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Abstract

The aim of this thesis was to predict the outcome of patients based on time series CT
scans using Deep Learning techniques. Previous studies that have attempted to predict
patient outcomes using only CT or MRI scans have largely been unsuccessful. In contrast,
this study presented a novel approach by incorporating the temporal dimension of CT
scans, thereby potentially capturing dynamic changes that may be critical to predicting
outcomes.

Over the first two years of this study, acquiring and hosting the dataset from Copen-
hagen University Hospital in Denmark presented considerable hurdles. Complying with
GDPR rules, ethical guidelines, and data management clearances alone required nearly
eight months. After obtaining approval, we initially intended to store the data on the
DTU server, which adhered to GDPR standards. However, we were only informed after
several months that GPU support for sensitive data had been discontinued on that server.
This prompted us to revise our data management strategy and migrate the dataset to the
High-Performance Computing (HPC) server of the Clinically Applied Artificial Intelli-
gence (CAAI) Center. This process ultimately occupied the PhD’s first two years. In the
interim, multiple methodological approaches were explored and developed in anticipation
of receiving the dataset, ensuring that we were fully prepared once it became available.

To address the initial unavailability of data, we divided the PhD timeline into two
phases: Pre-Deep Consciousness and Deep Consciousness. The Pre-Deep Consciousness
phase included a series of scientific experiments aimed at developing a robust deep learning
segmentation approach. Our strategy involved extracting latent space representations
from the images and training time series models (LSTM model and transformer model)
on these features to predict outcomes for coma patients.

The first step of our Pre-Deep Consciousness plan was to validate our hypothesis by
developing a synthetic dataset that mimics the time series nature of CT scans. This
synthetic dataset included both images and corresponding masks. We trained a U-Net
model on these synthetic images and masks, which allowed us to explore two different
approaches. In the first approach, we extracted the latent space from the encoder of the
U-Net and fed it into a Long Short-Term Memory (LSTM) network to predict patient
outcomes. In the second approach, we extracted radiomics features from the images and
used them as input for an LSTM model. Using the synthetic dataset, we achieved promis-
ing results with an AUC of approximately 0.92; however, this was based on thousands of
generated images. To evaluate the performance of our methods on a smaller, real-world
dataset, we also applied these approaches to the Brats-18 dataset. Unlike our synthetic
dataset, Brats-18 contains only a single 3D MRI image per patient, rather than a series
of scans. On this dataset, survival prediction yielded an AUC of about 0.55, highlighting
the challenges of applying our methods to limited data.
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After concluding experiments on the synthetic and BraTS-18 datasets, our data ac-
quisition process was still ongoing. We began investigating robust segmentation methods
using a small dataset. Because we anticipated that, due to time constraints, we would
only be able to create masks for fewer than 50 head CT images, we planned to use la-
tent representations for further analysis. Building on their promising performance, we
experimented with various versions of Multi-Planar UNet, the Segment Anything Model
(SAM), and You Only Look Once (YOLO).

For simplicity, we began with 2D images, focusing on segmenting the short-axis ab-
dominal aorta in POCUS (Point-of-Care Ultrasound) images. With only 500 training
samples, YOLOvVS segmented nearly every image, including noisy POCUS scans sourced
online. We further experimented by training YOLO on just 100 samples (images and
masks) and passing the resulting bounding boxes to SAM as prompts, leading to masks
noticeably superior to those produced by YOLO alone—suggesting that SAM’s encoder
might provide a useful latent space for our project. After concluding this phase, we
searched for a place to host the Deep Consciousness dataset and explored another seg-
mentation method: Multi-Planar UNet (MPU). This model excels at handling small,
complex datasets (fewer than 100 samples), such as knee MRI scans, and when we added
an attention mechanism, MPU’s Dice Score improved by about 2%. Meanwhile, during
our YOLO experiments, we uncovered two major obstacles to its application in medical
imaging: a complex training data structure and a lack of medical-specific pre-trained
weights. In response, we open-sourced three critical resources—a Python package that
simplifies training 2D and 3D images with YOLO, “Med-YOLO” pre-trained weights,
and a COCO-style medical dataset containing roughly 200,000 2D CT scans and around
4.5 million bounding boxes—to help make medical imaging research more accessible and
efficient.

In the midst of the MED-YOLO project, we acquired our dataset and launched the
Deep Consciousness project, which was divided into two stages. The preliminary assess-
ment stage involved only 33% of patients for whom survival labels were available, focusing
on those with more than three CT scans to capture temporal effects. In the final assess-
ment stage, after we obtained all labels for all patients, we included individuals with even a
single CT scan, building on the preliminary findings. The first step of this project was bias
analysis and preprocessing. We checked for correlations between the number of CT scans
per patient and, finding none, proceeded to generate brain masks using TotalSegmenta-
tor. Next, we calculated mask volumes to exclude cases lacking head CT information,
ensuring that remaining scans were within 1,000 to 2,000 cc in size. Once these scans
were identified, they were registered to the Montreal Neurological Institute (MNI) head
CT, and SAM MED-3D was employed to extract latent space representations. Two deep
learning models: Transformer based model and a Conv-LSTM model were trained on
the time-series latent representations, achieving AUROC:s of 0.7 and 0.65, respectively, in
5-fold cross-validation on the validation dataset.
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In summary, this research aimed to predict patient outcomes from time-series CT
scans, overcoming significant data-acquisition hurdles at Copenhagen University Hospital
due to GDPR and technical limitations. While a synthetic dataset initially produced a
high AUC of 0.92 using U-Net—based latent features and LSTM, the performance dropped
(AUC 0.55) on a smaller real-world dataset (BraTS-18). Parallel efforts focused on im-
proving segmentation techniques (YOLO, SAM, MPU) and open-sourcing Med-YOLO
resources for medical imaging. This preliminary analysis was conducted on the 33% of
patients with time series CT scans. We performed bias analysis, registered the scans to the
MNI template, and extracted latent features using SAM MED-3D. These steps paved the
way for training and validating two deep learning models—the Transformer and Conv-
LSTM—on the time-series latent representations, achieving 5-fold cross-validation AU-
ROCs of 0.70 and 0.65, respectively, on the validation dataset. The preliminary analysis
supports our hypothesis: whereas a single CT provides only a static snapshot of intracra-
nial pathology with limited prognostic utility, leveraging time-series CT data captures the
temporal evolution of brain recovery, leading to more accurate outcome predictions. In
future work, we will include the full dataset for model training and validation.
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Resumé

Malet med forskningen i athandlingen er at forudse koma-patienters mulighed for at vagne,
ved at analysere CT hjerne-skanninger. Dette er fgr forsggt uden held, men vores hypotese
er, at det kan ggres ved at se pa en serie at skanninger, der kan fange en eventuel udvikling
over flere dage under indleeggelsen.

Vores hoved-data-samling kommer fra Rigshospitalet, som analyseres i athandlingens
sidste kapitler. Inden da analyserede vi andre andre typer skanninger og undersgger
hvilke typer modeller, der bedst egner sig til at udtraekke latente variabler, der kan
udtreekke den relevante, tidslige udvikling. Dette blev gjort med syntetiske data, med
MRI-skanninger til at forudse tumorer, knse-skanninger, samt ultralyds-skanninger af
hjerter. Metode-maessigt sammenlignede vi metoder, hvor skanningen fgrst blev seg-
menteret fgr udtraeekning af relevante variabler med metoder, hvor en segmenterings-
metode blot bruges til at udtrackke latente variabler. Disse latente variabler indgik derefter
som input til prediktions-modeller, der blev traenet til at forudse det relevante kliniske
mal. Disse modeller tilhgrte alle familien af metoder, der ofte betegnes som kunstig
intelligens.

Til slut benyttede vi den mest lovende model pa data fra koma-patienterne fra Rigshos-
pitalet. Resultaterne bekraftede vores hypotese om at analyse af en tids-serie at CT
skanninger kan bidrage til at forudse patienternes mulighed for overlevelse.
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G2 MBM; J2i?Q/b

h?2 :H b;Qr *QK a+ H2 U:*aV Bb rB/2Hv miBHBx2/ 7Q" bb2bbBM:
BM; #° BM BMDm B2b- 2p Hm iBM; 2v2- p2 ' # H- M/ KQiQ  "2bTQM
j U/22T mMM+QMb+BQmbM2bbV iQ R W7 nM2H M Q CHRNB®M AV bbV U
bi> B;?i7Q r / /2bB;M M/ HQM:bi M/BM; BM+Q TQ" iBQM BMiQ +H|
Bib +QMiBMm2/ T 2p H2M+2X >Qr2p2°-i?2:*a7 +2b HBKBi iBQMb-
T iB2Mib 7Q  r?QK p2 # H "2bTQMb2 bb2bbK2Mib "2 MQi 72 bB#H:
6MHH PmMiHBM2 Q7 IM_2bTQMbBp2M2bb U6PI_V a+Q 2r b/2p2HQT:
"2bTQMb2b- # BMbi2K "2~2t2b- M/ 2bTB  iBQM T ii2 "MbX 1 +7? +
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y iQ 9- "2bmHiIiBM; BM iQi Hb+Q ZABRIB#2AD-RyMIMMREMIHBF2 i?2
:*a- 1?2 6PI_a+Q 2+ M #2 2z2+iBp2Hv TTHB2/iQ BMim# i2/ T iB2
bBKTHB+Biv-7 KBHB "Biv- M/ 2 b2Q7mb2Q7i?2:*aK BMi BMBib
Ip M+2K2Mib BM K +?BM2 H2 MBM; UJGV K2i?Q/b Qz2 T QKBbB
TQ iBM; KmHIiBKQ/ H/ i - BM+Hm/BM; +QMiBMmQmb 11: bB;M Hb
J AV- M/ //IBiBQM H+HBMB+ HT ~ K2i2 bXXK@@&#HrmBi KiQ/BM h ¢
7°2[m2MiHv +?B2p2 T 2/B+iBp2T2'7Q°K M+2U | _P*"> M:BM; 7 QK \
Q bmT2 BQ iQ +H bbB+ H :*a@# bRXNRO2BBRAMIBUMKHH22TQ i |
_P*p Hm2b #2ir22M yXd3 M/ yXNdX aB;MB}+ MiHv- KQ/2°MJG TT
bBM;H2@iBK2@TQBMi 2p Hm iBQMb #v BMi2;" iBM; HQM;Bim/BM |
KmHiBb+ H2 11: M/ 2biBM;@bi i27J_A +QMM2+iBpBiv-i?22 2#v TC
BMbB;?ib BMiQ M2m " QHQ;B+ H "2+Qp2'vi>  D2+iQ'B2bX
.2bTBi2i?2 +H2 " TQi2MiB HQ7 K +?BM2 H2 "MBM; UJGV iQ 2M?
BM +QK iQb2 T iB2Mib- +HBMB+ H /QTiBQM Q7 JG KQ/2Hb “2K BM
7Q bT2+B HBx2/2[mBTK2Mi- +QKTH2t/ i T'2T ' Q+2bbBM;- M/i?2
i iBp2i° BMBM; +Q?Q ib bQK2bim/B2b ? p2BM+HmM/2/ b 72r b RdIT
H b;Qr *QK a+ H2 U:*aVBb mMBp2 b HHv p BH #H2-" TB/Hv /KB
/12°biQQ/X *HQbBM; i?Bbi° MbH iBQM H; TrBHH "2[mB 2 H ";2- Kr
bi M/ “/Bx2// i c +[mBbBiBQM T°QiQ+QHb- M/ b2 KH2bb BMi2;" iB
BMiQ 2tBbiBM; +HBMB+ HrQ F~QrbX ?2v# B/bi i2;vi? i m;K2Mib
"Bp2/ 72 im 2b K v i?2°27Q 2 ? "M2bb i?2 +QKTH2K2Mi v bi 2M;i~
hQ i?Bb 2M/- i?Bb i?2bBb M Hvx2b bm pBp HQmi+QK2b 7Q e-8jR
i *QT2M? ;2M IMBp2 ' bBiv >QbTBi H- BKBM; iQ /2p2HQT M/ p HB.
KQ/2Hb i? i +QK#BM2 2bi #HBb?2/ +HBMB+ H bb2bbK2Mib rBi? /p
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h #4H2 RXR, *H bbB+ H K2i?Q/b, :*a ++m  +v 7Q  JQ i HBiv S 2/B+
BM AMi2MbBp2 * "2 IMBi UA*IVf1K2 ;2M+v .2T iK2Mi U1.V

