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Abstract

Spatial-temporal data are information about real-world entities that exist in a loca-
tion, the spatial dimension, and during a period of time, the temporal dimension. These
real-world entities, such as vehicles, people, or parcels and called spatial-temporal objects,
may move, group, and continue the movement together, forming clusters. Although there
have been significant research efforts to understand clusters, there is a lack of research that
provides methods and software tools to support the representation, analysis, and implemen-
tation of graph-based spatial-temporal cluster evolution. Understanding this evolution is
critical for dealing with spatial-temporal problems encountered in domains, such as service
supply and demand, supply chain management, traffic and travel flows, human mobility,
and city planning.

This thesis presents an approach to graph-based cluster evolution and its representa-
tion, analysis, and implementation. The proposed solution introduces a representation of
the structure of a spatial-temporal cluster with the identification of the cluster at several
timestamps and linkages, and a representation of 14 spatial-temporal relationships clusters
have during their existence. The proposed solution also introduces a graph representation
of cluster evolution with nodes acting as clusters and edges as relationships. This solu-
tion provides analysis methods for the structure of spatial-temporal clusters that monitor
the cluster changes in both location and size over time, and analysis methods for the
spatial-temporal cluster relationships the clusters have during existence that calculate the
frequency or density of such relationships in specific locations. The solution also provides
analysis methods for a graph-based representation of spatial-temporal cluster evolution
including integrated results that examine spatial-temporal clusters and their connections,
and can provide, for example, aggregated results at a location or time of the day, identify
ever-increasing or ever-decreasing regions, growth or decay rates, and measure the similar-
ity between the evolution of two clusters. The approach also provides an implementation
of the proposed representation and analysis methods. The effectiveness of the approach is
evaluated through four case studies using different spatial-temporal datasets to show the
results that can be produced, which include, exploratory analyses and specific analyses on
ever-increasing and ever-decreasing regions, similarity values, and the movements the clus-
ters represent. Overall, the proposed approach advances research in the spatial-temporal
domain by providing novel representation and analysis methods as well as implementation
tools that can improve the understanding about how clusters evolve in space and time.
Such results can lead to many advantages such as higher income, reduced costs, and bet-
ter transportation services, as well as the discovery of trends in cluster movement and
improved decision-making processes in city planning.
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Im BM; i?2B" 2pQHmMiBQM, bT iB H@i2KTQ H Q#D2+ib K v 2Mi2" ¢
Kv2Mi2° Q H2 p2 MQi?2 +Hmbi2 - +Hmbi2'b K v K2;2 Q" bTHB
M HvbBb QM +Hmbi2  2pQHmMIiBQM-rBi? "2bT2+iiQ #Qi? i?2B " bi ' n
MM+Qp2 MQp2H "2bmHibX

6BM HHv- i?2 2pQHmMIiBQM Q7 K Mv bm+? +Hmbi2 b- BM+Hm/BM;
BM+HmM/BM: i?2B" "2H iBQMb?BTb + :M BE2T+QMBIBM2/M BMpB2r
+Hmbi2  2pQHMIBQMX PM2 2t KTHR2XBh D2 &mv B M?2EB bmO2M2 TQbb
rviQ T'2b2Mii?2 2pQHMIBQMBIQ7 ;+AMDI2T2M/BM: QM i?2 BM7Q’
T 2b2Mi2/-/2i BHb #Qmii?2bi'm+im 2 M/i?2 2H iBQMb?BTb Q7
AM i?Bb 2T 2b2Mi iBQM- 7Q" 2t KTH2- Bi Bb TQbbBAMH2/iBiB/2Mil
bi'm+im 2 ii?2 #2:BMMBM:- i?mb i?2 "2T2iBiBQMX Ai Bb HbQ TQ
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6B;m 2 RXj, h?Bb ;" T? Bb TQbbB#H2 r viQ 2T 2b2Mi +Hmbi2" 2y
b2Mib i?2 2pQHmMIB@MKQ7 +Hmbi2"




¢ 7Q K2/ +HepbMEb Q  i? i +HoghBB'T i Q7 i?2 2pQHMIBRM Q7 +Hm
+QKTH2i2 ;> T? b?Qrb ?2Qr2 +? +Hmbi2  2pQHp2/ BM iBK2-/2i BHB
Q7 2 +? +Hmbi2° M/ T 2b2MiBM; 2p2°v "2H iBQMb?BT 2 +? +Hmbi2
+ M BKT'Qp2 i?2 mM/2 bi M/IBM; Q7 i?2 KQp2K2Mi Q7 bT iB H@i2K
MQp2H "2bmHibX

RXjXR _2T 2b2Mi iBQM

h?2°2Bb H +F Q7 bin2/B2bh DWQAOHMbi2  2pQHmMIiBQMX h?Bb 2pQH
QM i?2 KQp2K2Mi Q7 i?2bT iB H@i2KTQ  H Q#D2+ib +QMi BM2/ B}

2T 2b2MiBOM;m 227 2pQHpBM; +Hmbi2 b Bb +? HH2M;BM; #2+ m
i?72b2 +Hmbi2 b Bb /Bb+ 2iBx2/i? Qm;?Qmib2p2° HiBK2bi KTbhX h
i?2b K2+Hmbi2 BM/Bz2 2MiiBK2bi KTbh M/ r viQHBMF i?2 B/2N
2pQHpPpBM; +Hmbi2 X

h?2°2 Bb HbQ H +F Q7 bim/B2b QM i?2 M2 B QbIRRRBMHD BM ;i ? 2
+Hmbi2 b ? p2 rBi? bT iB H@i2KTQ  H Q#D2+ib Q  Qi?2  +Hmbi2 b
b?BTb Bb +? HH2M;BM: #2+ mb2 B/2MiB7vBM: i?2K Bb MQi i 'BpB F
T QT2'iB2b i2 +? iBK2bi KT-bm+? b i?2 MmK#2 Q7 bT iB H@i2k
h?2b2 +? M;2b K v BM/B+ i2i? i 2H iBQMb?BT-bm+? b bTHBI-
/Bz2 2MiB iBM; #2ir22M bTHBIi Q' +Hmbi2  i? i H27i H “:2° 2pQ
T QT2 iB2bi? i +? M:2 #2ir22M iBK2bi KTb Bb 2bb2MiB H M/ MQi :

/[IBiBQM HHv-i?2°2 Bb H +F Q7 "2b2 "+?2 QM +QMM2+i2/ "2T"
HmiBQMX aBM+2 2pQHpBM; +Hmbi2'b +? M;2 i?2B " bi m+im 2 M/
+Hmbi2 b /m BM; 2pQHmMiBQM- Bi Bb TQbbB#H2 iQ #mBH/ +QMM2+
Q7 i?2b2 K Mv +Hmbi2 'bX am+? 2T 2b2Mi iBQM + M b?Qr- 7Q" 2
iBK2 Q72 +? "2H iBQMb?BT 2pQHpBM; +Hmbi2'b? /-BM+HmM/BM; r
KQ'2i? M QM2 2pQHpBM; +HmMbi2 "X PM2 TQbbB#H2 bQHmMIBQM 7
Q7; TR >Qr2p2 ' -i?22°2 "2MQ TT' Q +?2bi? i+ MT ' Q+2bb BM7Q"
2pPQHmMBBX@W-M;2b BM i?2 bi'm+im 2 Q7 +Hmbi2'b M/ T 2b2M+2 Q
? p2- M/ T Q/m+2 2T 2b2Mi iBQMBM ;"  T? 7Q K iX 2T 2b2MiB
;" T? +QMi BMBM; HH i?BbBM7Q K iBQM +°2 i2b QTTQ imMBiB2b

aQK2 [m2biBQMb #Qmii?2 2T 2b2Mi iBQM Q7 i?2 +Hmbi2  2pQ
im 2 Q7 +Hmbi2 b-i?2 "2H iBQMb?BTh +Hmbi2 b ? p2rBi? bT iB H¢
i2°b- br2HH b ° T?2@# b2/ 2T 2b2Mi iBQM Q7 i?Bb BM7Q K iB
R %R



RXjXk M HvbBb

h?2°2 Bb H MFHBBbL?Q/b 7Q  +Hmbi2 2pQHmMIBQM i? ii F2 BMiQ -
+? M;2bBMi?2bi m+im 2Q72pQHpBM; +Hmbi2 b-i?2 2H iBQMb?]
i2KTQ H Q#D2+ib Q Qi?2 +Hmbi2 b-Q° +QMM2+i2/-; T?@# b.
2pQHMIBQMX

*m  2Mi+Hmbi2> M HvbBb K2i?Q/b +QMbB/2° “2bi'B+i2/ 2T 2b:
iQ iBK2bi KTX 6Q 2t KTH2- i?2 BMiBXIX2aUBRLi/BE2 M22r-22M / |
TQBMibBMbB/2i?2 +Hmbi2 - M/ i?B B2 BHnmb+2 #Bib2 MFLi TQBN
BM /Bz2 2Mi +Hmbi2 b- "2 irQ +Hmbi2° M HvbBb K2i?Q/b 7Q" i?:
h?2b2 K2i?Q/b /Q MQi +QMbB/2  i?2 2pQHmMIBQM Q7 +Hmbi2 b rBi?
iQ i?72 HQ+ iBQM Q7 i?2 +Hmbi2 ;2M2  i2 /B 2+iBQM Q7 KQp2K2MN
Q7 bT iB H@i2KTQ' HQ#D2+ib +QMi BM2/BM/B+ i2 :"Qri? Q7i?2
K2i?Q/b /Q MQi+ Tim2BM7Q KiiBQ@IMm7ZPp@HEFRM; +Hmbi2 b M/ KI
QTTQ imMBiviQ /2HBp2 MQp2H “2bmHibX

