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Abstract. This paper investigates the operator mapping problem for in-
network stream-processing applications. In-network stream-processing is
the application of one or several trees of operators, in steady-state, to
data that are continuously updated at different locations in the network.
The goal is to generate final results at a desired rate. Different operator
trees may share common subtrees, so that intermediate results could be
reused in different applications. This work provides complexity results for
different instances of the basic problem and proposes several polynomial-
time heuristics. Quantitative comparison of the heuristics in simulation
demonstrates the importance of mapping operators to appropriate pro-
cessors, and allows us to identify a heuristic that achieves good results
in practice.

1 Introduction

We consider applications structured as trees of operators, where leaves corre-
spond to basic data objects distributed in a network. Each internal node in the
tree denotes the aggregation and combination of the data from its children, which
in turn generates new data that is used by the node’s parent. The computation
is complete when all operators have been applied up to the root node, thereby
producing a final result. We consider the scenario in which the basic data ob-
jects are constantly being updated, meaning that the tree of operators must be
applied continuously. The goal is to produce final results at some desired rate.

The above problem is called stream processing [I] and arises in several do-
mains. One such domain is the acquisition and refinement of data from a set of
sensors [2]. For instance, [2] outlines a video surveillance application in which the
sensors are cameras located at different locations over a geographical area. An-
other example arises in the area of network monitoring [3/4]. In this case routers
produce streams of data pertaining to forwarded packets. More generally, stream
processing can be seen as the execution of one of more “continuous queries” in
the relational database sense of the term (e.g., a tree of join and select opera-
tors). Many authors have studied the execution of continuous queries on data
streams [56].
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In practice, the execution of the operators must be distributed over the net-
work. In some cases the servers that produce the basic objects may not have
the computational capability to apply all operators. Besides, objects must be
combined across devices, thus requiring network communication. Sending all ba-
sic objects to a central compute server often proves unscalable due to network
bottlenecks, or due to the central server not providing sufficient computational
power. The alternative is to distribute the execution by mapping each node in
the operator tree to one or more servers in the network, including servers that
produce and update basic objects and/or servers that are only used for applying
operators. One then talks of in-network stream-processing. Several in-network
stream-processing systems have been developed [7l4]. These systems all face the
same question: where should operators be mapped in the network?

In this paper we study the operator-mapping problem for multiple concurrent
in-network stream-processing applications. The problem for a single application
was studied in [8] for an ad-hoc objective function that trades off application
delay and network bandwidth consumption. In a recent paper [9] we have stud-
ied a more general objective function, enforcing the constraint that the rate at
which final results are produced, or throughput, is above a given threshold. This
corresponds to a Quality of Service (QoS) requirement of the application that
should be met while using as few resources as possible. In this paper we extend
the work in [9] in two ways. First, we study a “non-constructive” scenario, i.e.,
we are given a set of compute and network elements, and we attempt to use as
few resources as possible. Instead, in [9], we studied a “constructive” scenario
in which resources could be purchased and the objective was to spend as little
money as possible. Second, while in [9] we studied the case of a single applica-
tion, in this paper we focus on multiple concurrent applications that contend
for the servers, each with its own QoS requirement. Indeed, with several ap-
plications from several users running concurrently, it is more likely to share an
existing set of resources for a common deployment, hence the call for the non-
constructive scenario. Higher performance and reduced resource consumption is
possible by reusing common sub-expression between operator trees when appli-
cations share basic objects [I0]. We consider target platforms that are either
fully homogeneous, or with a homogeneous network but heterogeneous servers,
or fully heterogeneous. We formalize operator mapping problems for multiple
in-network stream-processing applications and give their complexity; and we
propose heuristics to solve the problems and evaluate them in simulation.

2 Framework

Application Model — We consider IC applications, each needing to perform several
operations organized as a binary tree (see Fig.[D]). Operators are taken from the
set OP = {op1,0p2, ...}, and operations are initially performed on basic objects
from the set OB = {ob1,0bs,...}. These basic objects are made available and
continuously updated at given locations in a distributed network. Operators
higher in the tree rely on previously computed intermediate results, and they
may also require to download basic objects periodically.
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For an operator op, we define objects(p) as
the index set of the basic objects in OB that
are needed for the computation of op,, if any;
and operators(p) as the index set of operators
in OP whose intermediate results are needed
for the computation of op,, if any. We have
lobjects(p)| + |operators(p)| < 2.

