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The Effectiveness of Neurofeedback Training on  
Cognitive Function Improvement and Quantitative 
Electroencephalography Features in Poststroke  
Cognitive Impairment  
Rini Nindela*, Yohanes Febrianto, Yusril Yusril, Muhammad H. Haddani, Sri Handayani,  
Dya Anggraeni, and Mgs. Irsan Saleh 
Sriwijaya University, Mohammad Hoesin Hospital, Palembang, Indonesia 
 

Abstract 

Background. Poststroke cognitive impairment (PSCI) involves cognitive deficits emerging within 3 months after 
stroke. Quantitative EEG (qEEG) in PSCI typically shows changes in relative power, delta-alpha ratio, and peak 
alpha frequency. Neurofeedback training (NFT) is a promising intervention to improve cognitive function and 
qEEG patterns, though findings remain inconsistent. Nonetheless, even brief NFT interventions may yield 
meaningful benefits. Methods. This study assessed the effectiveness of five individualized qEEG-guided NFT 
sessions (30 min each) in 24 PSCI patients, focusing on changes in MoCA-INA scores and qEEG parameters. 
Results. NFT significantly improved MoCA-INA scores (Z = −4.106, p < .001, effect size = 0.839), particularly in 
visuospatial/executive and delayed recall domains, with sustained effects 1 month later. QEEG analysis revealed 
increased temporal alpha (t = −1.875, p = .037, effect size = 0.23) and parietal beta relative power (t = −1.827,  
p = .040, effect size = 0.11). Greater cognitive gains were observed in patients aged ≤60 years.  
Conclusion. These findings support the clinical utility of short-term, qEEG-guided NFT in improving cognitive 
outcomes and modulating neural activity in PSCI patients. The sustained benefits observed suggest potential for 
long-term therapeutic impact.  
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Introduction 

 
Poststroke cognitive impairment (PSCI) is defined as 
cognitive deficits occurring within the first 3 months 
after a stroke, unrelated to other medical conditions 
such as metabolic, endocrine, vasculitis, or 
depressive disorders. PSCI can be classified into 
cognitive impairment no dementia (CIND) and 
poststroke dementia (PSD; Tugasworo et al., 2023). 
This condition is often underrecognized and 
overshadowed by the more prominent motor deficits 
(McDonald et al., 2019). Indonesia Stroke Registry 
Data showed that 60.59% of stroke patients 

experienced cognitive impairment in 2013 (Ong et 
al., 2015). 
 
Quantitative electroencephalography (qEEG) is a 
low-cost, noninvasive tool with high temporal 
resolution for assessing brain function, particularly in 
dementia. It directly measures functional brain status 
(Hadiyoso et al., 2022; Petrovic et al., 2017). 
Spectral power analysis has demonstrated that 
PSCI patients exhibit increased delta relative power, 
decreased alpha and beta power, globally elevated 
theta activity, increased frontal delta/alpha ratio 
(DAR), and delta+theta/alpha+beta ratio (DTABR), 
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as well as a reduction in peak alpha frequency 
(PAF), a known indicator of cognitive function 
(Babiloni et al., 2021; Hadiyoso et al., 2022). 
 
Currently, no traditional cognitive rehabilitation 
method is recommended as the mainstay therapy 
with proven effectiveness in improving cognitive 
function poststroke (Merriman et al., 2019). 
Limitations of conventional rehabilitation include 
repetitive tasks and evaluations, reliance on clear 
patient responses, dependence on complex verbal 
instructions, and the considerable cognitive effort 
required. An alternative approach involves adaptive 
use of brain-computer interface (BCI) technologies. 
A prominent BCI modality for poststroke cognitive 
rehabilitation is electroencephalography-based 
neurofeedback training (EEG-NFT; Kober et al., 
2015). 
 
NFT aims to enhance cognitive function through 
mechanisms such as implicit learning, operant 
conditioning, self-regulation, and neuroplasticity. It 
trains individuals to modulate their brain’s electrical 
activity, either by enhancing or inhibiting specific 
patterns. This process can induce long-term neural 
changes that support the recovery or enhancement 
of neurocognitive, emotional, and overall brain 
function. NFT is also believed to help prevent 
progression from mild cognitive impairment (MCI) to 
dementia and may accelerate or enable functional 
recovery previously thought unattainable (Ali et al., 
2020; Tosti et al., 2024). 
 
EEG-NFT is considered a novel and off-label 
therapeutic approach for cognitive disorders, 
particularly in stroke patients, and remains 
understudied. Most studies have reported cognitive 
improvements following NFT, but these findings are 
not always consistent or statistically significant. 
Interestingly, the number and frequency of sessions 
do not appear to significantly influence EEG-NFT 
effectiveness (Tosti et al., 2024; Vilou et al., 2023). 
 
Anggraeni et al. (2024) reported a 2.63-point 
improvement in the Montreal Cognitive Assessment-
Indonesian Version (MoCA-INA) scores (p = .019, 
effect size = −0.828) after 10 sessions of NFT in 
eight PSCI-ND patients using individualized qEEG 
protocols, though without significant domain-specific 
changes. Hohenfeld et al. (2017) found that three 
MRI-based NFT sessions in healthy individuals led 
to a 1.187-point increase in MoCA scores (p = .002), 
whereas Alzheimer’s disease patients in the same 
study exhibited a decline. Jang et al. (2017) 
conducted an NFT study on MCI patients and 
observed significant improvements in the Montreal 

Cognitive Assessment -Korean Version (MoCA-K) 
scores after both 8 and 16 sessions (p = .042). 
Marlats et al. (2020) demonstrated improvements in 
MoCA scores following 3 to 20 sessions of NFT, 
especially in executive and memory domains. Lavy 
et al. (2018) reported sustained memory function 
improvements 1-month postintervention, although 
Marlats et al. (2020) noted that MoCA scores 
returned to baseline after 1 month. QEEG 
improvements following NFT have also been 
documented, including increased power in targeted 
frequency bands, enhanced peak alpha frequency, 
and shifts from slower (theta and delta) to faster 
(alpha and beta) brain waves, which correlate with 
cognitive gains (Andrade et al., 2022; Hohenfeld et 
al., 2017; Wigton & Krigbaum, 2015). 
 
Given the inconsistent findings regarding  
EEG-NFT impact on cognitive function, the limited 
evidence on its effectiveness in PSCI patients, 
particularly over the long term, and the limitations of 
conventional rehabilitation, further research is 
warranted to explore NFT as a rehabilitative option 
for PSCI. Considering the high prevalence and 
significant burden of PSCI on patients and their 
families, this study represents the first in Indonesia 
to assess the efficacy of NFT in improving cognitive 
function and modifying qEEG parameters both 
posttreatment and over a longer follow-up period. 
 

Methods 
 
Study Design and Setting 
This study employed an analytical  
quasi-experimental design with a one-group  
pretest-posttest approach. The research was 
conducted at the Memory and Neurofeedback Clinic 
of Mohammad Hoesin Hospital (RSMH), Palembang, 
between July and December 2024. 
 
Participants 
The study involved patients diagnosed with PSCI, 
encompassing both individuals with PSCI without 
dementia (PSCI-ND) and those with PSD. 
Participants were recruited through consecutive 
sampling at the memory outpatient clinic, where 
diagnoses were established using comprehensive 
neuropsychological assessments. 
 
The inclusion criteria were patients aged 18 years or 
older, with poststroke duration of more than  
3 months, a confirmed diagnosis of PSCI, residing in 
Palembang, and willing to participate in the study. 
Exclusion criteria included individuals with visual and 
auditory impairments, moderate to severe 
depression, aphasia, a history of epilepsy or 
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seizures, or other neurological brain disorders such 
as Parkinson’s disease, brain tumors, multiple 
sclerosis, neuromyelitis optica spectrum disorder 
(NMOSD), and congenital abnormalities. Patients 
who had previously or were currently undergoing 
other neurorestorative therapies, such as 
transcranial magnetic stimulation (TMS) or 
transcranial direct current stimulation (tDCS), were 
also excluded. Dropout criteria included patients 
who withdrew before completing the study or passed 
away before study completion. 
 
All participants received explanations about the 
potential benefits and adverse effects of the 
intervention and provided informed consent before 
enrollment. This study was approved by the Ethics 
Committee of RSMH Palembang (Approval No: 
DP.04.03/D.XVIII.06.08/ETIKRSMH/14/2024). 
 
Procedure and Intervention 
Diagnosed PSCI patients underwent baseline 
assessment of cognitive function using the MoCA-
INA (T0), followed by baseline qEEG recordings. 
The qEEG assessment included relative power 
measurements in the frontal (F3, F4, F7–F8), central 
(C3, C4), parietal (P3, P4), temporal (T3, T4, T5, T6), 
occipital (O1, O2), and global regions, along with 
frontal DAR and PAF in frontal, central, parietal, 
temporal, occipital, and global areas. 
 

Each patient then underwent five consecutive daily 
neurofeedback training (NFT) sessions using the 
Neurosoft-Neuron-Spectrum-61 system, with each 
session lasting approximately 30 min. The room 
setup, preparation, and execution of these sessions 
are illustrated in Figure 1. The NFT protocol was 
tailored to each patient’s baseline qEEG profile and 
incorporated audiovisual feedback. 
 
Thirteen patients followed the alpha protocol, 
receiving visual feedback in the form of a mushroom 
graphic that enlarged upon achieving the alpha 
threshold. Seven patients followed the beta protocol, 
with feedback delivered via a car racing animation in 
which the car accelerated when the beta target was 
reached. Four patients followed the alpha-theta 
protocol, receiving feedback through a Millennium 
Falcon spaceship animation that increased speed 
when the training target was met. The visual 
feedback used in each protocol is illustrated in 
Figure 2. 
 
Following the completion of the five NFT sessions, a 
postintervention assessment (T1) was conducted 
using MoCA-INA and qEEG. One month after the 
intervention, MoCA-INA was reassessed (T2) to 
evaluate long-term effectiveness. All MoCA-INA 
assessments were performed by individuals not 
directly involved in the study to minimize potential 
assessment bias. 

 
 

Figure 1. Room Setup, Preparation, and Execution of NFT Sessions. 
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Figure 2A. Visual Feedback Used in Each Protocol: Mushroom Video for 
Alpha Protocol. 

 
 

 
Figure 2B. Visual Feedback Used in Each Protocol: Car Racing Video for 
Beta Protocol. 

 
 
 

Figure 2C. Visual Feedback Used in Each Protocol: Millennium Falcon Video 
for Alpha-Theta Protocol. 

 
 

 

Data Analysis 
Data analysis was performed using SPSS version 

30. Comparisons of MoCA-INA scores at T0–T1, 

T1–T2, and T0–T2 were conducted using paired 

sample t-tests for normally distributed data or 

Wilcoxon tests for non-normally distributed data. 

Changes in qEEG components—including increased 

fast-wave relative power, decreased slow-wave 

relative power, reduced frontal DAR, and increased 

PAF—were also analyzed using paired sample  

t-tests or Wilcoxon tests, as appropriate. Differences 

between PSCI-ND and PSD groups were assessed 
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using independent t-tests or Mann-Whitney U tests. 
Multivariate analysis was conducted using logistic 
regression to identify factors influencing 
improvements in MoCA-INA scores. 
 

Results 
 
As shown in Figure 3, a total of 56 PSCI patients 
were identified through comprehensive 
neuropsychological testing. However, 26 patients 
were excluded: 11 declined to participate, 6 
presented with depressive symptoms, 4 had aphasia, 
2 had seizure disorders, 2 were diagnosed with 
Parkinson's disease, and 1 had previously received 
TMS therapy. An additional 6 patients dropped out: 
3 did not complete NFT, 1 failed to undergo qEEG 
evaluation, and 2 missed the 1-month post-NFT 
follow-up. Ultimately, 24 patients met the inclusion 
criteria and completed all stages of the study. No 
adverse effects were reported during the 
intervention. The clinical and sociodemographic 
characteristics of the patients are presented in  
Table 1.  

Among the participants, 54.17% were over 60 years 
old, 62.50% were male, 91.67% had ischemic 
strokes, 83.34% had subcortical lesions, 62.50% 
had a stroke onset longer than 6 months, and 
66.67% were classified as PSCI-ND. The cognitive 
domains most commonly impaired based on MoCA-
INA results were visuospatial/executive function and 
delayed memory. The five most affected  
domains identified through comprehensive 
neuropsychological testing were delayed memory 
(83.34%), executive function (75.00%), recognition 
(75.00%), working memory (70.83%), and language 
(62.50%). 
 
The average interval between the baseline (T0) and 
immediate postintervention (T1) assessments was 
81.83 days. This relatively long interval was due to 
several factors, including patient scheduling after 
initial memory testing, delays in receiving official 
qEEG reports, and the initiation of NFT sessions. 
The mean interval between T1 and the 1-month 
follow-up (T2) was 33.42 days, and the mean total 
duration from T0 to T2 was 115.25 days. 
 

 
Figure 3. Flow Chart of the Study. 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Table 1 
Sociodemographic and Clinical Characteristics, and Categorical Analysis of MoCA-INA Score Improvements 

Variable Frequency 
(n)/(%) 

P 
T0–T1 

P 
T1–T2 

P 
T0–T2 

Age  0.033a 1.000a 0.014c 
<60 years old 11 (45.83%)    
>60 years old 13 (54.17%)    

Patients with poststroke cognitive impairment 
(PSCI) based on memory test results (N = 56) 

30 patients participated in the study 

24 patients participated in the study 

26 patients excluded 
�x 11 patients were unwilling 
�x 6 patients with depression 
�x 4 patients with aphasia 
�x 2 patients with seizures 
�x 2 patients with Parkinson’s 
�x 1 patient had already received TMS 

6 patients dropped out 
�x 3 patients did not undergo NFT 
�x 1 patient did not undergo qEEG evaluation 
�x 2 patients did not undergo control 1 month after therapy 
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6)7$?8('(=%)'C'#'&?6"6(A?(V"#(%)('&*(P5/51Q(>-#>&7$%$(
)9')( )9%( "=<'>)( -;( !OB( -#( =%=-3?( ;7#>)"-#( $";;%36(
A%)L%%#( -&$%3( '#$( ?-7#:%3( '$7&)6*( [&$%3( ':%( L'6(
'66->"')%$( L")9( 3%$7>%$( !OB( %;;%>)"@%#%66( ;-3(
%<"6-$">(=%=-3?8()9-7:9(L-3D"#:(=%=-3?('<<%'3%$(
7#';;%>)%$*(!-#%)9%&%668(!OB(>'#(%#9'#>%(=%=-3?(
"#(-&$%3('$7&)68(%6<%>"'&&?(L")9('<<3-<3"')%(<3-)->-&6(
'#$( '$%_7')%( )3'"#"#:( $73')"-#*( H)( L'6( #-)%$( )9')(
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-6%3( 4//( 7"#( -8( )3'"#"#9�² 3-:9;&<( +/( =%=="-#=�² "=(
)<>"?'&&<( #%%$%$( )-( '?;"%6%( @%#%8"?"'&( -:)?-7%=( "#(
-&$%3( '$:&)=A( B;"?;( ?-#)3'=)=( B");( );%( 8"6%C=%=="-#(
$%="9#(-8();%(>3%=%#)(=):$<*(
(
!%:3->&'=)"?")<A();%(7%?;'#"=7(:#$%3&<"#9(>-=)C!DE(
"7>3-6%7%#)A("=( '&=-( "#8&:%#?%$( @<( '9%*(F)( "=(B"$%&<(
'==:7%$( );')( @3'"#( >&'=)"?")<( >%'G=( "#( <-:);( '#$(
93'$:'&&<( $%?&"#%=( B");( '9%*( H&);-:9;( #%B( 7-)-3(
'#$( ?-9#")"6%( =G"&&=( ?'#( @%( '?I:"3%$( ')( '#<( '9%A(
>3-93%==(7'<(@%(=&-B%3("#(-&$%3(>->:&')"-#=*(H9"#9(
@3'"#=( :#$%39-( ?;'3'?)%3"=)"?( #%:3-$%9%#%3')"6%(
?;'#9%=A( "#?&:$"#9( >3-93%=="6%( &-==( -8( =)3:?):3%A(
8:#?)"-#A( -3( #%:3-#'&( ?-:#)*( !%:3-$%9%#%3')"-#A( )-(
=-7%(%J)%#)A("=('(#'):3'&(>3-?%==("#(&')%(&"8%(KH3?-=C
L:39-=(%)('&*A(5/+MN(O':B%&=(%)('&*A(5/+,P*(
(
F#( -&$%3( '$:&)=A( #-( ="9#"8"?'#)( '?)"6')"-#( -3(
7-$:&')"-#( -8( );%( =)3"')'&( =<=)%7( -??:3=( $:3"#9(
?-9#")"6%( &%'3#"#9*( E;"=( =:99%=)=( );')( -&$%3(
"#$"6"$:'&=( 7'<( 3%I:"3%( 7-3%( %J)%#="6%( )3'"#"#9( )-(
'?;"%6%();%(='7%(#%:3'&('#$(?-9#")"6%(-:)?-7%=('=(
<-:#9%3("#$"6"$:'&=*(H&)%3#')"6%&<A(")(7'<(3%8&%?)(7-3%(
&"7")%$(@%;'6"-3'&( '#$(#%:3'&( '$'>)'@"&")<*(Q-9#")"6%(
$%?&"#%( "#( -&$%3( '$:&)=( "=( -8)%#( &"#G%$( )-( $"7"#"=;%$(
@3'"#( 8:#?)"-#A( &%'$"#9( )-( 3%$:?%$( ?-#?%#)3')"-#A(
7%7-3<A('#$(7%#)'&(8&%J"@"&")<(K!9:<%#(%)('&*A(5/+MP*(
(
!"#"$%$"&'( )
E;"=( =):$<( ;'=( =%6%3'&( &"7")')"-#=*( D"3=)A( ")( &'?G%$( '(
=;'7( ?-#)3-&( -3( :#)3%')%$( ?-7>'3"=-#( 93-:>A(
>3%?&:$"#9( $"3%?)( ?-#?&:="-#=( '@-:)( );%(
%88%?)"6%#%==(-8(!DE("#('6-"$"#9(>&'?%@-(-3(&%'3#"#9(
%88%?)=*( R%?-#$A( =?;%$:&"#9( $"88"?:&)"%=( 8-3(I SST(
'==%==7%#)=( '#$( !DE( =%=="-#=�² -8)%#( $:%( )-(
>3-&-#9%$( %J'7"#')"-#( >3-?%$:3%=�² &%$( )-( '(
3%&')"6%&<( ;"9;( $3->-:)( 3')%*( E;"3$A( '==%==7%#)=(
?-:&$(#-)(@%(>%38-37%$(-#(>')"%#)=(B");(%'3&<(=)3-G%(
-#=%)A( '=( 7-=)( >-=);-=>")'&"U')"-#( =)3-G%( >')"%#)=(
3%):3#%$()-()<>%(L(3%8%33'&(;-=>")'&=A('#$(-#&<('(8%B(
3%):3#%$()-(VRWX*(Q-#=%I:%#)&<A(7-=)(>'3)"?">'#)=(
B%3%( ?;3-#"?( =)3-G%( >')"%#)=( B");( ?-7-3@"$")"%=( -3(
3%?:33%#)( =)3-G%=*( D"#'&&<A( );%( 8-&&-BC:>( >%3"-$( B'=(
&"7")%$()-(+(7-#);A(B;"?;(7'<(#-)(=:88"?"%#)&<(3%8&%?)(
);%(&-#9C)%37(%88%?)=(-8(!DE*(
(

*&'+,-("&' )
(
D"6%( =%=="-#=( -8( !DE( :="#9( "#$"6"$:'&"U%$((
I SST C@'=%$( >3-)-?-&=( B%3%( %88%?)"6%( "#( "7>3-6"#9(
?-9#")"6%(8:#?)"-#A('=(7%'=:3%$(@<(W-QHCF!HA(@-);(
"77%$"')%&<( '8)%3( )3'"#"#9( '#$( +C7-#);(
>-=)"#)%36%#)"-#*(F7>3-6%7%#)=(B%3%( '&=-( -@=%36%$(
"#(I SST (3%&')"6%( >-B%3( ?-7>-#%#)=*( !-( ="9#"8"?'#)(
$"88%3%#?%=( "#( !DE( %88%?)"6%#%==( B%3%( 8-:#$(
@%)B%%#( );%( ORQFC!Y( '#$( ORY( 93-:>=*( Z-:#9%3(

'9%( B'=( '==-?"')%$( B");( '( 93%')%3( &"G%&";--$( -8(
?-9#")"6%("7>3-6%7%#)*(
(
.-$/&0)1"(+,&(-02 )
E;%( ':);-3=( ;'6%( #-( 93'#)=A( 8"#'#?"'&( "#)%3%=)=A( -3(
?-#8&"?)=( )-($"=?&-=%*( E;%3%(B'=(#-( :=%(-8(HF("#( );%(
>3%>'3')"-#A( ?3%')"-#A( '#$( ?-7>&%)"-#( -8( );"=(
7'#:=?3">)*( E;%( 3%=%'3?;%3( "=( 3%=>-#="@&%( 8-3( );%(
-3"9"#'&")<(-8();%(7'#:=?3">)*(
(

324202'+2( )
(
H&"A( [*( F*A( \"?UG-A( [*A( ]( R7'3)A( Q*( W*( K5/5/P*( S88"?'?<( -8(

#%:3-8%%$@'?G( "#)%36%#)"-#=( 8-3( ?-9#")"6%( 3%;'@"&")')"-#(
8-&&-B"#9( @3'"#( "#^:3<.( R<=)%7')"?( 3%6"%B( '#$(
3%?-77%#$')"-#=( 8-3( 8:):3%( 3%=%'3?;*(:%#$,)(- %;- *<"-
=,*"$,)*+%,)(- !"#$%>?@A<%(%'+A)(- B%A+"*@C- 69K+PA( 4+�±1_*(
;))>=.22$-"*-392+/*+/+`2=+400_+``+M//+/_+ ((

H#$3'$%A( a*A( T:"%<==%A( E*A( V'U'8"7';')3')3'A( R*A( X-:7'#"A( !*A(
a&'3=8%&$A(H*A(Y3%<8:=A(T*A(Y:@-"=A(L*A(W%$'#"A(E*A(]( \"'&'))%A(
D*( K5/55P*( SSTC#%:3-8%%$@'?G( 8-3( >3-7-)"#9(
#%:3-7-$:&')"-#("#();%(%&$%3&<.(S6"$%#?%(83-7('($-:@&%C@&"#$(
=):$<*( D+%&E+FC( H3)"?&%( 0/M55`*( ;))>=.22$-"*-392+/*++/+(
25/55*/M*5_*0/M55 (̀

H#993'%#"A( Y*A( X'$$'#"A( W*A( X'#$'<'#"A( R*A( !"#$%&'A( V*A( ](
D%@3"'#)-A(Z*(K5/51P*(S88%?)"6%#%==(-8(#%:3-8%%$@'?G()3'"#"#9(
"#( >-=)=)3-G%( ?-9#")"6%( "7>'"37%#)*(!"#$%&"'#()*+%,C- 11K4PA(
5M_�±4/4*( ;))>=.22$-"*-392+/*+001/2#3*++*4*5M_(

H3?-=CL:39-=A(W*A(b->%3'A(D*A(R%>:&6%$'CD'&&'A(Y*A(](W'=)3-#'3$"A(
Q*( K5/+MP*( !%:3'&(>&'=)"?")<( $:3"#9( '9"#9*( !"#$)(- G()?*+A+*@C(
6817A(H3)"?&%(_/15+45*(;))>=.22$-"*-392+/*++0025/+M2_/15+45(

L'@"&-#"A( Q*A(H3'G'G"A( c*A( L-#'##"A( b*A( L:^'#A( H*A( Q'33"&&-A(W*( Q*A(
Y%&( O%3?"-A( Q*A( S$%&7'<%3A( V*( W*A( S9'#A( T*A( S&';;A( D*( W*A(
S6'#=A(H*A(D%33"A(V*A(D3"=-#"A(T*(L*A(Td#)%G"#A(L*A(X'"#=B-3);A(
H*A(X'7>%&A(X*A( [%&"?A( \*A( [%-#9A( [*A(a"7A(Y*(a*A(a3'7@%39%3A(
�0������ �«�� �<�H�Q�H�U���� �*����K5/5+P*(SST(7%'=:3%=(8-3(?&"#"?'&(3%=%'3?;(
"#(7'^-3(6'=?:&'3(?-9#")"6%("7>'"37%#).(V%?-77%#$')"-#=(@<(
'#( %J>%3)( >'#%&*(!"#$%D+%(%'@- %;- H'+,'C( 182A( `,�±M`*(
;))>=.22$-"*-392+/*+/+_2^*#%:3-@"-&'9"#9*5/5+*/4*//4(

Q;-A( X*CZ*A( a"7A( a*CE*A( ]( [:#9A( [*CX*( K5/+_P*( S88%?)=( -8(
#%:3-8%%$@'?G('#$(?-7>:)%3C'=="=)%$(?-9#")"6%(3%;'@"&")')"-#(
-#( 3%&')"6%( @3'"#( B'6%( 3')"-=( '#$( '?)"6")"%=( -8( $'"&<( &"6"#9( -8(
=)3-G%(>')"%#)=.(H(3'#$-7"U%$(?-#)3-&()3"'&*(:%#$,)(-%;-G<@?+A)(-
I<"$)>@- BA+",A"C- 6JK`PA( 5+01�±5+0,*( ;))>=.22$-"*-392+/*+0,M(
2^>)=*5,*5+01(

X'$"<-=-A(R*A(e'G'3"'A(X*A(H#'7A(O*(H*A(](V'^'@A(E*(b*(S*(K5/55P*(
SST C@'=%$(=>%?)3'&($<#'7"?("#(?;'3'?)%3"U')"-#(-8(>-=)=)3-G%(
>')"%#)=( B");( ?-9#")"6%( "7>'"37%#)( 8-3( %'3&<( $%)%?)"-#( -8(
6'=?:&'3( $%7%#)"'*( :%#$,)(- %;- K")(*<A)$"- L,'+,""$+,' A(
6866K+PA( H3)"?&%( 0___55M*( ;))>=.22$-"*-392+/*++00(
25/5520___55M(

X-;%#8%&$A( Q*A( !%&&%==%#A( !*A( Y-9'#A( F*A( a:;#A( X*A( Wd&&%3A( Q*A( ](
O'>'A(D*A(a%))%&%3A(R*A(T-%@%&A(V*A(X%"#%?G%A(H*A(R;';A(!*( [*A(
R?;:&UA( [*( L*A( V%=G%A( W*A( ]( V%%)UA( a*( K5/+`P*( Q-9#")"6%(
"7>3-6%7%#)('#$(@3'"#(?;'#9%=('8)%3(3%'&C)"7%(8:#?)"-#'&(WVF(
#%:3-8%%$@'?G( )3'"#"#9( "#( ;%'&);<( %&$%3&<( '#$( >3-$3-7'&(
�$�O�]�K�H�L�P�H�U�¶�V�� �G�L�V�H�D�V�H����M$%,*+"$?- +,- !"#$%(%'@C- JA( H3)"?&%( 4,1*(
;))>=.22$-"*-392+/*44,M28#%:3*5/+`*//4,1(

['#9A( [* CX*A( a"7A( [*A( O'3GA( T*A( a"7A( X*A( [:#9A( S*CR*A( Q;'A( [*CZ*A(
a"7A(Q*CZ*A(a"7A(R*A(b%%A([*CX*A(](Z--A(X*(K5/+MP*(L%)'(B'6%(
%#;'#?%7%#)(#%:3-8%%$@'?G("7>3-6%=(?-9#")"6%(8:#?)"-#=( "#(
>')"%#)=(B");(7"&$(?-9#")"6%("7>'"37%#)*(N"O+A+,"-3P)(*+Q%$"4A(
7JK0/PA( H3)"?&%( %+,40`*( ;))>=.22$-"*-392+/*+/M`(
27$*///////////+,40` (

a-@%3A(R*(S*A(R?;B%"9%3A(Y*A(f"))%A(W*A(T3"%=;-8%3A(O*A(!%:>%3A(Q*A(
]( f--$A( T*( K5/+`P*( g>>%3( '&>;'( @'=%$( #%:3-8%%$@'?G(
)3'"#"#9( "#( ?;3-#"?( =)3-G%.( L3'"#( >&'=)"?")<( >3-?%==%=( '#$(
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6-7#")"8%(%99%6):*(:;;(+"<-=>?@A%;A?>+%(%'?-),<-B+%C""<D)@EF(
G6;+<=(>,�±?4*(@))A:.22$-"*-372+/*+//B2:+/1?1C/+BC,404 C0(

D-E%3=(F*(G*=(F6@H%"7%3=(I*=(J"))%=(K*=(L%"6@%3)=(M*(N*=(O3"%:@-9%3=(
P*=( !%QA%3=( R*=( S( J--$=( O*( ;5/+0<*( FA%6"9"6( %99%6):( -9( GGO(
E':%$( #%Q3-9%%$E'6T( )3'"#"#7( -#( U%U-3V( 9Q#6)"-#:( "#( A-:)C
:)3-T%( 8"6)"U:*( H%#$,)(- %C- !"#$%I,'+,""$+,'- ),<-
&"A)D+(+*)*+%,F- 16;+<=(W3)"6&%(+/B*( @))A:.22$-"*-372+/*++?>(
2:+5,?1 C/+0 C/+/0 C>(

N'8V=(X*=(IH-&')YTV=(Z*=(D'A&'#=([*=(OQ%Y=(M*=(S(Z-$$%3=(I*(;5/+?<*(
!%Q3-9%%$E'6T( "UA3-8%:(U%U-3V('#$(A%'T( '&A@'(93%\Q%#6V(
"#( "#$"8"$Q'&:( H")@( U"&$( 6-7#")"8%( "UA'"3U%#)*(:;;(+"<-
=>?@A%;A?>+%(%'?-),<-B+%C""<D)@EF-GG=(1+�±1,*(@))A:.22$-"*-37(
2+/*+//B2:+/1?1 C/+? C,1+? C/ (

N"#=(X*CL*=( ]:Q=(Z*CJ*=( ]:Q=(R*CJ*=(R@%#=(P*CX*=(Z:%#7=(P*CZ*=(S(
N"'#7=(R*CF*(;5/51<*(G99%6)"8%#%::(-9(%&%6)3-%#6%A@'&-73'A@V(
#%Q3-9%%$E'6T( 9-3( "UA3-8"#7( H-3T"#7( U%U-3V( '#$( %A":-$"6(
U%U-3V("#()@%(%&$%3&V.(W(U%)'C'#'&V:": *(J"<+@+,)F-98;4<=(4>,*(
@))A:.22$-"*-372+/*44,/2U%$"6"#'>//4/4>,(