SQTmH iBQM ULV *a RFBK@ +v J2i'B+b UJQ iJYBivHBIivV

BM; S'2/B+iBQMV Pmi+QK2
Rkd T iB2Mib k®?? M/ I* 0:78 i k9?c I* 0098 AM@?QbTBi H Q"
+mi2 Bb+?8KB+ TQbii@k?X :*arb b T 2/B+irBp2BM jy/ vb
bi"QF2 /IKBbbBQMiBQM H AMbiBimi2b Q7 >2 Hi? ai QF2
U MbQm™ 2i HX a+ H2 ULA>aaV
Ky RV
Rj3 T iB2WRiN [* 4 yXN8c :*a6 ? /| NIX]WMM@?QbTBi H
UKQ/Xfb2pX h"AVFA*I a2Mb - Uk@r22F TQbi@
Wt BF 2ilkkyRBY /KBbbBQBKkXI9W aT2+ 7Q k@r22F KEMD mmBVW
Ny A*I i° mK TP® A*l /@Il* 087 QM /KBbbBQMc AM@?QbTBi H
iB2Mib KBbbBQMEXNR ie?c UA*IV KQ i HBiv
U?2HB+?F? MBe2i RRX kyYyXN8 i Rk?c
ky R3V 7i2° yXNd i k9?
jyy T iB2Mib URB/B@k9 ?RJIABK H :*a +m7Q_2 AM@?QbTBi H
+ HA*IV A*l /KBb@&@2Mb 3yW- aT2+ eNW- UJA*IV KQ'i H@
U Kx MB M/ >0B@M I* 4 yX3ke Biv
b 2 BUK\BRNV
kR3 P>* T iB2MM ?QbTB@ yXdj8c AM@?QbTBIi H KQ @
UTQbi@_Pa*V i H "Bp:ta> 97?7 / P_ 64 i HBiv
W /QHMv 2i UARbi@ 7Q bm pBp HiQ /Bb+? ;2
Ky K\RV _Pa*v
k9e bi'QF2 T iBREMih. /@ *a< Ry, I* 078c AM@?QbTBi H
U M bBM;?2 2iIKBBEBQMa2Mb NeXjW- aT2+ 9RX9WU +mi2 bi QF2V
WKkykyV KQ'i HBiv
j-iye h"A T iB2AWbl. /@ I* 086 Uk9? KQ'i HBivVAM@?QbTBi H
UKmHIiB+2Mi2 \KBbbBQM I|* 082 Ujy/ vVc Uk9 ?-
UbF2i WXkyV *QKT ~ #H2 iQ J: Sf: S jiy! vbV
J2i @ M HvbiBbPM /@SQQH2/ 10:92c AM@?QbTBIi H KQ @
bim/B2b- KBbbBQM.B ;MQbiB+4&5c i HBiv Uh"AV
k-y3j h"A T iB2NMib B2/V aBKBH " iQ 6PI_b+Q 2
U?K /B 2i H X
KykyV
39 A*I M2m ' Q PIM@ A*l:*a +miQ3A85, 1 "Hv TQbi@
iB2Mib /IKBbbBQMNZW a2Mb- deW aT2+c /IBb+? ;2 KQ @

WPK *2i KYKOVB6QHHQr@maf6PI_ #Qi? RyyW a2Mbi7HBiR @R KQMi?V
i RKQMiKQMi? /2 i?

k-kde A*I T iB2 Wb J@*a 1* 085 Qp2 HHC #2AM@MDbTBI H KQ' @
Bm 2i BXk@V KBbbBQMbi*QF2 U I#90V i? M h"A U Ii* HBiv Uk9 dk ?-
UA*If1.V 081Vc Llgak QmiT2 7Q K2MiBa2 bi vV
U l* 096V
8
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h #H2 RXk, J +?BM2 G2 "MBM: J2i?Q/b, *QK am 'pBp H S 2,

L K2Q7S T2 J2i?Q/QHQ;v . i 1b2/ J2i'B+b

S 2/B+iBM; L2m QHQ B+.B2AM2QK 2HBOMMI@MmQmb_P*,

*QK iQb2 S iB2Mib 7i2° *Q/BF +U*@L Y1: bB:M HbyX3j URK?V
“2bi rBi? JmHiBb+ H2 .2@dhl1¥m  H /2KQ; T?B+b  yXNR
L2irQ Fm?@M; 24k {HOR URYj3 T iB2MNiba?V

11:@# b2/ Pmi+QK2 S 2/B+iBOQIMB@RN@+? MM2H_PZ;
i2° * /B + " 2Dbi rBi? *OBIQNHM@L2R*® /BM;b yiX K8
iBOQM H L2m  H L2irQ Fh2irQ2F7\@Q-l@ed T iB2Mib

K M+2 M/ oBbm HBx iBQM Q7 .Bb+ BK@

BM iBp2 62 G\ b 2 k yHRK

m/BiQ' v aiBKmH iBQM *IM/ (@MT ml@: rBi? m/B®&o,
G2 "MBM: S 2/B+i r F2MBIM); V7 QX QB2 biBKmH 3B\WM

*QK 7i2° * /B + "2HH2AM : "2bTQMbZ2Q K TQHIi@®*,
21 HRY kY + /B + T2 XeN yXdy
T iB2Mib
_2biBM;@ai i2 " BM +aBpBliQ 7VQ@Q2+R2QIiBM;@bi 2+m" +v,
1 "Hv S'2/B+iBQM Pmi+@KERM2BMaGJVA b+ Mb NBRXDB W -
SQbi MQtB+ S iB2MibSBNED MQK2bUBM ; ® bB2MibV | _P*,
;BM 2i ki Ky 7J_A +QMM2+iBp@ yXN9
Biv

Pmi+QK2 S 2/B+iBQM BM*&§LiB2MitBiB#2 / *h b+ Mb P*,

a2p2'2 h> mK iB+ "° BM AMPI7 2 16@ YMBHBMB+ H XNk UBMi2 @
BM; .22T G2 "MBM; 7°'QKmB2/ *Bi? +HBKMB&d hMAHV- yX3j
a+ MBUD2 2ik kK + H /i T iB2Mib U2ti2 M HV

STQ;MQbBb S 2/B+iBQM 1IBM ZR#RR iIBHBMB+ H +AM@+V,

"*BMAMDM' VS iB2Mib IKEM2B8 - ?BMRB-2b- H #b- 3 MW

G2 "MBM; H:;QEBiRBHB 22 #BHBQM *h22-}M/BMBHQM;@i2 K

Ky kY LL- :GJV 7 QK Re8j WM pBp HV
T iB2Mib

J +?BM2 G2 MBM;,@">wz/BT@LL*HBMB+ H +4m° +v,
T'Q +? iQ S 2/B+i S Q;MEAQLBW MYH/b@K h"A TN@XdW -
G2M;i? Q7 >QbTBi H ai wBM iBQHMb iBEMib U /mHilP*,

M/ *?BH/ 2M gBB?MRIUHR; 2bbBQMT2/B i B+V N9XjW
Ky kk

J +?BM2 G2 MBM,@" b21 bQKMBRIB@EBQM H ai QH2 +v,

+ iBQM Q7 JQ i HBiv BMK@i2pm2 SUB24Bbi'v [/ N9X8W-

iB2MiBnUD #2° 2kyHK& s:"QQbiV rBUN39y T iB2NMiPYV,
a>S M HvbBb 3dXjwW
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RX8VvTQi?2bBb

ITQM T 2b2Mi iIBQM iQ i?2 2K2 ;2M+v /2T "iK2Mi rBi? +mi2 +QK r?
KiB+# BMBMDmM v Uh"AV-bi QF2-Q Qi?2 + mb2b T iB2Mib mM/
m iBQM i? i BM+Hm/2b /2i BH2/ M2m QHQ;B+ H 2t KBM iBQM U2
H#Q iQ vi2biBM;- M/ M BKK2/B i2MQM+QMi" bi?2 /*hb+ M bi
KQ/ HBiviQ /2i2+i BMi~ +° MB H ?2KQ "? ;2- K bb 2z2+i- M/ Qi?2"
BiB2bX AM h"A T iB2Mib rBi? TQbBiBp2 BMBiB H *h }M/BM;b Q" +H
T Q; 2bbBQM-T Q72bbBQM H ;mB/2HBM2b "2+QKK2M/ b+?22/mH2/
rBi?BM e Rk 2Qm b Q7i?2} bib+ M-7QHHQr2/ #v //IBiBQM H b+ MI
7i2° b+HBMB+ HHvBM/B+ i2/ iQKQMBIiQ /vM KB+ +? M;2b M/ ;m|
UQb2M 2kylR®X AM +mi2 Bb+?2KB+ bi QF2- BMBiB H *h /Bz2 2MiB
Bb+?2KB+ BM7 "+iBQM iQ /2i2°'KBM2 2HB;B#BHBiv 7Q  "2T2 7mbB
Bb T2 7Q K2/ # b2/ QM M2m QHQ;B+ +? M;2 Q° i b2i BMi2 p Hb i
M/ ?22KQ "? ;B+ i Mbu@7?K2iBRyYMWMKX h?Bb T QiQ+QH T Q/m+2b H °;
im/BM Hb2 B2b Q7 *h bim/B2bX q2 ?vTQi?2bBx2 i? i-r?2°2 b bBlI
bi iB+bM Tb?QiQ7BMi" +" MB HT i?QHQ;v M/ i?mb ? b HBKBi2/ T
Q7 iBK2cb2 B2b *h /i r?B+?+ Tim 2bi?2i2KTQ H2pQHmMIiBQM Q'
bB;MB}+ MiHv ++m  i2T 2/B+iBQMb Q7 +HBMB+ HQmMi+QK2b BM +
+QK#BM iBQM Q7 +H bbB+ H M/

RXe. I b2i Abbm2b

AM i?2 2 "Hv bi ;2b Q7 i?Bb T°QD2+i- +[mB'BM; i?2 /i b2i 7°QK *
>QbTBi HBM .2MK "F T Qp2/iQ #2 KQ 2 +? HH2M;BM; i? M 2tT2+i2
iBQMb K2 Mii? i2p2'vbi2T 77 QK ?Qri?2 /i rb? M/H2/iQ 2Mbm B
bi M/ “/br2°2 K2i "2[mB 2/ + "27mHTH MMBM; M/ TT Qp HX g2 ?
+H2 ° M+2b M/ b2imT :.S_@+QKTHB Mi b2 p2 - r?B+? +QHH2+i|
iQi?2 Km+?2@M22/2/ /i X hQ pQB/ bi HHBM; i?2 "2b2 "+?-r2 mb2/
/[2p2HQT M/ “2}M2 b2p2° H K2i?Q/QHQ;B+ H TT 'Q +?2bX h?Bb T
i? i- QM+2 i?2 /i #2+ K2 p BH #H2-r2r2 2 7TmHHv T 2T "2/ iQ BK
M/ #2;BM Qm~ M HvbBb rBi?Qmi 7m i?2  /2H vX
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6B;m 2 RXR, .22T *QMb+BQmbM2bb h 22, 6HQr+? i 7Q" S 2/B+iBN\
IbBM; J2/B+ H AK ;BM; M/ A JQI/2Hb
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RXdh?2bBb AMi"Q/m+iBQM

