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Resumen

La mineria de grafos ha experimentado un crecimiento notable en los ultimos afios, impulsado por
la proliferacion de datos susceptibles de representacion en forma de grafos y sus diversas aplica-
ciones. Este aumento se ha visto facilitado por la aparicion de bases de datos basadas en grafos
como Neo4J, AllegroGraph y OrientDB, que permiten a investigadores y profesionales aprovechar
algoritmos avanzados de mineria de grafos para tareas que van desde el anélisis de comunidades
hasta la busqueda de caminos. Sin embargo, depender unicamente de las bases de datos resulta
inadecuado, lo que requiere el desarrollo de una metodologia integral para guiar el andlisis practico
de informacién y la extraccion de conocimiento.

Esta tesis doctoral introduce la metodologia Knowledge Discovery in Graphs (KDG) como re-
spuesta a esta necesidad. KDG tiene como objetivo facilitar la extraccion, transformacion, carga,
procesamiento, modelado, visualizacion y anélisis de informacién compleja e interrelacionada rep-
resentada en forma de grafos etiquetados y heterogéneos. Al aprovechar los algoritmos de mineria
de grafos, KDG busca descubrir atributos estructurales ocultos dentro de estos grafos, brindando a
las partes interesadas informacion util para los procesos de toma de decisiones.

La metodologia descrita en esta tesis proporciona una visién general holistica del proceso de de-
scubrimiento de conocimiento, modelado mediante grafos. Abarca un amplio espectro de tareas,
incluida la exploracion de informacion, la deteccién de patrones, la generacién de recomendaciones,
la utilizacién de herramientas de visualizacion y la resolucidn de consultas, que son esenciales para
una toma de decisiones eficaz.

El documento esté estructurado gradualmente, comenzando con la presentacion de conceptos fun-
damentales en el primer capitulo, seguido de una revisién exhaustiva de la literatura sobre mineria
de grafos en el segundo capitulo. Posteriormente, en el tercer capitulo se introduce la innovadora
metodologia KDG, detallando su aplicacion para analizar informacion interconectada en grafos. La
eficacia practica de KDG se muestra a través de tres estudios de caso en el cuarto capitulo, que brin-
dan una visién concreta de su implementacion en contextos reales. El documento concluye con un
capitulo dedicado a las conclusiones.

Finalmente, esta tesis sintetiza los hallazgos, describe futuras vias de investigacion e incluye apéndices
que comprenden una lista de referencias completas y una recopilacion de trabajos publicados al

largo del doctorado.
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Summary

Graph mining has experienced remarkable growth in recent years, fueled by the proliferation of
data amenable to graph representation and its diverse applications. This surge has been facilitated
by the emergence of robust graph databases like Neo4J, AllegroGraph, and OrientDB, enabling
researchers and practitioners to harness advanced graph mining algorithms for tasks ranging from
community analysis to pathfinding. However, relying solely on graph databases proves inadequate,
necessitating the development of a comprehensive methodology to guide practical information anal-
ysis and insight extraction.

This doctoral thesis introduces the Knowledge Discovery in Graphs (KDG) methodology in re-
sponse to this need. KDG aims to facilitate the extraction, transformation, loading, processing,
modeling, visualization, and analysis of complex, interrelated information encapsulated within la-
beled and heterogeneous graphs. By leveraging mining algorithms, KDG seeks to unearth hid-
den structural attributes within these graphs, empowering stakeholders with actionable insights for
decision-making processes.

The methodology outlined in this thesis provides a holistic overview of the knowledge discovery
process, modeled using graphs. It encompasses a broad spectrum of tasks, including information ex-
ploration, pattern detection, recommendation generation, visualization tool utilization, and inquiry
resolution, which are essential for effective decision-making.

The document is structured gradually, beginning with the presentation of fundamental concepts in
the first chapter, followed by an exhaustive review of the literature on graph mining in the second
chapter. Subsequently, the innovative KDG methodology is introduced in the third chapter, detail-
ing its application to analyze interconnected information in graphs. The practical effectiveness of
KDG is evidenced through three case studies in the fourth chapter, providing a concrete view of its
implementation in contexts. The document concludes with a chapter dedicated to conclusions.
Finally, this thesis synthesizes findings, outlines future research avenues, and includes appendices
comprising a comprehensive reference list and a compilation of published works, offering a robust

foundation for further exploration in graph mining and knowledge discovery.
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Introduction

The field of graph mining has witnessed a surge in popularity in recent years, primarily fueled
by the exponential growth of data that can be effectively represented as graphs and its wide range
of application areas. It has led to the rise of graph databases such as Neo4lJ, AllegroGraph, and
OrientDB [20], which offer robust platforms for modeling and storing data as interconnected nodes
and relationships. Leveraging these databases, researchers and practitioners can apply advanced
graph mining algorithms to accomplish various tasks, including community analysis, centrality

identification, pathfinding, and exploring structural patterns.

In various application domains, such as Business Information Systems [41], Financial Crime
Detection Systems [14], Transport Information Systems [13], and Recommendation Systems [60],

graph databases have gained widespread acceptance.

However, relying solely on graph databases is insufficient. A comprehensive methodology is
necessary to establish the task and stages for effectively conducting information analysis and ex-

tracting valuable insights.

In this doctoral thesis, we introduce a methodology termed Knowledge Discovery in Graphs
(KDG). The primary objective of KDG is to facilitate the extraction, transformation, loading, pro-
cessing, modeling, visualization, and analysis of intricate and interrelated information encapsulated
within labeled and heterogeneous graphs. By leveraging mining algorithms, KDG endeavors to
unearth previously undiscovered structural attributes within these graphs, enhancing the analyti-
cal process to provide information supporting decision-making processes. Through the systematic
application of KDG, we aim to unlock insights and unveil hidden patterns within complex data
structures, empowering stakeholders with actionable knowledge for more effective decision-making

strategies.

Our methodology offers a comprehensive overview of the various stages of the knowledge dis-
covery process, which are modeled using graphs. This holistic approach encompasses a wide array
of tasks aimed at thoroughly exploring information, detecting patterns, generating recommenda-

tions through query applications, employing visualization tools, and addressing inquiries, among

1
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Rj@3a a3l jCRNc@CUc $3js33N U3RUI3. NOja NcURaj jCRN N3jsR
$nccjRUc NO CaURajcW NOj@330<3c a3 @3 BYRRERBSjsXANJ@RC
sCj@ q3aj3u NO # ,RNN3,j30 $w j@3 30<3V . #WY B8 a3 03ac s Nj j
a3\nCa308Ra<a U@c. 93w, Na383ajR)

k
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7C<na3 SYS-V W;a U@C, la3Ua3c3Nj JCRNR8 0Ca3,j30<a L

7C<na3 SYIl-V W OE ,3N,wL jaCu.V$W OE ,3N,w ICcj

7C<na3 SYk-# cC,<a U@

7C<na3 SY:-/Ca3,j30<a U@



+Nzy 7 SY iNTA 7§ O«z&a7 ze|'d

oL

7C<na3 SY9-/Ca3,j30 @3j3aR<3N3Rnc<a U@Y #In3 g3aj3u3c a3 R8
jwU3 TaRO0On,jY

SYIYRLR<3N3RnNnc NO @3j3aR<3N3Rnc<a U@c

,,Ra0CN<jRj@3 N jna3 R8j@3 UaR$I3L.s3, NLRO3Ij@30 j ncC
s@3j@3aj@3 a3l JCRNc@CUc $3js33N g3aj3u3c a3 $C0Ca3,jCRN |
<a U@ @3N,3.j@330<3Cca3Ua3c3Nj30 ¢ cja C<@jICN3Y Qj@3as
<a U@ NOj@3 30<3 Cca3Ua3c3Ng¥Xa@RN aaBsYVNUCXxRE83 0Ca3,j30
B8 a3 03acs NjjR0O3Ig3CNjRj@3 CN8RaL jCRN a3\nCa308Ra @RLF
j@3w , N a3da83wua PRN)j@Cc sRaG. s3 8R,nc RN<a U@cs@3a3 j@3 NRO
RN3 RaLRa3 ccR,C j30 jjaC%$nj3c. N L30j@3 1| $3130<a U@Y KRas3
R8 0C{3a3Nj3NjCjC3c NO jjaC$nj3c GNRsN cj@3 @3j3aR<3N3RnNc
<a U@c.s@3a3 NR0O3c N0O030<3c a3 R8j@3 cSLY®O@\REZ NByjaOBNR®

0Ca3,j30 NO @3j3aR<3N3Rnc<a U@.sCj@ g3aj3ujwuU3 T3acRN NI
Q7 NOBbQrM2 Q7Y

SYkNM3<a33 R8 NRO3c

BN RaO3ajR N Ilwy3j@3<a U@c.CjCcnc38nljR,RNcC03aj@3cj
NOj@3a38Ra3.CjCcCLURaj NjjRCNjaR0On,3cRL3$ cC, NRjCRNc

