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Hongjie Chen

(ABSTRACT)

Time-series forecasting has long been studied and remains an important research task. In
scenarios where multiple time series need to be forecast, approaches that exploit the mutual
impact between time series results in more accurate forecasts. This has been demonstrated
in various applications, including demand forecasting and traffic forecasting, among others.
Hence, this dissertation focuses on graph-based models, which leverage the internode rela-
tions to forecast more efficiently and effectively by associating time series with nodes.

This dissertation begins by introducing the notion of 000D 1000000000 OOOUD in a compre-
hensive survey of related models. The main contributions of this survey are: (1) A novel
categorization is proposed to thoroughly analyze over 20 representative graph time-series
models from various perspectives, including temporal components, propagation procedures,
and graph construction methods, among others. (2) Similarities and differences among
models are discussed to provide a fundamental understanding of decisive factors in graph
time-series models. Model challenges and future directions are also discussed.

Following the survey, this dissertation develops graph time-series models that utilize complex
time-series interactions to yield context-aware, real-time, and probabilistic forecasting. The
first method, Context Integrated Graph Neural Network (CIGNN), targets resource forecast-
ing with contextual data. Previous solutions either neglect contextual data or only leverage
static features, which fail to exploit contextual information. Its main contributions include:
(1) Integrating multiple contextual graphs; and (2) Introducing and incorporating temporal,
spatial, relational, and contextual dependencies; The second method, Evolving Super Graph
Neural Network (ESGNN), targets large-scale time-series datasets through training on super
graphs. Most graph time-series models let each node associate with a time series, potentially
resulting in a high time cost. Its main contributions include: (1) Generating multiple super
graphs to reflect node dynamics at different periods; and (2) Proposing an efficient super
graph construction method based on K-Means and LSH; The third method, Probabilistic
Hypergraph Recurrent Neural Network (PHRNN), targets datasets under the assumption
that nodes interact in a simultaneous broadcasting manner. Previous hypergraph approaches
leverage a static weight hypergraph, which fails to capture the interaction dynamics among
nodes. Its main contributions include: (1) Learning a probabilistic hypergraph structure
from the time series; and (2) Proposing the use of a KNN hypergraph for hypergraph ini-
tialization and regularization. The last method, Graph Deep Factors (GraphDF), aims at
efficient and effective probabilistic forecasting. Previous probabilistic approaches neglect the
interrelations between time series. Its main contributions include: (1) Proposing a frame-
work that consists of a relational global component and a relational local component; (2)
Conducting analysis in terms of accuracy, efficiency, scalability, and simulation with oppor-
tunistic scheduling. (3) Designing an algorithm for incremental online learning.
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(GENERAL AUDIENCE ABSTRACT)

Time-series forecasting has long been studied due to its usefulness in numerous applications,
including demand forecasting, traffic forecasting, and workload forecasting, among others.
In scenarios where multiple time series need to be forecast, approaches that exploit the mu-
tual impact between time series results in more accurate forecasts. Hence, this dissertation
focuses on a specific area of deep learning: graph time-series models. These models associate
time series with a graph structure for more efficient and effective forecasting.

This dissertation introduces the notion of UID0D 100 UODIO0 through a comprehensive survey
and analyzes representative graph time-series models to help readers gain a fundamental
understanding of graph time series. Following the survey, this dissertation develops graph
time-series models that utilize complex time-series interactions to yield context-aware, real-
time, and probabilistic forecasting. The first method, Context Integrated Graph Neural
Network (CIGNN), incorporates multiple contextual graph time series for resource time-
series forecasting. The second method, Evolving Super Graph Neural Network (ESGNN),
constructs dynamic super graphs for large-scale time-series forecasting. The third method,
Probabilistic Hypergraph Recurrent Neural Network (PHRNN), designs a probabilistic hy-
pergraph model that learns the interactions between nodes as distributions in a hypergraph
structure. The last method, Graph Deep Factors (GraphDF), targets probabilistic time-
series forecasting with a relational global component and a relational local model.

These methods collectively covers various data characteristics and model structures, includ-
ing graphs, super graph, and hypergraphs; a single graph, dual graphs, and multiple graphs;
point forecasting and probabilistic forecasting; offline learning and online learning; and both
small and large-scale datasets. This dissertation also highlights the similarities and differ-
ences between these methods. In the end, future directions in the area of graph time series
are also provided.
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This dissertation bridges the gap of graph modeling and time-series modeling.

A diagram of Graph RNN models. The graph component (e.g., GCN or
diffusion) is nested within RNN cells. . . .. .. ... ... ... ... ...

A detailed diagram of a Graph RNN cell. X' denotes all time-series values
at time t. Each node is associated with an individual time-series. The inter-
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employed in different selected graph time-series models. In GCRN, each node
learns from its neighbors through GCN. In DCRNN, its diffusion learning
process considers both the in-degree and out-degree of each node, as repre-
sented by the dual-headed arrows. In DGSL, the utilized graph structure is
probabilistic, as indicated by the dashed arrows. . . . . . . ... ... ...

A model with three dilated CNN layers (dilation factor as [1;2;4]) can digest
8 time values, which is generally faster than an RNN structure unfolding 8
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A simplified illustration of spatial, temporal, relational, and contextual de-
pendencies for one node. (a) Contextual dependency: contextual (temper-
ature and humidity) impact on resource graph. (b) Relational dependency:
correlation between nodes within a graph. (c) Spatial dependency: spatial
accessibility between nodes within a graph. (d) Temporal dependency: his-
torical impact on future values within a time series. . . . . . . .. . ... ..

An overview of our CIGNN unit. For the purpose of brevity, we depict
two graphs in the figure and the number of node features are assumed as
one, di = dj = 1. We let Gj denote a resource graph and Gj a contex-
tual graph. The graph convolution is denoted by and is used to cap-
ture the relational and spatial dependencies. The intermediate state S in-
corporates the temporal dependency. The contextual state F is aggregated
for contextual dependency modeling. In practice, CIGNN learns ; for
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A comparison between spatial matrix and relational matrix. Deeper color
indicates higher correlations. (a) Selected bike dock locations in San Jose.
(b) The Gaussian kernel-based spatial matrix. (¢) The correlation-based rela-
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A comparison of time-series patterns from the two datasets in use. (a) O0IIOL:
Call demand in Milan during Dec. 25-31. (b) OI00O00: Bike supply in San
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more periodicity. . . . . ...

An illustration of the effectiveness of the fusion mechanism. CIGNN with
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A performance comparison of models with different matrix constructions and
different lags. DCCA coefficient-based model achieves better performance for
both lags. . . . . . . .

The architecture of our proposed ESGNN. (a) Large-scale graphs before clus-
tering: each graph consists of a period of node time series. (b) Super graphs:
each super node is created by clustering node time series. (c¢) An encoder-
decoder structure is trained with super graphs to learn super node embed-
dings. (d) Time series are sliced into periods to construct evolving super
graphs per time interval. The testing data are masked off during training.
(e) A predictor leverages both target time series and encoded super node
embeddings to make prediction. . . . . ... ... Lo L

Dynamics of node-hyperedge connections. Node time series for (Vi Vo; V3) and
their hyperedge series e; are depicted on the left. The UUUUO area around the
hyperedge time series highlight the standard deviation. Node time series ex-
hibit higher correlations with hyperedge time series in the UJU0 area than in
the 00 area, indicating fluctuations in the connection strength. Probabilis-
tic relationships modeling can learn the interaction dynamics, in contrast to
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kXe +QKT 'BbQM Q7 ;" T? iBK2@b2 ' B2b KQ/2Hb QM MQK Hv
i"2 iIK2MiX h?2 T2 '7Q 'K M+2 Bb "2TQi2/ “2: “/BM; T 2+BbBQ
K2i'B+bX h?2 #2bi "2bmHi BRRBM/HB2?024ABM/ #2bi "2bmHi Bb
2B:?HB:?BA/BBBEK X X X X X X X X X X X X X X X XjX X X X )

jXR [m HBi iBp2 +QKT "BbQM Q7 *A:LL rBi? Qi?2  KQ/2HbX *A:
KQ/2H i? i BM+Q TQ  i2b i2KTQ  H- "2H iBQM H-bT iB H- M/
[2ZM+BXBX X X X X X X X X X X X X X X X X X X X %¥3X X X X

jXk i #H2 Q7 / i b2i /2b+ BTiBQMb, ; T? Bb +QMbi m+i2/ 7Q
bmTTHvV- M/ 7Q 2 +2 +QMiXtMnXHX VT 2XX X X X X X9® X X X X

iXj JmHiBbi2T 22/ 7Q 2+ biBM; T2 ' 7Q K M+2 BM i2° Kb Q7 J 1
* HHJB/"BF2"Xvh?2 #2bi T2 7Q K M+2 B b QBi2tHBX ?2XD/dB M

9XR i #H2 Q7 T 2/B+iBQM T2 7Q K M+2 QM :QQ:H2 M/ /Q#2/ i
~Jal "2 °2TQ'i2/ QM j-e M/ Rk bi2Th X2X/ X X/R+XBSEM XX X

