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Detecting and Mitigating Rumors in Social Media

Mohammad Raihanul Islam

(ABSTRACT)

The penetration of social media today enables the rapid spread of breaking news and other
developments to millions of people across the globe within hours. However, such pervasive
use of social media by the general masses to receive and consume news is not without its at-
tendant negative consequences as it also opens opportunities for nefarious elements to spread
rumors or misinformation. A rumor generally refers to an interesting piece of information
that is widely disseminated through a social network and whose credibility cannot be easily
substantiated. A rumor can later turn out to be true or false or remain unverified. The
spread of misinformation and fake news can lead to deleterious effects on users and society.
The objective of the proposed research is to develop a range of machine learning methods
that will effectively detect and characterize rumor veracity in social media. Since users are
the primary protagonists on social media, analyzing the characteristics of information spread
w.r.t. users can be effective for our purpose. For our first problem, we propose a method of
computing user embeddings from underlying social networks. For our second problem, we
propose a long short-term memory (LSTM) based model that can classify whether a story
discussed in a thread can be categorized as a false, true, or unverified rumor. We demon-
strate the utility of user features computed from the first problem to address the second
problem. For our third problem, we propose a method that uses user profile information to
detect rumor veracity. This method has the advantage of not requiring the underlying social
network, which can be tedious to compute. For the last problem, we investigate a rumor
mitigation technique that recommends fact-checking URLs to rumor debunkers, i.e., social
network users who are very passionate about disseminating true news. Here, we incorporate
the influence of other users on rumor debunkers in addition to their previous URL sharing
history to recommend relevant fact-checking URLs.
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Mohammad Raihanul Islam

(GENERAL AUDIENCE ABSTRACT)

A rumor is generally defined as an interesting piece of a story that cannot be authenticated
easily. On social networks, a user can generally find an interesting piece of news or story
and may share (retweet) it. A story that initially appears plausible can later turn out to
be false or remain unverified. The propagation of false rumors on social networks has a
deteriorating effect on user experience. Therefore, rumor veracity detection is important,
and drawing interest in social network research. In this thesis, we develop various machine
learning models that detect rumor veracity. For this purpose, we exploit different types
of information regarding users, such as profile details and connectivity with other users etc.
Moreover, we propose a rumor mitigation technique that recommends fact-checking URLs to
social network users who are passionate about debunking rumors. Here, we leverage similar
techniques used in e-commerce sites for recommending products to solve this problem.
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in filled circles while other cases are shown in unfilled circles. Dashed edges

represents negatively connected and solid edges represents positively connected. 29

Performance evaluation on ADJNet and SCOTUS datasets varying the per-
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An overview of how rumor propagates in social media. An otherwise innocu-
ous event or development (e.g., Russian President Putin not showing up in
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viewed in color). . . ...

X
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ing embedding. The embedding vectors along with the temporal features i.e.
inter-event timing is fed to an LSTM model. The last hidden state vector
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I"# M G2:2MAB# M H2;2M/b "2 ivT2 Q7 KQ/2 M 7B+iBQM H biQ v r
i?72 HQ+ H+mHim 2X I'# M H2;2M/b Q7i2M 2 p2 +? * +i2°b M/ 2H #0Q
Kvbi2 v- 2mKQ - M/ ?2Q Q" X

RXj 1772+i Q7 6 Hb2 mKQ'b

6 Hb2 mMKQ b ? p2/2p bi iBM; +QMb2[m2M+2b- 2bT2+B HHvV BM 2+C(
2t KTH2- QM T 'BH kj- kyRj- ir22ir b TQbi2/ 7°QK ? +F2/ ++Qml



RX9X JQiBp iBQM M/ P ; MBx iBQM Q7 i?2 h?2bBb i

6B;m 2 RXk, "mKQ Tm TQ'iBM; i? ii?2 T'2bB/2Mi Bb BMDm 2/ H2
ORjy #BHHBQM 7Q%i?2 a S 8yyX

2tTHQbLBQM ii?2 q?Bi2>Qmb2BMDmM 2/ i?2WM @ SBDLHEIRIVH 2 7 FR Pri2:
HQM2 + mb2/ /2p bi iBM: T MB+ BMrQ H/rB/2 7BM M+B H K “F2ib-
iQ Ui2KTQ "BHvVV HQb2 #Qmi Rjy #BHHBQM /QHH b Q7 K "F2i p |
6B:XXK PM bBKBH MQi2- QM .2+2K#2" 8- kyR8- M AaAa ‘2H i2/"
QM 6 +2#QQF +H BKBM;i? i T Q@AaAa  HHvr b?2H/BM .2 "#Q M
rB/2HvV +B +mH i2/ + Qbb /B772 2Mi bQ+B HK2/B TH i7Q Kb H2 /B
ivT2b Q7 7 F2 M2rb M/ "mKQ'b +B +mH i2 QM bQ+B H K2/B i 2:mH

RX9 JQiBp iBQM M/ P : MBx iBQM Q7 i?2 h?2

h?2 +QMbi Mi/2HmM;2 Q7 KBbBM7Q K iBQMBM bQ+B HK2/B ? b QT2
PBXxX "mKQ' /2RBkGR®MYe)NX h?Bb Bb M 2bT2+B HHv +? HH2M:BM;
"2[mB 2b KQ/2HBM:;- MQi Dmbi BM7Q K iBQM +QMi2Mi #mi HbQ i?2
BM7Q K iBQM Bb FRQM/;i?2/rib2 b r?2Q +i b i?2dBXQT ; iQ" (

AM i?Bb i?2bBb- Qm’ ;Q HBbiQ /2p2HQT K +?BM2 H2 "MBM; KQ/2H
BM7Q 'K iBQM "2H i2/iQ mb2'biQ +QK# i "mKQ 'bX aT2+B7B+ HHv- I
"2b2 "+?X h?2 7B bi Bb iQ M Hvx2 i?2 T°QT : iQ'b Q7 +QMi2Mi BX
rQ"Fb M/i?2B  BMi2  +iBQM rBi? i?2 +QMi2MiX L2ti- r2 rBHH BMp2b
i2+?2MB[m2b #v 7 +i@+?2+FBM: | _G "2+QKK2M/ iBQMbX

R2IiTh,ffrrrX+M#+X+QKfB/fRyye9eRNd
K2iiTh,ffrrrXK “F2ir i+?2X+QKfbiQ vfirBii2 @i /IBM:@BM7HM2M+2@H B/@# 2@



9 *2 Ti2° RX AMi"Q/m+iBQ

~_mKQ 02" +Biv .2i2+iBQM S2 PM2+@/pi2,2 T°'BK "vK2 Mb Q7 i +FHBN
/2i2+iBQM Bb #v M HvxBM; i?2 mb2'b Q7 bQ+B HM2irQ Fi? i +i £k
PM2r v Q7 +?B2pBM; i?Bb Bb #v M HvXxBM; i?2 i2KTQ H /B77mbBQ
K2Mi BM bQ+B HK2/B X Mv +QMi2Mib? "BM; + M #2 pB2r2/ b i2KT
? p2i?2BM7Q K iBQM Q7 i?2 mb2° M/ TQbbB#H2 Qi?2° K2i @BM7Q
raz M22/iQ+ Tim2i?2BMi2° +iBQM #2ir22M bQ+B H K2/B TQbib M
7Q 2-r2M22/iQ 7BM/ bmBi #H2 mb2" "2T 2b2Mi iBQM #2ir22M i?2
mb2  "2T 2b2Mi i BQM-r2+ M 7mb2i?2 2T 2b2Mi iBQMBM /B77mbeE
i?72 p2° +Biv Q7 "mKQ bX LQrr?BH2 +QKTmiBM; i?2 mb2" 2T 2b2M
ivT2b Q7 BM7Q K iBQMX

C 2T '2b2MiBM; mb2 b mbBM; bi'm+imh® BM72pXMiBhQu\2, b 7 QK i
bi'm+im> HBM7Q K iBQM r2 + Mi° Mb7Q K i?2 bQ+B H M2irQ F
#2ir22M mjippXb ¢ 2/B#BHBiv M2irQ ' F Bb bB;M2/ M2irQ F-r?2"2
#2ir22M T B Q7 mb2 b bB;MB7B2b i? ii?2vb? "2 bBKBH "~ pB2
"2H iBQM bm;;2bib +QM7HB+iBM; pB2rTQBMibX hQ +QMbi m+i |
irQ K2i'B+b + HH2/ i mbiBM;M2bb eMXig2bbriB jMBiKM2EbmbiBM;M
M/ i mbirQ i?BM2bb b+Q 2b 7Q 2 +? mb2" M/ i?2M +QKTmi2 i
#2ir22M i?2KX h?2Mr2 + M MQ K HBx2 i?2 #2HB2p #BHBiv b+Q"
BMiQ bB;M2/ M2irQ'FX LQrr2 + M +QKTmi2 i?2 mb2" 72 im 2|
K MM2  mbBM; rQ /kp2+ KQ/2HX

C 2T '2b2MiBM; mb2'b #v T'Q7BHR?BM2@ IMIBrQMQ7 2T 2b2MiBM
mb2  Bb iQ mb2 i?2 T"TQ7BH2 BM7Q K iBQMX AM7Q K iBQM HBF
/IB+ i2 i?2 bi imb Q7 i?2 mb2" BM M2irQ'F M/ [m MiB7v ?2Qr ?:
"MmMKQ b M/ ?Bb T QT2MbBiviQb? "2BiX g2+ M 2T 2b2Mii?2 T
M mMMbmT2 pBb2/ KQ/2H HBF2 miQ2M+Q/2 X

S2°'bT2+iBp2 7' QK JBiB; iBOM RM2i3B2B2 KQbi pBi H T “ib Q7 ~mK
b2 “+? Bb iQ M Hvx2 ?2Qr Bi + M #2 KBiB: i2/X LQr / vb i?2 2 2tBbi
r2#bBi2bi? i + M T QpB/2 BMp2biB; iBp2 "2TQ ib QM TQbbB#H2 “mk
5 MKQ  /2#mMMF2'bd +iBp2 BM bQ+B HK2/B TH i7Q Kb r?Q pB/Hv
IBbb2KBM i2 i?2 p2° +Biv Q7 "mKQ bX 2+QKK2M/BM; i?2K “2H2p |
I2#MMFBM; T°Q+2bbX AM i?Bb i?2bBb-r2 T'QTQb2 b2[m2MiB H I_
/2#MMF2°b-1?22"2r2 KQ/2H i?2 BM7HM2M+2 Q7 "mKQ" /2#mMF2'b Q



RX8X STQ#H2K R, :2M2" iBM; Ib2 62 im 2b amBi #H2 7Q° _mKQ A/zZ
i?72 L2irQ ' Faim+im 2 Q7 aQ+B HJ2/B 8

RX8 S Q#H2K R, :2M2 iBM; |Ib2 62 im 2b aml
~mKQ  A/2MiB7B+ iBQM #v 1tTHQBIBM; i?
aim+im 2 Q7 aQ+B H J2/B

Pm 7B bi +? HH2M;2 Bb iQ /2p2HQT K2i?Q/iQ +QKTmi2 mb2" 72 ir
M2MiiQ mMKQ p2 +Biv/2i2+iBQMX aBM+2 mb2'b "2i?2T QT ; iQ"
mb2 b+ M#2 7 mBi7mH BM mKQ p2 +Biv/2i2+iBQMX 6Q i?Bb Tn
2T 2b2Mi iIBQMX >Qr2p2 - ;2M2 iBM; mb2 72 im 2b 7 QK bQ+B H
+ b2X aBM+2 mKQ p2 +BivBb ?B;?Hv +Q "2H i2/ rBi? mb2  +°2/B
Ti?27i? Mi?2 ;2M2 B+ mM/2 HvBM; bQ+B H M2irQ FrQmH/ #2 KQ 2
;2M2° 12 bmBi #H2 2T 2b2Mi iBQM 7Q mb2 b #vi FBM; mb2 @mb:

*QMi'B#miBQM, i ' mbi@# b2/ M2irQ ' F 2T 2b2Mi iBQM r2 +QMp2 i i
BMiQ bB:M2/ M2irQ FX h?2M r2 T'QTQb2 K2i?Q/ + HH2/ aA:L2i i
2K#2//BM;b UBX2X mb2" 2K#2//BM;V 7°QK i?2 bB:M2/ M2irQ FX q2 /
aA:L2i QM ;2M2 B+ bB;M2/ M2irQ Fb M/ K®¥HBDb?2/ Qm  rQ F BM (

RXe S Q#H2K k, AMi2; iBM; *QKTmi2/ Ib2" |
AMIQ * b+ /2 S '2/B+iBQM JQ/2H iQ A/2M
02 +BivQ7 _mKQ h?2 /b