NQ^"U%:=( L*( G*=( P-QH%&=( F*=( S( _--#U'#=( M*( ;5/+><*( Z@%(
%99%6)"8%#%::( -9( #%Q3-9%%$E'6T( -#( 6-7#")"8%( 9Q#6)"-#"#7( "#(
�S�D�W�L�H�Q�W�V�� �Z�L�W�K�� �$�O�]�K�H�L�P�H�U�¶�V�� �G�L�V�H�D�V�H���� �3�U�H�O�L�P�L�Q�D�U�\�� �U�H�V�X�O�W�V����
!"#$%;A?>+%(%'+"- K(+,+L#"F- G9;4<=( +B,�±+?B*(@))A:.22$-"*-37(
2+/*+/+>2^*#%Q6&"*5/+>*/0*/>,(

K'$"^-8'=(X*(!*=(WY"U-E'=(!*(K*=(`Q:%#-'=(!*(Z*=(S(F'&"T@-'=(F*(
K*( ;5/51<*( aA)"U"Y')"-#( -9( 6-7#")"8%( $":-3$%3:( "#( $%U%#)"'(
Q:"#7( )@%( #%Q3-9%%$E'6T( )@%3'AV*(M,*"$,)*+%,)(- N@+",*+C+@-
H%#$,)(F- 2;5<=( +?4�±+,4 *( @))A:.22$-"*-372+/*05?+(
2Y%#-$-*+/B+1B54(

K'36-: CK'3)b#%Y=(I*=(K'3)b#%YCR'7"7'&=(c*=(F'#)'U'3b' CcdY\Q%Y=(
G*=(Pe3%YCc%&':6-=(F*=(S( ]-3#%3-=(L*(;5/5+<*( !%Q3-9%%$E'6T(
)3'"#"#7( E':%$( -#( U-)-3( "U'7%3V( :)3')%7"%:( "#63%':%:( GGO(
6-UA&%f")V( "#( %&$%3&V( A-AQ&')"-#*(I,*$%;? F- 62;+5<=( +0B1*(
@))A:.22$-"*-372+/*44,/2%54+5+0B1(

K'3&'):=( g*=( _'-=( O*=( R@%8'&&"%3=( F*=( _-QE'V'=( K*=( I^'E%&T@"3C
M%UU"=(N*=(JQ=(X*C]*=(N%#-"3=(]*=(L"7'Q$=(W*CF*=(S(WY'E-Q=(G*(
;5/5/<*(FKL2 )@%)'(#%Q3-9%%$E'6T()3'"#"#7("UA3-8%:(6-7#")"8%(
A%39-3U'#6%('#$( GGO( '6)"8")V( "#( %&$%3&V( H")@( U"&$( 6-7#")"8%(
"UA'"3U%#).(W(A"&-)(:)Q$V*(O$%,*+"$>-+,-:'+,'-!"#$%>@+",@"F(16=(
W3)"6&%(+1B*(@))A:.22$-"*-372+/*44?,29#'7"*5/5/*//+1B(

K6I -#'&$=( K*( J*=( _&'6T=( F*( G*=( R-A&'#$=( I*( W*=( R-3E%))=( I*=(
I"^T@Q"Y%#=( L*( K*=( g'33=( Z*( I*=(M%99%3:=(K*( F*=( D'&'3"'=( L*( !*=(
D'3'V'#"$":=(g*=(N%99=(W*(P*=(!")@"'#'#)@'3' '̂@=(M*=(P%#$&%EQ3V=(
F*=(hQ"##=(Z*(M*=(R&'3T:-#=(W*( !*=(S(a �¶�6Q&&"8'#=(K*(M*( ;5/+,<*(
R-7#")"-#( "#( :)3-T%( 3%@'E"&")')"-#( '#$( 3%6-8%3V( 3%:%'36@.(
R-#:%#:Q: CE':%$( 6-3%( 3%6-UU%#$')"-#:( 93-U( )@%(:%6-#$(
:)3-T%( 3%6-8%3V( '#$( 3%@'E"&")')"-#( 3-Q#$)'E&%*(M,*"$,)*+%,)(-
H%#$,)(- %C- N*$%E"F-1G;?<=( BB1�±B?5*( @))A:.22$-"*-372+/*++BB(
2+B1B1,4/+,?B4>// (

K%33"U'#=( !*(W*=(F%f)-#=(G*=(K6R'E%=(O*=(J'&:@=(K*(G*=(L-@$%=(
I*=( O-3U'#=( W*=( M%99'3%:=( i*=( I-##%&&V=( !*CW*=( P%#$%3=( !*=(
J"&&"'U:=(I*(M*=(]-37'#=(g*=(I-V&%=(g*=(J3%#=(K*CW*=(_%##%))=(D*(
G*=( S( ]"6T%V=( W*( ;5/+,<*( W$$3%::"#7( 6-7#")"8%( "UA'"3U%#)(
9-&&-H"#7(:)3-T%.(FV:)%U')"6(3%8"%H('#$(U%)'C'#'&V:":(-9(#-# C
3'#$-U":%$(6-#)3-&&%$(:)Q$"%:(-9(A:V6@-&-7"6'&("#)%38%#)"-#:*(
BJH- P;",F- 7 ;5<=(W3)"6&%(%/5115,*( @))A:.22$-"*-372+/*++4>(
2EU^-A%#C5/+? C/5115, (
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<&56,4"'-E&+% 6$-?;'"$-,4=% 89-'&% $9,6&% -4% $9&% 7,4$5,'%
C5,;<% 5&7&-B&+% 7,4B&4$-,4"'% "4,+"'% 6$-?;'"$-,4% ,:%
$9&%FG1%&'&7$5,+&%HG9&6$&56%&$%"'(=%)0/IJ(%K-47&%8&%
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$&5?6% ,:% <9"6&% 7,9&5&47&=% K&4C;<$"% &$% "'(% H)0/WJ%
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<5,7&+;5&6(%%
%
120$%&3$)#"'(.%,/$*4%$ (
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<5,7&+;5&(% X&;5"'% 7,55&'"$-,46% ,:% :';&4$% "4+%
4,4:';&4$% 6<&&79% 8&5&% -4B&6$-C"$&+% "4+% 7,?<"5&+%
>#% "4"'#E-4C% @@A% 6-C4"'6% +;5-4C% 6<&&79% $"6T6% -4%
$8,% 6$"C&6.% :-56$=% "$% $9&% >&C-44-4C% ,:% $9&% 6$;+#% $,%
+&$&5?-4&% $9&% 5&C-,46% ,:% -4$&5&6$% H\U^6J% :,5% $LGK=%
"4+%6&7,4+=%"$%$9&%&4+%,:%$9&%6$;+#%$,%&B"';"$&%$9&%
-4$&5B&4$-,4% 5&6;'$6(% V9&% 6<&&79% $"6T6% "4+% 6-C4"'%
"7M;-6-$-,4% <5,7&66% 8&5&% 6-?-'"5% -4% >,$9% 6$"C&6(%
F-C;5&%)% -'';6$5"$&6% $9&% <5,7&66% ,:% ,>$"-4-4C=%
<5&<5,7&66-4C=% "4"'#E-4C=% "4+% 7,?<"5-4C% $9&%
6-C4"'6=% "6% 8&''% "6% "66-C4-4C% 6;>[&7$6% $,% $9&% 6$;+#%
"4+%7,4$5,'%C5,;<6(%
%
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"7M;-6-$-,4% <9"6&(% V9-6% 5&6&"579% 5&<5&6&4$6% "%
7,4$-4;"$-,4%,:%,;5%<5&B-,;6%6$;+-&6=%"4+%$9&%B&5>"'%
6$-?;'-%"6%8&''%"6%$9&-5%<5&6&4$"$-,4%?&$9,+,',C#%"5&%
7,46-6$&4$%8-$9%$9&%<5,7&+;5&6%,;$'-4&+%>#%!"#"$%&$%
"'(% H)0)*J(% V9&% &P<&5-?&4$"'% +&6-C4% 7,?<5-6&+% :-B&%
>',7T6=%8-$9%10%B&5>"'%6$-?;'-%<5&6&4$&+%-4%"%5"4+,?%
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-3<8::-7-&3$% &J-+&37&% -3% $;&% '-$&4"$84&% $,% <866,4$% "%
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<6&&7;C% &<6&7-"''#% <$8$$&4-3GC% G&3&4"$&<% <-G3-:-7"3$%
3,-<&%-3%$;&%RRSC%@,<$%<$8+-&<%64&:&4%3,$%$,%-37'8+&%
6"4$<%,:%$;-<%<&7$-,3%-3%<-G3"'%"3"'#<-<(%K%A&''H$4"-3&+%%
<6&&7;H'"3G8"G&% 6"$;,',G-<$% =DTE>% <86&4J-<&+% $;&%
64,7&+84&(% F:% "% 6"4$-7-6"3$% 4&<6,3+&+% A-$;% -37,44&7$%
$-@-3G% =&(G(C%"3<A&4-3G% 9&:,4&% $;&% 4&'&J"3$% 78&<%
"66&"4&+>% ,4% &O;-9-$&+% &O7&<<-J&% @,J&@&3$% +84-3G%
$"<I%&O&78$-,3C%$;&%$4-"'%A"<%7'"<<-:-&+%"<%"%4&U&7$&+%
$4-"'(% ?;&% <"@&% 64,$,7,'% "66'-&+% $,% $4-"'<% -3% A;-7;%
B8&<$-,3<% A&4&% '&:$% 83"3<A&4&+% 9#% $;&% &O"@-3&&<(%
K%<&7,3+%DTE%4&J-&A&+%$;&%4&7,4+&+%J-+&,<%,:%$;&%
<89U&7$<% +84-3G% $;&% $"<I% "3+% "<<&<<&+% $;&% $4-"'<%
9"<&+%,3%$;&-4%:'8&37#%,::'-3&(%?;&%J-+&,%4&7,4+-3G<%
A&4&% "+U8<$&+% $,% &3<84&% $;"$% $;&% :"7&<% "3+% 866&4%
9,+-&<%,:%$;&%6"4$-7-6"3$<%A&4&%J-<-9'&%$,%$;&%DTE(%K%
$4-"'%A"<%7,3<-+&4&+%+#<:'8&3$%,3'#%-:%$;&%<89U&7$%"3+%
9,$;% DTE<% "G4&&+% ,3% $;-<% "<<&<<@&3$(% D-@-'"4'#C%
$4-"'<%A&4&%7'"<<-:-&+%"<%:'8&3$%-:%$;&%<89U&7$%"3+%9,$;%
�6�/�3�V�� �G�H�H�P�H�G�� �W�K�H�P�� �I�O�X�H�Q�W���� �3�D�U�W�L�F�L�S�D�Q�W�V�¶�� �R�Z�Q��
"<<&<<@&3$<% ,:% $;&% 64&<&37&% ,4% "9<&37&% ,:%
<$8$$&4-3G% A&4&% &::&7$-J&% -3% +&$&4@-3-3G% $4-"'%
7'"<<-:-7"$-,3<(% !&:,4&% $;&% $&<$C% 6"4$-7-6"3$<% A&4&%

-3<$487$&+% $,% -+&3$-:#% &J&3% "3% -3"8+-9'&%
837,@:,4$"9'&% :&&'-3G% "<% <$8$$&4-3G(% V,3J&4<&'#C%
<6&&7;% $;&4"6-<$<% A&4&% "<I&+% $,% '"9&'% ,3'#% $;,<&%
$4-"'<% $;&#% A&4&% 7,@6'&$&'#% 7&4$"-3% "9,8$% "<%
<$8$$&4-3G(% ?;-<% "664,"7;% ;&'6&+% @"3"G&% $;&%
7,@@,3% -<<8&<% "<<,7-"$&+% A-$;% <$8$$&4-3GH<$"$&%
<$8+-&<(%P&%"77&6$&+%$;&%4-<I%,:%@-<$"I&3'#%4&U&7$-3G%
<,@&%$4-"'<%$,%&3<84&%$;"$%$4-"'<%-3%A;-7;%$;&%<89U&7$%
64&<<&+% $;&% 98$$,3% -37,44&7$'#% A,8'+% 3,$% 9&%
7'"<<-:-&+%"<%<$8$$&4&+%$4-"'<%"3+%A,8'+%9&%&O7'8+&+%
:4,@%$;&%&O6&4-@&3$(%E"4$-7-6"3$<%A&4&%:"@-'-"4%A-$;%
$;&%J&49"'%<$-@8'-%/�±5%A&&I<%9&:,4&%$;&%&O6&4-@&3$(%
?;&% <-G3"'<% :4,@% $A,% <89U&7$<% A&4&% 3,$% 64,6&4'#%
@"4I&+% +8&% $,% 64,9'&@<% A-$;% $;&% 6"4"''&'% 6,4$%
<#<$&@<C% 4&<8'$-3G% -3% $;&-4% &O7'8<-,3% :4,@% $;&%
"3"'#<-<(%V,3<&B8&3$'#C%$;&%+"$"%:4,@%$;&%4&@"-3-3G%
)0%<89U&7$<%A&4&%"3"'#M&+(%
%
!"#$%&'($)*+%$),$-&'. *
D$8$$&4-3G%<&J&4-$#%A"<%&J"'8"$&+% 8<-3G%$;&%E&4<-"3%
J&4<-,3% ,:% $;&% DDFH1% $,,'% =?";@"<&9-% &$% "'(C% )0/W>(%
?;-<%4&'-"9'&%"3+%J"'-+%3,4@H4&:&4&37&+%"<<&<<@&3$%
$,,'% -<% <8-$"9'&% :,4% 9,$;% 7'-3-7"'% "3+% 4&<&"47;%
6846,<&<% =X-'&#% Y% !"II&4C% )00Z>(% ?;&% DDFH1%
@&"<84&<% <$8$$&4-3G% <&J&4-$#% "74,<<% :,84% "4&"<% ,:%
<6&&7;% 9&;"J-,4.% :4&B8&37#C% +84"$-,3C% 6;#<-7"'%
�F�R�Q�F�R�P�L�W�D�Q�W�V�����D�Q�G���W�K�H���Q�D�W�X�U�D�O�Q�H�V�V���R�I���W�K�H���L�Q�G�L�Y�L�G�X�D�O�¶�V��
<6&&7;(% ?A,% B8"'-:-&+% -3+&6&3+&3$% DTE<% "<<&<<&+%
$;&%<$8$$&4-3G%<&J&4-$#(%?;&%:-4<$%DTE%A"<%$4"-3&+%9#%
$;&%<&7,3+%DTEC%A;,%+&J&',6&+%$;&%E&4<-"3%J&4<-,3%
,:% $;&% DDFH1C% $,% &J"'8"$&% "3+% <7,4&% <$8$$&4-3G%
<&J&4-$#% "3+% 4&'"$&+% 9&;"J-,4<(% ?;&% <$8$$&4-3G%
&J"'8"$-,3% 64,7&<<% A"<% 7,3+87$&+% -3% $;4&&% <$"G&<.%
[ �±/0% +"#<% 9&:,4&% $;&% -3$&4J&3$-,3C% 5�±[% +"#<% ":$&4%
$;&%-3$&4J&3$-,3C%"3+%5%@,3$;<%":$&4%$;&%-3$&4J&3$-,3%
+84-3G%$;&%:,'',AH86%<$"G&(%
%
+)"/-(&/$)*0",('&1$2&.2 3++4* 5 /6,&7&-&'. *
RRS%+"$"%A&4&%4&7,4+&+%"$% "%<"@6'-3G%4"$&%,:% */)%
QM% 8<-3G% "% \1H7;"33&'% !4"-3] -<-,3% "@6'-:-&4%
=^8'G4"J&C% K8<$4"'-">(% ?;&% "7$-J&% &'&7$4,+&<% A&4&%
"44"3G&+%,3%"3%&'"<$-7%7"6%"77,4+-3G%$,%$;&%<$"3+"4+%
/0 �±/0% &'&7$4,+&% 6,<-$-,3-3G% <#<$&@C% "3+% $;&%
&'&7$4-7"'% -@6&+"37&% ,:% $;&% <7"'6% &'&7$4,+&<% A"<%
@"-3$"-3&+%9&',A%*%I �
���� �6�X�E�M�H�F�W�V�� �Z�H�U�H�� �L�Q�V�W�U�X�F�W�H�G�� �W�R��
@-3-@-M&%&#&%9'-3I<%"3+%9,+#%@,J&@&3$<%+84-3G%$;&%
$;4&&% &J&3$<.% DEC% FDC% "3+% PQ(% K664,O-@"$&'#%%
) H@-3%6"8<&<%9&$A&&3%9',7I<%A&4&%-@6'&@&3$&+%$,%
64&J&3$%:"$-G8&%"3+%@8<7'&%$&3<-,3(%?;&%6"4"''&'%6,4$%
<#<$&@%+&'-J&4&+%"%@"4I-3G%68'<&%A-$;%$;&%+-<6'"#%,:%
&"7;% -7,3% $,% <#37;4,3-M&% RRS% <-G3"'<% :,4% "7784"$&%
,::'-3&% "3"'#<-<(% ?;&% 64,7&+84&% ,:% RRS% 4&7,4+-3G%
A"<%"77,@6'-<;&+%-3%$A,%<$"G&<C%/ �±)%A&&I<%9&:,4&%
"3+%*�±/0%+"#<%":$&4%$;&%-3$&4J&3$-,3(%%%

*

http://www.neuroregulation.org/
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!"#$%&'( )%:;"-<*#=>-?"@+',-&"A$"@",*+,'- )- :$+)(- ),=- ) -B(%CD/-E4- :+F+,'-%G-:)@D@-),=- :;"+$-H%$$"@A%,=+,'- IC%,@-B4-:+F"-
J+,=%.@-%G-I,K"@*+')*"=-LK",*@/-
-

%
%
*$+,-"-+-".&'/,+012"2'34'-5&'667'89667: '
!"#$%&"'()* +&$",-.$* /%0%.$"1')* -'2* 3%4-&-$"1'* 1,*
!#5%'$*-'2*6"7,#5%'$*8&"-#79*748&%$9&:&%$5-"':%;&5&%
&<"'="$&+% >#% ?@A:% "4+% B"5$-8-B"4$:C% DEF@E!%
G)0/H>% :,I$;"5&% ;":% =:&+% $,% :&B"5"$&% $9&% :-J4"'%
"4+% "4"'#K&% -$:% B,;&5% I,5% I'=&4$% <&5:=:% +-:I'=&4$%
8,4+-$-,4:(%F9&:&%$":L:%;&5&%&4$-5&'#%:&B"5"$&C%;-$9%
9=M"4%&<"'="$-,4%&4:=5-4J%"88=5"8#%-4%8'"::-I-8"$-,4%
"4+% DEF@E!% B5,<-+-4J% B5&8-:&C% ,>N&8$-<&%
:&JM&4$"$-,4% I,5% :-J4"'% "4"'#:-:(% OOP% :-J4"':% I5,M%
&"89% :=>N&8$% ;&5&% -MB,5$&+% -4$,% DEF@E!Q>":&+%
OOP@E!R/2R/R)>% ,B&4Q:,=58&% :,I$;"5&% ST&',5M&%
U% D"L&-JC% )002V(% F9&% :-J4"':% ;&5&% $9&4% I-'$&5&+%
=:-4J% "% I-I$9Q,5+&5% !=$$&5;,5$9% >"4+B"::% I-'$&5% ;-$9%
8=$Q,II% I5&W=&48-&:% ,I% 0(X1% YK% "4+% 21% YK(% F9&%
"<&5"J&%M,4$"J&%I,5%OOP%"8W=-:-$-,4%;":%=$-'-K&+(%%
%
F5"-4-4J% I,5% -4+&B&4+&4$% 8,MB,4&4$% "4"'#:-:% SZ[EV%
;":% B&5I,5M&+% =:-4J% $9&%�³G=4-8"�%́"'J,5-$9M% -4%
OOP@E!(% F9-:% B5,8&::% 5&:='$&+% -4% *2% -4+&B&4+&4$%
8,MB,4&4$:% 8,55&:B,4+-4J% $,% $9&% 4=M>&5% ,I%
5&8,5+-4J% &'&8$5,+&:(% Z[E% -:% "4% &II&8$-<&% $,,'% I,5%
=4M-\-4J% <,'=M&Q8,4+=8$&+% OOP% :-J4"':C% #-&'+-4J%
8,MB,4&4$:% I5,M% >,$9% 4&=5"'% "4+% 4,44&=5"'%
:,=58&:C% :=89% ":% M=:8='"5% "4+% "5$-I"8$="'% :,=58&:%
S!&''% U% ?&N4,;:L-C% /]]1^% 7'>5-89%&$% "'(C% )0//V(%
F5"-4-4J% ;":% :$,BB&+% >#% +&I"='$% ;9&4% $9&% ;&-J9$%
89"4J&% ;":% >&',;% /% _% /0QX%I,5% M,5&% $9"4% 66%
89"44&':(%%

F9&% ET`a?F(/(/(/% $,,'% S"4% ,B&4Q:,=58&% OOP@E!%
B'=J-4% "<"-'">'&% "$% 9$$B:.33:884(=8:+(&+=%
3;-L-3A'=J-4R'-:$R"''VC%;":% &MB',#&+% $,% +&$&8$%
4,44&=5"'% :,=58&:(% ET`a?F% -:% "% I=''#% "=$,M"$&+%
"'J,5-$9M%$9"$%-+&4$-I-&:%-4+&B&4+&4$%8,MB,4&4$:%,I%
"5$-I"8$:% >#% 8,M>-4-4J% :$&5&,$#B&+% :B"$-"'% "4+%
$&MB,5"'%I&"$=5&:(%F9&:&%I=48$-,4:%"5&%,B$-M-K&+%$,%
8"B$=5&% >'-4L:C% &#&% M,<&M&4$:C% "4+% I5&W=&4$%
+-:8,4$-4=-$-&:% -4% $9&% I&"$=5&% :&'&8$-,4% +"$":&$(% F9&%
"'J,5-$9M% $9&4% B5,<-+&:% "% I":$C% &II-8-&4$C% "4+%
"=$,M"$&+% B5,8&::% I,5% "BB'#-4J% Z[E% $,% 5&M,<&%
"5$-I"8$% SD,J4,4%&$% "'(C% )0//V(% EI$&5% $9&% 5&M,<"'% ,I%
$9&% +&$&8$&+% 8,MB,4&4$:% =$-'-K-4J% $9&% ET`a?F%%
B'=JQ-4C% "4% &\B&5-&48&+% 4&=5,:8-&4$-:$% B&5I,5M&+% "%
<-:="'% -4:B&8$-,4% $,% -+&4$-I#% 8,MB,4&4$:% 5&:='$-4J%
I5,M% M=:8'&% $&4:-,4% "5$-I"8$:% "4+% I"='$#% 89"44&':(%
[,MB,4&4$:% "::,8-"$&+% ;-$9% >'-4L-4J% ,5% :B&"L-4J%
$&4:-,4%;&5&%"':,%&'-M-4"$&+(%[9"44&':%-+&4$-I-&+%>#%
$9&% 4&=5,:8-&4$-:$% ":% I"='$#% ;&5&% -4$&5B,'"$&+%
&MB',#-4J%"%:B9&5-8"'%M&$9,+%I,5%&"89%B"5$-8-B"4$(%%
*
Z$&M:%I,5%;9-89%5&:B,4:&:%"85,::%$9&%I-<&%5&B&$-$-,4:%
-48'=+&+% >,$9% I'=&4$% "4+% +-:I'=&4$% =$$&5"48&:% ;&5&%
&\$5"8$&+C% ;9-'&% $9,:&% $9"$% ;&5&% 8,4:-:$&4$'#% I'=&4$%
,5% +-:I'=&4$% "85,::% "''% I-<&% >',8L:% ;&5&% &\8'=+&+(%
F9-:% "BB5,"89% "'',;&+% I,5% "% 8,MB"5-:,4% ,I% 4&=5"'%
"8$-<"$-,4% >&$;&&4% $;,% >5"-4% :$"$&:% +-II&5-4J% >#% "%
:-4J='"5% I&"$=5&% S&(J(C% I'=&48#% <:(% +-:I'=&48#VC% ;9-'&%
:9"5-4J% '-4J=-:$-8% ":B&8$:% S&(J(C% $9&% <&5>"'% :$-M='=:%

http://www.neuroregulation.org/
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"7% 8&''% "7% $9&% :9,4,',;-<"'% "4+% 7&="4$-<%
<,=:,4&4$7% ,>% $9&% 5&7:,47&?(% @9&% 7-;4"'7%
"<<,=:"4#-4;% >'A&4$% "4+% 7$A$$&5&+% 5&7:,47&7% 8&5&%
7AB7&CA&4$'#% "D&5";&+% 7&:"5"$&'#% >,5% &"<9% D&5B"'%
7$-=A'A7% "<5,77% $9&% $8,% $"7E7% F-(&(G% HI% "4+% JH?% "$%
&"<9%&'&<$5,+&(%@9-7%"::5,"<9%"-=&+%$,%&CA"'-K&%$9&%
7"=:'&%7-K&7%,>%$9&%>'A&4$%"4+%7$A$$&5&+%A$$&5"4<&7(%
@9&% 4A=B&5% ,>% "<<&:$&+% D&5B"'% 7$-=A'-% F-$&=7?% >,5%
&"<9%:"5$-<-:"4$%-7%:5&7&4$&+%-4%@"B'&%/(%
%
!"#$%& '())*+,& -./*$%& 0+1& 234+05& 6)78*$$3+4& 97)&
#+13:31(053;*1&2,3<(50,37+&
J4%$9-7%7$";&G%&'&<$5,+&7%8&5&%"'',<"$&+%$,%/6%"5&"7%
B"7&+%,4%$9&-5%-4D,'D&=&4$%-4%7:&&<9%"4+%'"4;A";&(%
@9-7%"'',<"$-,4%8"7%"<<,=:'-79&+%A7-4;%"4%"';,5-$9=%
-4$5,+A<&+%B#%L-"<,=&$$-%&$%"'(%F)0/2?%>,5%"77-;4-4;%
7<"':% <,,5+-4"$&7% ,>% MML% &'&<$5,+&7% $,% <,5$-<"'%
"5&"7(%N&%"::'-&+%"% 5&>&5&4<&%$"B'&%$9"$%<,55&'"$&7%
&'&<$5,+&% :5,O-=-$#% 8-$9% <,5$-<"'% 5&;-,47G% <,47-7$&4$%
8-$9% ,A5% P2Q<9"44&'% 7#7$&=% "4+% $9&% -4$&54"$-,4"'%
/0 �±/0% 7#7$&=(% N&% $9&4% 7&'&<$&+% $9&% RSJ7% >,5%
7$-=A'"$-,4%B#%<,=:"5-4;%$9&%7-;4"'7%"77,<-"$&+%8-$9%
>'A&4$% "4+% 7$A$$&5&+% A$$&5"4<&7% >5,=% $9&% &'&<$5,+&7%
-4% $9&7&% /6% "5&"7(% @9-7% <,=:"5-7,4% 8"7% B"7&+% ,4%
$9&% "<<&:$&+% $5-"'% 7-;4"'7% >,5% &"<9% :"5$-<-:"4$(% @9&%
7&'&<$&+% /6% "5&"7% "',4;% 8-$9% $9&-5% <,55&7:,4+-4;%
7<"':% &'&<$5,+&7% "5&% :5,D-+&+% -4% @"B'&% )(% @9&%
"D&5";&%7-;4"'% :,8&5%-4%$9&%>5&CA&4<#% +,="-4%8"7%
<,=:A$&+%>,5%>'A&4$%D&57A7%+#7>'A&4$%-$&=7%B&$8&&4%
0(*1% "4+% 20% TK% A7-4;% UU@% -4% VW@XW!% 7,>$8"5&(%
!"4+ Q:,8&5%>&"$A5&7G%89-<9% 5&:5&7&4$%$9&%:,8&5%,>%
$9&% MML% 7-;4"'% -4% 7:&<->-<% >5&CA&4<#% B"4+7G% "5&%
<,==,4'#% A7&+% $,% -+&4$->#% "4+% <'"77->#% =&4$"'%
7$"$&7(% YA5&=,$,% &$% "'(% F)0/*G% )0/Z?% :5,:,7&+% "%
>&"$A5&% &O$5"<$-,4% =&$9,+% A7-4;% UU@% "4+% 7&'&<$&+%
+-7<5-=-4"4$% <,&>>-<-&4$7% B#% ="O-=-K-4;% $9&% "5&"%
A4+&5% $9&% <A5D&% FW[\?% ,>% $9&% 5&<&-D&5% ,:&5"$-4;%
<9"5"<$&5-7$-<% FRS\?% $,% +->>&5&4$-"$&% "=,4;% D"5-,A7%
<'"77&7%,>%=&4$"'%$"7E7(%]"5-"$-,47%-4%"''%MML%B"4+7%

