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PRODUCTION SYSTEM SHELL FOR MOBILE DEVICES

The CLIPS shell extension was proposed to enable the creation of
applied production systems which can be used on mobile devices. The
innovation was substantiated in terms of saving money resources to
purchase specialized equipment for using for the resource-intensive
production systems. The following studies were conducted: market re-
search tablet devices, the most widely represented in Ukraine; produc-
tion systems shells that can be used on mobile devices; freely distribut-
able production systems shells were considered, important characteris-
tics were identified and compared. The basic classes of match algo-
rithms were overviewed. The results of studies about Rete and Treat
match algorithms advisability were described for the general case of
the applied problems. The proposed modeling environment for produc-
tion systems for mobile devices will reduce development time and in-
crease system efficiency by choosing the optimal match algorithm for
minimal memory usage.

Key words: production systems; match algorithm; tablet com-
puter.

Introduction. One of the main approaches to solving intellectual
tasks is based on models of knowledge representation. The largest segment
of the knowledge-based systems is a production system (PS).

It is reasonable to use an existing productions systems tool for automat-
ing the solution of applied problems. Its compulsory components are empty
knowledge base with specified format for records representation and inference
engine. The production system developer's task is filling the knowledge base
with the information that is needed for inference in a particular subject area.

Existing production systems development tools are widely used in
the software market for implementation of the technical and medical diag-
nostics, management and forecasting systems [1-3]. Production systems
which are developed on the basis of such tools are used in the education,
agriculture, financing activities, stock exchange [4-5].

Production systems operation requires significant computing resources.
Therefore, it is considered a priority that such systems are installed on desktop
computers. However, nowadays it is a common requirement for software to be
compatible with different mobile devices such as smartphones or tablets. It
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should be borne in mind that these devices may have different operating sys-
tems and a broad range of hardware implementation.

The amplification of the mobile devices contributed to the develop-
ment of specialized software for employees of different areas, like guards
and conductors of the railway transport, agronomists, sanctuary staff, and
rescuers. Expert systems in agriculture, medicine, education became avail-
able to the public through the integration with the mobile devices [6].The
development of such software puts rigorous requirements to memory us-
age and support of the interoperability between different platforms. This is
why, the problem of choosing of the basic algorithms for production sys-
tem inference, which will reduce memory usage, and developing software
for this task is the objective of the day.

Inference engine of production systems based on the two compo-
nents:

e match algorithm (for selecting productions to the conflict set);
e implementation of the inference strategy (conflict resolution).

The majority of modern development environments allow users to select
from the main strategies of conflict resolution (depth, breadth, simplicity,
complexity, novelty, LEX, MEA), and provide the implementation of auxil-
iary strategies for the effective inference (refraction, random selection, sorting
by priority). At the same time, only one match algorithm is previously built in
software tools. Moreover information about this algorithm is often not avail-
able for developer of the current production system. It is proved that the
matching is the most demanding task in the inference process [7]. Therefore,
the choice of algorithm for implementation in the development environment of
production systems has a significant impact on its effectiveness.

This study aims to create additional development tools of production
systems that allow to select optimal solutions in terms of memory usage,
with the use of match algorithm for the current problem, to conduct appro-
bation of the chosen algorithm and to use it’s implementation for the sys-
tem which is developed.

Research Market Mobile. In order to identify software requirements
for mobile devices Ukraine market was analyzed and characteristics of the
represented products were identified.

The specificity of production systems is the first necessity of providing a
convenient interactive interface for the user, and secondly the need for direct
data entry. Therefore, tablets are a priority among mobile devices for the use
of production systems. Using data from the most popular sites for the sale of
mobile devices Ukrainian tablet market was analyzed on the basis of charac-
teristics such as price, random access memory (RAM) and read only memory
(ROM) [8], [9] . The results are presented in Table 1.
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Table 1
Characteristics of the tablets on the Ukrainian market
Price ($) RAM) ROM The market
share
<85 19% — 1 GB 4GB 8%
78% — <=0.5 GB
85 — 165 76 % — 1 GB, 8 GB 32%
21% —<=0.5 GB
165 — 290 74 % — 1 GB 16 GB — 65% 34%
23% —2 GB 8GB—27%
290 — 415 50% —1GB 16 GB — 50% 10%
42% — 2 GB 32GB—30%
415 — 585 41% —2 GB 16 GB — 37% 7%
33% —1GB 32GB—36%
19% — <=0.5 GB 64 GB — 25 %
> 585 42% —1GB 16 GB — 18% 9%
27% —2 GB 32GB—25%
26% —>=3 GB 64 GB -33 %
126 GB —21 %

According to the data, a mid-range (165 — 415 $) dominated the tab-
let with 1-2 GB of RAM and 16 GB of ROM. Based on this analysis it can
be concluded that the current amount of the internal memory is enough for
the use of the modern production systems. At the same time, RAM re-
sources of mobile devices are significantly inferior to desktop computers
nowadays. The developers of operating systems for mobile devices have to
create methods for efficient memory management. Better utilization of
memory on the tablet is complicated by the fact that a physical increase
the RAM for the existing devices impossible or financially impractical.