The tree structure of application k is defined
with a set of labeled nodes. The " internal node

in the tree of application k is denoted as nz(.k),

o1 09 09 0y its associated operator is denoted as op(nz(»k)),

and the set of basic objects required by this op-
Fig.1. Sample application erator is denoted as ob(ngk)). Node ngk) is the
structured as a binary tree of

root node. Let op, = op(nl(»k)) be the opera-
operators

tor associated to node nz(.k). Then node ngk) has
|operators(p)| child nodes.

The applications must be executed so that they produce final results, where
each result is generated by executing the whole operator tree once, at a target
rate. We call this rate the application throughput, p¥), specified as a QoS require-
ment for each application. Each operator in the tree of the k' application must
compute (intermediate) results at a rate at least as high as p*). Conceptually,
operator op,, executes two concurrent threads in steady-state. (1) It periodically
downloads (or continuously stream) the most recent copies of the basic objects
in objects(p), if any. Basic object ob; has size d; (in bytes) and needs to be
downloaded by the processors that use it for application k with frequency f;k).

This consumes an amount of bandwidth of rateg.k) =d; x f;k) on each involved

network link and network card. If a processor requires object ob; for several ap-
plications with different update frequencies, it downloads the object only once
at the maximum required frequency rate; = maxk{mte;k)}. (2) It receives in-
termediate results computed by operators(p), if any, and performs computation
using basic objects it is continuously downloading and/or data received from
other operators. The computation of operator op, requires w, operations, and
produces an output of size d,,.

Platform Model — The distributed network is a fully connected graph (i.e.,
a clique) interconnecting a set of processors P. Operators are mapped onto
these processors. Some processors also hold and update basic objects. Processor
P, € P is interconnected to the network via a network card with maximum
bandwidth B,. The network link between two distinct processors P, and P, is
bidirectional and has bandwidth by, (= by .,), shared by communications in both
directions. Processor P, € P has compute speed s,. Processors that only provide
basic objects and cannot compute are simply given compute speed 0. Resources
operate under the full-overlap, bounded multi-port model [I1]: Processor P, can
simultaneously compute, send, and receive data. With the “multi-port” assump-
tion, each processor can send/receive data simultaneously on multiple network
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links. The “bounded” assumption enforces that the total transfer rate of data
sent/received by processor P, is bounded by its network card bandwidth, B,.

Mapping Model and Constraints — The objective is to map internal nodes of ap-
plication trees onto processors. If only one node is mapped to processor P, , while
P, computes for the ¢-th final result it sends to its parent (if any) intermediate
results for the (¢ —1)-th final result and it receives data from its children (if any)
for computing the (¢ + 1)-th final result. All three activities are concurrent. If
several nodes are mapped to P, the same overlap happens, but possibly on dif-
ferent result instances. A basic object can be duplicated, and thus available and
updated at multiple processors. We assume that such duplication is achieved in
some application-specific manner (e.g., via a distributed database that enforces
sufficient data consistency). In this case, a processor can choose among multiple
data sources for a basic object (or perform a local access if the basic object is
available locally.)

We use an allocation function, a, to denote the mapping of the nodes onto the
processors in P: a(k,?) = u if node ngk) is mapped to processor P,. Conversely,
a(u) is the index set of nodes mapped on P,: a(u) = {(k,%) | a(k,i) = u}.
Also, we denote by aop(u) the index set of operators mapped on P,: aop(u) =
{p|3(k,q) € a(u) opp = op(ngk))}. We introduce the following notations:

o Ch(u) = {(p,v,k)} is the set of (operator, processor, application) tuples
such that processor P, needs to receive an intermediate result computed by
operator op,, which is mapped to processor P,, at rate p(k); operators op, are
children of a,p(u) in the operator tree.

e Par(u) = {(p,v,k)} is the set of (operator, processor, application) tuples
such that P, needs to send to P, an intermediate result computed by opera-
tor op, at rate p®*)pe aop(u) and the sending is done to the parents of op, in
the operator tree.

e Do(u) = {(j,v, k)} is the set of (object, processor, application) tuples where
P, downloads object 0b; from processor P, at rate p*),

Given these notations, we can express constraints for the application throughput:
each processor must compute and communicate fast enough to respect the pre-
scribed throughput of each application with nodes allocated to it (Eq. ). Note
that each operator is computed only once at the maximum required throughput.