;a U@ JRURIR<w Cc j@3 aa N<3L3Nj] NOj@3 8RaLCNs@C,@ NR(
JRURIR<w N IwcCc.s3 ,RnI0O~NOCcCcRL3CLURaj Nj83 jna3c8Raj@3<
03<a33.s@C,@ a383acjRj@3 NnL$3a R8 a3l JCRNc@CUcR8 NRO3
j@ j3Nj3a NRO3. NORnjAO3<a33 a383acjRj@3 a3l [CRNc@CUcj@
CNAO3<a33.RNjA03<a33. NO0O3<a33 @ g3j@3c L3 g In3Y B8a3 03a
a3\nCa308Ra<a U@ jRURIRKRW. T@SWd@\R388BBWRHUI3Z R8 0Ca3,j30
j@ jCN,In0O3ccjan,jna | jjaC$nj3cICG3 CN/3<a33.Rnj/3<a33. NO,

9
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7C<na3SYf- @3j3aR<3N3Rnc<a U@ CN,IN03c NRO3cAjwU3 UaRO0On,|
jwU3 CNgRC,3cICG3SzSY 2 ,@ NRO30CcUIl wcj@3/3<a33 ¢ N jjac

7C<na3SYe-i cGA$ c30i uRNRLWR8 :;a U@ KCNCN< I<R:

SY:Ya U@ LCNCN< I<RaCj@Lc

BN j@3CacjnOw. "3BLUN|3REY@ j@a33 , j3<RaC3c R8<a U@ LCN
;a U@ ,Incj3aCN<Yi@Cc j3,@NC\n3 ¢c33GcjRCO3NjC8wj@3c3 <aRn!
N3,jB30 NR0O3csCj@CN | a<3a<a U@Y IW;a U@ ,I ccC~, [CRNY i@C
<RaC3cjRNRO3c NOICNGc$ c30RNcU3,C~,,@ a ,j3aCcjC,cRaUal
j3,@NC\n3¢c33GCcjR~NO,RLLRNU jj3aNcj@ j UU3 aa3U3 j30Iw CN
IRRGCN<8Raa3,naaCN<c@ U3cCN Unyyl3YrCi@CNj@3c,RU3RS8
aCj@LcsCj@ <a U@ ,Incj3aCN< NO,3Nja ICjw. U J@~NOCN<. NO cC(
LCNCN<YSNMeKRa®B3Rg3a.s3 ,RNcCcj3Njlwa383ajRj@3c3j3,@NC\n3

MRO3c ,3Nja ICjw Cc nc30jR CO3NjC8w 3cc3NjC I Ra,3Nja I NRO
nc30 jR 03c,aC%$3 ,Incj3a Ra c3jR8 @C<@Iw ,RNN3,j30 NR0O3c sC
8RaL jR L3 cna3 Ra,RLU a3 @Rs cCLCI ajsR0C{3a3NjNRO3c a3 C

f
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oL

7C<na3 SY4- pCll CN<a U@

a3l JCRNc@CUc. cjan,jna | CN8RaL JCRN. Ra jjaC$nj3cY T j@ Cc «
j@aRn<@RnNjj@3 N3jsRaGY iIRc@Rs j@3 Rnj,RL3c R8 cRL3 ,3Nja I(
I<RaCj@Lc.s3,a3 j3j@3 pClIl CN<aSb@ c03UC,j30CN 7C<nas3

SY:Y&&83Nja ICjw /3j3,JCRN

+3Nja ICjw N IwcCc. 8nNO L3Njl<a U@ j@3Raw j3,@NC\n3. , |
SCJ@CN N3jsRaGY mNO3acj NOCN< j@3 cC<NC~, N,3R8j@3c3 NF
CNjaC, ,C3c R8 N3jsRaG ccjan,jna3 NO8nN,JCRN ICjwY MR03c 03.
I3 03ac. CN8RaL JCRN @n$c. Ra,3Nj3ac R8URs3a.3 ,@ Ul wCN< U
OWN LC,cY /3j3,JCN< NO,@ a ,j3aCyCN<j@3c3 NRO3c NRjRNIw CO
$3@ gCRa Ua30C,jCRN $nj IcRU g3cj@3s w8RaUaR,3cc RUjCLCy
). GY

a3U3ajRCa3 R8 ,RLLRNIwNnjCICy30 I<RaCj@Lc.CN,IN0OCN< /3<sg
ja ICjw. +IRc3N3cc +3Nja ICjw. NOT <3 NG.8 ,CICj j3cj@Cc N Ilw
NRO3 c CLURaj N,3%$ c30RNCjc0Ca3,j,RNN3,JCRNc.s@CI13 #3js33
c Uj@s wjRRj@3a NRO3cY +IRc3N3cc +3Nja ICjw L3 cna3c NRI

e
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7C<na3 SYO-pClIl CN<a U@Y i@3 NR0O3c a3 ,RIRa30 $w

N3jsRaG. NOT <3 NG.039g3IRU30%$w ;RR<I3.3g In j3c NRO03 ccCx<
NO \n NjCjw R8 Cjc ,RNN3,jCRNcY B8 a3 03acs NjjR 03Ig3 CNjR j@
,3Nja ICjw. j@3wk3¥Va383ajR)

#w 13g3a <CN< j@3c3 I<RaCj@Lc. N Iwcjc, NOCc,3aN ,aCjC, |
033U3aCNcC<@jc CNjR CjcnNO3alwCN<cjan,jna3 NO a3l [CRNc@UC
ja ICjwL3jaC,. @CN<CN<RNj@3,RnNjR830<3c3Nj3aCN<RaO3U a
CNAO03<a33 03NRj3cj@3 NnL$3a R8CN$SRNNO 30<3c.s@CI3 RnjAO03
NnNOCa3,j30<a U@. Cj3N,RLU cc3c 1130<3cY 2LUIRWCN<j@3 03
UCNURCNjCN< UaRLCN3NjNRO3csCj@CN <a U@.sCj@ ,3Nja ICjw
ja g3acCN< NRO3Y BN s3C<@j30<a U@c.j@3 I<RaCj@L <<a3< j3
N3< jCg3 q In3cY iRClincja j3j@3 Rnj,RL3cRBELTNjlawmECj@ 3N 3wacB2 R
,3Nja ICjw R8 j@3 pCIll CN<a U@Y ?3a3. NRO3c R8<a3 j3acC<NC
@n3.s@Cl1313cccC<NC~, NJNRO3c UU3 aCN IC<@j3ac@ 03Y

#3Js33NN3cc +3Nja ICjw 3L3a<3c ¢ UCqRj I <a U@ ,3Nja ICjw L:
CN< NRO3 ccC<NC~, N,B3CN 8 ,CICj JCN<CNB8RaL JCRN *RssCj@C
CO3NjC8w NRO3c cgCj I ,RNN3,jRac Ra $aC0<3c $3js33N cn$<a U

4
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,aRcc<a U@c.a3< al0l3cc R8s3C<@j30a3l JCRNc@CUcY BjclL3j@F
3cjU j@ $3js33N 3g3aw U CaR8 NRO3csCj@CNj@3 <a U@. ccC<N(
j@3 NnL$3aR8c@Raj3cjU j@cja q3acCN<j@aRn<@ CjY MRO03c $R
,aCjC, ICN8Rcj3aCN< ,RLLNnNC, JCRN NOCN8RaL JCRNOCcc3LCN
SsRnNI0O Rj@3asCc3 a3L CNCcRI j30Y +IRc3N3cc ,3Nja ICjw Cc UCQQgF
c3ccCN< NRO3 c, U ,CjwjR 3|,C3Njlwa3 @ Rj@3a NRO3csCj@CN
RNj@3 I3N<j@c R8j@3 c@Raj3cjU j@c $3js33N NRO3 NO IIRj@3¢
sCj@ @C<@ ,IRc3N3ccc,Ra3$R cjc@Raj3a0Ccj N,3cj@ Nj@3Ca
jOCcc3LCN jJCN<CNB8RaL jJCRNc3 LI3cclw ,aRccj@3 <a U@Y MRO
,3Nja ICjwUIl w ,an,C aRI3Z3CN8 ,CICj JCN<,RLLnNC, JCRN NOCN
jJ@3 N3jsRaG. UaRqCN< U ajC,nl alwCNqg In $I3 CN N3jsRaGc s@ 3a:
CcCLU3a jCg3.cn,@ cCNja NcURaj JCRN Ra j3I3,RLLNnNC, JCRNc |

T <3 NGCc N I<RaCj@Lj@ jL3 cna3cj@3CLURaj N,3R83 ,@ NI
NnL$3aR8 a3l JCRNc@CUcj@ j3Nj3a NOI3 g3j@3NRO3 NOj@3CL
CjiYi@3 I<RaCj@L ccC<Nc3 @NRO3 T <3 NGc,Ra33% c30RNj@ 3
URCNjCN<jR CjY +RNc3\n3Njlw. @3 @C<@3aj@3T <3 NGc,Ra3R
j@3 N3jsRaGY iR Clincja j3j@3 Rnj,RL3c RB8 88l¢& Il @vjovj @31 W EBc. M C
R8j@3 pCll CN<a U@Y ?3a3. NRO3cR8<a3 j3acC<NC~, N,3 a30
I3cccC<NC~, NJNRO3c UU3 aCN IC<@j3ac@ 03Y