AM //BiBQM- i?2 +m "N MivERDHEI2D /Q MQi +QMPB/PBQMD?BThb
2pPQHpPBM; +HmMbi2 b ? p2rBi? bT iB H@i2KTQ  HQ#D2+ibQ Qi?2"
#Qmii?2 HQ+ iBQM- iBK2- Q  i?2 MMK#2 Q7 Q++m "2M+2b Q7 i?2
MQi+ Tim 2/ Q" M Hvx2/ #vi?2 +m "2Mi M HvbBb K2i?Q/b M/- i?:
Bibp Hm2 bb2bb2/X

JQ 2Qp2' - +QMM2+i2/ 2T 2b2Mi iBQM Q7 +Hmbi2  2pQHmMIiBQN
i2+2MB[m2b iQ #2 mb2/X am+? 2T 2b2MiTiB @M BD7OQM Bi #H M VIOB b
i?Bb ;> T?@# b2/ 2T 2b2Mi iBQM BKTHB2b i?2 mb2 Q7 ;> T? M Hy
+m " 2Mi ;> T? M HvbBb K2i?Q/b- bm+? b /Bbi M+2 #2ir22M 2/;2b-
i72 b?2Qi2bi T i?- "2 bT2+B}+ 7Q  ;2M2 B+ ;> T?bX h?2 +m  2Mi ;"
MQii F2BMiQ +QMDbB/2" iBQM +Hmbi2  2pQHmMiBQM- rBi? Bib +? M
T 2b2M+2 Q7 "2H iBQMb?BTb #2ir22M +Hmbi2 b- 2T 2b2Mi2/ BM
M22/ 7Q° MQp2H K2i?Q/bX 6Q 2t KTH2- +Hmbi2 i? i- /m BM; Bit
Qi?2  bK HH2  +Hmbi2 b- M/ Bb BM ?B:?rv K v BM/B+ i2i?2 bi "
+m " 2Mi M/ HBKBi2/ ;> T? M HvbBb i2+?MB[m2b /Q MQi +QMbB/2"
BKTQ i Mi "2bmHibX *Hmbi2> M HvbBb K2i?Q/b i? i +QMbB/2" i?2
MQp2H “2bmHib M/ ?22HT "2 +?2 M2r +QM+HmMbBQMbX

aQK2 [m2biBQMb #Qmii?2H +F Q7 M HvbBb K2i?Q/b 7Q i?22p
BM; +? M:2b BM i?2B  bi'm+im 2-i?2 T°2b2M+2 Q7 "2H iBQMb?BTL
+QMM2+i2/-: T?@# b2/ 2T 2b2Mi iBQM Q7 i?22pQHmMIiBQM Q7 K |
Q#D2+ib "2 BM T 2ROKR2/ h #H?2
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RXjXj AKTH2K2Mi iBQM

h?2°2Bb HBKHRZK2MQI@BKWM i? i BbbQ7ir " 2bmTTQ i-7Q i?2 2T"
M HvbBb Q7 +Hmbi2 2pQHmiBQM-BM+HmM/BM; +? M;2bBM +Hmbi2
M/ +QMM2+i2/-;"  T?2@# b2/ 2T 2b2Mi iBQM Q7 i?2 2pQHmMiBQM>

h?2 +m "2MibQ7ir "2iQQHb HOQM2T2HBUBIBEBOHPBR;, +HmMbi2
6Q 2t KTH2- QM2 Q7i?2KQbiTQTmH “HB#' 'B2b7Q K +PBM2H2
7Q Svi?QMX h?Bb HB# v +QMi BMb i?72 BKTH2K2Mi iBQM Q7 RR
E@J2 Mb9()) M/"a* L O)X LQM2 Q7 i?2K +QMbB/2°b M 2pQHpBM; +t
2T 2b2Mi iBQMbT Mbb2p2° HiBK2bi KTbX JQ 2Qp2°-MQbQ7ir ¢
i? 1 2pQHpBM; +HmMbi2 b ? p2rBi? bT iB H@i2KTQ H Q#D2+ib M/

h?2 +m > 2Mi bQ7ir "2 iQQHb HQM2M M \HEBRGBPZYHPNB M2 24BH mbi2 b
Bb TQTmH "H M;m ;2 M/ 2MpB QMK2Mi 7Q " bi iBbiB+ H+QKTmiE
b2p2° H M HvbBb K2i?Q/bQM ;" T?bX _ M/i?2HB# "vb+BFBi@H2
K2i?Q/b 7Q ;> T?b bm+? b i?2 p2 ;2 /Bbi M+2 #2ir22M +Hmbi2 k
#2ir22M/ i TQBMibrBi?BM +Hmbi2 b-i?2 /Dmbi2/ _ M/ AM/2t-i?2
i?72 aBH?Qm2ii2 *Q2{+B2Mi- M/ i?2 .mMM BM/2tX h?2b2 M HviB+

2T 2b2Mi iBQM Q7 +Hmbi2 b i? i /Q MQii F2 BMiQ +QMbB/2" iB(
+? M;2b BM i?2bi'm+im 2 Q7 i?2 +Hmbi2" M/i?2 T 2b2M+2 Q7 "2H

aQK2 [m2biBQMb #Qmii?2 H +F Q7 bQ7ir " 2bmTTQ i 7Q i?2 " 2°
Q7 +HmMbi2  2pQHMIBQM “2M¥RT 2b2Mi2/ h #H2

RXjX9 _2b2 “+? Zm2biBQMb

>2°2 Bb HBDbi Q7 i?2 2b2 “+? [m2biBQMb "2H i2/iQ i?Bb i?2bBbX

Z >QriQ/2}M2 M TT ' Q +?2iQbmTTQi; T?@# b2/bT iB H@i2KT
"2T 2b2Mi iBQM- M HvbBb- M/ BKTH2K2Mi iBQM\

_ZR>QriQ 2T 2b2Mi; T?@# b2/ bT iB H@i2KTQ  H +Hmbi2 2pQt

_Zk>QriQ M Hvx2: T?@# b2/ bT iB H@i2KTQ  H +Hmbi2  2pQHm

Zji>QriQT QpB/2BKTH2K2Mi iBQMiQQHbiQbmTTQ i; T?@# b2
2pQHMiBQM\

R2iiTb,ffb+BFBi@H2 "MXQ";
KoiiTh,ffrrrX @T QD2+iXQ " ;

RR



h #H2 RXR, Zm2biBQMb #Qmi i?2 T Q#H2Kb B/2MiB}2/ BM +1

bT2+i

Zm2biBQMb

_ 2T 2b2Mi iR®®riQ KQ/2H +Hmbi2 i? i 2pQHp2b /m BM; T2 BQ

M HvbBb

AKTH2K2Mi

kX>Qr iQ KQ/2H i?2 bi'm+im ' 2- 7Q K2/ #v i?2 +QMi E
i2KTQ H Q#D2+ib-Q7 +Hmbi2 i? i 2pQHp2b rBi? i

jX>QriQ + H+rmH i2 i?72 TQbBIiBQM Q7 +Hmbi2 i? i 2
# b2/ QM i?2bT iB H@i2KTQ H Q#D2+ib Bi +QMi BN

9XQr iQ KQ/2H i?2 "2H iBQMb?BTb +Hmbi2 i? i 2pcC
? brBi? bT iB HQi2KTQ H Q#D2+ib Q Qi?2 +Hmbi

8XQr iQ KQ/2H i?2 +Hmbi2  2pQHmMiBQM Q7 b2p2" H
M2+i2/-;" T?2@# b2/ 7Q K i\

RX|? iBbi?2P* Q7 i?2 bBx2 Q7 +Hmbi2 i? i 2pQHp2b |

kXg? i Bbi?2 /B'2+iBQM Q7 KQp2K2Mi Q7 +Hmbi2 i?
iBK2\

jXqg? i Bbi?2 /IBbi B#miBQM Q7 i?2 /B 2+iBQM Q7 KQp
+Hmbi2 b i? i 2pQHp2 rBi? iBK2\

9Xir? iiBK2/Q2b +Hmbi2 i? i 2pQHp2b rBi? iBK2 bi
KQp2K2Mi\

8X? i 2i?2 2H iBQMb?BTb i? i +Hmbi2 ? b/m BM,;

eXQrK Mv+HmMbi2 ' bbTHBi/m BM; i?2B 2pQHmMiBQM |
1?7 1 2pQHp2 rBi? iBK2\

dXQriQ pBbm HBx2 +Hmbi2 b i? i 2pQHp2 rBi? iBK2\

3Xq? i;° T? M HvbBb K2i?Q/b+ M #2 mb2/iQ M Hvx2
HmiBQM\

REKQ@M BKTH2K2Mi iBQM iQQHb + M #2 mb2/iQ B/2MiB
2pQHp2b rBi? iBK2 # b2/ QM bT iB H@i2KTQ H/ i\

kXg? iBKTH2K2Mi iBQMIiQQHb + M#2 mb2/iQ B/2MiB7
i? 12pQHp2b rBi? iBK2 i/Bz2 2MiiBK2b /m BM; 2pQC

iXq? i+m "2MiiQQHb Q HB# "'B2b+ M#2 [/ Ti2/iQ bn
"2b2Mi iBQM M/ M HvbBb Q7 +Hmbi2  2pQHmMiBQM
+Hmbi2 b ? p2/m BM; i?2B 2pQHmiBQM\
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RX9 TT'Q +2?

h?2 TT Q +? T°'QTQb2/ BM i?Bb i?2bBb HHQrb 7Q  i?2 2T 2b2M,]
BM+HmM/BM; i?2B" bim+im 2 M/ 2H iBQMb?BTb- M/ HHQrb 7Q"
Q7 +Hmbi2" 2pQHmMIiBQMX h?2 TT°'Q +? HbQ HHQrb 7Q  i?2 M
i2°’b-BM+HmM/BM; +? M;2biQ i?2B bi m+im 2 M/ T 2b2M+2 Q7 i?2E
M HviB+ HK2i?Q/b M/ pBbm HBx iBQM Q7 ?2Qr +Hmbi2 b 2pQHp2
b?BTbX 6BM HHv-i?2 T QTQb2/ TT Q +?2 T'QpB/2b i?2 7TmHH BKTF
2pQHpPpBM; +Hmbi2'b M/ i?2B" "2H iBQMb?BT M/ Q7 TT QT B i2 N
bmTTQ i M22/2/ 7Q +Hmbi2 2pQHmMIiBQM 2T 2b2Mi iBQM M/ M F