VP, eP Z ( max (p(k)> wp> <1. (1)
panp(u) Su

(k.i)€a(u) | op(ni*)=op,,

Communication occurs only when child and parent nodes are mapped on differ-
ent processors. An operator computing for several applications may send /receive
results to/from different processors. If the parent/child nodes corresponding to
the different applications are mapped onto the same processor, the communica-
tion is done only once, at the most constrained throughput. In expressions below
v # u since we neglect intra-processor communications.
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P, must have enough bandwidth capacity to perform all its basic object down-
loads, to support downloads of the basic objects it may hold, and also to perform
all communication with other processors, all at the required rates (Eq. ). The
first term corresponds to basic object downloads; the second term corresponds to
download of basic objects from other processors; the third term corresponds to
inter-node communications when a node is assigned to P, and its parent node
is assigned to another processor; and the last term corresponds to inter-node
communications when a node is assigned to P, and some of its children nodes
are assigned to another processor.

VP, €P Z Tateg-k)—i— Z Z Tateg-k)—k Z 5pp™ + Z 5pp™ < B, (2)

(4,v,k) PyeP (j,u,k) (p,v,k) (p,v,k)
€Do(u) €Do(v) €Ch(u) €Par(u)

Finally, the link between processor P, and processor P, must have enough
bandwidth capacity to support all possible communications between the nodes
mapped on both processors, as well as the object downloads (Eq. B).

VP, P, € P Z Tate§k)+ Z Tate§k)+ Z 5pp*) + Z 5pp®) < by (3)

(4,v,k) (J,u,k) (p,v,k) (p,v,k)
€Do(u) €Do(v) €Ch(u) €Par(u)

Optimization Problems — The goal is to achieve a prescribed throughput for each
application while minimizing a cost function. Several relevant problems can be
envisioned. PROC-NB minimizes the number of used processors; PROC-POWER
minimizes the compute capacity and/or the network card capacity of used pro-
cessors (e.g., a linear function of both criteria); BW-SUM minimizes the sum of
the used bandwidth capacities; and BW-MAX minimizes the maximum percent-
age of bandwidth used on all links. Different platform types may be considered
depending on resource heterogeneity. We consider the fully homogeneous case
($4 = s, By, = B and b, , = b), which we term HoM. The case in which network
links can have various bandwidths is termed HET.

3 Complexity

Problem PROC-NB is NP-complete in the strong sense even for a simple case:
a Howm platform and a single application (|| = 1), that is structured as a left-
deep tree [12], in which all operators take the same amount of time to compute
and produce results of size 0, and in which all basic objects have the same size.
We refer the reader to [9] for the proof. It turns out that the same proof holds
for PROC-POWER on a HoMm platform.

The BW-MAX problem is NP-hard because downloading objects with differ-
ent rates on two processors is the same as the NP-hard 2-Partition problem [I3].
Here is a sketch of the straightforward proof for a single application. Consider
an application in which all operators produce zero-size results, and in which
each basic object is used only by one operator. Consider three processors, with
one of them holding all basic objects but unable to compute any operator. The
two remaining processors are able to compute all the operators, and they are
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connected to the first one with identical network links. Such an instance can be
easily constructed. The goal is to partition the set of operators in two subsets so
that the bandwidth consumption on the two network links is as equal as possible.
This is exactly the 2-Partition problem.

The BW-SuUM problem can be reduced to the NP-hard Knapsack problem [13].
Here is a proof sketch for a single application. Consider the same application as
for the proof of the NP-hardness of BW-MaXx above. Consider two identical
processors, A and B, with A holding all basic objects. Not all operators can be
executed on A and a subset of them need to be executed on B. Such an instance
can be easily constructed. The problem is then to determine the subset of op-
erators that should be executed on A. This subset should satisfy the constraint
that the computational capacity of A is not exceeded, while maximizing the
bandwidth cost of the basic objects associated to the operators in the subset.
This is exactly the Knapsack problem.