SY:Y4RLLNNCjw /3j3,jCRN

+RLLNNCjw I<RaCj@Lc Ul w ,an,C |l aRIB3CN<a U@ N IwcCc $w
NCjC3c R8 NR0O3c sCj@ @3C<@j3N30 CNj3aN | ,RNN3,jCqCjw a3l jC
j@3Caa3cU3,jCg3 <aRnNnUCN<cY #w c,anjCNCyCN< U jj3aNc CN NRO
INLCN j3j@3 Ra< NCy JCRN Icjan,jna3 R8 NR0O3csCj@CN <a U@.c
jR<3j@3aY i@3c3 I<RaCj@Lc ~NOOCqg3ac3 UUIC, JCRNc ,aRcc g a
i 1CN CO3NjC8WCN<cR,C | ,RLLNNCjC3csCj@CNCcR,C | N3jsRaGc.
cCLCI aCNj3a3cjc RNRNICN3UI jBRaLc.Rac3<L3NjCN<UaRON,jc3
j@3Ca N IwjC, TUaRs3cc. ,RLLNnNCjw I<RaCj@Lc R{3aCNqg In $13C
CNj3a,RNN3,j30 NR0O3csCj@CN <a U@.8 ,CICj jCN< 033U3anNo:

O
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7C<na3 SYSz- pCll CN<a U@Y i@3 NRO3c a3 ,RIRa30 $w

Ra< NCy jCRN I:G&CN,CUI3c)

i@3 HRng CN I<RaCj@L Cc URs3a8nl jRRI 8Ra03ICN3 JCN< ,RL|
sRaG Ra<a U@Y BjcnNO3alwCN<UaCN,CUI3 a3gRIg3c aRnNO ,Incj
0CcU3acCN<s3 GIw,RNN3,jB30RN3cY BNCjC llw.j@3 I<RaCj@L cc
\n3Njlwa3 ccC<NCN<j@3L$ c30RNj@3CalCNG <3cjRRj@3aNRO3
sCj@ LRa3 cC<NC~, NJ,RNN3,J)CRNc R NRO3c RnjcC03 j@3Ca ,RLLY
,RLLNNCjwsCj@ j@3 LRcjcn$cj NJC ICNj3a,RNN3,jJCRNcY

i@Cc Cj3a jCg3 UaR,3cc ,RNJCNn3cnNjCINR8naj@3a,@ N<3c R,
SCi@CNj@3 N3jsRaGY i@3 Rnj,RL3Cc ,R@3a3Nj<aRnUCN<R8 NR
$w aR$ncj CNj3aN | ,RNN3,JCRNc. 0OCcjCN<nCc@CN< j@3L 8aRL NR
LnNCjC3cY B8 a3 03acs NjJRO3IQ3CNjRj@3 CN8RaL jJCRN a3\nCas3
a3834ak*R)iR Clincja j3j@3 a3cnljc R8,RLBYN@c AN jwi® 8.HWRxq &N L
nl aCjw R8 @3 pCIll CN<a U@Y BNj@CcqgCcn ICy JCRN. NRO3c a:
,RLLNNCjC3c.a3g3 ICN<j@3Ua3c3N,3R8cCuO0CcjCN,j,RLLNNCjC:

i@3r3 Glw +RNN3,j30 +RLURN3Njc I<RaCj@L Cc q In $13 jRRI
N3,j30 ,RLURN3NjcsCj@CN <a U@Y i@3¢c3 ,RLURN3Njc3N,RLU cc

Sz
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oL

7C<na3 SYSS-pClIIl CN<a U@Y i @3 NRO0O3c a3 ,RIRa30 $w

Uj@c j@aRn<@ j@3Ca N3C<@$%RaCN<NRO3c. 3N $ICN< ,RLUa3@3
NO cjan,jna3Y QN j@3 Rj@3a @ NO. j@3 bjaRN<Iw +RNN3,;j30 +RLU
UCNURCNjcjaRN<Iw,RNN3,j30 ,RLURN3NjcsCj@CN 0Ca3,j30<a U
<a U@cs@3a3CN3g3awNRO3, N$3 a3 ,@308aRL NwRj@3aNRO03s
CN< aR$ncjCNj3a,RNN3,jCqCjw NO ,R@3cCg3cn$cjan,jna3c sCj@ (
R8 ,RLLNNCjw N IwS8&Iamz8MNg8 j@3 r3 Glw +RNN3,j30 +RLURN3NjcC
<a U@Y BNj@CcqgCcn ICy JCRN.NRO3c a3 ,RIRaA,R030% c30RN |
CN<j@3Ua3c3N,3R88RNa0CCjCN,j,RLLNNCjC3csCj@CNj@3 <a U

i@3iaC N<I3+RnNj I<RaCj@L\n NjC~3cj@3 NnL$3aR8jaC N<nl
<a U@.3cc3NjC Ilwj Il wCN<j@3 R,,naa3N,3R8jaC N<I3csCj@CNUC
CC<NC8w @3 Ua3c3N,3 R8j@a33 CNj3a,RNN3,j30 NRO3c. CLUIwWCN
$3js33N j@3LY 2LUIRWCN< j@Cc I<RaCj@L 3N $13cj@3 N lwcCc F
8 ,CICj [CN<j@3 CO3NjC~, [CRNR8nNO3alwCN<U jj3aNccn,@ c,F
LRa3.Cj COc CN 8Ra3, cjCN<URj3NjC I N3s ,RNN3,jCRNc $3js33N
$CICjC3csCj@CNj@3 N3jsRaGY i@31I| $31UaRU < jCRN I<RaCj@L |
| $3Icj@aRn<@Rnjj@3 NRO3cR8 <a U@Y BNCjC llw.cU3,C~, NRO:

SS
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7C<na3 SYSI- pClIIl CN<a U@Y i@3 NR0O3c a3 ,RIRa30%$wr3 Glw

0CcjaC%nj3Y bn$c3\n3Njlw. NBC<@$RaCN<NRO3c3N< <3CNI $313
i@Cc Cj3a jCg3 UaR,3cc U3acCcjcnNjCl1l $31 ,RNg3a<3N,3 R,,nac. ¢
NRO3c 3u@C$CjCN<cCLCI aCjwY iR Clincja j3 j@3SaB%kIdcIRBcRLL!
j@31 $31UaRU < JCRNR8j@3 pClIl CN<a U@Y BNj@CcqCcn ICy
j@3Caa3cU3,jCg3 ,RLLNNCjC3c.a3g3 ICN<j@3 Ua3c3N,3R8~qg30C

+RNg3ac3lw. @3 <a U@ ,RIRaCN< I<RaCj@L c3ag3c ¢ jRRI 8R
cCRj@ j NR OE ,3NjNRO3cc@ a3j@3c L3 ,RIRaY i@3 R$E3,jCq3 C:
ccCC<NL3Nja3\nCaCN<j@383s3cj,RIRacY i @3 I<RaCj@L Cj3a jCq
CCC<NL3Njc.3NcnaCN<LCNCL I ,RIRanc <3s@CI3 0@3aCN<jR jC
a3 03acs NjjR0O3Ig3 CNjRj@3 CN8RaL jCRN a3\nCa308Raj@3,RIF
JRI¥*Y Bjc UUIC, JCRNccU N O0Cg3ac3 ORL CNc. CN,IN0OCN< a3cRna
,Ca,nCj,RNcjan,JCRN. R{3aCN<cRInNjJCRNcjR g aCRnc RUjCLCy jCF

SY: YKj@A~NOCN< I<RaCj@Lc

Tj@ 7CNOCN< I<RaCj@Lc a3 CNOCcU3Nc $138Ra03j3aLCNCN«<j
js33NjSsRURCNjcsCj@CN <a U@ RalL UYi@3Ca UUIC, jCRNccU N

S
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7C<na3 SYSk-pCll CN<a U@Y i@3 NR0O3c a3 ,RIRa30 $w i ¢

;Tb N gC< JCRN cwcj3Lc. s@3a3j@3w COCN , @ ajCN< 3|,C3NjaRnj
I<RaCj@Lc <Rq3aN,@ a ,j3aLRq3L3NjJCNgCO3R < L3c.3NcnaCN«<
, JCRNcY KRa3Rg3a. CN ja NcURaj JCRN N3jsRaGc. j@3w Ul w UCH
3],C3NjU j@ 8RaU ,G <303ICg3aw NOIR<CcjC, |RU3a jCRNcY T j
< j3,RLUI3uN3jsRaGc.031Cg3aCN<3|,C3NjcRINjCR]¥Yj CIRa30 jR

/ICEGcja Cc c@Raj3cjAU j@c3 a,@ I<RaCj@Lj@ jO03j3aLCN3c|
NRO3csCj@CN <a U@Y BjcRU3a JCRNa3gRIgq3c aRnNnNO ccC<NCNz-s
CcCj3a jCg3lwa3~N30 cja g3ac lUaR<a3cc3cj@aRn<@ j@3 <a UC
E ,3Nj NRO3c 8Ra 3uUIRa jCRN. UaCRaCjCy30 $w j@3Ca ccC<N30 |
NRO3sCj@ @3 c@Raj3cj0Ccj N,3.nUO JCN<j@30Ccj N,3cR8CjcN
Cj3a jCg3 UaR,3ccU3acCcjcnNjClj@3 I<RaCj@L a3 ,@3cj@303cj
BuUIRa jJCRNY mlIjCL j3lw. j@3 ~N 10Ccj N,3 jjaC$nj30jRj@303cjC
Uj@ $3js33Nj@3jsR03cC<N j30ONRO3cY B8a3 03acs NjjR03Ig3CN
ICEGcja cc@Raj3cjU j@ I<RakZj@ilL@ B@ INWORN r38344JR3JCj@L Cc qx=
jRRI8BRa<a U@ NON3jsRaG 3uUIRa jCRNY Bjc L3j@RORIR<w 3Nj C
CN<URCNj NOC3I3,JCN<RN3R8CjcN3IC<@$RaCN<NRO3cjRja g3