RX9XR _2T 2b2Mi iBQM

h?22 T°QTQb2/ TT Q +? PRRB2MWRMQOM?2@# b2/bT iB H@i2KTQ" +
2pQHMIBQM #v B/2MiB7vBM; M/ KQ/2HBM; i?2 bi'm+im 2 Q7 2pQH
i?72v ? p2rBi? Qi?2 +Hmbi2 b- M/ #v mbBM; ; T? bi m+im 2 iQ KC(
b2Mi iBQM Q7 i?2 2pQHmMiBQM Q7 b2p2°" H+Hmbi2 bX

h?2 T°QTQb2/ TT' Q +? T'QpB/2bi?2 2T 2b2Mi iBQM Q7 2pQHPpE
i? i2pQHpP2rBi? iBK2# b2/ QM i?2bT iB H M/i2KTQ  H/BK2MbBQN
Q#D2+ib i?2 +HmMbi2 b +QMi BMX 6Q 2t KTH2-i?2 TT ' Q +? B/2Mi
iBK2bi KTb M/ HBMFb i?2K # b2/ QM b2p2° H "mH2b #Qmi i?2 Q#
+Hmbi2 BM #Qi? iBK2bi KTbX h?Bb Bb 7mM/ K2Mi H 7Q" i?2 2T
+Hmbi2® b Bi +®iiMbi@22m+? +Hmbi2 X JQ 2 /2i BHb 2 7QmM/
iXkXR

h?2 TT Q +? HbQ B/2WiBBZONIB2BZIBpQHpPpBM; +Hmbi2 b ? p2 rBi°
i2KTQ H Q#D2+ib M/ Qi?2  +Hmbi2 b /m BM; i?2 2pQHmMIiBQMX 6
2Mi2° MQi?2 +Hmbi2 - Q K2 ;2 rBi? MQi?2 +Hmbi2 iQ 7Q K i
i?72b2 "2H iBQMb?BTb # b2/ QM i?2bT iB H@Qi2KTQ H/ i 7Q 2 +?
+ mb2 +Hmbi2'b TT2 -/Bb TT2 -Q +? M;27 QK QM2 iBK2bi KT
TT Q +? B/2MiB}2b M/ 2T 2b2Mib i?2 "2H iBQMb?BTb +Hmbi2 b -
b2i Q7 mH2b /2b+ " B#2|BKKEmM#b2+iBQM

h?2 T°'QTQb2/ TT Q;+7Tth®@Z2BRT 2b2Mi +Hmbi2  2pQHmMIBQMX 2
Q7 2pQHpBM; +Hmbi2'b i bT2+B}+ iBK2bi KTbh "2 i° Mb7Q K2/ BI
"2H iBQMb?BTb "2 KQ/2H2/ b 2/;2b Q7 ;" T?X h?Bb 2bmHib BM
2pQHMIBQM BM r?B+? 2pQHpBM; +Hmbi2'b "2 +QMM2+i2/ # b2/ Q
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/Im BM;i?2B  2pQHmMiBQMX .2i BHb #Qmii?2 +QMbi m+iBQM Q7 bm
i XkXj

RX9Xk M HvbBbD

h?22T°QTQb2/ TT Q +M THQMEPIL/b 7Q" ;" T?2@# b2/ bT iB H@i2KTC
2pPQHMIBQM-i FBM: BMiQ +QMbB/2" iBQM i?2bi'm+im 2 Q7i?2 2pC
M/ ;> T?@# b2/ 2T 2b2Mi iBQM Q7 bm+? +Hmbi2 bX

h?2 T°QTQDb2/ TT ' Q +?2 T°QpB/2b M HvbBb W2IMQIGA2pQHEKBM 2
BM; +Hmbi2 bX 6Q 2t KTH2-Bi Bb TQbbB#H2 iQ B/2MiB7vi?2 iBK2|
Q7 +QMi BM2/ bT iB H@i2KTQ  H Q#D2+ib :"QrBM: Q  /2+ VBM:- B
+Hmbi2  Bb 2tT2+i2/iQ :°Qr Q' /2+ vBM i?2 KQ 'MBM;- 7i2"MQQM
KTH2 Bb # b2/ QM i?2 +? M:2b BM i?2 HQ+ iBQM Q7 i?2 +Hmbi2"
T QpB/2b M HvbBb K2i?Q/b iQ + H+mH i2 i?2 /Bbi'B#miBQM Q7 K
i?2 iBK2 r?2°2 KQp2K2Mi ? TT2Mb- Q" i?2 /Bbi M+2 i p2H2/ BM i?2
i72 M HvbBb K2i?Q/b 7Q  i?2bi'm+im 2 Q7 +Hmbi2  2jXQXRiBQM

M HvbBb QZHi?72B Q MBI "b ? p2 /m BM; 2pQHmMIiBQM + M HbQ ¢
+ mb2 i?2 TT ' Q +?2 T'QpB/2b K2i?Q/b 7Q i?2 M HvbBb Q7 i?2b2
“iBQ Q7 +HmMbi2'bi? ir2°27Q K2/ #vi?2 K2 ;BM; Q7irQ Q  KQ 2 2
MmK#2 Q7 iBK2b bT iB H@i2KTQ H Q#D2+ib 2Mi2 2/ Q H27i +Hm
vb2b "2 T ii2°Mbi? i+ M#2 mb2/7Q° K Mv TTHB+ iBQMb-bm+? b
i?72 M HvbBb K2i?Q/b 7Q"i?2 "2H iBQMb?BTb Q7 2pQHpBM; +Hmbi
j X j Xk

h?2T°QTQb2/ TT Q +? mb2b ;5 TP@F ©DQpBI@dbi2  2pQHMIBQM
Q7 bT iB H®@i2KTQ  H Q#D2+ibX h?Bb ;> T? HHQrb 7Q° +QMM2+
2pPQHMIBQM BM r?B+? 2pQHpBM; +Hmbi2'b "2 HBMF2/ # b2/ QM i?:
2pPQHMIBQMX b "2bmHi- i?72 TT ' Q +? BM+HmM/2b ;" T?@# b2/ |
“2bmHibX 6Q 2t KTH2-r?2M M HVvxBM;i?2HQ+ iBQM M/ 2H iBQM
iQ B/2MiB7v +Hmbi2 b r?B+? bT iB H@i2KTQ  H Q#D2+ib KB;" i2 i
QM i?2 HQ+ iBQMb Q7 bm+? +Hmbi2 'b- "2:BQMb Q7 ?B;? Q" HQr Q:
bitBbX JQ 2 /2i BHb QM, "M@ #bR2d QM "2b2Mi iBQM Q7 +Hmbi2" 2
7QmM/ BM am#EyX#iBQM
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RX9X] AKTH2K2Mi iBQM

h?2 T°'QTQb2/ TT Q +? BKIPBZRBNIQB@®BL b bQ7ir "2 bmTTQ i- 7
2T 2b2Mi iBQM M/ M HvbBb Q7 ;  T?@# b2/ bT iB H@i2KTQ  H +

h?2 T°QTQb2/ TT Q +? T ' QpB/2b i?72 BKTHZ2ZRIMIbIBWQIOBQMNMHD
2pQHpBM; +HmMbi2 b-BM+HmM/BM; i?2 +? M;2biQi?2B bi m+im 2 N
6Q 2t KTH2-i?2 TT Q +? /2}M2br vbiQ B/2MiB7v M/ 2T 2b2Mii?
MMB[m2Hv b Bi 2pQHp2b mbBM; HB#  "B2b bm+? b b+BFBi@H2
bBKBH "Biv Q7 +Hmbi2 b BM +QMb2+miBp2 iBK2bi KTb-r vb iQ "2°
M 2pQHpBM; +Hmbi2 2 b BM Bib 2pQHmiBQM HQM;bB/2 i?2 B/2N
bT iB H@i2KTQ H Q#D2+ib Q +Hmbi2 b-BM i?2 2H iBQMb?BT- r
HbQ bmTTQ ibi?2 "2T 2b2Mi iBQM Q7 ;" T? # b2/ bT iB H@i2KTC
i?22bmTTQ i Q7 L2Q@D i TH i7Q KX .2i BHb #Qmi bQ7ir "2 bmTTQ
i?72 2T 2b2Mi iBQM Q7 ;" T?2# b2/bT iB H@i2KTQ H+HmMbi2 2pQF
JX9XR

h?2 T°QTQb2/ TT Q +?2 T°QpB/2b i?2 BKTH 2 HWiQ BB Hp@ MWL 7 «
+Hmbi2 b-BM+HmM/BM; i?2+? M;2biQi?2B bi m+im'2 M/i?2T 2b2
Bb TQbbB#H2 7i2° 2pQHpBM; +Hmbi2 b ? p2 #22M i° MbH i2/iQ
L2Q9DX 6Q  i? i "2 bQM- +QMp2°'bBQM "QmiBM2b i? i +? M;2 i?2
+Hmbi2 ' biQ ;" T?2 7Q K i-# b2/ QM MQ/2b M/ 2/;2b- "2 "2[mB 2,
BKTQ i2/ BM L2Q9D- b2p2 HT 2pBQmbHV b p2/ "QmiBM2b + M #2
+Hmbi2 b M/i?2B° "2H iBQMb?BTbiQ M Hvx2 /i M/;2M2 i2 MQr¢
i?72;  T?Bb +QMM2+i2/ 2T 2b2Mi i BQM Q7 +Hmbi2 2pQHmMiBQM -
i?72 HBMFb #2ir22M +Hmbi2 b-T Q/m+BM; "2bmHib i? ir2 2 MQi TC
S'2b p2/ "QmiBM2b "2 r'B%i2M BN fmR?2H M;m ;2X .2i BHb #Qmi k
bmTTQ i T'QpB/2/ 7Q  i?2 M HvbBb Q7 ;" T? # b2/ bT iB H@i2KT
7QmM/ BM amj&®2tki B Q M