9Xk h?2DbT +2 +QKTH2tBivQ72 +? KQ/2H- K2 bm 2/ BBIdi?2 MmK

8 XR MQi iIBQM i #H2 Q7 X EK2XbXKH#R B X X X X X X XeR X X X X
8 Xk bi iBbiB+b i #H2 Q7XnK2X /Xi X 2(bX X X X X X X Xetl X X X X
8Xj] _2bmHib7Q QM2@bi2T ?22 /7Q 2+ XiBN; X JIX1X MeX Ja XV X

tp



8X9 _2bmHib 7Q KmHiBbi2T 2?22 /7Q 2+ KiEXMX XJIX1XME3XIALIX

eXR ai iBbiB+b Q7 i?2irQ 2 H@rQ H/ H “:2@b+XHR2 % QaX 2+iB QN
eXk _2bmHib7Q QM2@bi2TyS2-§I0 AW+ OIBMXUX X X XNX

eXj _2bmHib7Q KmHiBbi2T y=2 Y8R X+XbXBM ;XUX X X MyX X X X
eX9 _2bmHib 7Q KmHiBbi2T§92W&RQX 2¢ D iBM; X X X XNX X X X
eX8 _2bmHib 7Q KmHiBbi2Ty@2ZVEXQX 2¢ X% iBM; X X X XNYX X X X
eXe h> BMBM: mMiBK2 T2 7Q KXMX2XUBM X2XQMXbX XNR X X X
eXd AM72 2M+2 mMMiBK2 T2 7QXKXM*¥ XWB M X2 XQMXbX¥NKR X X X
eX3 _mMiBK2 +QKT "BbQM #2ir22M :° T?.6 M/ AP:X TXN® Qp2  iB
eXN _2bmHib 7Q  KmHiBbi2Ty®2\ BQ?2A4PhiBIVEXX X XNX

eXRy _2bmHib 7Q  KmHiBbi2T & 2 AN(EBi2+APi:B M;?H6 X X N9

eXRR _2bmHib QM +QK#BM iBQM Q7 2vT2 T * K2i2'b7Q j@bi2T
rBi?i?22:QQ:H2/ i b2iX h?2#2bi T2 7Q K M+27Q 2 +?2 MmK#2
T2'BQ/ U QrV Bb ?B:?2HB:;Xi2X BMKAQM/X X X X X X X& X X X

eXRk PTTQ imMBbiB+ b+?2/mHBM; "2bmHib mbBMX /B 2XKA 2Mi 70Q
eXRj 2bmHib7Q QTTQ imMBbiB+ b+?2/mHBM; BMi?2 +HQm/ Qp

IB772 2Mi 7Q 2+ biBAMXKQXZHBX X X X X X X X X X MNX X X X
dXR _2b2 "+?2 i bFb KI/XbXiKbhK X X X X X X X X X X XR¥YR X X X
d Xk bmMKK "v Q7 KQ/2H +X X+X2XBKiE+H X X X X X X KyK X X X
j ai iBbiB+ H ii'B#mi2b Q7 bXHR XiX/ XiXbXilxXXX X X R X X X )



*?2 Ti2 R

AMI Q/m+iBQM

6B;m 2 RXR, h?Bb /Bbb2'i iBQM # B/;2bi?2; T Q7 ,; T? KQ/2HBM;

hBK2@b2 B2b KQ/2HBM: M/  T?KQ/2HBM: 2 #Qi? BKTQ i Mi 2b2
BM+ 2 bBM: ii2MiBQM /m2 iQ i?2B  rB/2 TTHB+ iBQMbX :2M2" HH
iBK2b2 B2b/ i -r?BH2 ;> T?KQ/2H 2M/2°b ;  T?2bi'm+im 2X _2+
QM BMi2;  iBM;i?2b2irQ /QK BMb- "2bmHiBM; BM i?2 2K2 ;2M+2 Q7
h?2 TQbBIiBQM Q7 ;> T? iBK2@b2 B2b "2b2 "+? rBi?BRXRAPBIR MBI
/Bbb2 i iBQM +2Mi2'b "QmM/i?Bb +QM+2Ti M/ T°QTQb2bb2p2° H M
"2b2 "+?2 T Q#H2KbX

RXR 2b2 +? S Q#H2KDb

h?Bb /Bbb2'i iBQM BKbiQ Mbr2  7QHHQIBM; "2b2 "+?2 T'Q#H2Kb rE

Cqg? i KQ/2H +QKTQM2Mib "2 2772+iBp2 7Q" ;" T? iBK2@h2 B2b
7Q+mb QM ;> T? iBK2@b2'B2b 7Q 2+ biBM; ++m - +v M/ 277B+E

C>QriQ //'2bb /B772°2Mi KQ/2H “2[mB 2K2Mib M/ /i +?2 > +i2°
BM+Q TQ  iBQM Q7 +QMi2tim HBM7Q K iBQM- :2M2" iBM: T Q#
T2 ;" T? KQ/2HBM;\
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h #H2 RXR, S'BK "v KQ/2H +? °~ +i2 ' BbiB+b M/ mb2 b+2M

JQ/2Hb *QM+2Ti .B ;° Kb Ib2 a+2M ‘BQb

h?Bb KQ/2H Bb /2bB;M2/ 7Q /i b2ibi? i +QMi BM
i ;20 T? iBK2 b2 'B2b M/ KmHiBTH2 +QMi2tim H
«Oléé iBK2 b2 B2bX 6Q*RiLKBW2Ti 7Q° 7Q 2+ biBM;
#BF2 bmTTHvV b2 'B2b + Qbb KmHiBTH2 HQ+ iBQN
i2KT2 im 2 b2 B2b M/ ?2mKB/Biv b2 B2bX

h?Bb KQ/2H Bb /2bB; M2/ 7Q " H ";2@b+ H2/ i b2ib

7166 i2Mb Q7 i?7Qmb M/b Q7 iBK2 b2 B2bLQ KQ 2X g?Bl|
KvMQi +?B2p2i?2 ?B;?2bi ++m > +v- Bi 2t+2Hb E
bT22/ M/ 277B+B2M+vX

S> LLi ;2ibbBim iBQMbr?2'2iBK2 b2 'B2b BMi2"
yN éé #2vQM/@T B 'rBb2 K MM2 - bm+? b BM +HQmM/ bvk
MQ/2b +QKKmMB+ i2 pB bBKmHi M2Qmb # Q /+ b

T T?.6Bb T Q# #BHBbiB+ 7Q 2+ biBM; K2i?Q/ i?
i 3R 2 ;2M2° i2b /Bbi B#miBQMb b T 2/B+iBQMb BMbi2 /
zyNz2A . .
M 2ti2MbBQMAW :K2ZII? -6r?B+? /QTib
BM+'2K2Mi HH2 "MBM;- Bb HbQ T°QTQb2/X

RXk *QMi'B#miBQMb

h?Bb /Bbb2 i iBQM /2p2HQTb ;" T? iBK2@b2 B2b KQ/2Hb i? i miBH!
+iBQMb iQ VB2H/ +QMi2ti@ r "2- "2 H@iBK2- M/ TRX®B #BHEBBRiB+ 7(
i?72 T'BK v +? ~ +i2 BbiB+b Q7 i?2 T°'QTQb2/ KQ/2Hb b r2HH b i?z
2 /2°b BM b2H2+iBM; bmBi #H2 KQ/2HbX h?2 K BM +QMi ' B#miBQM

RXkXR *QKT 2?22MbBp2 _2pB2r Q7 :" T? hBK2@b2 B2l

hQ i?2 #2bi Q7 Qm >  FMQrH2/;2-i?BbBbi?2 7B bi HBi2" im 2 "2pB2ri
Q7 iBK2@b2 ' B2b KQ/2HBM; M/ ;" T? KQ/2HBM; BM /22T H2 "MBM;.
BM+HmM/BM; "2;"2bbBQM- +H bbB7B+ iBQM- M/ MQK Hv /2i2+iBQM}
Q7 "2H i2/ KQ/2Hb M/ /2i BH Qp2  ir2Miv 2T 2b2Mi iBp2 KQ/2HbX
mM/2 bi M/IBM; Q7 ;- T? iBK2@b2 B2b KQ/2Hb-r2 + i2;Q Bx2 KQ/2H
?B;?HB;?ii?2 bBKBH "BiB2b M/ /B772 2M+2b #2ir22M KQ/2Hb- M/
bBQMbX aT2+B7B+ HHv-r2 T°'QTQb2i?2 + i2;Q Bx iBQM Q7 :" T? =z
L2irQ Fb-r?2°2 KQ/2Hb "2 7m’i?2 ;"QmT2/ BMiQ 2+m "2Mi L2m"
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Q *QMPQHMIBQM HL2m  H L2irQ F U*LLV@# b2/ 7°QK i?2 iBK2@Db
M/ a2H7@/2 Bp2/; T?2@# b2/ M/ 1pQHpBM; ;> T?@# b2/ 7°QK i?2
iBp2X 6m i?2 KQ 2-r2 T°'QTQb2i?2 + i2;Q ' Bx iBQM Q7 :° T? ii2MiE
/IBb+mbb /B772 2Mi ii2MiBQM ivT2bX g2 T ' QpB/2 BMbB;?i7mH /B 2
TTHB+ iBQMb Q7 ;> T? iBK2 b2 'B2b KQ/2HbX

