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Robust and Data-Driven Uncertainty Quantification Methods as Real-
Time Decision Support in Data-Driven Models

Pooja Algikar

(ABSTRACT)

The growing complexity and data in modern engineering and physical systems require robust
frameworks for real-time decision-making. Data-driven models trained on observational data
enable faster predictions but face key challenges—data corruption, bias, limited interpretabil-
ity, and uncertainty misrepresentation—which can compromise their reliability. Propagating
uncertainties from sources like model parameters and input features is crucial in data-driven
models to ensure trustworthy predictions and informed decisions. Uncertainty quantifica-
tion (UQ) methods are broadly categorized into surrogate-based models, which approximate
simulators for speed and efficiency, and probabilistic approaches, such as Bayesian models
and Gaussian processes, that inherently capture uncertainty into predictions. For real-time
UQ, leveraging recent data instead of historical records enables more accurate and efficient
uncertainty characterization, making it inherently data-driven. In dynamical analysis, the
Koopman operator represents nonlinear system dynamics as linear systems by lifting state
functions, enabling data-driven estimation through its applied form. By analyzing its spec-
tral properties—eigenvalues, eigenfunctions, and modes—the Koopman operator reveals key
insights into system dynamics and simplifies control design. However, inherent measurement
uncertainty poses challenges for efficient estimation with dynamic mode and extended dy-
namic mode decomposition algorithms. This dissertation develops a statistical framework
to propagate measurement uncertainties in the elements of the Koopman operator. This

dissertation also develops robust estimation of model parameters, considering observational



data, which is often corrupted, in Gaussian process settings. The proposed approaches adapt
to evolving data and process agnostic— in which reliance on predefined source distributions

is avoided.



Robust and Data-Driven Uncertainty Quantification Methods as Real-
Time Decision Support in Data-Driven Models

Pooja Algikar

(GENERAL AUDIENCE ABSTRACT)

Modern engineering and scientific systems are increasingly complex and interconnected—
operating in environments with significant uncertainties and dynamic changes. Traditional
mathematical models and simulations often fall short in capturing the complexity of large-
scale real-world, ever-evolving systems—struggling to adapt to dynamic changes and fully
utilize today’s data-rich environments. This is especially critical in fields like renewable
integrated power systems, robotics, etc., where real-time decisions must account for un-
certainties in the environment, measurements, and operations. The growing availability of
observational data—enabled by advanced sensors and computational tools—has driven a
shift toward data-driven approaches. Unlike traditional simulators, these models are faster
and learn directly from data. However, their reliability depends on robust methods to quan-
tify and manage uncertainties, as corrupted data, biases, and measurement noise challenge
their accuracy. This dissertation focuses on characterizing uncertainties at the source using
recent data, instead of relying on assumed distributions or historical data, as is common in
the literature. Given that observational data is often corrupted by outliers, this dissertation
also develops robust parameter estimation within the Gaussian process setting. A central
focus is the Koopman operator theory—a transformative framework that converts complex,
nonlinear systems into simpler, linear representations. This research integrates measure-
ment uncertainty quantification into Koopman-based models, providing a metric to assess

the reliability of the Koopman operator under measurement noise.
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Physical, scientific, and engineering systems must effectively extract insights from observa-
tions as their scale increases, especially when running mathematical models on simulators
becomes computationally demanding [31]. In such cases, using simulators for making opera-
tional and control decisions in real time is impractical. For e.g. consider a power distribution
system: the network expands daily with the addition of numerous customers, the installa-
tion of photovoltaic systems (PVs), and the deployment of electric vehicle charging stations.
Solving differential equations involved in dynamical analysis (such as state estimation, time
domain simulations, etc.) is extremely time consuming and the results may not be even ac-
curate when customer additions or PV installations go unrecorded [132]. In addition to that,
the physical components of engineering systems are governed by natural processes; and the
associated uncertainty and intermittency needs to be modeled to be prepared for unexpected
events. In decisions theory, modeling uncertainty levels enables operators make trustworthy
decisions. On the other hand, data-driven models—designed using observational data—are
faster at making predictions compared to simulators once trained: yet, without adequately
addressing uncertainty, their reliability is compromised. Data-driven models must also ad-
dress misrepresentations, inadequacies, and corruptions in data, along with uncertainties in

measurement processes and biases that may skew their real-world applicability.

Uncertainty quantification (UQ) establishes a probabilistic framework within data-driven

models by characterizing the uncertainties of source variables—such as input variables or
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system parameters—and modeling their impact on target variables, like system outputs.
Uncertainty in target variables can be quantified through variability (e.g., confidence in-
tervals), information measures such as Shannon information and probability distributions
[104]. UQ enables informed decision-making by probabilistically modeling uncertainty and
the occurrence of extreme events and outliers in uncertain input variables, then propagating
that uncertainty through the model to estimate the variability—or ideally, the probability
distribution—of uncertain output variables in physical or engineering systems, and vice versa.
It can also provide estimates of uncertainty levels for both parametric models (e.g., neural
networks) and non-parametric models (e.g., Gaussian processes), as well as for their param-
eters. System operators or decision-makers can leverage this information on uncertainty,
propagated from various sources to targets, to make more uncertainty-aware decisions. For
example, in aerospace design, engineers incorporate margins for fuel consumption, aerody-
namic drag, and component reliability to account for uncertainties in operating conditions
and material properties, thereby enhancing safety and performance in flight systems. Simi-
larly, operators in other engineering domains can use these uncertainty estimates to ensure

robust and reliable system designs [100].

There are two main approaches to quantifying uncertainties in this context. The first in-
volves constructing a surrogate model—also known as an emulator, meta-model, or response
surface—that statistically approximates the simulator model. This surrogate is typically
built by running simulations at carefully selected, space-filling points across the input di-
mensions and recording the output at each point. Surrogate models serve as inexpensive,
fast approximations of the simulator, maintaining accuracy within the chosen design space
of inputs. In surrogate-based UQ, Monte Carlo simulations are performed on thousands of
samples drawn from an assumed probability distribution of test inputs [122]. The result-

ing output samples for each input test point can then be analyzed to determine variability,
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T'QT2iB2b, EQQTK M KQ/2- 2B;2Mp Hm2b- M/ 2B;2M7mM+iBQMb
KTHBim/2 M/ bT iB H/Bbi'B#miBQM Q7 Qb+BHH iQ'v Q" ;"QrBM;f/
"2:BQMb Q7 i?2 bvbi2KX 1 +? 2B;2Mp Hm2 BM/B+ i2b i?2 7 2[m2MH
bTQM/BM; KQ/2X h?2 bbQ+B i2/2B;2M7mM+iBQMb + Tim 2 BMp B