6B, MRXBRHHmMbi  i2bi?22MiB ' 2i? 22@v2 "S?. T 'QD2+iX h?2} biirC
/12/B+ i2/iQ +[mB BM; M/ ?QbiBM; i?2 /i b2i 7" QK *QT2M? ;2M IM
.2MK "F-r?B+? T 2b2Mi2/ +QMbB/2" #H2 +? HH2M;2bX *QKTHVBM;
:mMB/2HBM2b- M/ /i KM ;2K2Mi +H2 *~ M+2b HQM2 ‘2[mB 2/ M2 °
Q#i BMBM; TT Qp H-r2 BMBiB HHv BMi2M/2/ iQ biQ 2 i?2 /i QM
[?22°2/1Q :.S_bi M/ "/bX >Qr2p2 -r2r2 2 QMHvVBM7Q K2/ 7i2 b2
:SIbmTTQ i 7Q b2MbBiBp2 /i ? / #22M /Bb+QMiBMmM2/ QM i? i b2°
iQ 2pBb2Qm /i KM ;2K2Mibi  i2;v M/ KB; i2i?2/ i b2iiQi?2 >k
*QKTmiBM; U>S*V b2 p2 Q7 i?2 *HBMB+ HHv TTHB2/ "iB}+B H AN
h?Bb T Q+2bb mHIBK i2Hv Q++mTB2/ i?2 S?.6b } bi irQ v2 "bX A]
K2i?Q/QHQ;B+ H TT ' Q +?2br2°'2/2p2HQT2/BM MiB+BT iBQM Q7
BM; r2 rQmH/ #2 TmHHvV T 2T "2/ QM+2 Bi #2+ K2 p BH #H2X

RXdXR 2@ .22T *QMb+BQmbM2bb S? b2

hQ //'2bbi?2BMBiB HmM p BH #BHBivQ7/ i -r2/BpB/2/i?2 S?.IiE
S 2@.22T *QMb+BQ.R2ADPM2QMMb+BR M’ 2D @ .22T *QMb+BQmbM2bt
7Q0+mb2/ QM /2p2HQTBM; M/ p HB/ iBM; "Q#mbi /22T H2 "MBM; T
M/ Qmi+QK2 T 2/B+iBQMX "2+ mb2 r2 +QmH/ MQi ++2bb i?2 2 F
+°2 02/ bvMi?2iB+ /i b2iiQ KBKB+ i?2 iBK2@b2'B2b M im'2 Q7 *h
/ i b2i BM+HmM/2/ #Qi? BK ;2b M/ +Q '2bTQM/BM; K bFbX

RXdXRXR2i M/ GahJ AMi2; iBQM
q2i° BM2/ 1@L2i KQ/2H QM i?2 bvMi?2iB+ BK ;2b M/ K bFb- 2tTHQ

RXTT Q +2 Rti° +iBM:i?2H i2MibT +27 QK i?22M+Q/2 Q7i?21@
Bi BMiQ GQM; a?Q i@h2 K J2KQ vUGahJV M2irQ ' F7Q  bm pB

KXTT Q +2,klti° +iBM; /BQKB+b 72 im 2b 7°QK i?2 bvMi?2iB+ B
i2Qb2 72 im 2b bBMTmiiQ M GahJ KQ/2HX

PMi?2 bvMi?2iB+/ i b2i UrBi? i2Qmb M/b Q7 ;2M2" i2/ BK :2bV-r
BM: I*Q7 TT QtBK i2HVyXNkX >Qr2p2 -#2+ mb2 2 H@rQ H// i b
M/ KQ 2 22i2°Q;2M2Qmb- r2 HbQ i2bi2/ i?2b2 K2i?Q/b QM i?2 ™"
+QMi BMb QMHv bBM;H2j.J Ab+ MT2 T iB2Mi  i?2 i? M iBK2
bm pBp HT 2/B+iBQM vB2H/2/ M I* Q7 #Qmi yX88- BHHmbi  iBM
Qm  iBK2@b2'B2b TT'Q +?2iQ bBM;H2@b+ M/ i b2iX
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RXAXRpk a2:K2Mi iBQM _2b2 “+?2 J ii2°b

Hi?Qm:? b2:K2Mi iBQM 2tT2 BK2Mib K v b22K HBF2 /2iQm - i?2
i?72 "2T7°2b2Mi iBQM H2 "MBM: +? HH2M:2 mM/2 HvVBM: i?Bb T QD:
2Qr #2bi iQ 2ti° +i K2 MBM;7mH BM7Q K iBQM Ui?2 H i2Mi bT +2V
i?2b2 "2T 2b2Mi iBQMb + M /'Bp2 Qmi+QK2 T 2/B+iBQMbX a2:K2
l@L2i-a J- Q  uUPGP@# b2/ TT ' Q +?22b- ?22HT BbQH i2 K2/B+ HHv°
T°Q/m+2 +QM+Bb2- BM7Q K iBQM@ 'B+? 72 im 2bX h?2b2 H i2Mi "
BMiQ M GahJQ h Mb7Q K2 @# b2/ KQ/2HiQ K F2bm pBp H T 2/I
2ti° M2Qmb- "Q#mbi b2;K2Mi iBQM 2tT2 BK2Mib T p2 i?2 r v iQr
bi #H2 72 im 2 2ti° +iBQM- mHiBK i2Hv BKT QpBM; T 2/B+iBp2 T2°

RXdXtk MbBiBQM iQ aK HH _2 H@qQ H/ . i b2ib

q?BH2 r BiBM;i?2K BM/ i b2i-r2+QMiBMm2/iQ *2}M2 b2;K2Mi iBC
2 H@rQ ' H/ / i b2ibX g2 MiB+BT i2/i? i /Im2iQ iBK2 +QMbi’ BMib
+ 2 2K bFb 7Q°72r2 i? M8y 22 / *h BK :2bX h?mb- Bi #2+ K2 BM+
iQ b2H2+ii?2 "Q#mbib2:K2Mi iBQM K2i?Q/-bQ i? ir2 +QmH/i  BM |
OM bK HH/ i b2i M/2ti® +ii?2 H i2Mi 2T 2b2Mi iBQMb mbBM; i?:

RXdXkXtRHQ BM; JmHIB@SH M " I1@L2i M/ uPGP

CIJmHIB@SH M " IL2i Ud3MT2 BK2Mi2/ rBi? JSI-r?B+? 2t+2Hb i
/IHBM; bK HH- +QKTH2t/ i b2ibX //BM; M ii2MiBQM K2+7? MBL
a+Q 2 #v #OQmi kWX

CuPGP 1tT2 BK2Mj» HbQ i'B2/ uPGP@# b2/ b2;:K2Mi iBQM QM |
BMBiB HHv 7Q+mbBM: QM i?2 b?Q i@ tBb #/QKBM H Q'i BM
i bQmM/V BK ;2bX qBi? Dmbi8yyi° BMBM; b KTH2b-uPGPp3r |
1p2M r?2M i° BM2/ QM QMHv Ryy b KTH2b- uPGP #QmM/BM; #Q
7Q 1?2 a2:K2Mi MvVi?BM: JQ/2H Ua JV-T ' Q/m+2/ 2t+2HH2Mi K
a Jobbi'QM; 2M+Q/2° M/ Bib TQi2MiB H b p Hm #H2 bQm +2
bm#b2[m2Mi i bFbX

RXdXKkKkK2M@aQm +2 J2/B+ H AK :BM:; hQQHDb

AMi?2 T°Q+2bb Q7 #mBH/BM; i?2b2 b2;:K2Mi iBQM TBT2HBM2b- r2
+H2b 7Q  UPGP BM K2/B+ HBK :BM;, URV +QKTH2ti° BMBM;/ i b
Q7 K2/B+ H@bT2+B}+ T 2i° BM2/r2B;?ibX hQ //°2bb i?2b2-r2 QT2

¢ Svi?QM T +F ;2iQ bBKTHB7vi BMBM; k. M/j. K2/B+ HBK ;2

Ry
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C 0J2/@uPGPO T 2i BM2/r2B;?ibX

C *P*P@bivH2 K2/B+ H / iky%i-yBy?k. *h b+ MOXE/KBHHBQM b2;@
K2Mi iBQM K bFbX

RXdXj22T *QMb+BQmbM2bb S? b2

PM+2 i?2 K BM +QK T iB2Mi /i b2i ~“Bp2/- 7i2°  }M HBXxBM: HH :
[MB 2K2Mib- r2 H m3T? 20 MR+B @ M2bib bTHBi BMiQ irQ bi :2b,

RXdXj®R2HBKBM v bb2bbK2Mi
C g2 mb2/jjw Q7 i?2 T iB2Mibr?Q H 2 /v? /bm pBp HH #2Hb p

ChQ+ Tim 2i2KTQ  H 2z2+ib-r27Q+mb2/ QMHvV QM T iB2Mib rBi
b+ MbX

CQg2T2 7Q K2/ #B b M HvbBb-p2'B7vBM;i?2°2r bMQ +Q "2H iB
i?72 MmK#2" Q7 *h b+ Mb- M/ i?2M ;2M2° iaQ# HBRR; K2KFbi@bB M.
PMHv b+ Mb rBi? ?22 /| pQHmMK2b #2ir22M R-yyy M/ k-yyy ++ r2°2

C h?2b2 b+ Mbr2 2 "2:Bbi2 2/iQi?2JQMi'2 HL2m QHQ:;B+ H AM
i2KTH i2X g2 i?2M 2KTHQvV2/a JJ1.@j.iQ 2ti° +iH i2MibT +2 :

C /22T H2 MBM; KQ/2H +QK#BMBM; h™ Mb7Q K2 M/ GahJ "+?B
QM i?2b2 i BK2@b2 B2b H i2Mi 2K#2//BM;b TTHVBM; 8@7QH/ +

RXdAdXjBBM H bb2bbK2Mi

"V i?2 iBK2 Q7 i?2bBb bm#KBbbBQM-i?2 }M H bb2bbK2Mir b MQi -
K2Mib 2 biBHH :QBM: QMX h?Bb b2+iBQM rBHH #2 BM+Hm/2/ BM

T T2 X

C 7i2° Q#i BMBM; HHH #2Hb 7Q  HHT iB2Mib-r2 BM+Hm/2/ BM
*h b+ MX

C g2 #mBHiIi QM i?2 BMbB;?ib ; BM2/ 7°QK i?2 T'2HBKBM v bi ;2
Ip M+2/ b2;K2Mi iBQM TT Q +?2b M/ Q#mbiH i2Mi@bT +2 72

C h?2Qp2 "+?BM; ;Q H 2K BM2/iQ ++m i2Hv T 2/B+ibm pBp |
+B MbBMT iB2Mi K M ;2K2Mi M/ T Q;MQbiB+ /Bb+mbbBQMbX

RR



*2 Ti2> R % AMi"Q/m+iBQM

.2bTBi2 BMBiB H/2H vbBM /i +[mBbBiBQM-i?2 2ti2MbBp2 b2;}
M2ti° M2Qmb /2iQm X _ i?2 -Birb+ m+B H7Q H2 "MBM:?QriQ #
BM7Q K iBQM 2M+Q/2/ BM j. # BM b+ MbX "v "2}MBM; b2;K2Mi iB
bT +2 2ti° +iBQM- r2 2bi #HBb?2/ 7QmM/ iBQM 7Q" 2z2+iBp2HV |
KQ/2Hb *QMp@GahJ KQ/2H M/ h  Mb7Q K2 @# b2/ KQ/2H + T #I
Qmi+QK2bX h?2 mHIiBK i2 Q#D2+iBp2 Bb iQ /2HBp2" +HBMB+ HHV
T 2/B+iBQMb UHB72 pbX /2 i?V-2M #HBM; KQ 2BM7Q K2/ M/iBK2
+ "2 b2iiBM:bX

Rk



GBbi Q7 Sm#HB+ iBQMbD

h?2 rQ F T'2b2Mi2/ BM i?Bb i?2bBb ? b H2/iQ i?2 7QHHQIBM: Tm#}

RXmMKBi S M/2v- *?B @q2B Gm- *?2 " @JBM: h M- SQ@>bB M: hbn
Em M@6m *?2MX o HB/ iBM; VQHQpP3 M/ b K7QmM/ iBQM KQ/?2
+ "2 mHi" bQmM/ Qi b2:K2Mi iBQMX kyk9 UBM “2pB2rVX

kXamKBi S M/2v- Em M@6m *?2M- M/ 1°BF " . KX *QKT 2?22MbBp
K2Mi iBQM BM K2/B+ HBK :BM;, *QK#BMBM: vQHQpP3 rBi? b K
S Q+22/BM:b Q7 i?2 A111f*06 BMi2 M iBQM H +QM722BM+2 QM
k8Nk k8N3- kykj#X

jXamKBi S M/2v- hQb? HB-J i?B b S2 bH2p- M/ 1'BF". KX /p M
M2v imKQ - +vbi b2;K2Mi iBQM, KmHIB@TH MM2  m@M2i TT"
H2M;2XMABRI'M iBQM H*? HH2M;2 QM EB/M2v M/ EBTM2b hmKQ"
ROj R93X aT BM;2 - kykj+X