Pm™ b2+QM/ T Q#H2K Bb iQ H2p2 ;2 i?2 mb2 2K#2//BM; + 2 i2/ #v
p2° +BivX mKQ T QT ; iBQMi? " Qm;? bQ+B HM2irQ ' FBb KQ/2H2,
BMi?BbrQ'FX h?2°27Q°2 mKQ  p2° +Biv/2i2+iBQM + M#2 + bi b +
iBQM T Q#H2KX g2 T°'QTQb2 + b+ /2b2[m2M+2 +H bbB7B+ iBQM T
g2 7 +2irQ +? HH2M;2b r?BH2 mbBM; M GahJ KQ/2H BM KQ/2HBM;
KQ/2H /Q2b MQi T'QpB/2 ;QQ/ K2+? MBbK iQ '2pBbBi M 2 "HB2 ' T
b v M/ + b+ /2b2[m2M+2 + M#2 BM?2 2MiHvHQM; K FBM; i?2 Gah.
2tT2MbBp2X

*QMi'B#miBQM, QTQb2 M 2M? M+2/ p2'bBQM Q7 GahJ iQ i +FH2 #
Pm T QTQb2/ GahJ K@h2H M M Hvx2 bK HH TQ iBQM Q7 i?2i? 2
i?mb 2M #HBM; BiiQ "2/ m+2 +QKTmi iBQM HQp2 7?2 /X //BiBQM HH
T 1 Q7i?22i?°2 [/ B7 "2[mB 2/ T°QpB/BM; KQ 2 7TH2tB#BHBivX 2 ? ¢
+ b+ /2b M/ Tm#HBDb?RIX TQTZ2HHKQ ? p2 bm#KBii2/ M 2ti2M/2/ p2 'k
DQm ™ M H-r?B+? Bb+m "2MiHv BM "2pB2rX



e *2 Ti2° RX AMi"Q/m+iBQ

RXd S'Q#H2K j, G2p2  ;BM; Ib2° S'Q7BH2 Al
AMIQ i?2 * b+ /2 S'2/B+iBQM JQ/2H iQ .2iz
02 +BivQ7 mKQ'b

AM i?2 i?B / T Q#H2K-r2 /2i2+i mKQ p2 +BivmbBM;i?2 mb2 T Q
i?7 ibim+im> HBM7Q K iBQM BM bQ+B H K2/B U2X;X- hrBii2 'V Bb
;2M2° iBM; mb2 72 im2b BMi?Bb K MM2  Bb p2'viBK2@+QMbmKBN
ivT2b Q7 mb2"> "2T 2b2Mi iBQM iQ 7BHH i?Bb ; TX q2 T2 7Q K 2tTH
T°Q7BH2 BM7Q K iBQM M/ 7BM/ i? i i?2v "2 +Q " 2H i2/ rBi? i?2 'r
r2 2tTHQBi mb2' T'Q7BH2 BM7Q K iBQM U2X;X- 7TQHHQr2" +QmMi-
p2° +BivX

*QMi B#miBDMQK#BM2 /22T mMbmT2 pBb2/ 72 im2H2 "MBM; K2i?Q
HQM: rBi? M GahJ # b2/ KQ/2H iQ /2p2HQT K +?BM2 H2@ MBM;
KQ aHA@i®H bbB7v "'mKQ  p2  +BivX aT2+B7B+ HHv-r2722/i?22 H2
i72 GahJ 7° K2rQ Fr2 /2p2HQT BM S Q#H2K kX g2 +QKT "2 i?2 “2bn
/2i2+iBQM K2i?Q/b 7 QK T'Q#H2K K GlAhBKQ/EHX i®2? p2 Tm#HBb?:
i?2 2ti2MbBQM Q7 QRX rQ F BM (

RX3 S Q#H2K 9, G2p2 ;BM; 2+QKK2M/2 a\
_2+QKK2M/6 +i@+?2+FBM; 1 _GbiQ mKQ" .

AMi?2H bi T°Q#H2K-r2i'viQBKT Qp2QM2Q7i?2KBiB; iBQMbi" i2
T°Q+2bbX PM2 2772+iBp2 r v iQ KBiB; i2 mKQ'b BbiQ bT 2/ Q7 +
bQ+B HK2/B bT +2X pB/bQ+B HM2irQ"Fmb2'b "2 FMQrM b "mKQ
7 +i@+?2+FBM; | _Gb iQ +B"+mH i2 i?72 p2° +Biv Q7 mKQ bX Pm" (
“2H2p Mi 7 +i@+?2+FBM;|_GbiQi?2 mKQ @/2#mMF2° +QKKmMBiv
M/ i F2 M 2772+iBp2 T i iQ +QK# i 'mKQ bX 6Q  i?Bb Tm TQb2-
"2+QKK2M/ iBQM 77 K2rQ' Fi? i+ Mi F2i?2BMi2M H+QMM2+iBQN
"2+QKK2M/ BKTQ' i Mil_GbiQ i?2KX

*QMi"B#miBQMA+QmTH2/ i?2 b2[m2MiB H KQ/2HBM; 7°QK M GahJ |
2, iIBQMi2+?2MB[m2b 7' QK i?2 ;" T? M2m™ H M2Lr@i&2i@Qg2p2HQT
2T 2b2Mi i?2 mb2'b b 7mM+iBQM Q7 1 _G "2T 2b2Mi iBQM bQ i? i
mb2 @bT2+B7B+ 72 im 2bX h?Bb Bb p2'v+QMp2MB2Mi- 2bT2+B HH
H2p2® ;2i?2?2 /HBM2 Q7 1_GiQ ;2M2" i2T'2@i° BM2/ 2K#2/IBM; 7C
KQ/2H rBi? "2+2MiHVT ' QTQb2/b2[m2MiB H 2+QKK2M/ iBQM KQ/2H
Bb #H2 iQ QmiT2 ' 7Q K i?2KX h?2 r) K Bb Tm#HBb?2/ BM (



RXNX 2H i2/ qQ F d
RXN _2H i2/ qQ F

RXNXR L2irQ F 1K#2//BM;

Pp2  i?2 T bi 72r v2 "b- b2p2  H /22T H2 "MBM; # b2/ KQ/2Hb ? p2 #
i2 2K#2//BM;b BM M mMbmT2 pBb2/r vX AMbTB 2/ #v H:Q Bi?Kb
BM i29i-88 b2p2° H MQ/2 2K#2//BM; K2i?Q/b ? pR#e2M X RQTBLL2/ B
TT'Q +?2 2 b #22M 2ti2M/2/iQ /B772 2Mi p "B iBQMb Q7 M2irQ Fb b
rQ FIRY M/ bB:M2/ M2dX F2¢2MiHV /22T miQ2M+Q/2  KQ/2Hb ? p
MiBHBXx2/ iQ +QKTmi2 MQj/3R d)K# 22/BBM 2o H2 "MBM; "2T 2b2Mi iBQM
i?72 2K#2//BM; Q7 Qi?2  2H2K2Mib Q7 ;> T?b ? b HbQ #B3M ii2KTi
2/:29( Q> MQ/2- M/ 2/:2 BQERi?22+IMiHV *LL ? b #22M :2M2° HBx2/iQ
T2 biTm+im2iQ +QKTmi2 72 éR}ZNX?EBRI2H2(Q7 KQ/2H Bb 7B b
/Im+2/ BM(?B+? Bb BKTRPmMD/BBWM ¢ bi HQ+ HBx2/ +QMpQHMIiBQM 7BHi
Q7rQ Fi'B2biQ 2T 2b2Mii?2 2MiB 2;  T?2 Q" TQ iB@MS@XBi b 7

RXNXk o B iBQM H miQ2M+Q/2°

MiQ2M+Q/2 b H2 "M +QKT +i 2T 2b2Mi iBQM Q7 i?2 /i BM M mM
H2 M2/ 2T 2b2Mi iBQM + M #2 mb2/7Q" Mv /QrMbi 2 KT 2/B+iBQN
+ iB@YX h?2p "B iBQM H miBPMIDH2M{ //BiBQMiQ miQ2M+Q/2" K
2 bb22M 7HmM v Q7 BMi2 2bi BM K Mv R)FHLB8)kB @IMbQ BX:; ¥Qp BiBRQ
7BHiI298M;Ai Bb HbQ mb2/ rBi? Qi?2 /22T H2 "MBM LKRY 28 b HBF?2
2M? M+2 i?2B" + T #BHBiB2bX

RXNXj h mbi BM aQ+B H L2irQ Fb

LQr / vb i'mbi ? b #2+QK2 M BMi2;" HT 'iQ7 p 'BQmb bQ+B H BMi:
BMi2 T 2i2/ b bm#D2+iBp2 +QM+2Ti- "2b2 "+?22°b ? p2 /27BM2/ p
7Q° MQ/2b BM M2irQ ' FiQ ++QKTjeBB-28)BX71B2Mi)BbibibE ; Mb
MMB[m2i mbib+Q 2iQ2 +?2T22 BM TR9 @BQ@Z/22 MMQKr @ HFXr B M (
"2bi i Bb T QTQb2/iQ " MF mb2 b BM8)bBAMBRZ MBip® HXQABIPK Bb n
iQ +QKTmi2 i?2 i'mbib+Q 2 #v 2biBK iBM; i?2 #B b M/ T 2biB;2X

RXNX9 a2[m2MiB H _2+QKK2M/ iBQM

a2[m2MiB H 2+QKK2M/2 bvbi2Kb b22F iQ KQ/2H Bi2K@Bi2K i> MbB
iBHT ii2"Mb #2ir22M +QMjbPeren) B (52SB E2KBL 7B bi@Q /2 K "FQp +



3 *2 Ti2° RX AMi"Q/m+iBQ

KQ/2H rBi? K i'Bt7 +iQ'Bx iBQMi2 K HQM: rBi? MBi2K@Bi2K i M
Q' /2 +? BM+ M HbQ#2BM+Q TQ  i2/iQ+ Tim 2 /22T2 mb2  ?Bbi
M2+2bb v b /Bbk@b2+BMiHV /22T H2 "MBM; # b2/@KQ/2Hb 2 Ht
i?2 b2[M2MiB HM im 2 Q7 mtkajd ene @M +RMKEKi M+2-Kka I b2b (

© 17Q b2bbBQM@# b2/ 2+QKK2M/ eéBQ M L224 20 B/*KER/2H- i°2 ib i?2
2K#2//BM: K i'Bt Q7 T°2pBQmb Bi2Kb b M BK ;2 M/ TTHB2b i?2 +Q
+ Tim 2i?2b2[m2M+2X 6B&) hbidb 222 b2HI @ ii2MiBQM K2+? MBbK |
M2ti Bi2K 7°QK mb2°6b ?BbiQ vX

RXRy Pp2 HHai m+im 2 Q7 i?2 h?2bBb

h?2 Qp2°  HH Q ; MBx iBQM Q7 i?Bb /Q +RvKj26B Bb- bB?ND r'kdr B M2 6 B ; X

T'2b2Mi KQ/2H iQ ;2M2° i2 mb2" 72 im 2b BM bQ+B H M2irQ FbX
T QTQb2/ rQ /kp2+ K2i?Q/iQ +2 i2i?2# +F#QM2 Q7 Qm T 2b2Mi2
rz TTHv i?2 mb2  2K#2//BM; K2i?Q/ BM "mKQ p2 +Biv /2i2+iBQ
*?2 Ti2JX q2 + bii?2 T'Q#H2K b + b+ /2 +H bbB7B+ iBQM M/ T ' QTQ
i2'K K2KQ'v UGahJV # b2/ K2i?@&htJHH2H bbB7v i?2 p2° +Biv Q7 n
>2°2r2 “:m2i? i BiBbMQi 72 bB#H2 iQ mb2 bQ+B H M2irQ ' F BM7Q"
h?2°27Q°2r2T°QTQb2 K2i720?BMB2bTib2" T Q7BH2 BM7Q K iBQM
Gahld 7° K2rQ ' Fr2 /2p2HQT 2 "HB2 X q2 + HH KQ B HEMWM 2/nK2i?Q
H bi T'Q#H2K- BY?2rZiBMp2biB; i2 Qm> "mKQ > KBiB; iBQM bi" i2;vX
b2[m2MiB HI_G "2+QKK2M/ iBQMiKEQZI2XH +nHHR/ /I2#mMMF2 b- r?2° 2

KQ/2H 2tTHB+BiHVBM+Q ' TQ i2bi?2BM7HM2M+2 Q7 "mKQ  /2#mM
| G "2+QKK2M/ iBQMbX



RXRyYyX Pp2° HH ai'm+im 2 Q7 i?2 h?2bBb

6B;m 2 RXj, P'; MBx iBQM Q7 i?2i?2bBb



*? Ti2 K

:2M2 1IBM; Ib2 62 im 2b amBi1 #
~mMKQ A/2MiB7B+ iBQM #v 1tTH:
172 L2irQ Fai m+im 2 Q7 aQ+B |
J2/B

