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Abstract. When service-based applications implement business processes, it is
important to monitor their performance in terms of Key Performance Indicators
(KPIs). If monitoring results show that the KPIs do not reach target values, the
influential factors have to be analyzed and corresponding adaptation actions have
to be taken. In this paper we present a novel adaptation approach for service-
based applications (SBAs) based on a process quality factor analysis. This ap-
proach uses decision trees for showing the dependencies of KPIs on process
quality factors from different functional levels of an SBA. We extend the moni-
toring and analysis approach and show how the analysis results may be used to
come up with an adaptation strategy leading to an SBA that satisfies KPI values.

1 Introduction

In recent years extensive attention has been paid to devising and improving the con-
cepts and infrastructures for service-based applications (SBAs) [1]. SBAs can be
viewed in terms of three functional layers, namely (i) business processes, (ii) service
compositions that implement these business processes, and (iii) services and service
infrastructure. A major concern for enterprises is to ensure the quality of their SBA-
based business processes. Thereby, process quality goals are specified in terms of Key
Performance Indicators (e.g., order fulfillment time), i.e. key process metrics that
contain target values which are to be achieved in a certain period. KPIs of business
processes that are implemented in terms of SBAs are typically monitored using busi-
ness activity monitoring technology. If monitoring results show that KPIs do not meet
target values, further process quality factor analysis is needed to find out which of the
lower level process metrics (e.g., duration of process activities, type and amount of
ordered products etc.) or QoS metrics (e.g., availability of IT infrastructure) mostly
influence KPI target violations.

After influential factors of KPI violations are identified, the goal is to perform
process adaptation in order to prevent KPI violations for future process instances or
even for the running instances. Thereby, several challenges arise. Firstly, one has to
choose appropriate adaptation actions for each influential factor identified (e.g., selec-
tion of a faster delivery service in order to decrease deliver time). Secondly, one has
to take into account that an adaptation action can have positive effect on one metric
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but negative effect on others (e.g., a faster delivery time normally involves higher
costs). Thus, when adapting the process one has to choose a set of adaptation actions
which improve the influential factors as shown in the analysis and take into account
their effects.

In order to deal with this adaptation problem, we extend previous work described
in [2] which uses decision trees for process quality factor analysis. Based on this
work, in this paper, we show how to extract a set of adaptation requirements from the
decision tree and find an adaptation strategy consisting of a set of adaptation actions
which takes into account both positive and negative effects of adaptation actions on
metrics. We discuss limitations of our approach so far and show several possibilities
for extending the approach in future work.

2 Background and Motivation

In this section we present the motivation for our approach and a scenario which we
use in the following sections for explaining our concepts based on examples. This
scenario has already been used in [2] for experimental evaluation of process quality
factor analysis. The scenario consists of a purchase order process implemented by a
reseller which offers products to its customers and interacts with its suppliers, a bank-
ing service, and a shipment service for processing the order. The customer sends a
purchase order request with details about the required products and needed amounts
to the reseller. The latter checks whether all products are available in the warehouse.
If some products are not in stock, they are ordered from suppliers. When all products
are in place, the warehouse packages the products and hands them over to the ship-
ment service, which delivers the order to the customer, and finally notifies the reseller
about the shipment. For measuring the performance of its business process, the resel-
ler defines a set of Key Performance Indicators (KPIs). A typical KPI for the reseller
in our scenario is order fulfillment lead time [3], which measures the number of days
from order receipt to the delivery of the ordered products at the customer. A KPI is a
key metric (with either technical or business meaning) with target values which are to
be achieved in a certain analysis period (e.g., order fulfillment lead time < 5 days).
After specifying a set of KPIs with target values, they have to be measured based on
executed process instances. If the measurement shows an unsatisfying result, i.e. the
KPI targets are violated, the reseller wants to improve its process, for instance, by
using process adaptation.