9XamKBi S M/2v-a ivb  M*? M;/ - M/ 1'BF "X . KX hmKQ" b2;K
bm pBp HT 2/B+iBQM 7 QK KmHiBOKQ+iH ¥2bRMiRIBXLAM/ B+ A
J22i kKykR+iQ#2" kyKkj

h?2b2 Tm#HB+ iBQMb r2 2 MQi BM+HmM/2/ BM i?Bb i?2bBbX

RX ivb  >M*? M;/ -"Bp b"? mKBF-L # MBi a /?mF? M-amKBi S
JMF?QT /?2v v- aQmK2M .2- M/ a2 }K" F HBbX AMi2;" iBM: bv
rBi? T?2vbB+b@BM7Q K2/ M2m" H M2irQ Fb 7Q  bBKmH iBM; M«
“i2'B H #HQ QP wIB Xb Q7 jHURBM: kyk9 X

kXxim@*?mM GBM- :B:BM GBM- amKBi S M/2v- *?B?@>m u2?- CB
GBM- hbmM;@uBM; >Q-a?2mM; @6 i EQ- M/ a?m@> M; L;X 6mkh
i iIBQM M/ /IBQKB+b 72 im 2 2ti° +iBQM Q7 ?2vTQT? "vM;2 H +
H2 MBWM;RT2 M _ BQUHD/yve893 e88e- kykjX

Rj



*? Ti2 K

*QKT 2?22MbBp2 1tT2 BK2Mi H
M HvbBb QM avMi?2iB+ M/ " h
I b21Db

h?2 rQ'F T'2b2Mi2/ BM i?Bb +? Ti2  Bb T "iB HHv # b2/ QM b?Q"

Q  HHv T 2b2Mi2/ i, amKBi S M/2v-aivb M *? M;/ - M/ 1 BF

b2:K2Mi iBQM M/ bm pBp HT 2/B+iBQM 7  QK#brinH+B FRZW/2M 2/ B M
i LQ /B+ A J22i Ryk®#2  kykj X

R9



AM i?BbrQ ' F-r2 H vi?2 7Q0m22/T iBMWb @B 7d M2-bib#v /2p2HQTBM
K2i?Q/QHQ;v7Q bm pBp HT 2/B+iBQM QM iBK2 b2 'B2b #° BM *h
++2bb +? HH2M;2b-r2 2KTHQvV2/ iQvbvMi?2iB+/ i b2i+QKTQb2/ (
# BM M iQKvrBi? b? T2b 2T 2b2MiBM; Q ; Mb M/ /272+ib KBKB+
h2KTQ™ H/vM KB+b r2°'2 BMi'Q/m+2/ #v p '"VBM; i?2 bBx2 Q7 i?2 /2
b? BMFBM; /272+i bB;MB}2/ T iB2Mi bm pBp H M/ bi #H2 Q 2N\
TQQ T Q;MQbBbX l@L2i "+?Bi2+im 2 r b miBHBx2/ iQ 2ti~ +i
M/ > IBQKB+b 72 im ' 2b 7' QK i?2b2 BK ;2b- r?B+? r2 2 bm#b2[m2\
GahJ M2irQ FX Pm® TT'Q +? +?B2p2/ M | _P* Q7 yXNN QM i?2 b
hQ p HB/ i2 Qm™ }M/BM;b-r2 TTHB2/ i?2 b K2 K2i?Q/QHQ;v iQ i?:
Q#i BMBM; M | P* Q7 yX88 QM i?2p HB/ iBQM b2iX

KXRAMi*Q/m+iBQM

++m’ i2Hv T 2/B+iBM; T iB2MiQmi+QK2b # b2/ QM# BMBK ;BM;
BMM2m Q+ BiB+ H+ "2X *HBMB+B Mb Hr vb M22/ 2HB #H2- miQ
T Q# #BHBiv- ;mB/2i 2 iK2Mi/2+BbBQMb- M/ +QKKmMB+ i2 "2 HBI
; BMbii?Bb # +F/2QT-*iQRMb+BQ@nm*bMI2IKD2+i 7Q+mb2b QM BMi2;" iB
b2;K2Mi iBQM M/ iBK2@b2 B2b M HvbBb iQ T 2/B+i T iB2Mi bm pl
b+ MbX "v+ Tim BM; /vM KB+ +? M;2b BM "2H2p Mi BK ;BM; #BQK
TQBMib- i?2 T°"QD2+i BKb iQ /2HBp2° +HBMB+ HHv K2 MBM;7mH
r?2i?2° T iB2Mib "2 HBF2Hv iQ bm pBp2 Q bm++mK# iQ b2p2°2 #°

h?2 BMBiB H T? b2 Q7 i?2 .* T°"QD2+i 2M+QmMi2 2/ bB;MB}+ Mi
H ;2@b+ H2 +HBMB+ H/ i - T'BK "BHv /m2 iQ 2i?B+ H+QM+2 Mb
K2Mib- M/ b2 p2 BM7 bi m+im 2 HBKBi iBQMbX hQ bmbi BM "2b:
+QMbi m+iBM; bvMi?2iB+ /i b2ii? i bBKmH i2/i?2 i2KTQ H 2pQ
K HBiB2b bm+? b H2bBQMb Q  imKQ'b + ' Qbb b2[m2MiB H k. bHB-
"QMK2Mi- /2+°2 bBM; /272+ibBx2r b bbQ+B i2/rBi? BKT Qp2/bm
; Qri? BM/B+ i2/ TQQ 2 T Q;MQbBbX AM //BiBQM iQ p HB/ iBM;
i?72iB+ /1 -r2i2bi2/ Qm° TT Q +?2 QM i?2 " ha@R3 /i b2iX Hi?2Qm
bBM;H2j.J Ab+ MT2 T iB2Mi-Bi T QpB/2/ p Hm #H2 2 H@rQ |
QM BMbB;?ib 7°QK i?2b2 T'2HBKBM 'vbim/B2b-r2 T ' Q; 2bb2/iQ i
BM; QM 2ti° +iBM; K2 MBM;7mHH i2Mi@bT +2 2T 2b2Mi iBQMb 7°
2KTHQVBM; /22T H2 "MBM; "+?Bi2+im 2b iQ T 2/B+i bm pBp HQm
iBQMb /2i BHQm K2i?Q/QHQ;v- BM+HmM/BM; b2;K2Mi iBQM- 72 im"
KQ/2HBM;-BM T 2T " iBQM7Q H ;2@b+ H2 +HBMB+ H/2THQVK?2]

R8



kXkJ2i?Q/QHQ ;v

Pm> TT Q +? BMpQHp2b irQ@bi ;2 T°Q+2bb, }'bi- BK :2 b2:K2Mij i
iBOM mbBM:; 1@L2i- M/ b2+QM/-i2KTQ  H M HvbBb Q7 i?2 H i2M
M2irQ FX

6B;m 2 kXR, avMi?2iB+ . i b2irBi? /Bz2 2Mi bBx2b Q7 i  mK "2;BC(C

kXKXRi :2M2° iBQM

g2 #2; M #v + 2 iBM; bvMi?2iB+ k. BK ;2 /i b2iX 1 +? BK ;2 ? b
256 256 3 M/ +QMi BMb p 'BQmb ;2QK2i'B+ b? T2b U+B +H2b- "2+
i? i bBKmH i2 /Bz2'2Mi M iQKB+ Hbi'm+im '2bX AM //BiBQM- +B"
bBKmMH i2 i mKQ'bQ i mK X h?2i2KTQ " H bT2+i BbBMi Q/m+2/ #
i?72b2 /272+ib Qp2°  iBK2,

Ca? BMFBM; /28R+B+ i2b 7 pQ > #H2 "2bTQMb2- +Q "2bTQM/B!
+H bbX

Cai #H2 Q" 2MH “:BMam72bip MQ BKT Qp2K2Mi Q  rQ b2MBM: - A
BM:iQi?2 6/2+2 b2/6 +H bbX

Re



_ M/QK MQBb2 Bb //2/iQ i?2 BK :2biQ 7m’i?2  2KmH i2 "2 H@rQ"
6Q 2 +? BK :2-+Q "2bTQM/BM; K bFb "2 :2M2" i2/7Q  2p2 v bBKm

6B;m 2 kXk, h® BMBM; J2i?Q/QHQ;viQ T 2/B+ii?2 Qmi+QK2 Q7 i I

kXkX&2;K2Mi iBQM M/ 62 im 2 1ti" +iBQM

g2 i° BM2/ DBKTH2 I@L2i OMBIi2#Am22U0iREXQ T2 7Q K BK ;2
b2;K2Mi iBQMX h?2 I@L2i Bbi bF2/ rBi? b2;K2MiBM; i?2 Q ; M@HB
i?2 BK ;2b- r?B+? "2bmHib BM ?B;?@[m HBiv K bFbX q2 2ti> +i2/i?

C_/BQKB+b 62 im ZHQKB+b 72 im 2br2°2 2ti° +i2/ 7°QK i?2 +QKj
BK ;2 M/ K bF rBi? i?2 ?22HT Q7 HB# B%iTmVv bR QIKERE X

C G i2Mi 62 imRDP2 2M+Q/2 T i Q7 i?2 1@L2i ;2M2" i2b H i2Mi b

b2Mi iBQMb 7Q" 2 +? BK :2X h?2b2 2T 2b2Mi iBQMb + Tim 2 :
BK :2bi? i "2+ BiB+ H7Q i?2 bm#b2[m2Mi i2KTQ  H M HvbB|

Rd



KXkXh2KTQ H M HvbBb rBi? GahlJ

h?2 H i2Mi 72 im 2b 2ti® +i2/ 7°QK i?2 1@L2i "2i?2M T Q+2bb2/ #v
J2KQ v UGahJV M2irQ FiQ + Tim 2 i?2 i2KTQ H 2pQHmMmiBQM Q7
GahJ M2irQ'FBb i’ BM2/iQ +H bbB7v i?2 b2[m2M+2 Q7 H i2Mi 72 ir

C HBpZ?2M i?2/272+i bBx2 Bb /2+ 2 bBM; Qp2  iBK2X
C.2+2 b2/g?2M i?2 /272+i bBx2 Bb 2Bi?2 bi #H2 Q" BM+'2 bBM;X

h?BbirQ@bi ;2 TT ' Q +? 2M #H2b mb iQ H2p2 ;2 #Qi? bT iB H M
7Q  BKT Qp2/ bm pBp HT 2/B+iBQMX

kXj _2bmHib

KX XRVvMi?2iB+ . i b2i S2°'7Q K M+2

PM Qm  bvMi?2iB+/ i b2i-i?2 +QK#BM iBQM Q7 i?2 1@L2i7Q  b2:K
7Q  iBK2@b2'B2b M HvbBb /2KQMbi  i2/ 2t+2HH2Mi T2 ' 7Q K M+:
2 mM/2 i?2 '2+2Bp2 QT2  iBM; +? * +i2 ' BbiB+ +m'p2 U |_P*V Q
p HB/ i2bi?2 2z2+iBp2M2bb Q7 Qm  K2i?Q/QHQ;vBM +QMi QHH2/
i2KTQ  H2pQHmMIiBQM Q7 i?2 /272+i Bb 2tTHB+BiHv KQ/2H2/X