+A5-4;% B,$9% >'A&4$% "4+% +#7>'A&4$% 7:&&<9% :5,+A<$-,4%
9"D&%B&&4%,B7&5D&+%FL9"+&5-%&$%"'(G%)0/Z^%_&47,4%&$%
"'(G%)0)0^%V&57,D%&$%"'(G%)0/P^%I-"-%`% a9&4;G%)0/b^%
R-==&'&%&$% "'(G% )0/Z^% H"'$AE'"5,;'A% &$% "'(G% )0/*^%
H&4;A:$"%`%c"7-5G%)0/P?(%J4%$9-7%7$A+#G%$9&%:,8&5%,>%
"''% 7-;4"'7% -4% $9&% >5&CA&4<#% 5"4;&% ,>% 0(*1% $,% 20% TK%
8"7% <,47-+&5&+% "7% $9&% MML% >&"$A5&G% 8-$9,A$%
7&:"5"$-4;% $9&=% -4$,% 7:&<->-<% >5&CA&4<#% B"4+7G%
89-<9%-4<'A+&%+&'$"G%$9&$"G%"':9"G%B&$"G%"4+%;"=="%
MML% B"4+7(% @9&% :,8&5% ,>% MML% 7-;4"'7%
<,55&7:,4+-4;%$,%>'A&4$%"4+%+#7>'A&4$%5&7:,47&7%8"7%
<,=:"5&+% >,5% &"<9% :"5$-<-:"4$% A7-4;% :"-5&+%*Q$&7$7%
"4+% $9&% W[\% ,>% $9&% RS\(% @9-7% &7$-="$-,4% 8"7%
:&5>,5=&+% "<5,77% /6% "5&"7% $,% -+&4$->#% RSJ7(% @9&%
:5,<&+A5&%>,5%7&'&<$-4;%$9&%RSJ7%-4D,'D&+%>-4+-4;%$9&%
"5&"% 8-$9%" ?% $9&% ',8&7$%: QD"'A&% 5&7A'$-4;% >5,=% $9&%
">,5&=&4$-,4&+% *Q$&7$G% :5,D-+&+% $9&5&% 8&5&%
7-;4->-<"4$% +->>&5&4<&7% F: %d%(01?G% "4+%B?% $9&% 9-;9&7$%
W[\G% ->% "4#% =&"7A5&7% &O<&&+&+% *0e% -4% $9&% HI%
<,4+-$-,4(% W4% "'$&54"$-D&% ,:$-,4% 8"7% $,% 7&'&<$% "4%
"5&"%$9"$%+&=,47$5"$&+%B,$9%$9&%',8&7$%: QD"'A&%"4+%
$9&%9-;9&7$%W[\%-4%$9&%$8,%<,4+-$-,47%,>%HI%"4+%JH%
F"% $,$"'% ,>% >,A5% =&"7A5&7?% >,5% :"5$-<-:"4$7% 89,% +-+%
4,$%=&&$%$9&%$8,%<5-$&5-"(%@9-7%"5&"%8"7%+&$&5=-4&+%
B"7&+% ,4% "% D,$-4;% :5,<&77% "=,4;% $9&% 7:&<->-&+%
=&"7A5&7G% 8-$9% $9&% "5&"% 5&<&-D-4;% $9&% =,7$% D,$&7%
<9,7&4% "7% $9&% RSJ(% @9&% $#:&% ,>% <A55&4$% "::'-&+% -4%
$9&% 7$A+#% ;5,A:% F"4,+"'% ,5% <"$9,+"'?% 8"7% 7&'&<$&+%
"<<,5+-4;% $,% $9&% 7-;4% ,>% $9&% +->>&5&4<&% -4% $9&%
=&"7A5&=&4$%,>%>'A&4$%"4+%+#7>'A&4$%7-;4"'%:,8&5%-4%
$9&% 7&'&<$&+% RSJ% >,5% &"<9% :"5$-<-:"4$(% J4% ,$9&5%
8,5+7G% :"5$-<-:"4$7% -4% $9&% 7$A+#% ;5,A:% 5&<&-D&+%
"4,+"'% 7$-=A'"$-,4% ->% $9&% 7-;4% ,>% $9&% +->>&5&4<&%
-4+-<"$&+% $9"$% $9&% 7-;4"'% :,8&5% "77,<-"$&+% 8-$9%
>'A&4<#% 8"7% 9-;9&5(% \,4D&57&'#G% $9&#% 5&<&-D&+%
<"$9,+"'% 7$-=A'"$-,4% ->% $9&% 7-;4"'% :,8&5% "77,<-"$&+%
8-$9% 7$A$$&5-4;% 8"7% 9-;9&5(% @9&% <,4$5,'% ;5,A:%
5&<&-D&+%"4,+"'%7$-=A'"$-,4%,D&5%$9&%U\1%&'&<$5,+&(%

%
%
-0=5*&>&
;<"-!#=>"$- %?-@AA":*"B-C*"=D-%?-0"$>)(-E*+=#(+-F$%=-*<"-;%*)(-%?-G7-H$"D",*"B-0"$>)(-E*+=#(+-+,-I)A<-67-
H)$*+A+:),*D-%
I"5$-<-:"4$%
cA=B&5% / % ) % 6% 2% 1% P% * % Z% b% /0 % // % /) % /6 % /2 % /1 % /P % /* % /Z % /b % )0 %

@,$"'%
cA=B&5%,>%
W<<&:$&+%
] &5B"'%
H$-=A'-%

62% /1 % /* % 20% )Z % Z% 61% /1 % // % 2/ % 6) % /6 % )2 % /* % )1 % )/ % /6 % b% /2 % )1 %

%
%
% % %
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78&% 95-,5-$#% ,:% $8&% ;<% =,4+-$-,4% >"?% 5&'"$&+% $,% -$?%
+&$&5@-4-4A% 5,'&% -4% ?$B$$&5-4A% CD&5?,E%&$% "'(F% )0/*G%
D&5?,E% &$% "'(F% )0/HG% I"48,B$$&% &$% "'(F% )0/HJ(% K4%
+&$&5@-4-4A%$8&%LMK?F%>8&4%4,%"5&"%@&$%$8&%=5-$&5-"%
,:%"%?-A4-:-="4$%9"-5&+%*N$&?$%"4+%"4%OPQ%"R,E&%S0TF%
>&%B?&+%$8&%?-A4"'?%:5,@%$8&%$>,%?$B+-&+%=,4+-$-,4?F%
;<%"4+%K;(%7,%=,@9"5&%$8&%=,55&'"$-,4%R&$>&&4%$8&%
$>,% =,4+-$-,4?F% >&% ?&9"5"$&'#% ="'=B'"$&+% $8&%
+-::&5&4=&?% -4% "E&5"A&% ?-A4"'% 9,>&5% :,5% :'B&4$% "4+%
+#?:'B&4$% -$&@?% "=5,??% R,$8% =,4+-$-,4?% :,5% "''%
9"5$-=-9"4$?% >-$8-4% $8&-5% LMK?(% 78&% <&"5?,4%
=,55&'"$-,4% =,&::-=-&4$% >"?% B?&+% $,% =,@9"5&% $8&%
,R$"-4&+% E"'B&?% "4+% -4E&?$-A"$&% $8&% =,55&'"$-,4%
R&$>&&4% $8&% $>,% =,4+-$-,4?% ,:% ;<% "4+% K;(% 78-?%
95,=&+B5&% >"?% =,@9'&$&+% :,5% R,$8% 95&N%"4+%
9,?$$5&"$@&4$%?-A4"'?(%
%
!"#$%&'"#()*')+*,)&#)-*!.--/0*10-2'.3 *
<"5$-=-9"4$?% >&5&% 5"4+,@'#% "??-A4&+% $,% ?$B+#% "4+%
=,4$5,'% A5,B9?% -4% $8-?% ?$"A&(% !,$8% A5,B9?% 5&=&-E&+%
?$-@B'"$-,4% "$% )% @O% :,5% )1% @-4% B?-4A% 1U1% =@%
&'&=$5,+&?%>8-'&%"99'#-4A%:'B&4=#%?8"9-4A% @&$8,+?(%
!&="B?&% $8&% ?$B+#% >"?% +,BR'&NR'-4+F% &"=8%
9"5$-=-9"4$% &U9&5-&4=&+% R,$8% 9&5?,4"'% "4+%
=,4E&4$-,4"'% @,4$"A&?(% 78-?% +&?-A4% &4?B5&+% $8"$%
4&-$8&5% $8&% 9"5$-=-9"4$?% 4,5% $8&% ;V<% =,B'+% -+&4$-:#%
>8-=8%A5,B9%$8&%-4+-E-+B"'?%>&5&%"??-A4&+%$,%R"?&+%
,4%$8&%@,4$"A&%B?&+(%!#%B?-4A%W&B5,;$-@%)%C@"+&%
-4%K5"4JF%$8&%9&5?,4"'-X&+%$YQ;%95,$,=,'%-4%$8&%?$B+#%
A5,B9% +&'-E&5&+% 5&"'% ?$-@B'"$-,4F% >8-'&% $8&% =,4$5,'%
A5,B9% 5&=&-E&+% 5&"'% "4,+"'% ?$-@B'"$-,4% "99'-&+% ZB?$%
,E&5% $8&% [Q1% "5&"(% \8-'&% ,4&% @,4$"A&% +&'-E&5&+%

5&"'% ?$-@B'"$-,4F% $8&% ,$8&5% >"?% ?&$% $,% ?8"@(% 78&%
="$8,+&% &'&=$5,+&% >"?% 9,?-$-,4&+% ,4% $8&% 5-A8$%
?B95",5R-$"'%5-+A&%:,5%=,4E&4$-,4"'%@,4$"A&?%"4+%,4%
$8&% ,99,?-$&% +&'$,-+% C&U$5"% =&98"'-=J% :,5%
-4+-E-+B"'-X&+% @,4$"A&?(% W,% ?-A4-:-="4$% "+E&5?&%
&::&=$?%>&5&%5&9,5$&+%+B5-4A%,5%":$&5%$8&%?$-@B'"$-,4%
?&??-,4?(% <"5$-=-9"4$?% >&5&% =',?&'#% @,4-$,5&+F% "4+%
>8-'&% "% :&>% -4+-E-+B"'?% 5&9,5$&+% @-4,5% +-?=,@:,5$F%
?B=8% "?% @-'+% -$=8-4A% ,5% $-4A'-4AF% $8-?% "'-A4?% >-$8%
:-4+-4A?%:5,@%95&E-,B?%?$B+-&?%,4%$YQ;(%
%
O% =&5$-:-&+% ;V<% 5&=,5+&+% $8&% -4?$5B=$-,4?% "4+%
@"$&5-"'?% :,5% :'B&4=#% ?8"9-4A% @&$8,+?F% -4='B+-4A%
&"?#%,4?&$%"4+%95,',4A"$-,4(%K4%$8&%:-5?$%?&??-,4F%$8&%
?BRZ&=$% >"$=8&+% "% E-+&,$"9&% -4% >8-=8% $8&% ;V<%
&U9'"-4&+%$8&?&%@&$8,+?%:,5%/0%@-4(%YB5-4A%$8&%4&U$%
/0% @-4F% 9"5$-=-9"4$?% >"$=8&+% "% 95&5&=,5+&+%
E-+&,$"9&%,:%"%?9&"]&5%+&@,4?$5"$-4A%$8&%+&?=5-R&+%
$&=84-^B&?(% K4% $8&% :-4"'% /0% @-4F% $8&% 9"5$-=-9"4$%
'-?$&4&+% $,% "% 95&5&=,5+&+% E,-=&% "4+% "$$&@9$&+% $,%
95,+B=&% ?9&&=8% -4% B4-?,4% >-$8% -$(% O$% $8-?% ?$"A&F% "4%
-4+&9&4+&4$%;V<%=,55&=$&+%"4#%-??B&?%5&'"$&+%$,%$8&%
-@9'&@&4$"$-,4% ,:% $8&% @&$8,+(% [5,@% $8&% ?&=,4+%
?&??-,4%$,%$8&%&4+%,:%$8&%/0%?&??-,4?F% 95&5&=,5+&+%
?9&&=8% $"?]?% =,4$"-4-4A% $8&% @&4$-,4&+% @&$8,+?%
>&5&%B?&+%"?%$8&5"9&B$-=%@"$&5-"'?F%"4+%9"5$-=-9"4$?%
>&5&%"?]&+%$,%5&9&"$%$8&%?"@&%9"$$&54?(%78&%$"?]?%
R&A"4% >-$8% ?-4A'&% >,5+?% "4+% 95,A5&??&+% $,% *N>,5+%
?&4$&4=&?(%78&%;V<%?B9&5E-?&+%$8&%95,=&+B5&?%"4+%
95,E-+&+% =,55&=$-,4?% "?% 4&&+&+(% ;9&&=8% $8&5"9#%
>"?%=,4+B=$&+%,4'-4&%>-$8%$YQ;(%

%
%
1'4&-* 5*
12-:"(";*"<-=$")>- ) ,<-?%$$">@%,<+,'-:;)(@-A(";*$%<">-=;;%$<+,'-*%-17�±17-B,*"$,)*+%,)(-:C>*"D-?%,>+>*",*-E+*F-
98G? F),,"(-AAH- &";%$<+,'-=;;%$<+,'- *%-*F"-=('%$+*FD-B,*$%<#;"<-IC-H+);%D"**+-"*-)(/-367184-%

62-'7*)%$4-2 % 8'"-2'&#"3*')+*)'$-*(9*"0-*'2-'7 % :(22-7.()+*-&-/"2(+-7 %

/ % L-A8$%<"5?%M9&5=B'"5-?% 6)%_%%̀

) % V&:$%<"5?%M9&5=B'"5-?% )*%_%H%
6% L-A8$%75-"4AB'"5-?% 1%_%6)%

2% V&:$%75-"4AB'"5-?% /%_%)2%

1% L-A8$%;B9&5-,5%7&@9,5"'%a#5B?% /2%_%2/%
H% V&:$%;B9&5-,5%7&@9,5"'%a#5B?% /0 %

S% L-A8$%K4:&5-,5%<"5-&$"'%Q,5$&U% ))%_%21%
* % V&:$%K4:&5-,5%<"5-&$"'%Q,5$&U% )0%_%2) %

` % L-A8$%!"4]?%;B9&5-,5%7&@9,5"'%;B'=B?% 2/%_%)6%

/0 % V&:$%!"4]?%;B9&5-,5%7&@9,5"'%;B'=B?% 6S%
// % L-A8$%<5&=&4$5"'%a#5B?% /6%_%61%

/) % V&:$%<5&=&4$5"'%a#5B?% //%_%62%
/6 % <"5"=&4$5"'%V,RB'&% 62F%/)F%_%61%
%
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!"#$%&'($%&)*+*'
7&85,98-+&%:,;$<"5&%=,>?"5&+%@@A%5&'"$-B&%?,<&5%
"4+% @@A% ?C":&% =,C&5&4=&% >&":85&:% -4% $C&% ;'8&4$%
:$"$&% D&;,5&% "4+% ";$&5% $C&% -4$&5B&4$-,4% D&$<&&4% $C&%
:$8+#% "4+% =,4$5,'% E5,8?:% "=5,::% $C&% /*% +&;"8'$%
&'&=$5,+&:% ,;% $C&% :,;$<"5&F% ;,'',<-4E% $C&% /0�±)0%
:#:$&>(% AC&% =,>?"5-:,4% "$% $C&% ?5&$5&"$>&4$% :$"E&%
"->&+% $,% -4B&:$-E"$&% $C&% C,>,E&4&-$#% ,;% $C&% $<,%
E5,8?:(% 7&85,98-+&% :,;$<"5&% G79% 6(0(*H% I??'-&+%
7&85,:=-&4=&F%J$(% K&$&5:D85EF% @LF% MJIN% -:% "%
:,?C-:$-="$&+%$,,'%+&B&',?&+%;,5%"4"'#O-4E%;5&P8&4=#%
?,<&5% "4+% =,44&=$-B-$#% >&":85&:% ,;% QQ9% :-E4"':%
G"B"-'"D'&% "$%C$$?:.33"??'-&+4&85,:=-&4=&(=,>%
34&85,E8-+&3% "4+% C$$?:.33"4-4&85,E8-+&(=,>3H%
R"44,4%&$%"'(F%)0/)N(%%
%
AC&%@@A% >&$C,+%&>?',#:%>"$C&>"$-="'%$&=C4-P8&:%
$,%"4"'#O&%QQ9%+"$"(%RC"5"=$&5-:$-=:%,;%$C&%"=P8-5&+%
QQ9% :-E4"'% "5&% =,>?8$&+% 8:-4E% ?,<&5% :?&=$5"'%
+&4:-$#%GKJSN%&:$->"$-,4%$,%:&'&=$-B&'#%5&?5&:&4$%$C&%
QQ9% :">?'&:% :-E4"'% GI'T@"C,8>% U% I'T@5"-C"$F%
)0/2N(% I% ?C":&% =,55&'"$-,4% =,&;;-=-&4$% -4+-="$&:% $C&%
">,84$% ,;% B"5-"4=&% -4% ,4&% :-E4"'% $C"$% ="4% D&%
&V?'"-4&+% D#% "4,$C&5% :-E4"'F% "4+% -$% -:% "% 4,5>"'-O&+%
P8"4$-$#% 5"4E-4E% D&$<&&4%0%"4+%/ %G!":$,:% U%
J=C,;;&'&4F% )0/WN(% KC":&% =,C&5&4=&% -:% $C&% >,:$%
=,>>,4%$&=C4-P8&%8:&+%$,%>&":85&%=,44&=$-B-$#%-4%
5&:&"5=C% ,4% ;84=$-,4"'% D5"-4% =,>>84-="$-,4% 5&'"$&+%
$,% '"4E8"E&% ;84=$-,4:% G9"8+&$% &$% "'(F% )0)0N(% J-4=&%
$C&% :$8+#% "->:% $,% :&'&=$% $C&% "??5,?5-"$&% $#?&% ,;%
-4+-B-+8"'-O&+% :$->8'"$-,4% D":&+% ,4% ?"$$&54:% ,;%
4&85"'% "=$-B-$#% "::,=-"$&+% <-$C% ;'8&4$% :?&&=CF% <&%
?'"44&+% $,% =,>?"5&% $C&% $<,% E5,8?:% -4% $&5>:% ,;%
4&85"'% "=$-B-$#% +85-4E% ;'8&4=#(% J8D:&P8&4$'#F% $C&%
?,:$$5&"$>&4$%"4"'#:-:%=,>?"5&+%$C&%$<,% E5,8?:%-4%
$C&%;'8&4$%:$"$&%$,%-4B&:$-E"$&%$C&%&;;&=$:%,;%$C&%$<,%
?5,$,=,':%,4%$C&%4&85"'%=-5=8-$:%-4B,'B&+%-4%;'8&4=#(%%
%
!,%,"*,"-%&'($%&)*+* '
AC&%C,>,E&4&-$#%,;%$C&%$<,%E5,8?:%<":%-4B&:$-E"$&+%
5&E"5+-4E% "E&F% &+8="$-,4F% "4+% :$8$$&5-4E% :&B&5-$#%
8:-4E% "4% -4+&?&4+&4$%*T$&:$% ,5% -$:% 4,4?"5">&$5-=%
&P8-B"'&4$% D&;,5&% $C&% -4$&5B&4$-,4(% AC&% :$8$$&5-4E%
:&B&5-$#% ,;% $C&% $<,% E5,8?:% <":% =,>?"5&+% "=5,::%
$C5&&%$->&%?,-4$:�² ?5&$5&"$>&4$F%?,:$$5&"$>&4$F%"4+%
;,'',< T8?% :$"E&:�² 8:-4E% 5&?&"$&+% >&":85&% I7XYI%
G5>I7XYIN(% Z4% $C-:% "4"'#:-:F% $C&% $C5&&%$->&% ?,-4$:%
:&5B&+%":%$C&%<-$C-4T:8D[&=$%;"=$,5%<-$C%$C5&&%'&B&':F%

<C-'&% $C&% :$->8'"$-,4% ?5,$,=,'% <":% $C&%%
D&$<&&4T:8D[&=$%;"=$,5F% "4+% $C&% +&?&4+&4$%B"5-"D'&%
<":%$C&%:&B&5-$#%,;%:$8$$&5-4E%":%>&":85&+%D#%JJZT2%
:=,5&:(%AC&%-4$&5"=$-,4%D&$<&&4%$->&%"4+%E5,8?%<":%
:-E4-;-="4$F%: G/N% \% /](*1F%; %^% (00/F% :,% "% )_)%
5>I7XYI% <":% "??'-&+% $,% =,>?"5&% $C&% $<,% E5,8?:%
"$%$C&%?5&$5&"$>&4$%B&5:8:%?,:$$5&"$>&4$%"4+%"%)_)%
5>I7XYI%$,%=,>?"5&%?5&$5&"$>&4$%B&5:8:%;,'',< T8?%
$->&%?,-4$:(%I%,4&T<"#%5&?&"$&+%>&":85&:%I7XYI%
G5>I7XYIN% ;,5% ?"-5<-:&% =,>?"5-:,4% ,;% $C&% $C5&&%
$->&% ?,-4$:% <":% ?&5;,5>&+% $,% =,>?"5&% JJZT2%
>&":85&:% <-$C-4% &"=C% E5,8?% :&?"5"$&'#(% AC&%
=,55&'"$-,4% =,&;;-=-&4$% ;,5% $C&% ?,<&5% +-;;&5&4=&% ,;%
;'8&4$%"4+%+#:;'8&4$%:-E4"':%D&$<&&4%$C&%JK%"4+%ZJ%
=,4+-$-,4:% <":% ="'=8'"$&+% 8:-4E% $C&% K&"5:,4%
=,55&'"$-,4% =,&;;-=-&4$(% Z4$&5T5"$&5% 5&'-"D-'-$#% ;,5%
:$8$$&5-4E% :&B&5-$#% :=,5&:% 5"$&+% D#% $<,% JLK:% <":%
"::&::&+% 8:-4E% R5,4D"=C`:% "'?C"% =,&;;-=-&4$(% I''% ,;%
$C&% ";,5&>&4$-,4&+% :$"$-:$-="'% "4"'#:&:% <&5&%
=,4+8=$&+% 8:-4E% JKJJT))% :,;$<"5&(% aXZ:% <&5&%
+&$&5>-4&+%8:-4E%?"-5&+%*T$&:$:%"4+%IMR%,;%$C&%aXR%
>&$C,+% -4% bIALI!% a)0/cD(% AC&% "4"'#:-:% "4+%
=,>?"5-:,4%,;%QQ9%:-E4"':%D&$<&&4%$C&%$<,%E5,8?:%
<&5&%=,4+8=$&+%-4%7&85,98-+&%:,;$<"5&F%8$-'-O-4E%"4%
-4+&?&4+&4$%*T$&:$% =,55&=$&+% ;,5% >8'$-?'&%
=,>?"5-:,4:( %
%

.+*/&,* '
%
0121#+$+",)'13'451'671/8* '
!"#"$%&%'()* "+* ,%-./'"0.1* .&2* 3%#"$0.4-'5*
6%.(70%89* AC&% :$8+#% "4+% =,4$5,'% E5,8?:% <&5&%
C,>,E&4&,8:% -4% $&5>:% ,;% &+8="$-,4F%*G/cN% \% 0()0F%%
; %\% (]6*F% "4+% "E&F%*G/cN% \% 0(/*F%; %\% (6/1(% AC-:%
C,>,E&4&-$#% "':,% "??'-&+% $,% $C&% :&B&5-$#% ,;%
:$8$$&5-4EF%":%>&":85&+%D#%$C&%JJZT2F%*G/cN%\%0(/c1F%
; %\% (c1W(%A"D'&%6%?5&:&4$:%$C&%>&"4%"4+%:$"4+"5+%
+&B-"$-,4% ;,5% $C&% +&>,E5"?C-=% B"5-"D'&:% "4+%
:$8$$&5-4E%:&B&5-$#%;5,>%$C&%&"5'#%"::&::>&4$:(%
%
:'$&.1* !"#"$%&%'() 9*J-E4"':% ;5,>% $C&% :$8+#% "4+%
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94,:8(% P3% $J&% I,3$4,'% 94,:8O% $J&% 8,F&4% ,E% $J&% ',F%

R&$"GE4&U:&3I#% R"3+% ;J,F&+% "% ;-93-E-I"3$% -3I4&";&%
I,78"4&+% $,% $J&% ;$:+#% 94,:8(% 6,78"4-39% $J&% $F,%
94,:8;% -3% $&47;% ,E% 8J";&% I,J&4&3I&% +&7,3;$4"$&+%
$J"$% 84&8"4"$-,3% E,4% E':&3$% ;8&&IJ% -3% $J&% I,3$4,'%
94,:8% F";% ";;,I-"$&+% F-$J% &3J"3I&+% -3$&4G%"3+%
-3$4"J&7-;8J&4-I%E:3I$-,3"'%I,33&I$-<-$#%TS6V%"I4,;;%
$J&%;8&I$4:7(%P3%I,3$4";$O%$J&%;$:+#%94,:8%&WJ-R-$&+%
-3I4&";&+%'&E$%-3$4"J&7-;8J&4-I%S6%$J4,:9J%+&'$"%"3+%
$J&$"%R"3+%E4&U:&3I-&;%+:4-39%84&8"4"$-,3%E,4%E':&3$%
;8&&IJ(%=J&%4&;:'$;%"4&%+&8-I$&+%-3%S-9:4&%1("
%
#$%&'(%" )." +,-./'" 0./'1%,%" 234)&-3" (3$"
5).6,(,)." )*" 9+ 8"P3% $J&% PK% I,3+-$-,3O% $J&% +-EE&4&3I&%
R&$F&&3%$J&%$F,%94,:8;%'"49&'#%E,'',F&+%$J&%8"$$&43%
,R;&4<&+% -3% $J&% KN% I,3+-$-,3(% P3% $J&% ;$:+#% 94,:8O%
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6'7&38#% 9":% "::,8-"$&+% 9-$;% -384&":-3<% +&'$"% ="3+%
>,9&4% ,?&4% $;&% @)% "3+% A)% &'&8$4,+&:(% B3% 8,3$4":$C%
$;&%8,3$4,'%<4,7>%&D;-=-$&+%6'7&38#%"88,E>"3-&+%=#%
-384&":&+% =&$"% ="3+% >,9&4% ,?&4% $;&% @FC% @A*C% G/C%
@AHC% A1C% "3+% AI% &'&8$4,+&:(% J++-$-,3"''#C% -3% $;&%

8,3$4,'%<4,7>C%-E"<-3&+%6'7&3$%:>&&8;%9":%'-3K&+%$,%
<4&"$&4%-3$&4L%"3+%-3$4";&E-:>;&4-8%@A:%8,33&8$-?-$#%
"84,::%$;&%:>&8$47E(%M;&%4&:7'$:%,6%$;&%8,E>"4-:,3%
=&$9&&3% $;&% $9,% <4,7>:% -3% $;&% BN% 8,3+-$-,3% "4&%
-''7:$4"$&+%-3%@-<74&%H(!

!
!

"#$%&'!()%:%;* *$")*<",*-==>-&"()*+?"-:%."$-3&:4-),@-==>-:A);"-B%A"$",C"- >A$%#'A-D:-B%,@+*+%,/%

%
%

"#$%&'!*)%:%;* *$")*<",*-==>-&"()*+?"-:%."$-),@-==>-:A);"-B%A"$",C"- >A$%#'A-ED-B%,@+*+%,/%

%
+,-') %O&<&3+.%JP%-384&":&+%$;&$"%4&'"$-?&% >,9&4% ,?&4%@)%"3+ %A)%-3%$;&%:$7+#%<4,7>%"3+%-384&":&+%=&$"%
4&'"$-?&% >,9&4% ,?&4% @FC% @8*C% @8HC% A1C% AIC% "3+% G/% -3% $;&% 8,3$4,'% <4,7>(%!P% -384&":&+% -3$&4L%"3+ %
-3$4";&E-:>;&4-8%>;":&%8,;&4&38&%$;4,7<;%$;&%:>&8$47E%-3%$;&%8,3$4,'%<4,7>%Q='7&%'-3&:P(%
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!"#$%##"&' (
%
78-9% 9$:+#% "-;9% $,% -4<&9$-="$&% $8&% &>>&?$% ,>% $@ABC%
,D$-;-E&+%$85,:=8%FFG%D5,?&99-4=%>,5%&"?8%9:HI&?$C%
,4%&48"4?-4=%$8&%&>>&?$-<&4&99%"4+%;"-4$&4"4?&%,>%
9D&&?8%$8&5"D#%,:$?,;&9%-4%JKB(%7,%"?8-&<&%$8-9C%
L&% ?,;D"5&+% $L,% $#D&9% ,>% &'&?$5-?"'% 9$-;:'"$-,4% -4%
$8&% 9$:+#% "4+% ?,4$5,'% =5,:D9(% 78&% ?,4$5,'% =5,:D%
5&?&-<&+% "4,+"'% 9$-;:'"$-,4% ,>% $8&% MA1% 5&=-,4%
"??,5+-4=% $,% "% ?,4<&4$-,4"'% D"$$&54% >,5% 9$:$$&5-4=C%
L8-'&%$8&%9$:+#%=5,:D%5&?&-<&+%9$-;:'"$-,4%H"9&+%,4%
"% ?,;D"5-9,4% ,>% >':&4$% "4+% +#9>':&4$% 9-=4"'% D,L&5(%
78&% "DD'-?"$-,4% ,>% $@AB% -4% H,$8% =5,:D9% L"9%
-4$&=5"$&+% L-$8% 9D&&?8% $8&5"D#(% K&% ?,;D"5&+% $8&%
$L,% =5,:D9% H"9&+% ,4% H&8"<-,5"'% ,:$?,;&9% "4+%
?8"4=&9% -4% 9-=4"'% D"$$&549C% H,$8% -;;&+-"$&'#% ">$&5%
/0% 9&99-,49% ,>% -4$&5<&4$-,4% "4+% "="-4% ">$&5%) %
;,4$89(% K&% D'"44&+% $,% ;,4-$,5% $8&% D&59-9$&4?&% ,>%
H&8"<-,5"'% ,:$?,;&9C% "9% 5&'"D9&% -9% "% ?,;;,4%
?,;D'-?"$-,4% -4% 9$:$$&5-4=% $8&5"D#% >,'',L-4=% $8&%
?&99"$-,4%,>%$5&"$;&4$%NA5"-=%&$%"'(C%6006O%A5&";%&$%
"'( C%600PO%@-Q,'',%&$%"'(C%6006R(%%
(
)*+,-"&.,/(0*#%/1# (
S4&%,>%$8&%;"-4%,HI&?$-<&9%,>%$8&%D5&9&4$%9$:+#%L"9%
$,%-4<&9$-="$&%$8&%&>>&?$%,>%TFFGUH"9&+%D&59,4"'-E&+%
$@AB% D5,$,?,'9(% 78-9% 9&?$-,4% ?,;D"5&9% $8&%%
98,5$U$&5;%"4+%;-+U$&5;%,:$?,;&9%,>%$8&%$L,%$#D&9%
,>% 9$-;:'"$-,4% D"$$&549% :9&+(% A,;D"5-4=%
D5&$5&"$;&4$% "4+% >,'',LU:D% 9$"=&% $-;&% D,-4$9%
-4+-?"$&+% "% D5-,5-$#% >,5% $8&% 9$:+#% =5,:D% +:5-4=% $8&%
>,'',L U:D% 9$"=&(% 78-9% 9:==&9$9% $8"$% "'$8,:=8%
D&59,4"'-E&+% 9$-;:'"$-,4% D"$$&549% ;"#% 4,$% &48"4?&%
$8&%&>>&?$-<&4&99% ,>%$8&%-4$&5<&4$-,4C%$8&#%;"#%'&"+%
$,% "% ',4=U'"9$-4=% &>>&?$(% 78-9% >-4+-4=% -9% ?'-4-?"''#%
9-=4->-?"4$%>,5%"%+-9,5+&5%9:?8%"9%9$:$$&5-4=%NA5"-=%&$%
"'(C%600PO%A5&";%&$%"'(C%600PO%@-Q,'',%&$%"'(C%6006R(%%
%
S4&% ?,;;,4% ?8"''&4=&% -4% 9$:$$&5-4=% $8&5"D#% -9% $8&%
$-;&U?,49:;-4=% 4"$:5&% ,>% H&8"<-,5"'% -4$&5<&4$-,49%
4&&+&+%$,% "?8-&<&%?'-4-?"'%5&9:'$9%N!',;=5&4C%60/)O%
A5"-=% &$% "'(C% 6006O% S49',L%&$% "'(C% /PP*R(% 78&5&>,5&C%
"4#% ;&$8,+% "99,?-"$&+% L-$8% 5"D-+% 5&;&+-"$-,4% ,>%
9$:$$&5-4=% L-''% H&% 8-=8'#% 5&="5+&+(% V4% $8&% D5&9&4$%
9$:+#C% D,9$$5&"$;&4$% ,:$?,;&9% 98,L&+% "% +&?5&"9&%
-4%9$:$$&5-4=%9?,5&9%,>%60(6%W%0(P2%-4%$8&%9$:+#%=5,:D%
"4+% /*(X% W% /(1X% -4% $8&% ?,4$5,'% =5,:DC% "??,5+-4=% $,%
$8&% BBVU2(% 78&% &>>&?$-<&4&99% ,>% $@AB% -4?5&"9&9%
L8&4% ?,;H-4&+% L-$8% H&8"<-,5"'% -4$&5<&4$-,49(% 78-9%
?,;H-4"$-,4% 8"9% +&;,49$5"$&+% =5&"$&5% "4+% ;,5&%
'"9$-4=% >':&4?#% -;D5,<&;&4$9% $8"4% H&8"<-,5"'%
-4$&5<&4$-,49% "',4&(% A8&9$&59% &$% "'(% N60/YR%
?,4+:?$&+%,4&%,>%$8&%>-59$%"$$&;D$9%$,%-4<&9$-="$&%$8&%
:9&%,>%$@AB%-4%JKB(%78&#%>,:4+%$8"$%">$&5%1%+"#9%,>%
"4,+"'% 9$-;:'"$-,4% ,>% $8&% '&>$% -4>&5-,5% >5,4$"'% =#5:9%
NVMGR% ?,;H-4&+% L-$8% $&;D,5"5#% >':&4?#U-4+:?-4=%

