aspects only; (iii) COF with the compositional 
consistency framework threat aspects only; and (iv) COF with 
both the system and compositional consistency framework threat 
aspects.  
We can see a linear increase in overhead when applying COF for 
compositional threat aspect while a non-linear increase of over-
head for System Consistency Threat aspect used as the number of 
reconfigured nodes is increased. This is explained by: 
• the fact that the initiator node is a bottleneck (this could in 

principle be alleviated by configuring AO-OpenCom with 
slave Configurators to increase parallelism); 

• weaving of dependent aspects are treated as sub-transactions 
over a mixed set of nodes. The set of affected nodes having 
dependent causes affected nodes to dependent on each other, 
causing the overhead to be higher. 
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Overall, based on our experiments, we can conclude that the run-
time overhead of COF is acceptable; with each threat aspect capa-
ble of being independently woven each threat aspect can be 
individually deployed based on the required reconfiguration con-
text, thus significantly reducing the overhead compared to all 
threat aspects being deployed. 
 

 
Figure 8. Overhead of reconfiguration using COF in AO-

OpenCom 

6. Related Work 

Few AO middleware platforms have addressed the challenges of 
performing consistent dynamic reconfiguration. DyMac [10], and 
CAM/DAOP [14] are prominent examples of distributed AOP 
platforms that have no support for dynamic reconfiguration. Other 
prominent platforms such as Spring AOP [1] and FAC [13] do 
support reconfiguration, but do not support distribution; these 
systems have not needed to consider strong consistency mechan-
isms as reconfiguration is considerably simpler when confined to 
a single node.  

JAC [12] is an early example of a distributed platform that 
supports dynamic reconfiguration. However, this support involves 
only the reconfiguration of advices at individual join points and 
provides no support for distributed consistency management.  

AWED [3] supports dynamic weaving of aspects using the 
DJAsCo [20] distributed AOP architecture. It supports the weav-
ing of stateful distributed aspects, and through the use of a consis-
tency protocol ensures that whenever an aspect is woven at a 
specific host, mirrors are also woven at other involved hosts. 
However, AWED do not consider any other consistency threats as 
discussed in the our proposed solution.  

ReflexD [18] also supports dynamic weaving/unweaving of 
mirrored aspects, and uses a framework to provide system-wide 
consistency. However, as in AWED ReflexD aspects exist only as 
mirrored aspects although unlike AWED, ReflexD ensures that 
whenever an aspect is changed the corresponding remote copies 
are synchronised. But again, the consistency mechanisms pro-
vided do not generalise to the extent of our proposal. 

Finally, DyReS [19] is an AO middleware framework devel-
oped on top of JBOSS dynamic AOP [4] and Spring AOP [1] that 
provides consistent dynamic reconfiguration in a more sophisti-
cated manner than the systems reviewed above. More specifically, 
DyReS uses a coordination protocol that allows aspects to be dy-
namically added and removed in a consistent manner by achieving 

quiescence. The protocol is based on two synchronisation primi-
tives: wait blocks the ongoing reconfiguration process until it gets 
a notify message from a specified node; and notify sends a syn-
chronisation message to a specified node. Although this approach 
supports a degree of generality (i.e. it is portable over multiple 
underlying platforms), it again does not generalise to a wider set 
of consistency threats. For example, when deployed in a wireless 
network environment there is no way to address the possibility of 
lost or reordered synchronisation messages or other system envi-
roment threats as in our approach. Furthermore, compositional 
threats are not addressed in DyReS. Our approach is more flexi-
ble, allowing different consensus and consistency protocols to be 
chosen based on the required reconfiguration, the current envi-
ronment, and the wide range of threats that are posed.  

7. Conclusion and Future Work 

In this paper we have identified a number of important threats to 
maintaining the consistency of distributed reconfiguration opera-
tions in AO middleware environments. We believe these threats to 
be representative of the type of threats that should be considered 
by all dynamic AOP platforms. More specifically, we have pre-
sented the AO-OpenCom platform which supports the composi-
tion and reconfiguration of distributed aspects, and an associated 
distributed consistency framework called COF that ensures that all 
of the identified threats are handled in a transparent manner. COF 
has the following important benefits. First, it is simple and elegant 
in that it uses aspect composition to deploy these consistency 
mechanisms. Second, it is flexible and configurable in that appro-
priate threat aspects can be dynamically woven and unwoven 
according to the types of threat and environmental conditions 
currently pertaining. Third, it is inherently extensible in that new 
threat aspects can be developed and woven into the system at 
appropriate join points as and when new threats are identified. 
Fourth, it achieves the maintenance of consistency with a reason-
able overhead compared to unsafe reconfiguration. 

There are several research directions that we would like to in-
vestigate in the future. First, we are currently working on perfor-
mance optimisations to reduce reconfiguration overheads through 
the use of multiple (slave) Configurators in cases where a reconfi-
guration needs to be carried out on a large number of nodes. This 
should reduce the overheads identified in Section 5 to something 
closer to constant time. Second, we will investigate the potential 
for embedding our approach in a self-managing, autonomic envi-
ronment. Finally, we plan to integrate our framework with appro-
priate modelling tools which can support the developer in 
designing, evaluating and validating complex aspect reconfigura-
tions before they are deployed into a distributed system.  
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86& 4I$+7"+7& /I-& +$/2(-& *0& %-/I*<& 4$##& 0(*%& .*"+/D/*D.*"+/& /*&
8(*$<4$)/N&5I")& ")&$&<--.&4I$+7-&4*+J-+/"*+$#&*8M-4/D*("-+/-<&)-D
%$+/"4)& "+&PI"4I&%-/I*<&4$##)&$(-&$#P$6)&<"(-4/-<&/*&$& /$(7-/&*8D
M-4/& "+& $& .*"+/D/*D.*"+/& 0$)I"*+& R$/I-(& /I$+& )/$/"4$##6& 8"+<"+7&
%-/I*<)& /*& 4#$))-):& /I-& 0$4-& %-(-#6& "+<"4$/-)& /I$/& /I-& %-/I*<)L&
"%.#-%-+/$/"*+)& I$J-& 8--+& <-%*+)/($/-<& /*& 8-& $J$"#$8#-N& 5I-&
)$%-&0#-S"8"#"/6&4$+&8-&2)-<&/*&*(7$+"^-&)-(J"4-)&"+&$&%$++-(&%$OD
"+7&4#"-+/)&$(-&*8#"J"*2)&/*&/I-"(&)/(24/2(-N&

DBF! E/&0<*76-"14"/'*!$'9-1*G"##*5-6*!"##$"%&#&'(*
!-&P"##&2)-&$&0$%"#6&*0&(-#$/-<&-S$%.#-)&)I*P+&"+&X"72(-&C&/*&

"##2)/($/-&)-J-($#&.*"+/)&(-#$/-<&/*&2)-&*0&)/(24/2($#&$8)/($4/"*+&$+<&
8(*$<4$)/& 0*(& %-/I*<& 4$##N& 5I-& .(*8#-%& 8-"+7& $<<(-))-<& ")&
%*/"J$/-<&86& /I-&4*%%*+#6&)--+&.I-+*%-+*+&*0&%*8"#-&.I*+-)L&
$8"#"/6& /*& *./"*+$##6& <").#$6& $& 4#*4O& *+& /I-& .I*+-L)& P"+<*PN&
Z(-)2%"+7&$&%-/I*<&c<").#$6d&/I$/&$&4#"-+/&4$+&2)-&/*&.2/&/I-&4#*4O&
"+& /I-& <").#$6& Y& *+-& 4$+& $)O& I*P& /*& P("/-& /I-& %-/I*<& 4$##& /I$/&
"+J*O-)& "/N& 5I-& #*P-(& .$(/& *0& X"72(-& C& )I*P)& )24I& $& 4#"-+/N& 5*&
0*42)& *+& )/(24/2($#& $8)/($4/"*+:& P-& "7+*(-& /I-& 7(-6D)I$<-<&
%$/-("$#N&5I-&2..-(&.$(/&*0&X"72(-&C&)I*P)&)-J-($#&.*))"8#-&)-(J-(&
"%.#-%-+/$/"*+)N& ;+& >$B:& c<").#$6d& ")& "%.#-%-+/-<& "+& /I-&P"+<*P&
*8M-4/:&PI"#-&"+&>8B&"/&")&"%.#-%-+/-<&"+&/I-&4#*4ON&;+&/I-&"+/-(-)/&*0&
%$##-$8"#"/6:& P-& P")I& /I-& 4#"-+/& /*& 2)-& -"/I-(& )-(J"4-& )2..#"-(:&
PI-(-&"+&/I")&4$)-&P-&%"7I/&.(-)2%-&/I$/&/I-&c)-(J"4-d&")&#*4$#&$+<&
"+&/I-&4#"-+/)&4#$)).$/IN&5I-&2)-&*0&8*/I&"+/-(0$4-&$+<&0$4-&<-4#$($D
/"*+)& "+& /I-& 4#"-+/& ")& "+/-+<-<& /*& I"7I#"7I/& /I-& 0$4/& /I$/& $& #-7$46&
4#"-+/&%$6&I$J-&-S.-4/-<&/I-&"%.#-%-+/$/"*+&/*&8-&"+&c!"+<*PdN&
5(-$/"+7&"+/-(0$4-)&$)&$&c)27$(d&$##*P)&2)-&*0&/I-&#-7$46&)/6#-N&
5I-&)6+/$S&"+&/I-)-&-S$%.#-)&")&0$%"#"$(&"+&0*(%:&82/&I$)&)28/#6&