Currently, devices with Android operation system are the most com-
mon on the mobile market, far ahead of his closest rivals iOS and Win-
dows. It is predicted that this trend will not change by 2017, although it is
projected that market share of mobile devices that use the operation sys-
tem i0S will increase (Market share held by smartphone operating systems
worldwide in 2013 and 2017).

The specific feature of Android is the limit on memory available ap-
plication to ensure the execution of multiple programs simultaneously. In
Android, every application runs in a Linux Process. Each Linux Process
has a Virtual Machine (Dalvik Virtual Machine) running inside it. There is
a limit on the memory a process can demand. It is different for different
devices. For most of the early versions of the operating system, this limita-
tion was 16 Mb, for version 2.3-32 Mb, and from 4th version — the de-
fault is allocated 64 Mb. When some process demands a higher memory
than limit it causes a forcibly termination with different types of errors due
to lack of memory. The developer can change the size restrictions on the
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memory usage for the program, but this decision is the worst practice and
it is unacceptable to create cross-platform applications [10].

Android manages applications that are stored in memory automati-
cally: in case there is a shortage in memory, the system starts to terminate
applications and processes that have been inactive for some time, in re-
verse order, starting with one that has not been used for the longest time.
This process is designed to simplify the operation with the memory for
user who does not need to explicitly shutdown the application. So even
correctly implemented production system for desktop computers will work
perfectly and at the same time could prematurely shut down improperly on
mobile devices in case of lack of memory.

The effectiveness of the applied production systems on mobile de-
vices is primarily determined by the inference engine embedded in it. In
turn, the effectiveness of the inference defined by match algorithm.

Match algorithms. Basic approach of modern algorithms for pattern
matching is incremental matching [11]. The basis of this approach is keeping
from cycle to cycle some information about the state of the system, known as
a state support. In turn, incremental match algorithms are divided into 3
classes: lazy evaluation algorithms, binding space algorithms and eager eva-
luation algorithms. The latest is the most common in production system shells.

Lazy evaluation algorithms provide the integration of the match and
conflict resolution, which leads to a number of limitations in the process of
inference. A well-known example of such an algorithm is Leaps, that was
proposed by Miranker [12] to improve the performance of expert systems.

Binding space algorithms aimed at facilitating a parallel implementa-
tion to increase performance on modern hardware. The most known from
those algorithms are Matchbox [13], HAL [14], GridMach [15]. However,
despite the considerable amount of research work in this direction, the
suppliers of production systems tell nothing about their widespread use.

In view of the aforementioned, this work focused on the eager evaluation
algorithms, whose effectiveness has been proven by their use in the modern
production systems shells. The best known among these algorithms are Treat
[12], Rete [16], Gator [17], Rete* [18] and their modifications.

Rete algorithm is, historically, the most used in the production sys-
tems shells as first developed. It is characterized by significant speed and
has proven effective in many application problems [19]. At the same time,
many researchers based on experimental studies, prefer Treat algorithm as
one that requires less computational resources. Comparison of the Rete
and Treat algorithms and guidelines for selecting one of them are pre-
sented in the following works [20].

Research shows that the efficiency of the match algorithm depends
on how you present the information in the knowledge base. Therefore, it is
impossible to make generalized conclusions for choosing algorithmic base
of the production systems. However, the above recommendations allow a
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high probability to choose an optimal algorithm in term of performance
memory usage. It is important to create an environment that will make
possible approbation of such a choice.

Rete and Treat match algorithms has been chosen for implementation on
mobile devices. Treat algorithm was chosen due to less memory costs com-
pared to Rete while it preserves considerable speed. An additional advantage
of the chosen algorithm is that it was created for computers with parallel proc-
essing, which allows using it for modern multi-core mobile devices.

Production systems shells. Since the common production systems
are developed by specialized production systems shells it is advisable to
choose one of them for use on tablets.