All above problems can be solved via linear programming (see [14] for Integer
Linear Program formulations). However, they cannot be solved in polynomial
time (unless P=NP).

4 Heuristics

In this section we propose polynomial heuristicd] for solving the PROC-POWER
problem when considering only the compute capacities of used processors. We
propose 5 heuristics to map application nodes to processors. Each heuristic can
use one of 4 generic processor selection strategies to select which processor a node
should be mapped to. We consider two processor selection strategies, each with a
blocking and a non-blocking version. Blocking means that once chosen for a given
operator opy, a processor cannot be used later for another operator ops unless ops
is a relative (i.e., father or child) of op;. Non-blocking heuristics impose no such
restriction. We obtain four strategies (S1) Select the fastest processor (blocking);
(52) Select the processor with the fastest network card (blocking); (S3) Select the
fastest processor (non-blocking); and (S4) Select the processor with the fastest
network card. Note that the processor and network card speeds used for the
selection are computed while accounting for operators that may have already
been mapped to servers.

All our heuristics attempt to re-use results from common operator sub-trees
across applications. For this purpose they try to add additional communications
as show in Fig. [2 on an example. We consider the following 5 heuristics:

e (H1) Random — H1 randomly picks the next node to map and attempts to
reuse sub-trees across applications. If the node’s operator has not already been
mapped, possibly for another application, but the node’s parent, H1 tries to map
the node to the same processor. If unsuccessful, it makes similar attempts with
the node’s children. Otherwise if the node’s operator has already been mapped
somewhere else in the forest, H1 tries to add a communication from the already

1 To ensure the reproducibility of our results, the code for all heuristics is available on
the web [I5].
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Fig. 2. Example for the reuse of nodes. op: is only computed once and its result is
reused for the computation of op2 and ops. ops uses the result of ops in application 1
for its computation.

mapped operator to the father of the current node to reuse the common result.
In this case, H1 marks the whole subtree (rooted at the operator) as mapped.
Otherwise, H1 chooses a new processor according to the selected processor se-
lection strategy. If unsuccessful, then H1 fails.

e (H2) TopDownBFS — H2 performs a breadth-first-search (BFS) traversal
of all application trees, using an artificial node at which all application trees are
rooted. For each node, H2 checks whether its operator has not been mapped yet
and whether its father’s has. In this case, H2 tries to map the operator on the
same processor as its father, and in case of success continues the BFS traversal.
If the node’s operator has already been mapped, H2 tries to add a communi-
cation link between the mapped operator and the node’s father: the mapped
operator sends its result not only to its father but also to the node’s father. If
none of these two conditions holds, or if the mapping was not possible, H2 picks
a processor according to the the processor selection strategy. If the mapping is
successful, the BFS traversal continues, otherwise H2 fails.

e (H3) TopDownDFS — H4 uses the same mechanism as H2, but with a depth-
first-search (DFS).

e (H4) BottomUpBFS — Like H2, H4 performs a BFS traversal of the appli-
cation trees. For each node, H4 verifies whether it’s operator has already been
mapped. In this case a communication link is added (if possible), connecting the
mapped operator and the node’s father. If the operator is not yet mapped and if
it has children, H4 tries to map the operator to one of its children’s processors.
If unsuccessful, or if the operator is at the bottom of a tree, H4 tries to map
the operator onto a new processor chosen according to the processor selection
strategy. If the mapping is successful, the traversal continues, otherwise H4 fails.
e (H5) BottomUpDFS — H5 is similar to H4, but uses a DFS traversal. This
adds complexity as more cases need to be considered. For each node H5 checks if
its operator has already been mapped and none of its children has. In this case
H5 goes up in the tree until it reaches the last node n; such that there exists a
node nsy somewhere else in the forest whose operator is already mapped, and such
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that op(n1) = op(nsg). In this case H5 tries to add a communication between ng
and the nq’s father to share a sub-tree. If the children have already been mapped
H5 simply tries to map the operator to one of the children’s processors. If this
is not possible, or if the additional communication was not possible, or again
if the operator has not been mapped anywhere in the forest, H5 tries to map
the operator onto a new processor chosen according to the processor selection
strategy. Otherwise H5 fails.