<"00-(-+/&%-$+"+7)&0(*%&PI$/&%$6&8-&-S.-4/-<N&X2##&<-)4("./"*+&*0&
/I-&/6.-&%*<-#&)2..*(/"+7&)/(24/2($#&%2)/&8-&#-0/&-#)-PI-(-&T@U:&$)&
"/&P*2#<&4*+)2%-&/I-&).$4-&$##*/%-+/&0*(&/I")&.$.-(N&;+&8("-0:&/I-(-&
")& $& 4#$))"0"4$/"*+& I"-($(4I6& 0*(& *8M-4/)& "+& PI"4I& $& 4#$))"0"-(& 4$+&
I$J-&%*(-&/I$+&*+-&)2.-(D4#$))"0"-(N&1#$))-):&$)&<")/"+4/&0(*%&4#$)D
)"0"-():& <-0"+-& /I-& )/$/-& $+<&%-/I*<& "%.#-%-+/$/"*+)& 0*(& *8M-4/):&
$+<& $(-& $//$4I-<& $)& #-$J-)& /*& /I-& 4#$))"0"4$/"*+& c/(--dN&1#$))"0"-()&

"#$%&'()%!*"#+,-!!.+"/01(2341,)5 )678
'()%!41,)5!.!/%$4,1,&341,)5 )9!"#$ 567!8
41"%#$:%$;03*"#+,- -941,)5 )6
.-<+"/01(23)67!)</%$4,1,&3=67!8

)1(//!*"#+,-
.+"/01(2341,)5 )6
.> ),+%!>8!!8

)1(//!41,)5!.
/%$4,1,&3"#$ 56
.> ),+%!>87!8
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)1(//!41,)5
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$(-&+*/&)/$/"4$##6&/"-<&/*&)-/)&*0&%-/I*<):&PI"4I&$(-&4$##-<&c0$4-)dN&
;+)/-$<:& /I-& <-4#$($/"*+&*0& $& (-0-(-+4-&J$("$8#-& "+<"4$/-)& $& 4#$))"D
0"-(:& $& 0$4-:& $+<&PI-/I-(& /I-& (-0-(-+4-& J$#2-&%$6& 8-& +2##N& ;0& /I-&
(-0-(-+4-&")&+*/&+2##:&/I-&%-/I*<)&"+&/I-&0$4-&$(-&$))2(-<&/*&8-&$4D
4-))"8#-& 86& /I-& <").$/4I-(N& 5I-& )-/& *0& $))2(-<&%-/I*<)& 4$+& 7(*P&
*J-(&/"%-:&$+<&$+6&*+-&<-4#$($/"*+&+--<&%-+/"*+&*+#6&$&)28)-/&*0&
/I-& $))2(-<&%-/I*<)N&5I-&%-/I*<)L& "%.#-%-+/$/"*+)& +--<&+*/& #"-&
"+& /I-&*8M-4/& (-0-(-+4-<&86& /I-& (-0-(-+4-N&5I-6&%$6&8-& "+&$+6&*0&
/I-& (-Q2"(-<& .$($%-/-():& *(& -J-+& )/$/"4$##6& $J$"#$8#-N& 5I-& 4#"-+/&
+--<&+*/&O+*P& /I-& )-(J"4-&.(*J"<-(L)&4#$))&)/(24/2(-&$/&$##:&PI"4I&
4I$($4/-(")/"4& P-& 4$##& #$%/&$/%!4' $8)/($4/"*+N&!-& /(-$/& <-4#$($/"*+&
*0&$+& "+/-(0$4-&$)&$&)6+/$4/"4&)I*(/I$+<&0*(&$& 0$4-& "+&PI"4I&$##&*0&
/I-& %-/I*<)& I$J-& $+& $<<"/"*+$#& .$($%-/-(& P"/I& /I-& $..(*.("$/-&
<-0$2#/-<& 4#$))"0"-(N& 5I-& +-/& -00-4/& *0& /I")& /6.-&%*<-#& ")& /I$/& /I-&
4#"-+/&"+&X"72(-&C&")&/6.-D4*%.$/"8#-&P"/I&$+6&*0&/I-&)-(J-()N&
](*$<4$)/"+7& %-/I*<& 4$##)& "+4(-$)-)& /I-& %$##-$8"#"/6& *0& )*0/D

P$(-&$(/"0$4/)N&;/&4$+&<*&/I")&8-4$2)-&"/&(-.#$4-)&/I-&4*+4-./&*0&$+&
"+/-(0$4-& /I$/& "+<"4$/-)&%-/I*<)&$J$"#$8#-&0(*%&$+&*8M-4/&P"/I&/I-&
4*+4-./&*0&/I-&6!&+&/I$/&"+<"4$/-)&%-/I*<)&$J$"#$8#-&)*%-PI-(-&"+&
/I-& -+J"(*+%-+/N& ;+& /I-&2)2$#&%*<-#:&%-/I*<)& "+& $+& "+/-(0$4-&$(-&
$J$"#$8#-&*+#6&"0&/I-&$))*4"$/-<&(-0-(-+4-&")&+*/&+2##N&H)&P"/I&4*+D
J-+/"*+$#& .*"+/D.*"+/& "+/-(0$4-):& 0*(& 8(*$<4$)/& /I-& %-/I*<)& "+& $&
0$4-& $(-& $#)*& *+#6& $))2(-<& /*& 8-& $J$"#$8#-& "0& /I-& $))*4"$/-<& (-0-(D
-+4-&")&+*/&+2##N&
;+/-(0$4-)& $(-& Q2"/-& 2)-02#& $)& J-I"4#-)& 0*(& #$8-#"+7& /I-& O+*P+&

4*+/-+/)&*0&*8M-4/)&$)&/I-6&4*%-&0(*%&/I-"(&"%.#-%-+/-(N&]2/&0(*%&
/I-&.*"+/D*0DJ"-P&*0&$&02+4/"*+L)&4*+)2%-(:&PI$/&")&*0&"+/-(-)/&$(-&
/I-& 8-I$J"*()& /I-%)-#J-):& +*/&PI"4I& 8-I$J"*(& ")& "%.#-%-+/-<& 86&
PI"4I&*8M-4/N&3*&/I-&c0$4-d&4*+4-./&/I$/&(-.#$4-)&"/&"<-+/"0"-)&$&)-/&
*0&%-/I*<)& *+& $& J$("-/6& *0& *8M-4/)& /I$/&%2)/& 8-& $J$"#$8#-& "+& /I-&
4*%.2/"+7& -+J"(*+%-+/& Y& "+& /I-& c4#*2<d:& )*& /*& ).-$ON&H&%-/I*<&
4$##&")&+*/&<"(-4/-<&/*&$+&*8M-4/:&82/&")&8(*$<4$)/&/I(*27I&/I-&4#*2<&
/*& $+& "%.#-%-+/$/"*+N& 5I-& "%.#-%-+/$/"*+& I$)& 8--+& .(*J-+:&
/I(*27I& /I-& /6.-& )6)/-%L)& "+/-($4/"*+& P"/I& /I-& <").$/4I-(:& /*& 8-&
$J$"#$8#-&)*%-PI-(-N&5I-&<"00-(-+4-&")&"##2)/($/-<&"+&/I-&/($+)"/"*+&
0(*%&X"72(-&C$&/*&X"72(-&C8N&!I-+&4*++-4/-<&/*&/I-&'*%-3-(J-(&
>$B:&c<").#$6d&I$)&$+&"%.#-%-+/$/"*+&"+&/I-&!"+<*P:&$)&/I-&4#"-+/&
)--%)&/*&-S.-4/N&]2/&/I-&4#"-+/&4$+&-Q2$##6&2)-&/I-&!*(O3-(J-(&>8BN&
5I-&4#"-+/L)&2)-&*0&$&c/$(7-/d&"+&/I-&4$##:&$)&"+&/I-&-S$%.#-L)&4$##&/*&
cPN<").#$6>4Bd&<*-)&+*/&"%.#6&/I$/&/I-&%-))$7-&")&<-#"J-(-<&/*&/I-&
/$(7-/N& ;+& /I-&-S$%.#-:& )"+4-&8*/I&P"+<*P&$+<&4#*4O&$(-& (-Q2"(-<&
>"N-N&%$6&+*/&8-&+2##B:&"/&%$6&#"-&"+&-"/I-(N&5I-&$4/2$#&/$(7-/&*0&/I-&
4$##&")&+*/&<-0"+-<&86&/I-&#$+72$7-&82/&86&$+&-S/-+<-<&<").$/4I-(:&
/I-&)-(J"4-D(-Q2-)/&8(*O-(:&PI"4I&0"+<)&/I-&/$(7-/L)&)-(J"4-&$)&P-##&
$)& /I-& 4#$))& "%.#-%-+/"+7& /I-& %-/I*<:& $)& <-)4("8-<& "+& /I-& +-S/&
)-4/"*+N&