KXjXkTTHB+ iBOM iQ i?2 "> ha@R3 . i b2i

hQ bb2bb i?2 ;2M2° HBx #BHBiv Q7 Qm" TT ' Q +?2-r2 TTHB2/i?2
" ha@R3/ i b2i-r?B+? +QMi BMb "2 H@rQ H/ # BM imKQ  BK ;BM
+QK2bX Hi?Qm:?i?2" ha@R3/ i b2i/Q2bMQiBM?2 2MiHvV BM+H1
T 2/B+i2/i?2 Qmi+QK2 # b2/ QM 72 im 2b QMHvV 7°QK QM2 BK :2X q
i2+?MB[m2b QM i?2 H i2Mi 72 im 2bX PMi?2p HB/ iBQM b2i-i?2 ?B
yX88X q?BH2 i?Bb "2bmHi Bb HQr2  i? Mi? i Q#i BM2/ QM i?2 bvMi-
i?72 BM+'2 b2/ +QKTH2tBiv M/ p 'B #BHBiv BM?2 2Mi BM "2 H@rQ
“2p2 “+? Bb M22/2/iQ "2}M2i?2 TT'Q +? 7Q° +HBMB+ H TTHB+ iB

kX9.Bb+mbbBQM

Pm> bim/vH vbi?2 :;"QmMI/2QTF DM biRR QT M M2-bib#v + QK#BMBM: bT i
M/i2KTQ  H/22T H2 "MBM: i2+?MB[m2b 7Q  bm pBp HT 2/B+iBQNMN
i?2iB+/ i b2i HHQr2/ mbiQ 2bi #HBb? +H2 ~"2H iBQMb?BT #2ir22
/272+i UKBKB+FBM; imKQ Q' i° mK 2pQHmMiBQMV M/ T iB2Mi Qmi

R3



| _ P*Q7yXNNQMi?Bb +QMi QHH2// i b2i/2KQMbi  i2bi?2 TQi2Mi
r?2M i?2 mmM/2 HvBM; / i /vM KB+b "2 r2HH /2}M2/X

>Qr2p2 -i?2 TTHB+ iBQM Q7 Qm ™ K2i?Q/iQi?2" ha@R3/ i b2]
+? HH2M;2bX h?2 /'QT iQ M | _P* Q7 yX8k QM i?2 p HB/ iBQM b2i
TH2tBiB2b BM?2 2Mi BM "2 H@rQ H/ +HBMB+ H/ i X h?2b2 +QKTH
?22i2°Q;2M2Qmb BK ;BM; +? ~ +i2 ' BbiB+b- M/ i?2 #b2M+2 Q7 M 2t
M2Mi i? irb F2v 72 im 2 BM Qm bvMi?2iB+ 2tT2 BK2MibX am+?
i?2 /B{+mHiv Q7 /B 2+iHvi Mb72 'BM; K2i?Q/QHQ;B2b QTiBKBx2/
iQ 2 H+HBMB+ Hb+2M "BQbX

az2p2 H7 +iQ b KB;?i? p2+QMi B#mi2/iQ i?2 Q#b2 p2/ T2 7Q k

C.i *QKTH2tBivZ H@rQ H// i 2t?B#Bib 7 ;"2 i2  p "B #BHBiv i
/i X h?2 +QMi"QHH2/ +QM/BiBQMb Q7 Qm" bvMi?2iB+ /i b2i /
Mm M+2b Q7 T iB2Mi@bT2+B}+ p "B iBQMbBM imKQ KQ T?QH

Ch2KTQ  H .vM KB2BbVvMi?2iB+ /i b2ir b /2bB:M2/ rBi? 2tTHB+E
2pQHMIBQM- T°QT2'ivi? i Bb H2bb +H2 ~BM i?2 bi iB+ " hag@
BM?2 2Mi i2KTQ  H/ i BMi?2" ha@R3 /i b2i +? HH2M;2b i?:
272+iBp2HV KQ/2H T Q;: 2bbBQMX

CJQ/2H / Ti #BH®B?BH2 i?2 |l@L2i M/ GahJ +QK#BM iBQM rQ" Fb
i?2H i2Mi72 im ' 2b "2?B;?Hv+Q "2H i2/rBi?i?2T Q; 2bbBQM
Hi2Mi72 im2b K v '2[mB 2 //BiBQM H "2}M2K2Mi Q" Hi2 "M iB
iQ+ Tim 2 +QKTH2t #BQHQ;B+ HT Q+2bb2bX

h?2b2 Q#b2 p iBQMb bm;;2bi i? i 7mim 2 rQ F b?QmH/ 7Q+mb Q
ir22M bvMi?2iB+ M/ +HBMB+ H/ i - TQi2MiB HHv #v BM+Q 'TQ" iB
m;K2Mi iBQM i2+?MB[m2b- BKT ' QpBM; /QK BM / Ti iBQM bi® i2;B
iBp2 "+?Bi2+im ' 2bi? i+ M #2ii2° ? M/H2 i?2 +QKTH2tBiB2b Q7 +H

kX8*QM+HmMbBQM

AM +QM+HmMbBQM- i?Bb rQ ' FBMi'Q/m+2b MQp2H 7" K2rQ F 7Q" b
BM; BK ;2 b2;K2Mi iBQM rBi? i2KTQ  H M HvbBbX Pm  irQ@bi ;2
l@L2i 7Q" 2ti> +iBM; H i2Mi 2T 2b2Mi iBQMb 7QHHQr2/ #v M Gah
BM; /2KQMbi  i2/ 2t+2HH2Mi T2 7Q K M+2 QM bvMi?2iB+ /i b2i-
Q7 yXNNX

>Qr2p2 - i?2i° MbBiBQM iQ "2 H@rQ H/ /i - b 2t2KTHB}2/ #v i?
?B;?HB;?i2/ b2p2  H +? HH2M;2bX h?2 "2/m+2/ T2 7Q K M+2 U |_|
i72M22/7Q 7m i?2  "2}M2K2Mi Q7 i?2 K2i?Q/QHQ:viQ ++QmMi7Q
M/ p "B #BHBiv T'2b2Mi BM +HBMB+ H / i X

RN



Pp2° HH-Qm  }M/BM:b mM/2'b+Q 2?2 TQi2MiB H Q7 +QK#BMBM
H2 "MBM:; KQ/2Hb7Q T ' Q:MQbiB+i bFb BM # BM BK :BM:;-r?BH?2
7Q 7mim 2 "2b2 “+?X //'2bbBM; i?2b2 +? HH2M;2b rBHH #2 2bb2
+HBMB+ HHv TTHB+ #H2 iQQHb 7Q bm pBp HT 2/B+iBQM BM T il

Ky



*2 Ti2 ]
6QmM/ iBQM KQ/2H 7Q  IHi> bQ|
Q'i a2:K2Mi iBQM

h?2rQ F T 2b2Mi2/ BM i?Bb +? Ti2  Bb# b2/ QM T T2 i? i? b #22N\
S M/2v-*?B @Q@2B Gm-*?2 " @JBM: h M-SQ@>bB M: hbmB- 1"BF " . ¥
o HB/ iBM; vQHQpP3 M/ b K 7QmM/ iBQM KQ/2HDb 7Q" "Q#mbi TQBM
b2:K2Mi iBQMX kyk9X .PA, 2iiTh,ff/QBXQ ;fRyXkRkyjf bXjX b@99

kR



#/QKBM H Q'iB+ M2m'vbK U V z2+ib TT QtBK i2HvV RXjW Q
T 2/QKBM MiHv K H2b Qp2 i?2 :2 Q7 8y- M/ TQb2b bB:MB}+ Mi ?
iBOQM Bb + BiB+ HbBM+2mMi 2 i2/ " mTim 2/ 2 b KQ'i HBiv  i2Q
TQBMi@Q7@+ 2 mHi° bQmM/ USP*laV Qz2'b ~ TB/ M/ ++2bbB#}
bim/v T 2b2Mib i?2 /2p2HQTK2Mi Q7 uPGP@# b2/ 7QmM/ iBQM K
i iBQM BM SP*la BK :2b- QTiBKBx2/ 7Q  p "B2/ i2+?MB+ H 2MpB C
UPGP QM SP*la/ i b2i M/ BMi2; iBM: Bi rBi? a J-i?2 "2bmHiBM
KQ/2H r b #2M+?K “F2/ ; BMbi7Qm  bi i2@Q7@i?2@ i b2:K2Mi iB
iBOM IL2i- _2b@IL2i- M/ _2b@ ii2MiBQM IL2iV MbBM;i?2 K2 M .B+?2
U.a*V bi?22p Hm iBQM K2i'B+X h?2 uPGPYa J KQ/2H +?B2p2/
2p2M mM/2° “2/m+2/i° BMBM: +QM/BiBQMb USYyW Q7 i?2 p BH #H.
KQ/2Hb K BMi BM2/ ?B:? .a*Q7yXd93X r2#@# b2/ b2;K2Mi iBQM
iQ 2M? M+2 +HBMB+ H mb #BHBivX

i XRAMi"Q/m+iBQM

#/QKBM H Q'iB+ M2m vbK U V- HB72@i? 2 i2ZMBM; +QM/BiBQN
r2 F2ZMBM; Q7 i?2 Q'iB+r HH-b?Qrb M BM+B/2M+2 Q7 "Qm;?Hv k8
BM bB MK H2b Qp2 8y- BbBM;iQd3XjT2 Ryy-yyyBMi?Qb2 Qp2" c
Q7 #Qmi RXPNV; ' Bb@ "H- IEYR®I KHDbQM 2kyRSX Hi?Qm:;? b "2
Q7i2M bvKTIiQK iB+ M/ /Bb+Qp2 2/ BM+B/2Mi HHv- mTim 2b + "~ v
+QKT "2/iQ TT QtBK i2HvVv 8W 7Q>QI2MirRp 2Kk 2EXBrH/D" 2-i HX
KyRWN ?B;?HB;?iBM; i?72 M22/ 7Q 2 "Hv /2i2+iBQMX

#/QKBM H mHi® bQmM/- 2M/Q b2/ #v i?2 K2'B+ M *QHH2;2 Q7 *
7Q Bib N3W b2MbBiBpBiv M/QWNW® bZiyHEE 9B2HYHY M/ g M? BM2M
kyky- Bb i?72 T'BK v b+'22MBM; K2i?Q/X SP*la 2M? M+2b ++2bbE
Biv BM "2KQi2 2 b-i?Qm;? H +F Q7 bT2+B HBx2/ 2tT2 'iBb2 + M
+? HH2M;2 ? bbTm "2/i?2 /QTiBQM Q7 A@/ Bp2M Qi b2;K2Mi i

22T +QMpQHmMIBQM H M2m™ H M2irQ Fb- T "iB+mH "Hv |@L2i
U2X;X- ii2MiBQMIl@L2i- _2blL1h-h" MbIM2iV-? p2bB;MB}+ MiHV E
b2;K2Mi i BQMX 1K2 ;BM; KQ/2Hb bm+? bi?2i° Mb7Q K2 @# b2/ a
Ua JV M/ uPGPp3 "2 HbQ T QpBM; 2z2+iBpEBQBHH GKYEXB Ki2X M Hv
_2/KQM 24k yReX

.22TH2 MBM; BMK2/B+ HBK ;BM; 7TQHHQrbirQT ~ /B;Kb,i” BM
mbBM; /QK BM@bT2+B}+/ i M/}M2@imMBM; T 2@i BM2/7QmM/ |
i i2//7 1 b2PbrlI?Q MQ2RB D# F?b?-XiyR¥eX q2 ?2vTQi?2bBx2i? i}M2@im
7QmM/ iBQM KQ/2HrBHH bm™T bbi®> BMBM; 7' QK b+ i+?27Q  b?Q"
SP*lamHi> bQmM/-T "iB+mH "HvmM/2 /i +QMbi> BMib M/ p "B #
hQ 2p Hm i2 i?Bb-r2 +QKT "2/ bBt bi i2@Q7@i?2@ i KQ/2Hb 7Qm

k k



7°QK b+ i+?- UPGP IM2@imM2/- M/ a J rBi?Qmi }M2@imMBM:X h
i721°bi /22T H2 "MBM; # b2/ miQ@b2:K2Mi iBQM KQ/2H i BHQ 2/ 7
#/QKBM H Q'i M/ T 2b2Mib r2#@%iitid/, f TOMHBBEi GB BI® KH X ;Bi?m#
BQf Qi @SP*la@a2:X2RbhBBMM iQ bmTTQ i 2 "Hv /2i2+iBQM B
b2iiBM:bX

iXk J i2'B Hb M/ J2i?Q/b

h?Bb b2+iBQM T 2b2Mib M Qp2 ' pB2r Q7 Qm  K2i?Q/QHQ;vX q2 /:
+QHH2+iBQM M/ MMQi iBQM Q7 mHi> bQmM/ BK ;2b- i?2 /2p2HQ
H2 "MBM: KQ/2Hb 7Q T 2+Bb2 Qi b2:K2Mi iBQM- M/i?2 BKTH2K
r2#@# b2/ TTHB+ iBQM 7Q  2tT2 BK2MiebMp Hm iBQM Ub22 6B:m