5 Experimental Results

We have conducted several experiments to assess the performance of the different
heuristics described in Section @l In particular, we are interested in the impact
of node reuse on the number of solutions found by the heuristics. The applica-
tion trees are fixed to a size of at most 50 operators, and in general we consider
5 concurrent applications. The following parameters are chosen randomly: The
basic objects (leaves in the tree) are chosen among 10 different types. The size d
of each object type varies between 3MB and 13MB. The download frequencies of
objects for each application, f, as well as the application throughput, p, are such
that 0 < f <1 and 1 < p < 2. The operands of operators are also chosen ran-
domly. The computation amount w; for an operator lies between 0.5MFlop/sec
and 1.5MFlop/sec, and the output size of each operator §; varies between 0.5MB
and 1.5MB. We dispose of 30 processors, equipped with a network card of band-
width between 50MB and 180MB each. We use the same range for processor
compute speed : 50MIPS to 180MIPS. Processors are interconnected via het-
erogeneous communication links, whose bandwidths are between 60MB/s and
100MB/s. The 10 different types of objects are randomly distributed over the
processors, where objects are maximal twice available on processors. When de-
ciding about basic object downloads, we first try to download from processors
which are already used in the mapping (with minimal available bandwidth),
before downloading from an unused processor. Execution time and communica-
tion time are scaled units, thus execution time is the ratio between computation
amount and processor speed, while communication time is the ratio between
object size (or output size) and link bandwidth.

We study the relative performance of each heuristic compared to the best
solution found by any heuristic. This allows to compare the cost, in amount of
resources used, of the different heuristics. The relative performance for heuristic
h is obtained by: ‘mlm‘ err:ufgl an(r), where ap(r) = 0 if heuristic h fails in

coStpest(T)
costp (1)

all heuristics for run r, and cost,(r) is the cost in the solution returned by
heuristic h. The number of runs is fixed to 50 in all experiments. The complete
set of results is available on the web [I5].

run r and ap(r) = . €oStpest () 1s the best solution cost returned over

Summary of Experiments — We have performed different test series, varying
the number of processors, the number of applications and the application size.
Also we tested the impact of the Communication-to-Computation Ratio (CCR),
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Fig. 3. Experiment: Increasing number of processors. Number of successful runs.

which is the ratio between the mean amount of communications and the mean
amount of computations. Finally we were interested in the influence of applica-
tion similarities on the heuristics’ performance. Due to lack of space, we resume
our experimental results, but a detailed description is available in [14].

Our results show that a random approach for multiple applications performs
considerably bad. Not reusing results from common subtrees dramatically limits
the success rate (see Fig. B) and also the quality of the solution in terms of cost
(relative performance). The TopDown approach turns out to be the best, and
in most cases BFS traversal achieves the best result. The BottomUp approach
is only competitive using a BFS traversal. The DFS traversal seems unable to
reuse results efficiently (it often finds itself with no bandwidth left to perform
necessary communications.) Furthermore we see a strong dependency of the pro-
cessor selection strategy on solution quality. The blocking strategies outperform
the non-blocking strategies when the CCR is large. Overall, H2 in combination
with strategy S3 proves to be a solid combination.

6 Conclusion

We have studied the operator mapping problem of multiple concurrent in-network
stream-processing applications onto a collection of heterogeneous processors.
These applications come as a set of operator trees, that have to continuously
download basic objects at different sites of the network and at the same time
have to process this data to produce some final result. We have identified four
relevant optimization problems. All are NP-hard but can be formalized as inte-
ger linear programs. Focusing on one of these optimization problems, we have
designed several polynomial-time heuristics, which we have evaluated in simu-
lation. Our experiments show the importance of node reuse across applications.
Reusing nodes leads to an important number of additional solutions, and also
the quality of the solutions improves considerably. We conclude that top-down
traversal of the application trees is more efficient than bottom-up traversal.
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As future work, we could develop heuristics for the other optimization prob-

lems defined in Section 2l We could also envision a more general cost function
W oy (time required to compute operator ¢ onto processor u), in order to express
even more heterogeneity. This would lead to the design of more sophisticated
heuristics. Also, we believe it would be interesting to add a storage cost for ob-
jects downloaded onto processors, which could lead to new objective functions.