DBL! E/&0<*76-"14"/'*!$'9-1*G"##*5-6*+%#&,&-./0$//**
](*$<4$)/"+7& %-/I*<& 4$##)& 4*%8"+-)& )/(24/2($#& $8)/($4/"*+L)&

*8#"J"*2)+-))& /*& *8M-4/& )/(24/2(-& P"/I& $).-4/D*("-+/-<& )*0/P$(-L)&
*8#"J"*2)+-))& /*& )-(J"4-& )/(24/2(-N& ,*"+7& )*& "+4(-$)-)& /I-&%$##-D
$8"#"/6&*0&)*0/P$(-&$(/"0$4/)&02(/I-(&$8*J-&-"/I-(&)/(24/2($#&$8)/($4D
/"*+& *(& )-(J"4-D*("-+/-<& $..(*$4I-)N& 5I-& )-(J"4-& (-Q2-)/& 8(*O-(&
/($4O)&/I-&$J$"#$8"#"/6&*0&)-(J"4-)&$+<&(*2/-)&4$##-<&%-/I*<)&/*&/I-&
$..(*.("$/-& *8M-4/& "+& /I-&$..(*.("$/-& )-(J"4-:& 0(--"+7&4#"-+/)& 0(*%&
/I-&O+*P#-<7-&*0&/I-&*8M-4/&*(&)-(J"4-&/I$/&"%.#-%-+/)&/I-%N&5I-&
7(-6D)I$<-<&%$/-("$#& "+&X"72(-& C& 0*42)-)& *2(& $//-+/"*+& *+& *8#"J"D
*2)+-))& /*& )-(J"4-& )/(24/2(-N&5I-& )-(J"4-)& 4$+&8-& #*4$#& /*& /I-& 4#"D
-+/L)& 4#$)).$/I:& *(& <")/("82/-<& -#)-PI-(-N& 5I-& 0"72(-& "##2)/($/-)& $&
4*%.*)"/"*+&*0&/P*&)-(J"4-)&>4B&/I$/&)2..#"-)&/I-&)$%-&+--<)&$)&<"<&
>$B&*(&>8B&$)&)"+7#-&)-(J"4-)N&;/&)I*P)&$&)"/2$/"*+&"+&PI"4I&/I-&<")D
.#$6-<& 4#*4O& I$)& )-//$8#-& )/$/-& "+0*(%$/"*+& /*& 4*+/(*#& "/)& 4*#*(:&
%$<-&$J$"#$8#-&$)&$&c)-/1*#*(d&%-/I*<N&&
5*&4*%.#-/-#6&)-.$($/-&4#"-+/&0(*%&/I-&"%.#-%-+/$/"*+L)&)/(24D

/2(-:&P-&<*&+*/&$##*P&$&4#"-+/&/*&+$%-&4#$))-)&>"%.#-%-+/$/"*+)B&$/&
$##N&5I")&4$(("-)&/I-&2)-&*0&"+/-(0$4-)&0*(&4I$($4/-("^"+7&*8M-4/&/6.-)&

/*&$+&-S/(-%-N&e+#-))&-%.#*6"+7&$&0$4/*(6&.$//-(+:&/I-&%*)/&4*%D
%*+&.($4/"4-&/*<$6&")&0*(&$&<-J-#*.-(&/*&"+)/$+/"$/-&$&4#$))&PI*)-&
4I$($4/-(")/"4)&$(-&O+*P+&/*&%--/&/I-&02+4/"*+$#&+--<):&($/I-(&/I$+&
/*&#-$J-&/I$/&)-#-4/"*+&/*&8-&%$<-&$/&(2+D/"%-N&5I"):&$7$"+:&"%.#"-)&
O+*P#-<7-& *0& /I-& 4#$))& )/(24/2(-& *0& /I-& $+/"4".$/-<& .(*J"<-(& *0&
)-(J"4-)N&5*&4*%.#-/-#6&<-4*2.#-&/I-&4#"-+/&0(*%&/I-&)-(J"4-&)/(24D
/2(-:& P-& "+)/-$<& )"%.#6& ).-4"06& /I-& 4#$))"0"4$/"*+& >I*P& /I-& 4#$))&
%2)/&(-#$/-&/*&"/)&)284#$))-)B&$+<&/I-&0$4-&>PI"4I&%-/I*<)&/I$/&$(-&
+--<-<BN& ;+&)*%-&4$)-):& /I-&.(*J"<-<&)-/&*0&%-/I*<)&%$6&+--<&/*&
(-)2#/& 0(*%& /I-& 4*%.*)"/"*+& *0& )-J-($#& $J$"#$8#-& )-(J"4-):& 4$(("-<&
*2/&8-I"+<D/I-D)4-+-)&0(*%&/I-&4#"-+/&/I$/&4(-$/-)&/I-&*8M-4/N&
;+& 8-//-(& )-.$($/"+7& 4#"-+/& 0(*%&*8M-4/& )/(24/2(-:& /I-&8(*$<4$)/&

%*<-#L)& 6!&+& $#)*& 8-//-(& )-.$($/-)& 4#"-+/)& 0(*%& )-(J"4-& )/(24/2(-N&
5I-&0$4/&/I$/&)-(J"4-&8*2+<$("-)&$(-&/($+).$(-+/&$##*P)&/I-&)-(J"4-&
%*<-#&/*&8-&2)-<&$/&0"+-&7($+2#$("/6N&!I"#-&P-&P$+/&/*&$##*P&)-(D
J"4-)& /*& 8-& <")/("82/-<& $+<&%*8"#-:& & 0*(& )-(J"4-)& /*& 8-& 4*%.*)-<&
#*4$##6:&P"/I"+&$&)"+7#-&.(*4-)):&$+<&"/&")&"%.*(/$+/&/I$/&$&/P*D#-J-#&
<").$/4I& 8-& $J*"<-<N& 5I-& 4#"-+/& <*-)& +*/& /$(7-/& /I-& %-/I*<& /*& $&
).-4"0"4& )-(J"4-&.(*J"<-(:&82/&$##*P)& /I-&)-(J"4-D(-Q2-)/&8(*O-(& /*&
0"+<& $+<& <"(-4/& /I-& 4$##& $..(*.("$/-#6N& ;0& P-& "+4#2<-& /I-& 7(-6D
)I$<-<& %$/-("$#& "+& -S$%"+"+7& X"72(-& C:& P-& +*/-& /I$/& PI-+& )2.D
.*(/-<&86&/I-&4*%.*)"/-&)-(J-(&>'$#03-(J-(C&$+<&'$#03-(J-(9B:&/I-&
4#"-+/L)& $..$(-+/& 4$##& /*& $& /I-& c<").#$6d& %-/I*<& "+& !"+<*P)& ")&
$4/2$##6& "%.#-%-+/-<& "+& '$#03-(J-(CL)& 1#*4O:& PI"#-& /I-& 4$##& /*&
)-/1*#*(:& %$<-& P"/I& +*& ).-4"0"-<& /$(7-/& ")& "%.#-%-+/-<& "+& '$#0D
3-(J-(9L)&1#*4ON&&

FB! 76-"14"/'*8$6,&4$*!-1$#*G9"##$0<$/*
!-&4$+&0*(-)--&)-J-($#&4I$##-+7-)&"+&/(6"+7&/*&%*J-&0(*%&/I-&42(D
(-+/& /$(7-/D<"(-4/-<&%*<-#)& 0*(& *8M-4/)& *(& )-(J"4-)& /*& /I-& O"+<& *0&
8(*$<4$)/& )-(J"4-& %*<-#& /I$/& P*2#<& .(*J"<-& /I-& $<J$+/$7-)& <-D
)4("8-<:& "+4#2<"+7V& 4*%.$/"8"#"/6:& )/$/-&%$"+/-+$+4-:& )-(J"4-& J")"D
8"#"/6&%$+$7-%-+/:&7-+-($#&)-(J"4-&%$+$7-%-+/:&$+<&4*%%"/%-+/&
)$/")0$4/"*+&/($4O"+7N&&

FBA! G-:3"'&%&#&'(*
H+6& )I"0/& "+& .(*7($%%"+7& .$($<"7%&P"##& 0$"#& "0& "/& 4$+& +*/& $4D

4*%%*<$/-&.(-J"*2)#6DP("//-+&)*0/P$(-N&\J-+& /I-&)244-))02#&)I"0/&
0(*%&.(*4-<2($#& /*& *8M-4/D*("-+/-<&P$)& -+$8#-<& 86& 0$4/& /I$/&1??&
86&<-0"+"/"*+& "+4#2<-<&$##&*0&1:&$+<& /I-&*+7*"+7& /($+)"/"*+& /*&)-(D
J"4-D*("-+/-<& $(4I"/-4/2(-)& ")& 0$4"#"/$/-<& 86& /(-$/"+7& )-(J"4-)& $)&
*8M-4/)&P"/I"+& /I-&*8M-4/D*("-+/-<&.$($<"7%N& ;/& ")& /I-(-0*(-&+*&$4D
4"<-+/&/I$/&/I-&8(*$<4$)/&)-(J"4-&%*<-#&0*(&%-/I*<&4$##&4$+&"+4#2<-&
/I-&4*+J-+/"*+$#&*8M-4/D*("-+/-<&%*<-#&$)&$&)6+/$4/"4&$+<&)-%$+/"4&
)28)-/:&/I*27I&"/&")&4I$##-+7"+7&/*&<*&)*&PI-+&-#"%"+$/"+7&/I-&4*+D
4-./&*0&/$(7-/N&H)&)O-/4I-<&"+&3-4/"*+9N@:&"/&.(-)-(J-)&/I-&4*+4-./)&
*0& $& /6.-& I"-($(4I6& *0& 4#$))-)& >4#$))"0"-()B:& *0& /I-& $))*4"$/"*+& 8-D
/P--+&4#$))"0"-()&$+<&)-/)&*0&%-/I*<):&$+<&*0&/I-&0$4/&/I$/&+*+D+2##&
(-0-(-+4-)&$(-&(-Q2"(-<&/*&$))2(-&/I-&)$0-/6&*0&%-/I*<&4$##)N&]2/&"/&
.-(%"/)& .$($%-/-()& /*& 8-& (-*(<-(-<& $+<& <*-)& +*/& (-Q2"(-& /I-&
%-/I*<& "%.#-%-+/$/"*+& /*& (-)"<-& "+& /I-& /$(7-/& *0& /I-&%-/I*<& 4$##&
%$<-& 86& /I-& 4#"-+/N& \S")/"+7& 4#$))& "%.#-%-+/$/"*+)& $##& 02+4/"*+&
.(*.-(#6& PI-+& "+/-(.(-/-<& $)& 8(*$<4$)/& %-/I*<& 4$##)& ($/I-(& /I$+&
.*"+/D/*D.*"+/&4$##)N&&