Sk
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7C<na3 SYS:- pCll CN<a U@Y i @3 KCNCLnLbU NNCN«<

NCNOCgCOn I cs NO3aCN<ja E3,jRaw N gC< jJCN< ,Cjw ccja33jcY
L3Nj. j@3 I<RaCj@L COc CN nN,Rg3aCN< U jj3aNc NO a3l jCRNc@
R{3aCN<qg In $I3CNcC<@jc CNjRCjcnNO3alwCN<cjan,jna3 NO,RN

i@3 KCNCLnL bU NNCN<ia33 I<RaCj@L Ul wec UCgRj 1 aRI3 CN (
,RLU ccCN< IINRO3csCj@CN <a U@ s@CI3LCNCLCYyCN<j@3jRj I
8 ,CICj jB3cj@3 0Cc,Rg3awR8j@3 c@Raj3cjU j@ $3js33N g aCRnc |
a3,jCRN | ,RNcja CNjcY Bj<a On Ilw,RNN3,jc II NR0O3c. 8RaLCN<
30<3csCj@ j@31Rs3cj q Cl $13s3C<@jY rC0O03Iw3LUIRwW30CN aRnj:
NOcCLCIl a UUIC, JCRNc.j@Ccj3,@NC\n3 R{3ac N 3|,C3NjcRInjC
LCNCLCyCN<a3cRna,3nc <3sCj@CNO0OCg3ac3<a U@A%$ c30c,3N a
CN8RaL jJCRN a3\nCa30 8Ra KCNCLNLAsS3C<@jcU NNEAN<TE&IXRA I<R
NaSYVCcUIl wec j@3 KCNCLNnL bU NNCN< ia33 R8j@3 pCIll CN <a UCc
R8 U j@~NOCN< N lwc3cY i@Cc qCcn ICy JCRN 3Nj Clcj@3 c313,jC
CN< URCNjY 7naj@ 3 SLYB®3.08NgB:Mj@Bj@3 ,RLU NCRN a3l [CRNc@
KCNCLNnL bU NNCN<ia33Y

i@3/3Uj@ 7Cacjb3 a,@ I<RaCj@L Cc 8nNO L3Nj l<a U@ c3 a,Q@
Il NRO3c sCj@CN <a U@ NO CO3NjC8w CcRINjCRNY Bjcwcj3L jC,

S:
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7C<na3 SYS9-pCll CN<a U@Y i@3 KCNCLnL bU NNCNc<

CN<8aRL 03cC<N jB0NRO3 NOUaR<a3ccCN<j@aRn<@ Cjc,@CI10
3N,RnNj3aCN< ,IRc30U j@Y  i@CcCj3a jCg3UaR,3cc,RNjCNn3c n|
gCcCj30Y QN3 R8/7b cUaCL aw 0g Nj <3cIC3cCNCjc 3|,C3N,w. a:
Raw a3cRna,3c0n3jRCjcnjCICy JCRNR8 cCN<I3cj ,GJRL N <3 )@
a3cnljc R8 U j@~NOCN<SXNIW@THTC§@aB/3Uj@ 7Cacjb3 a,@ R8j@:
i@CcgCcn ICy JCRNCNQgRIg3c 03cC<N jCN< ¢cU3,C~,NRO3 cj@3c
CNO3Uj@Y

SY9Ya U@AS$ c30cjRa <3 LRO3Ic

NRj@3a CLURaj Nj,RN,3UjjRnNO3acj NOj@3 @3a3CN UaRURc3
R8j@3 RaC<CN I<a U@ ,RNcCcjCN<R8 ¢cn$c3jR8c3I13,jS0NRO03c |
cCy3. NOj@3a38Ra3.j@3 N IlwcCc c ,RLUI3uCjwY <cn$<a U@ LC<
isRnc38nl RU3a JCRNc8Ra N IwyCN< <a U@ cjan,jna3 a3 ~1j3aCN
$3 @31U8nlI jRRIjRc3I3,jRac@Rs ¢cn$c3jJR8NRO3c Raa3l JCRNc
Ra,aCj3aC Y mcCN< ~lj3ac, Na30n,3j@3 cCy3 NO,RLUI3uCjw RS
NOgCcn ICy JCRNR8CLURaj NjCN8RaL jCRNY 7Clj3ac, N$3 UUI

S9
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7C<na3 SYSf-pCIlIl CN<a U@Y /3Uj@ 7Cacjb3 a,@ 8aRL cU3,(

LnNCjw. s3C<@j. Ra0Ccj N,3. LRN<Rj@3acY bjan,jna | jjaC$nj3c
03c,aC$3 j@3 jRURIR<wY bRL3 3u LUI3c R8 cjan,jna | jjaC$nj3c a
LRN< Rj@3acyY ;a U@ cnLL aCy JCRN Cc UaR,3ccj@ j IIRsc 8Ra

R8j@3 RaC<CN I <a U@ jR 8 ,CICj j3j@3 N IlwcCc NONNO3acj NOC
<RaCj@Lc, N$3 nc30jRcnLL aCy3 <a U@c. $w <aRnUCN< NRO3c R
jjaC%nj3c RajwU3c R83NjCjC3c jRUa3c3Nj LRa3 ,RN,CEB8YB8acCRI
C@Rscj@3cnLL aCy JCRNR8j@3 pCIll CN<a U@Y

;a U@ LRO3ICN< ,a3 j3c N $cja ,j NOcjan,jna30 a3Ua3c3Nj jCR
NRO3c NO a3l JCRNc@CUc a3Ua3c3Nj30 $w 30<3c jR N Iwy3 ,RLUI
cR,C Ic,C3N,3c.3N<CN33aCN<. NOLRa3Yi@3<a U@ LRO3I, N$30
| wRnja383acjRj@38RaL NOURCCJCRNCNs@C,@ @3 NRO3c NOa&s
RN gCcn ICy JCRNUI N3Y p aCRncqgCcn ICy JCRN I<RaCj@Lc CL
R8 a3l JCRNc@CUc NO NRO3cY BN j@3 ,RNj3ujR8 N IlwcCc NO gqC
RU3a JCRNc a3 jsRj3,@NC\n3cnc30jR3uUIRa30 ] @C3a a,@C, Ilw
RacnLL awY /aCIIAORsSNCNQgRIq3c$a3 GCN<ORsNO j 8aRL @C<@
RaLRa303j CI3013g3ICN 0 j @C3a a,@wY RIIAnUCNgRIg3ccnLL

Sf
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oL

7C<na3 SYSe-bnLL aCy JCRNR8j@3 pCIll CN<a U@

03] CI30130g31jJR @C<@3aRalLRa3<3N3a 113qg31Y

bRL3UaR$I3Lc. $wj@3CaN jna3.a3\nCa3 ,RNcC03aCN<j@3 <a U
, 3.3, N Nlwy3j@3<a U@ $wncCN< JCL3ICN3.s@C,@ Cc <a L
JCRN R8 3g3Njc Rq3a jCL3Y Bjc@Rsc @Rs NR0O3c NO a3l [CRNc@CU
NO @Rs j@3w 3qRIq3Y

mIjCL j3lw. j@3 83 cC$CICjwR8j@3c3 N Iwc3c Rs3c Cjc3I8jR <a
LRO3Ic a3 CNj3<a | ,RLURN3Njc R8 <a U@A$ c300 | $c3c. sCj@ |
M2Q:D. M3UjnN3. a N<R.iC<3a;a U@. NO/C<a U@Y

Se
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Y K3IJ@RORIR<C3c 8Ra GNRslI30<3 0Cc,|

BNj@Cc ,@ Uj3a. s303Ig3 CNjR g aCRnc L3J@RORIR<C3c NO Ua
$I3CNcC<@jc 8aRL0O j $c3c.L CNIwBR,ncCN<RNj@3O0RL CNRS
cCg3 a3gC3s.s3 @ g3 NRj3N,RnNj3a303cj $ICc@30L3J@RORIR<C?:
OCc,Rgq3awCN<a U@cY i@3 3uUIRa JCRN 3N,RLU cc3c a3l j308a L
bj NO a0 TaR,3cc8Ra/ j KCNCN< NOj@3+aRccABNOncjawbj NO a0
H3 aNCN< UUIC, JCRNcY OOCjJCRN Illw. s3sCIll3u LCN3j@3b LUI:
cc3cc 8a L3sRaG NOj@3/j ia E3,jRaw KRO3I. IRN<cC030Cc,ncc
LCNCN<Y