References

1.

10.

11.

12.

13.

14.

15.

Badcock, B., Babu, S., Datar, M., Motwani, R., Widom, J.: Models and issues in
data stream systems. In: Proceedings of the Intl. Conf. on Very Large Data Bases,
pp. 456467 (2004)

. Srivastava, U., Munagala, K., Widom, J.: Operator Placement for In-Network

Stream Query Processing. In: Proceedings of the 24th ACM Intl. Conf. on Princi-
ples of Database Systems, pp. 250-258 (2005)

. Cranor, C., Gao, Y., Johnson, T., Shkapenyuk, V., Spatscheck, O.: Gigascope:

high-performance network monitoring with an SQL interface. In: Proc. of the ACM
SIGMOD International Conference on Management of Data, pp. 623-633 (2002)

. van Rennesse, R., Birman, K., Dumitriu, D., Vogels, W.: Scalable management

and data mining using astrolabe. In: Druschel, P., Kaashoek, M.F., Rowstron, A.
(eds.) IPTPS 2002. LNCS, vol. 2429, pp. 280-294. Springer, Heidelberg (2002)

. Babu, S., Widom, J.: Continuous Queries over Data Streams. SIGMOD

Record 30(3) (2001)

. Plale, B., Schwan, K.: Dynamic Querying of Streaming Data with the dQUOB

System. IEEE Trans. on Parallel and Distributed Systems 14(4), 422-432 (2003)

. Chen, L., Reddy, K., Agrawal, G.: GATES: a grid-based middleware for process-

ing distributed data streams. In: 13th IEEE International Symposium on High
performance Distributed Computing, Proceedings, pp. 192-201 (2004)

. Pietzuch, P., Leflie, J., Shneidman, J., Roussopoulos, M., Welsh, M., Seltzer,

M.: Network-Aware Operator Placement for Stream-Processing Systems. In: Pro-
ceedings of the 22nd International Conference on Data Engineering (ICDE’06),
pp. 49-60 (2006)

. Benoit, A., Casanova, H., Rehn-Sonigo, V., Robert, Y.: Resource Allocation

Strategies for Constructive In-Network Stream Processing. In: Proceedings of

APDCM’09, the 11th Workshop on Advances in Parallel and Distributed Com-

putational Models. IEEE, Los Alamitos (2009)

Pandit, V., Ji, H.: Efficient in-network evaluation of multiple queries. In:

Robert, Y., Parashar, M., Badrinath, R., Prasanna, V.K. (eds.) HiPC 2006. LNCS,

vol. 4297, pp. 205-216. Springer, Heidelberg (2006)

Hong, B., Prasanna, V.: Distributed adaptive task allocation in heterogeneous com-

puting environments to maximize throughput. In: Intl. Parallel and Distributed Pro-

cessing Symposium IPDPS 2004. IEEE Computer Society Press, Los Alamitos (2004)
Ioannidis, Y.E.: Query optimization. ACM Computing Surveys 28(1), 121-123
1996

éarey), M.R., Johnson, D.S.: Computers and Intractability, a Guide to the Theory

of NP-Completeness. W.H. Freeman and Company, New York (1979)

Benoit, A., Casanova, H., Rehn-Sonigo, V., Robert, Y.: Resource Allocation for
Multiple Concurrent In-Network Stream Processing Applications. Research Report
2009-07, LIP, ENS Lyon, France (February 2009)

Rehn-Sonigo, V.: Source Code for the Heuristics and diagrams of all experiments,

http://graal.ens-1lyon.fr/~vsonigo/code/query-multiapp/


http://graal.ens-lyon.fr/~vsonigo/code/query-multiapp/

	Resource Allocation for Multiple Concurrent In-network Stream-Processing Applications
	Introduction
	Framework
	Complexity
	Heuristics
	Experimental Results
	Conclusion
	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