JIXKXRim/v .2bB;M- . i +[mBbBiBQM- M/ MMQi iBQM
h?Bb "2i " QbT2+iBp2 bim/v M Hvx2/ T QbT2+iBp2Hv +QHH2+i2/ mt
T iB2Mib i "2KQi2KQmMi BM?2 Hi?+2Mi2° M/ i2°iB 'v?QbTBi H

BM MQ i?2°M h Br M UA_", kykRyyjd9"yVX HH T iB2Mi /i r2°2 N
AMbiBimiBQM H 2pB2r"Q '/ Q7 *? M; :mM; J2KQ B H >QbTBi H T
+QMb2Mir Bp2 X

i r2°2 +QHH2+i2/ BM irQ T? b2b,

CS? b2 RAK ;2b 7" QK Rd8 T iB2Mib r2°'2 +[mB 2/ mbBM; S?BHE
Q7@+ 2 mHi> bQmM/ rBi? +m p2/ "~~~ vi Mb/m+2 U8 kJ>x- 8
i2° "2pB2r #v  "2b2 "+? bbBbi Mi M/ irQ 2K2 ;2M+v T?vbB+B |
2t+HmM/2/X h?2 "2K BMBM; / i b2ir b bTHBi BMiQ i BMBM; U8R
iB2MibV-p HB/ iBQM Ud9 BK ;2b 7' QK Rd T iB2MibV- M/ i2bib
T iB2MibVX

CS? b2 kM BM/2T2M/2Mi b2i Q7 jd8 BK ;2b 7 QK /Bz2 2Mi T iB2l
7°QK i2°iB 'v?QbTBi HmbBM; JBM/" v M/ S?BHBTDb /2pB+2b

h?2 #/QKBM H Qi r b K Mm HHv /2HBM2 i2/ bi?2 "2;BQM Q7
AhE@aLummb?F2pB+RRyYeHXIirQ "2 /2 b-rBi? i?B/ 2pB2r2° +QM} K
MMQi iBQMbX
JXkXKQ/2H "+?Bi2+im 2b M/ h" BMBM;

g2 2KTHQV2/ I@L2i@# b2/ KQ/2Hb M/ uPGPp3 7Q  b2:K2Mi iBQM
h?2bi M/ "/ 1@LRMM2#2 ;2RPR8H X/ Bibp "B Mib ii2MiBRIMWI@L2iU

K]



6B;m 2 jXR, M Qp2 pB2r Q7 i?2 T 2T Q+2bbBM;-i" BMBM;- M/ Qm
KQ/2HDbX

2i HKYR3 2b |@LRIFQ;B MMBkyXy-HM/ 2b ii2MiBQML@L2i U
2i HOYRNr2 2 mb2/ 7Q° TBt2H@H2p2H b2;K2Mi iBQMX58MTmi BK ;2
256 M/ MQ K HBXAXKi®QQ/2Hb r2 2i° BM2/ mbBM; .B+2 HQbb Q" #BM
rBi? M BMBiIiB H H2 10BWM;vMiXKBF HHv "2/m+2/V M/ 2 "Hv biQTTBI
2TQ+?b Q7 MQ BKT Qp2K2MiX

UPGPpPpEBQ+?2 2AyIKHXr bi° BM2/ 7Q Q#D2+i/2i2+iBQM #v +QMp2°
i iBQM K bFb BMiQ #QmM/BM; #Qt MMQi iBQMbX Aib HQbb +QK#BN
M/ +QM}/2M+2i2 ' KbX AMi?2 2ti2M/2/ +QM};m" iBQM-uPGPp3 Qmi-
a2;K2Mi Mvi?BM; JQ/BBUBRHHQBYXY HXT Q/m+2 ++m” i2 b2;K2Mi i
rBi?BM /2i2+i2/ "2;BQMbX

hQ bb2bb "Q#mbiM2bb-2tT2 BK2Mibr2'2 +QM/m+i2/ mbBM; #Qi-

k9



“2/m+2// i b2i USYyW Q7 T iB2Mi/ i VX JQ/2H T2 7Q 'K M+2r b "2;
p HB/ iBQM b2ib mbBM: AMi2 b2+iBQM Qp2 . BAERNWEYAQRHBhBOM+Q
M/ K2 M p2° ;2T 2+BbBQM UK SVX

JXKXJAKTH2K2Mi iBQM M/ .2THQVK2Mi

JQ/2H /2p2HQTK2Mi M/ i° BMBM; r2°2 T2 7Q K2/ BM SVi?QM jXd r
hQ +? RXRj- M/ h2MbQ 6HQr kXy- rBi? //BiBQM HbmTTQ i 7 QK |
HB# "B2b M/ pBbm HBx iBQM pB J iTHQiIHB#X 1@L2i BKTH2K2M
M+2 7 QXiBBT -XMKY X r2#@# b2/ TTHB+ iBQM ?2Qbi2/ QM >m;;BM
rb/2p2HQT2/iQ T°Q+2bb k@. #/QKBM H SP*la BK ;2b UXDT;- XTN
/I2THQVK2MiX

iXj _2bmHib

h #HJXR "2b2Mib i?2 b2;K2Mi iBQM T2 7Q K M+2 Q7 bBt KQ/2Hb Ul
_2bIM2i- _2b ii2MiBQM IM2i-uPGP- M/uPGPYa JV + Qbbi?2i B
i2bi- M/ BM/2T2M/2Mii2bi/ i b2ibX AMi?2i°  BMBM; b2i-i?2 K2 M
yX3ye iQ yXNyd-rBi? _2b ii2MiBQM IM2i +?B2pBM; i?2 ?B;?2bi p
I2KQMbi® iBM; "2H iBp2Hv HQr p "B #BHBiv Ubi M/ "/ /2pB iBQM Q°
b2i- . B+2 b+Q 2bp v #2ir22M yXdN M/ yX3edc ; BM- _2b ii2MiBQ
K2 M .B+2b+Q 2 Q7 yX383- HQM;bB/2 KQ/2 i2bi M/ '/ /2pB iBQ!|

~2; 'IBM; i?2i2bib2i-i?72K2 M .B+2b+Q 2bT MbyX3yjiQyX3ed
"2+Q ' /bi?2iQT K2 M .B+2b+Q'2Q7yX3ed-r?BH2uPGP HbQ T2 7(C
2t?B#Bib HQr bi M/ "/ /2pB i BQM UYyXYy9NVX PM i?2 BM/2T2M/2Mi i
HB2 #2ir22M yXeRN M/ yXdej-rBi? uPGP M/ uPGPYa JivBM; 7Q"
.B+2 b+Q 2 UyXd93VX

hQ 2tTHQ 2 i?2 KQ/2Hbd "Q#mbiM2bb-r2 "2i° BM2/ IM2i KQ/2Hb
8yW Q7i?2Q'B;BM Hi° BMBM; /i X AMi?Bbb+2M "BQ-IM2i@# b2
b+Q 2b " M;BM; 7' QK yX988 iQ yXe8X LQi #Hv- uPGP K BMi BM2/
K M+2- +?B2pBM; yX3e .B+2b+Q'2QMi?2i° BMBM; b2i M/ “QmN\
bm;;2biBM; bmT2 BQ /[ Ti #BHBiv 2p2M rBi? "2/m+2// i X

6B;mXRb?Qr+ b2b BHHmbi™ iBp2 SP*la b+ Mb 7 QK i?°22 /Bz2 2N
iQT "Qr- IM2i@# b2/ K2i?Q/b r2°2 mM #H2 iQ /2i2+i i?2 Qi - r?2
uUPGPYa JK M ;2/ bm++2bb7mH b2;K2Mi iBQMX h?2b2 +? HH2M;B
"2;BQMb Q7 BMi2 2bi M/ 2H2p i2/MQBb2-vB2H/BM; .B+2b+Q 2b #2
"Qr-r?BH2 IM2i KQ/2Hb 7 +2/ T "iB Hb2;K2Mi iBQM /B{+mHiIiB2b- ul
HQ+ HBx2/i?2 Qi 2z2+iBp2Hv U.B+2 b+Q 2b yX9 yXdVX AM i?2 #
" i2Hv B/2MiB}2/i?2 Qi -rBi? .B+2 b+Q 2b #2ir22M yXd M/ RX
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h #H2 jXR, .B+2 a+Qb2 MK2/M2pB iBQMV 7Q 2 +? h2;K2Mi iBQM KQ
p HB/ iBQM Uo HV-i2bi- M/ BM/2T2M/2Mii2bi/ i b2ibX

[Lib2i [ IM2i [ ii2MiBQM IM2i2b IM2] _2b iiIM2] uPGP [uPGP Y a J|
h" BMBM; . i b2i URyyWV

h™ BM 0:863 0:116] 0:895 0082 |0:867 0:111] 0:907 0.075 | 0:868 0.056] 0:806 0.087

o H 0:841 0:152| 0851 0:181 |0:832 0:175| 0:858 0:178 | 0:842 0:119| 0:790 0:135

h2bi 0:835 0:133| 0:853 0:131 |0:821 0:171| 0:867 0.107 | 0:857 0:049| 0:803 0.086

AM/2T2M/|RBBB 0261 0:679 0283 |0:619 0:296| 0:694 0:295 | 0:759 0:132| 0:763 0:131
h2bi

h BMBM; . i b2i USB8yWV
h BM 0:652 0:001| 0472 0016 | 0565 0:037| 0467 0017 |0:861 0:049| 0:733 0:104
oH 0:650 0:006| 0471 0:014 |0:581 O0:059| 0:470 0:019 | 0:805 0:085| 0:764 0:098
h2bi 0:652 0:004| 0478 0:020 |0:550 0:032| 0:459 0:020 |0:789 0:112| 0:752 0:130

AM/2T2M{RBB0 0:007| 0473 0015 |0:561 0:036| 0455 0:248 | 0:748 0:156| 0:748 0:149
h2bi

6B:mXYBbTH vbi?2/Bbi'B#miBQM Q7 .B+2b+Q 2b + Qbbi?2p E
iQ UPGP M/ uPGPYa J- IM2i@# b2/ K2i?Q/b 2t?B#Bi2/ ?B;?2 7"
.B+2 b+Q 2b U "QmM/ yXRV- ?B;?HB:?iBM; :°2 i2° b2;K2Mi iBQM °
BMbi M+2b r2°2 B/2MiB}2/ BM r?B+? IM2i KQ/2Hb /B/ MQi /2i2+i i?.
Q7i?2b2 HbQ TQb2//B{+mHiB2b 7Q uPGP p "B Mib/m2iQ bm#bi |
BK :2b UPBEX IM2i TT Q +?2b r2°2 T "iB+mH "Hv +? HH2M;2/ #v E
bK HH Q'iB+ bi'm+im 2bX

mb2 @7 B2M/Hv- r2#@# b2/ TTHB+ iBQM r b /2p2HQT2/ iQ bi
UGB X8X >Qbi2/ QM >m:;BM; 6 +2 aT +2b- i?2 iQQH T Q+2bb2b k@
BK :2b BM XDT: Q° XTM; 7Q K ib M/ Bb /2bB:M2/ 7Q° "QmiBM2 +H
THB+ iBQM M/ b KTH2 BK :2BiiTb,5fBEHM#F2HX + Q K fUs8 WK Bwd T
ky kY X

iX9 .Bb+mbbBQM

JQ/2 MK +?BM2 H2 MBM; H;Q Bi?Kb ? p2/2KQMbi  i2/2{+ +v BM
BM; i bFb- BM+HmM/BM; b2;K2Mi iBBQ® 2MkH Ry X HWBRMB® P2UT "Qp2M

p Hm #H2 BM MmK2 Qmb BK ;BM; i2+?MB[m2b J_A- *h- M/ mHi b
i?72 + 2 iBQM Q7 miQK i2/ iQQHb i? i+ M bm@2r@Bh 2HkBRUK+ H /2+B
h?Bb bim/v 2p Hm i2/ bBt /p M+2/ /22T H2 "MBM; KQ/2Hb 7Q B/2]
Qi BMTQOBMi@Q7@+ 2 mHi  bQmM/ USP*laV BK ;2bX Pm  }M/B
b2;K2Mi iBQM ++m’ +v Q7 uPGPp3 M/ uPGPYaJ 2H iBp2iQi?2
T 'iB+mH " MQi2- uPGPp3 +7?B2p2/i?2iQT K2 M .B+2 b+Q 2b QM +#
T2M/2Mii2bib2ibX Hi?Qm;? +QK#BMBM; uPGP rBi?a J 2bmHi2/ B!
UTT QtBK i2Hv yX8kWV QM i?2 BM/2T2M/2Mi i2bi b2i-i?2 bi M/ HC

ke



6B;m 2 jXk, h?Bb };m 2 b?Qrb i?2 pBbm H "2bmHib Q7 IM2i- ii2MiB
iiIM2i-uPGP- M/ uPGPYa JQMi? 22 + b2b 7 QK i?2BM/2T2M/2M