;a U@ LCNCN<a383acjRj@3c3jR8jRRIc NO I<RaCj@Lcnc30 )R
BRNNOCN j@3 a3 | sRal0O. N Ilwy3 <a U@ UaRU3ajC3c. NO Ua30C,j
<Cg3N<a U@ LC<@j {3,j cRLY3raBIEC IJEFONR)aGc CN j@3 <a U@ LCN
j@3 1 cjjsR 03, 03c. 8aRL 8a L3sRaGc NOL3J@RORIR<C3c 8Ra UaF
jRRIc NO I<RaCj@Lc8Ra<a U@ N IwcCcY M3ujc3,JCRNc UaRgCO0:
L3IJ@RORIR<C3c NOO ) LCNCN<B8a L3sRaGcnjCICy308RaGNRsI30

IYS¥FNRsI30<3/Cc,Rq3awCN/ j $ c3c

7 ww 03SOV3I~N30GNRsI30<30Cc,Rq3awCNO j $ c3cVF//IW ¢ L
nc38nl.q In $13. NOnNO3acj NO $I3U jj3aNcCNO jYi@3w 00a3cc:
jJR sRaG s3Il RN L ccCg30 jc3jc NO @Rsj@3w, N $3 gCcn ICy30
j@3w IcCRCN,In030 @Rs @nL N"L A @CN3CNj3a ,JCRNc, N$3 LRO3I
8a L3sRaG.0 ] LCNCN<Cc cCN<nl acj3UsCj@CNj@3 UaR,3cc.s@
ja Nc8RaL30CNjR U jj3aNcj@ jwC310qg In $I3 GNRsI30<3Y

i@3 F//UaR,3ccjwUC, Ilw CNqgqRIg3cj@3 8RIIRSCN<ccj <3c-

mNO3acj NOCN<B®B@RJCNCC Icj <3.j@3 R$E3,jCq3c R8j@30 j
jC~30 NO,Il aC~30Y i@Cccj <3CNgRIg3cnNO3acj NOCN<j@3 UaR}¥
\n3cjCRNc. NO3cj $ICc@CN<j@3,aCj3aC 8Racn,,3ccY

SO
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/'] b3I13,JCRW,3 @3 <R Ic a33cj $ICc@30.a313g NjO j c3jc a3 C(
N IlwcCcY i@3c30jc3jcL w,RL38aRL g aCRnccRna,3c.cn,@ c¢0
3uj3aN 1 0 j a3URcCjRaC3cY

/'] Ta3UaR,3c@@N<cj <3 CNgRIg3cUa3U aCN<j@3 0 j 8Ra N lwcCc
CN<. NOCNj3<a JCN<Cj ¢ N33030Y icGcCNj@Cccj <3L wCN,In
LCccCN<g In3c. NRaL ICYCN<O j. NOc3I3,jCN< UUaRUaC j383 ji

/'] KCNEBN j@Cc ,Ra3 cj <3 R8j@3 F// UaR,3cc. g aCRnc0j LCI
UIC30jR NnN,Rg3a U jj3aNc. ja3NOc. NO a3l [ CRNc@CUcsCj@CNj@
cj jCcjC, 1 N lwcCc.L ,@CN313 aNCN< I<RaCj@Lc.,Incj3aCN< L3j

BNj3aUa3] JCRNdg2N,BnUjCiRAINC a3 0Cc,Rq3a30. j@3w a3 CNj3aU:
03j3aLCN3j@3CacC<NC~, N,3 NOa3l3g N,3jRj@3 a3c3 a,@ R$E3,
j@3\n ICj wWR8 @3 0Cc,Rg3a30 GNRslI30<3 NOqg ICO JCN<Cj < CNc

FNRsI30<3 Ta3<cBEBCRANC<@jc < CN308aRLj@3 0j LCNCN< UarF
cj G3@RI0O3ac CN L3 NCN<8nl NOnNnNO3acj NO $13 8RalL jY i@Cc c
a3URajc. RaCNj3a ,jCq3 0 c@$R a0OcjR8 ,CICj j303,CcCRNAL GCN

FNRsI30<3 mjCTCW jGRN@3 GNRsI30<303aCq308aRLj@30j LCN
jJRL G3CN8RaL3003,CcCRNc.cRIg3UaR$I3Lc. RaCLUaRg3 Ra< NC
Ul3j3c j@3 F// ,w,13 NOR8j3N 13 Oc jR 8naj@3a Cj3a jCRNc Ra a3~N
N3sCNcC<@jcY

?Rs3g3a. CjCc CLURaj NjJR NRj3 j@ jc3gq3a | L3J@RORIR<C3c (
+ BbTA/&®H NOb2KK®. nc30j LCNCN< ¢ cwNRNwL 8RaF//Y

IYIY+aRccABNOncjaw bj NO a0 TaR,3cc8Ra/ j KCN

+ BbTA/&KFH)Cc sCO03Ilw a3, R<NCy30 cj@3L3J@RORIR<w 8Ra LRcj L
UaR,3cc LR0O3Ic ¢c0j ¢,C3N,3 @ ¢c 3gRIg30Y i@Cc L3J@RORIR<w a.
F//UaRURc ICNjR $ncCN3ccnNO3acj NOCN<.0j nNO3acj NOCN<.O
jJCRN. NOCLUI3L3Nj jCRNY

Bj,RNcCcjc R8cCuL CNU@ c3c.3 @R8s@C,@ Ul wc ,an,C | aF

#ncCN3cc MNO3a@COMOCNEC | U@ ¢c3 CNgRIg3c nNO3acj) NOCN< j@

|z
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L3INjcR8j@3 UaRE3,j8aRL $ncCN3ccU3acU3,jCg3Y Bj3Nj ClcCO03
cCjn jJCRN. NOO3~NCN<Oj LCNCN<RS$E3,jCcq3cY

/') mNO3ac) NBERN@Cc U@ c3.0j a313g NjJjJRj@3 UaRE3,jCc ,RII
LCN30OCNO3j ClYi@CcU@ c3L wCNQgRIg3 cc3ccCN<Oj \n ICjw. .
jC8BWCN<O j jwu3c. NOnNO3acj NOCN<O j a3l jCRNc@CUcY

/'j Ta3U a-QRINS j@3 0 j CcnNO3acjRRO. CjLncj$3 Ua3U a30 8R
CNgRIg3c ,I3 NCN<j@3 0 j.@ NOICN<LCccCN<gg In3c.ja Nc8RalL¢
8aRLOC{3a3NjcRna,3cY @3 <R ICcjR,a3 j3 ,I3 N NOcjan,jna30 (

KRO3ICBN j@3 LRO3ICN< U@ c3. q aCRnc LRO3ICN< j3,@NC\n3c
0jc3jjR$NCIOUA30C,jCq3 Ra 03c,aCUjCg3 LR0O3IcY i@Cc U@ c3L
,CCcCRN ja33c. IR<CcjC, a3<a3ccCRN. N3na I N3jsRaGc. RacnUURz¢
N jna3 R8j@3 UaR$I3L NOj@30 | Y

2q In JCBN3aLR03Ic a3%nClj.j@3wLncj$33qg In j30jR cc3ccj@3
jCq3N3cc CNL33jCN<j@3 UaRE3,jR$E3,jCq3cY i@Cc U@ c3 CNqgRI
0 jc3jc. cc3ccCN<j@3Ca ,,na ,w. NO,RLU aCN<O0OC{3a3NjLRO3Ic

/BUIRWE®RMN,3 ¢ jCc8 ,jRawLR031Ccc313,j30.CjCcO03UIRW30CNj
JRL G3Ua30C,JCRNcRa03,CcCRNc$ c30RNN3s0O0 jYi@CcU@ c3I
CNjR 3uCcjCN<cwcj3Lc.03g3IRUCN<nc3aCNj3a8 ,3c. NOUaRqgCO«

IYkYy LUI3. 2uUIRa3. KROC8w. KR0O3I. NO cc3cc

QN j@3 Rj@3a @ NO. b2KK L3j@RORIR<W® iNO xR WRcIBREMbbLL )3
2uUlRa3. KROC8w. KR0O3I. NO cc3ccY

InaCN<j@3b LUI3cj <3. a3Ua3c3Nj jCg3cn$c3jR8j@3 g Cl $I131
wcCcY i@Ccc LUI3 Lncj$3cn|,C3Njlwl a<3 NOOCqg3ac3jR 3N,RLU
CNj@30jc3jY

7RIIRSCN< j@3 c LUI3 c313,jCRN. j@3 2uUIRa3 cj <3 CNgRIg3c N
jR<a cUCjcnNO3alwCN< cjan,jna3. 0CcjaC$njCRN. NOCNj3aa3l jcC
R8j3N3Nj Clc 0 j gCcn ICy JCRN. ,RLUNj JCRNR803c,aCUjCqg3cj jcC
U jj3aNc Ra NRL IC3cY



+Nzy 1 1Y KY NAaz2aanidY An aén'afz2if20 «A&y -

KRQCN<jRj@3 KROC8wcj <3.0j nNO3a<R3cUa3U a JCRNjRcnCj
L w3Nj CljcGclICG30 | ,I13 NCN<jR3ICLCN j3RnjlC3acRalLCccCN
jR3N@ N,3LRO3ICN<cnCj $CICjw. NOc3I3,jCN<U3ajCN3Njg aC $