EQQTK M QT2 iQ i?2Q v T°QpB/2b 'B+?2'- HBM2 ‘Bx2/ 2T 2b2MN
B+b +QKT “2/iQ Qi?2 /i @/'Bp2M KQ/2HbX >Qr2p2°- TT QtBK iBN
'2M2° iQ  BM 7BMBi2 /IBK2MbBQMb Q7i2M "2HB2b QM r2B;?i2/ H2 bi
+ M#2 MQM@ Q#mbi M/ ?B;?Hv b2MbBiBp2iQK2 bm 2K2Mi[m HBiv
7Q0+mb2/ QM /2p2HQTBM; "Q#mbi 2biBK iBQM i2+?2MB[m2b 7Q" TT (
iQ'X 6Q° "2 H@iBK2 /2+BbBQM@K FBM;-[m MiB7VBM; K2 bm 2K2Mi
TT QtBK i2/ EQQTK M QT2  iQ BbBKTQ'i MiiQ2Mbm 2 "2HB #H2 T
"Q#mbiM2bb Q7 bvbi2K +QMi"QH M/diX#BB B2t KWHEBDK EIOTK M Q
2 iQ # b2/ KQ/2H 2T 2b2Mib i?2 +QKTH2t brBM; /vM KB+b rBi?BM
M2irQ Fb- 2bb2MiB H 7Q" B/2RKBCVBVMH @OQPH2W@v2( bvbi2K K2 bm"®
"2 bm#D2+i iQ KmHIBTH2 mM+2 i BMiB2b, b2MbQ  MQBb2- +QKKm
i Hp B iBQMb KQM; i?2KX "v [m MiB7vBM; i?2b2 mM+2'i BMiB2b
i72 EQQTK M KQ/2H- QT2 iQ'b + M +?B2p2 T Q# #BHBbiIB+ #Qn
i?72 KQ/2H BM/B+ i2b ?B;? mM+2'i BMiv BM +Q?2 2M+2 ;"QmT06b L
T Q +iBp2 bi2Tbh iQ T 2p2Mi TQi2MiB H bvbi2K BMbi #BHBivX AM K
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+QMi"QH bQHMIBQMb 2 2bb2MiB HX GBM2 * 2T 2b2Mi iBQMb 2M
mMbBM:; HBM2 ~ QTiBK H +QMi"QH iQQHb- r?B+? "2 ivIB+ HHv 7 bi2
MQMHBM2 * K2i?Q/bX h?2 +? HH2M;2 HB2b BM # H M+BM; /BK2MbE
#v 7BM/BM; i?2 KBMBKmMK MmK#2 Q7 # bBb 7mM+iB Qb M22£2/ 7Q
KQ/2H mM+2"i BMiv+ MBM/B+ i2i?2 "2HB #BHBiv Q7 QMHBM2 +QM

RXR 2b2 "+?2 Q#D2+iBp2 M/ bB;MB7B+ M+2

Jv "2b2 "+? BKb iQ [m MiB7v mM+2 i BMiv Tm 2Hv mbBM; "2+Q " /2/
KQ/2Hb BKBM; iQ [m MiB7v mM+2 i BMivmb2 T Q# #BHBiv /2MbB
T Q# #BHBiv /Bbi B#miBQMb iQ /2b+ B#2 i?2 mM+2 i BMiv BM 1?2
++m’ i2 HHi?2 iBK27Q  rB/2  M;2 Q7 TTHB+ iBQMbX q2 ? p2/ |
KQmMi /m2 iQ /p M+2b BM i?2 b2MbBM; M/ K2i2'BM; i2+?MQHQ:E
/i iQT 2+Bb2Hv +? ~ +i2 Bx2 i?2 mM+2 i BMivBMi?2BMTmi “;mK
i?72 KQ/2H- M/ +? ~ +i2°'Bx2 i?2 mM+2 i BMiB2b BM i?2 QmiTmi “;n
mM+2°'i BMiv[m MiB7B+ iBQM KQ/2Hb Bb ?B;?Hv BM7HmM2MiB H iQ
i?72mM+2°i BMivQ7i?2BMTmi ";mK2MibX br2 "2 r "2-K2 bm 2/ / |
MQBb2 HKQbi HHi?2 iBK2-A 7Q+mb2/ QM /2p2HQTBM: "Q#mbi M/
? bi?2 7QHHQrBM; 2bb2MiB H+QKTQM2Mib /B772 2MiB iBM; i?2 K-

/i @/'Bp2M +? * +i2 Bx iBQM Q7 mM+2'i BMiv Q7 i?2 BMTmi  ;mK
T ° K2i2  2biBK iBQM BM i?2 T°'QTQb2/ mM+2'i BMiv [m MiB7B+ iB
i?72 T'"BM+BTH2b 7°QK "Q#mbi 2biBK iBQM i?2Q vX

iBK2@b2 B2b 2biBK iBOM Q7 mM+2"i BMiv #QmM/b 7Q" bvbi2K bi i
+QM7B/2M+2 H2p2Hb bbQ+B i2/ rBi? i?2 EQQTK M@i?2Q 2iB+ / i
TQr2 bvbi2Kb /vM KB+bX
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K2 bm 2K2Mi mM+2 i BMivT QT ; iBQM +? ~ +i2 Bx2/ #v M HviB+
QM/ KQK2Mib Q7 i?2 EQQTK M QT2 iQ  mbBM; ™ M/IQK K i'Bti?2Q" v

RXk amKK 'v Q7 +?B2p2K2Mib

hQ / i2-i?Bb "2b2 “+?2 2?2 b "2bmHi2/ BM i?2 7TQHHQrBM; Tm#HB+ iBQ

H;BF - SX-sm-uX-u ?K /B-aX- JBHB-GXUkykjVX _Q#mbi. i
2HBM: TTHB2/iQ hBK2@b2 ' B2b aiQ+? biB+ SQr2 > 6HQrxX A111 h> M

H;BF - SX-sm-uX- JBHB-GX Ukykk- CmHvVVX J2 bm 2K2Mi@" |
S'Q+2bb 1KmH iQ° TTHB2/iQ . i @. Bp2M aiQ+? biB+ SQr2° 6HQrX
1M2 ;vaQ+B2iv:2M2 HJ22iBM; US1a:JVUTTX yYR@y8VX A111X

H;BF - SX- JBHB-GX UkykjVX _Q#mbi: mbbB M S 'Q+2bb _2; 2bk
AMi2"M iBQM H*QM72'2M+2 QM J +?BM2 G2 MBM; UmM/2  "2pB2r)