Production systems shell is a software package that facilitates the
construction of production systems by providing a scheme of knowledge
representation and inference mechanism. The developers have to add
knowledge related to the subject area; provide interconnection with exist-
ing software and information databases.

This study focused on the analysis of production systems shells that
can be used on mobile devices. Table 2 presents data about such environ-
ment, including examples of their use.

Table 2
Production systems shells
N PS shell Application
Name Developer Name Purpose
1 |Exsys Cor- |Exsys Inc Jet Aircraft Diag-  |Aircraft Diagnostics
vid [21] nostics [22]
2 |OPS [23] |Charles Forgy XCON Determining the con-
at Carnegie Mellon figuration of a com-
University puter system [24]
3 |CLIPS [25] | NASA's Johnson PI-in-a-Box Aid for astronauts to
Space Center, now perform science
maintained independ- experiments in space
ently from NASA as [26]
public domain software
4 |Jess [27] Sandia National Labs |Rice Plant Disease |Diagnosis of rice
Diagnosis plants [28]

5 |e2gLite [29] |eXpertise2GO Expert system for |Diagnosing tropical
diagnosing tropical |infectious diseases
infectious diseases |[30]

These shells are widespread due to such characteristics as ease of
use, possibility of integration with external systems, supports multiple
paradigms of knowledge representation, cross-platform implementation
and height performance. In this study the shells which are distributed un-
der a free license were examined in more detail. These shells and their
formal characteristics are presented in Table 3.
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Table 3
Freely distributable production systems shells
Knowl- Object- | Proce- | Integration
Name edge rep- Cross-platform oriented | dural |with e.xternal
resenta- ap- ap- environ-
tion proach | proach ments
CLIPS |Rules, Compatible with most  |Support |Support |Possible inte-
objects Windows and Linux gration with
operating systems, the C/C++, Java
latest versions of Android languages
Jess Rules, Compatible with most  |Support |Support |Possible inte-
objects Windows and Linux gration with
operating systems, the Java language
latest versions of Android
eXper- |Rules, Compatible with most  |Not sup- |Not sup- |Possible inte-
tise2GO |Decision |Windows and Linux port port gration with
tables operating systems, the HTML lan-
latest versions of Android guage

The shell eXpertise2GO is commonly used to create applications for
the Android operation system, but it has several disadvantages: restrictions
on the knowledge representation, focuses on web application, denied ac-
cess to the source code. Jess is development environment for production
systems, which was created on the basis of CLIPS for expert systems for
developing with the use of Java programming language. However, this
environment is distributed freely for non-commercial use, and requires an
additional license for usage in commercial purposes.

CLIPS was chosen for further study among the following shells as
best variant for applied tasks implementation. This is due to its features
such as multiple programming paradigms support: the rule based, proce-
dural, object-oriented; open source code; full supporting documentation;
the possibility of cooperation with the developers, availability of the ver-
sions for different operating systems. An additional advantage for choos-
ing the CLIPS environment was the possibility of its integration for I0S
operating systems and MacOS. CLIPS can be ported to any system where
C compiler compatible with ANSI is presented. CLIPS can be called as a
subprogram and integrated with other programming languages such as C,
C ++, Java, FORTRAN and Ada. In addition, the shell can be easily ex-
tended by using several well-defined documented protocols.

Extended production systems shell. In the CLIPS, development en-
vironment only Rete match algorithm was implemented. In this research
we extended the functionality of this environment with Treat algorithm.

CLIPS for Android which called CLIPS4Android are the Android li-
braries which are intended to be used by other Android applications. This
provides an additional advantage because there are no limits on memory
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allocation in the native part of the program in Android OS. Modifications
have been made so that the user can compile a library with one of the
matching algorithm or with both. At the design stage of production system
it is advisable to use the latest version.

Both algorithms were formalized in same format to minimize depend-
ence from specific programing language. The both algorithms have compila-
tion and execution part. Building data flow network from rule base is meant by
compilation. Such data flow network represents data dependencies between
rule conditions. At run-time facts from working memory enter network and
are preceded depended on networks node type. Rete algorithm is formally
described in terms of first-order logic in research [31]. Based on this research
execution of Treat algorithm was formalized as follow.