;&$8,+9C% 9$:$$&5-4=% 9?,5&9% L&5&% 9-=4->-?"4$'#%
5&+:?&+%H"9&+%,4%$8&%BBVU2%$,,'%-4%$8&%9$:+#%=5,:D%
NA8&9$&59% &$% "'(C% 60/YR(% B-4?&% $8&% 9$-;:'"$-,4%
;,4$"=&% -4% $8&% ?,4$5,'% =5,:D% ,>% ,:5% 9$:+#% L"9%
9-;-'"5%$,%$8"$%:9&+%H#%A8&9$&59%&$%"'(%N60/YR%-4%$8&-5%
9$:+#%=5,:DC% $8&%9-=4->-?"4$%+->>&5&4?&%-4% $8&% 5&9:'$9%
?"4%H&%"$$5-H:$&+%$,%$8&%<"5-"$-,49%-4%;&$8,+,',=-&9%
NA8&9$&59%&$%"'(C%60/YO%A8&9$&59%&$%"'(C%60/XO%G"54&$$%
&$%"'(C%60/PR(%V4%"++-$-,4C%L&%+&9-=4&+%"%/0 U9&99-,4%
$5&"$;&4$%,<&5%6%L&&Z9%>,5%,:5%9$:+#C%"9%,DD,9&+%$,%
$8&% >-<&% 9&99-,49% -;D'&;&4$&+% H#% A8&9$&59% &$% "'(%
N60/YR(%78:9C%$8&%+:5"$-,4% ,>%$8&% $5&"$;&4$%"4+% $8&%
;&$8,+9% :9&+% -4% >':&4?#% -4+:?$-,4% "DD&"5% $,% H&%
9-=4->-?"4$% >"?$,59% -4% 5&;&+-"$-4=% 9$:$$&5-4=% -4% $8&%
98,5$% $&5;(% S4&% ,>% $8&% ?8"''&4=&9% -4% 9$:$$&5-4=%
$8&5"D#%-9%$8&%5&'"D9&%,>%$8&%+-9,5+&5%">$&5%$5&"$;&4$%
?&99"$-,4(% J% ?,49-+&5"H'&% ";,:4$% ,>% 5&9&"5?8% 8"9%
H&&4% ?,4+:?$&+% $,% -4<&9$-="$&% $8&% ?":9&9% "4+%
;&$8,+9% ,>% D5&<&4$-,4% N!',?Z%&$% "'(C% 600*O% [-''&5% \%
G:-$"5C% 600PR(% V4% $8-9% ?,4$&]$C% >,'',LU:D% ,4% $8&%
5&9:'$9% L-''% H&% "% ?5:?-"'% "9D&?$% ,>% "4#% $5&"$;&4$(%
K8-'&% H,$8% ,:5% =5,:D9% &]D&5-&4?&+% "% +&?5&"9&% -4%
9$:$$&5-4=%9&<&5-$#%-;;&+-"$&'#%">$&5%$8&%-4$&5<&4$-,4C%
$8&% ?,4$5,'% =5,:D�¶9% 9$:$$&5-4=% 9&<&5-$#% 9-=4->-?"4$'#%
-4?5&"9&+% ">$&5%) %;,4$89% H:$% 5&;"-4&+% ',L&5% $8"4%
H"9&'-4&(%V4%?,4$5"9$C%A8&9$&59%&$%"'(%N60/YR%5&D,5$&+%
$8"$%$8&%;&"4%9$:$$&5-4=%9?,5&9%,>%$8&%9$:+#%=5,:D%-4%
$8&% BBVU2% $&9$% 5&$:54&+% $,% H"9&'-4&% ">$&5%* %L&&Z9(%
78-9% +->>&5&4?&% ;"#% H&% "$$5-H:$&+% $,% $8&% >':&4?#U
-4+:?-4=% ;&$8,+% "4+3,5% $8&% +:5"$-,4% ,>% ,:5%
-4$&5<&4$-,4(% [,&-4% &$%"'(%N6066R%?,4+:?$&+% "4,$8&5%
9$:+#% $8"$% 5&D,5$&+% $8&% &>>&?$-<&4&99% ,>% $@AB% -4%
5&+:?-4=%$8&%9&<&5-$#%,>%9$:$$&5-4=(%78&#%>,:4+%$8"$%*%
+"#9%,>%"4,+"'%9$-;:'"$-,4%,>%$8&%'&>$%9:D&5-,5%=#5:9C%
?,;H-4&+% L-$8%+&'"#&+%" :+-$,5#%>&&+H"?Z% N@JMRC%
&>>&?$-<&'#% 5&+:?&+% 9$:$$&5&+% 9#''"H'&9% -;;&+-"$&'#%
"4+% :D% $,%* %L&&Z9% D,9$-4$&5<&4$-,4(% ^,L&<&5C% $8-9%
9$:+#% +-+% 4,$% -4?,5D,5"$&% "% >,'',LU:D% +&9-=4(% 78-9%
9:==&9$9%$8"$%D&59,4"'-E&+%$@AB%;"#%'&"+%$,%;,5&%
+:5"H'&%$5&"$;&4$%&>>&?$9(%
%
0*#%/1#(&2(3"4',/(5',/6#*# (
!"#$%&' ($%&)*+*' , -./0#-' 1-+' 2/$3"1"/$' /4' !5 6'
VMG% D'"#9% "% ?5:?-"'% 5,'&% -4% 9$:$$&5-4=C% D"5$-?:'"5'#% -4%
5&'"$-,4% $,% 9D&&?8% D5,+:?$-,4% "4+% ;,$,5% D'"44-4=%
NQ:%&$%"'(C%60/0R(%_&9&"5?8%-4+-?"$&9%$8"$%-4+-<-+:"'9%
L8,% 9$:$$&5% +&;,49$5"$&% "$#D-?"'% "?$-<"$-,4% "4+%
?,44&?$-<-$#% D"$$&549% -4% $8&% VMGC% L8-?8% ;"#%
?,4$5-H:$&% $,% $8&-5%9D&&?8% +#9>':&4?#%N`8"4=%&$% "'(C%
6066R(%B$:+-&9%5&<&"'%,<&5"?$-<"$-,4%-4%$8&%5-=8$%VMG%
"4+%:4+&5"?$-<"$-,4% -4% $8&% '&>$% VMG% ";,4=% JKBC%
D,$&4$-"''#% -4+-?"$-4=% "4% -4?5&"9&+% +&;"4+% >,5%
>&&+>,5L"5+% D'"44-4=% "4+% +#9>:4?$-,4% -4% ":+-$,5#%
>&&+H"?Z%9#9$&;9%NA"-%&$%"'(C%6062R(%78&%5-=8$%VMG%-9%
H&'-&<&+%$,%>:4?$-,4%"9%"%?,;D&49"$,5#%;&?8"4-9;%
-4% 9$:$$&5-4=C% D,99-H'#% "9% D"5$% ,>% "4% &]D"4+&+% ?,5&%
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$-7-48% 4&$9,5:% $;"$% -4<'=+&>% $;&% ?">"'% 8"48'-"% "4+%
@AB%CD$<;&''%&$% "'(E% 60/2" F(% G4&% ,H% $;&% &IJ&<$&+%
<;"48&>% "H$&5% >J&&<;% $;&5"J#% H,5% >$=$$&5-48% ->%
-4<5&">&+% "<$-K-$#% -4% $;&% LMN% CO=% &$% "'(E% 60/*F(%
P&5>,4"'-Q&+% $RS@% $"58&$-48% $;&% LMN% ,5% -$>%
<,44&<$&+% 4&$9,5:>% 7"#% ;&'J% 5&>$,5&% H=4<$-,4"'%
'"$&5"'-Q"$-,4E% $;&5&?#% &4;"4<-48% H'=&4<#(% G=5%
H-4+-48>% >=JJ,5$% $;->% H5"7&9,5:E% ">% J"5$-<-J"4$>% -4%
$;&% >$=+#% 85,=J% +&7,4>$5"$&+% 85&"$&5% >=JJ5&>>-,4%
,H% 7"'"+"J$-K&% ;-8;TH5&U=&4<#% "<$-K-$#% -4%%
7,$,5 T5&'"$&+% 4&$9,5:>E% '-:&'#% 5&H'&<$-48% -7J5,K&+%
4&=5"'%<,,5+-4"$-,4(%
!
M=5$;&57,5&E%$;&%>$=+#%85,=J%>;,9&+%"4%-4<5&">&%-4%
$;&% 5&'"$-K&% J,9&5% ,H% $;&% +&'$"% ?"4+% "$% $;&% MS1%
&'&<$5,+&% +=5-48% $;&% @P% <,4+-$-,4% CM-8=5&% 1F(% V;->%
-4<5&">&+%"<$-K-$#%"$%MS1%9">%,?>&5K&+%-4%$;&%>$=+#%
85,=JE% 9;-'&% $;&% <,4$5,'% 85,=J% =$-'-Q&+% "4,+"'%
>$-7='"$-,4% "$% MS1(% G4&% ,H% $;&% :&#% "+K"4$"8&>% ,H%
J&5>,4"'-Q&+% $RS@% ->% -$>% J,$&4$-"'% $,% ,J$-7-Q&%
$;&5"J&=$-<% ,=$<,7&>% ?#% $"58&$-48% >J&<-H-<% 4&=5"'%
<-5<=-$>%-4K,'K&+%-4%>$=$$&5-48(%M,5%&I"7J'&E%,=5%>$=+#%
H,=4+% $;"$% >$-7='"$-,4% "-7&+% "$% &4;"4<-48%%
+&'$"T?"4+% "<$-K-$#% -4% $;&% 7,$,5% J5&J"5"$-,4% "5&">E%
>J&<-H-<"''#% "$% $;&% MS1% &'&<$5,+&% +=5-48% $;&% @P%
<,4+-$-,4E% "'-84>% 9-$;% J5&K-,=>% 5&>&"5<;% -4+-<"$-48%
$;"$%+&'$"%,><-''"$-,4>% J'"#%"%5,'&%-4%H"<-'-$"$-48%&55,5%
7,4-$,5-48%CW,5+"4,K"E%M"':&4>$&-4E%X%Y,'&KE%6062F(%
V;&>&% +&'$"% ,><-''"$-,4>% J5,+=<&% &55,5T>J&<-H-<%
>-84"'>% $;"$% "5&% &>>&4$-"'% H,5% J&5H,57"4<&%
7,4-$,5-48E%&4"?'-48%$;&%+->$-4<$-,4%?&$9&&4%<,55&<$%
"4+% -4<,55&<$% 5&>J,4>&>% CW,5+"4,K"E% M"':&4>$&-4E%
Z,;4>?&-4E%&$% "'(E% 6002F(% L4% <,4$5">$E% 9;&4%
<,7J"5-48% $;&% <,4$5,'% 85,=J% $,% $;&% >$=+#% 85,=J%
+=5-48%>J&&<;%J5&J"5"$-,4E%$;&%5&'"$-K&%J,9&5%,H%$;&%
?&$"%?"4+%-4%$;&%&'&<$5,+&>%<,55&>J,4+-48%$,%$;&%'&H$%
"4+% 5-8;$% >&4>,5#T7,$,5% >J&&<;T5&'"$&+% "5&">%
5&7"-4&+% >-84-H-<"4$'#% ;-8;&5% -4% $;&% <,4$5,'% 85,=J(%
V;->%>=88&>$>%$;"$%+&>J-$&% "<;-&K-48%H'=&4$%>J&&<;E%
$;&5&% ;">% 4,$% #&$% ?&&4% >=HH-<-&4$% ?&$"% >=JJ5&>>-,4%
4&<&>>"5#%H,5%"4%&HH&<$-K&%7,$,5%>#>$&7%C!"5$,',%&$%
"'( E% 60/2[% D$<;&''%&$% "'(E% 60/2?[% A,<:%&$% "'(E% 60/\F(%
V;&>&% 5&>='$>% "'-84% 9-$;% $;&% $;&,5#% 5&8"5+-48%
+&H&<$-K&% ?&$"% ?"4+% >=JJ5&>>-,4% -4% >$=$$&5-48(%
B<<,5+-48'#E%$;&5&%"5&%->>=&>%-4%>J&<-H-<%?5"-4%"5&">%
,H% B]@E% >=<;% ">% $;&% ?">"'% 8"48'-"% "4+% $;&% @AB(%
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?-E4"'% 7&"$85&?% &Q$5"A$-,4% 8?-4E% '-4&"5% "4"'#?-?% -4% 75&]8&4A#%
"4+% $-O&N75&]8&4A#% +,O"-4?(%?,*"$,)*+%,)(- @=A%()$(B-
&"<")$=A- !%*+="<>- 6718J/LB% C5$-A'&% W)06/S(%;$$H?.33+,-(,5E%
3/0(//11360/23W)06/S %

!"P;$-"5B%@(B%F,4EB%@(%G(B%:;8OB%R(%^(B%Z%I"OB%T(%_(%J606)L(%D;&%
&77&A$%,7%$5"4?A5"4-"'%+-5&A$%A855&4$%?$-O8'"$-,4%,4%?$8$$&5-4E.%C%
H5&'-O-4"5#% 5&H,5$(%C$)+,- @*+D#()*+%,>- 19J/LB%C5$-A'&% U66W(%
;$$H?.33+,-(,5E3/0(/0/V3X(95?(606)(0/())6%

!"5$,',B% `(B% U5"+,B% I(B% Z% @&5A;"4$B% R(% J60/2L(% K47,5O"$-,4%
H5,A&??-4E% -4% $;&% H5-O"$&% 9"?"'% E"4E'-"% +85-4E% ?&4?,5#N
E8-+&+%"4+%-4$&54"''#%+5->&4%5;#$;O-A%$"HH-4E(%:A"- E%#$,)(-%F-
!"#$%<=+",=" >- 28J//LB% )*/0�±)*6)(% ;$$H?.33+,-(,5E3/0(/16)%
3X4&85,?A-(6VW*N/)(60/2 %

!"?;-5B% G(B% Z% R,M&''B% U(% J60/1L(% $aT:% "4+% ?$8$$&5-4E(%C$)+,-
@*+D#()*+%,>- GJ6LB%C5$-A'&% U26*(% ;$$H?.33+,-(,5E3/0(/0/V%
3X(95?(60/1(0/()V*%

!"?$,?B% C(% @(B% Z% :A;,77&'&4B% b(N@(% J60/VL(% C% $8$,5-"'% 5&>-&M% ,7%
784A$-,4"'% A,44&A$->-$#% "4"'#?-?% O&$;,+?% "4+% $;&-5%
-4$&5H5&$"$-,4"'%H-$7"''?(%H$%,*+"$<-+,-@B<*"D<-! "#$%<=+",=">-IB%
C5$-A'&%/W1(%;$$H?.33+,-(,5E3/0())S*374?#?(60/1(00/W1%

!"#"$B%@(B%!,,?$"4-B%`(B%:"9&$-B%@(B%^"+&E"5-B%Y(B%U-5O,5"+-B%@(B%
`",B%_(B%Z%G"O-B%@(%J6062L(%:,85A&%',A"'-<"$-,4%"4+%?H&A$58O%
"4"'#<-4E% ,7% [[\% -4% ?$8$$&5-4E% ?$"$&% 8H,4% +#?7'8&4$%
8$$&5"4A&?(%J(+,+=)(-KKL- ),;- !"#$%<=+",=" >-MMJ)LB%)W/ �±)S)(%
;$$H?.33+,-(,5E3/0(//WW3/11001*266//10V)S%

!"#"$B% @(B% !,,?$"4-B% `(B% :"9&$-B% @(B% ^"+&E"5-B% Y(B% D"E;">-B% @(B%
U-5O,5"+-B% @(B%T;"P5"9"5$-B% U(B% Z%G"O-B% @(% J606)L(% :H&&A;%
5&'"$&+% "4Q-&$#% -4% "+8'$?% M;,% ?$8$$&5(%E%#$,)(- %F-
N<B=A%OAB<+%(%'B>- 2PJ/LB% 61�±)S(% ;$$H?.33+,-(,5E3/0(/06W%
306V*NSS0)3"000)01%

!&''B%C(%b(B%Z%:&X4,M?P-B%D(%b(%J/**1L(%C4%-47,5O"$-,4NO"Q-O-<"$-,4%
"HH5,"A;%$,%9'-4+%?&H"5"$-,4%"4+%9'-4+%+&A,4>,'8$-,4(%!"#$)(-
J %DO#*)*+%,>- PJVLB% //6*�±//1*(% ;$$H?.33+,-(,5E3/0(//V6%
34&A,(/**1(W(V(//6* %

!&'#PB%@(B%_5"7$B%:(%b(B%Z%!5,M4B%:(%J60/1L(%:$8$$&5-4E%"?%"%$5"-$%,5%
?$"$&�±C4% CI[% O&$"�æ"4"'#?-?% ,7% 4&85,-O"E-4E% ?$8+-&?(%
K#$%O"),- E%#$,)(- %F- !"#$%<=+",=">- 81J6LB% 6W1�±6S2(%
;$$H?.33+,-(,5E3/0(////3&X4(/6WV1%

�%�M�H�N�L�ü���� �-������ �ä�L�Y�D�Q�R�Y�L�ü���� �0������ �3�D�X�Q�R�Y�L�ü���� �'������ �9�X�O�L�ü���� �.������ �.�R�Q�V�W�D�Q�W�L�Q�R�Y�L�ü����
�8������ �	�� �)�L�O�L�S�R�Y�L�ü���� �6���� �5���� ���������������� �3�H�U�V�R�Q�D�O�L�]�H�G�� �I�U�H�T�X�H�Q�F�\��
O,+8'"$&+% $5"4?A5"4-"'% &'&A$5-A"'% ?$-O8'"$-,4% 7,5% "??,A-"$->&%
O&O,5#% &4;"4A&O&4$(%C$)+,- @=+",="<>- 16J2LB%C5$-A'&%2W6(%
;$$H?.33+,-(,5E3/0())*0395"-4?A-/60202W6%

!',APB% :(B% c4?',MB% @(B% U"APO"4B% C(B% Z% a"A"P-?B% \(% J600VL(%
T,44&A$-4E% ?$8$$&5-4E% O"4"E&O&4$% "4+% O&"?85&O&4$.% Kd(%
U5&+-A$,5?% ,7% ,8$A,O&% 7,5% "% 9&;">-,85"'% $5&"$O&4$% 7,5%
?$8$$&5-4E(%?,*"$,)*+%,)(- E%#$,)(- %F- Q),'#)'"- R-
J%DD#,+=)*+%,- S+<%$;"$<>- 81J2LB% )*1�±20V(%;$$H?.33+,-(,5E%
3/0(/0S03/)VS6S60V00V6)S1)%

!',OE5&4B% @(% J60/)L(% !&;">-,5"'% $5&"$O&4$?% 7,5% A;-'+5&4% "4+%
"+8'$?% M;,% ?$8$$&5.%C%5&>-&M(%N<B=A%(%'B- &"<")$=A- ),;-
C"A)T+%$- U),)'"D",*>- 9 B% *�±/*(% ;$$H?.33+,-(,5E3/0(6/2W%
3U`!@(:)/210 %

!,M&5?B% C(B% :"'$8P'"5,E'8B% D(B% b&4?,4B% a(B% R"5P5-+&5B% C(B% Z%
D;,54$,4B% a(% J60/*L(% U,M&5% "4+% H;"?&% A,;&5&4A&% -4%
?&4?,5-O,$,5%O8%"4+%$&OH,5"'%',9&%"'H;"%A,OH,4&4$?%+85-4E%
A,>&5$% "4+% ,>&5$% ?#''"9'&% H5,+8A$-,4(%KVO"$+D",*)(- C$)+,-
&"<")$=A>- 62PJ)LB% W01�±W6/(%;$$H?.33+,-(,5E3/0(/00W3?0066/N
0/S N122WN2%

!5-E4&''B%C(B%_5";&B%@(B%a,M4&?B%@(B%_&7"'-"4,?B%[(B%`&-''#B%:(B%Z%
@,5E"4B%C(%D(%J6060L(%C%?#?$&O"$-A%5&>-&M%,7%-4$&5>&4$-,4?%7,5%
"+8'$?% M;,% ?$8$$&5(%E%#$,)(- %F-H(#",=B- S+<%$;"$<>- 98B%C5$-A'&%
/01WVV(%;$$H?.33+,-(,5E3/0(/0/V3X(X7'8+-?(6060(/01WVV%

!8?"4B% U(B% @,5&$B% !(B% @"?-4"B% Y(B% a&'% !&4B% \(B% Z% T"OH"4"B% \(%
J606/L(% :H&&A;% 7'8&4A#% -OH5,>&O&4$% -4% +&>&',HO&4$"'%
?$8$$&5-4E%8?-4E% 4,4N-4>"?->&% 95"-4% ?$-O8'"$-,4.%K4?-E;$?% 75,O%
">"-'"9'&% &>-+&4A&(%H$%,*+"$<- +,- W#D),- !"#$%<=+",=">- 1MB%
C5$-A'&%VV60/V(%;$$H?.33+,-(,5E3/0())S*374;8O(606/(VV60/V%

T"-B%R(B%a,4EB%b(B%@&-B%I(B%Y&4EB%\(B%I-B%I(B%F"4EB%\(B%Z%^"4B%R(%
J6062L(%Y84A$-,4"'%"4+%?$58A$85"'%"94,5O"'-$-&?%,7%$;&%?H&&A;%
+-?,5+&5?.%"%O8'$-O,+"'%"A$->"$-,4%'-P&'-;,,+%&?$-O"$-,4%O&$"N
"4"'#?-?(% J"$"X$)(- J %$*"V>- 28J) LB% C5$-A'&% 9;"&0W1(%
;$$H?.33+,-(,5E3/0(/0*)3A&5A,539;"&0W1%

T"44,4B% `(% I(B% !"'+M-4B% a(% `(B% :;"MB% D(% I(B% a-',5&$,B% a(% b(B%
U;-''-H?B% :(% @(B% :A58EE?B% C(% @(B% Z% `-&;'B% D(% T(% J60/6L(%
`&'-"9-'-$#% ,7% ]8"4$-$"$->&% [[\% J][[\L% O&"?85&?% "4+%
Ic`[DC% A855&4$% ?,85A&% +&4?-$#% "$% )0% +"#?(%!"#$%<=+",="-
Q"**"$<>- M1GJ/LB% 6W�±)/(% ;$$H?.33+,-(,5E3/0(/0/V%
3X(4&8'&$(60/6(02(0)1%

T;"4EB% :(N[(B% Z% \8&4$;&5B% Y(% R(% J6060L(% K4>,'>&O&4$% ,7% $;&%
A,5$-A,N9"?"'% E"4E'-"N$;"'"O,A,5$-A"'% ',,H% -4% +&>&',HO&4$"'%
?$8$$&5-4E(%H$%,*+"$<- +,-N<B=A%(%'B>- 17B% C5$-A'&%)0SS(%
;$$H?.33+,-(,5E3/0())S*37H?#E(60/*(0)0SS%

T;&?$&5?B%b(B%@e$$e4&4B%`(B%Z%F"$P-4?B%_(%[(%J60/SL(%D5"4?A5"4-"'%
+-5&A$% A855&4$% ?$-O8'"$-,4% ,>&5% '&7$% -47&5-,5% 75,4$"'% A,5$&Q%
-OH5,>&?%?H&&A;%7'8&4A#%-4%"+8'$?%M;,%?$8$$&5(%C$)+,>-181J2LB%
//V/ �±//W/ (%;$$H?.33+,-(,5E3/0(/0*)395"-43"M#0// %

T;&?$&5?B% b(B% @e$$e4&4B% `(B% Z% F"$P-4?B% _(% [(% J606/L(% G&85"'%
A;"4E&?% "7$&5% $5"-4-4E% M-$;% $5"4?A5"4-"'% +-5&A$% A855&4$%
?$-O8'"$-,4%$,%-4A5&"?&%?H&&A;%7'8&4A#%-4%"+8'$?%M;,%?$8$$&5(%
;$$H?.33+,-(,5E3/0()/6/*3,?7(-,3S?$)X%

T;&?$&5?B%b(B%F"$P-4?B%_(%[(B%Z%@e$$e4&4B%`(%J60/WL(%K4>&?$-E"$-4E%
$;&%7&"?-9-'-$#%,7%8?-4E%$5"4?A5"4-"'%+-5&A$%A855&4$%?$-O8'"$-,4%$,%
&4;"4A&%7'8&4A#%-4%H&,H'&%M;,%?$8$$&5(%C$)+,-),;-Q),'#)'">-
198B%VS�±WV(%;$$H?.33+,-(,5E3/0(/0/V3X(9"4+'(60/V(/0(00)%

T5"-EB%C(B%!'8OE"5$B%[(B%Z%D5"4B%^(%J600*L(%D;&%-OH"A$%,7%?$8$$&5-4E%
,4%$;&%]8"'-$#%,7%'-7&%-4%"+8'$?%M;,%?$8$$&5(%E%#$,)(-%F-H(#",=B-
S+<%$;"$<>- 28J6LB% V/�±W/(% ;$$H?.33+,-(,5E3/0(/0/V%
3X(X7'8+-?(600*(01(006%

T5"-EB% C(B% R"4A,APB% _(B% Z% T,99-4B% a(% J6006L(% @"4"E-4E%
"+,'&?A&4$?% M;,% 5&'"H?&% 7,'',M-4E% $5&"$O&4$% 7,5% ?$8$$&5-4E(%
Y<+)-N)=+F+=-E%#$,)(-%F-@O""=A>-Q),'#)'"-),;-W")$+,'>-PJ6LB%
W*�±*/(%;$$H?.33+,-(,5E3/0(//W*3/)V/)6S06S011WV2*0 %

T5&"OB%C(B%cf!5-"4B%:(B%c4?',MB%@(B%U"APO"4B%C(B%Z%@&4<-&?B%`(%
J600*L(% :&'7�æO,+&''-4E% "?% "% 5&'"H?&% -4$&5>&4$-,4% 7,'',M-4E%
?H&&A;�æ5&?$58A$85-4E% $5&"$O&4$% 7,5% ?$8$$&5-4E(%?,*"$,)*+%,)(-
E%#$,)(- %F- Q),'#)'"- R- J%DD#,+=)*+%,- S+<%$;"$<>- 88J1LB%
1SW�±1**(%;$$H?.33+,-(,5E3/0(/0S03/)VS6S60S0661V*W)%

a&',5O&B% C(B% Z% @"P&-EB% :(% J6002L(% [[\IC!.% "4% ,H&4% ?,85A&%
$,,'9,Q% 7,5% "4"'#?-?% ,7% ?-4E'&N$5-"'% [[\% +#4"O-A?% -4A'8+-4E%
-4+&H&4+&4$% A,OH,4&4$% "4"'#?-?(%E%#$,)(- %F-! "#$%<=+",="-
U"*A%;<>- 128J/LB% *�±6/(% ;$$H?.33+,-(,5E3/0(/0/V%
3X(X4&8O&$;(600)(/0(00*%
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6-&+3-789&2:%;(:%<=3#:%>(%!(:%?%@3&99-2A:%;(%B5**4C(%D&3&E&''"3%"2+%
E"9"'%A"2A'-"%7,2$3-EF$-,29%$,%-2$&3="'%$-G-2A(%<2%H(%I(%J&7K%
BL+(C:%:#,;*+%,)(- ),<- ,"#$)(- =";>),+?=?- %@- +,*"$A)(- *+=+,' %
BMM(%)0N�±)O/ C(%D>D%@3&99(%

6-P,'', :%Q(:%R&-G&#&3:%>(%Q(:%?%J"22-2A:%H(%I(%B5**5C(%Q%M&39,2"'%
7,29$3F7$% M9#78,',A#% =-&S% ,T% 3&'"M9&.%<2+-7"$-,29% T,3% "%
2"33"$-=&% $8&3"M#% 7,GM,2&2$% $,% 9$F$$&3-2A% $3&"$G&2$(%B%#$,)(-
%@- :(#",;C- D+?%$<"$?E- 6FB/C:% /U�±)5(%8$$M9.11+,-(,3A1/*(/*/V%
1W**U)XN4*YB*/C**/*U XN%

6-2A:% Z(:% [F:% Z(:% WF:% \(:% @"2:% @(:% W8"2:% Y(:% D8&2:% ;(:%P-F:% ](:%
^8"2A:%^(:%^8",:%;(:%?%_F,:%H(%B5*/UC(%L28"27&+%A',E"' XE3"-2%
TF27$-,2"'% 7,22&7$-=-$#% -2% $8&% '&T$% 9FM&3-,3% T3,2$"'% A#3F9% "9% "%
M,99-E'&% &2+,M8&2,$#M&% T,3% 978-`,M83&2-"(%:$%,*+"$?- +,-
!"#$%?;+",;"E- 12 :% Q3$-7'&% /)0(% 8$$M9.11+,-(,3A1/*(44OU%
1T2-29(5*/U(**/)0 %

L$78&'':%Q(:%;,829,2:%!(:%?%W,SG"2:%@(%B5*/)" C(%!&8"=-,3"'%"2+%
GF'$-G,+"'%2&F3,-G"A-2A%&=-+&27&%T,3%"%+&T-7-$%-2%E3"-2%$-G-2A%
2&$S,3K9% -2% 9$F$$&3-2A.%Q%8#M,$8&9-9% "2+% $8&,3#(%:$%,*+"$?- +,-
G#=),- !"#$%?;+",;"E- H :% Q3$-7'&% )VN(%8$$M9.11+,-(,3A1/*(44OU%
1T28FG(5*/)(**)VN %