AM bmKK “v-i?22T°'QTQb2/ TT Q +? 2T 2b2Mib +HmMbi2  2pQHmM

R¥HmMbi2"BM; / i i 2 +?2 iBK2bi KTiQ B/2MiB7v T "ib Q7 bT iB H(

kXt H+mH iBM; bBKBH "Biv #2ir22M +Hmbi2 T 'ib BM +QMb2+m

jXHBMFBM; bBKBH ~ +Hmbi2 T 'ibiQ 7Q K +QKTH2i2 bT iB H@

9XB/2MiB7vBM; +Hmbi2® "2H iBQMb?BThb # b2/ QM i?2 /2}MBiBQ
M/

I2iiTh,ffM2Q9DX+QK
92iiTh,ffM2Q9DX+QKf/2p2HQT2 f+vT?22 f
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8X" Mb7Q KBM;i?2 2T 2b2Mi iBQM Q7 bT iB H@i2KTQ  H +Hmbi
BM; +QKTH2i2 +Hmbi2 2pQHmMiBQMX

h?2M-i?2 T°QTQDb2/ TT'Q +? M Hvx2b +Hmbi2  2pQHmMIiBQM #v "m

RXt KBM2 +Hmbi2  T°QT2 iB2b-bm+? b bBx2 Q"  HQ+ iBQM- Q7 t
i2°D-

kX2p Hm i2 +Hmbi2  "2H iBQMb?BTb- bm+? bJ1 :1Q aSGAh- N
iQ-7Q 2t KTH2-i?2 /2K M/ Q7 i tBb- M/

iXBMbT2+i i?2 ;> T? +QMi BMBM; i?2 2pQHmMIiBQM Q7 b2p2° H +}
2t KTH2- BKT Qp2K2Mib iQ i?2 +Bivi> MbBi M2irQ FX

h?2 T°'QTQb2/ TT ' Q +?2 T'QpB/2b BKTH2K2Mi iBQM iQQHb iQ bmT"
M HvbBb Q7 +Hmbi2  2pQHmMIiBQM- bm+? b

RX2Q9D- ;> T?/i TH i7Q K-iQ pBbm HBx2 M/ M Hvx2-rBi? +
Q/b-i?2:  T? +QMi BMBM: i?2 2pQHmMiBQM Q7 +Hmbi2 b-

kXZ:Aa- :2Q:  T?B+ BM7Q K iBQM bvbi2K iQ pBbm HBx2 /i QM

iX+Hmbi2 @iQ@:" T?i° Mb7Q K iBQM "QmiBM2b i? i HHQri?2 ;"

RX8 1p Hm iBQM

h?2 2p Hm iBQM Q7 i?2 T°'QTQb2/ TT Q +? Bb/QM2 BM i2 Kb Q7 7¢
bim/B2b "2 +?Qb2M iQ /Bb+mbb BMi2 2biBM; T?2MQK2M i? i+ M #
/i r?2MmbBM:i?2T°QTQb2/ TT'Q +?X h?2+ b2bim/B2b/2 HrBi?
Q7i?2/ i -i?2B/2MiB}+ iBQM Q7 2p2 @BM+"2 bBM; "2;BQMb-i?2 +
M/ i?2 M HvbBb Q7 i?2 KQp2K2Mi 2T 2b2Mi2/ #v +Hmbi2  2pQHm
i?Bb T°QTQb2/ TT Q +?2 +QK2b 7 QK 7Qm /i b2ibX 1 +2/ i b2i M/
#°B2~v BM i?2 M2ti T ° :° T?bX

h?2 7Q0m /i b2ib mb2/ BMi?2 + b2 bim/B2b /2b+ B#2 i?2 KQp2K?2
BM/Bz2 2Mi "2;BQMbX h?2/ i b2i i?2Mb h m+Fb +QMi BMb i?2 KQp
i?2Mb-:"22+2 M/i?2/ i b2i _QK2h tBb+QMi BMbi?2 KQp2K2Mi Q"
'2QHB72 M/ h@. Bp2 +QMi BM K2 bm 2K2Mib i F2M BM "2BDBM;-
2 bi?2KQp2K2Mi Q7 BM/BpB/m Hb/m BM;/ BHv +iBpBiB2b- bm+?
i?2 H ii2 /i b2i? bi?2 KQp2K2Mi Q7 i tBbX J2 bm 2K2Mib "2 i F2
i? i+ M#2 bHQr b RKBMmi2X h?2 iBK2 T2 'BQ/ Qp2  r?B+?i?2b2 |
+ M M:;27 QK r22FiQi? 22 v2 “bX

* b2 aim/v RBb M2tTHQ iQ'v M HvbBbX h?2 + b2 bim/v +QMi
BMp2biB; i2 i?2 bim+im 2 M/ "2H iBQMb?BTb Q7 bT iB H@i2KTC

Re



. T?2@# b2/ 2pQHmMIBQMX h?2b2[m2biBQMb "2i° MbH i2/BMiQ/ i
h?2B" "2bmHib "2 /Bb+mbb2/ M/ bmKK "Bx2/ BM i #H2 Q BM };
[M2biBQMb "2H i2iQi?2B/2MiB}+ iBQM Q7 bT iB H@i2KTQ ™ H +Hn
Q7 bT iB H@i2KTQ™ HQ#D2+ib Q i?2B/2MiB}+ iBQM Q7 +Hmbi2 b
h?2 "2bmHib +QMi B#mi2iQ b2p2 " H TTHB+ iBQMb-bm+? b Qz2 |
#2 mb2/ BM //BiBQM H BMp2biB; iBQM bi2TbX

* p2 aim/vk 2H i2biQi?2 B/2MiB}+ iBQM Q7 2p2 " @BM+"2 bBM;
BMi?2 2pQHmiBQM Q7 bT iB H@i2KTQ" H+HmMbi2PR* Q728X 20 i? 2
Q7 +Hmbi2 X M 2p2 @BM+"2 bBM; "2;BQM BM i?2 2pQHmMiBQM Q
i?2 +HmMbi2  2Bi?2  ;"Qrb QK BMi BMb Bib +m "2Mi bBx2X h?2 /2}N
"2;:BQM Bb M HQ:QmbX A/2MiB7vBM; i?2b2 "2;BQMb ?2HT BM i?2 |
Q7 BKTQ i Mi T?2MQK2M - bm+? b i {+ D Kb Q  2p2Mib BM +Bi\
"2:BQMb- Q  2p2 @/2+ 2 bBM; "2;BQMb- "2 B/2MiB}2/- i?2 p2 ;2
#2 + H+mH i2/ # b2/ QM i?2 bBx2 ii?2 bi i M/ 2M/ Q7 i?2 "2;BQN
i72 BM+'2 b2- Q> /2+°2 b2- BM i?2 MmK#2> Q7 bT iB H@i2KTQ" H
#2 mb2/- 7Q 2t KTH2-iQ bb2bbi?2 2 /BM2bb Q7 bT iB H@i2KTQ
B/2MiB}2b M/ /Bb+mbb2b 2p2> BM+ 2 bBM; “2:BQMb Q7 irQ +Hmb]
Ci2 Q7 +? M:2Q7i?2bBx2 Q72 +?2 Q7 i?2KX G i2°-i?2v "2 +QKT :
“i2b "2 /Bb+mbb2/X

* b2 aim/vij 2H i2biQi?2 + H+mH iBQM Q7 bBKBH "Bivp Hm2
irQ +Hmbi2 bX h?2 2pQHmMIBQM Q7 +Hmbi2" Bb 2T 2b2Mi2/ BM
bBM;H2 bi "i-#mi K v ? p2b2p2" H2M/b #2+ mb2 Q7 i?2 +Hmbi2 "2
Kv?p2/mBM; Bib2tBbi2M+2X *QKT "BM; i?2 2pQHmMiBQM Q7 irQ
# b2/-7Q° 2t KTH2- QM i?2 bBx2 Q7 2 +? +Hmbi2 " i b2p2° HIiBK2b
#2ir22M i?22 QM2 bi i M/ QM2 2M/X A7 QM2 +Hmbi2  2pQHmMIBQM E
QTiBK Hr viQM pB; i2BM ;Bp2M/ vBM +Biv-bm+? bBKBH “Bivp
QTiBK Hr vbiQ M pB; i2 BM Qi?2°/ vb Q  BM Qi?2" +BiB2bX //BiB

bBKBH Bivp Hm2 Bb 7mM/ K2MG HbRBT BivkB2p2+HHbbB}+ iBQN
+Hmbi2 " BM;X h?2 + b2 bim/v +QKT "2b i?2 2pQHmMIiBQM Q7 +Hmbiz
[ vi?2vbi i M/ /Bb+mbb2b i?2 BKT +ib Q7 i?2 2bmHIBM; p Hm2b B
Q7bT iB H@i2KTQ Hb2 pB+2b- br2HH bi?2 mb2 Q7 i?2b2 bBKB