H;BF - SX- JBHB- GX UkykjVX _Q#mbi >vT2 T = K2i2 1biBK iB
_2:°2bbBQM JQ/2HX ai iBbiB+b M/ *QKTmiBM; UmM/2" “2pB2rVX

H;BF - SX-a? K -SX-L2iiQJX- JBHB-GXJ2 bm 2K2MiIM+2 i E
K MPT2 iQ 1biBK iBQM Q7 SQr2 avbi2K.vM KB+bX A111h Mb +il
UmM/2® "2pB2rvX

H;BF - SX-a? K -SX-L2iiQJX- JBHB-GXJ2 bm 2K2MiIM+2 i E
K MPT2  iQ 1biBK iBQM Q7 SQr2  avbi2K .vM KB+bX A111 h" Mb +il
UmM/2° "2pB2rVvX

H;BF -SX-a? K -SX-L2iiQJX- JBHB-GXh mbirQ i?vEQQTK M
rBb2 IM+2°i BMiv M HvbBbX A111 *QMi QH avbi2Kb G2ii2°'b UmM/2"°
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RXj] P; MBx iBQM

h?Bb /Bbb2'i iBQM T Q+22/b b 7QHHQrbX

*2 Ti2  k 2tTHQ 2b i?2 2pQHMIBQM Q7 / i @/ 'Bp2M K2i?Q/b- 2KT?
mM+2"i BMiv[m MiB7B+ iBQM M/ i?2B  BMi2;  iBQM BMiQ Q#b2 p i

*2 Ti2  j7Q+mb2b QM "Q#mbi T°Q+2bb KQ/2HBM:; rBi?BM i?2 7" K2r¢
rBi? "Q#mbi 2biBK iBQM Q7 ?2vT2 T °~ K2i2 bX

*2 Ti2 9T 2b2Mib" v2bB MBM72 2M+27Q " : mbbB MT Q+2bb “2;°2
2QQ/iQ ? M/H2 MQBbv /i BM+Qp ‘B i2 M/ 2bTQMb2 /BK2MbBQMb
M/ G TH +2 TT QtBK iBQM K2i?Q/b- rBi? i?2Q 2iB+ HT QQ7 Q7 i-
MMBKQ/ HBivX

*2 Ti2 8 //°2bb2b K2 bm 2K2Mi mM+2'i BMiv [m MiB7B+ iBQM BM
[’Bp2M TT QtBK iBQMb Q7 MQMHBM2 " /vM KB+bX Ai BMi'Q/m+2b |
BM; i?2 7B bi M/ b2+QM/ KQK2Mib Q7 i?2 .J. QT2 iQ 2H2K2Mib n
i2+?MB[m2b M/ KQK2Mi@;2M2" iBM; 7TmM+iBQMbX

*?2 Ti2 e /2Hp2b BMiQ 2H2K2Mi@rBb2 +QKTmi iBQM Q7 i?2 7B bi

EQQTK M QT2  iQ  mbBM; > M/QK K i'Bti?2Q vBM.J. M/ 1.J. TT'C
+? Ti2  ?B;?HB;?ib i?2 #2M27Bib Q7 x2 ' Q@ +2Mi2 2/ /i M/ T QpB/!
+ H+mH iBM; KQK2Mib- Q772 'BM; M HviB+ HBMbB;?ib BMiQ i?2 mN\
QM H M/ Q77@/B ;QM H 2H2K2Mib i? ' Qm;? i?2B b2+QM/ KQK2Mib>

*2 Ti2 d +QM+HmM/2b rBi? /Bb+mbbBQM Q7 7mim 2 /B 2+iBQMb M/



*? Ti2 K

GBi2 im 2 2pB2r

KkXR .1 @/ Bp2M K2i?Q/b

. i @/'Bp2M K2i?Q/b "2 TT Q +?2bi? i Tm 2Hv mb2 Q#b2 p iBQM F
BK iBQM KQ/2Hb- K F2 T'2/B+iBQMb- M/ BM7Q K /2+BbBQMb rBi?
rBi? 7B2H/ bT2+B7B+ FMQrH2/;2X h?2b2 K2i?Q/b mb2 bi iBbiB+ H K
AiQ 2ti” +i T ii2"Mb- "2H iBQMb?BTb- M/ BMbB;?ib 77 QK H ;2 /i
7mxxv M/ Qm;? b2ib7Q  ? M/BIBM 2mM+2 M BMIVRb 7Q° TT QtBK iB
iBQMB-(;HQ# H QTiBKBx iBQM M/ 2pQH@iBQVMBbiBHQKTHR2IiBMBM; i?
Rjd- M/ " v2bB M K8)y2QHBZv 2 T iB+mH "Hv 2772+iBp2 7Q " +QKTI
BMi2 ' +QMM2+i2/ #2? pBQ' b i? i "2 /B77B+mHiiQ T 2/B+i- M Hvx2-
/2 bi M/IBM; Q" BM?2 2Mi p B #BHBiv- 2bT2+B HHv r?2° 2 i /BiBQNM
+? HH2M:BM; iQ +QMbi' m+iX h?2b2 KQ/2Hb ? p2 2pQHp2/ 7°QK 2 "t
r2°2# b2/ QM +2°i BM bbmKTiBQMb #Qmi T°Q# #BHBiv /Bbi'B#miB
i?7 i Q7i2M T Qp2/iQ #2 Qp2NIX “2bi B+iBp2 (

kKXRXR ai iBbiB+ H/ i @/ Bp2M K2i?Q/b

ai iBbiB+ H BM72 2M+2 TT'Q +?2b + M #2 #Q /Hv + i2:Q Bx2/ BM
/I"Bp2M K2i?Q/bX JQ/2H@/ ' Bp2M M Hvb2b “2Hv QM 2bi #HBb?2/ T