L$78&'':%Q(%D(:%D-=-&3:%[(:%!"''"3+:%a(%;(:%?%W,SG"2:%@(%](%B5*/NC(%Q%
9#9$&G"$-7% '-$&3"$F3&% 3&=-&S% ,T% 2&F3,-G"A-2A% 3&9&"378% ,2%
+&=&',MG&2$"'%9$F$$&3-2A%E&$S&&2%/UU0%"2+%5*/V(%B%#$,)(-%@-
:(#",;C- D+?%$<"$?E- II:% V�±)0 (% 8$$M9.11+,-(,3A1/*(/*/V%
1b(bT'F+-9(5*/N(*4(**N%

L$78&'':% Q(% D(:% ;,829,2:% !(% H(:% ?% W,SG"2:% @(% ](% B5*/)EC(% !&$"%
,97-''"$-,29:% $-G-2A:% "2+% 9$F$$&3-2A(%:$%,*+"$?- +,- G#=),-
!"#$%?;+",;"E- H :% Q3$-7'&% /*4V(% 8$$M9.11+,-(,3A1/*(44OU%
1T28FG(5*/)(*/*4V %

]"33"8-:% I(:% _8"33"&&:% !(:% [A8"E-"2:% J(% Q(:% @-3G,3"+-:% J(% >(:%
R"b-E-:% W(% J(:% ?% !"$,F'-:% W(% Q(% I(% B5*5/C(% @9#78,G&$3-7%
M3,M&3$-&9% ,T% $8&% M&39-"2% =&39-,2% ,T% $8&% [=&3"''% Q2c-&$#%
W&=&3-$#% "2+% <GM"-3G&2$% W7"'&% B[QW<WC(%J$),+),- B%#$,)(- %@-
K?C;>+)*$C- ),<- L">)A+%$)(- M;+",;"?E- 18B)C:% Q3$-7'&% &/**VN)(%
8$$M9.11+,-(,3A1/*(0O/51-bME9(/**VN)%

_"32&$$:% L(% [(% 6(:% D8,S:% I(% J(:% D8,,:% Q(% P(:% ?% D8"2A:% W(XL(%
B5*/UC(% W$F$$&3-2A%9&=&3-$#% G,+F'"$&9%&TT&7$9% ,T% 2,2X-2="9-=&%
E3"-2% 9$-GF'"$-,2% -2% "+F'$9% S8,% 9$F$$&3(%:$%,*+"$?- +,- G#=),-
!"#$%?;+",;"E- 12 :% Q3$-7'&% )//(% 8$$M9.11+,-(,3A1/*(44OU%
1T28FG(5*/U(**)// %

_"F+&$:% <(:% Id99&3:% Q(:% e"22"9-2A:% @(:% ?% _"''"A8&3:% Q(% B5*5*C(%
]F27$-,2"'%E3"-2%7,22&7$-=-$#%,T%'"2AF"A&%TF27$-,29%-2%78-'+3&2%
3&=&"'&+%E#%LL_%"2+%JL_.%Q%9#9$&G"$-7%3&=-&S(%:$%,*+"$?-+,-
G#=),- !"#$%?;+",;"E- 18 :% Q3$-7'&%V5(% 8$$M9.11+,-(,3A%
1/*(44OU1T28FG(5*5*(***V5%

_8"+&3-:% Q(% I(:% Q2+&="3-:% J(% R(:% ?% W,SG"2:% @(% ](% B5*/OC(%
L=-+&27&% T,3% "%3&9$-2A% 9$"$&% 2&$S,3K% "E2,3G"'-$#% -2% "+F'$9%
S8,%9$F$$&3(%:$%,*+"$?-+,-J,*"'$)*+A"-!"#$%?;+",;"E-16:%Q3$-7'&%
/V(%8$$M9.11+,-(,3A1/*(44OU1T2-2$(5*/O(***/V%

_-"7,G&$$-:%@(:%@&3+F&:%a(%P(:%?%6-"G,2+:%W(%_(%B5*/)C(%Q'A,3-$8G%
$,% T-2+% 8-A8% +&29-$#% LL_% 97"'M% 7,,3+-2"$&9% "2+% "2"'#9-9% ,T%
$8&-3% 7,33&9M,2+&27&% $,% 9$3F7$F3"'% "2+% TF27$-,2"'% 3&A-,29% ,T%
$8&% E3"-2(%B%#$,)(- %@-! "#$%?;+",;"- N"*>%<?E- 66O:% O)�±UV(%
8$$M9.11+,-(,3A1/*(/*/V1b(b2&FG&$8(5*/)(*)(*5*%

_-Gf2&`:% J(:% @Fb,':% ;(:% [3$-`:% I(:% W,3-"2,XJ"9:% D(:% PgM&`XW,'h:%
J(:% ]"33f:% J(:%6&F9:% ;(:%J&3',X@-78:% L(:% ?%J"3$i2XW"2$,9:% >(%
B5*/5C(% Q'$&3&+% E3"-2% TF27$-,2"'% 7,22&7$-=-$#% -2% 3&'"$-,2% $,%
M&37&M$-,2% ,T% 973F$-2#% -2% 9,7-"'% "2c-&$#% +-9,3+&3(%K?C;>+)*$C-
&"?")$;>5- !"#$%+=)'+,'E- 676 B4C:% 5/)�±554(%8$$M9.11+,-(,3A%
1/*(/*/V1b(M97#783&929(5*//(/*(**O %

<2A8"G:% >(% ;(:%],c:% @(% j(:% D,9$&'',% <2A8"G:% ;(:% ?% ^"G"33-M":% ](%
B5***C(%<9%,=&3$%9$F$$&3&+%9M&&78%"%M3&3&kF-9-$&%T,3%$8&%2&F3"'%
"7$-="$-,29%"99,7-"$&+%S-$8%783,2-7%+&=&',MG&2$"'%9$F$$&3-2Al%
L$)+,- ),<-P),'#)'"E-FI B5C:%/V4�±/U)(%8$$M9.11+,-(,3A1/*(/**V%
1E3'2(5***(540/%

;&29,2:%6(:%!,S&39:%Q(%P(:%I"3K3-+&3:%Q(%H(:%j8,32$,2:%6(:%DF&''"3:%
J(:% ?% W"'$FK'"3,A'F:% j(% B5*/)C(% j&GM,3"'% +#2"G-79% ,T%
9&29,3-G,$,3%-2$&A3"$-,2%-2%9M&&78%M&37&M$-,2%"2+%M3,+F7$-,2.%
<2+&M&2+&2$% 7,GM,2&2$% "2"'#9-9% ,T% LL_% +"$"(%:$%,*+"$?- +,-

K?C;>%(%'CE- I:% Q3$-7'&%V0V(% 8$$M9.11+,-(,3A1/*(44OU%
1TM9#A(5*/)(**V0V%

;&29,2:%6(:%!,S&39:%Q(%P(:%IF+,7K:%6(:%?%W"'$FK'"3,A'F:%j(%B5*5*C(%
j8&% "MM'-7"$-,2% ,T% LL_%GF% 38#$8G% G&"9F3&9% $,%
2&F3,M8#9-,',A-7"'%3&9&"378%-2%9$F$$&3-2A(%:$%,*+"$?-+,-G#=),-
!"#$%?;+",;"E- 12 :% Q3$-7'&%)0O(% 8$$M9.11+,-(,3A1/*(44OU%
1T28FG(5*/U(**)0O%

;&29,2:% 6(:% >&-''#:% a(% ;(:% I"3K3-+&3:% Q(% H(:% j8,32$,2:% 6(:% ?%
W"'$FK'"3,A'F:%j(%B5*/OC(%j3"-$%3&'"$&+%9&29,3-G,$,3%+&T-7-$9%-2%
�S�H�R�S�O�H�� �Z�K�R�� �V�W�X�W�W�H�U���� �$�Q�� �(�(�*�� �L�Q�Y�H�V�W�L�J�D�W�L�R�Q�� �R�I�� ���� �U�K�\�W�K�P��
+#2"G-79%+F3-2A%9M,2$"2&,F9%T'F&27#(%!"#$%J=)'" 5-Q(+,+;)(E-
1O:%VU*�±N*5(%8$$M9.11+,-(,3A1/*(/*/V1b(2-7'(5*/O(*0(*5V %

;-"2A:% ;(:% PF:% D(:% @&2A:% 6(:% ^8F:% D(:% ?% I,S&'':% @(% B5*/5C(%
D'"99-T-7"$-,2%,T%$#M&9%,T%9$F$$&3-2A%9#GM$,G9%E"9&+%,2%E3"-2%
"7$-=-$#(% KP%M- R!SE- FBVC:% Q3$-7'&% &4UN)N(%
8$$M9.11+,-(,3A1/*(/4N/1b,F32"'(M,2&(**4UN)N %

a"-9&3:% 6(% Q(% B5**NC(% H8"$% -9% kF"2$-$"$-=&% LL_l%B%#$,)(- %@-
!"#$%*>"$)TCE- 17B)C:% 4N�±05(% 8$$M9.11+,-(,3A1/*(/4**%
1;/O)=/*2*)m*0 %

�.�D�U�V�D�Q���� �d������ �g�]�G�H�P�L�U���� �5���� �6������ �%�X�O�X�W���� �7������ �	�� �+�D�Q�R�÷�O�X���� �/���� �����������������7�K�H��
&TT&7$9%,T%9-2A'&X9&99-,2%7"$8,+"'%"2+%E-8&G-9M8&3-7%$6DW%,2%
T'F&27#% -2% 9$F$$&3-2A(%B%#$,)(- %@- !"#$%(+,'#+?*+;?E- 92:%Q3$-7'&%
/*/*V)(% 8$$M9.11+,-(,3A1/*(/*/V1b(b2&F3,'-2A(5*55(/*/*V)%

a&-`&3:%Q(%H(%B5*/UC(%W$"2+"3+-`"$-,2%"2+%M&39,2"'-`&+%G&+-7-2&%
F9-2A%kF"2$-$"$-=&%LL_%-2%7'-2-7"'%9&$$-2A9(%Q(+,+;)(-SSU- ),<-
!"#$%?;+",;"E- I6 B5C:% O5�±OU(% 8$$M9.11+,-(,3A1/*(//NN%
1/00**0U)/UON)U)0 %%

a&'':%D(%Q(:%R&FG"22:%a(:%!&83&29:%J(:%=,2%_F+&2E&3A:%Q(%H(:%?%
_-3"F+:% Q(XP(% B5*/OC(% WM&"K-2AX3&'"$&+% 78"2A&9% -2% 7,3$-7"'%
TF27$-,2"'% 7,22&7$-=-$#% "99,7-"$&+% S-$8% "99-9$&+% "2+%
9M,2$"2&,F9%3&7,=&3#%T3,G%+&=&',MG&2$"'%9$F$$&3-2A(%B%#$,)(-
%@- :(#",;C- D+?%$<"$?E- II :% /40�±/))(% 8$$M9.11+,-(,3A1/*(/*/V%
1b(bT'F+-9(5*/N(*5(**/%

a,3`&7`&K:%Q(:%R&&T:%R(%L(:%W$&-2G"22:%<(:%@"F'F9:%H(:%?%W,GG&3:%
J(% B5*55C(% W$F$$&3-2A% 9&=&3-$#% 3&'"$&9% $,% T3,2$,$&GM,3"'% ',SX
E&$"% 9#2783,2-`"$-,2% +F3-2A% M3&X9M&&78% M3&M"3"$-,2(%Q(+,+;)(-
!"#$%T>C?+%(%'CE- 12H:% O)�±UV(% 8$$M9.11+,-(,3A1/*(/*/V%
1b(7'-2M8(5*55(*4(*/*%

a,3`&7`&K:%Q(:%@3-G"n-2:%Q(:%H,'TT%=,2%_F+&2E&3A:%Q(:%6&78&2$:%
@(:% @"F'F9:% H(:% W,GG&3:% J(:% ?% R&&T:% R(% L(% B5*5/C(% ]'F&27#%
98"M-2A% -273&"9&9% -2$&A3"$-,2% ,T% $8&% 7,GG"2+X$,X&c&7F$-,2%
"2+% $8&% "F+-$,3#X$,XG,$,3% M"$8S"#9% -2% M&39-9$&2$%
+&=&',MG&2$"'% 9$F$$&3-2A(%!"#$%J=)'"E- 68I :%Q3$-7'&%//ON4V(%
8$$M9.11+,-(,3A1/*(/*/V1b(2&F3,-G"A&(5*5/(//ON4V%

aF3&G,$,:%j(:%!"E":%Z(:%[E"#"98-:%J(:%J"EF:%W(:%?%a,E"#"98-:%a(%
B5*/OC(% L28"27-2A% LL_% 9-A2"'9% 3&7,A2-$-,2% F9-2A% 3,7% 7F3=&(%
B%#$,)(-%@-&%V%*+;?E-!"*.%$W+,'-),<-X$*+@+;+)(-P+@"E-8B)C:%5O4�±
5OV(%8$$M9.11+,-(,3A1/*(5UU/1b32"'(5*/O()()(0%

aF3&G,$,:%j(:%!"E":%Z(:%[E"#"98-:%J(:%J"EF:%W(:%?%a,E"#"98-<:%a(%
B5*/NC(% Q% G&$8,+% ,T% T&"$F3&% &c$3"7$-,2% T,3% LL_% 9-A2"'9%
3&7,A2-$-,2% F9-2A% >[D% 7F3=&(%MT";*$#=E- 66B/C:%V0) �±V0N(%
8$$M9.11+,-(,3A1/*(0U0)1<DQ>[!(5*/N([W/5X5%

PF:%D(:%D8&2:%D(:%R-2A:%R(:%6-2A:%_(:%_F,:%j(:%@&2A:%6(:%Z"2A:%Z(:%
P-:% a(:% ?%P-2:% D(% B5*/*C(% j8&% 2&F3"'% 9FE9$3"$&9% T,3% "$#M-7"'%
M'"22-2A% "2+% &c&7F$-,2% ,T% S,3+% M3,+F7$-,2% -2% 9$F$$&3-2A(%
SYT"$+=",*)(- !"#$%(%'CE- 661B/C:% /)V�±/0V(%8$$M9.11+,-(,3A%
1/*(/*/V1b(&cM2&F3,'(5**U(/*(*/V %

PF:%D(:%^8&2A:%P(:%P,2A:%Z(:%Z"2:%\(:%6-2A:%_(:%P-F:%P(:%@&2A:%6(:%?%
I,S&'':% @(% B5*/NC(% >&,3A"2-`"$-,2% ,T% E3"-2% TF27$-,2% "T$&3% "%
98,3$X$&3G% E&8"=-,3"'% -2$&3=&2$-,2% T,3% 9$F$$&3-2A(%L$)+,- ),<-
P),'#)'"E- 19H :% /5�±55(% 8$$M9.11+,-(,3A1/*(/*/V%
1b(E"2+'(5*/N(*/(**/ %

J":%Z(:%_,2A:%Q(:%R"2:%H(:%6-2A:%@(:%H"2A:%](:%?%]F:%Z(%B5*54C(%
@&39,2"'-`&+%E3"-2�±7,GMF$&3% -2$&3T"7&% "2+% -$9% "MM'-7"$-,29(%
B%#$,)(- %@- K"$?%,)(+Z"<- N"<+;+,"E- 12B/C:%Q3$-7'&%)V(%
8$$M9.11+,-(,3A1/*(44U*1bMG/4*/**)V%%

J"9$"K,F3-:% Q(XQ(:% H&-78S"'+:% W(:% o`+&2-`7-:% [(:% J&#&3:% j(:%
W78p'K,MT:% !(:% ?% _3,99&XH&2$3FM:% J(% B5*/NC(% @&39,2"'-`&+%
E3"-2X7,GMF$&3%-2$&3T"7&%G,+&'9%T,3%G,$,3%3&8"E-'-$"$-,2(%JSSS-
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+,*"$,)*+%,)(- :%,;"$",:"- %,-<=<*"><?- >),?- ),@- :=A"$,"*+:< (%
6$$78.11+,-(,391*/():00/1"3;-<(*=/0(/450> %

?&38,<@% A(@% B6&#2&@% C(@% D,E8$@% B(@% F% C&% G-'@% H(% I5/*:J(% A%
73&'-K-2"3#% 8$L+#% ,2% $6&% 2&L3"'% ,8M-''"$,3#% M6"3"M$&3-8$-M8% ,N%
K,$,3%73&7"3"$-,2% 73-,3% $,% +#8N'L&2$% "2+% N'L&2$% L$$&3"2M&8% -2%
"+L'$8% O6,% 8$L$$&3(%B%#$,)(- %;- C(#",:=- D+<%$@"$<?- EE@% *)0�±
*00(%6$$78.11+,-(,391*/(*/*P1Q(QN'L+-8(5/*=(/0(//4%

?&38,<@% A(R?(@% D,E8$@% B(@% B6&#2&@% C(% S(@% F% C&% G-'@% H(% I5/*PJ(%
T&28,3-K,$,3%,8M-''"$-,28%73-,3%$,%87&&M6%,28&$%3&N'&M$%"'$&3&+%
K,$,3% 2&$O,3U8% -2% "+L'$8% O6,% 8$L$$&3(%C$%,*+"$<- +,- F#>),-
!"#$%<:+",:"?- 17 @%A3$-M'&%))4(% 6$$78.11+,-(,391*/(44:>%
1N26LK(5/*P(//))4 %

?-''&3@%!(@%F%VL-$"3@%!(%I5//>J(%H,29R$&3K%,L$M,K&%,N%$6&%'-+M,KE&%
73,93"K%N,3%&"3'#%8$L$$&3-29%-2$&3<&2$-,2(%G>"$+:),-B%#$,)(-%;-
HI"":J KL),'#)'"- M)*J%(%'=?- 1N I*J@% )5�±)>(%6$$78.11+,-(,39%
1*/(*/))1*/0: R/4P/I5//:1/P R//P>J %

?-WL2,@%A(@%X-''"',E,8@%?(%Y(@%C"<-&8@%?(%?(@%C"6'@%!(%B(@%F%?Z''&3@%
[( RA(% I5//PJ(% \"3$-"''#% &26"2M&+% $6"'"K,M,3$-M"'% NL2M$-,2"'%
M,22&M$-<-$#% -2% "L$-8K(%O$)+,- &"<")$:J?- 1178I*J@% *P/�±*=)(%
6$$78.11+,-(,391*/(*/*P1Q(E3"-23&8(5//P(/0(/P)%

?,MU@%D(%[(@%],L2+"8@%A(%H(@%F%V,',E@%Y(%D(%I5/*PJ(%B,3$-M"'%"M$-<-$#%
+L3-29%ML&+%7-M$L3&%2"K-29%73&+-M$8%-2+-<-+L"'%+-NN&3&2M&8%-2%
8$L$$&3-29%N3&^L&2M#(%P(+,+:)(-! "#$%IJ=<+%(%'=?-16QI>J@%4/>4�±
4*/*(%6$$78.11+,-(,391*/(*/*P1Q(M'-276(5/*P(/P(//0 %

?,&-2@% G(@% ?,6"K"+-@% [(@% [,8$"K-@% [(@% G-$8M6&@% ?(@% _,K,33,+-@%
[(@%F%S8$"+-@%A(%I5/55J(%`2<&8$-9"$-,2%,N%$6&%&NN&M$%,N%+&'"#&+%
"L+-$,3#% N&&+E"MU% "2+% $3"28M3"2-"'% +-3&M$% ML33&2$% 8$-KL'"$-,2%
ICA] R$CBTJ%$3&"$K&2$%N,3%$6&%&26"2M&K&2$%,N%87&&M6%N'L&2M#%
-2%"+L'$8%O6,%8$L$$&3.%A%3"2+,K-W&+%M,2$3,''&+%$3-"'(%B%#$,)(-%;-
C(#",:=-D+<%$@"$<?-Q6@%A3$-M'&%*/0>/=(%6$$78.11+,-(,391*/(*/*P%
1Q(QN'L+-8(5/55(*/0>/=%

?,92,2@% A(@% D,<-M-M6@% D(@% !3LWW,2&@% H(@% F% !L-"$$-@% ?(% I5/**J(%
ACDaTb.% A2% "L$,K"$-M% YYV% "3$-N"M$% +&$&M$,3% E"8&+% ,2% $6&%
Q,-2$%L8&%,N%87"$-"'%"2+%$&K7,3"'%N&"$L3&8(%M<=:J%IJ=<+%(%'=?-
8NI5J@% 55>�±5)/(% 6$$78.11+,-(,391*/(****1Q(*)P> R
:>:P(5/*/(/*/P*(c %

G&LK"22@% d(@% YL'&3@% e(% A(@% d,E@% ?(@% f,'NN% <,2% VL+&2E&39@% A(@%
V-3"L+@%A(RH(@%f&-889&3E&3@%b(@%F%d&''@%B(%A(%I5/*:J(%A88-8$&+%
"2+%L2"88-8$&+%3&M&88-,2%,N%NL2M$-,2"'%"2,K"'-&8%"88,M-"$&+%
O-$6% +#873,8,+#% -2% "+L'$8% O6,% 8$L$$&3(%B%#$,)(- %;- C(#",:=-
D+<%$@"$<?- EE@% *5/�±*4)(% 6$$78.11+,-(,391*/(*/*P%
1Q(QN'L+-8(5/*=(/>(//4%

S'E3-M6@%T(@%Dg+-MU&@%D(@%T"2+&3@%B(@%e-KK&3-M6@%e(@%F%e&9&3'@%a(%
I5/**J(% `BARE"8&+% KL8M'&% "3$&N"M$% M,33&M$-,2% ,N% YYV% +"$".%
f6"$%-8%KL8M'&%"2+%O6"$%-8%E3"-2h.%B,KK&2$%,2%?M?&2"K-2%
&$% "'(%!"#$%R>)'"?- E8 I*J@% *�±4(%6$$78.11+,-(,391*/(*/*P%
1Q(2&L3,-K"9&(5/*/(/)(50P %

S'+N-&'+@% [(% B(% I*>=*J(% b6&% "88&88K&2$% "2+% "2"'#8-8% ,N%
6"2+&+2&88.% b6&% Y+-2EL396% -2<&2$,3#(%!"#$%I<=:J%(%'+)?-
SI*J@%>=�±**4(%6$$78.11+,-(,391*/(*/*P1//5:R4>45I=*J>//P= R) %

S28',O@%?(@%B,8$"@%H(@%A2+3&O8@%B(@%e"33-8,2@%Y(@%F%\"MUK"2@%A(%
I*>>PJ(% T7&&M6%,L$M,K&8% ,N% "% 73,',29&+R87&&M6% $3&"$K&2$%
N,3% 8$L$$&3-29(%B%#$,)(- %;- HI"":J?- L),'#)'"?- ),@- F")$+,'-
&"<")$:J?- 2S I)J@% =4)�±=)>(% 6$$78.11+,-(,391*/(*/))%
1Q863(4>/)(=4)%

\"-U@%G(RD(%I5/*0J(%A77'-M"$-,28%,N%2&L3,K,+L'"$-,2%-2%2&L3,',9#%
"2+%2&L3,3&6"E-'-$"$-,2(%`2%T"U*A%%V-%;-, "#$%>%@#()*+%,%I77(%
5** �±5)0J(%T73-29&3(%

\"L'L8@%f(@%\&$&3M6&<@%A(%X(@%F%[-++-29@%?(%I5/*4J(%B6"7$&3%5=%R%
b3"28M3"2-"'% &'&M$3-M% "2+% K"92&$-M% 8$-KL'"$-,2.%b&M62-^L&%
"2+% 7"3"+-9K8(% `2% A(% ?(% H,W"2,% F% ?(% e"''&$$% IY+8(J@%
F),@A%%V- %;-: (+,+:)(- , "#$%(%'=%IX,'(% **P@% 77(% 45>�±4)5J(%
Y'8&<-&3(%

\-"-@% X(@% F% _6&29@% ;(% I5/*>J(% B6"7$&3% Y-96$%R%T7&"U-29% O"<&8.%
G&L3,2"'% ,8M-''"$-,28% -2% '"29L"9&% 73,+LM$-,2(% `2% d(% C(%
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=*@%77(%5P0�±4/5J(%AM"+&K-M%\3&88(%
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T(% I5/5/J(% b6&% 3,'&% ,N% ^L"2$-$"$-<&% YYV% -2% $6&% +-"92,8-8% ,N%
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HHRK8(%\3, RY+(%

[-KK&'&@% D(% ?(@% V3,88@% D(@% ?,'6,'K@% T(@% F% d&-$&'@% A(% I5/*:J(%
Y+-$,3-"'.% !3"-2%,8M-''"$-,28% -2% 6LK"2% M,KKL2-M"$-,2(%
C$%,*+"$<- +,- F#>),- !"#$%<:+",:"?- 16@% A3$-M'&%4>(%
6$$78.11+,-(,391*/(44:>1N26LK(5/*:(///4> %

T"'$LU'"3,9'L@% b(@% e"3U3-+&3@% A(% f(@% b6,32$,2@% C(@% D&28,2@% C(@% F%
d-$$-'8$<&+@% b(% I5/*=J(% YYV% ?L%IiJ%36#$6K% 87&M$3"% "2+%
,8M-''"$,3#% "M$-<-$#% +-NN&3&2$-"$&% 8$L$$&3-29% N3,K% 2,2R8$L$$&3-29%
"+L'$8(%!"#$%R>)'"?- 1E2 @% 545�±5)0(%6$$78.11+,-(,391*/(*/*P%
1Q(2&L3,-K"9&(5/*=(/)(/55 %

T&29L7$"@%[(@%F%G"8-3@%T(%?(%I5/*PJ(%b6&%73&+-M$-<&%3,'&8%,N%2&L3"'%
,8M-''"$-,28% -2% 87&&M6% K,$,3% "+"7$"E-'-$#(%B%#$,)(- %;-
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T&29L7$"@% [(@% T6"6@% T(@% H,LMU8@% b(% ?(% D(@% \&'MW"38U-@% d(@% TM,$$%
j"3L88@%D(@%V,3&@%d(@%F%G"8-3@%T(%?(%I5/*=J(%B,3$-M"'%+#2"K-M8%
,N% +-8N'L&2M#% -2% "+L'$8% O6,% 8$L$$&3(%MJ=<+%(%'+:)(- &"I %$*<?-
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*0:==/4 %
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,2% 6&K-876&3-M% 73,M&88-29% "2+% N'L&2M#(%!"#$%I<=:J%(%'+)?-
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1

!"#$%&'$(

A-/6%$B4147B#%/41F36/14F$G,17F3717F/1H-3%,1I-$J/44/41;3K%C%3-13,#1B,;3K%C%3-1KB4%J1#%;;/-/,7C8918/717F/-/1%4131C3JL1
$;1MM.13,3C84%41;$JB4%,01$,13J7%6/1-F87FK1734L41#B-%,01KB4%J1C%47/,%,0)1NB-147B#813%K417$13##-/4417F%4103I1H81
%,6/47%037%,01MM.1-/4I$,4/417$1;3K%C%3-13,#1B,;3K%C%3-1KB4%J1GF%C/1I3-7%J%I3,741/,030/1%,131-F87FK103K/1G%7F%,131
6%-7B3C1-/3C%781/,6%-$,K/,7)1O/1B7%C%E/#131J$KK/-J%3CC81363%C3HC/1;$B-P/C/J7-$#/1F/3#H3,#17$1J$CC/J71MM.1#3731;-$K1
'( 1F/3C7F814BHQ/J741#B-%,01/<I/-%K/,74)1A3-7%J%I3,741IC38/#17F/1-F87FK103K/1D/371>3H/-91B4%,016%-7B3C143H/-417$1
K37JF17F/1H/371$;17F/1KB4%J)1RF%41/<I/-%K/,71/KIC$8/#131K37JF/#1I3%-1#/4%0,91G%7F1/3JF14BHQ/J714/-6%,013417F/%-1
$G,1 J$,7-$C1 %,1 MM.1 J$KI3-%4$,4)1 MM.1 #3731 G/-/1 J37/0$-%E/#1 %,7$1 #/C7391 7F/7391 3CIF391 H/7391 3,#1 03KK31
;-/SB/,J81 H3,#491 3,#1 I$G/-1 G%7F%,1 /3JF1 H3,#1 G341 3,3C8E/#1 7$1 #%4J/-,1 I377/-,41 3J-$441 7-%3C4)1 NB-1 ;%,#%,041
-/6/3C/#1 4%0,%;%J3,71 #%;;/-/,J/41 %,1 F$G1 7F/1 H-3%,1 I-$J/44/#1 ;3K%C%3-1 6/-4B41 B,;3K%C%3-1 KB4%J1 3J-$441 H$7F11
3B#%$P$,C81 3,#1 6%-7B3C1 -/3C%781 4/77%,04)1 RF/4/1 JF3,0/41 $JJB--/#1 I-/#$K%,3,7C81 $,1 7F/1 -%0F71 4%#/1 $;1 7F/1 H-3%,91
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!"#$%&'( &1MM. T1KB4%J1;3K%C%3-%78T1-F87FK103K/T16%-7B3C1-/3C%78T1;-/SB/,J81H3,#4 1

)*$&$*+,&1D$%791U)91V1A/%<$7$91W)1X@(@YZ)1[F3-3J7/-%E37%$,1$;147/3#8P4737/1MM.1-/4I$,4/417$1;3K%C%3-13,#1B,;3K%C%3-1KB4%J1GF%C/1IC38%,01316%-7B3C1
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9.*$/.("1 &1111
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:3K%C%3-%781 G%7F1 KB4%J1 F341 H//,1 C%,L/#1 7$1 I$4%7%6/1
/K$7%$,413,#17F/-/;$-/1H//,13IIC%/#1%,17F/-3I%/41;$-1
�$�O�]�K�H�L�P�H�U�¶�V�� �G�L�V�H�D�V�H���� �G�H�S�U�H�V�V�L�R�Q���� �D�Q�G�� �D�Q�[�L�H�W�\��
I37%/,741X:-/%7341/713C)91@('cT1d3%C47$,/1/713C)91@((eZ)1
RF/1 ;3K%C%3-%781 I-%,J%IC/1 %41 31 I48JF$C$0%J3C1
IF/,$K/,$,1GF%JF14B00/47417F3717F/1K$-/1/<I$4/#1
7$1 4$K/7F%,091 7F/1 K$-/1 7F371 7F%,01 %41 C%L/#1 Xf3Q$,J91
'eYcZ)1 RF/1 3,37$K%J3C1 C$J37%$,41 -/C37/#1 7$1 7F%41
H/F36%$-1 3-/1 7F/1 C/;71 4BI/-%$-1 ;-$,73C1 08-B491 7F/1

6/,7-3C1C37/-3C1,BJC/B41$;17F/1C/;71 7F3C3KB491 3,#1 7F/1
C/;71 K/#%3C1 4B-;3J/1 $;1 7F/1 4BI/-%$-1 ;-$,73C1 08-B41 ;$-1
;3K%C%3-1KB4%J91GF/-/3417F/1C/;71%,4BC313,#17F/1 -%0F71
3,7/-%$-1 J%,0BC37/1 J$-7/<1 G/-/1 3J7%637/#1 #B-%,01
B,;3K%C%3-1KB4%J1X:-/%7341/713C)91@('cZ)1RF%41%,#%J37/41
7F371 #%;;/-/,71 I37FG3841 %,1 7F/1 H-3%,1 3-/1 3J7%637/#1
GF%C/1 I-$J/44%,01 ;3K%C%3-1 KB4%J1 3,#1 B,;3K%C%3-1
KB4%J)11
1
RF/1 /<%47%,01 H$#81 $;1 -/4/3-JF1 I-$6%#/41 C%77C/1
%,;$-K37%$,1$,17F/1%KI3J71$;1;3K%C%3-1KB4%J1GF%C/17F/1
I3-7%J%I3,741 J$KIC/7/1 31 734L1 #%-/J7C81 -/C37/#1 7$1 7F/1
KB4%J1 X4BJF1 341 IC38%,01 3,1 %,47-BK/,71 $-1 31 -F87FK1
03K/Z)1 RF%41 47B#81 3%K41 7$1 ;%CC1 7F%41 03I1 H81
%,6/47%037%,01 7F/1 %KI3J71 $;1 B,;3K%C%3-1 3,#1 ;3K%C%3-1
�P�X�V�L�F���R�Q���D���S�H�U�V�R�Q�¶�V���E�U�D�L�Q���Z�K�L�O�H���F�R�P�S�O�H�W�L�Q�J���D���U�K�\�W�K�P��
03K/1%,1316%-7B3C1-/3C%781X=`Z1/,6%-$,K/,7)1RF/1B4/1

http://www.isnr.org/
http://www.neuroregulation.org/
http://www.isnr.org
https://doi.org/10.15540/nr.13.1.43
mailto:xboit@gmu.edu


!"#$%&'(%)*#+"$"% !"#$%&"'#()*+%, ! !