* b2 aim/v 9 "2H i2b iQ i?2 M HvbBb Q7 i?2 KQp2K2Mi 2T 2b2M
bT iB H@i2KTQ  H +HmMbi2 bX JQp2K2Mi + M #2 2T 2b2Mi2/ BM b
bi i HQ+ iBQM Q  iBK2- /B 2+iBQM- Q" /Bbi M+2X M HvxXxBM; BM/
bT iB H@i2KTQ  H Q#D2+ib Q bT iB H@i2KTQ"  H +HmMbi2 b- K v :
bT iB H@i2KTQ  HT?2MQK2M - #mi M BKT Qp2/ TT ' Q +? Bb i?2
Q7 KQp2K2Mib Q7 b2p2° HbT iB H@i2KTQ  HQ#D2+ibQ  +Hmbi2 &
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KQp2K2Mib + M #2 /Bbi'B#mi2/ #v bT +2- iBK2- Q" Qi?2  2ti2M/2/ K

+ b2 bim/v B/2MiB}2b i?2 2pQHmMIiBQM Q7 +Hmbi2 b i? i bi i ibT2
i?2K # b2/ QM 7Qm" [m2biBQMb- "2H i2/iQ i?2 /B 2+iBQM Q7 KQp:
“2:BQM M/ / v-i?2 iBK2i?2v bi “i- M/ i?2 H “:2bi /Bbi M+2X h?2 2

2t KTH2- BM BKT Qp2K2Mib BM +Biv BM7  bi'm+im>2 “2H i2/ iQ +E
i72°Q / M2irQ FX

RXe *QMi'B#miBQMb

*Hmbi2 2pQHmMiBQM M HvbBb Qz2 b K Mv QTTQ imMBiB2b 7Q  M(
BMi?2bT iB H@i2KTQ  H/QK BMX h?2b2 QTTQ imMBiB2b K vH2 /
i?72 p2?B+H2 M2irQ"F BM +Biv-Qz2 M/ /2K M/ Q7 i MbTQ i b2 p
2pQHMIBQM Q" i'2M/b BM i?2 KQp2K2Mi Q7 bT iB H@i2KTQ ™ H +}F
BM+"2 b2 "2p2Mm2- "2/m+2 +Qbib- Qz2" #2ii2  i° MbTQ i iBQM b2
K FBM; T'Q+2bb2b BM +Biv TH MMBM;- iQ M K2 72rX >Qr2p2 - i
M HvbBb- M/ BKTH2K2Mi iBQM iQQHb ?BM/2 b Bib 2tTHQ iBQM
p Hm2X h?Bb bim/v Bb QM2 7mM/ K2Mi H bi2T iQr /b i?2 7TmHH TQ
T QTQbBM; i?72 2T 2b2Mi iBQM- M HvbBb- M/ BKTH2K2Mi iBQM
HvBM; i?2; QmM/rQ F7Q MQp2H 2b2 +? BMi?2 2 X

h?2 bim/vBMi?Bb i?2bBb ? bb2p2" H+QMi B#miBQMbX h?2 bim
2pQHpBM; +Hmbi2 b-i?2B  bim+im 2 M/i?2B" "2H iBQMb?BTb rB|
Qi?2 2pQHpBM; +HmMbi2 ' bX h?2 bim/v HbQ 2T 2b2Mib +Hmbi2"
. T?2@# b2/ /2b+ " BTiBQM Q7 2pQHpBM; +Hmbi2 ' bX h?2 bim/v ? b
2pQHMIBQM-r?B+? M Hvx2b i?2 bi m+im 2 M/i?2 2H iBQMb?BT
b ;" T?@# b2/ 2T 2b2Mi iBQM Q7 +Hmbi2® 2pQHmMiBQMX h?2 bir
iIQQHb-T QpB/BM; bQ7ir "2bmTTQ i7Q i?2 2T 2b2Mi iBQM M/ M
i2KTQ H +Hmbi2  2pQHmMiBQMX

RXeXR 2T 2b2Mi iBQM
h?2 T'QTQb2/ TT'Q +? 2 b +QMIB#ahB Y MNBBEMTI?@# b2/ bT iB H
i2KTQ  H +Hmbi2  2pQHmMiBQMX

h?2 T QTQb2/ TT'Q +2?2 b+QMi'B#miBQMb BMmM»2Gh22 pZbR2p@ i B
BM; +Hmbi2b M/ i?2B" "2H iBQMb?BTbX *m "2Mi +HmMbi2 " BM; i2-
T iB+mH iBK2X h?2 TT ' Q +? /2b+ B#2/ BM i?Bb i?2bBb + M B/2N

R3



i2°Q0m;?2QmiBBKR2pQHpBM; +Hmbi2 - BM+Hm/BM; Bib +? M;2b BM
T "iB+BT MibX h?2 TT'Q +? +QK#BM2b i?2 2t2+miBQM Q7 +Hmk
iBK2bi KTb rBi? KQ/B}2/ C ++ '/ bBXB R BBKBH( Biv Q7 +Hm
/IBz2 2Mi iBK2bi KTbX

h?2 TT ' Q +?2 + M B/2MiB7v r? 2 QIH HBQONMBAB D22 +Hmbi2 bX h?
B/2MiB}+ iBQM Bb # b2/ QM i?2 bT iB H@i2KTQ  H Q#D2+ib T "iB
iBK2bi KT BMpQHp2/ BM i?2 "2H iBQMb?BTX b2i Q7 "'mH2br b /2¢
iBQMb?BTX h?2°2 "2 kk "2H iBQMb?BTb B/2MiB}2/ M/ 2T 2b2Mi;
*NG1l ol r?2M +HmMbi2  2Mi2 b Q" H2 p2b MQi?2 - M/J1 :1 Q" asS
KQ 2 +HmMbi2 b K2 :2iQ 7Q°K H ;2  +Hmbi2  Q bTHBiiQ 7Q K b2

h?2 T°QTQb2/ TT' Q +?2 2 b +QMi'B#miBQMb BM i?2 ;> T?@# b2/
2pQHMIBQMX aBM+2 i?2 "2T 2b2Mi iBQM mb2b ;> T?-Bb # b2/ QN
i?72 TT ' Q +? i° Mb7Q Kb 2T 2b2Mi iBOQM Q7 i?2 +Hmbi2 bi'm+im"
> T?27Q°K i-# b2/ QM MQ/2b M/ 2/;2bX

RXeXk M HvbBbD

h?2 T°QTQb2/ TT'Q +?2 ?2 b +QMIMBHMIBRMBEBME22bT iB H@i2KTC
+Hmbi2  2pQHMIBQMX

.m BM; Bib 2pQHmMiBQM- +Hmbi2 b K v inMAZinnd«PK>d + 2+ MW2R BNV
BMi?2 HQ+ iBQM Q  +? M;2BMi?2 MmK#2 Q7 T 'iB+BT MibX h?:
i?2bBb T QpB/2b +Hmbi2° M HvbBb K2i?Q/b iQ #2 mb2/ 7Q  MQp?2
TT Q +? HHQrb 7Q i?2 + H+mH iBQM Q7 +Hmbi2 ;"Qri? Q /2+ v
KQK2Mib /Im"BM; i?2 2tBbi2M+2 Q7 i?2 +HmMbi2 r?2M i?2 MmK#2"  C
/2+°2 b2X h?2 TT Q +? HbQ HHQrb 7Q i?2+ H+mH iBQM Q7 2p2°
"2;BQMb-r?B+? 2 KQK2Mib r?2M i?2 MmK#2 Q7 T 'iB+BT Mib Q7
Q Hrvb/2+ 2 b2-BM/B+ iBM; BMi2 2biBM; T?2MQK2M X

h?2 TT'Q +? T'QpB/2b M HvbBb2K2i BQMRIWABHTDB R ; +Hmbi2 b ?
br2HHX 6Q" 2t KTH2-i?2 TT Q +? HHQrb 7Q  i?2 + H+mH iBQM
"2H iBQMb?BTb BM bT2+B}+ HQ+ iBQMb-r?B+? K vBM/B+ i2i?2b
"2H2p Mi2p2MiX *QMp2 b2Hv-i?2 T 2b2M+2 Q7 b2p2° HaSGAh 2H
K vBM/B+ i2i?22M/ Q7 M2p2MiX

IbBM:; i?2T@# b2/ 2T 2b2Mi iBQM Q7 +Hmbi2  2pQHmMiBQM- BM
S T?2 7Q°K i M/ "2 HBMF2/ # b2/ QM i?2B" "2H iBQMb?BThb- i?2
K2i?Q/b iQ B/2MiB7v HQ+ iBQMb r?2°2 i?2 Qz2  Q /2K M/ Q7 T°
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i tB-Bb ?B;?2 Q HQr# b2/ QM i?2 bBx2 Q7 i?2 2pQHpBM; +Hmbi2 b
? pBM: "QmM/ HQ+ iBQM Q7 BMi2 2biX

RXeXj AKTH2K2Mi iBQM

h?2 T'QTQb2/ TT ' Q +?2 ? b +QMBRFH2KQMIQBMNMMb2/ iQ T QpB/
bQ7ir "2bmTTQ i7Q i?2 2T 2b2Mi iBQM M/ M HvbBb Q7 ; T?# b
2pQHMIBQMX

h?2 T"TQTQb2/ TT Q +?2 2 b +QMi ' B#miBQMb BM i?2 BKTH2K2Mi
TQ i 7Q -2722b2MIQB@NMbiIi2° 2pQHMIBQMX h?2 TT Q +? mMBi2
M/ L2Q9D- ;" T? /i TH i7Q K-iQ T QpB/2 +QKTH2i2 bmTTQ i 7C
2pQHpBM; +Hmbi2 bX aQK2 2t KTH2b "2i?2 b+BFBi@H2 "M HB#
:2Q%VvQ  i?2 + H+mH iBQM Q7 /Bbi M+2 #2ir22M +QQ /BM i2b +QNM
1 "i?X

h?22 T°QTQb2/ TT Q +?7? b+QMi B#miBQMb BM i?2 BKTH2K2Mi i
7Q - iMHVOBBrHMDbI2Z 2pQHMIBQMX h?2 TT Q +? mb2b L2Q9DO6b *
HM;m ;2-iQT QpB/2 +QKTH2i2bmTTQ i7Q i?2 M HvbBb Q7 2pQ
BM+HmM/2b b2iQ7 QmiBM2b 7Q° ™M HvbBb Q7 +HmMbi2 2pQHmMIiBQI
i2KTQ H "2;BQMb /m BM; r?B+? M 2pQHpBM; +tHmbi2 ? b Bib Mml
i2KTQ H Q#D2+ib BM+ 2 bBM; Q /2+°2 bBM;- 2pQHpBM; +Hmbi2"
i? 1 KQp2iQ /Bbi MiTH +2- M/;2Q; T?B+ H 2;BQMbiQr?B+? +H
?B;? /12K M/ 7Q° bT2+B}+ b2 pB+2X