N
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KQ/2Hb- bm+? b HBM2 °~ "2;°2bbBQM Q' M HvbBb Q7 p "B M+2- i?
MQ K HBiv- 2QKQ;:2M2Biv- Q' //BiBp2 2772+ibX h?2b2 KQ/2Hb T Q
#mi + M #2 "2bi'B+iBp2- "2[mB 'BM; p HB/ iBQM Q7 bbmKTiBQMb |
iBQMX PM i?2 Qi?2 2 M/-/ i @/ 'Bp2M M Hvb2b ? p2i?°'22 K BM bn
i2+?MB[m2b- "Q#mbi K2i?Q/b- M/ /B ;MQbiB+iQQHbX 1tTHQ  iQ Vi
TQM2Mi MNkV@®BBHmMDbiI2'BM; H;Q Bi?Kb 2 H2bb bbmKTiBQM@/ B
T ii2°Mb rBi?BM i?2/ i X _Q#mbi K2i?Q/b bm+? b Q#mbi 2; 2bbBQ
(RKO "2 /2bB;M2/iQ T QpB/2 "2HB #H2 2bmHib 2p2M r?2M bi M/ “/ /E
Q7 2°Q" "2 MQi K2i-? M/HBM; QmiHB2'b Q" MQM@MQ 'K H /Bbi B?
MQbiB+ NDQHHT( bb2bb KQ/2H 7Bi M/ bbmKTiBQMbc 2t KTH2b BM-
+ Qbb@p HB/ iBQM- Q T2 Kmi iBQM i2bibX

h?2 " v2bB M TT ' Q +?2 iQ /i M HvbBb /i2biQ i?2 RRE2 AMBI@® QK
iB HHv- " v2bB M +QKTmi iBQMb r2°2 /B77B+mHi 2t+2Ti 7Q° bBKTF
Q7 " v2bB M K2i?Q/b r2°2 mM+QKKQM mMiB R&RB#M; 60 iJX kaTKB | B(

22/ TTHB+ iBQMb Q7 " v2bB M K2i?Q/biQ "2 H/ i X " v2bB M TTI
K2/B+BM2 ? p2 2tTHQ/2/ #2ir22M RNNy M/ kyRy-i? MFb iQ i?2 /2p2
"Q#mbi +QKTmi iBQM H H;Q Bi?Kb bm+? b JIRIRX +PQBM QL2 *
iQ/i @/"Bp2M r v- 2KTB B+ H " v2bB M K2i?Q/b i F2 /i @/ Bp2M
bB+ H" v2bB M K2i?Q/b- i?2v /Q MQi bbmK2 7Bt2/ T'BQ  /Bbi B#r
i72 T'BQ" M/ Bib T K2i2 b /B 2+iHv 7°QK i?2/ i #v K tBKBXBM; i?
R8KRX " v2bB M M2irQ FU"LV T QT QWR/MBS2 mih 21X HR(i?22Q v M/ C
i2M " v2bB M bi iBbiB+biQ HHQrK +?BM2biQK F2 TH mbB#H2 ?2vT(
Q7 ;K2Mi v BM7Q K iBQMX "Lb "2 rB/2Hv bim/B2/ 7Q " mM+2"i E
#BHBiv M HvbBb- M/ KQ/2H + HB#  iBQM BM 2M;B MR25RMK bvbi2K
h?2b2 TTHB+ iBQMb /2T2M/ QM 2bi #HBb?2/ T?vbB+b KQ/2Hb Q  F
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HiBQMb?BTbX . i @/ 'Bp2M "Lb 7QmMHMREBIROP 2 HBIiBKimBEW bmBi2/
7Q  /Bb+'2i2 p "B #H2bX 6Q  +QMiBMmQmb p "B #H2b- Hi2 M iBp2
(Rk9e8kRR)X S "iB+mH "Biv BM7HM2MiB H BM iBK2Y@/RZr B b2 Ni Hvb
J FQp T°Q+2bb2b QM Hfi2PMBRZHB #HERp RQMR2H6- M 2tTH M iBQM (
i72 b2[M2MiB H Q++Hv QoMb 2 3p@IB M +2MM Qi #2 Q#b2 pRYB 2+iHv (

kKXRXk J +?BM2 H2 MBM; K2i?Q/b

. i @/"Bp2M K2i?Q/b M/ K +?BM2 H2 "MBM; "2 +HQb2Hv BMi2 irBI
bm#b2i Q7 i?2 Qi?2  Q7i2M /2T2M/b QM bm#D2+iBp2 BMi2 T 2i iBQNMN
H2 "MBM: Bb pB2r2/ b bm#b2iQ7/ i @/ Bp2M K2i?Q/bX KQ/2H i?
72 im 2 ;2M2° iBQM M/ 7Q+mb2b bQH2HV QM Hf) MEN; Q2+ pRO M

BMTmMi@QmDranx /Xi;y Y -rBi? i?2 T'BK v Q#D2+iBp2 Q7 KBMBKBxB
Bb +H bbB7B2/ b K +?BM2 H2 "MBM; KQ/2HX

_2+2MiHv-r2b22 bm ;2Q7/ i @/'Bp2M K2i?Q/b QM bQHpBM; BHH@
BM; i? i bK HH2 "Q'bBM /i KVvH2/iQH ;22 "Q°'bBMi?2 KQ/2H
b2p2° H TQbbB#H2 KQ/2H T ~ K2i2 " p Hm2b i? i "2 € XMbBH@2Mi rB
["Bp2M K2i?Q/b- T "iB+mH "Hv i?Qb2 7 QK K +?BM2 H2 "MBM;- Q77
/1"2bb i?72 HBKBi iBQMb Q7 M HviB+ HKQ/2Hb BM BMp2 b2 T Q#H
Bibi> Mb7Q K iBp2 BKT +i QM i bFb HBF2 +QKTmi2 e@BbBQIN M/ bT
;2M2°B+ KQ/2Hb iQ bT2+B7B+ T 'Q#H2Kb i?°"Qm;? i° BMBM; /i rBi?
2/;2X >Qr2p2 - M 2MiB'2Hv /i @/ Bp2M TT Q +?2 7 +2 +? HH2M;2
Im2 iQ BMbm77B+B2Mi i BMBM; /i M/ i?2 M22/ 7Q° "Q#mbiM2bb-
2772+iBp2M2bb BM bQHpBM; +QKTH2t BMp2 b2 T Q#H2KbX 6Q " 2t K
TQr2 /Bbi B#miBQM bvbi2Kb- i /BiBQM H K2i?Q/b "2Hv QM ++m"

R MB+2 2T 2b2Mi iBQM Q7 " v2bB M M2irQ Fb M/ >B//2M 3¢ FQp JQ/2Hb Bb p
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K i2 bvbi2K bi i2b HBF2 pQHi ;2b M/ TQr2 7HQrbX >Qr2p2 - i?2b:
"2 H@rQ H/ +QKTH2tBiB2b Q" "2HV QM BM+QKTH2i2 bvbi2KBM7Q K
i?7 i KvMQi 7TmHHvV + Tim 2 i?2 #2? pBQ Q7 /Bbi'B#mi2/ 2M2 ;v "2k
//IBiBQM HHv- "2 H@rQ " H/ BMTmib-bm+? bb2MbQ K2 bm 2K2Mib-
#B b2/-+2 iBM; 7Tm i?2 +? HH2M;2bX h2+?MB[m2b H2p2" ;BM; bT
BKT Qp2 2biBK iBQM- v2i i?2v iQQ bi'm;;H2 rBi? ?B;?Hv /vM KB+-
p "B iBQMbX h?2b2 7 +iQ°'b M2+2bbBi i2 KQ 2 / Ti #H2-/ i @/ Bp2
? M/H2 2pQHpBM; +QKTH2tBiB2b BM KQ/2 M TQr2" ;"B/b 2772+iBp2