RXkXk *QMi2ti AMi2; i2/:  T? L2m  H L2irQ F

g2 T'QTQb2 MQp2H; T? KQ/2H-*QMi2ti AMi2:  i2/:> T?L2m  HL2
DQBMiHvV KQ/2Hb p "BQmb /2T2M/2M+B2b- BM+HmM/BM; i2KTQ" H- °
+QMi2tim H/2T2M/2M+B2b- BM +QMi" biiQ 2tBbiBM; K2i?Q/b i? i /G
i2tim H BM7Q K iBQMX *A:LL +QMbBbi2MiHV QmiT2 7Q Kb T 2pBQ
M/ JalQMirQ 2 H@rQ H// i b2ibX

RXkXj) 1pQHpBM; amT2 :" T? L2m H L2irQ F

g2 T QTQb2 MQi?2 MQp2H; T? i iBK2@b2 B2b T 2/B+iBQMKQ/2H- I
L2m™ H L2irQ F Ula:LLV-i? i? b bB;MB7B+ MiHv HQr2 iBK2 M/ L
T 2/iQT 2pBQmb bi i2@Q7@i?2@ i # b2HBM2b-r?BH2 +?B2pBM
H2p2 ;2bE@J2 Mb M/ GQ+ HBiv@a2MbBiBp2 > b?BM; UGa>ViQ[m
;0 T?b-r?B+? HHQrb i?2 KQ/2HIQH2 M7 QK i?2 KQbi "2+2Mi ;" T7%

RXkX9 S Q# #BHBbDLiIB+ >vT2 ;" T? 2+m 2MiL2m H Lz

g2 BMi Q/m+2 MQp2H ?2vT2 ;" T? iBK2@b2 B2b 7Q 2+ biBM; KQ/2]
_2+m "2Mi L2m” H L2irQ ' F US> LLV-r?B+? H2p2 ;2b i?2 BMi2 "2F
b2'B2b#vH2 "MBM; T Q# #BHBbLiB+?vT2 ;" T?X h?2T Q# #BHBDbIE
Qm  KQ/2H rBi? i?2 [/p Mi ;2b Q7 #Qi? T Q# #BHBbiB+ KQ/2HBM; |
hQ i?2 #2bi Q7 Qm™ FMQrH2/;2-S> LLBbi?2 7B bi T'Q# #BHBbiIB+
b2 B2b7Q 2+ biBM;X h?2 MQp2H T Q# #BHBbiB+?vT2 ;" T? KQ/2HE
b2 p2b b M / Ti #H2 bT iB H +QKTQM2Mi M/ Bb "2 /BHv BMi2;" i2
+QM/m+i 2ti2MbBp2 2tT2 BK2Mib rBi? +HQb2Hv "2H i2/ # b2HBM2|
2tT2'BK2Mi H "2bmHib b?Qr i? i S> LLQmMiT2 ' 7Q Kb i?2 # b2HBM2
++m° +vX g2 BMp2biB; i2 i?2 2772+iBp2M2bb Q7 S> LL i?2°"Qm;? N\
BM+HmM/BM; T'BQ  FMQrH2/;2 ?2vT2 ;" T? +QMbi m+iBQMb M/ 2;mH
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RXkX8 :° T? .22T 6 +iQ b 7Q  *HQm/ 2bQm +2 6Q 2+ b

g2 T°QTQb2 ;2M2  H M/ 2ti2MbB#H2 /22T ?2v# B/ ;" T2@# b2/ T Q# 1
rQF + HHJZ/? .22T 6 +iQ b U:iT2.BNV + T #H2 Q7 H2 "MBM; +QKTH?2t
iBK2@b2 B2b T ii2 " Mb ;HQ# HHv mbBM; i?2; T?iBK2@b2 B2b/ i i
277B+B2M+v M/ 7Q°2+ biBM: ++m" +v r?BH2 H2 "MBM; BM/BpB/m
pB/m HiBK2 b2 'B2b # b2/ QM i?2B " QrM iBK2 b2 B2b M/ i?2 +QHH?2
BKK2/B i2 M2B:?#Q°?2QQ/ Q7 i?2 MQ/2BM i?2 ;"  T?X h?2: T?2.67 K
7 bi- b+ H #H2 7Q° "2 H@iBK2 /2K M/ 7Q 2+ biBM:- M/ ?B:?Hv / i 2
bB/2 BM: i?2 iBK2@b2 B2b bi'2 KBM; M im 2 r?2 2 M2rHv BM+QKB
bi2T-r27m i?2° TBMHQRE2Mi HQMHBM?2 :° T?KQUARi? T?2/pW+2b

CT?.6 KQ/2H i'2K2M/QmbHv rBi? "2bT2+iiQ i BMBM; "mMiBK2X

RXj P ; MBx iBQM Q7 i?2 .Bbb2'i iBQM

*2 Ti2k:Bp2b +QKT 2?22MbBp2 HBi2  im 2 2pB2r Q7 :  TP@BK2@b?2
*2 Ti2éeBMi'Q/m+27Qm T QTQb2/; T?iBK2@b2 B2b KQ/2Hb 7Q"  iB
aT2+B7B+ HHyBMi Q2m+2b MQp2H KQ/2H M K2/ *A:LL i? i BKbiQ
i2tim H ;> T?biQ ; BM KQ 2 ++m’ i2 7Q 2+ biBM; 7Q  i?2 i “;2i : T
i29BMi"Q/m+2b KQ/2H M K2/ la:LLi? i H2p2  ;2bbmT2 ;> T? +QM
iBK2 M/ bT +2 +QKTH2tBBMi*Q/Mi€2b T Q# #BHBbDiB+ ?2vT2 ;" T? k
S> LLi? i KQ/2Hb BMi2 "2H iBQMb # b2/ QM ?vT 26 B MIi?Qlimm2bm " 2
KQ/2H M K2/ :> T?.6 M/ Bib 2ti2MbBQM AP:  T?2.6 7Q  bi 2 KBM; p
2Hb 7Q 2+ bi 7mim 2 p Hm2b b T Q# #BHBbiB+ /BbmMBKmMBXQMX Al
HH BMpQHp2/ KQ/2Hb- M/ T 2b2Mib i?2 +QMi ' B#miBQMb Q7 2 +2 r
/B 2+iBQMb "2 HbQ :Bp2MX



*? Ti2 K

*QKT 2?2MbBp2 2pB2r Q7 .22
> T?2 hBK2@Db2 ' B2b JQ/2Hb

h?Bb +? Ti2 BMi'Q/m+2b M/ /27BM2bTiI?ABXXBXM BRIM; HQTZBM: i? 2
H i2bi 2H i2/ rQ°Fb QM i?2iQTB+ Q7 :" T? iBK2b2 B2b-i?Bb +? Ti2
Q7 ;> T? iBK2 b2 °B2bX JQ 2Qp2 - i?Bb +? Ti2  T'QpB/2b +QKT 2
> T? iBK2@b2 B2b KQ/2HbX