RXd Sm#HB+ iBQMb

h?2 7QHHQIBM; Tm#HB+ iBQMbr2 2 T°Q/m+2/ b "2bmHi Q7 i?Bbt

(R)Ap2Mb SQ ' im; H- S mHQ H2M+ - M/ .QM H/ *Qr MX hQr /b
bT iB H@i2KTQ H "+?Bi2+im"  H7 K2rQ F7Q K bbBp2/ i B
ANM Q+22/BM;b @ kyRe A111 AMi2 "M iBQM H*QM72 2M+2 QM '
T ;2b ke3e keNRX ALQBR kKYREXNT"B;. | XkyRXXd39yNREk

(k) Ap2Mb SQ im; H- S mMHQ H2M+ - M/ .QM H/ *Qr MX .2p2HQT
+QMi2tim H M/ b2K MiB+i®> D2+iQ v +HmbBBN;9BB KR2irQ F- k
SBpXRARKkXyjNyy

820iTh,ff;2QTvX 2 /i?2/Q+bXBQ
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(j) Ap2Mb SQ im; H-S mHQ H2M+ - M/ .QM H/ *Qr MX *Hmbi2" }
H2M;2b- i2+?MB[m2b- M/ 7QRRyQIB3RYR3IXBpXRMXyRXykdy?9

(9)Ap2Mb SQ ' im; H-S mHQ H2M+ - M/ .QM H/*Qr MX bQ7ir "2
i2° HB72+v+H2 M HvbBb BMiQMIRTBM; hB@Q M¥XRBMA111l AMi2 N
*QM72 2M+2 QM "B; . i - "BT.;Rbk98D 98jNX AVDIBRkYRN X
RYyNf"B:;. i XkyR3XXekk8de

(8)Ap2Mb SQ'im; H- S mMmHQ H2M+ - M/ .QM H/ *Qr MX JQ/2HB
i2KTQ H +Hmbi2 "3HQHBQMINK;,AND kyRN A111 AMi2 M iBQM
QM "B; . i -"B; . 1 -KWyRAb j8NY jBN3X AVDBRKWRERNX NT"B ;. I
9dyNYyXkyRNXXyye9Ne

(e)Ap2Mb SQ im; H- S mHQ H2M+ - M/ .QM H/ *Qr MX aT iB HC

iBOMb, 7QmM/ iBQM 7Q i’ D2+iQ v +HMMABR MHBI2IBK?2 M H\
sBpXRNRRXykRy8

(d)Ap2Mb SQ im; H-S mMHQ H2M+ - M/.QM H/*Qr MX h® D2+iQ"
vbBb, M 2pQHmMIiBQM "vSTR#ZRZBM;2® AMR3 A111 AMi2 M B
72°2M+2 QM "B; . i - "B-.Ti;XlyRB8k j988X A1AQBRKyRMNKXyY N
f"B;. I XkyR3X3ekRNee

(3)Ap2Mb SQ im; H-S MHQ H2M+ - M/.QM H/*Qr MX 7 K2rQ ¥
i D2+iQ v +Hmbi2" M HvbBb # b2/ QMA/VIM KiB-23 2Rie NRIQIBI b ? B T
ReNdNj- KQBRY XRRyNT **TaaxkykyXjykjjde

(N)Ap2Mb SQ im; H-S mMHQ H2M+ - M/ .QM H/ *Qr MX 6 QK bT
"2H iBQMb?BTb iQ HB72+v+H2b, 77 K2rQ F MOKDHBWNBbv @T T
kyky A111 AMi2°"M iBQM H *QM72 2M+2 QM -"B;;2b k9BRy . i k
kOR8X A111/R@BRYXRRyYyNTf"B;. I 8yykkXkyXyXNjddde|]

(RYyAAp2Mb SQ im;: H-S mMHQ H2M+ - M/ .QM H/*Qr MX *QKTmi i
M HvbBb iQ + Tim 2 +Hmbi2' HB7Q+RRLB/MMb KGB kPpRKRAML 11 AMi
iBQM H*QM72'2M+2 QM "B; . i T"BRb.KINKMKERNR3X AQBL- kykR
RYyXRRYNf"B:. i 8k83NXkykRXNedRjRd

(RRAp2Mb SQ im; H-S mHQ H2M+ - M/.QM H/*Qr MX ;- T?@# |
iQ +Hmbi2 HB72iBKBIQM2RBB-M b AMkykk A111 AMi2 "M iBQM I
QM "B; . i -"B; . i -kykRb j3jR j3jdX A1YD-BRYKKXRYNT"B;. I
88eeyXkykkXRXyky3yk

Pi?2" "2H i2/ Tm#HB+ iBQMb T Q/m+2//m BM; i?Bb bim/vBM+Hnm

kR



(R)Ap2Mb SQ im; H- S mHQ H2M+ - M/ .QM H/ *Qr MX _2[mB" 2
2M2° H "2+QKK2M/2" bVRIBKb:KyFEX sBpXRHKRRXy8kek

(K)Ap2Mb SQ im; H-S MHQ H2M+ - M/.QM H/*Qr MX T 2HBKB
bT2+B}+ H M:m :2b 7Q K +?BM2 H2 SMBH22/BW #B @/ KyR & M 1 1
AMi2 M iBQM H*QM72°2M+2 QM aQ7ir 2 a+B2M+2- h2+?MQHQ
kyReT :2b Ry3 RRYyX AIQBRKYR&XY NfagahlXkyReXKkj

(j)) Ap2Mb SQim; H- S mHQ H2M+ - M/ .QM H/ *Qr MX bm p2\
HM;m ;2b7Q K +?BM2 H2 MBMQBRMy#B 3B 8 +fKysRBeX ReykXyde
J dX

(9)Ap2Mb SQ im; H- S mMHQ H2M+ - M/ .QM H/ *Qr MX h?2 mb2

H;Q Bi?Kb BM "2+QKK2M/2 bvbi2Kb1tDZhidaKbiBKb2BB2rX@
THB+ iBNQMiky8 kkd/@BRBXRyRefDX2br XkyRdXRkXyky

(8)Ap2Mb SQ im; H- hQ +v PHBp2B - S mHQ H2M+ - M/ .QM t
T'Q+2bb@ r "2 "iB7 +i}Hi2 ' BMCOh2MQAMBM?2 2biXxBHB M *QK
aQ+BXeURV-/KYBYXXRR3efbR|Rdj@QyKy@yyRyy@ 3

(e)S2M; S2M;- Ap2Mb SQ im; H-S mHQ H2M+ - M/ .QM H/ *Qr N
bQ7ir "27 K2rQ ' F# b2/ QM T ' BM+BT HGQK PLAEIMIV MK ykidB b
/IQBRYXRjdRfDQmM M HXTRM2Xyk89Ne8

RX3 ai'm+im 2 Q7 i?2 h?2bBb

h?Bb i?2bBb Bb bi'm+im 2/ b RQHHEBHXb i22Ti2H i2/ rQ F M/ *? -
i /2b+ B#2b i?2 T°QTQb2/ TTOMRBPXBH2TVAI M  + b2 bim/B2b M/ *7
+QM+HmM/2b i?2 i?2bBbX

k k



*2 Ti2 k
_2H i2/ qQ F

h?Bb +? Ti2 /2b+ B#2b 2b2 “+? BMBIiB iBp2b "2H i2/ iQ i?2 bim/
Ai bi “ibrBi? M Qp2 pB2r Q7 i?2 /QK BM Q7 bT iB H@i2KTQ" H / i
/2b+ BTiBQM Q7 +HmMbi2 ' BM; i2+?MB[m2bX G i2 - i?2 +? Ti2 /2b+
b?BTb M/ 2M/b rBi? /Bb+mbbBQM Q7 ?2Qri?2v "2 mb2/iQ B/2MiB7
Q7 +Hmbi2  2pQHMiBQMX

kXR aT iB H@h2KTQ H . i ™M HvbBb

P#D2+ib-bm+? b + " Q T?2QM2-i? i KQpZ BBMH® iLX T QX HHOIZD 2
q?2M Q#b2 p2/-bT iB H@i2KTQ  H Q#D2+ib T @TmiB2H@® iiBK A @i 2K
/i 272 biQ /i i? i Bb/2b+ B#2/ # b2/ QM BR+XBEDV 2M KBHK2- (
KQ#BH2 T?QM2b rBi? :Sa + T #BHBiB2b T°Q/m+2 bT iB H@i2KTQ"
i72 T2QM2 i b2p2° H KQK2Mib /m BM; i?@c/Rw) /BD2 Btk BWM iB H G
i2KTQ  H/ i BM M 2ti2MbBp2 r vX

h?2 bT iB H /BK2MbBQM Q7 bT iB H@i2KTQ  H /i 272 b iQ i?:
i2KTQ  H Q#D2+i #2BM:; Q#b2 ' p2/X AKTQ i Mi +QMbB/2" iBQMb ;
“2UBN2i?2 i?72 bT iB HRi2KTQ  H REPW® 2HvKOp2H-/BK2MbBQMb ¢
bT iB H@i2KTQ  H QBBERYI-?W/B+ H/BK2MbBQM Bb i?2 bT iB H@i:
BMX h?2b2 +QMbB/2° iBQMb BKT +ii?2 ivT2 Q7 i?2bT iB H@i2KT(

aQK2 bT iB H@i2KTQ" H Q#D2+ib ? p2 }t2/ HO¥-i@QMX 2b /2b
mbm HHv bT iB H@i2KTQ  H@2p2Mib- bm+? b 2 “i?[m F2bX h?2 b
b+ B#2i?2bT iB H@i2KTQ  H2p2Mib BM+HmM/2i?2}t2/ HQ+ iBQM