!

-
,, !"!.../,"#$%$"'#()*+%,/%$' - 0%(/-12314562�±72--898: - ("#-./0.11,/2'30 . 40. 0,4 !
-

"5% &% 67% *'8#3"'9*'$% &:;"% &::"<;% 5"3% $=*% >"'$3":% "5%
?"$=% $=*% &@(#$"3#&:% &'(% 8#;@&:% ;$#9@:#A% $=@;% &::"<#'B%
5"3%&%9"3*%>"'$3"::*(%*+C*3#9*'$&:%(*;#B'0%D=#;%=&;%
C"$*'$#&:% &CC:#>&$#"';% #'% 5@$@3*% 3*;*&3>=% &;% 67%
?*>"9*;% &% 9"3*% >"99"'% $"":% 5"3% ;$#9@:&$#'B% $=*%
?3&#'% #'% ;C*>#5#>% >"'$*+$;% "3% 5"3% (*8*:"C#'B%
$=*3&C*@$#>%;E;$*9;0%
%
D=#;% ;$@(E% *8&:@&$*(% $=*% #9C&>$% "5% 5&9#:#&3% &'(%
@'5&9#:#&3%9@;#>%"'%$=*%?3&#'%(@3#'B%&%9@;#>F3*:&$*(%
$&;GA%<=#>=%#'%$=#;%>&;*%<&;%&%67%3=E$=9%B&9*0%D=*%
(&$&%>"::*>$*(%#'%$=#;%;$@(E%*'&?:*(%$=*%#'8*;$#B&$#"'%
"5% *:*>$3"C=E;#":"B#>&:% ?3&#'% 3*;C"';*;% $"% 9@;#>%
:#;$*'#'B% &'(% #'$*3&>$#"'A% <=#>=% >"@:(% =&8*%
;#B'#5#>&'$% #9C:#>&$#"';% 5"3% $=*% 9@;#>% #'(@;$3E0% D=#;%
;$@(E%&:;"%&#9;%$"%(*9"';$3&$*%$=*%@;*5@:'*;;%"5%67%
*'8#3"'9*'$;% #'% >"'$3"::#'B% ;*';"3E% ;$#9@:#% (@3#'B%
HHI F?&;*(%3*;*&3>=%"'%$=*%?3&#'0%
%
J";$% C3#"3% #'8*;$#B&$#"';% #'$"% $=*% *55*>$;% "5% 5&9#:#&3%
&'(%@'5&9#:#&3%9@;#>%"'%?3&#'%?*=&8#"3%=&8*%@$#:#K*(%
8*3E%;="3$%C"3$#"';%"5%;"'B;% L.�±./%; M%N3*#$&;%*$%&:0A%
O/.PM%Q&B#*::"%*$%&:0A%O/.RM%J&:*G9"=&99&(#%*$%&:0A%
O/O4S0% T=#:*% $=#;% &CC3"&>=% >&'% #'8*;$#B&$*% $=*%
#99*(#&$*%3*;C"';*%$"%5&9#:#&3%&'(%@'5&9#:#&3%9@;#>A%
$=*%;$*&(EF;$&$*%3*;C"';*%#;%'"$%&?:*%$"%?*%C3"C*3:E%
*8&:@&$*(0%D=*;*%3*;C"';*;%$"%;="3$%;$#9@:#%&3*%&:;"%
@;@&::E%5">@;*(%"'%&@(#$"3E% *8*'$F3*:&$*(%C"$*'$#&:;%
<=#>=%&3*%C3#9&3#:E%&;;">#&$*(%<#$=%;*';&$#"'%3&$=*3%
$=&'% >"B'#$#8*% ;$&$*0% D=*3*5"3*A% $=#;% #'8*;$#B&$#"'%
"C$*(% $"% *+C:"3*% :"'B*3% $*39% 3*;C"';*;% $"% 5&9#:#&3%
&'(%@'5&9#:#&3%9@;#>&:%;$#9@:#%?E%=&8#'B%C&3$#>#C&'$;%
:#;$*'% $"% $=*% *'$#3*% (@3&$#"'% "5% &% ;"'B0% D"% =*:C%
>"9?&$% C&3$#>#C&'$;% :";#'B% #'$*3*;$% <#$=% $=*%
*+C*3#9*'$&:% C&3&(#B9% "3% #B'"3#'B% $=*% ;$#9@:#A% $=*%
67%3=E$=9%B&9*%>"'(#$#"'%<&;%@$#:#K*(%&:"'B;#(*%&%
$3&(#$#"'&:% :#;$*'#'B% $&;G0% N@3$=*39"3*A% $=*% C3*8#"@;%
;$@(#*;%=&8*%:#$$:*%&B3**9*'$%&;%$"%$=*%#(*&:%9@;#>&:%
;$#9@:#% 5"3%;$@(#*;% 3*B&3(#'B% 5&9#:#&3#$E0%
J&:*G9"=&99&(#% *$% &:0% LO/O4S% &'(% U@9&B&#% *$% &:0%
LO/.VS% @;*(% >:&;;#>&:% 9@;#>% <=#:*% Q&B#*::"% *$% &:0%
LO/.RS% @$#:#K*(% C"C@:&3% 9@;#>% 53"9% ;*8*3&:% (#55*3*'$%
B*'3*;% $&#:"3#'B% $=*% ;$#9@:#% $"% *&>=% #'(#8#(@&:%
C&3$#>#C&'$%LU@9&B&#%*$%&:0A%O/.VM%J&:*G9"=&99&(#%
*$% &:0A% O/O4S0% D=*3*% &3*% *8*'% *+&9C:*;% "5% ;$@(#*;%
C3*C&3#'B%'*<%9@;#>&:%;$#9@:#%;C*>#5#>&::E%5"3%@;*%#'%
$=*#3%*+C*3#9*'$A%;@>=%&;%U:";$*39&''%*$%&:0%LO//RS0%
N"3%$=#;%;$@(E%#$%<&;%(*$*39#'*(%$=&$%@;#'B% 9@;#>&:%
;$#9@:#% $&#:"3*(% $"% *&>=% #'(#8#(@&:% C&3$#>#C&'$% <&;%

#(*&:A%&;%#$%<&;%&%B"&:%"5%$=*%;$@(E%$"%G**C%$=*%<"3G%
3*:*8&'$%$"%$=*%&CC:#>&$#"';%&;%9@>=%&;%C";;#?:*0%
%
HHI%3*>"3(#'B;%<*3*%;C:#$%#'$"%>&'"'#>&:%53*W@*'>E%
?&'(;% 5"3% &'&:E;#;0% D=*% (*:$&% 53*W@*'>E% ?&'(% =&;%
?**'%>"33*:&$*(%<#$=%>"3$#>&:%C:&;$#>#$E%LJ&:#G%X%Y9#'A%
O/.VS0% D=*% $=*$&% 53*W@*'>E% ?&'(% =&;% ?**'%
>"33*:&$*(% <#$=% :*&3'#'B% &'(% 9*9"3E% #'% HHI%
3*>"3(#'B;% LZ*3<*B% *$% &:0A% O/O/S0% D=*% &:C=&%
53*W@*'>E% ?&'(% =*:C;% >&:9% ("<'% $=*% C*3;"'% <=*'%
'*>*;;&3E%&'(%C3"9"$*%5**:#'B;% "5%(**C%3*:&+&$#"'0%
[5%;@CC3*;;*(%#$%>&'%>&@;*%&'+#*$EA%=#B=%;$3*;;A%&'(%
#';"9'#&%LY?=&'B%*$%&:0A%O/.\S0%D=*%?*$&%53*W@*'>E%
?&'(% >"33*:&$*;% <#$=% &% ;$&$*% "5% =#B=*3% &<&3*'*;;%
&'(% 5">@;% L7&G*:% &'(% N&&;;A% O//\S0% D=*% B&99&%
53*W@*'>E% #;% >"33*:&$*(% <#$=% &$$*'$#"'A% <"3G#'B%
9*9"3EA%&'(%:"'BF$*39%9*9"3E%C3">*;;*;%LJ&:#G%X%
Y9#'A%O/.VS0%%
%

!"#$%&' (
(
)*+#,-,.*/#'( (
D=*% *+C*3#9*'$% <&;% &CC3"8*(% ?E% $=*% ['$*3'&:%
7*8#*<% !"&3(% L[7!S% &$% I*"3B*% J&;"'% ]'#8*3;#$E%
L[7!^% .RVP/1. FOS0% H&>=% C&3$#>#C&'$% <&;% B#8*'% &%
>"CE% "5% $=*% #'5"39*(% >"';*'$% (">@9*'$0% !*5"3*%
;#B'#'B%$=*%(">@9*'$A%*&>=%C&3$#>#C&'$%<&;%3*&(%$=*%
*'$#3*% (">@9*'$% &'(% B#8*'% $=*% "CC"3$@'#$E% $"% &;G%
&'E%W@*;$#"';0%%
%
D*'% C&3$#>#C&'$;% <*3*% 3*>3@#$*(% 5"3% $=*% *+C*3#9*'$0%
_#'*%"5%$=*% C&3$#>#C&'$;%<*3*%O.%E*&3;%":(A%&'(% $=*%
3*9&#'#'B% C&3$#>#C&'$% <&;% \/% E*&3;% ":(0% `5% $=*%./ %
C&3$#>#C&'$;A% $=3**% <*3*% 9&:*% &'(% ;*8*'% <*3*%
5*9&:*0%Y::%C&3$#>#C&'$;%=&(%'"39&:%=*&3#'B%&'(%=&(%
'"39&:%"3%>"33*>$*(F$"F'"39&:%8#;#"'0%
(
0*+&1*+" (
HHI%(&$&%<*3*%>"::*>$*(%@;#'B%$=*%J@;*%J"'#$"3%O%
LJ@;*A% O/O4SA% &% >"99*3>#&::E% &8&#:&?:*% (*8#>*%
>=";*'% 5"3% #$;% *&;*% "5% @;*% &'(% ?3"&(% &>>*;;#?#:#$E0%
D=*;*% 5*&$@3*;% ;@CC"3$% $=*% C"$*'$#&:% 5"3% $=#;%
3*;*&3>=% &'(% #$;% "@$>"9*;% $"% ?*% #'$*B3&$*(% #'$"%
C3&>$#>&:%&CC:#>&$#"';0%Y((#$#"'&::EA%$=*%(*8#>*a;%;9&::%
5"39% &::"<;% #$% $"% 5#$% >"95"3$&?:E% ?*'*&$=% $=*% 67%
=*&(;*$0% D=*% J@;*% J"'#$"3% O% @;*;% 5"@3% *:*>$3"(*;%
C:&>*(%&$%D)RA%YNVA%YNPA%&'(%D)./A%<#$=%&%;&9C:#'B%
3&$*%"5%O1\%ZK0%H:*>$3"(*%C:&>*9*'$%#;%#::@;$3&$*(%#'%
N#B@3*%.0%D=*%67%;E;$*9%@;*(%5"3%$=#;%;$@(E%<&;%&'%
ZDb%6#8*0%

%
%
( (

http://www.neuroregulation.org/


!"#$%&'(%)*#+"$"% !"#$%&"'#()*+%, ! !

!

-
,- !"!.../,"#$%$"'#()*+%,/%$' - 0%(/-12314562�±72--898: - ("#./01/--,02'31 / 41/ 1,4 !
-

!"#$%&'()%) 4-;#<"-;%,+*%$-8-=")>?),>- ?4-@("A*$%>"-B()A"C",*-�±-D,>+A)*">-?E-F()AG-H+$A("</-IBJ-
D<-K*+(+L">-) <-M$%#,>-?E-*N"-;#<"-;%,+*%$-8O-PN+("-*N"-Q*N"$-=+'N(+'N*">-@("A*$%>"<-R$"-&"A%$>+,'-
@("A*$%>"<-3;),<+-" *-) (/O-89814/%

%

%
%
%
*+,&%"-&./01'2034 '
56*%78%9#(*":&;*<%!*&$%=&>*3<%#?%&% 36@$6;%:&;*%
$6&$%#'9"A9*?%B?#':%#;&:#'&3@%?&>*3?%$"%?A&?6%>"+*?%
$6&$%#'(#C&$*%&%?D*C#E#C%(#3*C$#"'%&A"':%F#$6%$6*%?"':%
DA&@#':% (B3#':% $6*% :&;*1% 56*% ?&>*3% #'% *&C6% 6&'(%
&3*% (#EE*3*'$% C"A"3?% F6#C6% ;B?$% ;&$C6% $6*% C"A"3% "E%
$6*% >"+% $6&$% #?% >*#':%?A&?6*(% G!*&$%=&>*3<%H0/I J1%
K"3%?&E*$@%DB3D"?*?<%$6*%:&;*%F&?%&(LB?$*(%$"%"'A@%
B?*% &3;% ;"9*;*'$?% G'"%A*:%;"9*;*'$J1% 56#?%
&(LB?$;*'$% &A?"% ?*39*(% $"% 3*(BC*% ;"$#"'% &3$#E&C$% #'%
$6*%MMN%3*C"3(#':?1%
%
M&C6% D&3$#C#D&'$% F&?% 3*OB#3*(% $"% E#AA% "B$% &% N"":A*%
K"3;% F6*'% ?#:'#':% BD% E"3% $6*% *+D*3#;*'$1% P'% $6#?%
E"3;<%$6*@%F*3*%#'?$3BC$*(%$"%A#?$%E#9*%?"':?%$6&$%$6*@%
C"'?#(*3*(% E&;#A#&31% K"B3% "E% $6*?*% ?"':?% F"BA(% >*%
B?*(% E"3% $6*% E&;#A#&3% &B(#"% &'(% E&;#A#&3% 78%
?C*'&3#"?1% K"3% $6*% 78% ?C*'&3#"?<% B'E&;#A#&3% ?"':?%
F*3*% C6"?*'% E3";% $6*% (*E&BA$% A#?$% #'% $6*% :&;*1% K"3%
$6*% &B(#"Q"'A@% ?C*'&3#"?<% B'E&;#A#&3% ?"':?% F*3*%
C6"?*'%E3";%D"DBA&3%>&'(?1%56*%?"':%F&?%?*A*C$*(%
E3";% B'D"DBA&3% ?"':?% E3";% $6*?*% >&'(?1% RAA%
D&3$#C#D&'$?% C"'E#3;*(% $6&$% $6*@% F*3*% '"$% E&;#A#&3%
F#$6% $6*?*% ?"':?% >*E"3*% 3*C"3(#':1% =**% RDD*'(#+%
5&>A*%R/ %E"3%&%A#?$%"E%E&;#A#&3%?"':?1%%
%

)&3$#C#D&'$?% E#3?$% DB$% "'% $6*% MMN% 3*C"3(#':% (*9#C*<%
$6*'% $6*% 78% 6*&(?*$1% )3#"3% $"% (&$&% C"AA*C$#"'<% *&C6%
D&3$#C#D&'$% C";DA*$*(% &% D3&C$#C*% ?*??#"'% >@% DA&@#':%
&% 3&'(";A@% ?*A*C$*(% ?"':% #'% $6*% :&;*1% 56#?%
E&;#A#&3#S&$#"'% D*3#"(% 6*AD*(% $6*;% B'(*3?$&'(% $6*%
:&;*%;*C6&'#C?<%&(LB?$%$"%$6*%3*C"3(#':%*OB#D;*'$<%
&'(% 3*(BC*% D"$*'$#&A% C"'EB?#"'% (B3#':% $6*% &C$B&A%
MMN% 3*C"3(#':1% R% >&?*A#'*% MMN% 3*C"3(#':% F&?%
C"AA*C$*(%>*E"3*%*&C6%*+D*3#;*'$&A%?*C$#"'%$"%&AA"F%
E"3% '"3;&A#S&$#"'% (B3#':% (&$&% &'&A@?#?1% )&3$#C#D&'$?%
F*3*% &A?"% #'?$3BC$*(% $"% ;#'#;#S*% 6*&(% ;"9*;*'$?%
&'(% >A#'T% '&$B3&AA@% (B3#':% MMN% 3*C"3(#':?1% PE% &%
D3"A"':*(% (#?C"''*C$#"'% F&?% ">?*39*(% G/0 %?J<% $6*%
$3#&A%F"BA(%>*%?$"DD*(<%$6*%MMN%*OB#D;*'$%F"BA(%>*%
&(LB?$*(<%&'(%&%'*F%3*C"3(#':%F"BA(%>*%("'*%E3";%
$6*%?$&3$1%
%
56*% "3(*3% "E% $3#&A?% &'(% ?$#;BA#% F&?% 3&'(";#S*(% E"3%
*&C6%D&3$#C#D&'$1%K#3?$<%$6*%D3*?*'$&$#"'%"3(*3%"E%$6*%
78%&'(%&B(#"Q"'A@%?*C$#"'?%F&?%3&'(";#S*(1%U#$6#'%
*&C6% ?*C$#"'<% $6*% "3(*3% "E% E&;#A#&3% &'(% B'E&;#A#&3%
?"':?% F&?% &A?"% 3&'(";#S*(1% MMN% 3*?D"'?*?%
3*C"3(*(% (B3#':% $6*% !*&$% =&>*3% G78J% $3#&A?% F*3*%
C";D&3*(% $"% $6"?*% E3";% $6*% &B(#"Q"'A@% 3*C"3(#':?<%
E&C#A#$&$#':% (*$*C$#"'% "E% C6&':*?% #'% >3&#'% &C$#9#$@%
(B3#':% &'&A@?#?1% R'% *+&;DA*% "E% &% D"??#>A*% $3#&A%
&33&':*;*'$%#?%?6"F'%#'%K#:B3*%H1%

%
% %

http://www.neuroregulation.org/


!"#$%&'(%)*#+"$"% !"#$%&"'#()*+%, ! !

!

-
,- !"!.../,"#$%$"'#()*+%,/%$' - 0%(/-12314562�±72--898: - ("#./01/22,03'41 / 51/ 1,5 !
-

!"#$%&'()%;<)=>("- %?-&),@%=+A"@-;<>"$+=",*/--
%

%
*+,&) -! &6*7#'*%4*8"4(#'96%:*4*%50%6%7"'91%$;*%$4&#'#'9%<&==4"+#>&$*7?%/0%>#'@%
&'(% 6;"4$% A4*&B% <&==4"+#>&$*7?% 2% >#'@% :*4*% (*$*4>#'*(% A&6*(% "CC% $;*%
�S�D�U�W�L�F�L�S�D�Q�W�¶�V���S�U�H�I�H�U�H�Q�F�H���� �I�R�U���H�D�F�K���V�H�W���R�I�� �W�U�L�D�O�V���� �W�K�H���H�Q�W�L�U�H���V�R�Q�J�������� �W�R������ �P�L�Q���� �Z�D�V��
8">=7*$*(%(D4#'9%$;*%4*8"4(#'91-

%
'
-.,.'/%&0%+1&22"3# '
E;*% (&$&% =4*=4"8*66#'9% :&6% =*4C"4>*(% D6#'9%
FGEHG!% <F&$7&AI% '1(1@1% JD4#'9% KKL% 4*8"4(#'96I%
6*M*4&7%A4#*C%(#68"''*8$#"'6%"88D4%(D4#'9%4*8"4(#'91%
E;*6*%(#68"''*8$#"'%&4$#C&8$6%:*4*%4*>"M*(%D6#'9%&%
N&>=*7%C#7$*4%<N&>=*7I% '1(1@1%E;*%N&>=*7%C#7$*4%:&6%
8;"6*'% (D*% $"% #$6% 4"AD6$'*66% &9&#'6$% "D$7#*461%KKL%
6#9'&76% :*4*% 6*9>*'$*(% #'$"% OP6% '"'"M*47&==#'9%
*="8;61% Q"4% *&8;% 8;&''*7I% &4$#C&8$% 4*R*8$#"'% :&6%
=*4C"4>*(% A?% 8&78D7&$#'9% $;*% 6$&'(&4(% (*M#&$#"'% "C%
*&8;% *="8;1% K="8;6% :#$;% &% 6$&'(&4(% (*M#&$#"'%
*+8**(#'9% /00% ST% :*4*% *+87D(*(% C4">% &'&7?6#6% $"%
4*>"M*% ;#9;P�D�P�S�O�L�W�X�G�H�� �D�U�W�L�I�D�F�W�V���� �:�H�O�F�K�¶�V�� �P�H�W�K�R�G��
:&6%D6*(%$"%*+$4&8$%$;*%=":*4%6=*8$4&7%(*'6#$?%"C%$;*%
KKL1%Q"77":#'9%$;#6I%(&$&%:*4*%6*=&4&$*(%A&6*(%"'%
$;*%C4*UD*'8?%$"%$;*%&==4"=4#&$*%8&'"'#8&7%C4*UD*'8?%

A&'(6 .%(*7$&% </�±,% NV@I% $;*$&% <,�±W% NV@I% &7=;&%%
<W�±/5% NV@I% A*$&% </5�±50% NV@I%&'(% 9&>>&% <50�±,0%
NV@1%
%
GC$*4% 6*=&4&$#'9% $;*% (&$&% #'$"% 8&'"'#8&7% C4*UD*'8?%
A&'(6I%$;*%4""$%>*&'%6UD&4*%<XFY@%:&6%8&78D7&$*(%
C"4% *&8;% A&'(Z%C"4% *+&>=7*I% "'*% XFY% M&7D*% :&6%
/[1-5-O1% E;#6% =4"8*(D4*% :&6% =*4C"4>*(% "'% &77%
A&6*7#'*%&'(%$4#&7%4*8"4(#'96%C"4%*&8;%6$#>D7D6%$?=*1%
E;*%XFY%M&7D*6%C4">%$;*%$4#&7%4*8"4(#'96%:*4*%$;*'%
'"4>&7#V*(% A?% (#M#(#'9% $;*>% A?% $;*#4% 8"44*6="'(#'9%
A&6*7#'*% M&7D*6I% &6% 6;":'% #'% Q#9D4*% 51% E;*6*%
'"4>&7#V*(% M&7D*6% :*4*% 6&M*(% C"4% 6DA6*UD*'$%
&'&7?6#61%E;#6%=4"8*(D4*%:&6%&==7#*(%$"%$;*%(&$&%"C%
*M*4?%=&4$#8#=&'$1%

%
%
!"#$%&'4)%BC"-D)*)-E$">$%F"GG+,'-H*">G/--

%
%
*+,&) %G%8D6$">P(*6#9'*(%684#=$%#'%FGEHG! %:&6%D6*(%C"4%&77%6$*=61
' '

http://www.neuroregulation.org/


!"#$%&'(%)*#+"$"% !"#$%&"'#()*+%, ! !

!

-
,- !"!.../,"#$%$"'#()*+%,/%$' - 0%(/-12314562�±72--898: - ("#./01/22,03'41 / 51/ 1,5 !
-

!"#$%&'( )*+,--"$#'%$.' ! /%/"-/"+%&'0 $%&1-"-'
67$*4%84*84"9*::#';%<&:%9"=8>*$*(%7"4%&>>%(&$&%74"=%
&>>%8&4$#9#8&'$:?%$@*%(#:$4#AB$#"':%"7%CDE%F&>B*:%<*4*%
"4;&'#G*(% &'(% ;4&8@*(% B:#';% A"+8>"$:1% H@*% (&$&%
<*4*% "4;&'#G*(% :B9@% $@&$% *&9@% 7#;B4*% 94*&$*(%
9"44*:8"'(:% $"% "'*% "7% $@*% 9&'"'#9&>% 74*IB*'9J%
A&'(:1% K'% *&9@% 7#;B4*?% $@*4*% &4*% 7"B4% :BA8>"$:% $@&$%
9"44*:8"'(% $"% *&9@% "7% $@*% *>*9$4"(*:% B:*(% "'% $@*%
4*9"4(#';% (*F#9*1% K'% *&9@% :BA8>"$?% $@*4*% &4*% 7"B4%
:*8&4&$*% A"+8>"$:% $@&$% *&9@% 4*7*4% $"% $@*% 7"B4%
9#49B=:$&'9*:%"7%4*9"4(#';.%7&=#>#&4%&B(#"?%B'7&=#>#&4%
&B(#"?% 7&=#>#&4% LC?% &'(% B'7&=#>#&4% LC1% M#'&>>J?%
:$&$#:$#9&>% :#;'#7#9&'9*% <&:% (*$*4=#'*(% B:#';% $@*%
N#>9"+"'% :#;'*(% 4&'O% $*:$1% H@#:% $*:$% (*$*4=#'*(% #7%
$@*4*%#:%&%:$&$#:$#9&>>J%:#;'#7#9&'$%(#77*4*'9*%A*$<**'%
$@*% A&:*>#'*% F&>B*% &'(% $@*% =*(#&'% "7% $@*%
9"44*:8"'(#';%:9*'&4#"1 %
%

2,-3&/- '
%
H@*% 4*:B>$:% &4*% "4;&'#G*(% AJ% 74*IB*'9J% A&'(% &'(%
$@*'%7B4$@*4%(#F#(*(%AJ%<@*$@*4%$@*%N#>9"+"'%:#;'*(%
4&'O%$*:$%<&:%9"=8&4#';%$@*%8"<*4%:8*9$4&>%(*':#$J%
"7%$@*%$4#&>%$"%A&:*>#'*%"4%#$:%8&#4*(%B'7&=#>#&437&=#>#&4%
$4#&>1% K7% &% A"+8>"$% <&:% :#;'#7#9&'$?% #$% <&:% @#;@>#;@$*(%

;4**'%P:#;'#7#9&'9*%74"=%A&:*>#'*Q%"4%4*(%P:#;'#7#9&'$%
A*$<**'% 7&=#>#&43B'7&=#>#&4% 8&#4Q% #'% $@*% 7#;B4*% 7"4%
*&:#*4% F#*<#';1% K7% A"$@% :#;'#7#9&'9*% 74"=% A&:*>#'*%
&'(%:#;'#7#9&'9*%A*$<**'%$@*%7&=#>#&43B'7&=#>#&4%8&#4%
*+#:$*(?%$@*%A"+8>"$%<&:%@#;@>#;@$*(%A>B*1%
%
4,&/%'5),63,$+1'2,-3&/- '
K'% M#;B4*% ,?% "'>J% $@4**% :9*'&4#":% :@"<*(% &%
(#77*4*'9*.% B'7&=#>#&4% &B(#"% &'(% 7&=#>#&4% LC% 7"4% $@*%
6MR% *>*9$4"(*% &'(% 7&=#>#&4% &B(#"% 7"4% $@*% H)/0%
*>*9$4"(*1% H@*4*% &4*% '"% :#;'#7#9&'$% (#77*4*'9*:%
A*$<**'%$@*%7&=#>#&4%&'(%B'7&=#>#&4%9"=8"'*'$:%7"4%
$@*%(*>$&%74*IB*'9J1%
'
78,/%'5),63,$+1'2,-3&/- '
K'%M#;B4*%2?%&>>%:9*'&4#":%:@"<%&%:#;'#7#9&'$%#'94*&:*%
#'%$@*%$@*$&%A&'(%7"4%$@*%6MR%*>*9$4"(*1%6((#$#"'&>>J?%
$@*% 7&=#>#&4% &B(#"% :9*'&4#"% :@"<*(% &% :#;'#7#9&'$%
#'94*&:*% #'% 8"<*4% 9"=8&4*(% $"% $@*% A&:*>#'*% #'% $@*%
H)/0% *>*9$4"(*1% S'>J% "'*% 8&#4% "7% :9*'&4#":% @&(% &%
:#;'#7#9&'$% (#77*4*'9*% A*$<**'% *&9@% "$@*41% H@*%
&B(#"T"'>J% :9*'&4#"% 7"4% $@*% H)/0% *>*9$4"(*% :@"<*(%
$@&$% $@*% 7&=#>#&4%&B(#"% @&:% ="4*% &9$#F#$J% $@&'% $@*%
B'7&=#>#&4%&B(#"1%%

%
%
5"#3),'9: %;"(*)-<$"=#",>?-&"@#(*@/-

%
%
'

%
'

http://www.neuroregulation.org/


!"#$%&'(%)*#+"$"% !"#$%&"'#()*+%, ! !

!

-
,- !"!.../,"#$%$"'#()*+%,/%$' - 0%(/-12314562�±72--898: - ("#./01/22,03'41 / 51/ 1,5 !
-

!"#$%&'()%;<"*)-=$">#",?@-&"A#(*A/-

%
%
'
*+,-.'!%&/$&012'3&4$+54 '
6'%7#894*%:;%&<<%=>*'&4#"=%=?"@%&%=#8'#A#>&'$%#'>4*&=*%
#'%$?*%&<B?&%C&'(%A"4%$?*%D7-%*<*>$4"(*1%D((#$#"'&<<E;%
$?*% A&F#<#&4% &9(#"% =>*'&4#"% =?"@*(% &% =#8'#A#>&'$%
#'>4*&=*% #'% B"@*4% >"FB&4*(% $"% $?*% C&=*<#'*% #'% $?*%

G)/0% *<*>$4"(*1% H'<E% "'*% B&#4% "A% =>*'&4#"=% ?&(% &%
=#8'#A#>&'$% (#AA*4*'>*% C*$@**'% *&>?% "$?*41% G?*%
&9(#"I"'<E% =>*'&4#"% A"4% $?*% G)/0% *<*>$4"(*% =?"@*(%
$?&$% $?*% A&F#<#&4% &9(#"% ?&=% F"4*% &>$#J#$E% $?&'% $?*%
9'A&F#<#&4%&9(#"1%

%
%

!"#$%&'6)%B(C<)-=$">#",?@-&"A#(*A/-

%
' '

http://www.neuroregulation.org/


!"#$%&'(%)*#+"$"% !"#$%&"'#()*+%, ! !