Due to the fact that KPIs are complex characteristics that rely upon a wide range of
factors originating from different functional levels, adaptation of underlying SBAs is
not a straightforward approach. In our scenario the KPI may be influenced by many
factors (which have to be measured both on process level (process performance met-
rics) and service infrastructure level (QoS metrics): duration of sub-processes and
activities, response time and availability of used services, ordered products and their
properties such as number of ordered items, product type and size, cost of delivery
service, availability of IT infrastructure etc. All those factors and a combination of
those can lead to late delivery. Thus, the first step needed is to perform a process
quality factor analysis and find out the influential factors for KPI violations.
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Fig. 1. An Example Dependency Tree
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Our approach to quality factor analysis is based on machine learning techniques,
more specifically decision tree algorithms [4]. The approach, its assumptions and
reasons for using machine learning techniques, have been described in detail in [2]. In
the following we will give only a general overview based on an example. The result
of this analysis is a decision tree as shown in Fig. 1, called a dependency tree as it
shows the main quality factors the KPI depends on. The tree is generated automati-
cally for a KPI selected by the user. The leaves of the tree show the classification of
the KPI, i.e. whether it is satisfied (“green”) or violated (“red”) in relation to its target
values, and the number of process instances which led to this path. Note that the clas-
sification (satisfied or violated) could be extended towards more than two nominal
values or even numerical value ranges (regression trees); this is part of our future
work. The other nodes of the tree are the main influential factors (metrics) and the
branches contain conditions on those metrics.

In order to improve those factors, different adaptation actions may be considered,
for example, replacing a service either dynamically or using a predefined set of ser-
vices; renegotiating the Service Level Agreements (SLAs) with the corresponding
service provider; outsourcing a subprocess or replacing it with a service from an ex-
ternal provider. On infrastructure level, possible adaptations are replacement of IT
components with faster ones, clustering for improving availability, upgrading hard-
ware components etc. For a particular situation, different adaptation actions and their
combinations may be necessary for improving the same KPI; consistency and non-
contradicting actions with respect to the KPI (and perhaps other KPIs) needs to be
ensured. This is because an adaptation action can positively affect one influential
factor but negatively others. Assume, for example, the selection of a new better per-
forming service which leads to a better response time but negatively affects the cost
metric. We call the collection of the adaptation actions that, being enacted in combi-
nation, achieve the desired outcome an adaptation strategy.
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3 Overview of the Approach

In this work we present an approach that allows for adapting service-based applica-
tions in order to prevent the violation of KPIs. The overall process is represented in

Fig. 2. This approach consists of the following four phases:

— Quality modeling for analysis and adaptation. At design time the metrics model

and the adaptation actions model are created. In the metrics model, the user
specifies the application KPIs, and the quality metrics representing the potential
influential factors of KPIs. In the adaptation actions model, the user specifies
the available adaptation actions per metric and the effect of those actions on ap-
plication metrics specified in the metrics model. In particular, this model allows
for defining whether an action contributes positively or negatively to a certain
quality factor, i.e., whether it improves the value of a metric.

Quality modeling

for analysis and
adaptation

Metrics
Model

Process Actions ) A .
/@ influencing quality
O N factors

Model
d i A i
Actions Requirements

Fig. 2. Quality factor analysis and adaptation
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— Analysis of influential quality factors. In the second phase, based on the metrics

model, the monitoring of KPIs and potential influential quality metrics is per-
formed across the instances of the application; the information is continuously
aggregated and updated. Then the metrics related to previous executions of a
given application are analyzed in order to identify the reasons, i.e., the influential
factors, which lead to the undesired values of the specified KPIs. A dependency
tree is generated. In the next step, one identifies those tree paths of application
metrics (and their value ranges) that correspond to the “bad” values of the KPI
and thus fail the underlying business goal. The result of the analysis characterizes
thus those factors of the application that should be improved, i.e., that are subject
of adaptation, and how they should be improved (their values) (Section 4.2).

— Identification and selection of an adaptation strategy. In the next phase the ap-

proach aims to combine, and enact concrete adaptation actions that address the
identified requirements as part of a coherent adaptation strategy (Section 4.3).
This phase relies on the adaptation action model, where the effect of those
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actions on different application metrics is described. It takes into account that an
adaptation action contributes positively or negatively to a certain quality factor,
i.e., whether it improves the value of a metric. After identification of a set of al-
ternative adaptation strategies, one strategy is selected based on certain criteria.