K BMb +QKT2HHBM; /Im2 iQ Bib bBKTHB+Biv M/ 7 bi2 T 2/B+iBQN
;2M2° HHv i F2b QMHV R k b2+QM/b T2 BM72 2M+2-r?2"2 b uPGP
irQ KBMmi2bX

S'BQ" "2b2 "+? ? b 7°2[m2MiHv 7Q+mb2/ QM Q'iB+ b2;K2Mi iB(
Um[m2ii2 2-kyRKQ? KK /B 2t kKHRNK JQ/2Hb i° BM2/ QM *h b+ Mb ?
b?QrM bi'QM; TQi2MiB H 7Q" /B ;MQbBM; HB7R@;i?22 kigRIBM: Q il
GBiK MQpB+Ry2AMN-HXz2 BM; bm ;2QMb + m+B HT*2@RQ22iBHX BMEL
KyR3X >Qr2p2 - /2bTBi2 i?2 T ' Q; 2bb BM *h@ M/ J_A@# b2/ i2+?)
/["Bp2M b2;K2Mi iBQM BM mHi® bQmM/ 2K BB i't2rl 2B pHRYRv BKK im
H ";2Hv #2+ mb2 mHi° bQmM/ BK ;2bi2M/iQ ? p2 HQr2" "2bQHmMIiBQ
iQ MQBb2X JQ 2Qp2'- mHi° bQmM/6b /B :MQbiB+ ++m" +v Bb bB;
QT2 iQ 06b T QmBMMZivki BRARX

_2+2Mi 2pB2rbmM/2 b+Q 2i?2/B{+mHIiB2bBM BKTH2K2MiBM; /.
mHi° bQmM/ KOHNKYRBBXUh?2 #/QKBM H Qi 6b TQbBiBQM /22T rBi
+QK#BM2/ rBi? TQi2MiB H BMi2 72 2M+2 7 QK #Qr2H ; b- TQb2b n
[mMm HBiv M/ QT2 iQ "2t H2Lh BRHRWHWRR +Qii 2 RHNNMR h™ BMBM; /22T
H2 "MBM; M2irQ'Fb "2[mB ' 2b +QMbBbi2MiHV ?B;?@[m HBiv BK ;2
[2T2M/2Mi QM bFBHH2/ mHi" bQmM/ QT2 iQ'b M/ 2tT2 B2M+2/ +H

2bTBi2 i?2b2 ?m /H2b- i?2 TQ i #BHBiv Q7 mHi  bQmM/ K +?BI
BK ;BM; ++2bb-2bT2+B HHvBM 2KQi2 "2 bX IHi®" bQmM/ Bb HbQ
: "/IBM; BQMBxBM; " /B iBQM M/ +QMi" bi2tTQbm 2X AMMQp iBQM
MIiQK i2/j. mHi> bQmM/ bvbi2K ? p2 #22M /2pBb2/iQ /2i2+ii?2 #/C
Qmi 2ti2MbBp2 bQMQ; T?2 i BMBM;X LQM2i?2H2bb- Qi a+ Mb?
bT2+B}+Biv USRW M/ dkW- "2bT2+iBp2HvV +QKT "2/iQ T?vbB+B N\

kd



6B:m 2 jXj, >BbiQ:" KQ7 .B+2b+Q 2 #v HH bBt KQ/2Hb QM i?2 BM

M/ N3W#H#UDb 2i -KYRKk m# MQ 2kyHRXX //BiBQM H "2b2 "+?2 QM miQK
b2;K2Mi iBQM BM SP*la BK ;2b Bb i?2°27Q°2 M2+2bb v iQ 2M? M
BM 2bQm +2@HBKBi2/ 2;BQMb- TQi2MiB HHv +QKTH2K2Mi2/ #v
+[MBbBIBQ R WM/ heKyRWHX

Pm BMp2biB; iBQMBbi?2} biiQ TTHvK +?BM2H2 MBM;iQb2;
BM SP*la BK ;2b mbBM; KmHIBTH2 /p M+2/ "+?Bi2+im 2b- BM+Hm
L2i- _2bl@L2i-_2b ii2MiBQM I@L2i-uPGP- M/uPGPYa JX Hi?Qm
KQ/2Hb ? p2 2t+2HH2/ BM p BQmb +HBMB+ H BK ;BM; i bFb- i?2v
SP*la/i M/ Q7i2Mbi'm;;H2iQ + Tim 2 2ti2MbBp2 +QMi2tim H BM
r?2M "2;BQMb Q7 BMi2 2bi "2 hbBMHBR-RKKEKEKb+m 2/ U

_2bmHib BM/B+ i2 uPGPp3db bmT2 BQ T2 7Q K M+2 BM b2;K2M
BK ;2bX Aib +QKT +i "+?Bi2+im 2 M/ 2ti2MbBp2 T '2i° BMBM; bm1
M/ ++m’ i2b2;K2Mi iBQM-2bT2+B HHvp Hm #H2BM TQBMi@Q7@
BKK2/B i2 +HBMB+ H/2+BbBQMbX h?2b2 }M/BM;b mM/2 b+Q 2 i?2
BM 7 +BHBi iBM; ?2 Hi? b+ 22MBM;b M/ /B ;MQb2b- T "iB+mH "H
+QMbi° BMib QM +HBMB+ H 2tT2 iBb2X
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6B;m 2 jX9, U VAK ;2b 7 QK BM/2T2M/2Mi i2bi/ i b2i b?Qrb r?2°2
#miUPGP T 2/B+i2/ +Q "2+iHv M/ U#V b?Qrb BK ;2br?2 2 #Qi? IM2
7 BH2/iQ T 2/B+i Qi K bF

LQM2i?2H2bb- i?Bb bim/v ? b b2p2° H HBKBi iBQMbX 6B bi- i?.

bT2+B}+ ;2Q; T?B+ "2 - r?B+? Kv HBKBi Bib TTHB+ #BHBiv iC
a2+QM/- i?2 /i b2idb KQ/2bi bBx2 KB;?i +QMbi®" BM i?2 ;2M2" HB
6mim 2 rQ ' F b?QmH/ BM+HmM/2 H ;2 - KQ 2 /Bp2 b2/ i b2ibiQ p HI
i?72 QT2 iQ @/2T2M/2MiM im 2 Q7 mHi> bQmM/ BK ;BM; 2K BMb
7 QK KmHiIBTH2 bQMQ; T?2 b rBHH #2 F2v 7Q°  BKT QpBM; KQ/2¢F
+HBMB+ H miBHBivX

i X8 *QM+HmMbBQM

h?Bb rQ F bvbi2K iB+ HHv 2p Hm i2b bBt +miiBM;@2/:2 /22T H2 "M
i2MiBQM 1@L2i- _2b 1@L2i- _2b ii2MiBQM I@L2i- uPGP- M/ uPGF
K2MiBM; i?2 #/QKBM H Qi 6b b?Q i tBb BM TQBMi@Q7@+ 2 mkt
KQM; i?2b2 KQ/2Hb- uPGP@# b2/ 7° K2rQ Fb /2HBp2  i?2 KQbi :
b2;K2Mi iBQM “2bmHib- ii BMBM; K2 M .B+2 b+Q 2 Q7 yX38d QM
i?72 BM/2T2M/2Mi i2bi b2iX JQ 2Qp2 - uPGP /2KQMbi  i2b bmbi BM

kN



6B;m 2 X8, q2#@# b2/ Qi b2;K2Mi iBQMbQ7ir "2/2bB;M-/BbTH \
tBb SP*la BK ;2 QM i?2 H27i M/ i?2 b K2 BK ;2 rBi? i?2 Qi ?B;?F
1?72 "B;?iX

i BM2/ rBi? QMHv ? H7 Q7 i?2 Q'B:BM H /i b2i- "2~2+iBM; Bib "Q
MQBb2 M/ QT2 iQ @/2T2M/2Mip "B #BHBiv +QKKQM BM mHi  bQ

"2+ mb2 UPGP T ' QpB/2b "2 H@iBK2 b2:K2Mi iBQM M/ Bb +QKTm
Bi Bb r2HH@TQbBIiBQM2/ 7Q° +HBMB+ H /2THQVK2Mi BM /Bp2 b2
22 Hi?+ 2 b2iiBM:b r?2°2 T'QKTi /B :MQbBb Bb + BiB+ HX h?Bb
7Q  rB/2° /QTiBQM Q7 A@/ Bp2M mHi  bQmM/ BK ;2 M HvbBb-
iB2Mi + "2 BM 2 b r?2°2 2tT2'i * /BQHQ;Bbib Q" bQMQ;  T?2 b
BHHmbi® iBQM Q7 i?2 KQ/2H6b miBHBiv Bb ++2bbBX*HR0i? Qm;?
ffbmKBi@ B@KHX;Bi?m#XBQf Qi @SRP*2a®amk2Mi «BMEMi2 +i /
“2+iHV rBi? i?2i° BM2/ KQ/2H-i?2 2#v ?B;?HB:?iBM;i?2i2+?MB[m.
iBH7Q #Q /+HBMB+ HBKT +iX
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*?2 Ti2 9

uPGP@a J 7Q J2/B+ H AK ;2
a2;K2Mi iBQM

h?2rQ F T 2b2Mi2/ BM i?Bb +? Ti2  Bb# b2/ QM T T2 i? i? b #22N\
S M/2v- Em M@6m *?2M- M/ 1°'BF " . KX *QKT 2?22MbBp2 KmHiBKC
K2/B+ HBK :BM;, *QK#BMBM: vQHQpP3 rBi? b K QU22[@M K Q28 b
A111f*06 BMi2 M iBQM H +QM72 2M+T Qb k@ K K nki®N D-BRyEQ#AK . P A
2iiTh,ff/QBXQ :fRyX9388yf "sBpXkjRyXRkKNNS
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#bi~ +i

h?Bb +? Ti2 T 2b2Mib mMB}2/i2+?MB[m2 7Q  HQ+ HBxBM; M/ b2
U PAbV + Qbbp BQmbK2/B+ HBK ;BM; KQ/ HBiB2b-BM+HmM/BM;
"vBK ;2bX h?2 TT Q +? +QK#BM2b i?2 uPGPp3 KQ/2H mb2/7Q " T
#Qt /2i2+iBQM rBi? i?2 a2;K2Mi Mvi?BM; JQ/2H Ua JV M/ Bib >B
p B MiiQ +?B2p2 7mHHv miQK i2/ M/ ?B;?@ ++m +v b2;K2Mi iE
/ 1 b2i Q7 Ryy BK ;2b M/ K bFb T2 KQ/ HBivr b mb2/iQi BMuPGF
#QmM/BM; #Qt2b X

i2Q°Qm;? 2p Hm iBQM /2KQMbi® i2bi?2 2z2+iBp2M2bb Q7 i?2 T
T°'2+BbBQM- "2+ HH- 6R b+Q 2- M/ .B+2 a+Q 2iQ K2 bm 2 b2;K2M
iBp2 2tT2 BK2Mib bb2bb2/i?2 T2 7Q K M+2 Q7 uPGPp3 HQM2- u
UPGPp3rBi? >Z@a JX h?2 }M/BM;b "2p2 Hi? ia J +QMbBbi2MiHvV /
K2Mi iBQM ++m” +v i? Mi?2 Qi?2° +QM};m” iBQMbX Hi?Qm;? >Z(
BKT Qp2K2Mib-i?2 //BiBQM H+QKTmi iBQM HQp2'?2 /K vMQi#2
i?72 +QK#BM2/ uPGPp3Ya J TT Q +? TT2 'biQ #2 bi'QM; + M/B/
K2/B+ HBK ;2 b2;K2Mi iBQM-rBi? +H2 “+HBMB+ H "2H2p M+2X