FBD! 8'"'$*!"&0'$0"04$*
[$+6& *8M-4/D*("-+/-<& )6)/-%)&%$"+/$"+& 4*+)")/-+46& 2)"+7& /I-&

)"%.#-&.(-%")-&/I$/&$+&*8M-4/&I*#<)&$##&"/)&)/$/-&$+<&)--)&$##&*0&/I-&
%-/I*<& 4$##)& /I$/& %$O-& 4I$+7-)& /*& /I-& )/$/-N& !I"#-& )"%.#-:& /I-&
.(-%")-&")&$#)*&0(-Q2-+/#6&"+J$#"<&"+&"/)&*J-(D)"%.#")/"4&J"-P&*0&/I-&
+$/2(-& *0& )/$/-N& X*(& -S$%.#-:& *8M-4/)& %$6& "+<"(-4/#6& $44-))& $+<&
(-/2(+&)/$/-&%$"+/$"+-<&"+&*/I-(&*8M-4/):&"+&PI"4I&4$)-&/I-6&P"##&+*/&
)--&PI-+&/I-&J$#2-&4I$+7-)&86&$&4$##&*+&/I-&*/I-(&*8M-4/N&;+&0$4/:&$)&
<")42))-<& "+& T_U:& /I-& "<-$& /I$/& $+& *8M-4/& I$)& $+& *8M-4/"J-#6D
<-0"+$8#-& )/$/-& ")& "/)-#0& #"%"/"+7N&e)"+7& $+& *8M-4/L)& "<-+/"/6:& */I-(&
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*8M-4/)&%$6&%$"+/$"+&$<<"/"*+$#&<$/$:&PI-/I-(&"+&I$)ID/$8#-)&*(&"+&
$).-4/)&/*&PI"4I&$+&$..#"4$/"*+&")&*8#"J"*2)N&&
[*)/& *8M-4/&%*<-#)& (-#6& *+& /I-& "<-$& /I$/& ).-4"0"4$/"*+)& $8*2/&

%-/I*<&<-.-+<-+4-& +--<& +*/& 8-& "+4#2<-<& "+& $& 4#$))& ).-4"0"4$/"*+&
8-4$2)-&/I-&*8M-4/&")&72$($+/--<&/*&I$J-&c)--+d&$##&%-/I*<)&4$##-<&
*+&"/&)"+4-&"/)&4(-$/"*+:&"+&/I-&*(<-(&/I-6&$(-&4$##-<N&&'*P-J-(:&4*+D
42((-+/& 4$##& $+<& <6+$%"4& $//$4I%-+/& *0& *8#"J"*2)& $).-4/)& J"*#$/-&
/I")& .("+4".#-N& K+& *+-& I$+<:& $& <6+$%"4$##6& $//$4I-<& $).-4/& <*-)&
+*/& c)--d&%-/I*<)& 4$##-<& .("*(& /*& "/)& $//$4I%-+/N& ]2/& *+& $+*/I-(&
I$+<:&$+&*8M-4/L)&)/$/-&")&+*/&$+&*.$Q2-&/*/$#"/6:&82/&")&/I-&.(*<24/&
*0&)/$/-&4*+/("82/"*+)&%$<-&86&/I-&"+<-.-+<-+/&$).-4/)N&&
]-4$2)-&$+&*8M-4/L)&)/$/-&4$+&8-&<")/("82/-<&$%*+7&)-J-($#&)-(D

J"4-):& $& )-(J"4-& /I$/& 8-4*%-)& +-P#6& $J$"#$8#-& %$6& +*/& I$J-& $+&
$442($/-&."4/2(-&*0&/I-&*8M-4/L)&)/$/-&P"/I&(-).-4/&/*&$&4#"-+/L)&.("*(&
4$##)&P"/I"+&$&/($+)$4/"*+N&5*&.(-J-+/&"+$..(*.("$/-&$4/"*+:&<-)4(".D
/"*+)& *0& /I-& 0$4-)& .(*J"<-<& 86& )-(J"4-)&%2)/& "+4#2<-& <-4#$($/"*+)&
/I$/& "<-+/"06&<-.-+<-+4"-)&8-/P--+&%-/I*<&4$##)N&324I&<-.-+<-+D
4"-)& $(-& 7-+-("4$##6& 4$##-<& &:-%+-0%!*:):& $+<& $(-& (-4*7+"^-<& $)&
"%.*(/$+/& 0*(& )-(J"4-& 4*%.*)"/"*+TCGUN& ;+& 1*+/"+22%TC_U:& /I-)-&
4*+)/($"+/)&$(-&-S.(-))-<&86&"+<"4$/"+7&/I$/&$&.$(/"42#$(&%-/I*<&")&
$J$"#$8#-& *+#6& "0& $##& .("*(& 4$##)& /*& ).-4"0"-<& */I-(& %-/I*<)& I$J-&
8--+&)--+&86&/I-&)$%-&)-(J"4-N&&

FBF! 8$6,&4$*!"0"<$:$0'*
Z(*/*4*#& 4*+)/($"+/)& %$O-& "/& .*))"8#-& /*& <-/-(%"+-& /I$/& )*%-&

)-(J"4-)& )I*2#<& +*/& 8-& J")"8#-& /*& 4-(/$"+& 4#"-+/):& 82/& /I-(-& 4$+& 8-&
*/I-(& (-$)*+):& #"O-& 4*)/:& )-(J"4-D#-J-#):& *(& 82)"+-))& $(($+7-%-+/)&
/I$/&.#$6&$)&P-##N&&12((-+/&)-(J"4-D*("-+/-<&)6)/-%)&7-+-($##6&%$+D
$7-& J")"8"#"/6& "+& $& ($/I-(& )/$/"4& 0$)I"*+& "+&PI"4I& 4#"-+/)& "+"/"$/-& $&
)-(J"4-D0"+<"+7& *.-($/"*+& $+<& /I-+& $44-))& /I-& 0*2+<& )-(J"4-&
/I(*27I&$&.(*S6N&]2/&/I")&$..(*$4I&*+#6&P*(O)&8-4$2)-&/I-&4#"-+/)&
$(-& <-.-+<-+/& *+& /I-& )/(24/2(-& *0& /I-& )-(J"4-):& $+<&P*2#<& "+I"8"/&
/I-&O"+<&*0&0#-S"8"#"/6&"%.#"-<&86&/I-&7(-6D)I$<-<&%$/-("$#&"+&X"7D
2(-&CN&5*&0(--&4#"-+/)&0(*%&/I")&4*+4-(+:&/I-&%$/4I"+7&*0&4#"-+/)&/*&
)-(J"4-)& ")& .-(0*(%-<& 86& /I-& )-(J"4-& 8(*O-(:& PI"4I& 4$+& .-(0*(%&
+-4-))$(6& 8**OO--."+7&P"/I& (-).-4/& /*& /I-& /($+)$4/"*+:& "<-+/"0"-<&
*+&-$4I&4$##N&
]2/& /I")&<*-)&+*/&)-(J-&/I-&+--<)&*0&<6+$%"4:&%*8"#-&-+J"(*+D

%-+/)&P-##N&;0&$&)-(J"4-&8-"+7&2)-<&%*J-)&*2/&*0&($+7-:&$+&$#/-(+$D
/"J-&*+-&J")"8#-&0*(&/I-&4#"-+/&+--<)&/*&8-&2)-<&"+)/-$<N&5I-&)-(J"4-&
(-Q2-)/& 8(*O-(& ")& (-).*+)"8#-& 0*(& (-4-"J"+7& 4*%%2+"4$/"*+& 0(*%&
)-(J"4-)& M*"+"+7& /I-&82):&$+<&0*(&%$+$7"+7& /I-"(&-S"/N& ;+&$<<"/"*+:&
/I-&)-(J"4-&8(*O-(&%2)/&(-4*7+"^-&/I$/&)*%-&)-(J"4-)&I$J-&$&%2/2$#&
$P$(-+-))&Y&/I-6&%$6&8-&)28)/"/2/$8#-:&$)&P*2#<&8-&/I-&#*4$#&-+/(6&
.*(/)& 0*(&4*%%-(4"$#&-+/-(.(")-):&*(& /I-6&%$6&8-& "+4*%.$/"8#-&*(&
I$J-&*/I-(&4*+/($4/2$#&(-#$/"*+)I".)&
;+& $<<"/"*+:& /I-& )-(J"4-& (-Q2-)/& 8(*O-(& %$6& .-(0*(%& !(9:-&&

4*%.*)"/"*+& *0& )-(J"4-)& +--<-<& /*& )$/")06& $& 4#"-+/N& ;0& $& 4#"-+/& -SD
.-4/)& $& 0$4-& .(*J"<"+7& )-(J"4-)& 0*(& %$+$7"+7& 8*/I& $"(& $+<& I*/-#&
8**O"+7)& $+<& /I-& $J$"#$8#-& )-(J"4-)&.(*J"<-&*+-&*(& /I-&*/I-(:& /I-&
8(*O-(& 4$+& 4*%.*)-& /I-& )-(J"4-)& "+/*&$& #$(7-(& )/(24/2(-& $2/*%$/"D
4$##6:& ($/I-(& /I$+& (-Q2"("+7& /I$/& /I-& $77(-7$/-<& )-(J"4-& 8-& "%.#-D
%-+/-<& .$(/"42#$(#6& /*& .-(0*(%&8*/I& 02+4/"*+)& *(& 4**(<"+$/-& 8*/I&
)-(J"4-)N&
!I"#-&/*<$6L)&)-(J"4-D8(*O-()&4*2#<&8-&"%$7"+-<&/*&.(*J"<-&$+&