— Process adaptation. The selected adaptation strategy is used for adaptation of
the process model or process instance by executing all contained adaptation ac-
tions. After adaptation, the existing KPIs and metric definitions might have to
be adapted thus closing the cycle.

4 Identification of Adaptation Requirements and Strategies

Once the influential factors are highlighted, it is necessary to identify those elements
of the application that should be improved, i.e., to identify adaptation requirements.
Based on those requirements and on the model of adaptation actions associated to the
quality properties of the application, possible adaptation strategies are identified and
triggered.

4.1 Model of Adaptation Actions

In order to adapt different elements of the application at all the levels of the applica-
tion stack, i.e., to enable a holistic adaptation strategy, it is necessary to provide a
generalized model of possible adaptation actions. This model should relate different
adaptation mechanisms to the quality properties of the application, which are subject
of adaptation. In other words, the model should characterize the available adaptation
actions to the model of metrics described above. More precisely, the definition of
adaptation actions in our approach consists of the following elements:

— Adaptation mechanism. This part of the definition characterizes the machinery
or a technique used to realize the specified adaptation action. For example, the
adaptation action “substitute a service with another service” may be realized by
a composed mechanism, which consists of service discovery and binding [5].
Other actions may include (but are not limited to): re-negotiation of quality pa-
rameters of the services used in the service composition, re-composition of the
underlying service composition or a part of the process, replacement of a sub-
process with another subprocess or with a single service (process outsourcing,
[6]), or infrastructural reconfiguration.

— Adaptation effect. To relate the adaptation action to the system we characterize
the former in terms of the effects the action causes on one or another application
quality metric. We say that the action has a positive effect on the metric if the
value of the latter is improved as a result of the application of the action. We say
that the action has a negative effect on the metric if the value of the latter is
worsened as a result of the application of the action. Otherwise, we say that the
action does not affect the metric.

We remark that for the presented approach we abstract away the details on how the
adaptation actions are realized and enacted. The core part of the model of the adapta-
tion action is how the action relates to the application metrics.
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An adaptation action a is defined as a pair <M*,M > where

— M" < M is a set of metrics, on which the action has a direct positive effect;

— M’ < Mis a set of metrics, on which the action has a direct negative effect.

4.2 Identification of Adaptation Requirements

After the dependency tree is generated (as discussed in Section 2), the next step is to
identify the adaptation requirements for the application in order to improve the per-
formance of the application. This activity relies on the analysis of the dependency
trees of the relevant KPIs of the application. Intuitively, this analysis may be de-
scribed as follows.

— As a first step it is necessary to understand, which of the violations of the KPI
(i.e., which of the “red” blocks) should be prevented. For example, it may be the
case that all the possible violations should be avoided. In this case it is necessary
to find an adaptation strategy (consisting of possibly several adaptation actions)
preventing all of those situations. It is also possible to prevent violations only in
selected situations, e.g., the most frequent ones. In this case, the other violation
cases are ignored and excluded from the tree. We remark that this decision may
be done by the business analysts or even automatically, based on some prede-
fined criteria (e.g., for the cases where number of violations exceeds 10%).

— Second, it is necessary to associate the violations with the influential factors that
might help avoiding the violations. This is done by identifying all the metrics in
the nodes (and their sub-ranges) on the path from the “red” node to the root of
the tree. If some of these metrics is improved such that there are no violations,
then the adaptation will be successful. In the above dependency tree in order to
improve for the central “red” node, it is enough to improve the metric ‘“Delivery
Time Supplier” to the value of < 1. On the other hand, in order to improve for
the rightmost “red” node it is not enough to improve the value of the “Delivery
Time Shipper” to the value of < 4. Indeed, the other violations are still possible
and the other metrics should be improved as well. If a running instance is to be
adapted and some of the metric values are already known for this instance, then
obviously some paths of the tree leading to “red” nodes might be irrelevant for
that instance and can be excluded from further consideration.

— The final step takes into account the need to consider all the selected “red”
nodes together in order to merge the appropriate actions into a complete set of
adaptation requirements.