KXR AMi'Q/m+iBQM

22T H2 "MBM; U.GV "2b2 “+?2 2 b b22M " TB/ T°Q; 2bb BM iBK2@hb2"
2HBNBX2@b2 B2b BbHROBEMIB HBMK Mv "2 bbm+? bbB;:M HT Q-
M/ /i KBMBMRYRKXK q?BH2 i?2 2 2tBbib K Mv /B772 2Mi i bFb i? i
b2 'B2b MJBREERbI?PBb bm p2v bT2+B7B+ HHv 7Q+mb2b QM iBK2@b2
b2 'B2b +H bbB7B+ iBQM- iBK2@b2 B2b MQK Hv /2i2+iBQM- M/ iB
/22T H2 "MBM; KQ/2Hb 7Q  iBK2@Db2 B2b M HvbBb b + i2:Q°v Q7
M2irQ Fb iQ ? M/H2 iBK2@b2 B2b /i 7Q i?2 7Q 2K2MiBQM2/ i bFtk
iBK2@b2'B2b +H bbB7B+ iBQM ivTB+ HHv H2 M RVRR KH2H BBA2.@Q + H
b2 B2b 7Q 2+ biBM; K2i?Q/b H2p2 ;2 /22T H2 "MBM: 7Q  p "BQmb
70Q0°2+ bRBAR Kk KmHiBp "B i2 7R FRy¥PLIBIMTQ 2+ biBM; KQ/2H BMi2 T
Bivof 8dc hBK2@b2 B2b MQK Hv /2i2+iBQM K2i?Q/b H2p2' :2 /22T
/2i2+iBQM iiBK2@RRMBIBKE@MWH BNBRIYBp M (BK2@ i BFRKKRP2 H (
_2: "/H2bb Q7 i?2B bT2+B7B+i bFb-i?2b2 KQ/2Hb + M #2 +H bbB7B
7Q+mb QM BM/BpB/m HiBK2 b2 'B2b M/ KQ/2Hbi? i bBKmHi M2Qmb
q?BH2 i?2 7Q°K2  :"QmT ivTB+ HHv M22/b 72r2° T ~ K2i2 b M/ Bb 2
HQQFbi?2BMi2 "2H iBQMb #2ir22M iBK2 b2 B2b i? i TQi2MiB HHv 2
+QMi* bi- KQ/2Hb BM i?2 H ii2" ;"QmT 2Bi?2  BKTHB+BiHv Q  2tTHB
#2ir22M iBK2 b2 B2b- i?2 2#v 2M #HBM; 2 +? iBK2 b2 B2b iQ H2p2"
* T2 iBK2@b2 B2b KQ/2Hb- b /Bb+mbb2/ BM i?Bb bm paw 2t2KTH
KQ/2HMM i?2 Qi?2 2 M/- "2 MQ H2bb BMp2biB; i2/ 7Q  i?2B" mM]
iQTQHQ:B+ H "2H iBQMb #2ir22 M R&KIM Q@/2T2;MiB?BLDd (MBM; ~2b?2
?2 b 2+2MiHV b22M bB:MB7B+ Mi T Q: RPRBM MQ/2 2K#B M b (BQ
M/ HBMF T 2KB)RXBOW i?Bb bm p2v- r2 /27BM2 ;> T? KQ/2Hb b i?Qb

8
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> T2 bi'm+im 2-r?22°2 2MiBiB2b Q7 BMi2 2bi "2 2T 2b2Mi2/ b MQ.
2 2T 2b2Mi2/ b 2/:2bX > T? iBK2@hb2 B2b KQ/2Hb 7 HH mM/2" i?
r?2°2 MQ/2b "2 bbQ+B i2/ rBi? iBK2 b2 B2bX

"Qi? IBK2@b2 B2b KQ/2Hb M/ ;" T? KQ/2Hb "2 +iBp2Hvbm p2v2/Q
T T2 bbm p2vi?2iQTB+ Q7 2MBIR3NJEK 2 b I kRbALj§- ?Qr2p2 - i?2v
QMHv 2M #H2 T "iB H mM/2 bi M/BM; Q7 KQ/2Hb i? i BMi2r2 p2 i

“2+2Mi T T2 bm'p2vb #Qi? iQTB+b DQBMiHv- Bi QMHv BMp2biB;
/2i2+iB3YM ("v +QMi’ bi- i?Bb bm>p2v BKb iQ 7BHH i?2 ; TBM p BH
T QpB/2b iBK2Hv bmKK v Q7 i?2 DQBMi iQTB+ Q7 iBK2@b2 ' B2b ¥
BM /22T H2 "MBM;X q2 272 iQ "2H i2/ KQ/2Hb b /22T ;TZT? iBK2(C
iBK2@b2'B2b RQ/DRR iX :" T? iBK2@b2'B2b KQ/2Hb BK iQ //°2bb
mMbBM; irQ BM/BbT2Mb #H2 +QKTQM2Mib- iBK2@b2'B2b +QKTQM?2
[2T2M/2M+v- M/ ;7 T? +QKTQM2Mi i? i+ Tim 2b i?2 BMi2 b2 "B2b/
Bp2b M Qp2 pB2r Q7 ; T?iBK2@b2 B2b KQ/2Hb M/ T QpB/2b BMb
Kv+QMi'B#mi2 iQ KQ/2H T2 ' 7Q K M+2X

AM i?2 "2b2 “+? "2 Q7 /22T H2 "MBM:-r2 /27BM2 ;> T? iBK2@Db2 B
T'BbBM: QM2 Q  KQ 2 ;" T?b-r?2°2i?2: T?UbV Bb HBMF2/ iQ iBK:
2T 2b2Mi iBQMbX AM ivIB+ H ;> T? iBK2@b2 B2b KQ/2H- 2 +? N
Bb T B 2/ rBi? iBK2 b2 'B2bX h?Bb bbQ+B iBQM 2ti2M/b #2vQM/ i
2M+QKT bb2b i?2 bi iB+ Q /M KB+ +QMi2tim HBM7Q K iBQM T2 ]
p BH #H2X 1 +?2 2/:2 Q7 i?2 :° T? +QMM2+ib irQ MQ/2b M/ BM/B+
+QMM2+iBQMX 6Q  BMbi M+2-BM :  T? iBK2@b2 B2b KQ/2H /2bB;
S T2+ M#2 2KTHQV2/r?22°22 +?2 MQ/2 +Q "2bTQM/biQ T B+2 b2 F
Q7 +QKT MvX AMimBiBp2Hv- biQ+Fb BM i?2 b K2 b2+iQ  U2X:X-
+Q "2H i2 rBi? 2 +? Qi?2 i? Mi?Qb2 BM /B772 2Mi b2+iQ bX h?Bb -
+m> i270Q°2+ biBM; r?2M +HQDb2HvV "2H i2/ biQ+F b2 'B2b 2 +QMbB/
#2 /2°Bp2/ 7°QK i?2 +Q "2H iBQM #2ir22M Bib +QMM2+iBM: MQ/2b
bi*2M:i?X

Pm  bm p2v Bb QmiHBM2/ b 7QHHQrb, r2 +QKT "2 Qm bm p2v rBi~
+HmM/BM; i?2Qb2i? i QMHvV bm p2v M2m" HiBK2@b2 B2b KQ/2Hb- i?Q
KQ/2Hb- M/ Qi?2" "2H i2/ bm gXKXT qR2TbhQpB2/2X ?B;?@H2p2H TB+in
iBK2 b2°'B2b M/ ;> T?b "2 KQ/2H2/ QM i?2B" Qr MXBM NMZ2I?PH2 "MB
;Bp2 i?72 T'2HBKBM 'v M/ KQ 2 i2+?MB+ H /2i BHb QM KK/ K2Mi
g2 7TQHHQTr #v + i2;Q ' BxBM; 2T 2b2Mi iBp2 ;> T? iBK2@b2 B2b KQ/
Ua2kX8- M K2Hv-:> T? _2+m "2Mif*QMpQHmMIBQM HL2m  HL2irQ Fb
ii2MiBQM L2m™ HL2irQ ' FbU: LLVXAMi?2: *LL+ i2;Q v-r27m’ i?2
rBi? "2bT2+i iQ iBK2@b2'B2b KQ/2HBM; M/ ;" T? KQ/2HBM;X AM i~
i?72° + i2;Q°Bx2 KQ/2Hb rBi? "2bT2+iiQ i?2B i ";2i2/i bFbX g2 /Bb+
Q7 2T 2b2Mi iBQM H +QKTQM2Mib BM ;" T? iBK2@b2'B2b KQ/2Hb-
bFBT +QMM2+iBQMb- b r2HH b i?2 KQKkXWXBAR DTKKi #BX2Bid H @2-©X
TTHB+ iBQMb M/ +QKKQMHV mb2// i b2ibX g2 HbQ /Bb+mbb ?2Qr
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/ TiiQ i?2 B> 2;mH "Biv 7°QK 2Bi?2  iBK2K)XDB2biQ2 H R2bBKa2+ X
(2 b?2Qr i?2 T2 7Q K M+2 Q7 b2H2+i2/ KQ/2Hb QM irQ iBK2@b2 B2]
M/ MQK Hv /2i2+iBQM- iQ Q#b2 p2r? i KQ/2Hb T2 7Q K i?2 #2bi |
"2 bQMbX 6BM HHv-r2 /Bb+mbb QT2M Bbbnk2BXM/ 7mim 2 /B 2+iBQ

Pm> bm p2v BKb iQ T°QpB/2 “2b2 “+?2 b BMbB:?2i QM bi i2@Q7@?
KQ/2HbX 6Q  i?Bb Tm TQb2- r2 b2H2+i M/ /Bb+mbb 2T 2b2Mi iBp
K BM +QMi'B#miBQMb "2 bmKK “Bx2/ #2HQr,

ChQi?2#2biQ7Qm FMQrH2/;2-i?Bb Bbi?2 7B bi HBi2  im 2 "2pB
"2 b Q7 iBK2@b2 B2b KQ/2HBM; M/ ;> T? KQ/2HBM; BM /22T H
Q7 i bFb- BM+HmM/BM: “2:"2bbBQM- +H bbB7B+ iBQM- M/ MQK
+QKT 2?22MbBp2 HBbi Q7 "2H i2/ KQ/2Hb M/ /2i BH Qp2  ir2Miv

CAM Q' /2 iQ /p M+2 i?2 mM/2 bi M/IBM; Q7 ; T? iBK2@b2 B2b
KQ/2Hb 7 QK p BQmb T2 bT2+iBp2b- ?B;?HB;?i i?72 bBKBH "Bi
KQ/2Hb- M/ ? p2 BM@/2Ti? KQ/2H /Bb+mbbBQMbX