Ta30C,jCg3 Ra 03c,aCUjCq3 LR03Ic a3 ,RNcjan,j30 NO cc3cc30
NCCN<cj jCcjC, I L3J@RORIR<C3cRalL ,@CN3I3 aNCN< I<RaCj@L
NOU a L3j3ac a3 OEncj30jRRUjCLCy3 LR0O031U3a8RalL N,3 NO IC

7CN Ilw. CNj@3 cc3ccL3Njcj <3.j@3 3|, ,wR8 ,RNcjan,j30LRO3
< n<3j@3Ca ,,na ,w NOa3l3g N,3CN 00a3ccCN<j@3nNO3alwCNc<
n JCRNj3,@NC\n3cL w3N,RLU cc,aRccAq ICO jJCRN.LRO3I,RLU ac
03aCqg3 ,jCRN $I13CNcC<@ijcY

BjCc CLURaj NjJjJRNRj3j@ jj@CcL3j@RORIR<w 8R,nc3c UaCL acC
LCNCN< UaROnN,j03g3IRUL3Nj NO CccjaRN<IwjC30jRj@3b b0 j L
$3js33Nb2KK NOUa3qCRnclL3J@RORIR<C3cCcj@3 Ua3a3\nCcCj3
$ncCN3cca3\nCa3L3Njc NOO j $ c3cY

+ BbTA/K. b2KK . NORj@3a a3l j30L3j@RORIRIeE.3€ bA@K c bmK
):k*. 7K/bl$. NOi/bfle®) a3%$ c30RN <R IARaC3Nj30U3acU3,jCq3.03
j cGc. NO aRI3cY i@3c3 L3J@RORIR<C3c s3a303q3IRU30L CNIw 8I
sCj@ a3l jCqg3lw ,13 a $ncCN3cc R$E3,jCq3cY 7naj@3aLRa3. j@3w

s@C,@L wRaC<CN j38aRL+* j~I13cRa$3R$j CN30j@aRn<@ \n3aw(
,naa3Njlw CN j@3 ,RNj3ujR8 $C<0j NOO | c,C3N,3.j@3 <a3 joC
j@3 LRNNjR80 | .j@3 @3j3aR<3N3CjwR8j@30j. NOj@3,RLUI3

,@ II3N<3 8Ra,l ccC, I L3J@RORIR<C3cY

lY:Y/ j] ia E3,jRaw KR03I

BN a3,3Njw3 ac. N3s UaRURc Ic @ g3 3L3a<30jR $aC0<3 j@3 < L
<C3c NOj@3,RLUI3UCjwR8 ,naa3NjUaR$IFLEXRURIN 39 A Tjlan IEBQ |
LRO3I/bi NO, j3<RaCy30j ¢c,C3N,3UaRE3,jcCNjJR <R IA0Ca3,j30.
L3NjY i@3Ca LR0O31 3uj3NOc + BbTA/K. CN,INOCN< cCu 3uUIRa jRaw
O0j cRna,3.0j) glIn3.a3cnljc. N aa jCg3. NOUaROnN,jY
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'R 12uUIRa ij@RNCcj <3 CNgRIg3cnNO3acj NOCN< NO,I3 alw03~N
0j ¢c,C3N,3UaRES3,j)Y Bj8R,nc3c RN CO3NjC8wCN<$ncCN3cc UaR$
NO 3cj $ICc@CN< ,13 a ,aCj3aC 8Ra UaRES3,jcn,,3ccY ;R I 3uUIR:
cj <3cR8j@30j c,C3N,3UaR,3ccY

/'] bRna,3 2uUI-RBNG®IKc cj <3. 3uUIRa jJCRN NO 8 LCIC aCy jCI
cRna,3c8Raj@3 UaRE3,jJR,,naY BjL wCNgRIg3 CO3NjC8wCN<O0C{3
cjan,jna3 NO 8RalL j. cc3ccCN<j@3Cal\n ICjw. NOO03j3aLCNCNC< jC
ji€q3cyY

/'j pIn32uUIRa?BAGRNj@3 URj3NjC Iq In3R8j@3 q CI $130 ] 8Raj
BjCNqQRIg3c CO3NjC8wCN<,aCjC, g aC $13csCj@CNO j c3jca3l3q
@Rsj@3w, N,RNjaC%nj3jR GNRsI30<3 <3N3a JCRNRa03,CcCRNAL

*3cnlj2uUIRa@CRNj <3 3Nj Clc 3uUIRaCN< NOCNj3aUa3jCN<j@:
N IlwcCcY Bj8R,nc3c RN nNO3acj NOCN<j@3 ,RN,IncCRNc NOU jj3:
CN<j@3\n ICjw NOa3IC $CICjwR8j@3 a3cnljc CN a3l JCRNjR UaR

M aa jCg3 2uUIRaapCRONyI3 3uUIRa JCRN 3LU@ cCy3c 3{3,jCqg3lw ,}
~NOCN<c NOa3cnljcY BJjCNgqRIg3c,RNcjan,JCN< ,R@3a3Nj NOU3a
CNcC<@jc,I3 alw NO,RLUa3@3NcC$IwjROC{3a3Nj nOC3N,3cjRcr

TaRON,j 2uUIRI@CRN <3 8R,nc3c RN ,a3 jCN< NO CLUI3L3NjCN<
$ c30RNCNcC<@jc R$j CN308aRLOj N lwcCcY BjL wCNQgRIg3 0:
gCcn ICy JCRN jRRIc. a3,RLL3NO jJCRNcwcj3Lc. RaRj@3a Ua ,jC, |
a3cnljc jJR <3N3a j3a3 IAsRal0Oqg In3Y

lj@Rn<@ /biCc UaRURc Ij@ jL wa30n,3j@3 < U$3js33NO0 j L
0j ¢c,C3N,3UaRE3,jc. j@3 UaRURc I CcICLCj30jR UaRURCCN< 3ul
s@C,@ Cj03c,aC$3c CN Cjc ncB* UARURGBO03aJAR J¥cx LRO31 8Ra O:
L L @CN313 aNCN< UUIC, JCRNcY

"3< a0OCN< 8a L3sRaGc. g aCRncUaRURc Ilc @ g3 3L3a<308R,nc3
30<3 0Cc,Rq3aw CN <a U@c. 8Ra 3u LUIZ.. Ong ANRAIKENE& Jald @NOC N
LCNCNSzPKR. <a U@ gqCcn:9Cef.) ON®WNBY INSTGRN )

bRL3 UaRURc Ic a3 8R,nc30RN @Rs jRLRO0O03l1 a3 ICcjC,<a U@c j¢
a3 IAsRal0O<a U@cY baxaCagRAJRIc3) 1¥a) U@ LCNCN<8a L3sRaGj@ |

I k
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NO a3l JCRNc $3js33N 3NjCjC3c 8aRL 0C{3a3Nj0 j cRna,3cY i@3C
cCg3 UUaR ,@sCj@ ~gq3 LRONI3c,Rgq3aCN<<a U@ Ua3UaR,3ccCN<
3uja ,JCRN. 8a3\n3Njcn$cjan,jna3 0Cc,Rg3aw. NO<a U@ gCcn ICy
00a3ccCN<R8j@3$ncCN3cc <R Ic NOj@33qg In JCRNUaR,3ccsCj¢

M cCaC:3Hf Ud3c3Nj30 8a L3sRaGsCj@ jsRLRO3ICN<,RLURNS3Njc
N IwjC,c03cC<N Ilj3aN jCq3cLRO3ICN<Y i@3 ~acjCcjREncjC8wj@
j@3 Ra< NCy jCRN | ,RNj3ujY Bj3uj3NOcj@3 $meCNBQ ¢ @3 3, IRNG N
CcjR CO3NjC8w j@3 a3\nCa3L3Njc 8Ra 0 Ug&N%njja3 Badc3sR3a6 |Ba
00a3ccCN< R8 ,RNcC03aCN<j@3q In $I3CNcC<@jcj@ j, N $3 3uj
CNj3<a jCN<<a U@O j $ c3cCNjRj@38a L3sRaG,Rnl03N@ N,3Cjc
U jj3aNc NO a3l J[CRNc@CUcsCj@CNj@30 ;Y