AM i?2 +QMi2ti Q7 bi i2 2biBK iBQM BM 2M;BM22"BM; bvbi2Kb-/ i @
O#H +F@#Qtd KQ/2Hb- K2 MBM; i?2v 7Q+mb QM H2 "MBM; 2H iBQI
Tmip B #H2b /B " 2+iHv 7 QK K2 bm ' 2K2Mib rBi?Qmi 2tTHB+BiHv B
T?vbB+ HQ K i?2K iB+ H mH2b Q7 i?2 bvbi2KX gq?BH2 i?2b2 KQ/2|
/22T H2 MBM; H;Q Bi?Kb + M 2772+iBp2Hv + Tim 2 +QKTH2t T ii2
HBKBi2/ +QKT "2/iQ i /BiBQM H TRNRH2@H b2/2KaAPZABRir22M 7H
Biv M/ BMi2 T 2i #BHBiv Bb F2v +QMbB/2" iBQM r?2M mbBM; / i C
2biBK iBQM- T iB+mH 'Hv BM +'BiB+ H TTHB+ iBQMbX 6Q" 2t KT
TTHB+ iBQM Q7 bi i22biBK iBQMBb "2 H@iBK2 KQMBIQ'BM; 7Q" 7
2biBK iBQM H;Q'Bi?Kb +QMiBMmQmbHvV bb2bbi?2 pQHi ;2 M/ +m"’
AM + b2 Q7 #MQ 'K HBiB2b- HBF2 bm//2M pQHi ;2 /°QT Q  +m "2M
[mMB+FHv B/2MiB7v i?2 772+i2/ HBM2b Q" +QKTQM2MibX ++m” i2 b
iQ b iQ /2i2+i 7 mHib M/ BbQH i2 i?2KiQ T 2p2Mi + b+ /BM; 7 BHm
H2 /iQH “;2@b+ H2 #H +FQmibX

J +?BM2 H2 "MBM: K2i?Q/b T “iB+mH "Hv /22T M2m > H M2irQ Fb "2
KBXBM: HQbb M/ +?B2pBM: #'Q /7Bi + Qbb /i X h?2vK M :2 Qp?2
rBi? p "'BQmb 2:mH 'Bx iBQM i2+?MB[m2b 2K#2//2/ BMi?2 HQbb 7m
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bB7B+ iBQM i bFbX b “2bmHi-i?2b2 KQ/2Hb ? p2 /p M+2/ bB;MB7
7Q+mbBM; QM / i @/ Bp2M 7BibX >Qr2p2° - BM TTHVBM; i?2K iQ 2
BM; bvbi2Kb- /QK BM 2tT2 ib Kmbi + "27mHHv bb2bb r?B+? i bFb +
H2 "MBM:- ;Bp2M Bib + T #BHBiv 7Q" ~ TB/ TT QtBK iBQMX aQK2
Q#b2'p2/ /i HQM2-r?BH2 Qi?2 b biBHH /2T2M/ QM bvbi2K@bT2+E
KQ/2Hb Q772 i?2 TQi2MiB HiQ TT QtBK i2 HKQbi Mv 7mM+iBQM
/i X

hQ BM+Q 'TQ  i2 bvhi2K@bT2+B7B+ +QMbi> BMib M/ +?B2p2 T ° K
rBi? i72 HBKBi iBQMb BKTQb2/ #v T?vbB+ Hbvbi2Kb- M2K2 ;BM; #°
K +?BM2H2 "MBM; +QK#BM2b/ i @/ Bp2M TT Q +?2I8NXiA FBIQrH2/
TT'Q +? H2p2  ;2b +QKTmi2 KQ/2Hb Q bBKmH iQ b iQ 7BHH / i ; T
7mMM+iBQMb 277B+B2MiHVX q?2M/ i BbBMbm77B+B2Mi Q" b T i Q7
bBKmMH iQ° "mMbiQ K BMi BM ++m’ +v r?BH2 "2bT2+iBM; bvbi2K +Q

kKXRXj S?vbB+b BM7Q K2/ JG

J +?BM2 H2 "MBM; ? b2K2':2/ b T QKBbBM: Hi2"M iBp2 BM bQHp
iBQMb US.1bV 7Q° KmHiBT?vbB+b- #mi i’ BMBM; /22T M2m  H M2i
Hr vb p BH #H2 7Q " b+B2MiB7B+ T Q#H2KbX AMDbi2 /- bm+? M2irQ
iBOQM HBM7Q K iBQM Q#i BM2/ #v 2M7Q +BM; i?2 T?vbB+ HH rb U7
i72 +QMiBMmMQmb bT +2@iBK2 /QK BMV- i?mb 2K2 :BM;: #  M+? Q7
JG BbrB/2HV HQQF2/ mT 7Q b+B2MiB7B+ TTHB+ iBQMbX am+? T2\
UMQBbvVV /i M/ K i?2K iB+ HKQ/2Hb- M/ BKTH2K2Mib i?2K i? Qn
Qi?2  F2'"M2H@# b2/ "2;"2bbBQM M2irQ FbX JQ 2Qp2 - Bi K v #2 T
M2irQ F “+?Bi2+im 2bi? i miQK iB+ HHv b iBb7vbQK2 Q7 i?2 T?vbl
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+m> +v-7 bi2 i BMBM; M/ BKT Q)X h?NM22 BIBXx MRQM/ Q" /2p2HQTB
7° K2rQ Fb M/ bi M/ “/Bx2/ #2M+?K "Fb b r2HH b M2r K i?2K iB+b
M/ B;Q Qmb M2ti@:2M2" iBQM T?vbB+b@BM7Q K2/ H2 "MBM; K +°