CQg2 T 2b2Mi i?2 T2 7Q K M+2 Q7 b2H2+i2/ KQ/2Hb QM +QKKQMH
Hvx2 TQbbB#H2 +QMi ' B#miBM: 7 +iQ°b7Q T2 7Q K M+2 BKT Q
/B 2+iBQMb 7Q  7mim 2 “2b2 “+? M/ TTHB+ iBQMb Q7 ;> T? iBK

kXk _2H i2/ qQ F

Pm bm p2v Bb +HQb2Hv "2H i2/iQ bm p2vb i? i "2pB2r 2Bi?2 /22T
;0 T? KQ/2Hb- b r2HH b i?Qb2i? i 2pB2ri2KTQ  H/vM KB+b Q7 ;°
Q7 i2KTQ  HTQBMi T°Q+2bb2b Q"  /vM KB+ M2irQ FbX

hBK2 b2 'B2bBM /22T H2 "MBM; "2 2ti2MbBp2Hv "2b2 "+?2/ M/ K Myv
7Q p BQmb i bFbX 6Q" 2t KTH2- AMKMBH BvrtxH2bbBXB+ iBQM KQ/
"QmTb i?2K BMiQ ;2M2" iBp2 M/ /Bb+ BKBM iBp2 KREIRP#HX 6Q 2+
/IBb+mbb2/ rBi? "2bT2+iiQ p BQmb i bF ivT2b- bm+? b TQBMi 7Q
7Q 2+ biBM;-bBM;H2@bi2T 7Q 2+ biBM; p2 bmb KmHiBbi2T 7Q 2+ |
2i HXB(M QpB/2 i tQMQKv Q7 MQK Hv /2i2+iBQM KQ/2Hb 7Q iBK2G@
M/ iBK2@TQBMi H2p2H QmiHB2  /2i2+iBQMX J2 Mr?BH2- +QMDE
KQ/2Hb "2 HbQ bim/B2/X 6Q 2kK) THRpBM2MIDHZ pB2r Q7 2T 2b?2
> T?2L2m"> HL2irQ ' Fb U:LLbVX MQi?2 T > HH2H bm p2v T T2  Hb
ivT2b Q7 :LkkiiX JQ 2Qp2 - w?@n 2BbHXIlfb :LLb BM i2°' Kb Q7 /B7"
T QT ; iBQM K2i?Q/b-b KTHBM; K2i?Q/b- M/ TQQHBM; K2i?Q/bX

QM iBK2b2'B2b/Q MQiBM+HmM/2 ;" T?@# b2/ KQ/2Hb- M/i?2 7Q 2t
" "2Hv /IBb+mbb iBK2@b2 B2b KQ/2Hb- i?2b2 T T2'b M/ i?2B  bm'p
7QmM/ iBQM 7Q° "2b2 "+?2°'biQ T QTQb2 M/ /p M+2 ;" T? iBK2@b~
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? p2 BK2/ iBMi2:  iBM;#Qi?iQTB+b b r2HHXEOQT RO TN Z-?2:@¥ 2k 21
KQ/2Hb 7Q  iBK2@Db2 B2b MQK Hv /2i2+iBQMX IMHBF2 i?2 2t+Hmb
BM i? i rQ'F- KQ/2Hb bm p2v2/ BM i?Bb +? Ti2  +Qp2'b #'Q / bT2
BM+HmM/BM: “2:°2bbBQM- +H bbB7B+ iBQM- M/ MQK Hv /2i2+iBQM
2tBbiBM: : T BM i?2 +QK#BM2/ /QK BM Q7 iBK2@b2 B2b KQ/2HBM;
H2 "MBM;X

aBKBH "iQ ;" T?iBK2@b2 B2b KQ/2Hb-i2KTQ HTQBMi T Q+2bb2b
rQ"Fb "2 irQ ivT2b Q7 KQ/2Hb i? i + Tim 2 i?2 i2KTQ  H/vM KB+b
bi'm+im 2X h2KTQ ' H SQBMi S'Q+2bb2b UhSSV 2 M/QK T Q+2bb
b HBbi Q7 /Bb+ 2i22p2Mib i /B&j7RYy)RKMh SEBKRbTHIBMIQ MHV mb2/iQ K
iBK2 b2°'B2b Q7 /IBb+72i2 2p2Mib BM +QMiBMmQmb iBK2X 6Q 2t KT
T 2/B+ii?2 MmMK#2 Q7 HBMF +'2 iBQMb BM bQ+B H M2irQ Fb #v 70Q
/IBb+72i2 2p2Mi- M/ i?2 iBK2 BMi2 p H #2ir22M 2p2Mib b -~ M/QK
;- T?2 i BK2@b2 B2b KQ/2Hb mb2/ i b2ibi? i ;;°2; i2HBMF +QmMiiQ
mH " iBK2BMi2'p HX hSS@# b2/ KQ/2Hb "2KQ 2 "27BM2/7Q  i2KTC
"2[mB 2 2tT2'i FMQrH2/;2 iQ b2H2+i i?2 T'Q# #BHBbiIB+ /Bbi B#miB
reB+? + M #2 /IB77B+mHi 7Q° mb2 b rBi?Qmi bi iBbiB+ H# +F; Qn
i F2 [m /° iB+ iBK2 +QKTH2tBiv- r?B+? Bb +QKTmi iBQM HHv 2tT2\
VM KB+ M2irQ " F KQ/2Hb +QKKQMHV 7Q K iBK2@2pQHPpBM; ;" T?i
Q7 MQ/2b 7Q° MQ/2 +H bbB7B+ iBQM- HBMRKR @QWB 6i@ QM-K MH 31?2
mTi M/ "2/ i2dd'b(m p2v iBK2@/2T2M/2Mi ;> T? 2T 2b2Mi iBQM H2
iBp2 KQ/2HBM:X h?2b2 KQ/2Hb/Q MQi +QMbB/2  iBK2 b2 'B2b M/ i?2
i bFbX .B772°2Mi 7 QK 2tBbiBM; bm p2v T T2'b-Qm  bm p2v T BK E
[mM2biBQMb, ZRX >Qr /Q ;" T? iBK2@b2 B2b KQ/2Hb BMi2;  i2 ;" T
KQ/2Hb- 2 "MBM; i?2 /p Mi ;2b 7°QK #Qi?\ _ZkX >Qr /Q ;> T? iBK2
iBM+iBp2HVvBM+Q TQ i2/Bp2 b2bi m+im  H/2bB;Mb-bm+? b ii2l
KQM; KQ 2 +QKTHB+ i2/ QM2b\ q2 M pB; i2i?2b2 "2b2 "+? [m2biBQ
pB BM@/2Ti? /IBb+mbbBQM Q7 MmK2' ' Qmb ;> T? iBK2@b2 'B2b KQ/:
bi M/ i?2 bi’2M;i? Q7 ;- T? iBK2@b2 B2b KQ/2Hb QM p "BQmb iBK2C(
MmM/2 bi M/BM; +QMi B#mi2b iQ 7m’i?2" /p M+2K2Mib BM "2H i2/ 2

kXKkXR _2H i2/ gQ'F QM hBK2@b2 'B2b 6Q 2+ biBM;

JODbi rQ F /2i BH2/ BM i?Bb +? Ti2 i ;2ib iBK2@b2 B2b 7Q 2+ biB
r2 #°B27Hv BMi'Q/m+2 “2H i2/ rQ'F QM i?2 iQTB+ Q7 iBK2@b2 B2b
BMi'Q/m+2 +H bbB+ H7Q 2+ biBM; KQ/2Hb M/ .G@# b2/ KQ/2Hb i?