KXR AMi'Q/m+iBQM

AMi?Bb +? Ti2 -r2/2p2HQT K2i?Q/iQ ;2M2" i2mb2 72 im 2b 7 QK
"mMKQ ™ p2° +BivX g2 H2p2 ;2 2+2Mi bm++2bb BM rQ'/ M/ /Q+mK2]I
bBKBH * "2T 2b2Mi iBQMb 7Q° M2irQ ' FbX b "mKQ  T'QT ; iBQM Bl
+ 2/B#BHBiv Q7 mb2'b-i?2 K2i?Q/ b?QmH/ #2 #H2iQ ;2M2" i2 2K#2
r?72°2TQbBiBp2 "2H iBQMb+ M#2 +QMbB/2 2/ b i'mbi 2H iBQMb?E
BMi2 T 2i2/ b /Bbi'mbi 2H iBQMX 1tBbiBM; K2i?Q/b "2 H “;2HvV 7C
2T °2b2Mi iBQMb 7Q° mMbB;M2/ M2irQ " Fb M/ 2 mM #H2 iQ /Bb+Q
TQH "BiB2b BM?2'2Mi BM 2/;2bX q2 T°QTQb2 aA:L2i- 7 bib+ H #H?Z
7Q° bB:M2/ M2irQ ' FbX Pm > T°QTQb2/ Q#D2+iBp2 7TmM+iBQM BKb
bi'm+im 2 BKTHB+Bi BM bB;M2/ M2irQ Fb #v "2BM7Q +BM; i?2 T BN\
Pm™ K2i?Q/ #mBH/b mTQM i?2 i /BiBQM HrQ /kp2+ 7 KBHv Q7 2K#:
T QTQb2 M2ri ;2i2/ MQ/2 b KTHBM; bi® i2;viQ K BMi BM bi m+in
Q'/2° M2B;?#Q°?QQ/bX "27Q'2 TTHVBM:; aA:L2i BM i?2 "'mKQ"  p2" -
+QKT "2BibT2°7Q°K M+2 QM ;2M2 B+ bB;M2/ M2irQ " Fb iQ 2p Hm i2

kXk aQHmMmiBQM TT Q +7?

kXkXR 1b2  h>mbi BM aQ+B H L2irQ Fb

PM2 Q7 i?2KQ'2M im> Hr vb Q7 /2i2+iBM; "mKQ bBbiQB/2MiB7v m
iQ MKQ b r?2M 2tTQb2/iQ /> K iB+ 2p2Mi 2X;X- b?QQiBM; Q" Kt
i?Bb bmb+2TiB#BHBivr2 M22/iQ[m MiB7vi?2i mbi@H2p2H Q7 2 +7?
T 'iBM MvivTi2 Q7 bQ+B H BMi2® +iBQMX h mbi Bb M #bi® +i +Q|

Ry



kXkX aQHmMiBQM TT Q +? RR

UV h mbiBM;M2bb U#V h'mbirQ i?BM2bb

6B:m 2 kXR, *QKT "BbQM Q7 p;X i'mbiBM;M2bb M/ i'mbirQ i?BM2
"MKQ  QTTQb2'bX g2+ Mb22 "mKQ bmTTQ i2°b? p2 +QKT * iBp2H:
i ' mbirQ i?BM2bb BM/B+ iBM; i?2v "2 ?B;?Hv bmb+2TiB#H2 iQ mKQ
iBQM HHv HQr i mbirQ i?BM2bb b?Qrb i?2B  b? "2/ +QMi2Mi + MMQ|i
r2 Q#b2 p2 [(mBi2 i?22 QTTQbBiI2 7Q i m2 M2r bmTTQ i2°'br?Q TQbb
K2/B M2rb UHQr i'mbiBM;M2bbV M/ 2 KQ 2 “2HB #H2 +QMi2Mi b?

iQr /b mb2  + M#2 bm#D2+iBp2 M/ p v7 QK mb2 iQ mb2 X :2M2
b+Q 2 Bb bbB;M2/iQ 2 +? mb2" 2T 2b2MiBM; ?Bbf?2  H2p2H Q7 i™m
1?72 H2p2H Q7 i mbi mbBM; irQ /IB772 2Mi b+Q 2b- QM2 K MB72biBM
M/ i?2 Qi?2 i2°K2/ 6i mbiBM;M2bbd /2KQMbi® iBM; ?2Qr bmb+2TiB#
iQ i mbiBM; Qi?@fXnb2 b (

hQ b?Qr ?Qr i mbiBM;M2bb M/ i mbirQ i?BM2bb TH vb i?2B" "QH2 B
i?2 p;X i mbiBM;M2bb M/ i'mbirQ i?BM2bb Q7 mb2 b r?2Q bmTTQ i
bmTTQ i "mMKQ  MRXIRRBMBBLIIY(/ i b2i- /i b2ir2 mb2BM Qm* 2tT2 B
g2+ Mb22QM p2 ;2mb2 brBi??B;?i mbiBM;M2bbbmTTQ ib mKQ
?B;?2 i mbirQ i?2vmb2 bbmTTQ ii m2M2rbX q2 ?2vTQi?2bBx2 mb2 b1
iQi'mbi Qi?2° T2QTH2 2 bBHv M/ bQK2iBK2b BMi2MiBQM HHv UMQ
K2/B r?2°2 bT2QTH2 rBi? ?B;? i mbirQ i?BM2bb "2 KQ 2 "2HB #H2
Q#b2'p iIBQM r2 BMi2M/iQ +QKTmi2 mb2 ' 2T 2b2Mi iBQM r?B+? Bb
BMi'B+ i2 mb2" +? °~ +i2°'BbiB+bX h?2M r2 2tTHQ 2 /B772 2Mi +H bb
2T 2b2Mi i BQMiQ B/2MiB7v "mKQ bX

hQ +QKTmi2 i?2 i mbi H2p2H- r2 KQ/2H BMi2 +iBQMb KQM; mb2'k
[m MiB7vi ' mbiX h?2ivT2 Q7 BMi2" +iBQMb + M #2 “2ir22i Q" "2b? |
6Q° 2t KTH2 B7 mb2 2?2 b HQi Q7 7QHHQr2'bi?2M Bi K MB72bib i?
i'mbirQ i?vUQ7 +Qm b2 i?Bb ? b2t+2TiBQMb #mir2 MIiB+BT i2i? i
+QMbi® BMib rBHH //°2bb i?2b2 + b2bVX aBKBH "Hv B7 mb2" “2ir
b?Qrb i? i b?2 Bb QT2M iQ i mbiBM; Qi?2° T2QTH2 2 bBHv- i?mb ?
b+Q 2X AMQmM  KQ/2H r2 mb2i?2 7TQHHQr2 @7QHHQr22 M2irQ F #2i



*?2 Ti2 kX :2M2  iBM; 1b2° 62 im 2b amBi #H2 7Q° _mKQ ™ A/2MiB7B
Rk L2irQ ' Fai m+im 2 Q7 aQ+B HJ

M2irQ FX

kXkXk *QMbi m+iBM; i?2 h mbi L2irQ F

hQ + H+mH i2i?2 i'mbiBM;M2bb M/ i mbirQ i?BM2bb KQM: mb2 b r
bQ+B HK2/B 6 Uhal¥RHER Bi?X7TQHHQr2 @7QHHQr22 M2irQ FX ha.
> T? b BMTmi M/ Bi2 iBp2Hv mT/ i2b i?2 i’ mbiBM:M2bb M/ i mbir
MQY¥2V mbBM; i?2 7QHHQrBM: 2[m iBQMb,

X Wst

trustingness (s) = - UKXR V
g (®) 1 + trustworthiness (t)
8t20ut§<s)
. W,
trustworthiness (s) = T trustint;ness 0 UkXR#V

8t2in (s)

>2 ' ®g 2T 2b2Mib 1?2 r2B;?i #2ir MRPAWIXMEUES)2 Min(s) 2T 2b2Mi i?2
Qmi;QBM; M/ BM+QKBMy22,R2D2QTBWQRHAZX "Qi? i mbiBM;M2bb M/ i n
2 M 572502 K2 bm2 Q7 mb2 6b i2M/2M+v iQ Tmi i mbi QM Qi
rBHHBM;M2bb iQ i ' mbi ?BKf?2 X >Qr2p2 -i?2v/Q MQi; m;2i?2i mb
mb2 bX Zm MiB7vBM; i?2 i mbi H2p2H #2ir22M T B Q7 mb2 b UBX
i?Bb 2M #H2b mb iQ K2 bm 2 i?2 "2H iBQMb?BT #2ir22M mb2 b BM
7TQHHQr22 M2irQ ' F/Q2b MQi+? ~ +i2'Bx2i?2H2p2H Q7 i " mbi#2ir22]
i?72 i mbi H2p2H #2ir22M irQ mbAR b nulBi X 2KV 2rQ rknmbt2i B THVABR mb2°

i mbiBM;M2bbBB?inmbRirQ i?BBIRbOXbAM K Bb +QBM2/ bBYXHB2p #

Ba: B = trustingness (A) trustworthiness (B) UkXkV

?B;? #2HB2p #BHBivdgr @R22MRQ M2 bib Bilp2 v Km+? U Hi?Qm;? i?2
+QMp2 b2 K vMQi#2 i m2VX h?Bb +QM+HmM/2b Qm  /2b+ BTiBQM Q7
7°QK mb2° BMi2® +iBQM M2irQ FX L2tir2 /Bb+mbb ?2Qr r2 H2 "M mb
M2irQ FbX

kKXkXj 62 im 2 :2M2° iBQM 7 QK h " mbi L2irQ Fb

hQ +QKTmi2 i?2 mb2  i'mbi 2K#2//BM; 7°QK i?2 i'mbi M2irQ F r2 + N
#2//BM; bi’ k380X LQ/2 2K#2//BM; BKbiQ 7BM/ 2T 2b2Mi iBQMb B
/IBK2MbBQM H bT +2i? i TH +2b bBKBH ~mb2'b +HQb2 iQ 2 +? Qi?:
K2i?Q/b HBF2 r@RikpR2[M2M+2 Q7 MQ/2b Bb ;2M2" i2/ mbBM; ~ M/Q
bBKBH “Biv #2ir22M r HFb Bb + Tim 2/ BM i?2 "2T 2b2Mi iBQMX >Qr
rBi? i?Bb TT ' Q +?2r?2M TTHB2/iQ i'mbi M2irQ FbX

AM ;2M2 B+ MQ/2 2K#2//BM; K2i?Q/b i?2 /Bbi M+2 #2ir22M irQ mb2"
#2ir22M i?2K BM i2 Kb Q7 MQ/2 +QMM2+iBpBiv M/ M22/ MQi +Q "2



KXjX SQ#H2K 6Q KmH iBQM Rj

r2B:?2i2/° M/QKr HF # b2/ QM i'mbi b+Q 2b K vT QpB/2 T iB HDb
biBHH MQi 7TQQHT QQ7X

h?2°27Q°2 iQ BMi'Q/m+2 i?2 MQiBQM Q7 i mbi UQ  /Bbi ' mbiV-r2 +C(

bB;M2/ M2irQ'FX hQ ++QKTHBb? i?Bb Q#D2+iBp2-r2 bm#i~ +ii?2
7°QK 2 +? 2/;2r2B;?2i Q7 i?2 i'mbi M2irQ'FX h?Bbr vi?2i mbi M2ir(
M2irQ F- r?2°2 M2; iBp2 p Hm2b /2MQi2 /Bbi mbiX >Qr2p2 - MQr ;
K2i?Q/b + MMQi #2 TTHB2/ bi?2v "2 MQi ;2 "2/iQr '/ bB;M2/ M2ir(

kXj S Q#H2K 6Q KmH iBQM

.27BMBiBQMBKXRKL2irQbB;M2/ M2irQ F + M #2G/27\BE)2/r A2 "2

V Bb i?2 b2i Q7 p2EiBH2i®2My2i Q7 2/;2b #2ir22M i?2 p2 iB€2HX 1 +7?
V "2T 2b2Mib M 2MiBiv BM i?2 M2ieQ2fE B 2 imW,BRW bbQ+B i2/
rBi? r2BwPRZX h?2 #bQHmi2vp BRM2QZIMib i?2 bi'2M;i? Q7 i?2 "2H
#2ir2FM MA, - r22°2 b i?2 bB;M 2T 2b2Mib i?2 M im 2 Q7 “2H iBQMb
Q' Mi ;:QMBbKVX bB:M2/ M2irQ ' F + M #2 2Bi?2G/Bb2wW/BQ2 mM/B"
i?72M i?22 Q /2 Q7 p2 iB+2b BHVVWQi ~@HR)PV MiPM X22XQi?2GBM/ B7

/B 2+i2/i?22M Q /2" #2+QK ;v d Zyw;W)i WBNK BXy; VV X

6B;m 2 kXk, :Bp2M DbB:M2/ M2irQ ' FU V- +QMp2MiBQM H M2irQ F_
bB:Mb BMiQ ++QmMi M/ + M “2bmHi BM 7 mHiv "2T 2b2Mi iBQMbX
“2pT2+iBM; bB:M BM7Q K iBQM #2ir22M 2/;2bX