K]



2 TT2M2/X aQK2 bT iB H@i2KTQ  H Q#D2+ib KQp2 BM bT +2 BM b2
Q T2QTH2 KQpBM: BM +BivX Ibm HHv-i?2bT iB H@i2KTQ" H/ i

Q7 bT iB H@i2KTQ  H Q#D2+ib ? bi?2 ?BbiQ v Q7i?2 2MiB 2 KQp?2
Q#D2+iX ++Q/BM?2M (?2 r?QH2 ?BbiQ v Q7 i?2 KQp2K2Mi Q7 b°
Q#D2+i Bb p BH #H2 7Q° M HvbBb-i?2 bT iB H@i2KTQ  H/ i Bb |

aT iB H@i2KTQ  H Q#D2+ib ? p2 T?vbhB+ H /BK2MbBQMb- HBF2
rB/i?X >Qr2p2°-7Q° M HvbBb Tm TQb2b-bT iB Hi2KTQ  HQ#D2+
i?2 bT iB H@i2KTQ  H /i ivT2 TQBMiX h?Bb 2M #H2b- 7Q" 2t KTH
HQ+ iBQM Q7 2p2'vi m+F Q7 i'm+F +QKT MvQM K TX h?Bb bmt
TQbbB#H2- M/i?mb HBM2b Q" "2 b +QmH/ #2 mb2/ bi?2bT iB H@
bT iB H@i2KTQ  H Q#D2+iX aQK2 2t KTH2b "2 i BMb BM +Biv C

AM KQbi+ b2b-i?2bT iB H@i2KTQ  H/ i /2b+ B#BM:i?2 KQp2K
Q#D2+i /Q2b bQ #v mMbBM;: irQ@/BK2MbBQM H 2T 2b2Mi iBQM 7¢(
bHiBim/2 M/ HQM:;Bim/2 +QQ /BM i2bX >Qr2p2° - i?B / T?vbB+
K v#2M22/2/7Q  bQK2 M Hvb2bX 6Q 2t KTH2-i?2 M HvbBb Q7 i
i?72 B K v+QMbB/2 i?2 HiBim/2 Q7 i?2 TH M2b 7Q " KQ 2 ++m" i2

h?2 i2KTQ  H/BK2MbBQM Q7 bT iB H@i2KTQ  H/ i 272 biQi?
iBQMb Q7i?2bT iB H@i2KTQ  H Q#D2%)? M BRWM® i+MQ+ (BWBXR( iE
#Qmii?2i2KTQ  H/BK2MbBQM Bb Bib ;" MmH "BivX :> MmH “Biv Bl
i?2 iBK2 tBb M/ T "iBiBQRBMQK2M#DZ p iBQMb + M ? TT2M 2p2
BMi?2+ b2Q7i?2i D2+iQ'B2b Q7 + 'b-Q 2p2'v/ v-BMi?2 + b2 Q

i M HvbBD2 b iQ i?2 i bF Q7 mbBM; i2+?MB[m2b QM /i iQ mM
/IBb+Qp2  PIXMBEM; i?2b2 i2+?MB[m2b QM bT iB H@iBKTIB HH®/ i +
i2KTQ  H /i MHVDBER "2 K Mv /Bz2 2Mi bT iB H@i2KTQ" H / i
MB[m2b34mRT ~ i2bi?2K BMiQ irQ ivT2b # b2/ QM i?2B" T'BK v :;Q
M/i?2 +H bbB}+ iBQMivT28XJi+*t@ @ QRKIOMNT iB H@i2KTQ  H/ |
i2+?MB[m2b 7Q" +H bbBY+ FBYXPM i M/KDK 6B 2H/MId08XI 6 (¢ 9)

"2[mB 2b i?2 b2i Q7 p "B #H2b Q#b2 p2/iQ 7TQHHQri?2J "FQp T Q
/2T2M/ QMHvV QM i?2 T 2b2Mi M/ MQi QM i?2 T bi- r?B+? Bb MQi i
/i BMK Mv T +iB+ H bBBInk)BBOMEX+?MB[m2 i? i ii2KTibiQ + 2 i2
T2 TH M2i? i /BpB/2b/ i BMiQ T 2/2}M2/ MmK#2RdQ# 2H2tbb2b X h'
M2r +H bbB}2' AhR/MIMTTHB2b BiiQ i?2 i D2+iQ'vQ7iQm BbibX
/'i M HvbBb i2+?MB[m2b rBi? i?2;Q HQ7 +Hmbi2 " BM; "2 2H2p M
i?2bBb M/ ? p2i?2B  QrM b2+iBQM- T 2b2Mi2/ BM i?2 M2ti b2+iBQ

gBi? "2bT2+i iQ T2 '7Q K M+2 Q7 bT iB H@i2KTQ  H R93i2+?MB
2p Hm i2b k8 i’ D2+iQ v bBKTHB}+ iBQM i2+?MB[m2bX h> D2+iQ" v

k9



7Q0°K iBQM 7Q" +QKT 2bbBQM M/ biQ"  ;2RTinTT QB Db th ? Prb ivhi/B/xB ¢
iBOM i2+?MB[m2 7Q° +QKT +i 2T 2b2Mi iBQM Q7 i° D2+iQ B2bX
K TTBM; +QMiBMmQmb BM}MBi2 p Hm2b iQ bK HH2 b2i Q7 /Bb+"
() BMp2biB: i2bi?2 i D2+iQ vb2 +?2 T'Q#H2K-r?B+? Bb BM7Q K
b2i Q7 7 +BHBiB2b i? i K tBKBx2 b2 pB+2 K2 bm'27Q" Db2iQ7r
i72 bQHMIBQM /Bb+mbb2/ 22 2 /Q2b MQi //°2bb T2 7Q K M+2 Bbbr

kXk *Hmbi2 BM;

AM ;2MZHRbiBBM;2 i bF Q7 /BpB/BM; /i BMiQ ;"QmTb bm+?2 i? i/
"QmT "2KQ'2bBKBH i? M/ i BM|MZ233Kih?DM@Tb2(/Bz2 2MiivT2
Q7 +HMDbi2 ' BM; i2+?MB[m2b- BM i H-m2BW;BH 2 @iF DR /@i bR#iBQM @
# b2ROMRIYR M/ ?B2° "+?B+ HRHHMNbiIi2 ' BM; (

*2Mi QB/@# b2/ +Hmbi2 8MT, i2BPBABNIM2B (i bT +2 BMiQ "2;BQN
"2i?2 +Hmbi2 ' b- M/ mb2b TQBMi-r?B+? Bbi?2 +Hmbi2 +2Mi QB
2 +? /i TQBMi #2HQM:bX .2i2°KBM iBQM Bb mbm HHvV # b2/ QM i
TQBMiiQ i?2 +2Mi"QB/X h?2 +?QB+2 Q7 i?2 MmK#2 Q7 +Hmbi2 b I
h?2 KQbi TQTmH ~ +2Mi'QB/@# b2/ +Hmbi23BM) X2 +2peB[mPtBb E@
MmK#2> Q7 +Hmbi2 b-i?2 E@K2 Mb H;Q Bi?K ii2KTibiQ KBMBKB:
7°QK2 +? /i TQBMiiQ2 +? +2Mi"QB/-mT/ iBM; i?2 +2Mi QB/b M/
TQBMibB7 M22/2/X Pi?2 +2Mi QB/@# b2/ +Hmbi2 BM; i2*?MB[m2
reB+? mb2b /i TQBMib b +Hmbi2 +2Mi2 b- M/ &m)yxw AEHrP2 Mb -
HHQrb /i TQBMibiQ #2HQM; iQ KQ'2i? M QM2 +Hmbi2  #v bbB;
+2Mi"'QB/@# b2/ +Hmbi2 i2+?MB[m2 + M #2 mb2/- 7Q" 2t KTH2- B
IM/ ivT2b Q7 +mbiQK2 b rBi? i?2b K2 +? °~ +i2 ' BbiB+bX

.2MbBiv@# b2/ +Hmbi2 BN;B/2MWINBB{Im2Hmbi2 b # b2/ QM i?2 /2ML
TQBMib BM "2;BQMb Q7 i?2 /i bT +2X Ibm HHv- i?2b2 i2+?MB|[m
Mvb? T2-#mi K vMQi T2 7Q Kr2HH B7 +Hmbi2 b ? p2/Bz2 2Mi /2
/I2MbBiv@# b2/ +Hmbi2 BHK* il2+PMB{MRBDITH BM2/ BMi?Bb b2+iBQ
TQTmH ~ /2MbBiv@# b2/ +HMPIZ2BEBMi2SQBB[MBA@B/2MIiB7v i?72 *H
aim+im 2 UPfhHMXa¥?2 H;Q Bi?K Bh"mBKBHM/ iR HpPpR2ZH L 6b
T Q#H2K Q7 p vBM; /2MbBiv #v KQMBIiQ BM; pQI2 IBh M22 Q7
/IBbi M+2 "2[mB 2piQ+tR R2TQBMiX SQBMib Q7 /2Mb2 +Hmbi2 " ?
/IBbi M+2X .2MbBiv@# b2/ +Hmbi2 BM; i2+?MB[m2b + M #2 mb2/ B
Q7 p2?B+H2b Q /Bz2 2Mi MBK HbBM 2B HT?QiQbX
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.Bbi " B#miBQM@# b2/ +Hmbi2)F:BWMN 2 ii222NBB[mB2HMiBQM Q7 / i iQ I
+Hmbi2 bX P7i2M- /i TQBMi Bb bbB;M2/ T Q# #BHBiv iQ #2HC
/IBbi'B#miBQM@# b2/ +HmMbi21BM2 42 +B N B @2 BBKIBXHB@ M i KJV
(NR3NX1I mb2b bi iBbiB+ HKQ/2H iQ bbB;M /i TQBMib iQ +HmE
Bb /BpB/2/ BM irQ bi2ThX h?2 2tT2+i iBQM bi2T 2biBK i2b i?2 2tT.
i?7 i "2KBbbBM; BMi?2 /i b2iX h?2 K tBKBx iBQM bi2T QTiBKBx2
iBbiB+ H KQ/2HbX +QKKQM bi iBbiB+ H KQ/2H BbL22)XmbbB M
.Bbi' B#miBQM@# b2/ +Hmbi2 BM; i2+?MB[m2b + M #2 mb2/BM TT!
BM; Q" BM+QKTH2i2 #mi i?2 /IBbi B#miBQM Q7 i?2 /i Bb FMQrM-
b2+m ' Biv/QK BMb-r?2"2 MQi HH/ i Bb+ Tim 2/ 7Q T Bp +v 2 b