~
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kKXkXRXR *H bbB+ H hBK2@hb2 B2b 6Q 2+ biBM; JQ/2HDb

*H bbB+ HiBK2@b2 B2b KQ/2Hb bm+? b miQ_2: 2bbBp2 AMi2;  i2
M/ 2tTQM2MiB H bKQQi?BM: ? p2 /12KQMbi  i2/ ?2m:2 bm++2bb2b BM
/IB+iBOMBNRRjSR3R ?2Qr2p2 - i?2v "2 K BMHv bi iBbiB+ H M/ Q7i2
BM+Q TQ  iBM; BMR§XN h22B " KbEM 7Q+mb Bb QM 7Q 2+ biBM; BM/E
r?B+? HBKBib i?2 KQ/2H b+ H #BHBiv M/ 7 BHbiQ 2ti> +ii?2 MQMHE
b2 'B2bX "v +QMi’ bi- KmHiBp ‘B i2 iBK2@b2 ' B2b T '2/B+iBQM i F2b
BMi2 /2T2M/2M+B2b + Qbb iBK2 b2 ' B2b iQ BREMReIRAN RIWR+2BQM +
KTH2 Q7 KmHiBp "B i2 iBK2@bh2 B2b KQ/2Hb Bb R2}i©?BaA@Bb2: 2|
+QMbB/2 2/ b ;2M2  HBx iBQM Q7 miQ 2; 2bbBp2 KQ/2HX o _ i 2
iBK2 b2 B2b 2[mBp H2MiHV rBi?Qmi /B772 2M+2-9BmEKBL Bx\2/2 HE
MBM2 +H bbB+ HK2i?Q/b7Q  7Q 2+ biBM; 2M2 :vmb ;2- BM+Hm/BNM
TQ i p2+iQ " K +?BM2- KQM: Qi?2 bX

kKXkXRXk .G@# b2/ hBK2@b2 B2b 6Q 2+ biBM; JQ/2HDb

2+2Mi /p M+2 BM /22T H2 MBM; M/ BM+ 2 b2 Q7 p BH #H2 / i b2
BKT" Qp2K2M|QM|BK2@b8kBQINk‘II\H2RErd?|8IQMRNkk)3 KQM; r?B+?
2+m "2Mi L2m  H L2irQ Fb U_LLV ? p2 "2+2Bp2/ i 2K2M/Qmb TQT
"M/ 7H2tB#BHBiv BM KQ/2HBM MOQMHBM2 ~ QR KHREBXRKO® H /2T:
RO-&KRIN GQM; a?Q i@h2 K J2KQ v RMywNgibMJGalkIV Z+m "2Mi IMBib
U: IVje-jd-j3) 2 irQ _LL KQ/2Hb i? i "2 # Q /Hv /QTi2/ 7Q i?2B"
iQ Qp2 +QK2 i?2 p MBb?BM; ;" /IB2Mi T Q#H2KX " b2/ QM i?2 GahlJ
K Mv b2[m2M+2@iQ@b2[m2M+2 KQ/2Hb ? p2 #22M /2p2HQT2/ iQ H
MmK#2 Q7 ?8 8BIR®8R )&

LL KQ/2Hb "2 HbQ /QTi2/iQ b? "2 BM7Q K iBQM + Qbb p "B i2b
7Q 2+ bi ++RU&yRY 6Q  BMbi M+2- REBEKM DITAK2/ /m Hbi ;2 ii2MiB
# b2/ LLKQ/2HX >m W);BMiHQX/M+2/ /m H@ ii2MiBQM K2+? MBbK :
MQMT2 BQ/B+ KmHiBp 'B i2 iBK2@b2 B2b 7Q 2+ biBM;X

kXj hBK2 b2 B2b M/ : T?b BM .22T G2 MBM
pB/m HJQ/2HBM,;

AMi?Bbb2+iBQM-r2/Bb+mbb?QriBK2b2"B2b M/;  T?b "2b2T * i2
m  /Bb+mbbBQM K BMHvV 7Q+mb2b QM ?B;?@H2p2H ;2M2" HBXx iB
b2"B2b M/ MQ/2b BM ;" T?bX
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kXjXR hBK2@b2 B2b 1M+Q/BM; BM .22T G2 MBM;

hrQ ivT2b Q7 M2m> H M2irQ Fb "2 K BMHv mb2/iQ 2M+Q/2 iBK2 b2"
L2irQ PLUV M/ _2+m "2Mi L2m > HLR2MR WL @m:? +QMpQHmMIiBQM H
*LL KQ/2Hb + Tim 2 HQ+ H "2H iBQMb?BTb #2ir22M iBK2@b2 B2b
POQHMIBQM H 7BHi2 bX _LL KQ/2Hb rBi? i?2B" "2+m "2Mi /B:2biBM
i H2 "MBM; ?B//2M bi i2 i? i 2K#2/b FMQrH2/;2 7°QK HH 2 "HB2 ¢
b2 'B2b- 7i2 r?B+? i?2 ?B//2M bi i2 Bb mb2/ 7Q" /QrMbi 2 K i bFb |
7Q°2+ biBM:X IbBM: KmHiBp "B i2 i BK2Rbh 2" 8T hiB KM P2/ WM /

72 im 2 /IBK2MbBQMb- b M BMTmi2t KTH2- M _LL bi?n24Rm 2 QmiTr
Q7 mb2 @h2/MEKEMbBQMb 7Q" 2tX? iRHWR2DIRT LL i F2b i?2 7Q K #2H

P=f 7Lt UKkXRV

[22°2:2M2° HBx2b i?2 bi'm+im 2 M/ T ' K2i2'b Q&' iZRINBDM?H M2ir(
Q#b2 p iIBQM p Hm2 p2+t@ h?2BK 2 kBT ? B/ Blbbivi2B+ HHv BMBiB H
b0 r?2M i?2°2 Bb MQ T'BQ  FMQrH2/:2X h?2 KQ/2H Bb 2ti2M/2/iQ ;2
i72°2 N2KmHiBp "B i2 iBK2 DRVBR2bX h?2 ?B//2MibdR2 ¢ | iBK2
bi2tTBb ?2M+2 +QKTmi2/ #vi?2 7QHHQrBM: 2[m iBQM-

H'=f H! X! UkXkV

rBif° BMBiB HBX@K'BRN ¢ i?22 Q#b2 p iBQM K i BttX i'BK2 BMT:
KQpBM: 7Q°r °/ HQM:; i?2 iBK2 /BK2MDbHB'Q M 72 M ?tBi/i B Kt i2T
H2 "Mb 7°QK /i p Hm2b i HH T 2pBQmb iKKBrRi2BHX /@ii BHBINMQa 2
TQTmH ° _LLb- GQM; a?Q i@h2 K J2KQ v UGahJV M/ : i2/ 2+m 2N

kXjXk " T? JQ/2HBM; BM .22T G2 "MBM;

"2 iK MV.G@# b2/ T?KQ/2Hb ? p2 "2+2MiHV #22M T QTQb2/- /I
T Q#H2Kb M/ /i M im 2bX AM i?Bb b2+iBQM-r2 T'BK "BHv 7Q+mb
FBi2° T?2 L2m" H L2irQ Fb UXLLA72+iBp2 MQ/2 2K#2//BM:b + M i?2M
/QrMbi*2 Ki bFb bm+? b MQ/2 +H bbB7B+ iBQM M/ HBMF T 2/B+iB

KX]XKXR LQ/2 1K#2//BM;

G2 "MBM:; BM7Q K iBp2 MQ/2 2T 2b2Mi iBQMb 2K BMb QM2 Q7 i?2
;7 T? H2 "MBM;X 1772+iBp2 MQ/2 2K#2//BM;b +8MRNEX mMb2HBXM K M
KQ/2Hb H2p2® ;2 ° MIDKYPr tPBH2 "2+2Mi KQ/2Hb /p M+2 i bF T2 '7Q
M2m™ HH v2 ' bi? i277B+B2MiHvV ;; 2; i2M2B;?#Q BM; MQ/2BM7Q I
BMi2 /2T2M/2M+v #2ir22M MQ/2b iQ BKT QpRYy-RTS8RBPMI iBQM H2 "N\
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:Bp2M ;'GEAV;E) rBi? MQ/Y b®i/ M 2/;2Eb2iM/ MQ/2 7X 2R b

QM =jV) MQ/2b dMBK2MbBQMb-i?2 ;Q HQ7 MQ/2 2K#2//BM; Bb iQ HZ
22R% Q7 b2H2+i2/ /IBK2QIbBGM WQVX ;2M2° HBx2/ MQ/2 2K#2//B
;- T?2 KQ/2H i F2b i?72 7Q K #2HQr-

2=FTs tuf ,ju2V"rué vg UkXjV

r?2°2/2MQi2b i?2 :LL bi'm+im 2 M/ T K2i2 ' bX h?2 2[m iBQM BKT
#2//BM: QWWNMBDHB2b QM #Qi? Bib BMTmi 72 im 2b M/ i?2 2K#2//BM:
T +iB+2-i?2  M:2 Q7 Qi?2 MQ/2b Bb HBKBi2/ iQMQI2B¥#Q ?2QQ/
22M+2 " 2bmuli B MXBM

kKXjXkXk _2T 2b2Mi iBp2 :> T? L2m > H L2irQ Fb

‘LLb +QMbiBimi2 i?2 K DQ Biv Q7 "2+2Mi ;" T?@ & \WXKIX2F2H2-"MBM
(2 # B27Hv BMi'Q/m+2 2Qr ;" T?2 bi'm+im 2b "2 "2M/2 2/ BM irQ rB/?2

CT?2*QMPQHMIBQM HL2irQFb2U:#FAMB 2+iHVQM ;> T2 bi'm+im 2br
+QMpPQHMIBQM H H v2'b- r?B+? Bb +QMbB/2 2/ +QmMi2 T i Q7 *
bi'm+im 2 Ryiekk)X 6Q 2 +?2 MQ/2 BM i?2 ;> T?- :*L :;°2: i2b BM7Q"
Qi?2  MQ/2b # b2/ QM i?2B° +QMM2+iBQM bi'2M;i?- BX2X- MQ/2b B
i? M/Bbi Mi MQ/2bX ;> T? +QMpQHmMIiBQM HH v2' HHQrbi?2 ;; 2;
MQ/2bX JmHiIB?QT M2B;?#Q°?2QQ/ ::°2: iBQM + M #2 +?2B2p2/ #v
+QMPQHMIBQM HH v2'bX 1bb2MiB HHv- :*L + M #2 b22M b MQ/2 2
BMBiB HHv TTHB2/iQ MQ/2 +H bbB7B+ iBQM i bFX