"2+ mb2i?2r2B;?2ibBM bB;M2/M2irQ ' F+ v +QK#BM2/BMi2 T 2]
Biv M/ K ;MBim/2 /2MQi2b bi*2M:i?V- +QMp2MiBQM H T QtBKBiv bl



*?2 Ti2 kX :2M2  iBM; 1b2° 62 im 2b amBi #H2 7Q° _mKQ ™ A/2MiB7B
R9 L2irQ ' Faim+im 2 Q7 aQ+B HJ

M2irQ F "2T 2b2Mi iBQWERY 2XMM @M@ TTHB2/ 7Q  bB;M2/ M2irQ F
M2irQ F r?2 2BM W2MAQ /2B TQbBiBp2HV +QMM2+i2/ MAKi?2 MQ/2
"2 M2; iBp2HV +QMM2kX&/ VMR 2 6B TXQb2 i?22 r2B;8jb QEIi222/;2b
+W; M/ wy 2bT2+iBp2HVX w;Rs B7wyj- +QMp2MiBQM H 2K#2//BM; K2
rBHH WH M® +HQb2Vi?MW, QrBM; iQ i?2 bi'QM;2° BM7HmM2M+2 Q7 i?:
KXKk#VVX UA:MQ BM; r2B:?ib /Q2b MQi bQHpP2 i?Bb T Q#H2KXV A/2 |
iBQM r?2 2BW MI@/2b2 +HQb2  i? W M@/2bb b?QrM BMX&BYX h?Bb
2t KTH2 b?Qrb i? i KQ/2HBM; i?2 TQH "Biv Q7 i?2 "2H iBQMb?BT Bl
i?2 bi’2M;i? Q7 i?2 "2H iBQMDb?BTX

6B;m 2 kXj, aB;M2/i'B M;H2b BM M mM/B 2+i2/ ;"> T?X U V M/ U#\
u/v "2 MQiX

hQ ++m’ i2HV KQ/2H i?2 BMi2 TH v #2ir22M i?2 p2 iB+2b BM bB;M2/
QBi" m+im" H F MK MEFR2/ #v xJB/ai Mm+im>  H# H M+2i?22Q v TQbBibi?
rBi? M Q// MmK#2 Q7 TQbBiBp2 2/;2b "2 KQ'2 TH mbB#H2 i? M M
6B;RXX * “ir'B;?i M/ >d) TvQTQb2/ i?22Q 2K #Qmi ;HQ# H M2irQ"F
BMi2 T 2i2/ pB # H M+2 i?2Q vX h?Bb i?2Q 2K bb2'ibi? iBM M m
2 +? i’ B M;H2 Bb +QMM2+i2/ M/ Q#2vb i?2 bim+im " H# H M+2 i?
T "iBiBQM2/ BMiQ irQ /BbDQBMi bm#b2ib r?2 2 BMi~ @bm#b2i 2/;2b
2/;2b "2 M2; iBp2,

h?2Q 2K kXkKXir B;?i M/ > " "v- RN8eV, bB;M2/ M2irQ'F Bb # H M
B7 i?2 p2'iB+2b + M #2 /BpB/2/ BMiQ irQ Kmim HHv 2t+HmbBp2 bm#
+QMM2+ib MQ/2b rBi?BM i?2 bm#b2i M/ 2 +? M2; iBp2 2/;2 +QMM2+

Hi?Qm;? bi'm+im> H# H M+2 i?2Q v ? b #22M [/ Ti2/ M/ "27BM2/
. pBIRkV-?22"2r2 T°'BK 'BHv7Q+mbQMi?2Q B;BM HMQIBKXM Q7 bi n
bm;;2bibi? i BM T2 72+iHv # H M+2/ M2irQ'Fr2 + M Q#b2 p2 irQ ;
rBi?BM ;"QmTb "2 7' B2M/Hv iQ 2 +? Qi?2 - M/ K2K#2'b + Qbb i?2
#v i?Bb Q#b2°p iBQM-r2 BK iQ Q#i BM 2K#2//BM;b 7Q" bB;M2/ M2i
IB+?2QiQKvX Ai b?2QmH/ #2 MQi2/ i? i Hi?Qm;? i?2°2 "2 Qi?2 i?2C
iI?22Q WRV 7Q bB;M2/ M2irQ Fb-i?Bb T T2 7Q+mb2b T'BK "BHv QM
b 7QmM/ iBQM iQ +2 i2i?2 2K#2//BM; bT +2X h?2 BM+Q TQ iB
/IB'2+iBQM Q7 7mim 2 rQ FX



kX9X .Bbi'B#mi2/ 2T 2b2Mi iBQMb Q7 aB;M2/ L2irQ Fb UR&:L2iV

S Q#H2K ai i2K2BK| B#mi2/ 2T 2b2Mi iBQMb Q7 aB;MBpRMrQ Fb U
bB;M2/ M2GrQ*r@KTmi2 HQr@/BK2MbBRVMSH PY+i®2 2 TQbBiBp2HvV
“2H i2/ p2 iB+2b "2bB/2 BM +HQDb2 T QtBKBiv M/ M2; iBp2Hv "2H i2

kX9 .Bbi B#mi2/ _2T 2b2Mi iBQMb Q7 aB;M2,
UaA:L2iV

kX9XR aA:L2i 7Q IM/B 2+i2/ L2irQ Fb

*QMbB/2 > r2B;?i2/ bB;M2/ M2irQ F /2 KB¥ 2/ Q b BT & Do BELM ?
2T 2b2Mi2/ #v tEREIQNh?22M M im> Hr viQ +QKTmi2 i?2 7 QtBKBiv
M& Bb #v i?2 7TQHHQIBM; 7mM+iBQM UB;MQ BM; i?2 bB;M 7Q " MQr\

1
1+ Zt(r th ti)

Pu(vi;vi) = (t t)= UKXjV

r?2 2a)= mx LQr H2i mb #° 2 F/QrM i?2 mgBBRIiQ7ArY , RZQKTQM2Mib
“2T 2b2Mib i? ;b8 ;BpRM i?Bb # 2w /MMBO+Q TQ" iBM; i?2 r2B;?i B
K iBOQM-i?2 Q#D2+iBp2 7mM+iBQM 7Q° mM/B 2+i2/ bB:M2/ M2irQ F
X
Oun= rij (Sij(tJT ti)) UkX9V

gj 2E

"v K tBKBXBMKXERIR#i BM pROD/BK2KMbBDMN +? MIN2Ur2 rBHH
HbQ MbQ /2MQi2 i?Bb 2K#2//BM;-7Q "2 bQMb i? i rBHH #2+QK2 +H

kX9Xk aA:L2i 7Q° .B 2+i2/ L2irQ Fb

*QKTmiBM: 2K#2//BM:b 7Q" /B 2+i2/ M2irQ Fb Bb i'B+FB2  /m2 iQ i
M2B:?2#Q ?2QQ/b U M/ i?mb- +QMi2tibVX &Q BB NI b\B+Beg 2BIH#IMLR 2/;
M2; iBp2-BiBbMQi+H2 “B7i?2 2bT2+iBp2M2Th 2@ 2\Hi/ H2QIM @ TBXK M !
Q MQiX g2 bQHp2 i?Bb T Q#H2K #v i 2 iBM: 2 +? p2i2t b2 +? p2 iz
+QMi2tic 7Q  BMbi M+2e BRBBIRPE 202/ iQ K2 Mi? i ;Bp2Mi?2 +QMi
V- MQ 2 MibiQ#2 +HQb2 X h?Bb2M #H2bmbiQi'2 i HHMQ/2b +QM]
#Qmi "2+BT Q+Biv '2H iBQMb?BTbX hQ i?Bb 2MV:8v22BMBM /m+2 |
/IBIBQMXG®Q /B 2+ig/ R722T Q# #BHBIiv\Q 7BHp@MB DL

Da(Vi Vi) = P 20 (1)
v I"Jk\/:J1 Zt(Eik(VI ti))

UkX8V



*?2 Ti2 kX :2M2  iBM; 1b2° 62 im 2b amBi #H2 7Q° _mKQ ™ A/2MiB7B
Re L2irQ ' Faim+im 2 Q7 aQ+B HJ

h>2 iBM; i?72 b K2 2MiBiv b Bib2H7 M/ b bT2+B7B+ +QMi2ti Bb |
“2T 2b2Mi iBQM & h?2im #2Q(p2 2[m iBQM /27BM2b T ' Q# #BHBiv /B
+QMi2ti bT +2 rXvXiX IrQ@M " ;Q HBb iQ QTiBKBx2 i?2 #Qp2 Q#D2+
HH i?2 2/;2b BM i?2 M2irQ ' FX >Qr2p2 r2 HbQ M22/iQ +QMbB/2" i
i?72 QTIBKBx iBQMX AM+Q 'TQ iBM; i?2 #bQHmi2 r2B;?i Q7 2 +? 2
TmM+iBQM 7Q"° /B‘2+i2/MX2irQ‘F b,

Ouir = rij Pa(Vjjvi) UkXeV
ej 2E

"v K tBKBXBM: i?2 #Qp2 7mM+iBQM r2 rB HWAQ #Q B M/22Y X231 D " b
p2+iQKQ/2Hb 22 Qmir "/ +OMM2+iBQM &D /MU 2APBNrb/ +QMM2 +i
Q7 i?72 MQ/2X h?22°270Q°2 i22 6 QMAY i 22\ iBIR@Mi®7i?2 7BM H 2K#2//BI
2 +2 MQ/2X g2 /2MQi2 i?2 7BM H 2,K#Z/XB Mi; kPQOMB /242 MQi2/ i? i 7
MM/B 2+i2/ M2IQIE2°2 b 7Q° /B 2+i2 BBIir® FQM+ i2M MB/QM Q7
WX h?Bb KjZjMbyj= X BM i?2 + b2 Q7 /B 2+i2/ ;" T2 U7Q" i?2 b K2 2T
H2M;i?VX

kX9Xj 177B+B2Mi PTiBKBx iBQM i?2°Qm:? h “:2i2/ LQ/2

h?2 /2MQKBM iQ kQBH[\Xv ? “/iQ +QKTmi2 br2? p2iQ K :BM HB
/IBiBQM H T Q# #BHBiv Qp2 i?X 2B Q@Tp2?2t+H20bB+ H M2; iBp2 b
TT Q 83 (2?2 2BM M2; iBp2 2t KTH2b 2 b2H2+i2/ > M/QKHv 7°QK b
2 +?2 22X AM+Q TQ" iBM;i?2M2; iBp2b KTHBM; r2 Q#i BMi?2 7QHF
7Q 2 +2&/,;2

X
HREsi (V  t)]+ Ev, Py HRE (W )] UkXdV

c=1
>2°'I Bbi?2 MmK#2 Q7 M2; iBp2 2t KTH2b T2 2/;2X >Qr2p2 -7Q b
iBOM H M2; iBp2 b KTHBM: /Q2b MQirQ FX 6Q" 2t KTHRXDWOB/2" i
0B2rBM; i?Bb 2t KTH2 b M mMbB;M2/ M2irQ " Fe rrRH B IO iBXKM & B AR;
Vi My b M2; iBp2 2t KTH2b M/ i?mb i?2v rBHH #2 TH +2//Bbi MiHvV 7
2p2°-BM bB;M2/ M2inQ MMQMpP2ti-7 B2M/HB2  "2H iBQMb?BT Ui?
WV M/i?mb b?QmH/ #2 TH +2/ +HQb2  iQ 2 +? Qi?2°X q2 T°QTQb2
272 72/ 1Q b bBRTHVMQ/2 b KTHBEM r2 7B bi + 2 i2 + +?22 Q7 MC(
2 +2 MQ/2 rBi? i?2B" 2biBK i2/ "2H iBOQMb?BT ++Q /BM:iQ bi'm+im
b KTH2 MQ/2b ++Q /BM;HvVX

*QMbi"m+iBM; i?2 + +22 7Q° 2 +?2 MQ/2

g2 BK iQ +QMbi'm+i + +?2 Q7 TQbBiBp2 M/ M2; vBp2222 KAH2Db 7Q
TQbBiBp2 2t KTH2@Mi?BMb MQ/2b r?B+? b?QmH/ ? p2 T@bBiBp2 :



kX9X .Bbi'B#mi2/ 2T 2b2Mi iBQMb Q7 aB;M2/ L2irQ Fb URA:L2iV

uyv U#V

6B;m 2 kX9, U V/2TB+ib bK HH M2irQ FiQ BHHmMbi i2r?v+QMp2M
MQi rQuF)MAy, KB;?i #2 +QMbB/2°2/iQQ /Bbi Mi 7Q " i?2B" "2T 2b2Mi
+HQb2iQ 2 +?2 Qi?2 X h ";2i2/ MQ/2 b KTHBM; bQHp2b i?Bb T Q#H2
MQ/2b r?B+? + M#2 mb2/ bb KTHBM; X U#QMXABbi?Qmr2 i2BQHp 2
irQrvbiQ T°Q+22/ 7viQKvMQ@220?Q " i2bi W;%?2vBb- r?B+? 2biBK i2b
M2i TQbBiBp2 "2H VBN X2ib 22 RIlynrlBiHH #2 //2/XiQQr2p2° 7Q° MQ/2
Vm 12272 "2irQ b?Q i2bi W -iPBi? iIQK Vi; VR Vo;Vn;Vn 2 pPBM; KQ 2 TQbBIiBp:
2/;2b #mirBi? M2i M2; iBpR TBH HB#2M //I2QBM + b 2+@QM™ KHB +i