$..(*.("$/-&.#$4-&0*(&%$+$7"+7&/I-)-&02+4/"*+):&/I-&0$4/&/I$/&4#"-+/)&
%2)/&).-4"0"4$##6&(-4*7+"^-&<")/"+4/&)-(J"4-)&$)&*8M-4/)&$)&<")42))-<&
"+&3-4/"*+&9N9&%$O-)&-S/-+<"+7&/I-"(&4$.$8"#"/"-)&4$2)-&4I$+7-)&/*&
/I-&4#"-+/)N&'*P-J-(:&2)-&*0&$&8(*$<4$)/&)-(J"4-&$(4I"/-4/2(-&$##*P)&
/I-& 4$.$8"#"/"-)& /*& 8-& .(*J"<-<& /*& 4#"-+/)& /($+).$(-+/#6:& P"/I*2/&
<")(2./"+7&/I-"(&*.-($/"*+N&

FBL! 8'"'&4*M6"4N&0<*-5*G-::&':$0'*8"'&/5"4'&-0*
5I-(-& ")& $& /($<"/"*+$#& 72#0& 8-/P--+& *8M-4/D*("-+/-<& .(*7($%D

%"+7& #$+72$7-)& $+<& P*(OD0#*P& $(4I"/-4/2(-)N& ;+& *8M-4/D*("-+/-<&

#$+72$7-):& /I-&4#"-+/&<-/-(%"+-)&/I-&/$(7-/&*0&$&4$##:&$+<&P$"/)&0*(&
"/)&4*%.#-/"*+N&5I")&")&$&.*P-(02#&"+I"8"/*(&/*&7(-$/-(&2)-&*0&.$($#D
#-#")%N& ;+& P*(OD0#*P& $(4I"/-4/2(-)& *+& /I-& */I-(& I$+<:& /I-& )-+<-(&
<*-)&+*/&P$"/&0*(&"/)&4*%.#-/"*+&82/&/$(7-/&*0&/I-&%-))$7-&")&).-4"D
0"-<& 86& /I-& 0#*PD<-)"7+-(N& 5I")& .(*J"<-)& %$+6& *..*(/2+"/"-)& 0*(&
.$($##-#")%:& 82/& /I-& 2)-& *0& /P*& $(4I"/-4/2($##6& <").$($/-& -#-%-+/)&
)--%)&/**&42%8-()*%-&0*(&2)-&"+&$#7*("/I%&<-)4("./"*+N&5I")&%$6&
8-& /I-&(-$)*+& /I-&4*%8"+$/"*+&I$)&+*/&8--+&$<*./-<&$)&$&4*+J-+D
/"*+$#& .(*7($%%"+7& #$+72$7-N&5I-&8(*$<4$)/& )-(J"4-&%*<-#L)& 2)-&
*0& $& )-(J"4-& (-Q2-)/& 8(*O-(&.(*J"<-)& $& +*J-#&P$6& /*& "+/-7($/-& /I-&
4*+4-(+)&*0&.(*7($%%"+7&#$+72$7-&$+<&P*(OD0#*P&$(4I"/-4/2(-N&
5*& -S.#*"/& /I")& 4$.$8"#"/6:& /P*& $<<"/"*+)& $(-&%$<-& /*& 4*+J-+D

/"*+$#& .(*7($%%"+7& #$+72$7-& 4*+)/(24/)V& CB& /I-& %-/I*<& 4$##& $+<&
%-))$7-&)-+<&4*+)/(24/)&$(-&2+"0"-<:&$+<&9B&/I-&4*+4-./&*0&$&)/$/"D
4$##6&<-4#$(-<&c4*%%"/%-+/&/*&4$##d&")&"+/(*<24-<N&H&%-/I*<&%$6&
8-&<-4#$(-<&/*&72$($+/--&/I-&02/2(-&4$##&*0&$+*/I-(&%-/I*<:&$)&"##2)D
/($/-<&P"/I&/I-&c!"#$!d&O-6P*(<&"+&/I-&%&'"&<-0"+"/"*+V&
&%&'"()(*+,-$(%./0(&1(2(34(!"#$!(%5/0(&4467(
5I")& <-4#$($/"*+& <-0"+-)& $& 0$4-:&g:& /I$/& <-4#$(-)& )2..*(/& 0*(& $&

%-/I*<&0C&*0& /P*&.$($%-/-()N&[-/I*<&0C&4*%%"/)& /*&/I-&-J-+/2$#&
4$##"+7&*(&)-+<"+7&*0&$+*/I-(&%-/I*<:&0@:&2)"+7&/I-&J$#2-&.(*J"<-<&
86&0CL)&0"()/&.$($%-/-(N&
e+#"O-&4*+J-+/"*+$#&4$##L)&)-%$+/"4):&/I-&)/$/"4&4*%%"/%-+/&/*&

-J-+/2$##6&4$##&0@&+--<&+*/&8-&)$/")0"-<&8-0*(-&/I-&%-/I*<&4$((6"+7&
/I-&<-4#$($/"*+&(-/2(+):&82/&%2)/&8-&)$/")0"-<&86&/I-&-+<&*0&/I-&*2/D
-(%*)/&/($+)$4/"*+&"+&PI"4I&/I-&4*%%"/%-+/&")&(-Q2"(-<N&5I2):&/I-&
4*%%"/%-+/&4$+&8-&)$/")0"-<&86&/I-&%-/I*<&"/)-#0&<2("+7&"/)&-S-42D
/"*+& *(& 86& /I-& -S-42/"*+& *0& %-/I*<)& "/& 4$##):& *(& 86& $& %-/I*<& /*&
PI"4I&$&%-))$7-&")&)-+/:&.-(I$.)&%24I&#$/-(&/I$+&/I-&4#"-+/L)&4*%D
.#-/"*+N&
H&%-/I*<L)&<-4#$($/"*+&%$6& "+4#2<-&$& #")/&*0& )24I&)/$/"4&4*%D

%"/%-+/)N&5I-&%-/I*<&<-4#$($/"*+&4$+&*+#6&8-&)$/")0"-<&86&$+&"%D
.#-%-+/$/"*+& /I$/& "/)-#0& <-4#$(-)& /I-& )$/")0$4/"*+& *0& /I-& 4*%%"/D
%-+/N&5*&-+0*(4-& /I-&8-I$J"*(:& /I-&4*%%"/%-+/&%2)/&8-&)$/")0"-<&
*+&$##&.$/I)&0(*%&/I-&-+/(6&*0&/I-&%-/I*<:&-"/I-(&<"(-4/#6:&*(&86&&!44&
*(&86&#+.(N&
Z(-)2%"+7&/I"):&$+*/I-(&%-/I*<:&09:&PI"4I&")&$#)*&4*%%"//-<&/*&

)-+<&0@&4$+&8-&"%.#-%-+/-<&$)V&

+,-$(%8/0(94(!"#$!/%5/0(944(*(
::(,;<"=(',>?9;&;-,#(
!"#$(%./(91(#"@(2/4(46(((((7(

5I")& "%.#-%-+/$/"*+& ")& J$#"<& 8-4$2)-& 09& )-+<)& 0C& PI"4I& ")&
4*%%"//-<&/*&)-+<&0@:&/I2)&)$/")06"+7&09L)&4*%%"/%-+/N&]2/&"0&4$##)&
/*&09&$(-&%$<-&"+&$&#**.:&*+#6&/I-&c*/I-(&4*%.2/$/"*+d&")&)-("$#"^-<&
"+& /I-& #**.N& 5I-& -S-42/"*+& *0& /I-& (-)2#/"+7& 0CL)& 4$+& $##& *442(& "+&
.$($##-#&P"/I&/I-&#**.L)&-S-42/"*+N&
H)&<-)4("8-<& "+& TGU:& <6+$%"4& 0$"#2(-& /*& )$/")06& $& 4*%%"/%-+/:&

PI-/I-(&86& /I(*P+&-S4-./"*+&*(&86& (-<24/"*+& "+& (-)*2(4-)&4$+&8-&
I$+<#-<&#*4$##6:&*(&"/&4$2)-)&/I-&/($+)$4/"*+&/*&$8*(/N&&
!I-(-&$..(*.("$/-:&/I-&2)-&*0&)/$/"4&4*%%"/%-+/)&$#)*&-+$8#-)&

$&&!44&/I$/&P*2#<&*442(&"+)"<-&$&#**.&/*&8-&/($+)0*(%-<&"+/*&$&#+.(N&
5I-& )-(J"4-& (-Q2-)/&8(*O-(& 4$+&-+$8#-& /I-)-&$4/"J"/"-)& /*&*442(& "+&
.$($##-#N& ]-4$2)-& /I-& 4*%%"//-<& $4/"*+& ")& +*/& 72$($+/--<& /*& /$O-&
.#$4-&"%%-<"$/-#6:&/I-&*("7"+$#&4$##-(&4$+&-%.#*6&/I")&%-4I$+")%&
*+#6&"0&02(/I-(&4*%.2/$/"*+&"+&/I$/&4$##-(&<*-)&+*/&+--<&/*&2)-&/I-&
(-)2#/)N& '*P-J-(:& "/& ")& .*))"8#-& /*& <-0"+-& 4*%%"/%-+/)& "+& $& P$6&
/I$/&-+$8#-)&)28)-Q2-+/&7$/I-("+7&$+<&.(*4-))"+7&*0&/I-&(-)2#/)N&
5I")&$#/-(+$/"J-&J"-P&*0&4*%.2/$/"*+&")&%$<-&.*))"8#-&8-4$2)-&