Define in the token form fact f which has been added/remove from
working memory (WM) <+, f >. For intra-elements test (conditions in

one single pattern) the transition rule ?m—>->ms! from one Treat net-
work to another is formalized as follows:

<o f > 2 b £ if(f),
Im «Im — .
<o f > if (),
<+|_’f>?_)0! l](_'q(f)a
where /m is subset of fact that have been matched already, ¢(f) the con-

junction of all tests that have to be done for matching constant element.
For testing the inter-element conditions, conditions which involve
more than one single pattern transition rule is formalized as follows:

Vieln; <— f>7——{<— >}

tm, <tm; U{ f}no <0 [ARePM AFpep” (R)|o'p=1

Vfelm; <+ f>? 0!,
if‘](f)A_"”j(tmj);

tm; <tm, A f} Ao <0 U0 [FRePM ATpep” (R)|o’' p=1f

Vfelm<+f>? {<+tm; >},
ifq(f) " ri(tm));
Vfelm<+|— f>?2—>0 if—q(f).
For conflict set CS:
<— f >9 cm<«—cm—{f} {< _ f >}
cm<—cm\Jtm
< tm; >?———— <+, m; >}

where R — production, ¢ — a substitution, p — pattern, which is de-
fined as term, p* — positive pattern, r; — the conjunction of all inter-

element tests of rule /; € PM ( Production memory), which have to be
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done for bind variables correctly, tm — subset of facts from WM with
already bound variables, cm — conflict set memory — subset of facts
from WM which match conflict set rules.

Given such formalization it is easier to compare algorithms regard-
less of the specific implementation.

Since Treat algorithm was developed on the basis of Rete, they have
a similar mechanism to handle productions. What’s more Rete and Treat
algorithm have the same input and output format. So same data structure
can be used for both algorithms. This allows the user correctly compare
the performance of these algorithms for solving applied problem as infor-
mation for them is presented in the same format.

It has been proved that Treat algorithm needs from 15 to 45% less mem-
ory than Rete [12]. In mobile devices such improvement can allow using of
expert systems for low-end tablets. While for High-Ram devices user can
make choose between memory usage and performance depending on the task.
For such cases, the recommendations based on the properties of knowledge
base are useful in selecting an algorithm. It was proved that an efficiency of
production system depends on the properties of the knowledge base. The con-
ducted experiments and previous researches allow forming the basic guide-
lines to select match algorithm which are presented in table 4.

Table 4
Recommendations for choosing match algorithm

Characteristics of the problem Optimality criterion Rete | Treat
A large number of conditional elements |Number of comparisons + -
in the antecedent (> 6) with conditional elements
average number of conditional elements [Number of comparisons - +
in antecedent does not exceed 6 with conditional elements
High temporal redundancy Performance + -
A large number of negative conditional |Performance — +
elements Memory usage - +
Conditional elements are added dy- Performance +
namically Memory usage - +
Minimum number of complex variables [Performance + -
in antecedent

Thus, the proposed development environment for production systems for
mobile devices will reduce development time and increase system efficiency
by choosing the optimal match algorithm for minimal memory usage.

Conclusions. Modern production systems for solving tasks of technical
and medical diagnosis, management, forecasting, and education designed for
use on desktop computers. This causes difficulties when transferring such sys-
tems on mobile platforms due to the specificity of their memory management.
However, this problem can be solved by the use of optimal algorithms of pro-
duction systems inference for specific tasks. This study focused on match al-
gorithm for production systems for mobile devices.
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11.

12.

13.

As results of the study, the following conclusions can be made.

Mobile devices most suitable for the application of production systems
were explored. The expediency of using the tablet with Android OS
was determined.

The pattern match algorithms were investigated as a main component,
which affects the efficiency of production systems. The following al-
gorithms were chosen for the design of production systems on mobile
devices: Rete, Treat.

Production systems shells that can be used on mobile devices were
examined. The CLIPS usage was justified.

Highlight disadvantage CLIPS: implementation of only one match al-
gorithm. Due to the open source and free license shell extension was
created. Treat algorithm was proposed for that.

Recommendations for choosing an appropriate match algorithm for
applications were presented.
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BUKOPUCTOBYBaHHMX HA MOOUTHHHX MpUCTposix. OOIpyHTOBaHA IHHOBALIIS C TO-