M/ i?2 M2; iBp2 2t KTH2QM+BMb MQ/2b r?B+? b?QmH/ ? p2 M2; iBp
rBi¢- ++Q /BM; iQbim+im> H# H M+2 i?22Q vX hQ +QMbv,-m+ii?2b:
r2 TTHv > M/QKr HFb ®7 HBM;i@BiiQ Q#i BM b2[m2M+2 Q7 MQ/2bX
i?72 b2[m2M+2WBibn,;, Vo, ,>X LQrr2 // 2 +?WQ@2Bi72Q"°, #v
Q#b2 pBM; i?2 2biBK i2/ b BMM, #2W22KbiBK i2/ bB;M Bb +QKTmi2/ m
7TQHHQrBM; "2+m bBp2 7Q KmH ,

Sn, = Sin, 1 Snp 1np UkX3V

>2'€, , Bb i?2 2biBK i2/ bB;M #RiMd2MQHR/2r?B+? + M #2 +QKTmi2/
*24+m bBp2Hv UAM i?2 ° "2 BMbi M+2b r?2°2i?2 bB:M UBX2X r2B:?iV
+QMbB/2  i?2K b M2; iBp2VX h?2 # b2 $,b2s7Q sh2Bb AQ M@/ Bb
Bb MQi M2B;?#Q  ®EMBbL2TQbBiIBp2 i?2@gMi@Z X/PM i?2 Qi?2"° 2 M/
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kX8X 1tT2 BK2Mib iR

kX8Xd a+ H #BHBiv

hQ bb2bbi?2b+ H #BHBiv Q7 aA:L2i-r2H2 "M 2K#2//BM:b7Q" M 1"/
70" mMTiQ QM2 KBHHBQM MQ/2bX h?2 p2  ;2/2:°227Q 2 +? MQ/2Bb
Q7 b KTH2b B bRK2® i?2 MmMK#2 Q7 2/;2b BM i?2 M2irQ FX h?2 bBx:
Bb HbQ b2iiQ Ryy7Q  i?Bb 2tT2 ' BK2MiX q2 K F2i?2 M2irQ F bB; M2/
bB; MW 2/:2biQ M2: iBp2X h?2 QTiBKBxXx iBQM iBK2 M/i?2iQi H 2t2
MQ/2 b KTHBM: Y QTiBKBxX iBQM VKXRY YKTQ 2/BBM26BM p2 i2t bBx?2

“2:mH " /2bFiQT- M mMT > HH2HBx2/ p2 'bBQM Q7 aA:L2i "2[mB 2
i72 2K#2//BM; bT +2 7Q" Qp2 R KBHHBQM MQ/2bX JQ 2Qp2 - i?2 I
+QKT “2/iQi?2 QTiBKBXx iBQM iBK2 UH2bb i? MR8 KBMmi2b 7Q" R K
b?Qrb aA:L2i Bb p2'vb+ H #H2 7Q° "2 HrQ H/ M2irQ FbX aBM+2 aA
biQ+? biB+ ;" /B2Mi TT Q +?7- Bi Bb i BpB HHXBY¥VHIPZHB X r2H2 MM/
Q#i BB5 7QH/ BKT Qp2K2Mi rBi? Dmbi 8 i?°2 /b- rBi? /BKBMBb?BM;
TQBMiX

kX8X3 S  K2i2 a2MbBiBpBiv

6BRXRRV M/ U#V b?Qri? i r?BH2r2 b22 BKT Qp2K2Mib BM K +°Q 6F
T 2/B+iBOQM mTiQ Ryy KBHHBQM b KTH2b-7m i?2  QTiBKBxXx iBQM #.
bi?2 T2 7Q K M+2 ;2ib b im’ i2/X DbBKBH ~#2? pBQ  Bb b22M rBi
/IBK2MbBQMKEKMRE: XM/ U/V Ub im 10®QX 60i2Qi?2 T ~ K2i2 b HBF2
H2MEiM/ bBx2 Q7 MQ/Nb?BTHBM; Hm2b H2 /iQ M2;HB 1Bo#HR BX + 2 |

uyv U#V

6B;m 2 kXRy, a+ H #BHBiv Q7 aA:L2i QM 1°/Qb@_2MvB ™ M/QK ;T
aA:L2ip vBM; i?2 MmK#2 Q7 MQ/2bc U#V 2t2+miBQM iBK2 Q7 aA:l
i?7°2 /bX



*x2 Ti2 kX :2M2" iBM; Ib2 62 im 2b amBi #H2 7Q° _mKQ  A/2MiB78B

jk L2irQ ' Fai m+im 2 Q7 aQ+B HJ
UV a*Phla U#V .CL2i
U+V a*Phla Uu/v .CL2i

6B;m 2 kXRR, S2°7Q 'K M+2 2p Hm iBQM QM .CL2i M/ a*Phla /i b
T K2i2'b 7Q° MQ/2 H #2H T 2/B+iBQMX hQT irQ 7B;m 2b b?Qr K +
MmK#2 Q7 b KTH2bX "QiiQK 7B:m 2b b?Qr K + Q 6R b+Q 2 p "vB]I
2K#2 /1 BKMK;

kXe .Bb+mbbBQM

g2 ? p2 T 2b2Mi2/ b+ H #H2 72 im 2 H2 "MBM; 7> K2rQ FbmBi #H2
i *:2i2/MQ/2b KTHBM;7Q" " M/QKr HFb- M/H2p2 :BM;bi'm+im" |
b?QrM ?2Qr i?2 2K#2//BM; bT +2 H2 M2/ #v aA:L2i vB2H/b BMi2 T 2i
2T 2b2Mi iBQMbX AMi?2 M2ti +? Ti2 -r2 rBHH /2KQMbi  i2?2Qri?2
7°QK aA:L2i+ M #2 mb2/ BM M2m  H M2irQ ' F 7 K2rQ FiQ +H bbB7



*2 Ti2 ]

AMi2:  iBM: *QKTmi2/ 1b2" 62 im
AMiIQ * b+ /2 S 2/B+iBQM JQ/21}
AI2MiB7v i?2 02> +Biv Q7 mKQ"
h?2 2 /b

i XR AMi"Q/m+iBQM

AMi?Bb +? Ti2 r2/2b+ B#2 rviQBM+Q TQ i2i?2mb2 i'mbi 2K#:
Biv /2i2+iBQM K2i?Q/bX G2p2° :BM; QMHvV i?2 mM/2 "HvBM; bQ+B H
TQbiBM; iBK2 M/ bi M+2 BM /Bb+mbbBM; T "iB+mH ~biQ vr2 BKIi(C
mMM/2  /IBb+mbbBQM Bb i m2-7 Hb2-Q mMp2 B7B2/X 6Q i?Bb Tm"™T
iBQM 7' QK T'Q#H2K R 272 °2/iQ b mb2 i'mbi 2K#2//BM; iQ ; m;2
/IBbi'mbi KQM; mb2 bX M GahJ@# b2//22TGHRAIJBWBIM2MIM2E2HQT2/
iQ bb2bbi?2 p2° +BivQGIbi@ KBIiB; i2irQ+ BiB+ HBbbm2b Q7 C
M HvxBM; + b+ /2X Ai+ M M Hvx2 bK HH TQ iBQM Q7 i?2i? 2/
BiiQ 2/ m+2 +QKTmi iBQM H Qp2'?2 /X //BiBQM HHv-Bi+ M HbQ
i?7°2/B7 2[mB 2/ T 'QpB/BM; KQ 2 7TH2tB#BHBivX q2 T 2b2Mi 2KTB
+QMi BMBM; Tm#HB+ /Bb+mbbBQMb Q7 b2p2° H# 2 FBM; M2rb 2p2\
K bbBp2 M2irQ'F Q7 Qp2'  kk M/ RN KBHHBQM mb2 bX

iXk S Q#H2K 6Q KmH iBQM

*QMbB/2° +QHH2+iIBQM Q7 +QMp2 b iBQM Hi? 2 /b QM bQ+B H
C=1Cy;;Cy::15;CicigX 1 +?2 1?2 Q@ #2;BMb rBi? bQm +2ir22i K2ZMiBQMBM; C

biQ'v M/ i?2 "2bi Q7 i?2i?°2 /72 im 2b T2QTH2 /Bb+mbbBM; U2X
1 +? 2Mg; BM 2T 2b2Mib M BMi2  +uBXQNM @7 i?md2 Bb bbQ+B i2/ rB

H #2Hr?B+? 2T 2b2Mib r?2i?2" i?2 biQ vi#2B VH QBrbM md B2/ BRI
"2bB/2b-i?2 mM/2 HvBM; M2irQ & Bb nttbi@ ; B QZMXb2nB+? MVIE22ArQ " F
+QMbi ' m+i2/ mbBM; - M;2BMi2° +iBQMbbm+? b7QHHQr2 " @7QHH
Q" +QK#BM iBQM Q7 i?2KXV;EmTIBRZi2/ M2irQ M- BBR2i22 b2i

j]



*2 Ti2  jX AMi2;" iBM; *QKTmi2/1b2 62 im 2 AMiQ * b+ /2S°2
j9 A/2MiB7v i?2 02" +Biv Q7 mKQ  h’

Q7 p2 iB+EbBMMiI?2 b2i Q7 2/:2bX Pm" ;Q H Bb iQ T 2/B+i i?2 H #2|
+QMp2'b iBQMCH X? 2 /b

6B;m 2 jXR, M Qp2 pB2r Q7 ?2Qr mKQ T QT ; i2zb BM bQ+B H K2/B
2p2Mi Q" /2p2HQTK2Mi U2X;X- _mbbB M S 2bB/2Mi SmiBMWIQi b?Qr
+ mb2b T2QTH2 iQ bT2+mH i2 M/ BMBIiB i2 M2r HBM2b Q7 /Bb+mbb
bQ+B Hbim+im 2 M/ +QMp2'b iBQM Hi? 2 /iQB/2MiB7vr?2i?2 i?
"mMKQ - Q mMp2 B7B2/ U#2bi pB2r2/ BM +QHQ VX

iXj AMi Q/m+B®ighJ

:Bp2M i?C2=fhusi;::;;hupil]r2+ M TTHv Mv "2+m "2MiM2m™ HM2irQ F U
iIQ +H bbB7v i?2i? 2 /| biQ vbBM+2 i?2 BMTmi Bb b2[m2MiB HBM M
p "B #H2X 1bT2+B HHvr2 mb2 GQM; a?Q i@hRIKITIZKQBL U@mah QW K>

>Qr2p2 - i?2 M [p2 GahJ KQ/2H ? birQ HBKBi iBQMb BM i2 Kb Q7 K(
i?7°2 /X 6Q°  BMbi M+2-r?2M M HvxBM; HQM; b2[m2M+2 Q7 +QMp2
TQpB/2 :QQ/ K2+? MBbK iQ "2pBbBi M2 "HB2 TQ'iBQM Q7 i?2 +
Bbbm2 Bb i? i i?2 1?2 [/ b2[m2M+2b + M #2 BM?2 2MiHv HQM;2 i?
K FBM; i?2 GahJd +QKTmi iBQM HHv 2tT2MbBp2X hQ /2 H rBi? i?2b
TQbR2GahJr?B+? + M /2 HrBi? i?2b2/ r# +FbX

JOQ/2H .2b+ BTHROQM, QTQb@AhJ? birQK DQ  +QKTQM2MibX h?2 7B"
h? 2 / M Hvx2 JQ/mH2 Uh JVXhJi F2b +QMp2'b iBQM Hi? 2 /b
BM/2t rBi?BM i?2 i?°2 / b2[m2M+2X h?2M Bi 2ti° +ib bm#b2[m2M+
T bb2b Bi iQ M GahJ KQ/2HX h?2 /2b+ BTiBQM Q7 i?2 T'Q+2bbBM:
#2HQr,

b HQM; bi M/BM; T® +iB+2-r2 2T 2b2Mi 2 +? MQ/2 BM i?2 bm#b2]|
QM2@7?Qi p2+iQ ' V-r?22"2i?2 p2+iQ Bb iT2 AQK@m i B/IMZ QXK#R 1 LR MX
LQr iQ 2ti~ +i i?2 2K#2//BM; Q7 vpT2+BUBHHORM QM2 @2Q?R221Q "
jg=jVi M/ KmHIiBTHDBEXR¥?D gX