h™ /BiBQM HHv- M BMp2 b2 T Q#H2K Bb 7Q K HBx2/ b bQHpBM; M

y=A@f)+ : UkXRV

>2'92Y Bbi?2 K2 bm 2/ /i - bbmK2/iQ2X;BpamM2 KMQY//2H T =~ K2i2"°

r2 BKiQ "2+QMbi'm+iX AM K Mv yT WB + 2BIHRK-2H¥Qh?BM TT QT B
TMM+iBQMW bMMK262bT2+iBp2HVvX h®2XKIYTBM;i?2 7Q°r "/ QT2 iQ -
r?B+? /2b+ B#2b ?Qr i?2 KQ/2H T ~ K2i2" ;Bp2b Bb2 iQ /i BM i?2
K2 bm 2K2Mi 2 "QYbBbM?2 Q#b2 p iBQM HMQBb2i? i +QMbiBimi2b "
BMi?2 X h?2 #Qp2 pB2r +QMbiBimi2b FMQrH2/;2@/ Bp2M TT Q
QT2 iQ M/ i?2 T'Q# #BHBiv /Bbi'B#miBQM Q7 i?2 Q#b2 p iBQM H
T'BM+BTH2bX 6Q+mbBM; QM -i?27Q'r '/ KQ/2H Bb Hr vb M TT Q1
M/ 2ti2M/BM; Bi KB;?i #2 +? HH2M;BM; /'m2 iQ HBKBi2/ mM/2 bi |
T?vbB+ HQ i2+?MB+ HDb2iiBM;X A/2 HHv QM2 mb2b 2tTHB+Bi FMQ
"2 bm+? p BH #H2- M/ H2 "Mb KQ/2Hb 7" QK 2t KTH2 /i mbBM; /

r?2M i?Bb Bb M2+2bb "vX

KXRX9 : mbbB M T Q+2bb2b

. mbbB M S Q+2bb2b U:SbV Q++mTv mMB[m2 bT +2 rBi?BM i?2 B
bi iBbiB+ H K2i?Q/b M/ K +?BM2 H2 "MBM:;X b T Q# #BHBDbiB+ K¢
Qp2° b2i Q7 7iM+iBQMbr M #2 BM/2t2/ #v bT +2 Q  iBK2V K FBM; |
HB;M2/ rBi? KQ/2H@/ ' Bp2M TT Q +22b i?2Q 2iB+ HHvX h?2°27Q"
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2biBK iBQMb Q7 H i2Mi 7TmM+iBQMb ii2bi TQBMib +QM/BiBQM H QM
i?72 DQBMi /Bbi B#miBQMb Q7 T ~ K2i2 ' bX :Sb "2 mMBp2 b HBM b
Qp2° M BMTmi /QK BM BM/2t2/ #v iBK2 UBM i?2 + b2 Q7 i2KTQ  H T
+ b2 Q7 bT iB HT Q+2bb2bVX h?2 +Qp 'B M+2 7TmM+iBQMb UQ" F2°
QM /i - r?B+? ?2HTb :Sb + Tim 2 /2T2M/2M+B2b rBi?Qmi M22/BM; I
i?2 MmM/2 "HVBM; bvbi2Kéb 7mM+iBQM H 7Q KX

AM K +?BM2H2 "MBBk +®Mi2tR7i2M mb2/7Q" "2;"2bbBQM M/ +H bl
r?2°2i?22B° /| Ti #BHBiv M/ MQM@T ~ K2i'B+ M im 2 HHQr i?2K iQ
b?BTbhX 6Q° 2t KTH2-BM "2; 2bbBQM-:Sbmb2i° BMBM; /i iQH2 "M
BMTmip B #W2b ;2i p BY#HBb? KBMBK H/QK BM@bT2+B7B+ bbm
i BMBM; T "Q+2bb BMpQHp2b H2 "MBM; ?2vT2 T ~ K2i2 b #v K tBKBx
reB+? K F2b :Sb 2772+iBp2 i /IDmbiBM; i?2B  +Qp B M+2 bi m+im .

11?72 b K2iBK2-:SbT QpB/2 mM+2'i BMiv 2biBK i2bi? Qm;?i?2B T
K FBM; i?2K p2'v mb27mH BM TTHB+ iBQMb r?2°2 +QM7B/2M+2 Bl
+QK#BM iBQM Q7 /i [/ Ti #BHBiv M/ T Q# #BHBbiIB+ bi'm+im 2 H}
#Qi? / i @/°Bp2M M/ K +?BM2 H2 "MBM; T ~ /B;KbX 6Q" i?2 Tm'TQ
: mMbbB M S Q+2bb2b 2 QM2 Q7 i?2 T'BK 'ViQTB+b Q7 7Q+mbX /2
T QpB/2/ BM TTX2M/Bt

kXk . i @/'Bp2M K2i?Q/bBM TTHB2/EQQTK N

M HvbBD

2 H@rQ H/bvbi2zKb "2 +QKTH2t M/ MQMHBM2 "X A/I2MiB7vBM; mM
H2 "MBM; BMi ' BMbB+ +QQ /BM i2bi? i2M #H2 HBM2 ~ 2T 2b2Mi i
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/IVM KB+b “2irQ Q7 i?2 KQbi T 2bbBM; :Q Hb Q7 R@X2h M2/ EKQ XB@ H
KMQT2 iQ TT ' Q +?2?2 b 7QmM/ i 2K2M/QmB yotmAM2ibB KBIMH 2?2 2B 2/ b€
i?72 EQQTK M QT2 iQ i° Mb7Q Kb 7BMBi2@/BK2MbBQM H MQMHE
BM7BMBi2@/BK2MbBQM H HBM2 * bvbi2KX h?Bb i’ Mb7Q K iBQM :
T BM+BTH2b M/iQQHb BM HBM2 ° H:2# iQbim/v MQMHBM2 * /vM
BM: MOMHBREX BVBRKEB+ KQ/2 /2+QKTQbRyBQIMZ.Q.NViP2 MmMK2 B+
K2i?Q/b bbQ+B i2/ rBi? i?2 EQQN)k M QF22MQrB(2Hv /QTi2/X AM/
J.?2 b#22M TTHB2/iQ "Q#@B+ bUDB2KHQAMi @H B Qb 22 K BBRE (

M/ Qi?2  2M;BM22 BM; bvbi2Kb r?2 2 b2MbQ K2 bm 2K2Mib "2 mb
M/ +QMi"QHX 6Q 2t KTH2- BM TQr2  :"B/b- /i Q#i BM2/ 7°QK BM
K2 bm 2K2Mi mMBib + M #2 mb2/iQ bb2bb i?2 bi #BHBiv Q7 i?2 bvb
MQMHBM2 * /B772 2MNRilBe BB2IMiBFQMBOMTb Q7 bvM+2 ' QMQmb ;2M2"
+Q?2 2MiHV 7i2° /B M/Nm2MiB7v i?2 BMi2 TH v #2ir22M bi i2 p
Qb+BHH iQ 3MQ/2b (