S T? 1i2MiBQM L2irQ ' Fb BMhAY; i2i?2 ii2MiBQM K2+? MBbK r?B+?
b2H7@ ii2MiBQM HH v2 bX h?2b2 Hv2'bH2 "MT B'rBb2 "2H iBQNM
2K#2/IBMRIHX Hi?Qm;?i?2bi M/ "/ : hi F2bi?2; T? +QMM2+iBpBiv
BMTmi- : h+ M bbmK2 +QKTH2i2 ;" T? r?2M bm+? +QMM2+iBpBiv
LQ/2 2K#2//IBM;b "2 mb2/iQ +QKTmi2 ii2MiBQM b+Q 2b-r?B+? +Q
r2B;?2ib BM i?2 ;7 T?X h?Bb T Q+2/m 2 ? birQ7QH/ /p Mi ;2bX 6B b
Q772" TH mbB#Hv BMimBiBp2 BMi2 T 2i iBQM Q7 Kmim H BKT +ib
MQ/2 2K#2//BM;b M/ ii2MiBQM b+Q 2b + M #2 Bi2  iBp2Hv +QKTn
b2H7@+QMi BM2/ M/ 2H iBp2Hv bBKTH2 KQ/2H "2; "/BM; T = K2i2"
bi'm+im 2 FMQrH2/;2-B7 2tBbib-+ M#2 miBHBx2/iQ b2H2+i ii2MiB(
i?72: hKQ/2H+ M#2b22M b MQ/2 2K#2//BM; K2i?Q/i? iH2 "Mb 21
MQ/2 #v BM+Q TQ iBM; i?2B  M2B;?#Q ?QQ/BM7Q K iBQMX
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h #H2 kXR, MQi iBQM i #H2 Q7 7 2[m2MiHvV mb2/ bvK#C

LQi iBQMb .2b+ BTiBQMbQi iBQMb .2b+ BTiBQMb
X i2MbQ" | c MmK#2> Q7 +?2 MM2Hb
X W K i'B+2b | d MmK#2> Q7 72 im2b Q  p "B i2b
D # T © K2i2  p2+iQ’p ii2MiBQM b+Q " 2b
T ° K2i2 b+ H "~ pGHm2b b2'B2b Q7 ;> T?b
T H2M;i? Q7 iBK2 bB'-BAE) ;> T?-Bib MQ/2 b2i M/ 2/;2 b2i
W HQQF# +F rBM/QNbBj¥p MmK#2> Q7 MQ/2b
7mim 2 ?2Q BxQM (V) M2B;?#0Q° MQVY2 b2i Q7
2H ?B//2M bi i2b | A /D +2M+v K i'Bt
| B/2MiBiv K i"Bt | D /2;°22 K i Bt
L G TH +B M K i BJtl MmK#2> Q7 H v2'b
k Q" +QM+ i2M iBQM|QT2" iQ" + “/BM HBiv QT2 iQ"
>/ K /T °Q/m+i]| fecifems ifcoov. M2m™ H M2irQ ' F 7mM+iBQMb
fistm iferu M2m® H M2irQ F|KQ)m He® bB;KQB/ M/i M? +iBp iBQM 7mM+iB

kX9 S 2HBKBM "'B2b M/ .27BMBiBQMbD

h?Bb b2+iBQM /27BM2b KQbi 7 2[m2MiHvV mb2/ bvK#QHb M/ 7mM+iE
HHv-r2/27BM2 +QKKQMHvV mb2/ M2m"> HKQ/mH2b M/ 7Q KmH i2iB
ivT2b2i +QMp2MiBQMb 2 /QTi2/ 7Q" "2 / #BHBivX g2 mb2 TH BN
/[2MQi2 b+ H 'p Hm2 Q  JandbiBEM pR¥mEH- b 7TmM+iBQMbV- TH

HQr2 + b2 :"22F H2ii2 iQ/2MQi2 2vT2'T > K2i2 ' Q T K2i2 BMi?
. bT  K2i2°bV- TH BM mTT2'+ b2 G iBM H2iiZ22iR'/2MQi2 i2Mb(
#QH/ HQr2 + b2 G iBM H2ii2  iQ /2MQh2p2p2@ OV YU 2K/ mTT2 + b2

H2ii2" iQ /2MQi2 K X Wt W2K: iXB+2bV- + HHB; T?B+ mTT2 + b2 G
[2MQi2 b2iGQE2A;)Gy:::::GrgVX am#b+"BTib M/ bmT2 b+ BTib "2 Hb(
iBM:mBb? bvK#QHb r?2M i?2v b? "2 i?22 b K2 H2ii2 ' bX bmKK v Q7
h #HRORh?2 /27BMBBKQMWERXBZE® M{  T? iBK2@b2 :BDPRM #2HQrX

.27BMBiBQNBR2 aX BiBtKY b2 B2b Bb /27BM2/ b b2[m2M+2 Q7 / i
Q#i BM2/ 7°QK +QMiBMmMQmb bT +2 #v b KTHBM; Q "2+Q /2/ BM
t = [xX2::xr]"2 RT +QMi BMBMb2 p2/ b+ H  p HmMRAMBDIMBi22 iBK2
b2 BQW H2MXi?22M i?2°2 2 irQ Q KQ 2 iBKPBIK2 B2bB2DX;XobQ +B i
rBi? M 2MiRihvHiBp "B i2 iIBKBbMB&bHHYV + 2 i20 2T €2/ Qi 2
KmHiBp "B i2iBK2 b2TBMH@7 B2ibi® aQK2 TdTQ/2MR22 i?2 MmK#2"
Q7 iBK2 72 im'2b Q  ?B//2M 72 im 2bX qf iQp/2MQi2 Qi Ri2i BIQM # 2
Q7p 'B i2b M/i?2 MmK#2 Q772 im'2b- bi?2 +QMi2ti K F2b Bi +H?2



IY:YT 740e0¢éz OFf 2¢é2/1A0¢0 Oné Rj

mb2/X AMiIBK2@b2 ' B2b7Q 2+ biBM;i bFb- HQQF# +FrBM/Qr+QM
Bb Q7i2M +QMbi m+i2/iQ bBKTHB7v KvQ 22MQ+H @ KZTHR BT B X2-i M/
i?72 T'2/B+iBQM ?2Q BxQMX

.27BMBiBQM KX@26 = (V;E) /12MQi2 ;> TNrIBWE /2MQiBM; Bib MQ/2 b2
M/ 2/;2 b2iX h?2 bBx2 Q7 i?2 MQ/NDBRjVB-brP2NB iZ2ZMQi2b i?2 b2i
+ "/BM HBivQT2 iQ X h?2 /D +2MAv2KRN BB/ MQOBDR#W QK i?2 2/;2
b2i- BX2X- i?R;2HRAK2MIMib i?2 2/;2 r2B;i?i @ MQEKMNAM2?2 + b2 r?2°2
i?72 ;" T? Bb +QMM2+iBBRIBMbT2-/ #BM “v K i Bebhmig? MXi
6Q° 2 +? MQA2- r2 H2W) V /2MQi2 i?2 b2i Q7 Bib M2B;?2#Q"° MQ/2bX
+ M +QMi BM MQ/2 72 im 2b- BM 2RE+#?2/2MQie2i HRK2MbBQM H MQ/2
72 im 2bX 6Q  +QMp2AMBRIM¥2bTF2HBiP2HV /2MQi2i?2 G TH +B MK i’
/2;°22 K i"Bt Q7 i?2 /D +2M+L KD BA rMDR= | Aj X

. 27BMBIiBQMT? hBK2 aB/25ABM2 ;> T? iBK2 b2 B2b rB QbR Kb nB b
"2H iBQMb?BTb #2ir22M iBK2 b2 B2b G@//R X} XB#27 BWI BN DM i?2
+QMi2ti- ;> T? iBK2 b2 'B2b + M #2 mMBp "B i2 Q" KmHiBp "B i2X 2
KQ/2HDb- 2 +?2WQBM i?2 ;> T? Bb bbQ+B i2/ rBi? iBK2 b2 B2b- ?22M
iQi M iBK2 b2 B2b BM i?2 / i b2i i? i 7Q KKXN@F2T7%2Q i H2Mi i?