In order to realize this approach, we rely on the algorithms provide by the decision
procedure for the Satisfiability Modulo Theories (SMT [7]). In this problem, the goal
is to find solutions for a set of logical constraints (formulas) with respect to combina-
tions of background theories, such as the theory of real or integer numbers, Boolean
arithmetic, and even complex data structures. Below we show how the problem of
finding adaptation requirements may be expressed in terms of SMT problem, and how
the adaptation requirements may be then extracted.

Our goal is to avoid all the paths in the tree that lead to the “red” leaf nodes. That
is, the combination of the “metric-range” pairs on the path should not occur. This
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combination may be represented as a conjunction of expressions over those metrics,
i.e., for a path with n nodes we built an expression (u;,77) A ... A (,,1,), where (u;,r;)
represents an expression over the i metric on the path. For instance, for the central
“red” path in the example tree the expression would be as follows:

(2<“Del. Time Shipment”’<4) A (“Order in Stock”’=yes) A (“Del.Time Supplier”>1)

If in case of running instance adaptation, some of these metrics values are known,
then the expression can be simplified. If, e.g., “Order in Stock” is false, then the ex-
pression is already known to be false and thus this “red” path is already avoided for
this instance. If “Order in Stock™ is true, then it can simply be removed from the ex-
pression, thus simplifying later analysis.

In order to avoid those paths, our goal is to make all those expressions false, i.e., for
m paths, we have to find possible assignments of metric values such that the follow-
ing formula becomes true':

((;u]b_'rll) V..V (;unb_'rn])) ANCERIRAN ((;u]m’_'rlm) V..V (,unmr_'rnm))

It is easy to see that if the formula is satisfied, then neither “red” node is reachable.
The result of the analysis is represented as a set of alternatives, each of which con-
tains the list of metrics that should be adapted and their expected ranges. In order to
carry out the analysis task we use the MathSAT tool [8], which implements the SMT
decision procedure.

More precisely, we define the resulting adaptation requirements as R = {A;,...,A,},
where A; = { (u7;,77:),- - (Wi Fmi) } 1S @ set of metric-range pairs that should be achieved
in order to address the adaptation needs.

We present the approach using the dependency tree depicted in Fig. 1 (we assume that
the goal in the example is to avoid any of possible violations). For the metrics “Deliv-
ery Time Shipment” (Sh), “Delivery Time Supplier” (Su), and “Order in Stock” (O),
and for the three paths to “red” nodes we construct the following three constraints:

— Sh<2A0=noASu>3;Sh>2ASh<4A0O=noASu>1;Sh>4
Based on these clauses, we need to satisfy the following formula:
— (Sh>2vO=yesvSu<3)A(Sh<2vSh>4vO=yesvSu<l1)A(Sh<4).

The result of the analysis provided by the tool represents the following
alternatives:

— (2<Sh<4)and (Su< 1), (Sh<2)and (Su< 3), and (O=yes) and (Sh < 4)

That is, to avoid violations of the KPI it is necessary to improve the metric “Deliv-
ery Time Supplier” to the value < 1 and the metric “Delivery Time Shipment” to the
value from 2 to 4, or alternatively improve the metric “Delivery Time Supplier” to the
value < 3 and the metric “Delivery Time Shipment” to the value < 2, or “Order in
Stock” to become true and the “Delivery Time Shipment” to the value in range < 4.
Note that as the “Order in Stock” metric is not adaptable, the third alternative is not
relevant for adaptation of process models (future process instances); however it could
be used for adaptation of running process instances where O=yes.

! Here the notation =r; stands for complement of the specified range.
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4.3 Identification of Adaptation Strategies

After the adaptation requirements are identified, the next step is to associate possible
adaptation strategies which should lead to KPI fulfillment, i.e. the sets of adaptation
actions that adapt the corresponding influential factors. As described in Section 4.1,
for adaptable metrics a set of possible adaptation actions has been specified. The first
step is thus to come up with alternative adaptation strategies, and in a second step to
select one of those strategies in an optimal way.