h?Bb +? Ti2  # B27Hv BMi'Q/m+2b EQQTK M QT2 iQ  i?2Q v- 7QHI
JJ.-2ti2M/2/.J.U1.J.V- M/i?2 F2 "M2H p "B MiQ71.J. 7Q KmH iBQJ
Q7/i mM+2 i BMivQMU1V.J. TT QtBK iBQMb Q7 i?2 EQQTK M QT2
rBi? "2pB2r Q7 2tBhiBM; K2i?Q/b BM i?2 HBi2  im 2i? i // 2bb i?2]

kXkXR EQQTK M QT2  iQ i?2Q" v

G2i mb+QMbB/2 i?2 7TQHHQrBM; /vM KB+ H bvbi2K b M 2t KTH2,

f(x)=x: UkXkV
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>2°2-r12 bbmK2 i? ii?2 xi2iM bTR¥*®D7 i?2 /vM KB+ H bvbi2K 7Q Kb
p2+iQ" bT +2 rBi? +2°i BM ;2QK2i'B+ HT QT2 iB2b M/ i? ii?2 "mkF
12;°22 Q7 "2;mH "Biv-r?B+)XKbG2MMb2bbmK2 i? i i?2KkMKRRtBBI®M iQ L
G2imb /27BM2 i?2FY(K)Qm KBF? ixFZbQK Bib BMBXB- HQbi?2i2 tx'i2
I IBK2,Bp2M #v
Zto—t
F'(Xo) = Xo+ f (x (to)) dt® UKkXjV

X=Xo;t%=tg
h?2 EQQTK M QT2 iQ HB7ibi?2/vM KB+b Q7 i?2 bvbi2K 7°QK 7BNMN
bi i2bT +2iQ MBM7BMBi2@/BK2MbBQM H Q#b2 p #H2 HBM2 " bT
/IVM KB+b 7 QK i?2 M MA(HRIiQ M BM7BMBi2 Q#b2 p #H2bT +2iQ ;
"MH2 Q7 2pQHMIBQM /27BM2/ #v IF26ED QR THKHM- @ 2 piD M 2tT 2bbBQ
i72 2pQHMIBQM Q7 i?2 btbiiQKFp DM #BK 2

9(x1) = 9(F'(x0)) = U'g(xo): UkX9V

h?2 2B;2M7mM-+iBIQQWE i2/ il i2B22Mp HMZ-i?2 EQQTK MWT2 iQ -
“2 /27BM2/ b,

ut;=ei';: UkX8V

LQr-r2 bbmK2i? i HHi?2 Q#b2 p #H2bHB2BM i?2 HBM2 “bT M Q7 i
r?B+? "2i?2 "B;?i 2B;2Mp2+iQ b Q7 i?2 EQQTK M QT2 iQ ci?2 27C
+QMbi'm+i2/ b HBM2 " +QK#BM iBQM Q7 2B;2M7mM+iBQMb :Bp2M

X
g(x) = G k(X); UkXeV
k=0

P
VB2HUBJA) = L ge (X)X h?2+Q27@B@QBAM2b2 HBM2 ~ 2tT MbBQMb
EQQTK M KQ/2b- r?B+? BM7Q K mb Q7 i?2 b? T2 Q  bi'm+im 2 rBi?
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rBi? i?72 2B;2Mp Hm2b Q7 i?2 EQQTKOQMR QT 21192 T- BM+BT H 2B;2M71
"2 MQi HH i?2 "B;?i 2B;2Mp2+iQ b Q7 i?72 EQQTK M QT2 iQ #mi C
+QK#BM iBQMb Q7 Q#b2 p #H2bX

h?2 BM7BMBi2@/BK2MbBQM H EQ TMQOW DiP2HPGD-+ Tim 2 i?2 7mH
/IVM KB+b-#mi TTHB2/ M HvbBb /2K M/b WBMBI2 T2 Q2BIQ iB/QM C
A X

kXkXk TTHB2/ EQQTK M QT2 iQ"

LmK2 ' Qmb H;Q Bi?Kb ? p2 #22M T QTQb2/iQ TT QtBK i2i?2 EQQT
KyNARjD- rBi? /VM KB+ KQ/2 /2+QKTQRBIB N tW2MA2( .J. U1.J.V
R9S#2BM; T"QKBM2Mi 2t KTH2bX h?Bb +? Ti2  7Q+mb2b QM i?2 H
K2i?Q/i? i M Hvx2b bvbi2K /vM KB+b #v 2ti° +iBM; /QKBM Mi KQ/2I
i2KTQ  H/vM KB+b 7°QK bM Th?2Qi/ i X

J. (RydBb +H bb Q7 MmK2'B+ H K2i?Q/b rBi? +QMM2+iBQMb iQ
7Q0 K HBBKR/2HvV mb2/iQ T2 '7Q'K/ i @/°'Bp2M M HvbBb Q7 MQMHB
@X amTTQb2m22 p2 bM TbRQib;Xns b KTH2/ 7' QK +QMiBMmMQmb
bvbi2K i BMgi:MA2bX G2i mb QX MBX2:;xn] MK =[X2 i Xm] X

M 2biBK i2 Q7 i?2 .J. QT2 iQ' - bbmKBM; 7mHH@bi i2 Q#b2 ' p #H:

A XYY UkXdV

r?2°2Y Bb i?2JQQ 2@S2M Qb2 Kb2m/QBMp2 b2 Q7
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1.J.- :2M2° HBx2/ p2'bBQM Q7 .J.- #°Q /2Mb Bib TTHB+ #BHBIiV i
BMi"Q/m+BM; b2i Q7 MQMHBM?2 ° 7 mR™!i BRYMKo | HBFR2.Jp -#1tP Bhbr-?

QT2 i2b /B 2+iHv QM i?2 /i - 1.J. mb2b i?2b2 Q#b2 p #H2b iQ T
"2T 2b2Mi iBQM Q7 i?2 bvbi2Kéb /vM KB+bX h?21.J. QT2  iQ Bb ;B

A = GYL: UkX3V

22°@= L) )T ML= L () 09T X

E2 " M2H 1.J.

h?2 F2°M2H i'B+F Bb +QKKQM i2+?MB[m27Q" 277B+B2MiHv +QKTm
BiHV /27BM2/ 2T Q/m+BM: F2 "M2H >BH#2 i bT +XXM 2" M2H 7mM +]
R- M/ Bb bbQ+B iZ2riBi?2 K-TT?B+? K Th 7°QK bi i2 bT +2iQ 72 im"2
h?2 "2H iBQMb?2ET M2irBBMA(K;;x;) = (X)” (X)) 7Q° xH¥ 2 M X

. mbbB M F2 'M2Hb ? p2i?2 7Q K,

k(x;z) =exp UkXNYV

r?B+? Bb +QKKQMHvV mb2/ BM : mbbB M T Q+2bb2b 7Qy)K BRPBM2 H2
b+ HBM; T ° K2i2  i? i Bb /2T2M/2Mi QM i?2 +? * +i2 BbiB+ H2M;i?
T Q#H2KX