2+#"O-& $& 4*+J-+/"*+$#& /$(7-/D<"(-4/-<& 4$##:& /I-& 2)-& *0& $& 8(*$<4$)/&
%*<-#&$##*P)& /I-& (-Q2-)/&8(*O-(& /*&$4/& "+&$&)/*(-D$+<D0*(P$(<&4$D
.$4"/6& 0*(& .$($##-#& %-))$7"+7& "+& $<<"/"*+& /*& /I-& "%%-<"$/-D
"+J*4$/"*+D$+<D(-/2(+&4$.$4"/6&0*(&4*+J-+/"*+$#&<").$/4I-()N&
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LB! 76-"14"/'*8$6,&4$*!-1$#*21,"0'"<$/*
5I-& 8(*$<4$)/&%*<-#& -+I$+4-)&%$##-$8"#"/6& 86& 4I$+7"+7& /I-& .(*D
7($%%"+7&#$+72$7-&%*<-#& /*&-%.#*6&8(*$<4$)/&($/I-(&/I$+&.*"+/D
/*D.*"+/&)-%$+/"4)&0*(&"/)&4$##&$+<&/*&%$O-&4#"-+/)&*8#"J"*2)&/*&/I-&
)/(24/2(-&*0&)-(J"4-)N&;+&<*"+7&)*:&"/&-#"%"+$/-)&/I-&+--<&0*(&$&)6+D
/$4/"4$##6& ).-4"$#& /$(7-/& *8M-4/& *+& 4$##N&5I")& ")& .-(I$.)& 0*(/2"/*2):&
8-4$2)-& "+)/-$<& *0& .$))"+7& $+& "%.#"4"/& /$(7-/:& /I-& #$+72$7-& 4$+&
"+)/-$<&(-0#-4/&/I-&4*+42((-+/&)/(24/2(-&*0&/I-&)*0/P$(-&86&.$))"+7&$&
/($+)$4/"*+$#& 4*+/-S/& 0*(& 8*2+<"+7& /I-& $4/"*+& /*&8-& /$O-+&*+& 0$"#D
2(-NN&5I-&0$"#2(-&(-4*J-(6&.*"+/)&%2)/&8-&"+<"4$/-<&<"(-4/#6&P"/I"+&
/I-& 4*<-& /I$/& -+7-+<-()& .*))"8#-& 0$"#2(-)& /*& .-(%"/& 2)& /*& P("/-&
)*0/P$(-&P"/I&%*(-&#$/-+/&4*+42((-+46&/I$+&.(-)-+/N&

LBA! @09"04$1*!"##$"%&#&'(*
5I-&"+4(-$)-<&)*0/P$(-&%$##-$8"#"/6&%$<-&.*))"8#-&86&4I$+7"+7&

/I-& .(*7($%%"+7& %*<-#& 0(*%& /I-& .*"+/D/*D.*"+/& %*<-#& 2)-<& 86&
8*/I& 4#$))"4$#& *8M-4/D*("-+/-<& .(*7($%%"+7& $+<& .*.2#$(& )-(J"4-D
*("-+/-<& $(4I"/-4/2(-)& /*& /I-& 8(*$<4$)/& %*<-#& .(*J"<-)& )-J-($#&
%$##-$8"#"/6&$<J$+/$7-)V&
O6$"'$6* '-#$6"04$* 5-6* 1&55$6$0'* &:3#$:$0'"'&-0* /'6.4'.6$/B*&

5I-&2+D)I$<-<&%$/-("$#& "+&X"72(-&C& "##2)/($/-)&I*P&$&4#"-+/&+--<)&
+*& 4I$+7-& /*& /*#-($/-& $& <"00-(-+/& )-(J"4-& .(*J"<-(& /I$/&%*J-)& /I-&
<").#$6&%-/I*<&-"/I-(&/*&<"00-(-+/&4#$))-)&>)"+4-&/I-&"%.#-%-+/"+7&
4#$))& +--<& +*/& 8-& %-+/"*+-<& "+& /I-& 4$##B& *(& /*& <"00-(-+/& )-(J"4-)&
>)"+4-&/I-&)-(J"4-&$#)*&+--<&+*/&8-&%-+/"*+-<&"+&/I-&4$##BN&
244-::-1"'&-0*-5*1(0":&4*/$6,&4$*4-:3-/&'&-0B*5I-&7(-6D

)I$<-<&%$/-("$#&"+&X"72(-&C&02(/I-(&"##2)/($/-)&I*P&/I-&4#"-+/&+--<)&
+*&4I$+7-&/*&/*#-($/-&$&4I$+7-&/*&$&<"00-(-+/&)-(J"4-&.(*J"<-(&)/(24D
/2(-&$#/*7-/I-(:&)"+4-&/I-&)-(J"4-&")&+*/&%-+/"*+-<&"+&/I-&4$##N&3"+4-&
+-"/I-(& /$(7-/& *8M-4/)& $+<& )-(J"4-)& $(-& +*/& %-+/"*+-<& "+& /I-& 4$##&
)/$/-%-+/):& 4*%8"+$/"*+)& *0& )-(J"4-)& 2)-<& /*& )$/")06& $& 4#"-+/L)&
+--<)&4$+&8-&0#2"<#6&4*%.*)-<&86&/I-&)-(J"4-&(-Q2-)/&8(*O-(N&&
84"#"%#$*4-:3-0$0'*4-:3-/&'&-0B* &1*%.*+-+/&)/(24/2(-)&#"O-&

/I*)-& -%.#*6-<& "+& )-(J"4-D*("-+/-<& )*0/P$(-& $(4I"/-4/2(-)& )200-(&
0(*%&)-J-(-&.-(0*(%$+4-&.(*8#-%)&PI-+&2)-<&$/&0"+-(&7($+2#$("/6&
"+& $+& $//-%./& /*& *8/$"+& "%.(*J-<& /I-& )*0/P$(-& )/(24/2(-& "/& *00-()&
TCCUN5I-& 2)-& *0& /($+).$(-+/& )-(J"4-):& P"/I& $& 8(*$<4$)/& %*<-#& *0&
%-/I*<&4$##&#"O-&/I$/&"##2)/($/-<&"+&X"72(-&C&-+$8#-)&/I-&"%.#-%-+D
/$/"*+&/*&%*J-&/I-&/$)O&*0&%-))$7-&$+<&<$/$&0*(%$/&/($+)0*(%$/"*+&
*2/&*0& /I-&4#"-+/&$+<& "+/*& /I-&)-(J"4-&(-Q2-)/&8(*O-(N&5I")&-+$8#-)&
/I-&$))*4"$/-<&*J-(I-$<)&/*&8-&$J*"<-<&PI-+&4*%.*+-+/&)/(24/2(-)&
$(-&/"7I/#6&8*2+<&P"/I"+&$&.(*4-))N&
*2,-&1"04$* -5* 36-J(* :"0"<$:$0'B* ;+& /I-& 2)2$#& <"J")"*+& *0&

4*+4-(+&8-/P--+&.(*7($%%"+7&#$+72$7-&$+<&%"<<#-P$(-:&/I-&.(*D
7($%%"+7& #$+72$7-& ).-4"0"-)& /I-& 4*%.#-/-& )-%$+/"4)& *0& %-/I*<&
4$##:&"+4#2<"+7&/I-&(2#-)&0*(&<-/-(%"+"+7&I*P&/*&0"+<&/I-&"%.#-%-+D
/$/"*+&4*((-).*+<"+7&/*&$+6&.$(/"42#$(&%-/I*<&4$##N&;+&$(4I"/-4/2(-)&
0*(&<")/("82/-<:&$2/*+*%"4:&7("<:&$+<&)-(J"4-D*("-+/-<&)6)/-%):& /I-&
#"+72")/"4&).-4"0"4$/"*+& ")&2#/"%$/-#6&Q2"/-& "+4*((-4/N&5I-&"+/-(J-+D
/"*+& *0&%"<<#-P$(-& /$O-)& /I-& c4$##d& *2/& *0& /I-& (-$#%&*0& #$+72$7-&
).-4"0"4$/"*+& $+<& %$O-)& +*+D#"+72")/"4$##6& ).-4"0"-<& 4I*"4-)N& ;+&
0$4/:&%*<-(+&K8M-4/&R-Q2-)/&](*O-()&$##*P& /I-&4#"-+/&$+<&)-(J"4-&
/*& 8-& (-$#"^-<& "+& <"00-(-+/& .(*7($%%"+7& #$+72$7-):& %$O"+7& /I-&
).-4"0"4$/"*+& *0& /I-& <").$/4I& .(*4-))& $)& $& #"+72")/"4& 4I$($4/-(")/"4&
"%.*))"8#-N&]2/&/I-&/$)O&*0&"+/-(0$4"+7&/I")&0#-S"8"#"/6&P"/I&/I-&#$+D
72$7-&).-4"0"4$/"*+&")&0*(4-<&2.*+&/I-&4#"-+/&"+&/I-&0*(%&*0&c.(*SD
"-)d& Y& #*4$#& *8M-4/)& /I$/& "+/-(4-./& /I-& #"+72")/"4& ).-4"0"4$/"*+& $+<&
"+M-4/& $#/-(+$/"J-& %-4I$+")%)N& [24I& 7(-$/-(& 0#-S"8"#"/6& 4$+& 8-&
<-("J-<&"0&/I-&4#"-+/&$+<&/I-&)-(J"4-&.(*J"<-(&#-0/&)24I&"+/-(J-+/"*+&
/*& /I-& 2+<-(#6"+7& "%.#-%-+/$/"*+& *0& /I-& <").$/4I& .(*4-))& Y& /I-&
(-Q2-)/&8(*O-(&.(*J"<-<&86&%"<<#-P$(-N&5I-+&/I-&*J-(I-$<)&$))*D
4"$/-<&P"/I&.(-.$("+7&0*(&.*/-+/"$#&%")%$/4I-)&TCCU&4*2#<&8-&*%"/D
/-<&"0&/I-&/$(7-/)&$(-&+-$(&$+<&I$J-&)"%"#$(&*(&"<-+/"4$#&)"7+$/2(-)N&
P$5#$4'&0<*:&11#$?"6$Q/*5#$J&%&#&'(*&0*#"0<."<$Q/*'(3&0<B*5*D