!

-
,- !"!.../,"#$%$"'#()*+%,/%$' - 0%(/-12314562�±72--898: - ("#./01/22,03'41 / 51/ 1,5 !
-

!"#$%&'"()"*+,%-".)/#. %
6'% 7#894*% :;% $<*4*% #=% &% =#8'#>#?&'$@A% @"B*4% C"B*4%
?"DC&4*(% $"% E&=*@#'*% >"4% $<*% >&D#@#&4% &9(#"% #'% $<*%
F7:% *@*?$4"(*1% F?4"==% F7G;% $<*4*% #=% &% =#8'#>#?&'$%
(#>>*4*'?*% E*$B**'% $<*% >&D#@#&4% &'(% 9'>&D#@#&4%
=?*'&4#"=1% H<*4*% #=% &@="% &% =#8'#>#?&'$% (#>>*4*'?*%

&E"I*%$<*%E&=*@#'*%>"4%$<*%>&D#@#&4%&9(#"%">%F7G1%7"4%
H)/0;% $<*4*% #=% &% =#8'#>#?&'$% (#>>*4*'?*% E*$B**'% $<*%
&9(#"J"'@A% =?*'&4#"=1% H<*4*% #=% &% =#8'#>#?&'$%
(#>>*4*'?*% E*@"B% $<*% E&=*@#'*% >"4% $<*% 9'>&D#@#&4%
&9(#"%">%H)/01%

%
%

&01)'"%23%;"*)-<$"=#",>?-&"@#(*@/%

%
%
%
4$55$%&'"()"*+,%-".)/#. %
6'% 7#894*% G;% $<*% 9'>&D#@#&4% &9(#"% =?*'&4#"% #=%
=#8'#>#?&'$@A% @"B*4% $<&'% E&=*@#'*% >"4% $<*% F7G% &'(%
H)/0% *@*?$4"(*1% H<*4*% &4*% =#8'#>#?&'$% (#>>*4*'?*=%
E*$B**'% $<*% >&D#@#&4% &'(% 9'>&D#@#&4% =?*'&4#"=% >"4%
E"$<% &9(#"J"'@A% &'(% KL% =*?$#"'=% &$% $<*% F7G% &'(%
H)/0%*@*?$4"(*=1%
%

60.+)..07* %
%
8*#"'9'"#0*1%-".)/#.% �±%:01*0;0+$*+"%&'75%
!$."/0*" %
H<*%(*@$&%>4*M9*'?A%E&'(%4*=9@$=%#'(#?&$*%#'?4*&=*(%
&?$#I#$A% (94#'8% $B"% =?*'&4#"=.% 9'>&D#@#&4% &9(#"J"'@A%
&'(% >&D#@#&4% KL1% H<*% F7G% *@*?$4"(*% =<"B*(%
#'?4*&=*(% (*@$&% C"B*4% #'% E"$<% $<*% >&D#@#&4% KL% &'(%
9'>&D#@#&4% &9(#"J"'@A% ?"'(#$#"'=;% B<#@*% $<*% H)/0%
*@*?$4"(*% =<"B*(% #'?4*&=*(% &?$#I#$A% "'@A% #'% $<*%
>&D#@#&4% KL% ?"'(#$#"'1% H<*=*% #'?4*&=*=% #'% (*@$&%
&?$#I#$A% &4*% @#N*@A% &=="?#&$*(% B#$<% *'<&'?*(% ?"4$#?&@%
C@&=$#?#$A% OP&@#N% Q% FD#';% R0/:S1% H<*% (#>>*4*'?*%
E*$B**'%$<*%F7G%&'(%H)/0%*@*?$4"(*=%#=%@#N*@A%(9*%
$"% $<*% (#=$#'?$% E4&#'% 4*8#"'=% $<*A% D"'#$"41% H<*% F7G%

*@*?$4"(*% ?"44*=C"'(=% $"% $<*% 4#8<$% >4"'$&@% 4*8#"';%
B<#?<%#=%C&4$@A%4*=C"'=#E@*%>"4%=C&$#&@%&B&4*'*==%&'(%
&$$*'$#"'% OT"4E*$$&% Q% U<9@D&';% R00RS1% H<#=% D&A%
*+C@&#'%$<*%#'?4*&=*(%(*@$&%C"B*4%#'%$<*%>&D#@#&4%KL%
?"'(#$#"'V% <"B*I*4;% #$% #=% 9'*+C*?$*(% $<&$% $<*%
9'>&D#@#&4% KL% ?"'(#$#"'% (#(% '"$% =<"B% &% =#D#@&4%
#'?4*&=*1%H<*%H)/0%*@*?$4"(*;%B<#?<%?"44*=C"'(=%$"%
$<*% 4#8<$% $*DC"4&@% 4*8#"'% #'I"@I*(% #'% &9(#$"4A%
C4"?*==#'8;% D&A% 4*>@*?$% #'?4*&=*(% &9(#$"4A%
*'8&8*D*'$% B#$<% >&D#@#&4% D9=#?% (94#'8% &%%
D9=#?J4*@&$*(%$&=N%OW#?N"N%Q%)"*CC*@;%R00:S1%
%
H<*% $<*$&% >4*M9*'?A% E&'(% 4*=9@$=% =<"B% #'?4*&=*(%
&?$#I#$A% &?4"==% &@@% =?*'&4#"=% &$% $<*% F7G% *@*?$4"(*1%
F((#$#"'&@@A;%$<*%H)/0%*@*?$4"(*%*+<#E#$*(%#'?4*&=*(%
&?$#I#$A% =C*?#>#?&@@A% (94#'8% $<*% >&D#@#&4% &9(#"J"'@A%
?"'(#$#"';% B#$<% &% =#8'#>#?&'$% (#>>*4*'?*% E*$B**'% $<*%
>&D#@#&4% &'(% 9'>&D#@#&4% &9(#"% =?*'&4#"=1% !*?&9=*%
$<*$&% &?$#I#$A% #=% &=="?#&$*(% B#$<% @*&4'#'8% &'(%
D*D"4A;%$<*=*%#'?4*&=*=%&$%$<*%F7G%=#$*%@#N*@A%4*>@*?$%
*'8&8*D*'$% B#$<% D9=#?J4*@&$*(% $&=N=% #'% $<*% 4#8<$%
>4"'$&@% 4*8#"'% ">% $<*% E4&#'% OW*4B*8% *$% &@1;% R0R0S1

http://www.neuroregulation.org/


!"#$%&'(%)*#+"$"% !"#$%&"'#()*+%, ! !

!

-
,- !"!.../,"#$%$"'#()*+%,/%$' - 0%(/-12314562�±72--898: - ("#./-0/,,1-2'30 / 40/ 014!
-

!"#$%&'()%;)<<)-=$">#",?@-&"A#(*A/ %

%
%
%
56*% &((#$#"'&7% #'83*&9*% &$% 5)/-% (:3#';% <&=#7#&3%%
&:(#" >"'7?% 9:;;*9$9% $6&$% <&=#7#&3% &'(% :'<&=#7#&3%
=:9#8% =&?% @*% A3"8*99*(% (#<<*3*'$7?% #'% $6*% 3#;6$%
$*=A"3&7% 3*;#"'0% 56#9% (#9$#'8$#"'% =&?% 3*<7*8$%
*'6&'8*(%=*="3?%3*$3#*B&7%"3%3*8";'#$#"'%A3"8*99*9%
&99"8#&$*(%C#$6%<&=#7#&3%&:(#$"3?%9$#=:7#0%
%
56*% &7A6&%<3*D:*'8?%@&'(% 3*9:7$9%=#33"3%$6*%$3*'(9%
"@9*3B*(% #'% $6*% $6*$&% @&'(0% EA*8#<#8&77?F% $6*3*% #9%
#'83*&9*(% &7A6&% &8$#B#$?% &83"99% &77% 98*'&3#"9% &$% $6*%
GHI% *7*8$3"(*F% 9:;;*9$#';% ;3*&$*3% 3*7&+&$#"'% #'% $6*%
3#;6$%<3"'$&7%3*;#"'%"<%$6*%@3&#'%JG@6&';%*$%&70F%K-/LM0%
N"C*B*3F% $6#9% A&$$*3'% ("*9% '"$% *+$*'(% $"% $6*% 5)/-%
*7*8$3"(*0%G$%5)/-F%#'83*&9*(%&7A6&%&8$#B#$?%#9%9**'%
"'7?%#'%$6*%<&=#7#&3%&:(#"%8"'(#$#"'F%C#$6%&%9#;'#<#8&'$%
(#<<*3*'8*% 8"=A&3*(% $"% $6*% :'<&=#7#&3% &:(#"%
8"'(#$#"'0% 56#9% #'83*&9*% #9% '"$% "@9*3B*(% #'% $6*%
<&=#7#&3% OP% 98*'&3#"0% 56*9*% <#'(#';9% =&?% 9:;;*9$%
$6&$% $6*% @3&#'% A3"8*99*9% <&=#7#&3% =:9#8% (#<<*3*'$7?%
(*A*'(#';% "'% C6*$6*3% #$% #9% *+A*3#*'8*(% #'% &% OP%
*'B#3"'=*'$%"3%$63":;6%&:(#">"'7?F%A&3$#8:7&37?%#'%$6*%
3#;6$%$*=A"3&7%3*;#"'0%
%
56*% @*$&% <3*D:*'8?% @&'(% 3*9:7$9% 96"C% 9#;'#<#8&'$%
(#<<*3*'8*9% @*$C**'% <&=#7#&3% &'(% :'<&=#7#&3%
98*'&3#"9% &83"99% =:7$#A7*% 8"'(#$#"'9.% &:(#">"'7?%
JGHIMF% OP% JGHIMF% &'(% &:(#">"'7?% J5)/-M0% Q"$&@7?F%
$6*% <&=#7#&3% OP% 8"'(#$#"'% &$% GHI% *+6#@#$*(%
9#;'#<#8&'$7?% 7"C*3% @*$&% &8$#B#$?% 8"=A&3*(% $"% #$9%
:'<&=#7#&3%8":'$*3A&3$�² "AA"9#$*%$6*%$3*'(%"@9*3B*(%
#'% $6*% "$6*3% 98*'&3#"90% R'% 8"'$3&9$F% <&=#7#&3%%

&:(#" >"'7?% &$% GHI% 96"C*(% &% 9#;'#<#8&'$% #'83*&9*%
<3"=% @&9*7#'*F% C6#7*% :'<&=#7#&3% &:(#">"'7?% &$% 5)/-%
96"C*(% &% 9#;'#<#8&'$% (*83*&9*0% H"3% $6*% <#39$% $#=*F% &%
9#;'#<#8&'$% 3*9:7$% C&9% &79"% "@9*3B*(% &$% $6*% GHS%
*7*8$3"(*F% C6*3*% <&=#7#&3% &:(#">"'7?% A3"(:8*(% &%
9#;'#<#8&'$% (*83*&9*% #'% @*$&% &8$#B#$?% 8"=A&3*(% $"%
@&9*7#'*0% T7*B&$*(% @*$&% &8$#B#$?% #9% $?A#8&77?%
&99"8#&$*(% C#$6% #'83*&9*(% &7*3$'*99% &'(% <"8:9%
JP&U*7% V% H&&99F% K--LM0% !&9*(% "'% $6#9F% A&3$#8#A&'$9%
&AA*&3%$"%@*%="3*%<"8:9*(%C6*'%7#9$*'#';%$"%<&=#7#&3%
9"';9%#'%$6*%&:(#">"'7?%8"'(#$#"'F%@:$%$6#9%("*9%'"$%
6"7(% $3:*% <"3% <&=#7#&3% OP% 98*'&3#"90% E#=#7&37?F% $6*%
9#;'#<#8&'$%(*83*&9*%#'%@*$&%&8$#B#$?%(:3#';%:'<&=#7#&3%
&:(#" >"'7?% 9:;;*9$9% 3*(:8*(% <"8:90% 56*% 3*9:7$% &$%
GHSF% 96"C#';% &% (*83*&9*% (:3#';% <&=#7#&3%%
&:(#" >"'7? F%8"'$3&9$9% C#$6% $6*% #'83*&9*(% &8$#B#$?% "'%
$6*% 3#;6$% 9#(*% JGHIMF% 9:;;*9$#';% A"$*'$#&7%
7&$*3&7#W&$#"'%#'%6"C%=:9#8%#9%A3"8*99*(%&83"99% $6*%
$C"%6*=#9A6*3*9%"<%$6*%@3&#'0%
%
56*% ;&==&% <3*D:*'8?% @&'(% 3*9:7$9% 3*B*&7%
9#;'#<#8&'$% (#<<*3*'8*9% @*$C**'% <&=#7#&3% &'(%
:'<&=#7#&3% 9"';9% #'% @"$6% &:(#">"'7?% &'(% OP%
98*'&3#"90% G$% $6*% GHI% *7*8$3"(*F% :'<&=#7#&3%%
&:(#" >"'7?%*7#8#$*(%&%9#;'#<#8&'$% (*83*&9*%#'%;&==&%
&8$#B#$?F% 9:;;*9$#';% 3*(:8*(% &$$*'$#"'% $"% :'<&=#7#&3%
=:9#8% #'% $6#9% 8"'(#$#"'% JX&7#U% V% G=#'F% K-/SM0% G%
9#=#7&3%A&$$*3'%C&9%"@9*3B*(%&$%$6*%5)/-%*7*8$3"(*0%
R'% 8"'$3&9$F% $6*% OP% 98*'&3#"9% 96"C*(% $6*% "AA"9#$*%
$3*'( Y%;&==&% &8$#B#$?% C&9% 9#;'#<#8&'$7?% 7"C*3% #'% $6*%
<&=#7#&3%OP%8"'(#$#"'%8"=A&3*(%$"%$6*%:'<&=#7#&3%OP%

http://www.neuroregulation.org/


!"#$%&'(%)*#+"$"% !"#$%&"'#()*+%, ! !

!

-
,- !"!.../,"#$%$"'#()*+%,/%$' - 0%(/-12314562�±72--898: - ("#.-/0-,,1/2'30 - 40- 014!
-

5"'(#$#"'0%67*8*%"99"8#':%9&$$*3'8%;<3$7*3%7#:7=#:7$%
&%(#8$#'5$#"'%#'%7">%$7*%?3&#'%93"5*88*8%;&@#=#&3#$A%#'%
&<(#"B"'=A%C*38<8%DE%*'C#3"'@*'$80%
%
!"#$%&%$#'"()*$+,-#+)�±)."/01'-'0%) 2$%+,+)301'-'0%)
67*% (*=$&% ;3*F<*'5A% ?&'(% 87">8% '"% 8#:'#;#5&'$%
(#;;*3*'5*8%?*$>**'%;&@#=#&3%&'(%<';&@#=#&3%$3#&=80%G'%
5"'$3&8$H% $7*% $7*$&H% &=97&H% ?*$&H% &'(% :&@@&% ?&'(8%
&==%87">%8#:'#;#5&'$%(#;;*3*'5*8%?*$>**'%;&@#=#&3%&'(%
<';&@#=#&3% &<(#"B"'=A% 5"'(#$#"'8H% >#$7% ;&@#=#&3% &<(#"%
*=#5#$#':% 7#:7*3% 9">*3% &53"88% $7*8*% ?&'(80% I"3% $7*%
DE% 5"'(#$#"'8H% 8#:'#;#5&'$% (#;;*3*'5*8% &99*&3% #'% $7*%
?*$&% &'(% :&@@&% ?&'(8H% >7*3*&8%<';&@#=#&3% DE%
85*'&3#"8% *+7#?#$% 7#:7*3% 9">*3% $7&'% $7*#3% ;&@#=#&3%
5"<'$*39&3$80% 67*8*% ;#'(#':8% 8<::*8$% (#8$#'5$%
9&$$*3'8% ";% ?3&#'% &5$#C#$A% (*9*'(% "'% $7*% 5"'$*+$% #'%
>7#57% @<8#5% #8% *+9*3#*'5*(0% J9*5#;#5&==AH% ;&@#=#&3%
@<8#5% *C"K*8% 8$3"':*3% '*<3&=% 3*89"'8*8% (<3#':%
9&88#C*% &<(#"B"'=A% =#8$*'#':H% >7*3*&8% <';&@#=#&3%
@<8#5% *=#5#$8% :3*&$*3% &5$#C#$A% (<3#':% &5$#C*%
*':&:*@*'$%#'%$7*%DE%*'C#3"'@*'$0%67#8%7#:7=#:7$8%
&%;<'(&@*'$&=%(#;;*3*'5*%#'%7">%$7*%?3&#'%93"5*88*8%
@<8#5&=% ;&@#=#&3#$A% (<3#':% 9&88#C*% C*38<8% #@@*38#C*%
$&8K80%
%
4'1'#0#'5"+ )
67*% (&$&% 5"==*5$*(% "'=A% <8*(% ;"<3% *=*5$3"(*8H% $7<8%
�O�L�P�L�W�L�Q�J���K�R�Z���P�X�F�K���R�I���W�K�H���E�U�D�L�Q�¶�V���H�O�H�F�W�U�L�F�D�O���D�F�W�L�Y�L�W�\���F�D�Q��
?*% 3*5"3(*(0% G$% @&A% ?*% 9"88#?=*% $"% 8**% $7*%
(#;;*3*'5*8%?*$>**'%DE%&'(%&<(#"B"'=A%85*'&3#"8%#'%
;#'*3% (*$&#=% #;% @"3*% *=*5$3"(*8% >*3*% <8*(% $"% 3*5"3(0%
L">*C*3H% $7*% M<8*% M"'#$"3% N% &==">*(% ;"3% *&8#*3%
3*5"3(#':%(<3#':%DE0%%
%
O'"$7*3% 5"@9=#5&$#"'% #8% $7&$% @"8$% 9&3$#5#9&'$8% 7&(%
'*C*3%<8*(%DE%"3%9=&A*(%$7*%:&@*%!*&$%J&?*30%67#8%
&((8% &'"$7*3% *=*@*'$% ";% '"C*=$AH% 8#'5*% $7*%
9&3$#5#9&'$% 7&(% $"% =*&3'% 7">% $"% &(P<8$% $"% $7*% C#3$<&=%
*'C#3"'@*'$%&'(%<'(*38$&'(%$7*%:&@*%@*57&'#580%G$%
#8% *'$#3*=A% 9"88#?=*% $7&$% $7*% (#;;*3*'5*8% "?8*3C*(%
?*$>**'%$7*%&<(#"%"'=A%&'(%DE%85*'&3#"8%>*3*%(<*%
$"%$7*%'"C*=$A%";%$7*#3%8#$<&$#"'%#'8$*&(%";%$7*%@<8#50%
I<3$7*3%3*8*&357%>#==%'**(%$"%?*%("'*%$7&$%3*@"C*8%
$7#8%#88<*%$"%(*5=&3*%@"3*%5*3$&#'=A%$7&$%$7*8*%3*8<=$8%
&3*% (<*% $"% $7*% @<8#5% ;&@#=#&3#$A% &'(% '"$% $7*%
*+9*3#@*'$&=%9&3&(#:@0%%
%
O' %&((#$#"'&=%=#@#$&$#"'% #8% $7*% 93*8*'5*% ";% @"$#"'%
&3$#;&5$8% #'% $7*% (&$&0% Q7#=*% $7*% *+9*3#@*'$% (*8#:'%
&$$*@9$*(%$"%=#@#$%$7*%&@"<'$%";%@"C*@*'$%"55<33#':%
?A%$7*%9&3$#5#9&'$H%$7*A%8$#==%7&(%$"%@"C*%$7*#3%&3@8%$"%
9=&A% $7*% 37A$7@% :&@*H% 3*8<=$#':% #'% 8"@*% @"$#"'%
&3$#;&5$8% ?*#':% 53*&$*(0% O% @"3*% 3"?<8$% @*$7"(% ";%
@"$#"'% &3$#;&5$% 3*@"C&=% @&A% ?*% '*5*88&3A% ;"3%
3*8*&357%@"C#':%;"3>&3(0%)
%

65"7-,+'5"+ )
%
Q7*'%5"@9&3#':%$7*%RRS%";%;&@#=#&3%&'(%<';&@#=#&3%
@<8#5H% #$% &99*&38% $7&$% $7*3*% &3*% 8#:'#;#5&'$%
(#;;*3*'5*8% ?*$>**'% 7">% $7*% ?3&#'% 93"5*88*8%
;&@#=#&3% &'(% <';&@#=#&3% @<8#5% #'% ?"$7% &'% &<(#"B"'=A%
&'(% DE% 85*'&3#"0% J#:'#;#5&'$% 3*8<=$8% &=@"8$%
*+5=<8#C*=A% "55<33*(% "'% $7*% 3#:7$% 8#(*% ";% $7*% ?3&#'H%
#'(#5&$#':% $7&$% @"8$% @<8#5B3*=&$*(% 93"5*88#':% =#K*=A%
"55<38%"'%$7#8%8#(*%";%$7*%?3&#'0%67#8%@&K*8%8*'8*H%
8#'5*% $7#8% 8$<(A% 7&(% 9&3$#5#9&'$8% ;"5<8% "'% @&#'=A%
=#8$*'#':% $"% @<8#5H% 3&$7*3% $7&'% 93"(<5#':% @<8#5%
T)*3*$U%V%W&$"33*H% N//,X0% YC*3&==H% #$% #8% =":#5&=% $"%
5"'5=<(*%$7&$%$7*3*%&3*%(#;;*3*'5*8%?*$>**'%7">%$7*%
?3&#'% 93"5*88*8% ;&@#=#&3% &'(% <';&@#=#&3% @<8#50%
O((#$#"'&==AH% #$% #8% 5"'5=<(*(% $7&$% 7">% @<8#5% #8%
93"5*88*(%#'%$*3@8%";%;&@#=#&3#$A%(<3#':%&%DE%:&@*%#8%
(#;;*3*'$% $7&'% P<8$% =#8$*'#':% $"% $7*% @<8#5% &="'*0%
I<3$7*3% 3*8*&357% >#==% '**(% $"% ?*% 5"@9=*$*(% $"%
(*$*3@#'*%>7&$%5&<8*8%$7*8*%(#;;*3*'5*80%)
)
8,#95%)87:"5;-$<(1$"#+ )
Q*%>"<=(%=#K*%$"%$7&'K%Z"''"3%[*=&'*AH%&%("5$"3&=%
8$<(*'$% &$% S*"3:*% M&8"'% \'#C*38#$AH% ;"3% 7#8%
5"'$3#?<$#"'8%&'(%&88#8$&'5*%$73"<:7"<$%$7#8%93"P*5$0%
)
8,#95%)=$7-0%0#'5")
S*"3:*% M&8"'%\'#C*38#$A%93"C#(*(%&%$"$&=%";%]-,//%
$73"<:7% $7*% \'(*3:3&(<&$*% E*8*&357% J57"=&38%
)3":3&@% T\EJ)X0% 67*8*% ;<'(8% >*3*% <8*(% $"% ;<'(%
*F<#9@*'$%<8*(%(<3#':%$7*%*+9*3#@*'$0%Q*%7&C*%'"%
"$7*3%;#'&'5#&=%#'$*3*8$%%"3%K'">'%5"';=#5$8%";%#'$*3*8$%
$"%(#85="8*0%OG%$""=8%>*3*%<8*(%8"=*=A%$"%&88#8$%>#$7%
3*973&8#':% &'(% #@93"C#':% 5=&3#$A% ";% $7*% @&'<853#9$%
$*+$0%O==%5"'$*'$%>&8%(*C*="9*(%?A%$7*%&<$7"38%>7"%
$&K*%;<==%3*89"'8#?#=#$A%;"3%$7*%>"3K0%
%

*$/$%$"7$+ )
%
O?7&':H% )0% O0H% S&>&=#H% !0% Q0H% V% M*73"$3&H% J0% Z0% TN/-^X0%

;,*$%<#=*+%,-*%->>?@-),<-AB""=C @D)A"<-"E%*+%,-$"=%',+*+%,0%
O5&(*@#5%)3*880%

!*&$%J&?*30%TN/-_X0%F")*-G)D"$- �±-0&-$CH*CE-')E"- `C#(*"%:&@*a0%
!*&$%S&@*80%7$$98.22?*&$8&?*305"@2%

Z"3?*$$&H%M0H% V% J7<=@&'H% S0% b0% TN//NX0% Z"'$3"=% ";% :"&=B(#3*5$*(%
&'(% 8$#@<=<8B(3#C*'% &$$*'$#"'% #'% $7*% ?3&#'0%!)*#$"- &"I+".A-
!"#$%A=+",="J-2T4XH%N/-�±N-,0%7$$98.22("#0"3:2-/0-/4_2'3'c,, %

I3*#$&8H%Z0H%M&'U&$"H%R0H%!<3#'#H%O0H%6&A="3H%M0%d0H%b*357H%d0%)0H%V%
O'&:'"8$"<H% R0% TN/-_X0% e*<3&=% 5"33*=&$*8% ";% ;&@#=#&3#$A% #'%
@<8#5% =#8$*'#':.% O% 8A8$*@&$#5% 3*C#*>% &'(% &% '*<3"#@&:#':%
@*$&B&'&=A8#80%K$%,*+"$A- +,- !"#$%A=+",="J- 18H% O3$#5=*% ^_^0%
7$$98.22("#0"3:2-/044_f2;'#'80N/-_0//^_ %̂

L&#=8$"'*H% d0% Z0H% Y@&3H% E0H% V% Q&33*'H% d0% [0% TN//fX0% E*=&$#C*=A%
93*8*3C*(%K'">=*(:*%";%@<8#5%#'%8*@&'$#5%(*@*'$#&0%L%#$,)(-
%M- !"#$%(%'HJ- !"#$%A#$'"$H- N- OAH=C+)*$HJ- P9TcXH% _/_�±_/f0%
7$$98.22("#0"3:2-/0--4^2P''90N//_0-,4-4/ %

L&@9*=0%T'0(0X0%I#=$*3%"<$=#*38%<8#':%L&@9*=%#(*'$#;#*3%�±%J#@<=#'K0%
Q)*CR%$SA0% 7$$98.22>>>0@&$7>"3K805"@27*=92(8923*;%
27&@9*=;#=$*307$@=%

http://www.neuroregulation.org/
https://beatsaber.com/
https://doi.org/10.1038/nrn755
https://doi.org/10.3389/fnins.2018.00686
https://doi.org/10.1136/jnnp.2008.153130
https://www.mathworks.com/help/dsp/ref/hampelfilter.html
https://www.mathworks.com/help/dsp/ref/hampelfilter.html


!"#$%&'(%)*#+"$"% !"#$%&"'#()*+%, ! !

!

-
,- !"!.../,"#$%$"'#()*+%,/%$' - 0%(/-12314562�±72--898: - ("#./01/,,203'41 / 51/ 125!
-

6*47*89% :1% ;19% <"=">"'9% ?1% ;19% @% A&B&'&9% C1% D1% E-0-0F1% GB*$&%
"HI#==&$#"'H%#'%BJ>&'%>*>"4K1%;$",<=-+,->%',+*+?"-@A+",A"=B-
86E5F9%-0L�±--M1%B$$NH.33("#1"483/01/0/O3P1$#IH1-0/Q1/-100O%

6#IR"R9% S19% @% )"*NN*=9% T1% E-00MF1% GB*% I"4$#I&=% "48&'#U&$#"'% "V%
HN**IB% N4"I*HH#'81%!)*#$"- &"?+".=- !"#$%=A+",A"B- C E,F9%
5Q5�±20-1%B$$NH.33("#1"483/01/05L3'4'-//5%

D&8#*=="9% W19% )">N*49% X19% Y"'*K&9% C19% ZB&"9% <19% @% [B&#$9% C1%
E-0/QF1%W&N#(%\4&#'%4*HN"'H*H%$"%V&>#=#&4%]H1%J'V&>#=#&4%>JH#I%
�±%;'% ??S% &'(% NJN#==">*$4K% H$J(K1%@A+",*+D+A- &"E%$*=B- F9%
;4$#I=*%/,,M0 1%B$$NH.33("#1"483/01/05L3H2/,QL0̂/Q ,̂/M,Q Q̂%

A="H$*4>&''9% ?1% [19% _"J#9% )19% @% <B#>&>J4&9% ;1% )1% E-00QF1%
;I$#]&$#"'% "V% 4#8B$% N&4#*$&=% I"4$*+% (J4#'8% >*>"4K% 4*$4#*]&=% "V%
'"'=#'8J#H$#I% &J(#$"4K% H$#>J=#1%>%',+*+?"B- GDD"A*+?"B- H-
I"J)?+%$)(- !"#$%=A+",A"B- FE5F9% -2-�±-2L1%B$$NH.33("#1"48%
3/015M,L3I&\'1Q151-2-%

AJ>&8&#9%Y19%;4]&'*B9%C19%@%G&'&R&9%G1%E-0/MF1%`&>#=#&4#$K%&VV*I$H%
*'$4&#'>*'$% "V% ??S% #'% >JH#I% =#H$*'#'81%K$%,*+"$=- +,- L#M),-
!"#$%=A+",A"B- 119% ;4$#I=*% 5L21%B$$NH.33("#1"483/0155LQ%
3V'BJ>1-0/M1005L2%

AJ>&49% D1% <19% @% !BJ]&'*H7&4#9% )1% E-0/-F1% ;'&=KH#H% "V%
*=*I$4"*'I*NB&="84&NBK% E??SF% H#8'&=H% &'(% #$H%
I&$*8"4#U&$#"'�² ;% H$J(K1%N$%A"<+)- O,'+,""$+,'B- 2C9% -,-, �±
-,5O1%B$$NH.33("#1"483/01/0/O3P1N4"*'81-0/-10O1-QL%

C&=*R>"B&>>&(#9% ;19% ?B4=#IB9% <1% A19% W&JHIB*IR*49% D1% )19% @%
[B*'89% S1% E-0-5F1% _#H$*'#'8% $"% V&>#=#&4% >JH#I% #'(JI*H%
I"'$#'J"JH%#'B#\#$#"'%"V%&=NB&%&'(%="7\̂*$&%N"7*41%P%#$,)(-%D-
!"#$%EJQ=+%(%'QB- 18FEOF9% /522�±/5,L1% B$$NH.33("#1"48%
3/01//,-3P'100-OQ1-0-- %

C&=#R9%;1%<19%@%;>#'9%61%X1%E-0/MF1%R"=+',+,'-OOS-"TE"$+M",*=-
D%$- =*#<Q+,'- *J"- U$)+,5- R"=+',- A%<"- ),<- "T)ME("- <)*)="*=1%
?=H*]#*41%

C&'H#9%<1%;19%)#8=#&J$#=*9%a19%)"4I&4"9%[19%)#H*=="9%;1%_19%@%;4'*H&'"9%
C1% E-0-/F1% ;NN=#I&$#"'% "V% 7*&4&\=*% ??S% H*'H"4H% V"4% #'(""4%
$B*4>&=% I">V"4$% >*&HJ4*>*'$H1%G>;G- VWOXYB- 19E2F9% -/21%
B$$NH.33("#1"483/01-/0/23&I$&b#>*R"1]/0#21//L0%

C&$=&\1% E'1(1F1%W)*JZ%$[=1%B$$NH.337771>&$B7"4RH1I">3N4"(JI$H%
3>&$=&\1B$>=%

CJH*1%E-0-59%C&4IB%-QF1%GB*%\4&#'%H*'H#'8%B*&(\&'(%H$"4*%7#$B%
7"4=(7#(*% HB#NN#'8.% CJH*�Œ%??S N̂"7*4*(% >*(#$&$#"'% @%
H=**N%B*&(\&'(1%W#="1%B$$NH.33IB""H*>JH*1I">3%

)*4*$U9% a19% @% Z&$"44*9% W1% D1% E-00,F1% !4&#'% "48&'#U&$#"'% V"4% >JH#I%
N4"I*HH#'81%G,,#)(- &"?+".- %D- N=QAJ%(%'QB- 7:9% LQ�±//21%
B$$NH.33("#1"483/01//2O3&''J4*]1NHKIB1,O10Q//0510M0--,%

W&R*=9% T19% @% `&&HH9% :1% E-00OF1%>%ME("M",*)$Q- M"<+A+,"- +,-
A(+,+A)(- E$)A*+A"5- V,*"'$)*+?"- E$)A*+A"- +,- GM"$+A),- J")(*JA)$"1%
D"'*H%&'(%!&4$=*$$1%

Z&P"'I9%W1%!1%E/QOLF1%;$$#$J(#'&=%*VV*I$H%"V%>*4*%*+N"HJ4*1%P%#$,)(-
%D- N"$=%,)(+*Q- ),<- @%A+)(- N=QAJ%(%'QB- FE-9% )$1% -F9% /�±-M1%
B$$NH.33("#1"483/01/05M3B00-,L2L%

%
%
!"#"$%"&' %DJ=K%, 9%-0- , %
(##")*"&' %;J8JH$%-, 9%-0- , %
+,-.$/0"&' %C&4IB%5/ 9%-0 - O%

%

!