/' j LRO3ICN< ¢ <a U@ NOCjc N IlwcCc 8RNNO <RRO a3 R8 UL
nfj@Raccn,@ &FnNOab), @aRSW@agB 03g3IRU30 8a L3sRaGc j@ j 8R,1
N3jsRaGccn,@ cisCjj3akr*RUadR&RBRjcIAY )8a L3sRaG 8Ra N IwyCN< cl
i@3wnc30N jna Il N<n <3 UaR,3ccCN<jR CcRI j3NRO0383 jna3c N
U@ c3c R8j@3 8a L3sRaG a3 0j) ,\nCcCjCRN. Ua3UaR,3ccCN<. L1
ja Nc8RaL JCRNR8j@3 LnljCA jjaC%$nj30<a U@ CNjR cCLCI aCjw
c,RU3 Cc ICLCj30jR cR,C | N3jsRis a3 3MaRB03a 3j3IRaG 8Ra , R
<a U@ cjan,jna3c R8 8RIIRs3a N3jsRaGc. URcjc. NOUaR~I3c RN j@
CcjRO03j3,jcR,C I $Rjc$w N IwyCN<<a U@Acjan,jna300 j Y

lYO¥aRccABNOnNncjaw bj NO a0 TaR,3cc 8Ra j@3 /3¢
,@CN3 H3 aNCN< UUIC, jCRNc

+ BbTAKBE Ya3c3Njc UCRN33aCN<L @CN3AI3 aNCN<UaRE3,jL
NNgQ3CICN<j@3+ BbTAKHS8a L3sRaG.s@C,@ 3uj3NOcj@3s3I1A3cj
i@Cc 8a L3sRaG cjaRN<Iw 3LU@ cCy3c \n ICjw ccna N,3j@aRn<@
Kn,@ ICG3 + BbTA/K. + BbTAKH 3N,RLU cc3cc3g3a |l,aCjC, U@ c:
c) NOCN<.0j nNO3acj) NOCN<.0j Ua3U a jJCRN.LRO3ICN<sCj@ L
03UIRWL3NjY ?Rs3qg3a. + BbTAKH CNj3<a j3¢c 00CjCRN I cj3Uc NO,
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ccna N,3 j3g3awcj <3.<n a Nj33CN<j@ jj@3 a3cnlj NJL L @CN3 Iz
cj NO a0Oc R8 ,,na ,w. a3IC $CICjw. NO 8 CaN3ccY KRa3Rg3a. @3 ¢
, N;,3R8ja NcU a3N,w. NOCNj3aUa3j $CICjw ,RNcC03a jJCRNcCNL
gCOCN< j@RaRn<@ NOL3j@ROC, | UUaR ,@j@ jUaCRaCjCy3c \n
UaRE3,jcY

i@3 CNCjC | #n&cGNRcE NO/ j mNOBMNALNVOEN<c3aC3c R8 cU3,C~
7Cacj. CiCNgRIgq3c 03~NCN<j@3 c,RU3R8j@3KH UUIC, JCRN R 3I
j@3 $RNNO aC3c R8j@3 L ,@CN3 I3 aNCN<UaRE3,jY bn$c3\n3Njlw.
,aCj3aC $w CO3NjC8wCN< Ua3,Cc3L3jaC,cRa<R IcjR<n<3j@3 U
cc3ccCN<83 cC$CICjwjR c¢,3aj CNj@3 UaRES3,j cqgC $CICjw<Cqg3l
NRIR<wY +RN,naa3Njlw.j@CcU@ c3CcCNj3<a IjR,RII3,jCN<a313
NO g3aC8wCN<O j \n ICjw$wc,anjCNCyCN<8 ,jRaccn,@ c¢c,RLUIS3
H cjlw. a3qgC3sCN<RnjUnjOR,nL3Njc 3Ncna3cj@ jUaRE3,ja3\nCas3
j@RaRNn<@IwOR,nL3Nj30 NO,RLUa3@3N030Y

i@Bj Ta3U a jJCRBN,®Lt3cc3cc3g3a l,aCjC, ljcGcjRUa3U a3j
Bj,RLL3N,3csCj@c3I3,JCN<O0 j.s@3a3CNa3l3g NjO j cRna,3c a3
NO\n ICjwY bn$c3\n3Njlw. ,I3 NCN<j@3 0 j CNqgRIg3c a3,jC8wCNE<
00a3ccCN<CN,RNcCcj3N,C3cjR3Ncna3 0 ) CNj3<aCjwY KRa3Rg3
N3s 83 jna3c Raqg aC $13c03aCq308aRL 3uCcjCN<O0j jR n<L3Nj N
3Ncna3c ,RNcCcj3N,w NO,RLU a $CICjw ,aRccq aC $13cY

BN jI@RBO3ICN< UG EHIRNc jjANjJCRN Cc U COjRO3~NCN<\n ICjw
jR3cj $ICc@ ,aCj3aC 8Ra3qg In JCN<CjcU3a8RalL N,3 NO3{3,jCq3
,@RRCcCN<cnCj $I13L ,@CN3 I3 aNCN< I<RaCj@Lc NOj3,@NC\n3c
0] ,@ a ,j3aCcjC,cY ia CNCN<j@3 LRO3I ncCN<j@3¢c313,j30 I<R
CN,RaURa JCN< OOCJjCRN I 0j RaUa3Aja CN30LRO3ICJR3N@ N,?3
BLUISL3NjJCN< LRO3I ,RLUa3ccCRN NO 3LUIRWCN< 3Nc3L$I3 L3j@]|
,,na ,w RaaR$ncjN3cc. Il s@CI3 3NcnaCN<a3UaROn,C$CICjw $w L
NO a3cnljcY

InaCN<3jg@I JCRN Usga&C<BRaRnc cc3ccL3NjR8j@3 ja CN30LRO3Ic
g lCO jCRNO jc3jcCc,RNON,j30. NOj@3CaaR$ncjN3ccnNO3ag aC
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cj $CICjw NO a3IC $CICjwY 2N@ N,CN<LRO3I13uUl CN $CICjw 8Rcj.
NO 3NOAnc3ac s@CI3 ,RLU aCN< LRO3l a3cnljc < CNcj Ua303~N3C
03j3aLCNCN<C8j@3w L33jUaRE3,jR$E3,jCq3cY
/IBUIRWIL3&Gcj@3 ,nILCN JCRNR8j@3UaR,3cc.s@3a3CN@ alOs a
jJ@3 LRO3ICN UaROn,JCRN3NgCaRNL3Nj a3 cU3,C~30. NOa3 IAsF
CjcU3a8RalL N,3 IC<NcsCj@ 3uU3,] JCRNcY mc3a ,,3Uj N,3Ccqg |l
L33jcnc3aa3\nCa3L3Njc NOCcnc3aA8aC3NOIw.s@CI3URjJj3NjC I ac
c$C c3cRa3aaRac. a3 C0O3NjC~30 NOLCjC< j30Y /3gq3IRUCN< 03l
LRNCjRaCN<. NOcnUURaj.3Ncna3c c¢c3 LI3ccja NCCJCRNCNjRj@:

KRNCjRaCN< NO KBRAL3NRWJENnRnc IRRU. N3,3ccCj jCN< 0 Uj
jJR,@ N<3cCNOj OCcjaC$njCRN Rg3ajCL3. LRNCjRaCN< NOL CN,
8RaRUjCL IU3a8RalL N,3 NONnUO jJCN<j@3 LRO3lI NOCNS8a cjan,jna
Ra,@ N<3c CN a3\nCa3L3NjcY i@Cc cwcj3L jC, UUaR ,@ jR 033l
L L @CN3 13 aNCN< LRO3lc nNO3ac,Ra3cj@3 CLURaj N,3 R8\n ICjw
j@aRn<@Rnjj@3 UaR,3ccY

BN OOCjCRNjR UaRURc IL3J@RORIR<C3c NO8a L3sRaGc. a3l3q
I<RaCj@Lc sCj@ 0C{3a3Nj CLc.cn,@ ccnLL aCyCN< NO gCcn IC
< JCRN RU3a JCRNCRNj@3 0 j.c3 a,@CN<8Racn$cjan,jna3c CN j(
<a U@c. NOO3g3IRUCN<UaRURc ICjJRRUjCLCy3 RU3a jCRNcU3a8

bRL3IsRaGcCNj@3ICj3a jna38R,ncRN N IwyCN<cn$<a U@c NO
[C RO UaRURCc3c0O U a IlI318a3\n3Njcn$<a U@ LCNCN< I<RaCj@l
bU aGY i@3 UaRURc | 3LUIRwc @3naCcjC, c3 a,@ cja j3<w. IR 0§
jRUAORSN UanNCN< CNj@3 cnUURajY [C R ICRUaRURCc30 jsRAU(
j@3 U a ll3lcn$<a U@ 3ujBNcCRN nNnc3c cja j3<wj@ j<3N3a j3c Il
RNOU@ c3. @3 nc3c cCLCI acnUURaj3qg In jCRNL3J@R0O8Ra~NOC
e UaRURc30 8a L3sRaG8Raj@3s3C<@j30L3j] A<a U@AS$ c30,1
8RaL JCRN N3jsRaGcY i@3 ,Ra3 Cc N I<RaCj@Lj@ jCj3a jCqg3,l c
8RaL JCRN N3jsRaGcjR, Una3 @3 CN8RaL JCRN @COO3NCN j@3c
H33 3j kler JaRURc30 L3j@R0O 8Ra 3uja ,JCN<8a3\n3Njcn$<a U@c s
CN8RaL JCRN NO,RNcC03aCN<c, | $CICjwCN |l a<3Ac, I3 <a U@cY

| f
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CN,In03c 8a3\n3N,w ,RnNjc 8Raj cGccn,@ ca JCN<Ua30C,jCRN Ra

IYfYIRRIc 8Ra:a U@ KCNCN«<

TC3Nj 3j IY UaRUR3WNpENjRa )jCg3 jRRI8Ra<a U@ 3uUIRa jCR
$RjjJRLANU NOjRUAORsSN c3Nc3L GCN<8Ra N lwcjc.8 ,CICj jJCN< |
cnLL aCy JCRN UaR,3ccY i@Cc UaRURc I UaRqC03c g In $13 ,RNja
UIRa JCRNY ?Rs3q3a.j@3a3Cc NRUURajnNCjw jR 3uUIRa3 8naj@3
llw. /nNN3 NOb@N3COSBBRYNCcSREARN)CLUaRgqCN<<a U@ qCcn ICy j
cCLUIC~, JCRN.s@C,@ a3Ul ,3c,RLLRN U jjB3aNc R8NRO3c NOICN
<lwU@c.8naj@3a3N@ N,CN<<a U@ 3uUIRa jJCRNY