<$6L)&.(*7($%%"+7&#$+72$7-&).-4"0"4$/"*+)&*J-(D).-4"06&/I-&"+/-(D

.(-/$/"*+&*0&%-/I*<D4$##:&/*&/I-&<-/("%-+/&*0&/I-&)*0/P$(-&4*%%2D
+"/6& "+& 7-+-($#N& ;+& )6)/-%)& /I$/& (-#6& I-$J"#6& *+& (-<"(-4/"*+& J"$&
.(*S"-):&"/&P*2#<&8-&%*(-&$442($/-&0*(&/I-&.(*7($%%"+7&#$+72$7-&
/*& ).-4"06& *+#6& /I-& )-%$+/"4)& *0& /I-& 8-I$J"*(& *442(("+7& 8-/P--+&
-+/(6&$+<&4$##:&#-$J"+7&/I-&<-0"+"/"*+&*0&$&4$##L)&(-)*#2/"*+&/*&%"<D
<#-P$(-N& W$+72$7-& ).-4"0"4$/"*+& /*<$6& ")& 4$27I/& "+& $& 8"+<& Y& /*&
O--.& <").$/4I& ).-4"0"4$/"*+& )"%.#-:& /I-& /6.-& )6)/-%)& 7-+-($##6&
(-Q2"(-& /**& %24I& O+*P#-<7-& *0& /I-& "%.#-%-+/$/"*+& )/(24/2(-& /*&
PI"4I& $& 4$##& ")& <"(-4/-<N&X#-S"8"#"/6& 4$+&8-&7$"+-<& "0& /I-6& "+)/-$<&
0*42)-<& *+& $44-./"+7& $+& "+<"4$/"*+& 0(*%& %"<<#-P$(-& $8*2/& /I-&
)$0-/6& *0& 4$##"+7& $& %-/I*<& $+<& .(*.$7$/"+7& /I$/& "+0*(%$/"*+&
/I(*27I*2/& /I-&4#"-+/N& ;0& /I-& #$+72$7-&).-4"0"4$/"*+&)"%.#6&4$(("-)&
0*(P$(<& $& <-4")"*+& $8*2/& /I-& -S")/-+4-& *0& "%.#-%-+/$/"*+& ($/I-(&
/I$+& /(6"+7& /*& ).-4"06& /I-& %$/4I"+7& (2#-):& %*(-& 0#-S"8#-& /6."+7&
)6)/-%)&4$+&8-&$44*%%*<$/-<& /I$+& /I*)-& /I$/& (-Q2"(-&O+*P#-<7-&
*0& /I-&<-/$"#)&*0&4#$))& "%.#-%-+/$/"*+)&.("*(& /*&(2+D/"%-N&5I-&<")D
.$/4I&%"<<#-P$(-&/I-+&I$)&0#-S"8"#"/6&"+&"+)-(/"+7&4*+J-()"*+)&$+<&
(-$(($+7-%-+/)&*0&/I-&.$($%-/-():&$+<&-J-+&*0&-%.#*6"+7&<"00-(-+/&
+$%-D%$/4I"+7&(2#-)N&!I$/&")&(-Q2"(-<&")&$&0*(%$#&)/$/-%-+/&*0&/I-&
%"<<#-P$(-L)& 4*+)/($"+/):&.-(I$.)& )"%"#$(& /*& /I-& (2#-&P-&.(*.*)-V&
c/I-&)-/&*0&%-/I*<)&$J$"#$8#-&/*&$&4#"-+/&"+&$&/($+)$4/"*+&")&)/$/"4&*(&
7(*P)&%*+*/*+"4$##6&*(&/I-&/($+)$4/"*+&0$"#)Nd&
P.0>'&:$*/$#$4'&-0*-5*-%R$4'*4#"//$/B*5I")&)$%-&#*42)&*0&"+/-#D

#"7-+4-& $..#"-)&PI-+& *8M-4/)&%2)/& 8-& 4(-$/-<N& ;+& /($<"/"*+$#& )*0/D
P$(-:&/I-&"%.#-%-+/"+7&4#$))&*0&$&+-P&*8M-4/&")&)-#-4/-<&$/&/I-&/"%-&
$&4#"-+/&")&<-J-#*.-<:&7-+-($##6&$0/-(&/I-&<-J-#*.-(&"+).-4/)&).-4"D
0"4$/"*+)& 0*(& $#/-(+$/"J-& "%.#-%-+/$/"*+)N& !"/I& $& )-(J"4-& (-Q2-)/&
8(*O-(:&/I-&4#"-+/&"+<"4$/-)&PI$/&O"+<&*0&*8M-4/&")&+--<-<&$+<&PI$/&
%-/I*<)&%2)/&8-&%$<-&$J$"#$8#-&0*(&/I")&O"+<&*0&*8M-4/N&5I-&cO"+<d&
")& "+<"4$/-<& 86& "/)& 4#$))"0"-(:& P"/I& #*4$##6D<-0"+-<& %-$+"+7& /I$/&
$##*P)& "+<"J"<2$#& )-(J"4-)& /*& <-)4("8-& )28/6."+7& (-#$/"*+)I".)&
$%*+7&<"00-(-+/&O"+<)&*0&*8M-4/)N&&h"+<)&*0&*8M-4/)&/I$/&)2..*(/&/I-&
)$%-&%-/I*<)&%$6& )/"##& 0$##& "+/*& <"00-(-+/& 4#$))"0"4$/"*+)& 8-4$2)-&
/I-6&$//$4I&<"00-(-+/&%-$+"+7)&/*&/I-%N&5I-&0*42)&")&*+&4I$($4/-(D
"^"+7&/I-&O"+<&*0&*8M-4/&$+<&/I-&%-/I*<)&+--<-<&"+)/-$<&*0&*+&/I-&
"%.#-%-+/"+7&4#$))N&5I")&$##*P)&/I-&$4/2$#&"%.#-%-+/$/"*+&4#$))&/*&
8-& )-#-4/-<& 4*+/-S/2$##6:& $/& (2+D/"%-:& 86& /I-& )-(J"4-&8(*O-(&2)"+7&
+-P&*(& #*4$#&$#/-(+$/"J-)& /I$/&%$6&+*/&I$J-&8--+&O+*P+&*(&$J$"#D
$8#-&/*&/I-&4#"-+/L)&<-J-#*.-(N&;/&")&$#)*&.*))"8#-&/*&$27%-+/&/I-&)-/&
*0&%-/I*<)&+--<-<&$0/-(&*8M-4/)&I$J-&8--+&4(-$/-<N&5I")&$27%-+/$D
/"*+& ")& O+*P+& $)& #+%52&+962.(2.0& $+<& -S/-+<)& /I-& "<-$& *0& c<*P+&
4$)/"+7d& "+& %*(-& 0$%"#"$(& #$+72$7-)N& !I-+& )244-))02#:& /I-& /6.-&
)6)/-%&/(-$/)&/I-&O+*P#-<7-&/I$/&/I-&%-/I*<)&$(-&)$0-&/*&4$##&$)&"0&
/I-6&P-(-&O+*P+&/*&8-&$J$"#$8#-&0(*%&4(-$/"*+N'
244-::-1"'&-0*-5*/$6,&4$>/.%/'&'.'&-0*36-'-4-#/B*;+&%*8"#-&

4*%.2/"+7:&$+<&-J-+&"+&<6+$%"4$##6&-J*#J"+7&)6)/-%&)/(24/2(-):&"/&
4$+&8-&+-4-))$(6& /*&<-/-(%"+-&PI-+&*+-&.(*J"<-(&*0&)-(J"4-)&4$+&
8-& <6+$%"4$##6& )28)/"/2/-<& 0*(& $+*/I-(N&H& 4*+/$4/& 0*(& 8$+O"+7& *(&
/($J-#& "+0*(%$/"*+& )-(J"4-)&%$6:& 0*(& -S$%.#-:& 4I$+7-& "+& 4(*))"+7&
(-7"*+$#&8*2+<$("-)N&K(:& )*%-&)-(J"4-&.(*J"<-()&%$6&8-&%*(-& (-D
#"$8#6& (-$4I$8#-&P"/I"+& *+-& #*4$#& (-7"*+& /I$+& $+*/I-(N& 5I-& "+/(*D
<24/"*+&*0&$+& "+/-##"7-+/&)-(J"4-&82)&$##*P)& /I-)-& "))2-)& /*&8-&$<D
<(-))-<& "+& $&%*(-& *(7$+"^-<& $+<&%*(-& -$)"#6&%$"+/$"+-<& 0$)I"*+&
/I$+&<*&.(*S"-)N&3-(J"4-&.(*J"<-()&"+/-($4/&P"/I&/I-&)-(J"4-&(-Q2-)/&
8(*O-(&PI-+& /I-6&$(-&$//$4I-<:&$+<&%$6&.(*J"<-& "+0*(%$/"*+& /I$/&
I-#.)&<-/-(%"+-&/I-"(&<6+$%"4&"+/-(4I$+7-$8"#"/6N&

LBD! ;"6"##$#&/:*"01*!.#'&>4-6$*8.33-6'*
LBDBA! @J36$//&0<*M6"0/"4'&-0"#*S$$1/**
;0&.(*7($%%"+7&#$+72$7-&<-)"7+&")&/*&4*+0(*+/&/I-&"))2-&*0&"+D