1 let S = O [/ setof resulting strategies
2 for each A, € R
3 S = S U strategies(4,)

4 function strategies(A)

5 let S, = {@} // setof strategies for A, initially contains an empty set

6 for each (u,r) € A

7 let S’ = S,/ temporary set of partial strategies built on previous steps
8

S, =
9 let act={a | ueM (a)A forall(u’',r’')eA,~(u'e M (a))}
10 if act=0 return O //the whole alternative cannot be achieved
11 for each a € act // built a Cartesian product of actions
12 for each s € S’
13 S, = S5, U {s U {a}}
14 return S

A

Fig. 3. Strategy selection algorithm

The algorithm for identifying adaptation strategies is represented in Fig. 3. The set
of strategies contains the strategies for all the alternatives. For every alternative the
following procedure is applied (lines 4-10). For each of the metric to be adapted, we
select the set of actions that improve it without negatively affecting other metrics to
be adapted (line 9). If this set is empty for some metric, the alternative cannot be
satisfied and an empty result is returned. Otherwise, a Cartesian product of those
actions with the actions for other metrics is created (lines 11-13). The resulting set of
strategies is returned. For the sake of simplicity we omit here formal proofs of the
algorithm correctness.

It is easy to see that any of the strategies extracted in this way will satisfy the identi-
fied adaptation requirements. However, the effect of different adaptation strategies on
the SBA is not the same. This is because adaptation strategies depending on contained
adaptation actions differ in their negative effects on certain applications metrics.

To order the strategies we adopt a heuristic, in which the strategy with less nega-
tive effects is more preferable. All the strategies are then ordered according to this
number: the lower this number is the more the adaptation strategy is preferred. Note
that even if the two actions in the strategy negatively affect the same metric, the effect
is counted twice as it may have stronger impact. However, other approaches and heu-
ristics for the selection of an optimal adaptation strategy may be thought of. Some of
them are discussed in the conclusions section.
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5 Related Work

The field of QoS-aware adaptable SBAs has only recently been given attention, which
is also reflected in the scarce amount of related literature. There are no approaches, to
the best of our knowledge, that enable adaptation of SBAs based on quality character-
istics yet in an integrated manner across all layers, based on monitoring and analysis
of KPIs and the corresponding influential factors.

There are several existing works in the context of QoS-aware service compositions
[9, 11] which describe how to create service compositions which conform to global
and local QoS constraints taking into account process structure when aggregating QoS
values of atomic services. These approaches can be used for QoS-based adaptation by
replanning the service composition during monitoring [12]. Our approach is different
in that we not only take into account QoS but also quality characteristics from other
SBA layers and perform analysis based on their dependencies. We do not (yet) exploit
information on process structure during dependency analysis, as the approach de-
scribed in [10], but use decision tree algorithms instead.

Closely related to our approach is iBOM [13] which is a platform for monitoring
and analysis of business processes based on machine learning techniques. It focuses
on similar analysis mechanisms as in our approach, but does not deal with adaptation
of SBAs by extracting adaptation requirements from the decision trees and automati-
cally deriving adaptation strategies, but uses simulation and what-if analysis tech-
niques instead.

Work on service composition adaptation is available and the existing approaches
that do not focus on QoS-awareness of SBAs have been classified. The available
approaches are mechanisms for service composition adaptation can similarly be bor-
rowed in the approach presented in this paper as adaptation mechanisms on the ser-
vice composition level [5, 14].

6 Conclusions and Future Work

In this paper we have presented a novel adaptation approach for SBAs based on qual-
ity factor analysis. We have extended previous work on quality factor analysis by
showing how the resulting dependency tree can be used for adaptation purposes. In
particular we have shown how to model adaptation actions and associate them with
quality metrics, how to extract adaptation requirements from the dependency tree and
come up with an adaptation strategy.

Our future work involves extending the approach in several ways. First, it is possi-
ble to define global SBA constraints as a metric that should not be negatively affected
by any of the adaptation actions. If some action may violate such a constraint, it
should be excluded. Second, if it is possible to capture the effect of the adaptation
action onto the metric with a higher precision (e.g., instead of simple posi-
tive/negative contribution give a numerical value or even specify the effect of the
action on the metric value), then the analysis should give precedence to the actions
with better effect. Finally, it is possible also to exploit the relation between the metric
and the number of KPI violations. This would allow also for ordering the require-
ments: the more violations are associated with the metric value, the more important it
is. The adaptation actions, therefore, should be selected accordingly.