9 2iiTh,ffrrrXBM/2T2M/2MiX+QXmFfM2rbfrQ H/f2m QT2fpH /BKB " @TmiBM@KBb
BM@Tm#HB+@7Q @7B ' bhi@iBK2@BM@RR@/ vVb@RYRRY8k8X?iKH



iXjX AMi>Q/MmG B M, i8

LQr 7Q ji®2H2K2Mi Q7 i?2 BMT mhuh me¥mI[F@AR+i22 2K#2//BM; Q7 i?2
u Bh, X h?2M i?2 GahJ 2[m iBQMb "2 b 7QHHQrb,

ij = (W} /y + Uhj 1+Db) UjXR V
fj= (W7, +Uh 1+b) UjXR#V
G = i MW/ + Uchj 1+ b) UjXR+V
Ci=C ij+fj C 1 UjXR/V
0 = (W2/y + Uohj 1+ bo) UjXR2V
hj = o I M(Z) UjXR7V

h?2 ?2B//2M bi i2np2+TQN 2b i?2 /VM KB+b Q7 +QMp2'b iBQM H i? 2 ,
“2Mi TQBMiX h?2 H bi ?Bn/BW p22kQiKX7 v Q7 i?2 :Bp2M bm#b2[m2]
+QMp2'b iBQM Hi? 2 /X 42 0 MP2QRLEB/2 p2+iQ > Q7 i?2 +m "2Mi bm:

L2ti am#b2[m2M+2 a2H2RiBBM2M bi i2 p2+iQ" 7°QK i?2 GahJ Bb ;B
GQ+ iBQM .27BM2  L2irQ FUG.LV bBMTmiX G.L Bb 7mHHvV +QMM
QmiTmib p HB/ HQ+ iBQM rX XiX i?2 Q" B;BM H b2[M2NK#2X Q?2Bb T
iBK2b M/ r2 "2A2BHBKBR//2M bi i2 p2+iQ bX

6BM H 62 im 2 *QKTmMANBQM, Q7 mbBM; i?2 H thj ?B 72 Nnmp'2+pQ+iQ " -
r2 TTHv M TT'Q +? bBKBH " iQ ii2kyiB@MKRM? MBHKiIR( 2T 2b2Mi
Q7 HH i?2 ?B//®M bi i2b

k=1 MWTh;+b) UjXk V
2t T
jea:;%(ru) UjXk#V
X 2ty )
An = ap, UjXk+V

J

>2'R Bbi?2 bi iXbBb2i?22 ii2MiBQMW bBR2KXM/Mb 2RK 2 r2B;?]
M/ #B b Q7i?2 ii2MiBQRRK vBb iM2 ii2MiBQM +QMi2Q p2bT@QM/b
iQ 72 K2K#2 Q7 T'2HBKBM v ?B//2M bi i2 p2+iQ bX

" mMKQ™ *H bbB7BRABOMQ 2 7Q° +QMp2'b iBQM iQ 7 HH BMiQ i?2°
+QKTmMi2W#vVili, + - r?22WR2 RY K MMhp, 2 RYUX >202/2MQi2b i?2 b2i

Q7 H #ZHbb2 "mKQ - i'm2 "mKQ - XMIpQFiBZB2M mMKD"  bQ7iK t H v2°
+QKTMi2i?2 T'Q# #BHBiv Q72 +? H #2H,
2t{w)

= UjXjVv
pljhn oL Zt(l\-,vk) J J

h?2 #2M27Bi Q7GehB®Eb i? i Bi /Q2b MQi T'Q+2bb i?2 + b+ /2 b r?
+QKTmi iBQM H Qp2°'?2 / Bb +QKT " iBp2Hv HQr2 X JQ 2Qp2 - bBN



*2 Ti2  jX AMi2;" iBM; *QKTmi2/1b2 62 im 2 AMiQ * b+ /2S°2
je A/2MiB7v i?2 02" +Biv Q7 mKQ  h’

6B:m 2 jXk, #HQ+F " +7BG2hil 8BQBFi 7 QK i?2 BMTmi i? 2 / b2]
hugisocchugi bm#b2[m2M+2 Bb 2ti° +i2/ U?2°2 bi 'iBM; i TQbBiBQM e\
Q7 i?2 bm#b2[m2M+2 BX2X mb2> M/ bi M+2 Bb +QMp2 i2/ BMiQ +Q
2K#2//BM: p2+iQ b HQM:; rBi? i?2 i2KTQ  H 72 im 2b BX2X BMi2" (
GahJ KQ/2HX h?2 H bi ?B//2M bi i2 p2+iQ > Q7 i?2 GahJ Bb i?2M ;E
27BM2°  L2irQ " FUG.LV iQ ;2ii?2 M2ti HQ+ iBQM Q7 i?2 bm#b2[m2M

b2i Q7 ?B//2M bi i2 p2+iQ b 2 Q#i BM2/ r?B+? "2 T bb2/iQ M ii

r2B;?i2/ bi i2 p2+iQ X h?Bb p2+iQ  + M #2 b22M b i?2 72 im 2 2T
+ b+ /12X h?2M bQ7iK t H v2  Bb mb2/iQ :2i T Q# #BHBiv /Bbi B#
U#2bi pB2r2/ BM +QHQ VX

M2irQ FiQ :;2i p HB/ HQ+ iBQM rBi?BM i?2 Q'B:BM Hi? 2 /-Bi+ M
M22/2/iQ Q#i BM #2ii2° "2T 2b2Mi iBQMX

aT +2 *QKTH2t®2vmb bbmK2i?2i mbi2K#2//BM; bBx2 M/i?2bi i2b
“F MK 2bT2+iBp2HvX b “2bmHi- i?2 bBx2FE# ikR2XGCah 28022QK 2 b
i?72 K i BtbBx2 Q7 i?2 ii2MiBQM K2+? MBbK2MAIRR QMIKLMiIi H v2
"2bT2+iBp2HVBD?IZ2MmK#2 Q7 +H bb2bX aQ i?2 iQi H bBx2 Q7 i?2
4FK + K2+2K + KK + KL X



JX9X 1tT2 BK2Mib jd

h #H2 jXR, :2M2° H BM7Q K iBQM “2: “/BM; i?2 irQ / i b2ib mb2/ 7«
H2M:i? Q7 i?2i?°2 /IbX >2°26-h M/1°272biQ 6 Hb2- h"m2 M/ IMp2

. i b2f aiibX 6 | h | | | Pp2° HH
¢ Rjd N3 | kNd
Rid | R8ej | Rkeyjj8N

2M 9e RRR | Ry9] RRR
p; X HZMRIOXY&R B XNNKYXdRdAXRS

O +H bb2l 8R LX RRR

hq OQ7 mMp2RBejede3 8 LX Ry9jk3

- KtH2M kjdke kyNRPLX Xkjdke

p; X HZMBNNXKkKkN9XNZ XR89yX8R9

O +H b
OQ7m
$>1J31) o =/

j X9 1tT2 BK2Mib

. i b2ib,6Q 2p HM iIBQM Tm TQb2b r2 miBHBx2irQ/ i b2ibX h?2 7B"
b+?2K2/ i ®®iTB+? +QMi BMb kNd +QMp2'b iBQM Hi? 2 /b USyNjTQ
#°2 FBM:; M2rb 2p2MibX 1 +? +QMp2'b iBQM Hi? 2 / Bb bbQ+B i2/r
i'mZ HR2nMp2 BTUBRZRQp2° 2 +? +QKK2Mi BM i?°2 / Bb HbQ MMQi
i72 7QHHQIBM: mb THHORM 2D KK 2Mim2biBQM?Q i /2b+ BTiBQM Q7
M2rb 2p2Mib +Qp2 2/ BM i?2 S>1J1/ i b2i 2 b 7QHHQrb,

*2 "HB2 >2#/Q a?DOHBM?2QQiBM; 2p2Mii? i Q++m "2/ BMi?2 Q77B+:2
2 "HB2 >2#/Q #v irQ K2M i? i H2/iQ i?2 /2 i? Q7 b2p2> HT2QTH2X

av/iM2v >Qbi ;2 >@iBl2,i FBM; Q7 b2p2°  HT2QTH2 BM av/M2v- mbi’
K MX

Piir S "HB K2Mi a2QQi@MM; M/ /2 i? Q7 * M /B M bQH/B2  BM i?
#mBH/BM: Q7 Pii r X

62 :mbQM SJIQBBLI,Qi2bi 7i2° TQHB+2 Q77B+2' FBHH2/ M 7 B+ M
62 :mbQM- JPX

SmiBM JBbBBMQ  #Qmii?2 /Bb TT2 ° M+2 Q7 mbbB M T 2bB/2Mi o

2K MrBM;b * D?P2HB#2 i2V + b? Q7 T bb2M;2  TH M2 #v Bib +Q
1?72 /2 i? Q7 HHBib T bb2M;2 bX

1bbB2M +QMi’ +i2MI#@H#QmMi 7QQi# HH2 1bbB2M #2BM: BM72+i2/
S'BM+2 hQ OMK®,” Q7 bBM:2" S'BM+2 TH vBM:; BM hQ QMiQ-* M / B

h?2 b2+QM/ / i b2ir2 + HH _.agXBh7BOK { b2i +QMi BMb RRR i? 2 /
TQbibV QM hrBii2 X :2M2° HBM7Q K iBQM “2; “/BM; i?2jX¥R / i b2ib



*2 Ti2  jX AMi2;" iBM; *QKTmi2/1b2 62 im 2 AMiQ * b+ /2S°2
i3 A/2MiB7v i?2 02" +Biv Q7 mKQ  h’

jX9XR *QKT 2/ J2i?Q/b

* biBHHBQ 3)i,ht?BIlf K2i?Q/b mb2b /2+BbBQM i'22 +H bbB7B2" Qp2
72 im2b U2X;X HBM;mBbiB+- mb2 - T°QT ; iBQM +? ~ +i2°'BbiB+bV
U m_LLWBY,h?Bb KQ/2H mb2b i?2 ir22i i2ti M/ H2p2 ;2b Kk H v2 :
+H bbB7v i?2 p2° +Biv Q7 "mKQ X

GQ;BbiB+ 2:"2bbBQM ¢RGQT 2H2Mi +QMp2'b iBQM H i? 2 / #vi?2
HH Bib T "iB+BT iBM; mb2 b6 i mbi 2K#2//BM; M/ i?2Mi° BM HQ;E
MQ/2kpy®, +QKTmi2 i?2 2K#2//IBM; mbBM; MQ/2kpR +tM HM®PBi?K 7°Q
2K#2//BM:; iQ +H bbB7vi?2 "mKQ  H #2HX

GahJ,h?Bb KQ/2H mb2b i?2 mb2" i ' mbi 2K#2//BM; r?B+? Bb 72/ BMi
+H bbB7vi?2 p2° +Biv Q7 "mKQ bX

I, h?Bb KQ/2H mb2b : | +2HH BMbi2 / Q7 i?2 GahJX

/| GahJd ,h?Bb Bb i?2 T°'QTQb2/ KQ/2H r?B+? mb2b M GahJ "+?Bi2-
mb2 i mbi 2K#2//BM; b BMTmiiQ B/2MiB7v i?2 p2° +BivX

JX9Xk 1tT2 BK2Mi H a2iiBM;b

h>mbi M2irQ ' F +QKTmigBOMIbi"m+i 7QHHQr2 @7QHHQr22 M2irQ"
i?2B° 7QHHQr2 b BM i?2 +QMp2'b iBQM H i? 2 /X g2 mb2 i?2 Q778
i72 M2irQ FX AM S>1J1 /i b2ii?2 iQi H MmMK#2  Q2264®739 BM i?2 \
rBi243976052/:2bX AM + b2 Q7 _.hq/ i b2ii?2 MmK#2 Q7 mb2 b Bb
RNd-yky-d8N 2/;2bX 6Q  i'mbirQ i?BM2bb M/ i'mbiBM;M2bb +QKTn
Q7 Bi2 ' NNBQOO- i'mbi 2K#2//B4 ;i @BX2M/ BMpQHp2K2M@X +iQ"

S " K2i2 b2iiBM2b+QM/m+i 3y Ry Ry bTHBi Q75 7DMi b2Qdb bBi?HB @
/ iBQMX h?2 bi i2 M/ # i+?2128 x® B 2bZi2iBp2HVX g2 "mM30?2 KQ/2H
2TQ+?b M/ iQQF i?2 #2bi KQ/2H # b2/ QM i?2 T2 7Q K M+2 QM i?2 |

l1p Hm iBQM K2aBBW#+2 i?2 +H bb H #2Hb "2 BK# H M+2/r2 mb2 K + C
KB+ Q6R b+Q'2biQ2p Hm i2i?2T2'7Q°K M+2X J + Q6Rb+Q 2 +QK
+H bb BM/BpB/m HHv M/ 2TQ 'ibi?2 p2 ;2-r?BH2 KB+ Q 6R + H+r
i?72 +H bb2b iQ;2i?2 X

iX9Xj .02bi?2 hal H:;Q Bi?K *QMp2 ;2\

g2 + H+mH i2 i2 #bQHmMi2 /B772°2M+2 Q7 i'mbirQ i?BM2bb b+Q 2
+QMDb2+miBp2 BiZ2nshBi@MbVX q2 /Q i?72 b K2 7Q° i mbiBiMweM2bb U
b+Q°2 M/ bmKmT i?2irQ /B772 2M+j24K 2 FHRH B2 BMiaB2X mMKK iBQ
Q7 i?2/2pB iBQM #2ir22M i?2 "2bT2+iBp2b+Q'2b "2/2+°2 bBM; ;" /
i?72 halJ H;Q Bi?K Bb +QMp2 ;BM;X



jX9X 1tT2 BK2Mib iN

h #H2 jXk, *QKT "BbQM Q7 T2 70Q G M+ B #QIirR2MK2i?2Q/bX "2bi T2°
7Q KBM: K2i?Q/Bbb?QrMBM #QH/7 +2 r?BH2 b2+QM/ #20i K2i?Q/ B
QmiT2 7Q Kb Qi?2  K2i?Q/b #v p2'v:QQ/ K ;BMX