9XRAMi"Q/m+iBQM

J2/B+ HBK ;2 b2;K2Mi iBQM Bb 7QmM/ iBQM Hi2+?MB[m2 BM K2,
BM; + BiB+ H QH2 BM i bFb bm+? b +QKTmi2 @ B/2/ /B :MQbB|
qBi? i?2 'Bb2 Q7 +QMpPQHMIBQM H M2m" H M2irQ Fb U*LLbV-T 'iB
+?Bi2+im 2b-i?2}2H/? b b22M bB:MB}+ Mi T Q; 2bbX *LL@# b2/ K
T2'7Q K M+2 BM TTHB+ iBQMb HBF2 &BEN- K/ ¥ARD KK MBi @ QMM
b2:K2Mi iBQM- M/ + /B + p2NQBBFQTM R/ \R&BHRLU KB M 2i HX
KyRNK “+?Bi2+im 2b bm+QMMZ@#R22i 2k 2R8HM/ Bib j. p "B NIFU
2i HRYRE? p2 #2+QK2 rB/2Hv /QTi2//m2iQ i?2B 2z2+iBp2M2bb B
M/ pQHMK2i'B+ /i 7°QKp 'BQmb K2/B+ HBK ;BM; KQ/ HBiB2bX
>Qr2p2°- *LLb "2 BM?2 2MiHv HBKBi2/ BM KQ/2HBM: HQM: @ |
i?72 HQ+ HBXx2/ M im 2 Q7 +QMpQHmMIiBQM H QT2 iBQMbX hQ // 2b
i2+imo2by MB 2ikyRM Q B;BM HHV /2p2HQT2/7Q M im > HH M;m ;2
#22M [/ Ti2/ 7Q° mb2 BM K2/B+ HBK ;2 b2:K2Mi iBQMX h® Mb7Q K
b?B7i #v 2M #HBM; KQ/2Hb iQ + Tim'2 ;HQ# H +QMi2tim H “2H iB
K2+? MBbKbX h?Bb / Ti iBQM H2/iQ i?2 /2p2HQTK2Mi Q7 /p M+2
bm+? b ii2MiBQRHA@L2i-RX¥S JMHIB@ 2b@ iihMBQ K 2k 2H X
kyky- M/ ii2MiBQM _2b0@BI 2 RkNRKX IMHBF2 *LLb-h" Mb7Q K2 b 2KT|
ii2MiBQM@/ Bp2M 2M+Q /2 @/2+Q/2 7" K2rQ Fi? i QT2 i2b QM -
Qz2'BM; TQr2 7mH + T #BHBiB2b 7Q mM/2 bi M/BM; +QKTH2tbT |
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BiviQ H2p2 ;2 H ;2@b+ H2 T 2@i° BMBM; HbQ 2M? M+2b i?2B" |
BK :BM; i bFbX

.2bTBi2i?2B  bi'2M;i?b-h" Mb7Q K2 @# b2/ KQ/2Hb Q7i2M bi m
HQ+ H 72 im 2b-r?B+? + M "2/m+2 b2;K2Mi iBQM T 2+BbBQM- 2bT
#QmM/ “B2b #2ir22M M iQKB+ Hbi'm+im 2b M/ # +F;"QmM/X hQ G
2v# B/ KQ/2Hb i? i +QK#BM2 *LLb rBi? h> Mb7Q K2 b ? p2 #22M T (
2t KTH2 Bb h® MRIZMi2U- kKR r?B+? BMi2:" i2b +QMpQHmMiBQM H H
72 im 2 2ti° +iBQM rBi? h> Mb7Q K2 2M+Q/2 7Q ;HQ# H +QMi2t]
Q7 b2H7@ ii2MiBQM ?2HTb K BMi BM bT iB H "2bQHmMiBQM M/ BK
q?BH2 h> MbIL2i 2T 2b2Mib T QKBbBM; /B 2+iBQM-Bi Bb biBHH
h> Mb7Q K2  BMi2;  iBQM- H2 pBM; "QQK 7Q  7m i?2  BMMQp iBQN
BM K2/B+ HBK ;2 b2:K2Mi iBQMX

AM i?Bb +? Ti2 -r2BMi'Q/m+2 M BMi2: i2/ TT ' Q +?2 7Q  b2;K2]
2bi U _PAbV +'Qbb /Bp2'b2 K2/B+ H BK ;BM; KQ/ HBiB2b #v + QK#E
WCQ+22 Xyki¥rBi? i?2 a2;K2Mi Mvi?BM; JEB 2BIHHQPYXY HNX
Bib ?B;?@[m HBiv p "BER 2pZKK&AYX UPmM  K2i?2Q/ H2p2  ;2b i?2 +QK
K2Mi v bi'2M;i?b Q7 +QMpQHmMIiBQM HM2m  HM2irQ Fb M/ h  Mb:
2M #HBM; T 2+Bb2 M/ 2{+B2Mi b2;K2Mi iBQM #v + Tim BM; #Qi?
KiBQM M/ }M2@; BM2/ HQ+ H /2i BHbX h?2 7mbBQM Q7 uPGPp3
T 2b2Mib "Q#mbi bQHMIBQM iQ i?2 +? HH2M:2b 7 +2/ BM K2/B+ H
K2Mi H2p Hm iBQMb ?B;?HB;?ii?2 2z2+iBp2M2bb Q7 i?2 T°QTQb2/
TQi2MiB HiQ bmTTQ i K2/B+ HBK :2 M HvbBb M/ +QMi B#mi2iQ I
i2°Qm:? miQK i2/ M/ /2T2M/ #H2 PA b2;K2Mi iBQMX

9XkJ i2°B H M/ J2i?Q/b
9XjJ2i?Q/QHQ;vV

Pm  K2i?Q/QHQ;vBbQ ; MBx2/BMiQi? 22 +QMb2+miBp2bi ;2bX Al
M/ T 2T 20?2/ i X AM i?2 b2+QM/ bi ;2-r2 i  BMi?2 uPGPp3 M2il
+QHH2+iBQM Q7 Ryy BK ;2cK bF T B'biQ ;2M2" i2 +Q b2 #QmM/BI
Q7 BMi2 2biX AM i?2 }M H bi ;2-i?2 QmiTmib Q7 uPGPp3 2 +QK#
Mvi?BM; JQ/2H Ua JV M/ Bib 2M? M+2/ p2 'bBQM U>Zca JViQ T°Q
b2;K2Mi iBQM K bFbX

9XjXRi b2i a2H2+iBQM M/ S 2T Q+2bbBM;

. i +[mBbBiBQM M/ T 2T ' Q+2bbBM: +QMbiBimi2 i?2 BMBiB H T?
HBx2 i? 22 Tm#HB+Hv p BH #H2 / i b2ib bT MMBM; /Bz2 2Mi BK
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i bQmM/ a?Q ic tBb Qi a2;K2Mi iBQM . i b2i 7 QK *? M; :mM; J2
+QKT ' Bb2b kyy mHi" bQmM/ BK ;2b rBi? +Q 2bTQM/BM; b2;K2Mi
*h a+ M a2;K2Mi iBQM . i b2i UE ;;H2V T ' QpB/2b ked irQc/BK2MbB
rBi? ; QmM/ci mi?2 KIbFEYRMOX 6BM HHv-i?2GmM; sc va2;K2Mi iBQ
UE ;;H2V +QMi BMb dy8 +?2bisc  vBK ;2b M/ iR2BIb-XykKRNi iBQM I
hQ;2i?2 -i?2b2/ i b2ib2M #H22p Hm iBQM Q7Qm" TT Q +? + Qb
S'BQ iQKQ/2Hi" BMBM;-2 +? BK ;2 K bFT B Bbp2 B}2/7Q"  HB
7Q K "2bQHmMiBQM- M/ MQ K HBx2/X hQ BM+'2 b2 "Q#mbiM2bb M
/i m;K2Mi iBQM i2+?MB[m2b BM+Hm/BM; °~ M/QK "Qi iBQMb- ~BT
iBQMbX

9XjXkh  BMBM; uPGPp3 7Q° PA .2i2+iBQM M/ a2:K2Mi

AMi?2b2+QM/ T? b2-r2i° BMi?2uPGPp3 Q#D2+i/2i2+iQ QM + ¢
KQ/ HK2/B+ HBK ;2 +QHH2+iBQMiQ HQ+ HBx2 2;BQMb Q7 AMi2":
Pm> +QK#BM2// i b2i +QKT Bb2b i? 22 /IBbiBM+i BK ;BM; KQ/ HBIJE
b2;K2Mi iBQM K bFbX h? ' Qm;? T'2HBKBM v 2tT2 ' BK2Mib p "VvBM;
b KTH2b- r2 /2i2 ' KBM2/ i? i mbBM; Ryy ° M/QKHv b2H2+i2/ BK ;2 k
“2HB #H2 i° /2cQz #2ir22M MMQi iBQM 2zQ'i M/ /2i2+iBQM ++m
UPGPp3 i  BMBM; '2TQ i2/ 22 2BM 2KTHQvb i?Bb bm#b2i Q7 Ryy 2t

Pm :Q HBbiQ T'Q/m+2 +Q b2 #QmM/BM: #Qt2b- " i?2  i? M TB1
#2+ mb2 i?2 bm#b2[m2Mi a J b2;K2Mi iBQM bi2T /2KQMbi  i2b "Q#
T2 im # iBQMbX hQ [m MiB7v i?Bb iQH2 M+2-r2 T2 ' 7Q K2/ M #}
K2Mi HHv 2tT M/2/;°QmM/ci'mi? #Qt2b #v 8 M/ Ry TBt2Hb QM HH
.aRy- "2bT2+iBp2HvVV M/ K2 bm 2/i?2 "2bmHiBM; .B+2b+Q 2b 7 QK
9%RB+2 2K BMb 2z2+iBp2Hv mM+? M;2/ 7Q" 2tT MbBQMb mT iQ R
TT QtBK i2 PAT QTQb Hb 7' QK uPGPp3 bm{+27Q" ++m  i2 }M H
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6B:m 2 9XR, "QtTHQib Q7 .B+2b+Q 2b Q#i BM2/ #vi?2a J KQ/2H Q
p "VBM; /2;°22b Q7 #QmM/BM;c#Qt T2 im # iBQMX 6.ay0d 2T 2b2Mi
BM; #Qt2b i? i T2 72+iHv }i i?2 PAc 6.a806 M/ 6.aRyd +Q "2bT QM
MMB7Q KHv #v 8 M/ Ry TBt2Hb QM 2 +? bB/2- "2bT2+iBp2HvX

Ai Bb BKTQ'i Mi iQ 2KT? bBx2 i? i uPGPp3 Bb 2KTHQvV2/ 2t+Hm
+Q b2 #QmM/BM; #Qt2b > i?2  i? M 7mHH b2;:K2Mi iBQM K bFbX :|I
i BMBM; b2i Q7 QMHv Ryy MMQi i2/ BK ;2 K bF T B b- ii2KTiBM;
TBt2HCH2p2H b2;K2Mi iBQM rQmH/ HBF2Hv vB2H/ bm#QTiBK H “2b
2° iBQM Bb /272 °2/iQ i?2a J7 K2rQ F-r?B+? Bb #2ii2  bmBi2/iQ
b2;K2Mi iBQMb 7°QK TT QtBK i2 PAT QTQb HbX

9XjXjAMi2:" iBQM Q7 uPGPp3 rBi? aJ M/ >Zca J7Q" a2
K2Mi iBQM

h?2 1M Hbi :2Q7 Qm  TBT2HBM2 BMi2:;  i2bi?2 PAT QTQb Hb ;2

irQ T'QKTi #H2 b2;K2Mi iBQM 7> K2rQ Fb, i?2 Q'B:BM H a2;:K2Mi |

M/ Bib2M? M+2/p "B Mi>Zca JXa JBb bii2cQ7ci?2c “i- T"QKTic/

“+2Bi2+im 2 + T #H2 Q7 T'Q/m+BM; ?B:?c[m HBiv K bFb BM "2 H i
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