404 R. Kazhamiakin et al.

Acknowledgements. The research leading to these results has received funding from
the European Community’s 7th Framework Programme under the Network of Excel-
lence S-Cube Grant Agreement no. 215483.

References

1. Papazoglou, M.P., Traverso, P., Dustdar, S., Leymann, F.: Service-Oriented Computing:
State of the Art and Research Challenges. IEEE Computer 11 (2007)

2. Wetzstein, B., Leitner, P., Rosenberg, F., Brandic, I., Dustdar, S., Leymann, F.: Monitor-

ing and Analyzing Influential Factors of Business Process Performance. In: Proceedings of

EDOC 2009, Auckland, New Zealand (2009)

Council, S.: Supply Chain Operations Reference Model Version 7.0 (2005)

4. Witten, L.H., Frank, E.: Data Mining: Practical Machine Learning Tools and Techniques,
2nd edn. Morgan Kaufmann, San Francisco (2005)

5. Karastoyanova, D., Houspanossian, A., Cilia, M., Leymann, F., Buchmann, A.: Extending
BPEL for Run Time Adaptability. In: Proceedings of EDOC 2005, Enschede, The Nether-
lands (2005)

6. Danylevych, O., Karastoyanova, D., Leymann, F.: Optimal Stratification of Transactions.
In: Proceedings of ICIW 2009, Venice, Italy (2009)

7. Tinelli, C.: A DPLL-based Calculus for Ground Satisfiability Modulo Theories. In: Flesca,
S., Greco, S., Leone, N., lanni, G. (eds.) JELIA 2002. LNCS (LNAI), vol. 2424, pp. 308—
319. Springer, Heidelberg (2002)

8. Bozzano, M., Bruttomesso, R., Cimatti, A., Junttila, T., van Rossum, P., Schulz, S., Sebas-
tiani, R.: An Incremental and Layered Procedure for the Satisfiability of Linear Arithmetic
Logic. In: Halbwachs, N., Zuck, L.D. (eds.) TACAS 2005. LNCS, vol. 3440, pp. 317-333.
Springer, Heidelberg (2005)

9. Zeng, L., Benatallah, B., Dumas, M., Kalagnamam, J., Chang, H.: QoS-aware Middleware
for Web Services Composition. IEEE Trans. on Software Engineering 30(5) (May 2004)

10. Bodenstaff, L., Wombacher, A., Reichert, M., Jaeger, M.C.: Monitoring Dependencies for
SLAs: The MoDe4SLA Approach. In: Proceedings of SCC 2008, Washington, DC, USA
(2008)

11. Jaeger, M.C., Muhl, G., Golze, S.: QoS-aware Composition of Web Services: An evalua-
tion of selection algorithms. In: Proceedings of COOPIS 2005, Cyprus (2005)

12. Canfora, G., di Penta, M., Esposito, R., Villani, M.L.: QoS-Aware Replanning of Compos-
ite Web Services. In: Proceedings of ICWS 2005, Orlando, USA (2005)

13. Castellanos, M., Casati, F., Shan, M.C., Dayal, U.: iBOM: A Platform for Intelligent Busi-
ness Operation Management. In: Proceedings of the 21st International Conference on Data
Engineering (ICDE 2005), pp. 1084-1095 (2005)

14. Karastoyanova, D., Leymann, F., Buchmann, A.: An Approach to Parameterizing Web
Service Flows. In: Benatallah, B., Casati, F., Traverso, P. (eds.) ICSOC 2005. LNCS,
vol. 3826, pp. 533-538. Springer, Heidelberg (2005)

bl



	Adaptation of Service-Based Applications Based on Process Quality Factor Analysis
	Introduction
	Background and Motivation
	Overview of the Approach
	Identification of Adaptation Requirements and Strategies
	Model of Adaptation Actions
	Identification of Adaptation Requirements
	Identification of Adaptation Strategies

	Related Work
	Conclusions and Future Work
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