4(-$)-<& -S.#*"/$/"*+& *0& .$($##-#& $(4I"/-4/2(-):& PI-/I-(& "+& <")/("8D
2/-<& )-(J"4-)&*(& "+&%2#/"D4*(-&%$4I"+-):& /I-&$8"#"/6& /*&4#-$(#6&<-D
#"+-$/-& /I-& /($+)$4/"*+$#&8*2+<$("-)&*0&0$"#2(-&*0&$&4*+42((-+/&-#-D
%-+/&P"/I"+&%2)/&8-&.(*J"<-<N&5I")&")&"+&$<<"/"*+&/*&%$O"+7&.(*J"D
)"*+& 0*(& /($4O"+7& /I-& "+/-(0-(-+4-)& *0& 4*+42((-+/& $44-))& /*& )I$(-<&
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<$/$N&!I"#-& /I(-$<)&$+<& /($+)$4/"*+)&%*<-#& /I-&4*+42((-+46& "/)-#0&
/I-6& I$J-& $& +$/2($#& "+/-()-4/"*+& 0*(& /I-& I$+<#"+7& *0& -((*()N& ]2/&
.(*7($%%"+7&#$+72$7-)&7-+-($##6&I$J-&+-"/I-(&4*+)/(24/)&/*&-)/$8D
#")I&/I-&8*2+<$("-)&*0&/($+)$4/"*+)&P"/I"+&/I-&-S-42/"*+&+*(&$&<-0"D
+"/"*+& *0& /I-"(& (-#$/"*+)I".N& H)& P"/I& <").$/4I:& /I-& #"+-& 8-/P--+&
/($+)$4/"*+& %*<-#& $+<& /($+)$4/"*+& <-+*/$/"*+& +--<)& /*& $##*P& /I-&
<-/$"#-<&%-$+"+7&$+<&/I-&"%.#-%-+/$/"*+&*0&/($+)$4/"*+)&/*&8-&#-0/&
/*&/I-&%"<<#-P$(-:&82/&)/"##&.-(%"/&/I-&$))"7+%-+/&*0&P*(O&/*&/($+)D
$4/"*+)& /*& 8-& -S.(-))-<& )6+/$4/"4$##6& 86& /I-& <-J-#*.-(& "+& $& 4#-$(&
$+<&<"(-4/&%$++-(N&H##&-S-42/"*+&/$O-)&.#$4-&P"/I"+&$&/($+)$4/"*+N&
X*(&4*+J-+"-+4-&)$O-:&/I-&/($+)$4/"*+&"+&PI"4I&$+&"+/-(.(-/$/"*+&")&
/$O"+7&.#$4-&")&8-)/&.$))-<&"%.#"4"/#6&0(*%&4$##-(&/*&4$##-<&%-/I*<:&
$)& /I-& /I(-$<& ")& "+& 0$%"#"$(& #$+72$7-)N&]2/& /I-& #$+72$7-& +--<)& /*&
$##*P&0*(& "/& /*&8-&-S.#"4"/#6&).-4"0"-<&*+&*44$)"*+N&\S.#"4"/&.(*J"D
)"*+&%$6&8-&"+&/I-&0*(%&*0&/I-&4(-$/"*+&*0&$&+-P&/($+)$4/"*+&*(&*0&
/I-& (-)2%./"*+& *0& $+& -S")/"+7& *+-N&!I"#-& +*/& .(*.*)"+7& /I$/& /I-&
8(*$<4$)/& )-(J"4-&%*<-#& ).-4"06& *(& (-)/("4/& /I-& /($+)$4/"*+&%*<-#&
2+<2#6:& "/&P*2#<& 8-& "+& #"+-&P"/I&%$+6& 4*%%*+& ).-4"0"4$/"*+)& *0&
/($+)$4/"*+&)-%$+/"4)&0*(&/I-&/($+)$4/"*+&/*&8-&.$))-<&$)&$+&"%.#"4"/&
.$($%-/-(& 0(*%&4#"-+/& /*& )-(J"4-&$)&%-/I*<&4$##)&$(-&%$<-N&3*%-&
.(*J")"*+&%2)/& 8-&%$<-& 0*(& 4I$+7"+7& /I-& /($+)$4/"*+$#& 4*+/-S/& $/&
/I-&.*"+/&*0&4$##N&K+-&.*))"8"#"/6&")&/*&$##*P&-S.#"4"/&4I$+7-&"+&/I-&
/($+)$4/"*+&4*+/-S/&86&2)"+7&+*D#*+7-(&+-4-))$(6&)6+/$4/"4&.*)"/"*+&
*0&/I-&/$(7-/&*8M-4/&$/&/I-&.*"+/&*0&%-/I*<&4$##N&&

LBDBD! 8'"'&4*@05-64$:$0'*-5*M"/N*G-::&':$0'/*
K+-& *0& /I-& *8)/$4#-)& /*& 7(-$/-(& -S.#*"/$/"*+& *0& .$($##-#& )/(24D

/2(-)&")&/I-&0$4/&/I$/&.(*7($%%"+7&#$+72$7-)&%$"+/$"+&4*%%"/%-+/&
$+<&0$"#2(-&(-).*+)-&"+&$&<6+$%"4&%$++-(:&2)"+7&(2+D/"%-&"+/-(.(-D
/$/"*+&/*&(-).*+<&86&P$"/"+7&0*(&/I-&)-(J"4-&/*&(-/2(+N&;+&$<<"/"*+&/*&
"+I"8"/"+7& .$($##-#")%:& <6+$%"4& /($4O"+7& ")& (-)*2(4-D"+/-+)"J-N&
HJ*"<"+7&/I-&+--<&/*&I*#<&(-)*2(4-)&I$)&#-<&/*&/I-&-S.#*"/$/"*+&*0&
)*D4$##-<&c)/$/-#-))&)-(J"4-)d&"+&)-(J"4-D*("-+/-<&$(4I"/-4/2(-)N&]2/&
)/$/-#-))& )-(J"4-)& I$J-& +*& -S.(-))"*+& *0& 0#*P& <-.-+<-+4"-)& 8-D
/P--+&/I-%N&3"+4-&-$4I&)-(J"4-&")&0"+")I-<&8-0*(-&/I-&+-S/&)-(J"4-&
$4/):& /I-(-& ")&+*&P$6&/*&-S.(-))&<-.-+<-+46&*+&)244-))&*(&0$"#2(-&
*0&#$/-(&)-(J"4-):&*(&/*&"+<"4$/-&8$4OD*2/&$+<&(-4*J-(6&%-4I$+")%)N&
K+-&4*%%*+&$#/-(+$/"J-&")&/*&4*%8"+-&/I-%&P"/I&)-.$($/-&.(*4-))D
0#*P&).-4"0"4$/"*+)N&!I"#-&.(*4-))D0#*P&).-4"0"4$/"*+&%$6&8-&)2"/D
$8#-&0*(& /I-&+"4I-& "+&PI"4I&)-(J"4-D*("-+/-<&$(4I"/-4/2(-)&*.-($/-:&
/(6"+7&/*&2)-&"/&/*&$<<(-))&/I-&+--<&0*(&/I-&P"<-).(-$<&-S.#*"/$/"*+&
*0& .$($##-#")%& 4$##-<& 0*(& 86& %2#/"D4*(-& .(*.*+-+/)& ")& 2+#"O-#6& /*&
)244--<&8-4$2)-&"/&).#"/)&/I-&).-4"0"4$/"*+&"+/*&/P*&#$+72$7-&.$($D
<"7%)N&H/&$&4*$()-&7($"+&/I")&%$6&8-&$44-./$8#-:&82/&$/&0"+-&7($+2D
#$("/6&"/&"%.*)-)&/**&%24I&"+/-##-4/2$#&$+<&8**OO--."+7&82(<-+&*+&
/I-&.(*7($%%-(N&5I-&)-(J"4-&8(*O-(&$##*P)&2)&/*&"+/-7($/-&.(*4-))D
0#*P&%*(-&/"7I/#6&"+/*&/I-&2)2$#&.(*7($%%"+7&#$+72$7-&)/(24/2(-):&
"+&$&P$6&/I$/&$##*P)&$&)"+7#-&.(*7($%&<-J-#*.-(&/*&-S.#*"/&"/&-$)"#6N&

TB! P$#"'$1*U-6N*
TBA! 76-"14"/'*!-1$#/*
!-&$(-&$<J*4$/"+7&/I-&2)-&*0&$&8(*$<4$)/&%*<-#&0*(&%-/I*<&4$##&

/*& )28)/$+/"$##6& "%.(*J-& /I-& %$##-$8"#"/6& *0& )*0/P$(-N& ](*$<4$)/&
%*<-#)&0*(&.(*4-))"+7&I$J-&$&#*+7&I")/*(6&*0&/I-"(&*P+N&K+-&0$%"#6&
*0&8(*$<4$)/&%*<-#)&4-+/-(&*+&$&)I$(-<&<$/$D)/*(-N&;+&/I$/&4*+/-S/:&
-%.I$)")&I$)&8--+&.2/&*+&/I-&2)-&*0&&--%(2.!$2-.'4!.0/!0+#:& #"O-&
W"+<$&T9UN&W"+<$&$+<&)28)-Q2-+/&/2.#-D).$4-&4**(<"+$/"*+&)6)/-%)&
.(*J"<-& .("%"/"J-)& 0*(& 4*+/(*##"+7& $44-))& 86& 4*+42((-+/& .(*4-))-)&
/*& $& )I$.-<& <$/$& ).$4-& *0& /2.#-)N& 5I-& .*"+/& *0& "+/-()-4/"*+& P"/I&
%-))$7-& .(*4-))"+7& ")& /I$/& /I-& <$/$8$)-& (-$<"+7& *.-($/"*+)& 4$+&
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