Cepisi: TexHiuHi Hayku. Bunyck 12

YKH 30py KOHOMII IPOLIOBUX PEeCypCiB Ha MPHIOAHHS CICLiali30BaHUX MPH-
CTpOIB JUTsl BUKOPHUCTAHHS PECYPCOEMHHX MPOAYKIiiHUX cucteM. [IpoBeneHo
HACTYIIHI JOCI/DKEHHS: PHHKY IUIAHIIETHUX NPUCTPOIB, HalIIMpIIe IpeacTa-
BIICHHX B YKpaiHi; 000JOHOK MPOIYKLIHHNAX CHUCTEM, SIKi MOXYTh 3aCTOCOBY-
BaTHCs HA MOOUTBHHX TIPUCTPOSIX; OLTBII IETANTBHO, 3 BUIUICHHAM 3HAYUMUX
XapaKTEePHUCTHK, PO3IISIHYTO BIIGHO IOIIMPIOBAaHI OOTOPTKHM MPOIYKLIHHHX
cucteM. OIMCaHO OCHOBHI KJIaCH AITOPUTMIB CITIBCTAaBICHHS 31 3pPa3KOM.
INpencrasneHi pe3yIbTaTh TOCHTIHKEHb 00 AOLUIBHOCTI 3acToCcyBaHHs Rete
Ta Treat jis 3aralbHUX BUMAJIKIB B IPUKIIATHNX 33/a4.

KawuoBi cioBa: npodykyitini cucmemu, cniscmasienus 3i 3paskom,
nOpMAamueHi NPUCmMpoi.

Otpumano: 18.03.2015
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TepHomiIbCHKNIT HallIOHANBHUH TEXHIYHAN YHIBEPCUTET
imeni IBana Ilysrost, M. TepHorminb

MOLENIOBAHHA TA INEHTU®DIKALIA NAPAMETPIB
3A0AH ONoY3il B HEOOHOPIOHUX
HAHOMYJNIbTUKOMNO3UTAX rPAAIEHTHUMU
METOOAMMU TA IHTErPAIIbHAMU NEPETBOPEHHAMMU

Po3pobiieHa Ta 00rpyHTOBaHA Ha OCHOBI TEOPii ONTHMATIBHOTO Ke-
pYBaHHS CTaHaMU 0araTOKOMITIOHEHTHHX CHCTEM, IHTerpalbHUX Mepe-
TBOpeHb Dyp’e Ta Jlamiaca MeToarKa MOJENIOBaHHS Ta (DYHKIIOHA-
npHOT ifeHTUdiKaLil mapamerpiB qudysii Ul HEOIHOPITHUX HAHOMY-
JIETUKOMIIO3UTIB, OTPAMAaHI aHANITHYHI BHpa3W TPaieHTIB (yHKIIO-
HaliB HEB’S30K, KOMIIOHEHTaMH SIKMX € MOOYy/IOBaHi aHATITHIHI
PO3B’SI3KH TIPSIMOI 1 CpsDKEHOT BHXITHOT HEOXHOPIAHOT KpatoBoi 3aadi
HepeHocy Ta CIpsbKeHoi i 3a JlarpamkeM 3amadi, BAKOHAHO BiJHOB-
JIeHHsI Koe(iIlieHTiB Auy3ii U1 pi3HUX MOBEPXOHB CIIOCTEPEKEHb.

KuarouoBi cnoBa: maconeperoc, mamemamuyna mooens, yH-
KyioHanvHa ioenmugixayis, inmezpanvHe nepemeopens, HeoOHO-
PIOHI cepedosuwa, epadienm yHKYIOHALA HeBA3KU.

Beryn. [Jlocmimpkensst audys3iiHUX IporeciB B OaraTomapoBuX HaHO-
KOMIIO3M3HTIB 1 TOHKUX HaHOILUTIBOK BIJIKPUBAE IEPCIICKTHBH CTBOPEHHS HA
0a3i MaTepiaiiB 3 Bi/IOMHMMH BJIaCTHBOCTSIMU MaTepiajliB Ta CEpeAOBHII 3 HO-
BUMH BJACTUBOCTSIMH (HOBi SIBAINA TPOBIMHOCTI, IUQYy3iHHO-aacopOIiitHi
e(eKTH TOIIO), BAHUKHEHHS SIKMX T'OJIOBHO TOB’S13aHO 31 CTPYKTYPHUMH 3Mi-
HAMH CEpPENOBUII TPH arperaTyBaHHI HAHOMIAPIB 3 PI3HUMH BIACTHBOCTSIMH
[1-4; 15]. B uiii npaui Ha npukiazi 3axay audysii B 3rymenux (Fe/Dy) mar-
HITHUX 0araToImapoBHX HAHOILTIBKAaX, YTBOPCHHX arperari€lo HaHOIMIApiB 3
BUCOKOIIPOBIJTHUMHU 1 HH3bKOIPOBIJHUMHU Matepiajiamu ((pepoMarHeTHKu i

© M. P. Iletpuxk, 2015 141




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>
    /HEB <>
    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /RUS <>
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [419.528 595.276]
>> setpagedevice