>B2 "+?B+ H+HmMbi2 BMNI2+HQMB|m2BM +Hmbi2 b bm+? i? i ?E
Q7 +Hmbi2 b Bb 7Q K2/X h?2 2 "2 irQ bi" i2;B2b, i?2 /BpBbBp2 M,
/IBpBbBp2 Q iQT@/QrM bi" i2;v- HH/ i TQBMib bi "iBMi?2 b K2 +
H;Q Bi?K ii2KTib iQ T "iBiBQM i?2 /i BMirQ +Hmbi2 bX h?2 T
2 +? /i TQBMi Bb Bib QrM +Hmbi2 "X AMi?2 ;;HQK2 iBp2 Q #Qiil
TOQBMi bi 'ib bBibQrM +Hmbi2~ M/ bBKBH "BivBb + H+mH i2/ #°
h?2M-i?2irQ KQbi bBKBH ~ +Hmbi2'b "2 DQBM2/X h?2 T ' Q+2bb Bl
bBM;H2 +Hmbi2 X >B2° "+?B+ H +Hmbi2 ' BM; i2+?MB[m2b + M #2
/i TQHHQrb ?B2° "+?B+ Hbi'm+im '2-bm+? bB/2MiB7vBM; MBK
Q7 /Bb2 b2X

2 H@iBK2 +Hmb4 2 -BRMxBb i?72 i bF Q7 +HmMbi2 BM; /i b Bi #2+(
#H2X hvTB+ HHv- +QMiBMmQmb bi'2 K Q7 /i Bb+ Tim 2/- M/
“2bTQMbB#H2 iQ +Hmbi2 /i r?BH2 +QMbB/2"BM; "2bi'B+iBQMb Q
i2 ' HyyBb +Hmbi2'BM; H;Q Bi?K rBi?i?2:Q HQ7 KQ/2HBM: ?2Qr /
1pQHp2*HmMbi2" + MB/2MiB7v +Hmbi2°"bBM /i b2;K2Mi-r?B+? Bb
mb2bi?2 +HmMbi2  +2Mi"QB/b Q7 i?2T 2pBQmbb2;K2MiiQ B/2MiB7v
b2;K2MiX Hi?Qm;? 1pQHp2*HmMbi2"  + M B/2MiB7v bTHBi 2H iBQ
Bbr?2M +Hmbi2 bTHBib BMiQ irQ +Hmbi2 b- Qi?2" "2H iBQMb?BT
K2':2 "2H iBQMb?BTX h?Bb HBKBib M HvbBb QM i?2 2pQHmiBQM
2HBM; +°2 i2/ #v 1pQHp2*Hmbi2  Bb +QKT ~ #H2 iQ i?2 KQ/2HBM;
SBpQi"B*HiphbMY Y2 ;2@ &BHBISEBpQi"B*Hmbi2" B/2MiB}2b +Hmbi2 b
S T?2-0i?2 i Bb ;7 T?2i?2 i+ M#2 b2T ~ i2/ BMirQ T "ib- #v i 2 iBM;
M/ "2H iBQMb?BTb b 2/;2b M/ +QMM2+iBM; "2H i2/ MQ/2bX h?2 i
#2 1?2 Q#D2+ib BM irQ /Bz2 2Mi iBK2bi KTbXBA?BBIRb*P2ZZHQRYM
*Hmbi2 " BM;-U'Pp**B MiiQ i?72 KQ 2 ;2M2*8 T20#HBZIXMQPHMbX2 BM; U
h?2 SBpQi"B*Hmbi2" H;Q Bi?K Bb # b2/ QM T ' Q# #BHBiIB2b- K2 M
;Q BiI?KK vT Q/m+2 /Bz2 2Mi "2bmHibX h?2 J2 ;2@aTHBi H;Q Bi

ke



BM #BT "iBi2; T? #vB/2MiB7vBM; #B@+HB[m2b-r?B+? 2 +QMM
Q7i?2; T?X Hi?Qm;? bT iB H@i2KTQ H +Hmbi2 b+ M#2 B/2Mi
i?72b2 +Hmbi2'b "2 HBKBi2/iQ bTHBi M/ K2 ;2- M/ i?2 2T 2b2Mi
Q#D2+ib Bb MQi /Bb+mbb29%X hQRibBiwl BKIQC2 2ti2MbBp2 HBbi Q-
+Hmbi2 " BM; H;Q Bi?KX

" T? +Hmbi2 ' BM; Bb i?2 i bF Q7 }M/BM; b2ib Q7 p2'iB+2b BM
(RAX TTHB+ iBQMb * M;2 77QK M HvbBb QM pQi2° #2? pBQ  iQ
h?2 HBi2"  im 2 BM+Hm/2b i?2 bim/v Q7 M 2pQHmMiBQ@QMXvM T? +H
2pPQHmMIBQM v H;Q'Bi?K- HbQ FMQrM b ;2M2iB+ H;Q Bi?K- mb?2
2pQHMIBQM- Kmi iBQM- M/ b2H2+iBQM iQ TT QtBK i2RM QTiBK F

X AM i?2 bim/v- M 2pQHmMiBQM v ;> T? +Hmbi2"'BM; H:;:Q 'Bi?K
KQ/mH "Biv-r?B+? "2H i2biQ i?2 +QMM2+iBQMb #2ir22M p2 iB+2b
" T?brBi? ?B;? KQ/mH "Biv? p2K Mv+QMM2+iBQMb rBi?BM +Hn
QmibB/2 Q7 i?2 +Hmbi2 X Hi?Qm;? M2pQHmiBQM 'v TT Q +? + M
Q7bT iB H@iI2KTQ™ H+Hmbi2 b-i?72 KQmMiQ7bT iB H@i2KTQ™ H
iQ #2 M Hvx2/X h?Bb Kv MQi #2 72 bB#H2 2bT2+B HHv r?2M +(
Bi2® iBQMb M22/2/ #v i?2 H:Q ' Bi?KiQ T°Q/m+2 bQHmMiBQMX

h?2°2Bb TH2i?Q Q7 +HmMbi2 BM; 82+ NUB)[-nBDbZ i PQMW2b + B #2
222 #2+ mb2 Q7 Bib "2H2p M+2 7Q  i?Bb i?2bBbX

"a* L Bb /2MbBiv@# b2/ +Hmbi2 BM; i2+?MB[m2 i? i; QmThb i
# b2/ QM /2MbBiv- BM Qi?2 rQ /b-i? i "2+HQb2iQ2 +?2 Qi?2 X Aill
T K2i2"bMminPts X h?2 }"bi T ° K2bZl'2+B}2b i?2 " /Bmb Q7 M2B;?#
7Q° 2 +? TQBMi BM bT +2X h?2nirfP#QM/TR +BY2i2i?2 KBMBKmK Mm|
Q7 TQBMib BM i?2 M2B;?2#Q°?2QQ/ Q7 TQBMiX h?Bb Bb mb2/iQ +1
i?7°22ivT2b, +Q 2 TQBMi- /B 2+iHV@ 2 +? #H2 TQBMi Q"  QmiHB2 b
"mH2b,

C TQBVBb +Q 2 TQBMMBFRtsi HQBoMib "2 rBi?B'M)/BBi WBtN+Hm/BM
pV X

C TQBdgvBb /B 2+iHvV 2 +P BEHZ@HEMrBi?BM /'BBITQK2Q 2 TQBMI
p X

C TQBMBb 2 +? #HR2E7 QK2 2 Bbp,-T 4R rBidi=p Min = q
r22°2 2pk? Bb /B 2+iHv "2 +B ¥H2 7°QK

C HH TQBMib MQi 2 +? #H2 7°QK Mv Qi?2 TQBMi 2 QmiHB2 b
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h?2"a* L H:Q Bi?K bi "ib#v TB+FBM; Mv TQBMiBMbT +2i? i?
A7 i?Bb TQBMi +QMi BMb bm{+B2MiHv K Mv TQBMib BM Bib M2B;?#
minPts "2 +? #H2 7°QK i?2 BMBiB H TQBMi- i?2M M2r +Hmbi2 Bb bi
iQ #2 "2 +? #H2 7°QK bQK2 TQBMi Q7 i?2 +HmMbi2 -BiBb T i Q7 i?:
+Q2TQBMiQ #Q' /2 TQBMi-/2T2M/BM: QM i?2 MmK#2 Q7 TQBN
T Q+2bb +QMiBMm2b mMiBH i?2 2MiB 2 +Hmbi2  Bb 7QmM/X h?2
TQBMii? i ? b MQi #22M pBbBi2/- H2 /BM; iQ i?2 /Bb+Qp2'v Q7 M
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