Mid /BK2MbBQMbX h?Bb bbQ+B iBQM Bb Q¥ BW2 ®HOW@ QM2rBiTT

X1-v, Bb bbQ+B i2/-rBi?MW Bb bbQ+B i@y XBiBi?Qmi HQbb Q7 :2M2"
i72 /IBK2MbBQM 4 MI#DbRM+HmM/2 mMBp "B i2 iBK2@b2 B2b + b2bX
K2MiBQM2/- r2 mb2 bmT2 b+ BTiiQ /2MQi2MQ iiBK 2HBIM/ 2Hm B KX 2iXi-?
KQK2t\NKi g2 mb2 bm#b+ BTiiQ /2MQi2i?2 MQ/2 M/ i?% KAMQBD "B i2
HHp Hm2b bbQ+B iX/ rBi? MQ/2

kX9XR 6mM/ K2Mi H *QKTmi iBQMb BM L2m" H L2irQ Ft

6Q +QMp2MB2M+2-1r2 7Q KmH i2 +QKKQMHV mb2/ 7mM+iBQMb- H \
rQ FbX gk H)2/i2MQi2 i?2K M/ /BbiBM;mBb? i?2K #¢ (pmi#+bBETI- 2X; >
TmHHv +QMM2+i2/ Hv2 X 6Q i?2b F2 Q7 +QM+Bb2M2bb- +iBp iB
+Q M2 biQM2 7TmM+iBQMb bm+? b 7mHHvV +QMM2+i2/ H v¥> "2 /2T
b /27BM2/ BM i?2 TT2MEBYfk@nadd@)i;fems ();fconv () /12MQi2 7mHHYvV
+QMM2+i2/ H v2 - bQ7iKtH v2 - M 2K#2//BM; Hv2 - M/ +QMp
iIBp2HVX AMi2 +? M;2 #H{) iQ /2R mbiZ2B* " mHHV +QMM2+(iR/ H v2 -
iIQ/2MQi2i?2 +QMpQHMIBQM HH v2 - "2bT2+iBp2HvVvX

GQM: a?Q i@h2 K J2KQ v BGBadNIYZ Q7 i?2 KQbi TQTmH ° LLp "B |
BMTmi/ i iQ GahJ Bb iBKDBK2Z BRLI/MBK2MbBQMb- R MRS K#v



R9 +Nzy 1 1Y +ideéy INgé O&YT 1&0T aA /79y ; ZyNiOeTA

GahJ /B:2bib i?2 BMTRidpB4PQ2[m iBQMb #2HQr-

T= t'Wii+ 2 Wi+ # UkX9V
B=  tWi+ 7 Wi+ # UkX8V
O= tWu+ ? 'We+ % UkXeV
=7 41+ B i MAWu+ ? W+ # UkXdV
=0 4+ UkX3V

r?2°2 bvK#QiHM?- MI2MQi2 i?2 bB;KQB/ 7mM+iBQM-i?2 2vT2 #QHB+
M/ i?2 >/ K/ T°Q/m+i- "2bT2+iBp2HuX=h®BUEBEKMITROKI2/ iQ i?2
IBK2MBB @M ?2 /BK2MbBQMb Q7 i72B® B; 2B Rb« \® , 2 R% Cou -

W ;2 Reu Cu - M 2R X 0 "B #HBO;, ;P "2 BMBiB HBx2/ rBi? mb2 @b
p Hm2b Y@X :iK2mb- r2rH@0) = h'h® hT "2 RT < /2MQi2 GahJX

. i2/ _2+m "2Mi IMBib UBbIVMQi?2 TQTmH ° _LLp "B MiX gqBi?i?2b

X2R" 9 bi? iiQ GahJ-: | Bb/2b+ ' B#2/ #v 7QHHQrBM; 2[m iBQMb-
t= ttW,, + 7 W+ # rh= ttWyi+ 7 W+ # UKXNV
=i M2A'W,+ Y P WL+ # 2= ?'+1 m + UkXRyV

[22°2i?2 /IBK2MbBQMb Q7 +B? 2 R2:b-W 2 2 Ron Cou W , 2 Reu Cour _
M/# 2 Rot X h?mb- f2g@i)= hth?2 hT "2 RT %« /2MQi2i?2: | 7TmM+iBQM

T T? *QMPQHMIBQM H L2m™ H L2ir@bFb7UnMUWVK2Mi H + i2;Q v Q7 :
KQ/2Hb i? ii° Mb7Q K MQ/2 72 im 2b rBi? ;  T? Bi=fgWwBEMRZ X :Bp2M
M/ Bib MQ/2 ZK22iRY 2b :*L KQ/2H IBi?T?2 +QMPQHMIBQM HH v2'bH2
2K#2//BM;b #v

A:A+| |5ii

A; A=D *AD * UKXRRV
]

HO = X H' = flen G A)= (AH! tw! b UkXRkV
r?2°R;1:D0;A;D2RVN "2 /D +2M+v K i'Bt- B/2MiBiv K i'Bt- /B ;QM H
K HBx2/ /D +2M+v K i'Bt- M/ MQ 'K HBxXx2Rf2: 22 KBiBB§X d-

M&ni = Court 1 X q?2M 1?2 +QMi2ti Bb febhZX)- /2VHEERN (X; A) X
“T? ii2MiBQM L2irQ'F UBWMY MQi?2° TQr2 7mH :LLX : h "2HB2b Q
iBOQM b+Q 2b BMbi2 / Q7 2tTHB+Bi 2/;2 r2B;?ib 7Q° MQ/2 K2bb ;2
+Q277B+B2Mib "2 +QKTmi2/ rBi?,

_p 2tTG2 Fv_2CW 2kW 3]

! ld<2 g 2tTG2 FV_%G”[\N 2kW )

X X
7= @

UKXRjV

KWk A UKXR9V
k=1 j2 i[f ig



lY: YT 7480e0¢éz O 2¢2/9A0eé0 Oné R 8

r?2°2 Bbi?2 ii2MiBQM b+Q BMiQK MDB22#Q BMiQMIQQ@2 D2B +?

Bb + H+mH i2/ #v Q#i BMBM; b+Q 2b 7iQ rBHA Mi2 BB M#®OH 2D 1 2 2Q7"
Ki'B&¥ M/i?2 +QM+ i2M i2/ ?2B//2MibiMRb /Q M @@WHKW 2 X

M2m> H M2irQ F H v2 &2 b 2GNIHB2/ rBi? i’ BM #H2 T "Md2i2 p2+
bQ7iK t MQ K HBXx iBQM- b KOR]B#2/ #v 1[X

h?2 ii2MiBQM b+Q 2b + MK 22t\NeMIZBIDiQ?22°27Q 2- MZr7TB//2M bi
MQI2Bb + H+mH i2/ b i?2 p2  :2 Q7 KmHiB?2 / ii2MiBQM- M/ 2 +?
rBi? ii2MiBQMb+Qi"2BM #H2 T ° K2iWKK iMBt?B//2M Igi i2B" 2

j2 ([fig-BMi?2 HQ+ H M2B:?2#iX?QQ/ Q7 MQ/2

kX9Xk S Q#H2K .27BMBiBQMb

C T2 iBK2@bh2 B2b KQ/2Hb 2bb2MiB HHvV i :2ip "BQmbiBK2@b2 B2
bQK2 Q7 i?2 KQbi BKTQ i Mi QM2b- M K2Hv- RER @R 238 +H bbB
iBK2@b2 B2b 7iQ-|D+RIRBBHeR(EjR e-R 3R NKYB- M/ MQK Hv /2i2+iBQM C
iBK2@bRNBRIKKBX qBi?Qmii?2 HQbb Q7 ;2M2" HBiv- r2 bbmK2 i?2 I
i bFb Bb bbQ+B i2/ r8i7?2 2T2 +? iBK2 b2 B2b Bb bbQ+BXi 2/ rBi? |

" T? hBK2@hb2'B2b *H bbBRB+QIiBQMB+i H #2Hb Q7 iBK2@b2 B2bX
i?72 BMTmi Bb iBRK2Z R2T7B'2M/ i?2°2 Bb HY#2HLR2i:;Cg QC /B7@

72 2Mi +H bb2b- +H bbB7B+ iBQM KQ/2H H2 "Mb K TTBM; 7 QK
finboe7e: (@) 7! vr?22°22YNX h?Bb i bF Bb mb27mH BM K Mv "2 b-
BM i?2 7TB2H/ Q7 "Q#QiB+b-r?2"2 ;2bim 2 +H bbB7B+ iBQM Bb T 2/
;- T?2 bi'm+im 2 Bb miBHBx2/iQ KQ/2H i?2 "2H iBQMb?BTb #2ir22M
+H bbB7B+ iBQM ++m~ +vX

" T? hBK2@b2 B2b 6Q BKbIEMT 2/B+i p Hm2b BM i?2 7mim 2 ?Q B
iIQ B+ HQ#b2 p iBQMbX bbmKBM; i? i X?2 BMThiMbi?ZBK2 3 B2b

T 2/B+iBQM ?2Q BXxXQMBWHiBM; KQ/2H H2 "Mb K TTBM; 7 QK i?2 iBl
IB+i2/ 7mim” 2 1 Hm@kG; X5 7! XT+LT+ X h?Bb i bF Bb rB/2Hv bim/B2
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