. i b2iJ2i?Q/b | JB+ Q|6R+'Q 6R

* bBiBHHQ | 9eXyN[RjdX8j3
GQ;_2; 8y Xj3k j3X9ke
MQ/2kp2+ | 9dXRRReX9d3

S>11 Gahg 9iXjjj | jkXyk9
c 9eXeedjeX3yN
m_LL 93XR93j8Xkej

|/ Gahd | 8kXeeH9kX39N

AKTX Pp2' b2+QNMAX3p8 | RRX8RYy

* biBHHQ eyXedR8kX93d
GQ;_2; 89XN3R93X83k
hq MQ/2kp2+ | 9eXdyd8kXRdj
- GahJ 8dXRKklyj3XyNS8
s 8eX3R|39k XVYy]jj
_m_LL e8Xdjy ejXRNe
| / Gahl | e3XeR|NejXkkN

AKTX Pp2  b2+QMMAX2WB| yXy8k

JX9X9 >Qr 1772+iBp2aAbd BM *H bbB7vBM; mKQ b 02"
ai 12@Q7@i?2@ i J2i?Q/b\

g2 b?Qri?2 T2 7Q K M+2 Q7 HH i? PXK26i?2Q MmBAMK K ¥BZ Qm” Q#b2 p |
Bb b 7QHHQrb,

6B bi2 + Mb2BahJQmiT2 7Q Kb HH i?2 Qi?2  K2i?Q/b #v p2'v:QQ
S>1J1/ i b2iBi6b M2 2bi +QKT2iBiQ BbGQ:BbiB+ 2: 2h@QM UG
ahJ Q#i BMb 8W ; BMBM + b2 Q7 KB+ Q 6R b+Q 2X 6Q K + Q 6R b+C
URRWVX h?Bb ®8RIb+FH2b i?2 +H bb BK# H M+2 T Q#H2K #2ii2"i?
Q/bX PMi?2 Qi?2 2 M/-BM + b2 QGahlb MB2i2bi +QKT2iBiQ Bb _m
T QTQb28W¥X £272GahJQ#i BMb "QmM/ 9W ; BM BM + b2 Q7 KB+ Q 61
7Q0°K M+2 Bb HKQbi2[m H7Q K +°Q 6R b+Q 2X

a2+QM/-GahJQmiT2 7Q Kb i?2MQ/2kp2+ KQ/2HUmMMbB;M2/ M2irQ F
BM #Qi? / i b2ib UR9W M/ kRW ; BM 7Q° S>1J1 M/ _.hq 2bT2+iBp
b+Q 2VX h?Bb b?Qrb bB;M2/ M2irQ F 2K#2//BM: T QpB/2b #2ii2" 7:
T "2/iQ MQ/2kp2+ BM i?Bb + b2X



*2 Ti2  jX AMi2;" iBM; *QKTmi2/1b2 62 im 2 AMiQ * b+ /2S°2
9y A/2MiB7v i?2 02" +Biv Q7 mKQ  h’

6B:m 2jXj, h?2bmKK iBQM Q7 /B772'2M+2 Q7 i' mbib+Q'2b7Q 2 +?
Bi2" iBQMbX g2 + M b22i? ii?2 /IB772 2M+2 Bb /2+ 2 bBM; ;" /m H
hal H;Q Bi?KBM +QMp2 ;BM;X

h?B /BM #Qi? / i B2GmhJT2 7Q Kb #2ii2°i? MGQ:_2: Hi?Qm;? #Qi?
i?2 mb2  i'mbi 2K#2//BM;X Pm/" GaTiQ+?@EBD B #2ii2° 72 im 2 2T 2
i iBQM i? M GQ; 2;: bi?2H ii2° K2i?Q/ HQb2b bQK2 BM7Q K iBQM 1
2T 2b2Mi iBQM Q7 i?2 mb2  i'mbi 2K#2//BM;X

G biHWHi?Qm;? #Qi? _LL KQ/2Hb UBX2X GahJ M/ : IV mb2 i?2 mb2
b K2 b GQ; 2;/MaAh¥ i?2v "2 QmiT2 7Q K2/ #v HH i?2 K2i?Q/bX
m_LLBb : | # b2/ KQ/2H Bi QMHv KQ/2Hb i?2 i2tim HT i Q7 i?2
T2 7Q Kb [mBi2 r2HH BM #Qi? / i b2ibX

JX9X8 * b2 aim/v

* b2 aim/v BB bir2 b?Qr i?2 2772+iBp2M2bb Q7 mb2  i'mbi 2K#2//B
i?72 biQ'B2b b + b2 bim/vX q2 b?Qr i?2 mb2 i mbi 2K#2//BM; Q7 bz
1?727? HB2 >2#/Q JBOW 632X q2 B/2MiB7virQivT2b Q7 mb2 b # b2/ QM |
i2Qb2r2Q bmTTQ i MQM@ mKQ biQ ' B2b M/ 2D2+i mKQ biQ B2b
iI2Qb2r2Q bmTTQ i mMKQ biQ'B2b M/ +QMi° /IB+i MQM@ mKQ ™ biQ"
+ M b22 7 QRXeBXX? ; QmTb 27 ~ 7 QK 2 +? Qi?2 X h?Bb /2TB+ib
2K#2//BM; Bb 2772+iBp2 ib2T * iBM:;i?2 :QQ/ 7 QK K HB+BQmb mb
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6B;:m 23X¥,QD2+iBQM Q7 mb2  i'mbi 2K#2//BM?/BhBMbBBND; J?2@p:
b +X2:QQ/ mb2'b "2i?22QM2br?QbmTTQ i MQM@ mKQ biQ v Q +
K HB+BQmb mb2 b 2Bi?2  /2Mv MQM®@ mKQ biQ'vQ bmTTQ'i "m

7 Hb2 "'mKQ" | i"m2 "mKQ"
h2ti,O#'2 FBM: , R /ﬁ H2ti,RR +QM7B K2/ /2 |-

b2p2° HBMDmM 2/ BM B? QIQ@Bbi 2QHH M/2 iQ
MQ i?7@2 bi Q7 T "Bb KBIXBXKEX2M2 Q7 ii +F XXX XXX

b2} ai M+2mTTQ iBM|b2] ai M+amMTTQ iBM;

R i"mbirQ i?BM2bb bRQ 2mbirQ i?BM2bb b+Q 2,
' MFb KQM; #QN{QK | ° MFb KQMIL\W@T

b2} ai M+ZAmMTTQ iBM|b2[ ai M+AMTTQ iBM;

K i "mbirQ i?BM2bb b¥XQ 2mbirQ i?BM2bb b+Q"2,
* MFb KQM; #IQN{QK | ° MFb KQMELVWQT

h #H2 jXj, hrQ 2t KTH2b Q7 bm#b2[2 66k X0 hPRbR2B H#b2[2mMM+2Db r3
i72 KQbi ?B;?Hv ii2MG2h#X q2 QMHV b?2Qr mb2 b r?2Qb2 bmTTQ i i7
br2 + Mb22i?2i'mbirQ i?BM2bb b+Q°2 Q7 "mKQ  bmTTQi2'b 2/
MQM@ mKQ bmTTQ i2 bX

* b2 aim/v K,2ti r2 b?Qr b2p2  H 2H2K2Mib Q7 bmM#®Bahdh2M +2tb- r?2 "
i?72 KQbi ii2MiBQM UBX2X r?2°2i?2 ii2MiBQM r2Bj*KkbGQRQRPBNB;?z
i i?22 bmTTQ i2°b BM i?2 bm#b2[m2M+2 r2 + M b22 i?72 mKQ bmTT
i?72 #QiiQKBM i2 Kb Q7 i?2 i'mbirQ i?BM2bb b+Q 2X PM i?2 Qi?2" -
bmTTQi2°'b "2 MF2/Km+? ?B;?2 X h?&&@2wiQ B B2 DiB2ZiB2i BKTQ i M
bm#b2[m2M+2b iQ +H bbB7v mKQ 'bX Ub M bB/2-# b2/ QM i?Bb °
i?7 i mb2b i?2 p2° ;2 i'mbirQi?BM2bb b+Q 2b Q7 HH i?2 T "iB+BT
+H bbB7v mKQ bX >Qr2p2 i?Bb TT Q +?/Q2b MQi "2bmHi BM ;QQ.



*2 Ti2  jX AMi2;" iBM; *QKTmi2/1b2 62 im 2 AMiQ * b+ /2S°2
9k A/2MiB7v i?2 02" +Biv Q7 mKQ  h’

iX8 .Bb+mbbBQM

AM i?Bb +? Ti2 -r2 T°QTQb2 "mKQ  p2  +Biv /2i2+iBQM KQ/2H BM
mb2b mb2° 2K#2//BM: :2M2" i2/ 7°QK bQ+B H M2irQ ' Fb BM M mMbm
2K#2//BM: Bb i?2M T bb2/iQ + b+ /2 T'2/B+iBQM KQ/2H iQ +H bbB
+mbb2/ "mKQ i? 2 /X PM2 Q7 i?2 T'Q#H2Kb Q7 i?Bb KQ/2H Bb i? i
i72 mb2° 2K#2//BM: M/ mT/ i2 Bi T2'BQ/B+ HHV iQ /2i2+i i?2 "mKQ"
+mK#2 bQK2X hQ KBiB; i2 i?Bb Qm" M2ti T Q#H2K H2p2" :2b mb2" 1
iQ /2i2+i "mMKQ  p2° +BivX



*?2 Ti2 9

G2p2  :BM: Ib2  S'Q7BH2 AM7Q"
AMiQ i?2 * b+ /2 S 2/B+iBQM JQ
2i2+ii?2 02> +Biv Q7 mKQ'b

9XR AMi'Q/m+iBQM

AM i?Bb +? Ti2 -r2 T°2b2Mi K +?BM2 H2 "MBM; K2i?Q/iQ /2i2+i 'm
BM7Q K iBOQMX Pm > T Q MXuR/aKZiMQZ7 M/H2 mb2  BM7Q K iBQM M/
"B+? pQ+ #mH v Q7 72 im2biQ bmTTQ i /2i2+iBQM Q" +H bbB7B+
p 'BiBQM H miQ2M+Q/2 b Uo 1V BMiQ i?2 GahJ 7" K2rQ F iQ KQ/
"2 bQM #2?BM/ mbBM; mb2  T"Q7BH2 Bb i? i ;2M2 B+ mb2  2K#2//BI
i72 MM/2 " HVBM; bQ+B H M2irQ F r?B+? Bb /B77B+mHi iQ Q#i BMX q
Tm#HB+Hv p BH #H2/ i b2ibr?B+?2r2 mb2/BM S Q#H2K k M/ +QKT
KQ/2Hb mb2/ BM i?2 T°2pBQmb T Q#H2KX Pm" KQ/2H Bb #H2iQ Q
T2'7Q°KQM T/ GRIRIT QTQb2/ BM S Q#H2K kX

9Xk S'QTQb2/ JQJ/2H

_mMKQ'b +QMbiBimi2 BMi2 2biBM; M2rb +QMi2Mi Q  biQ B2b rBi? [m:
i?2B° BM?2 2MiHv TT2 HBM: M im 2- "mKQ'b "2 rB/2HvV +B +mH i2/
TH i7Q KbX "mKQ  + M inh B mib@OME2 BYBMv Qi?2° +B +mH iBNM
biQ'v+ M#2 +QMbB/2°2/ b MQM®@ mKQ X

Ib2° 2T '2b2Mi iBAOM' ,mKQ" ™ /2i2+iBQM "2b2 "+?- mbm HHv QMHv HB
TQbi "2 nRB/y@R rBi? i?72 MQi #H2 2t93XiBQM2QRZ ( Bi ? b #22M b?Q
i? ii?2 +? ° +i2°BbiB+b Q7 mb2' HbQ +QMi'B#mi2b MBKR+i QM
/I2KQMbi® i2i?Bbr2 THQi i?2**.6 Q77 B2M/b M/ bi imb +QmMi Q7 m
"MKQ TQbibdXKE &BM/ U#V 7Q " i?22S>1J1/ i b2i-r?B+?Bb QM2 Q7i?
BM Qm 2p Hm iBQMX Ai+ M #2 b22M i? i 7 Hb2 mKQ /Bb+mbbBQNM
reQ ? p2 +QKT " iBp2Hv HQr2 7' B2M/b M/ bi imb +QmMibX q2 HbC