6Q° F2'M2H p ‘B Mi RFj-1mhBM; i?2 /i b2i Q7 bM Th?Qi T B'b M/
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TMM+KBGRQKTmMi2 i?2 2HE@KRMim QB M ;,

G k(xi;x;); LW k(yirx;): UkXRyV

kXkXj 1ZBM TTHB2/ EQQTK M QT2 iQ"

GBF2 Mv r2B;?i2/ H2 bi b[m "2b K2i?Q/-U1V.J. Bb bmb+2TiB#H2 iQ
bm 2K2MjK (h?2 MQBb2 M/ mM+2'i BMiv bbQ+B i2/ rBi? i?2 K2 bm’
T +ii?2 ++m° +v Q7 M HviB+ H+QM+HmbBQMb M/ +QMi QH /2+Bbl
K2i?Q/ Bb TTHB2/iQ 2tT2 ' BK2Mi H Q" 7B2H/ /i - QM2 Kmbi ++Qm
i BMiv bbQ+B i2/ rBi? K2 bm ' 2K2NybX " BQRFT Q#HXBHUBbLiIiB+ #QmM/
2ti2M/2/ /vM KB+ KQ/2 /I2+RYAXKQPRMBZXMKBM2 bvbi2Kb /2b+ " B#2/ #v (
M/ biQ+? biB+/B772 2MiB H2[m iBQMb 7 QK M2 ;Q/B+ M/BM/2T:
b KTH2 T2 ' bT2+iBp2X hQ 7Q KmH i2i?2Q 2iB+ H+QMbi> BMib QM 2
M+2 Q7 i?72 M/QK K i'Bti? i7Q Kb i?2# bBb7mM+iBQMb BMiQ i?2
bvKTiQiB+ +QMi'B#miBQM M/ i?2 MmK#2 Q7 /i TQBMibX AMi2 2b
Q' Bb[m MiB7B2/ mbBM; i?2 6 Q#2MBmb MQ 'K #2ir22M i?2 : H2 FBI|
;2M27 iQ  QMiQi?2bT +2 Q7 Q#b2 p #H2b M/ i?22 QT2 iQ +QKTmi2
6 Q#2MBmb MQ K K2 bm ' 2b i?2 Qp2  HH /B772 2M+2 #2ir22M 1?2 ir(
Bib BMb2MbBiBpBiviQ bi'm+im> H2 "Q'b K v HBKBi i?2 #BHBiviQ I

*QH# QQF RH BIM?(M+2/ i?2 "2HB #BHBiv Q7 /VM KB+ KQ/2 /2+QKT

"B;Q Qmb +QMp2 ;2M+2 QM i?2 bT2+i° HBM7Q K iBQM Q7 EQQTK
/i 7Q  +? QiB+ bvbi2KbX vR)M22iKQ MM/ (B2b QM i?2 TT QtBK iB
Q7 i?22 2ti2M/2/ .J. K2i?Q/ #mi /Q MQi ++QmMi 7Q K2 bm 2K2Mi MQ
+QMp2 ;2M+2 BM i2 Kb Q7 i?2 H “;2bi M/ bK HH2bi 2B;2Mp Hm2b Q



TT QtBK i2 i?2 biB77M2bb K i'Bt i? i +QMbiBimi2b i?2 /B+iBQM v
T Q# #BHBiv /Bbi B#miBQMXBMbQMM22HX7Q KmH iBQM 7Q" b2Mb
" M/QK K i'BtX h?2 #B b BM/m+2/ #v //BiBp2 MQBb2 H2p2Hb Bb Mm
i?72 2tT2+i iBQM Q7 i?2 .J. QT2 iQ X h?Bb TT QtBK iBQM ?QH/b Q
2HbX 6BM HHv-i?2 #B b +Q "2+iBQM Bb T°QTQb2/ #v /QrMr2B;?iBM
QT2  iQ # b2/ QM i?2p 'B M+2 Q7 i?2 MQBb2 H2p2HbX

.MF2 2i j¥X2¢THQ 2 i?2 BKT +i Q7 7 +iQ°bbm+? bi?2[m MiBiv M/ |
i?72 bB;:M HRIiQ@MQBb2 " iBQ- M/i?2[m MiBivQ7i?22Mb2K#H2 QM
2i HROYI(m MiB7vi?2 #B b BM i?2 2biBK iBQM Q7 i?2 EQQTK M QT2" i
"2bmHIBM; 7 QK //BiBp2 MQBb2 H2p2Hb BM i?2 K2 bm 2K2Mib M/
LCbF2 2iNMX2{Bp2 T'Q# #BHBbiB+ #QmM/b QM ?Qr r2HH iRDRti2M/2/
+ Tim 2b i?72 mM/2 HvBM; bvbi2K /vM KB+bX h?2v +QMbB/2 #Qi?
B/2MiB+ HHv /Bbi B#mi2/ UBXBX/XV b KTH2b 7Q  bvbi2Kb /2b+ B:
IB772 2MiB H 2[m iBQMbX h?2v [m MiB7v i?2 TT QtBK iBQM 2°°Q
#2ir22M i?2 EQQTK M QT2 iQ 2biBK i2/ 7 QK 7BMBi2 b KTH2b M/
Q7 i?2 EQQTK M ;2M2" iQ  QMiQ i?2 bT +2 Q7 Q#b2'p #H2bX AM 7Q"°
QM2 Q' -i?2 mi?Q b /2+QKTQb2i?2p "B M+2Q7i?2"  M/QKK i'Bti
7mM+iBQMb BMiQ i2 Kb "2H i2/iQ i?2 bvKTiQiB+ +QMi'B#miBQM I
Q7 /i TQBMibX h?2 RBY? R BB (?2 +QMp2 ;2M+2 Q7 p ‘B Mi Q7 i’
2ti2M/2/ .J. H;Q Bi?KX h?2 mi?Q b 2bi #HBb? #QmM/b 7Q i?2 TT
/Q MQi +QMbB/2° K2 bm 2K2Mi MQBb2X " b2/ QM i?2 +QMp2 ;2M+:
TT QtBK i2biB77M2bb K i'Bt Q7 i?2/B+iBQM 'v7mM+iBQMbiQ MQ
i?72 mi?Q'b 'Bp2 ii?2+QMp2 ;2M+2 Q7 i?2EQQTK M QT2 iQ  BM
Q7 i?2H ";2bi M/ bK HH2bi 2B;2Mp Hm2b Q7 i?2 biB77M2bb K i BtX
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