VCN NO ?RN<CNQ@3cjC< j30j@3 UaR$I3LR8 <<a3< jCRN RN 0C{3:
$w UaRURCCN< 8nN,jJCRN $ c3c RN <a U@ 3NjaRUw jR L3 cna3 j@:
UaRg30j@ jj@3 <<al3< jCRNUaR$I3L$ c30RNj@38nN,jCRNcCc M
<RaCj@LjR U3a8RalL <<a3< JCRN.CN,INOCN<CNS8RaL JCRN I NOcj
ICLCj30c,RU3R8j@3 I<RaCj@L UaRURc I.j@3CasRaGCccC<NC-~
3a JCRN R8U3a8RaLCN< <<a3< JCRNcRNOj cjRa30CN<a U@ NRC(

b3 a,@CN<. UaR,3ccCN<. NOgCcn ICYCN<cn$<a U@c, N $3 |
JCRN I a3cRna,3cY 7TRaj@Cc a3 cRN.*n@@BaC3qB, RUS*RGRBYRY )c
@ N,CN<cn$<a U@ ,,3ccCs$CICjwYy i@w3w UaRURc3 |jsRAI3q3l, ,@
j@ j a31CG3IwjR $3 ,,3cc3003U3NOCN<RNj@3nc <3 U jj3aNR8cn
j@3, @CN< R8IRsAnc <3 cn$<a U@c NO 8a3\n3Njcn$<a U@ a3Ul
j@3CaUaRURc I cL CN UUIC, JCRNcCc 3N $ICN<j@3 UaR,3ccCNc<
CN,RLUNJCN<3NgCaRNL3NjcsCj@ cL IIlL3LRawy

BN j@31 cj03, 03. g aCRnc UaRURc Ic @ q3 3L3a<30j@ j 8R,nc
30<30Cc,Rg3awCN<a U@ 0 j $c3cYi@3c3UaRURc Ic3N,RLU cc
CNKO. 0 ) LRO3KkEN<ad) U@ LCBENK ka U@ qCcn:9.Cg .jCNRIN3)g In A
jC Rf)*Y

i@3L3J@RORIR<C3c.8a L3sRaGc.jRRIc. NO I<RaCj@LcL3NjCRT
03LRNcja j30j@3Caq In3.%njj@3a3CccjCll N3308Ra ,RLUa3@3N

e
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BuCcjCN< 0g N,3L3Njc NO I<RaCj@LcY bn,@ L3J@RORIR<wc@RN
<nC038Ra N IwyCN< a3l jB300 j ncCN<<a U@c. 00a3ccCN<j@3 0O
0Cc,Rg3awyY #w CN,RaURa jJCN< j@3c3 3I3L3Njc. j@3 nc3acsCll @
URjJj3BNjJjC IR8<a U@cCNj@3CaOlO0j N IwcCcUaRE3,jcY

ORUJCN< ,RLUa3@3NcCq3L3Jj@RORIR<w 3N,RLU ccCN< ,aCjC,
j@3 GNRsI30<33L$30030CNO j a3l JCRNc@CUcY i@3c3j cGc CNgF
anl3c RaRU3a JCRNcjRCjc NRO3c NO30<3c NOCN,RaURa JCN< N3
NRj3uCcjCNNRO3cRaa3l JCRNcY OOCjCRN Ilw. j@3 gCcn la3Ua3c
gCj laRIBCNj@Cc UaR,3ccY +a3 JCN<qgqCcn I 0O3UC,jCRNc R8 <a
NRL IC3c. NO ja3NOc sCj@CN ,RLUI3u O j c3jc. j@3a3%w jj CNCN
NNO3alwCN< CN8RaL jJCRNY

iI@3L3J@RORIR<w nNnNO03a0Cc,nccCRNUaRgC03c 03] CI30 NOcU
O0j ncCN<<a U@cY Bj3N,RLU cc3c sC03 a N<3 R8RU3a jCRNc 1
R{3aCN< ,RLUa3@3NcCg3 aa w R8 RUJCRNcY 7naj@3aLRa3. Cj L
NO cj3Uc. c3agCN< ¢ g In $13 a383a3N,3 8Ra ,RNOn,jCN<j@RaRrT
cjan,jna30 L NN3aY i@3L3J@RORIR<w 3LU@ cCy3c 3{3,jCq3 LRO3I
NcCN<<a U@cs@CI33NcnaCN< «3uC$CICjwCN @RRcCN<jRRIc N
j@3 nc3ac sCll a3,3Cg3 ,I13 a0Ca3,jCRNcjRL uCLCy3j@3 URj3NjC
UaRE3,jcY

IYe¥¥RN,IncCRNCc

BN,RN,InNcCRN.03cUCj3Rnaj@RaRn<@ a3qC3sR8L3jJ@RORIR<C
~3l10 R8<a U@ LCNCN<R@3aj@3 U cjjsR03, 03c.CjCc3qCO03Njj@
,RLUa3@3NcCqg3lw CNj3<a j3 Il j@3 N3,3cc aw ,RLURN3Njc a3\nCe
N3,j30 CN8RaL jJCRN a3Ua3c3Nj30 c<a U@cY r@Cli3 g aCRnc L3j¢
g lIn $I3 CNcC<@jc CNjR cU3,jccn,@ c UaRE3,j 03g3IRUL3Nj. LRO
NRN3 UaRgC03 @RICcjC,cRINJCRNj@ j 03\n j3Ilw 00a3cc3cj@3,
i@3a38Ra3. cjCll a3L CNc c¢cC<NC~, NJRUURajnNCjw 8Ra 8naj@3a
j@Cc< U N003gqCc3,RLUa3@3NcCg3cRINjCRNcj@ j3{3,jCq3lwj ,

| 4
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,RNN3,j30<a U@ 0 j CNa3 IAsRal0 UUIC, JCRNcY
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KYF/;, K3SJ@RORIR<w

BNj@Cc,@ Uj3as3 Ua3c3Nj N3sL3J@RORIR<w N L30F/;8RaGN
c a383a3N,3jR 3uja ,j.ja Nc8RaL.IR 0. UaR,3cc.LR03Il.gCcn ICy
CN8RaL jCRNj@ j, N$3 a3Ua3c3Nj30$wl $3130 NO @3j3aR<3N3R
aCj@Lc jJR 0Cc,Rg3a N3s cjan,jna 1 83 jna3c nc38nl jR CLUaRQg3 j@:
L GCN<Y

QnalL3j@RORIR<w UaRgCO03c <IR$ IRg3aqC3sR8j@3cj <3cj@ jlL
0Cc,Rg3aw UaR,3ccLRO3I30%w<a U@c.s@C,@ ,RNcC03ac IlURcc
jCRN.CO3NjC8WCN< U jj3aNc.L GCN<a3,RLL3NO jJCRNc $w UUIwC
NO cRIgQCN<\n3cjCRNc. LRN<Rj@3acyY

7C<rkarSlincja j3c @3 L3j@RORIR<w R8 Rna UUaR ,@ j@ j ,RLUa
c) NOCN<j@3 N IwjC, I TaR,3cc.VIW ;a U@ #nCIOCN<. VKW ;a U@ K
VOW ;a U@ pCcn ICy jJCRN. NOVfW2q In jJCRNY 2 ,@cj <3,RNj CNc
jR ,,RLUICc@ Ilj@3j cGCCN3 ,@cj <3Ra. j LCNCLnL.8R,ncRN
$RIOSCj@CNj@3 ~<na3. cj@3c3 a3Ua3c3Njj@33cc3NjC Ij cGc N3

KYSHK] <3 S- mNO3acj NOCN<j@3 N IwjC, | TaR,3cc

i@3 CLR8j@Cccj <3CcjR3cj $ICc@ ,RLUa3@3NcCg3nNO3acj
O0j N IwcCc $38Ra3 nN0O3aj GCN< Nw ,jCRNc. N Iwc3c. RaUaR,3:
@3 L3J@RORIR<wY 7naj@3aLRa3.CjCc3cc3NjC I jR 3cj $ICc@ ,R
j@3 nc3a,RNcCcj3Njlwj@aRn<@Rnjj@3 3NjCa3 UUIC, [ CRNR8j@:

i@Cccj <3,RNcCcjc R8BO3N|€CBw- IMMIXLSBCG@RRRINcCcjc R8 IC<N(
R$E3,jCq3c R8j@3 N IlwcCcsCj@ j@3 ,RLU Nw c LCccCRN NO gCc
j@3bK 'i<R I 8a L3sRaG.s@C,@ L3 Ncj@3w a3 cU3,C~,.L3 cna $I
JCL3A$SRNNOd LRa3 CN8RalL KRNV, BYBBI BRIWMCNYRaL jGRNCa& nCa3
a3 ,RN,a3j3 NO083 cC3$I3. RnjICNCN<j@3 N3,3cc aw8nN,JjCRN ICjC
,C~, j3,@NRIR<w. I<RaCj@L. RajRRI.0Oj ,RN~03NjC ICjw. NO nc

kS
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