9j



*2 Ti2  9X G2p2  ;BM; b2  S°Q7BH2 AM7Q K iBQM AMiQ i?2 * b+
99 2i2+ii?2 02> +Biv Q7 _mKQ"

uyv U#V

u+Vv

6B:m 2 9XR, UV M/ U#V b?Qrb i?2 **.6 Q7 7°B2M/b M/ bi imb +Qm
i*m2 M/ 7 Hb2 "mKQ bX g2 + Mb22i? iT2QTH2 r?Q BMBiB i2 7 Hb!
bi imb Q> 7°B2M/b +QmMiX U+V b?Qrb UWV Q7 p2 'B7B2/ M/ MQMG
"mMKQ® TQbiX Ai Bb [mBi2 +H2 ~i? i mMp2 'B7B2/ ++QmMib 2 Q7i:
7 Hb2 "mKQ X

M/ MQM@p2 B7B2/ ++QmMib 7Q  #Qi? i ICRM/ M/HRP2b 2 KD D B KB
Q7 i?2 iBK2 i?2 ++QmMi Q7 7 Hb2 "mKQ  bi "i2'b "2 MQi p2 B7B2/X
2vTQi?2bBb i? i "mKQ"  /2i2+iBQM + M #2M27Bi 7 QK H2p2" :BM; mb

PM2 Q7 i?2TQbbB#H2r vbiQ BM+Q ' TQ i2mb2 72 im2BMiQ Qm’ K
H2 "MBM; K2i?Q/bbm+? b miQ2M+Q/2'biQ Q#i BM +QKT +i72 im"
H i2Mi 2K#2//BM; Q7 i?2 miQ2M+Q/2  + M #2 mb2/ BM i?2 i bF bT2+
rBi? i?2 ?B//2M bi i2 Q7 M GahJd KQ/2H 7Q° bmT2 pBb2/ +H bbB7B
MmiQ2M+Q/2 r2 mb2 p B iBQM H jl)pdQ2M+Q/2 Uo 1V (

01 Bb MQM@HBM2 " H i2Mi p 'B #H2 KQ/2H # b2/ QM p "B iBQM
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Q7 mb2' 7EimMAbH i2Mi p "B #H2 KQ/2H + M(#2) 2t pf2DMD L b
r?2°22F ME2RKX h?2 T'BQ' Q7 i?2 H i2Mi p "B #H2 Bb +?Qb2M i
- mbbB M /Bbi BH@BRMBX2QM/BiBQM H(fEphBBBKIBHRNK2Mi2/ #v
M2m™ H M2irQ ' Fr?B+? Bb RbQ i?2/2+Q/2 Q7 i?2 KIQI@ZHb *¥@i2p2" -
i"B+Fv b Bi 2[mB 2b mb)Q p@EK)p@d2- r?B+? Bb BMi~ +i #H2 BM ;2M2
olmb2b p B iBQM H TEfQtBX iBBRMTm TQhHR) rRPR/2 Bp2/ 7 QK

- mbbB M /BbiNE#n?)BQ®R' 2-M/ Bb 2biBK i2/i?°'Qm;? MQi?2  M2m" H
BX2X-i?2 2M+Q/2 X LQr ++Q /BM; iQ i?2 p "B iBQM H " v2b 7Q Kn
#2ir2p0df) Mh(zif) b?QmH/ #2 KBMBKBx2/X Ai + M #2 b?QrM i? i KBM
/IBp2 ;2M+2 Bb 2[mBp H2Mi iQ K tBKBxBM; i?2 1pE[HPHFR)EQr2" "Qml
Dk [a(zjf)jip(z) X h?2°27Q 2 i?2 HQbb 7mM+iBQM Q70 1+ M#2 + bi b-

Oy = E[HQ@(fj2))] + D [a(zif )ijp(2)] U9XRV

>2 2E[H@®@fjz))] Bb i?2 "2+QMbi m+iBQM HQbb Q  i?2 M2; iBp2 HQ; @
i2°K "2T°2b2Mib i?2 EG /Bp2 :2M+2 #2ir22M i§ZfIMMQi22 BB bIBB# M|
#miBQM Q7 i?2 H i2KiAi BB #222bb "viQ 7Q  i?2 KQ/2H iQ HHQr 7
+ H+mH iBQM Q7 ;" /B2Mib rX XiqiZif )i B2X2 XMK 2i2Q6 ® #FT QT ; iBQM.
h?mb Bi Bb +QKKQM iQ "2@T ~ K2i2 Bx2i?2 KQ/2H Q¢ wWRBPBME+? Db
iQ /2i2°KBMBDbiB=7€© K r?2 2N (0;1)X "2bB/2b-7Q  277B+B2Mi BM7
7HQr BM i?2 # +FT QT ; iBQM- Bi Bb 2bb2MiB H 7Q" HH 7mM+iBQM
+ MMQi #2 2 bBHV # +FT QT : i2/ #2+ mb2 Q7 i?2 biQ+? biB+ b KTH
[UX%7VVX h?mb BM o 1- Bi Bb +QKKQM iQ 2T ~ K2i2 Bx2 i?2 b KTH|
* M/QK K FBM; Bi /B772 2MiB #H2 M/ HHQrBM; + H+mH iBQM Q7 ;"

g2 mb2i?2 7QHHQrBM: mb2 72 im 2bBM Qm  KQ/2H, MmK#2 Q7 7 B
HBbib i?2 mb2  #2HQM;iQ M/ #QQH2 M BM/B+ iQ bi? i 2T 2b2Mib |
r?2i?2°Bi? b | _ G M/B7i?2T Q7BH2? b i2tim H/2b+ BTiBQMX h
b?QrM BM B8 ; X

~_mMKQ aT2+B7B+ GahJPBmv2 mKQ /2i2+iBQM H v2 Bb M GahJ M2ir
i F2b b2[m2M+2 Q7 mb2 72 im 2b +QKTmi2/ 77 QK o1l b BMTmiX
7 K2rQ F /2p2HQT2/ BM S Q#H2K kX 2+ HH i? Bb+ QR pd2iM +2QQW
mb2° BMi2 +iBQMXaMmDBTIQL22 MmMK#2 Q7 mb2 b BMi2" +i2/ BMi?2
+QKTmi2 i?2 mb2" "2T°2b2Mi iBQM 7' QK 0o 1 X LQri?2 mb2" 2K#2//BN
KQ/2HX

aBM+2 i?2 "mKQ  p2° +Biv Bb /2i2+i2/ 7Q 2 +? +QMp2°b iBQM H i?
b2[m2M+2 +H bbB7B+ iBQM T Q#H2KX 6Q i?2 +H bbB7B+ iBQM Q
?2B//2M bi i2 Q7 i?2 GRRIRY vi2i?2 72 im 2X h?2M r2 TTHv 7mHHV A
bQ7iK tH v2 iQ Q#i BM i?2 "mKQ" +H bb T Q# #BHBiB2bX
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9e 2i2+ii?2 02> +Biv Q7 _mKQ"

6B;m 2 9Xk, JQ/2H +MBKDF¥ iatk2n@Bb KQ/2H 2t +iHv " 2bR&HH2b i?2
7°QK T'Q#H2K k rBi? QM2 /B772 2M+2X >2°2r2? p2 p "B iBQM H
Hi2Mi mb2 2T 2b2Mi iBQM Q7 mb2'b M/ i?Bb 2T 2b2Mi iBQM Bb |
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Wi = Vi iR + by
p — D Zt(WVI’I)
n = F

iMh k2L 21:(K’Vrk)

r?72°2 Bbi?2 +QM+ i2M iBQM RTE-5iQRY-L /12MQi2b i?2 b2i Q7 "mKQ
H #2HIMKQ - MQM@ mMKQX-hARMp2 ' BGR242?BBbmbBKIQm > Q#b2 p iB(
BM 6BXR

'Bp2M Db2i Q7 i  BMBM; BMbi M+2b i?2 Q#D2+iBp2 7Q " "mKQ  p2" +

X' h i
O = KBM  H@cgm) U9XkV

i=1
>2°2 M/, "2i?2T K2i2' b7 QKi?2b? "2/H v2 M/ mKQ bT2+B7B
h?2 7BM H Q#D2+iBp2 7mM+iBQM Bb i?2 bmKK iBQM Q7 HHi?°22Q

O()= O, + O, U9XjV

r?2°2 Bb i?2 b2i Q7 HH i?2 KQ/2H T > K2i2 'bX g2 mb2 / K QTiBKB:
Q#D2+iBp2 7TmM+iBQMX Tb2m/QwkQ2aHBRMIBTQBI) B MQXQ Bi?K

aT +2 *QKTH2t®2vmb bbmK2i?2H i2Mimb2 72 im 2bBx2 M/i?2 Q"
bBXx2F MK “2bT2+iBp2HvX h?2M i?2 bBx2 Q7 i?2 i 3BKI+2FAR p "B #H2
r?2°@ Bb i?2 bBx2 Q7 i?2 BMi2 K2/B i2 "2T 2b2Mi iBQMX LQr bbm]
GahJ Bb KH¥Qb “2bmHi- i?2 bBx2 Q7 i? 2FahK?#=SKOXK 260BM HHv-
i?72 K i'Bt bBx2 Q7 i?2 ii2MiBQM K2+? MBbK 2K 4iRR Q MiKLmi H v2°
"2bT2+iBp2HV-MK2 22 i?2 MmMK#2> Q7 i?2 +H bb H #2Hb M/ i?2 ii2}
i72iQi HbBx2 Q7 i?2 i BMHKH2PBH B5KH22Bb+ KK + KL X

9Xj 1tT2 BK2Mib

OXjXR 1tT2 BK2Mi Ha2imT

.1 b2ib M/ # b2HBM2' B27 /2b+ BTiBQM Q7 i?2 /i b2i M/ i?2 # b2
+ M #2 7QmM/ BMKE2¢2BEMQ +°2 i2 KQ/2H #v +QK#BMBM; mb2" i'n
M/ H i2Mi mb2" "2T°'2b2Mi iBQM M/ T bb Bi iQ Qm™ GahXl® K2rQ' |
ahXF mKQ akK2mi?
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H:Q Bi?K RMKQ aH2mi?
AMTmib2i Q7 mb2  BMi2® +iBQMb BM +QMmbd2b 7RG MH2L ?MB Wb,
“i2-K t MmK#2 Q7 BN2X iBQMb
RAMBIB HBx2 i?2 KQ/2H ™M/ XRHZ b
k 7 Qter 1iQN /Q
i \ QTIBKBx2XJMX2i mb2  2K#2//BM;bc
9 2M/

s 7Qter 1iQN /Q

e +QMp2ii?2/ 1 BMiQ # i+?2b

d | 7Q°2 #2i+? BM i BMBM: / i

3 ;211?22 H i2Mi mb27pQKiiQ2 o 1

N 722/ i?2 mb2 2K#2//BM;biQ i?2 Gahh’fKQlZH iQ Q#i BM
Ry +QKTmi2i?2 ;r (/)B2WbBM; # +FT QT ; iBQM

RR MmT/ i2i?2 T  K2i2 b mbBM()

Rk 2M/

Rj 2M/

S " K2i2 a2iiBM6R, mKQ aH2mi2i i?2 H i2Mi bBx2 Q8 iM2 i®2 iQ
2M+Q/2° M/ /2+QNBXbiRxR iIQ 3Yy@RY@RYy bTHBi Q7i?2/ i b2i7Q i’
M/ p HB/ iBQMX g2 HbQ b2ii?2 K tBKmIGOKMIR#RQ QT 2 Q +BM b Qi? 2
b K2b2i Q7 K2i?Q/b K2MiBQM2/ BM S Q#H2K kX

OXjXk >Qr .Q2bKQ aH2®2?7Q K ; BMbi Pi?2  JQ/2Hb B
.2i2+iBM; mKQ 02 +Biv

hQ Mbr2" i?Bb [m2biBQM r2 /2KQMbi® i2i?72 T2'7Q'K M+2 Q7 2 +? |
M/ K +°Q 6R b+Q 2BMRImZAH2M b22 i? i 7Q  #QiR” GahkdiBB;?iHvV
QmMiT2 7Q KmKZTXZ aHRN i?22 S>1J1/ i b2iX >@rRQ2aHAmMi?P2 7Q Kb
Qi?2° K2i?Q/b BM i2°'Kb Q7 KB+ ' Q@6R b+Q°'2 BM i?2 S>1J11/ i b2iX
T2 ' 7Q K M+2 BM i?2 _.hgmKQabkx@miT2 7Q Kb KQ/2Hb HBF2 MQ/2l
HQ:BbiB+ “2;'2bbBQMX _2+ HH i? i HQ;BbiB+ “2;"2bbBQM mb2b i'r
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