% %

http://www.neuroregulation.org/
https://doi.org/10.1016/j.tics.2019.12.006
https://doi.org/10.1038/nrn2113
https://doi.org/10.1038/s41598-019-51759-9
https://doi.org/10.3758/cabn.9.3.242
https://doi.org/10.3758/cabn.9.3.242
https://doi.org/10.3389/fnhum.2017.00384
https://doi.org/10.3389/fnhum.2017.00384
https://doi.org/10.1016/j.proeng.2012.06.298
https://doi.org/10.1152/jn.00269.2022
https://doi.org/10.1152/jn.00269.2022
https://doi.org/10.21014/acta_imeko.v10i4.1180
https://www.mathworks.com/products/matlab.html
https://www.mathworks.com/products/matlab.html
https://choosemuse.com/
https://doi.org/10.1146/annurev.psych.56.091103.070225
https://doi.org/10.1037/h0025848


!"#$%&'(%)*#+"$"% !"#$%&"'#()*+%, ! !

!

-
,- !"!.../,"#$%$"'#()*+%,/%$' - 0%(/-12314562�±72--898: - ("#./01/,,203'41 / - 1/ 12- !
-

!""#$%&' (! (
%
-

)*+,#( !- (
;)<+(+)$-=%,'> %

.*/0&1&"*$0(-(
5&6#7#&4%89%/% !*&$%:$%;%<#=>&*7%?&=@A"'%
5&6#7#&4%89%B% !&'&'&%)#*%;%C#7%D&4@#*%
5&6#7#&4%EF(#"%/% 9&(#"&=$#G*%;%:6&H#'*%D4&H"'A%
5&6#7#&4%EF(#"%B% I&A"7#'&%;%D&((J%K&'@**%

.*/0&1&"*$0(2(
5&6#7#&4%89%/% !*&$%:$%;%<#=>&*7%?&=@A"'%
5&6#7#&4%89%B% L>&@*%:$%MNN%;%O&J7"4%LP#N$%
5&6#7#&4%EF(#"%/% Q"F'$4J%9"&(A%;%?">'%D*'G*4%
5&6#7#&4%EF(#"%B% !#77#*%?*&'%;%<#=>&*7%?&=@A"'%

.*/0&1&"*$0(3(
5&6#7#&4%89%/% C&'(A7#(*%;%57**$P""(%<&=%
5&6#7#&4%89%B% R"%9""$A%;%E7#=*%<*4$"'%
5&6#7#&4%EF(#"%/% S&@&%S&@&%;%L>&@#4&%
5&6#7#&4%EF(#"%B% !"$>%L#(*A%R"P%;%?"'#%<#$=>*77%

.*/0&1&"*$0(4(
5&6#7#&4%89%/% !*&$%:$%;%<#=>&*7%?&=@A"'%
5&6#7#&4%89%B% L>&@*%:$%MNN%;%O&J7"4%LP#N$%
5&6#7#&4%EF(#"%/% T'$"F=>*(%;%O>*%8*4"'#=&A%
5&6#7#&4%EF(#"%B% O4*&AF4*%;%!4F'"%<&4A%

.*/0&1&"*$0(5(
5&6#7#&4%89%/% <41%!7F*%L@J%;%U7*=$4#=%C#H>$%M4=>*A$4&%
5&6#7#&4%89%B% V*&$%S&G*A%;%I7&AA%E'#6&7A%
5&6#7#&4%EF(#"%/% L$4*AA*(%MF$%;%OP*'$J%M'*%)#7"$A%
5&6#7#&4%EF(#"%B% !4**W*X7"=@A%;%&7$;?%

.*/0&1&"*$0(6(
5&6#7#&4%89%/% L>&@*%:$%MNN%;%O&J7"4%LP#N$%
5&6#7#&4%89%B% R*G*4%I"''&%I#G*%K"F%TY%;%9#=@%EA$7*J%
5&6#7#&4%EF(#"%/% �'�R�Q�¶�W���6�W�R�S���%�H�O�L�H�Y�L�Q�¶��;%?"F4'*J %
5&6#7#&4%EF(#"%B% 5"4H*$%K"F%;%Q**7"%I4**' %

.*/0&1&"*$0(7(
5&6#7#&4%89%/% �'�R�Q�¶�W���6�W�R�S���%�H�O�L�H�Y�L�Q�¶��;%?"F4'*J %
5&6#7#&4%89%B% 5"4H*$%K"F%;%Q**7"%I4**' %
5&6#7#&4%EF(#"%/% L>&@*%:$%MNN%;%O&J7"4%LP#N$%
5&6#7#&4%EF(#"%B% R*G*4%I"''&%I#G*%K"F%TY%;%9#=@%EA$7*J%

.*/0&1&"*$0(8(
5&6#7#&4%89%/% O"+#=%;%!4#$'*J%LY*&4A%
5&6#7#&4%89%B% :%C"G*%:$%;%:="'&%)"Y %
5&6#7#&4%EF(#"%/% �:�H���'�L�G�Q�¶�W���6�W�D�U�W���W�K�H���)�L�U�H��;%!#77J%?"*7%
5&6#7#&4%EF(#"%B% 5&$%!"$$"6*(%I#47A%;%ZF**' %

.*/0&1&"*$0(9(
5&6#7#&4%89%/% �6�W�D�U���:�D�O�N�L�Q�¶��;%C#7%R&A%[%
5&6#7#&4%89%B% C"'*%D#HH*4%;%Q&4&G&'%)&7&=*%
5&6#7#&4%EF(#"%/% U'*6J% ;%:6&H#'*%D4&H"'A%
5&6#7#&4%EF(#"%B% <#=%D4"Y%;%!OL %

.*/0&1&"*$0(-: (
5&6#7#&4%89%/% V#H>%V"Y*A%;%)&'#=%&$%$>*%D#A="%
5&6#7#&4%89%B% !"F7*G&4(%"N%!4"@*'%D4*&6%;%I4**'%D&J %
5&6#7#&4%EF(#"%/% 9&(#"&=$#G*%;%:6&H#'*%D4&H"'A%
5&6#7#&4%EF(#"%B% Q"F'$#'H%L$&4A%;%M'*%9*YFX7#=%

-
%

http://www.neuroregulation.org/


!"#$% &"'#()*+%, -.**/0112223+4,$3%$'-
! ! ! !

!
!" !"!"""#$%&'('%)&*+,-($#(') ! .(*#! / 01/ 2345�±65!!7876! #$%&'()'!!"(*+,) ' - )' )!" !
! !

!"#$%(%'+5)(-6+)',%4+4- +,- *."-7 8-9$)0-7-:%;/)$)*+<"-
744"44;",*- %=-:.)* >?@-A3BC->%%'("->";+,+C-D"+,'-78C--
) ,E-?"$/("F+*G-7 8- -
9&:+;;+<!=>>+ / ?@!AB<%*':;+$! C#!9(:+;%< 7@!D+-$&**+:0@!+$<!9-*-E+!F(G+$(G-E5!
' ./0,$1$2345/67,89/+8:4;<=4>$?6%871:4@0/887:4A7B%?87+4
CD7E01834$F4</#%E%+/:4G0H$,4I+%J/,?%83:4G0H$,:4K23684
- L76%/+M74I+%J/,?%834$F4N$9/:4N$9/:4O87134
" I+%J/,?%834$F4P7,80:4P7,80:4K?8$+%74
4

!"#$%&'$((

)&'*+%,-./ 04O+4+/0,$1$2%E714#%72+$?8%E?:4QR/,/4E$961/H%83:4#7874J$109/:47+#4#%72+$?8%E40,2/+E346,/?/+8497S$,4
$T?87E1/?:47,8%F%E%714%+8/11%2/+E/4UVOW4?3?8/9?4R7J/48R/46$8/+8%7148$4,/J$108%$+%M/48R/4F%/1#)45/?6%8/4Q%#/?6,/7#40?/:4
8R/,/4 %?4 74 17EB4 $F4 E$967,7T1/4 6/,F$,97+E/4 7??/??9/+8?4 $F4 60T1%E134 7J7%17T1/4 VO4 8$$1?4 F$,4 %+8/2,78/#4 E1%+%E714
,/7?$+%+24%+4+/0,$1$23)412$3,/# 04PR%?4E,$??X?/E8%$+714?80#34/J71078/#4F%J/4VO46178F$,9?4U=R78YAP4-)!:4Y$$21/4
Y/9%+%:4;%+24 VO:4 A/,61/H%834 VO:4 5//6L//BW4 08%1%M%+24 '!4 ?87+#7,#%M/#4 +/0,$1$2%E714 E7?/?4 F,$94H+>%! I-*%>3!
J%&'(*()K @!L:-'<!=<-,-($)4K7ER46178F$,94Q7?42%J/+4%#/+8%E7146,$968?4%9%878%+24E1%+%E714E$+?01878%$+?)4N/?6$+?/?4
Q/,/4/J71078/#4U97H%9094Z46$%+8?46/,4E7?/[48$8714\(W4%+48R,//4#$97%+?&4#%72+$?%?:4?0T?/]0/+84#%72+$?8%E4?8/6:4
7+#48R/,76/08%E*9$1/E017,4 F$0+#78%$+)4 .$+67,79/8,%E4?878%?8%E7149/8R$#?4U^,0?B71X_711%?:4=R%X?]07,/W47??/??/#4
6/,F$,97+E/4 #%?67,%8%/?)442#-5$#04=R78YAP4 7ER%/J/#4 8R/4 R%2R/?84 $J/,7114 ?E$,/4 U``*\(:4 \a)`bW:4 F$11$Q/#4 T34
5//6L//B4 U`Z*\(:4 \!)ZbW:4 A/,61/H%834 U`"*\(:4 \-)- bW:4 Y$$21/4 Y/9%+%4 Ua`*\(:4 `Z)abW:4 7+#4<%E,$?$F84=$6%1$84
Ua-*\(:4`')'bW)4PR/,76/08%E47EE0,7E34Q7?4'((b4F$,4=R78YAP:45//6L//B:47+#4Y/9%+%:4QR/,/7?4%84Q7?4`(b4F$,4
=$6%1$8)4V18R$02R48R/,/4Q/,/4#%?67,%8%/?4%+46/,F$,97+E/:4%+F/,/+8%714?878%?8%E?4,/J/71/#4+$4?%2+%F%E7+84#%FF/,/+E/?4
T/8Q//+4 6178F$,9?4 U^,0?B71X_711%?4M4c4 )"C-[4 =R%X?]07,/4 M4c4 )-a"W)4 d/,T$?%834 ?R$Q/#4 ?%2+%F%E7+84 J7,%78%$+&4
5//6L//B4 7J/,72/#4 "``4 Q$,#?4 6/,4 ,/?6$+?/:4 QR/,/7?4 =$6%1$84 7+#4 A/,61/H%834 7J/,72/#4 C-\4 8$4 C"(4 Q$,#?)4
6,.'5-#7,. 04A$6017,4VO46178F$,9?4U=R78YAP:45//6L//BW4/HR%T%84?%2+%F%E7+846,$F%E%/+E34%+4+/0,$1$2%E714#%72+$?%?4
7+#48,/789/+84617++%+2:4T0848R/,/4%?474R02/4#%FF/,/+E/4%+48R/4#/68R47+#4?8,0E80,/4$F4,/?6$+?/?47E,$??47114$F48R/4
8$$1?)4 VO4 ?R$01#4 T/4 0?/#4 7?4 E$961/9/+87,34 R/718RE7,/4 7??%?87+E/:4 Q%8R4 F080,/4 %+8/2,78%$+4 ,/]0%,%+24 T/88/,4
/H617%+7T%1%8347+#4,/71XQ$,1#4J71%#78%$+)44
4
!"#$%&'( &47,8%F%E%714%+8/11%2/+E/[4+/0,$1$2%E714#%72+$?%?[417,2/417+2072/49$#/1?4UGG<?W[4E$967,78%J/4/J71078%$+[4
#%72+$?8%E47EE0,7E34U</L>W(

67$&$7,.&4K??7:4<): 4<$R79/#: 4V)4>):4e7%+0117R:4f 4g$J7+$J%E:4<)4UC(CZW)4./0,$1$2%E714#%72+$?%?4%+48R/4VO4/,7&4V4E$967,78%J/47??/??9/+84$F4
=R78YAP4-)!:4Y$$21/4Y/9%+%:4;/%+24VO:47+#4A/,61/H%834VO)4J%&'(N%)&*+,-($@!/ 0U' W:4!" �±Z" )4R886?&**#$%)$,2*'()'!!"(*+,) ' - )' )!" (

8!//%2##( ',%%2#9,./2.'2( $, &45, )4L3/#4 <0R7997#4 K??74 ;<=>4
=$961/H)4 ;,/Q/,34 N$7#)4 @0/887:4 ;71$ER%?87+)4 A7B%?87+:4 `a-(( )4
K97%1&4#,/??7BR7+aaah297%1)E$94(
(
6,9:%7+3$;(<( =>=?)4K??74/84 71)4 PR%?4 %?4 7+4 i6/+4 VEE/??4 7,8%E1/4
#%?8,%T08/#40+#/,48R/48/,9?4$F48R/4=,/78%J/4=$99$+?4V88,%T08%$+4
G%E/+?/4U==X;jW) (

@/7$2/(": &4444
N/H4G)4=7++$+:4AR5:4=0,,/+8? :4̂ +$HJ%11/:4P/++/??//:4ILV4
(
42A72B2/(": &44
N/H4G)4=7++$+:4AR5:4=0,,/+8? :4̂ +$HJ%11/:4P/++/??//:4ILV4
N7+#7114G31/:4AR5:4<$0+84</,E34I+%J/,?%83:4=/#7,4N76%#?:4O$Q7:4
ILV 4

( (

( (
C.$%,/-'$7,. (

4
O+4 ,/E/+84 3/7,?:4 %+E$,6$,78%+24 7,8%F%E%714 %+8/11%2/+E/4
UVOW4%+8$4#%FF/,/+84?/E8$,?4R7?48,7+?F$,9/#48,7#%8%$+714
6,$T1/9 X?$1J%+247+#4#/E%?%$+X97B%+249/8R$#$1$2%/?4
U.203/+4 f4d$:4C(C"[4LR$B,7+4 /8471):4C(C!W)4VO4R7?4
?R$Q+4 2,/784 6,$9%?/4 %+4 R/16%+24 9/#%E714
6,$F/??%$+71?4 Q%8R4 7E8%J%8%/?4 ,7+2%+24 F,$94 #%72+$?%?4
8$4 8,/789/+84 617++%+2:4 /?6/E%71134 %+4 8R/4 F%/1#4 $F4

R/718RE7,/4UN7?R%#4f4LR7,97:4C(C![4L71799727,%4f4
L,%J7?87J7:4 C(C"[4 e/T4/84 71):4 C(C"W)4 PR/4
#/J/1$69/+84 $F4 9$,/4 ?$6R%?8%E78/#4 VO4 R7?4 8R/4
6$8/+8%714 8$4 2,/78134 %96,$J/4 +/0,$1$2%E714 E7,/4
UVT0V1,$T4 f4 </?,7$07:4 C(C"[4 ^717+%4 f4 V+S7+B7,:4
C(C"W)4 PR%?4 ?0TS/E84 %?4 #%?8%+20%?R/#4 T34 %8?4 %+8,%E7E34
7+#4 #/6/+#/+E/4 $+4 8R/4 6,/E%?/4 %+8/,6,/878%$+4 $F4
E$961/H4 #787)4 Y1$T714 R/718RE7,/4 ?3?8/9?4 R7J/4
?%2+%F%E7+84 ER711/+2/?4 Q%8R4 +/0,$1$2%E714 #%?$,#/,?:4

http://www.isnr.org/
http://www.neuroregulation.org/
http://www.isnr.org
https://doi.org/10.15540/nr.13.1.54
mailto:dressakhan777@gmail.com


!""# $%&$#'($$ !"#$%&"'#()*+%, ! !

!

-
)) !"!.../,"#$%$"'#()*+%,/%$' - 0%(/-12314567�±87--9: 98- *+,-./(.))0/123( . 4(. ()0 !
-

,25'6*,27$"&3+8%9$%:,'%:";9$<#38,2"+2="$*,"%#"%9$ #2*$
>'?@%,A%3="$ *,"%#"%$BC#2*%'9$ D/D)E$ F#27$%&$ #'(9$
D/D)G($H@%"%$5+2*,&,+2"$#3%$I3%J6%2&';$:3%"%2&$K,&@$
#$ K,*%$ 3#27%$ +I$ ";A:&+A"$ #2*$ I'65&6#&,27$ 3#&%"$ +I$
:3+73%"",+29$ K@,5@$ A#8%"$ *,#72+","$ #2*$ &3%#&A%2&$
%L&3%A%';$ *,II,56'&($ M+2N%2&,+2#'$ *,#72+"&,5$
#::3+#5@%"$ A+"&';$ *%:%2*$ +2$ '#O+3#&+3;$ &%"&,279$
2%63+,A#7,27$ &%5@2+'+7,%"9$ #2*$5',2,5#'$%L:%3,%25%9$
#''$ +I$ K@,5@$ 5#2$ O%$ '#O+3,+6"$ #2*$ "6OP%5&$ &+$
"6OP%5&,N%$,2&%3:3%&#&,+2($
$
Q;$ 5+AO,2,27$ &@%$ "&3%27&@$ +I$ 2%63#'$ 2%&K+38"9$
A#5@,2%$'%#32,27$#'7+3,&@A"9$#2*$O,7$*#&#$#2#';&,5"9$
>R$ &%5@2+'+7,%"$ :3%"%2&$ #$ :#3#*,7A$ 5@#27%$ ,2$
2%63+'+7,5#'$ *,#72+"&,5"$ BS,:#28#3$%&$ #'(9$ D/D)E$
T25,6'$ %&$ #'(9$ D/D)G($ R2$ +3*%3$ &+$ @%':$ *+5&+3"$
*,#72+"%$ :#&,%2&"$ #5563#&%';$ #2*$ J6,58';9$ >R$
";"&%A"$ @#N%$ &@%$ 5#:#5,&;$ &+$ %N#'6#&%$ %2+3A+6"$
N+'6A%"$ +I$ :#&,%2&$ *#&#9$ ,25'6*,27$ 7%2%&,5$ *#&#9$
5',2,5#'$ 3%5+3*"9$ #2*$ A%*,5#'$ ,A#7,27$ B>'@%P#,';9$
D/D)E$U,$%&$#'(9$D/D0E$T;%2,;,$V$T'6K#"%;,9$D/D0G($>R$
@#"$ &@%$ :+&%2&,#'$ &+$ %2@#25%$ @6A#2$ 82+K'%*7%$ +I$
2%63+'+7,5#'$ *,"%#"%"$ O;$ :3+N,*,27$ A#5@,2%W*3,N%2$
,2",7@&"9$ @%25%$ A,2,A,?,27$ *,#72+","$ %33+3"$ #2*$
%2@#25,27$ &3%#&A%2&$ &%5@2,J6%"$BX%22%''#$%&$ #'(9$
D/D0E$Y#'%3,+$%&$#'(9$D/D)G($
$
H+$*%&%3A,2%$&@%,3$:3#5&,5#'$%II,5#5;$#2*$&@%3#:%6&,5$
N#'6%9$ @+K%N%39$ #$ &@+3+67@$ #""%""A%2&$ #2*$
5+A:#3,"+2$ #3%$ "&,''$ 3%J6,3%*$ #A,*$ &@%$ %L:#2*,27$
I,%'*$+I$>RW:+K%3%*$*,#72+"&,5$&++'"($H@,"$"&6*;$#,A"$
&+$I,''$&@#&$7#:$O;$62*%3&#8,27$#$5+A:#3#&,N%$#2#';","$
+I$ I,N%$A#P+3$>R$:'#&I+3A"$ ,2$ 2%63+'+7,5#'$*,#72+","($
Z%$K,''$":%5,I,5#'';$#""%""$@+K$K%''$&@%;$:%3I+3A$,2$
3%'#&,+2$&+$,A:+3&#2&$:#3#A%&%3"$ ',8%$,2&%3:3%&#O,',&;9$
"5#'#O,',&;9$ "%2",&,N,&;9$ ":%5,I,5,&;9$ #2*$ *,#72+"&,5$
#5563#5;($ H@%$ 5+A:#3#&,N%$ %N#'6#&,+2$ #'"+$ @%':"$
3%"%#35@%3"$ #2*$ A%*,5#'$ :3+I%"",+2#'"$ I,2*$ &@%$
#*N#2&#7%"$ #2*$ *,"#*N#2&#7%"$ +I$ N#3,+6"$ >R$
";"&%A"$ #2*$ *%5,*%$ K@,5@$ +2%"$ #3%$ A+"&$
#::3+:3,#&%$ I+3$ :#3&,56'#3$ 5',2,5#'$ 5,356A"&#25%"$ +3$
*,#72+"&,5$ &#"8"($ H@3+67@$ A%&,56'+6"$ 5+A:#3,"+2$
"&6*,%"9$ "5,%2&,"&"$ A#;$ +II%3$ ,A:+3&#2&$ ,2",7@&"$ ,2&+$
@+K$ >R$ ";"&%A"$ I625&,+2$ ,2$ N#3,+6"$ "5%2#3,+"9$
"6::+3&,27$ &@%$ ,2&%73#&,+2$ +I$ >R$ &%5@2+'+7;$ ,2&+$
5',2,5#'$ :3#5&,5%$ #2*$ "6::+3&,27$ %N,*%25%WO#"%*$
*%5,",+2WA#8,27($ H@3+67@$ &@+3+67@';$ #2#';?,27$
%#5@$ ";"&%A="$ #*N#2&#7%"$ #2*$ *,"#*N#2&#7%"9$ K%$
@+:%$ &+$ +II%3$ ,2",7@&I6'$ ,2I+3A#&,+2$ &@#&$ 5#2$ 76,*%$
5',2,5#'$P6*7A%2&$#2*$:3+:%'$2%63+'+7;$I+3K#3*($
$

!"#$%&%'%() *
$
H@,"$ K#"$ #$ 53+""W"%5&,+2#'$ 5+A:#3#&,N%$ "&6*;$
%N#'6#&,27$ &@%$ *,#72+"&,5$ :%3I+3A#25%$ +I$ I,N%$
:6O',5';$#N#,'#O'%$>R$:'#&I+3A"�² M@#&[<H$BT:%2>RG9$
X,53+"+I&$ M+:,'+&$ BX,53+"+I&G9$ S%%:\%%89$ [++7'%$
[%A,2,$ B[++7'%G9$ #2*$ <%3:'%L,&;�² ,2$ ,2&%3:3%&,27$
"&#2*#3*,?%*$ 2%63+'+7,5#'$ 5#"%$ "5%2#3,+"($ >''$
3%":+2"%"$K%3%$7%2%3#&%*$,2$>:3,'�±X#;$D/D0($
$
H@%$ I+63$ 5@+"%2$ >R$ :'#&I+3A"�² M@#&[<H$ 4()9$
[++7'%$ [%A,2,9$ Q,27$ >R9$ #2*$ <%3:'%L,&;$ >R�² K%3%$
:3%"%2&%*$ K,&@$ %#5@$ 5#"%$ "5%2#3,+$ #"$ :#3&$ +I$ &@%$
"&6*;$ *%",72($ H@%$ I+''+K,27$ K#"$ &@%$ &;:,5#'$ ,2:6&$
:3+A:&$I+3$%N%3;$5#"%-$�³R=A$K+38,27$+2$#$2%63+'+7;$
J6,?$ #2*$ K,''$ :3+N,*%$ ;+6$ &@%$ :#&,%2&="$ I6''$ A%*,5#'$
@,"&+3;9$:3%"%2&,27$:3+O'%A"9$#2*$I,2*,27"($Q%@#N,27$
',8%$#$2%63+'+7;$:3+I%""+39$:'%#"%$:3+N,*%$&@%$A+"&$
#::3+:3,#&%$#2"K%3(� $́
$
]",27$ #$ 5+2","&%2&$ ,2:6&$ :3+A:&9$ &@%$ "&6*;$ *%",72$
:3%"%2&%*$ 5#"%$ "5%2#3,+"$ &+$ &@%$ >R$ :'#&I+3A"$ ,2$ #2$
+37#2,?%*$ A#22%3($ H@,"$ :3+A:&$ K#"$ *%",72%*$ &+$
A,A,5$ #2$ #5&6#'$ 5',2,5#'$ "%&&,279$ "6::';,27$ :%3&,2%2&$
I,2*,27"9$ &@%$ :#&,%2&�¶"$ A%*,5#'$ @,"&+3;9$ #2*$ &@%,3$
5633%2&$:3+O'%A"($H@3%%$8%;$J6%"&,+2"$K%3%$6"%*$&+$
@%':$ >R$ ";"&%A"$ ,2$ &@%$ &#"8$ +I$ :3+*65,27$ *,#72+","$
&@%+3,%"$#2*$&@%3#:;$3%5+AA%2*#&,+2"-$$

.( $ >$*,#72+","^$$
D($ Z@#&$,"$&@%$2%L&$*,#72+"&,5$#5&,+2^$$
4($ _%L&$ &@%3#:%6&,5$ "&%:$ +3$ A+'%56'#317%2%&,5$

O#","9$+3*%3%*$O;$:3+O#O,',&;($
$
>''$ >R$ :'#&I+3A"�¶$ 3%":+2"%"$ K%3%$ 5#3%I6'';$
*+56A%2&%*$ #2*$ #""%""%*$ &+$ A#8%$ "63%$ &@%;$
#2"K%3%*$ &@%$ J6%"&,+2"$ 5+33%5&';$ #2*$
5+A:3%@%2",N%';($ M365,#'';9$ &@%$ >R$ ";"&%A"$ K%3%$
,A:#3&,#'';$ %N#'6#&%*$ I+3$ &@%,3$ %II%5&,N%2%""$ ,2$
2%63+'+7,5#'$ *,#72+","$ O%5#6"%$ &@%;$ K%3%$ 2+&$
:3%&3#,2%*$K,&@$:#3&,56'#3$5+AA#2*$"%&"$+3$J6%3,%"($
$
+#$,-.'*/%01,&"2.#,%01 *
H@%$ "&6*;$ *,*$ 2+&$ 3%J6,3%$ I+3A#'$ %&@,5"$ 5+AA,&&%%$
:%3A,"",+2$ O%5#6"%$ ,&$ K#"$ 5+2*65&%*$ "+'%';$ 6",27$
:6O',"@%*$5#"%"9$*,*$2+&$,25'6*%$@6A#2$,2*,N,*6#'"9$
#2*$*,*$2+&$#55%""$:%3"+2#'$@%#'&@$,2I+3A#&,+2($H@%$
6"%$ +I$ #2+2;A,?%*$ *#&#$ #2*$ "&#2*#3*,?%*$ 5#"%$
"5%2#3,+"$ 76#3#2&%%*$ #*@%3%25%$ &+$ %&@,5#'$ 36'%"$
3%7#3*,27$:#&,%2&$:3,N#5;$#2*$5+2I,*%2&,#',&;($
$
3"'"-#,%0*%4*/.1"1 *
H+$62*%3&#8%$#$&@+3+67@$5+A:#3#&,N%$%N#'6#&,+2$+I$
>R$ ";"&%A"$ ,2$ 2%63+'+7,5#'$ *,#72+","9$.) $5',2,5#'';$
",72,I,5#2&$ 2%63+'+7,5#'$ 5#"%"$ K%3%$ 5@+"%2$ I3+A$
;)<"- =+(" <5-!"#$%(%'>?-@A+$B-CB+*+%,$O;$ !67%2%$ M($
H+;$%&$#'($BD/.`G($H@%"%$"5%2#3,+"$K%3%$"%'%5&%*$&+$
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4%64%"%3&$ #$ 74,#+$ "6%8&49:$ ,;$ 3%94,',<-8#'$
8,3+-&-,3"=$ "98>$ #"$ :9'&-6'%$ "8'%4,"-"=$ %6-'%6"?=$
"&4,@%=$ A#4@-3",3B"$ +-"%#"%=$ C'D>%-:%4B"$ +-"%#"%=$
#3+$ &4#9:#&-8$ 74#-3$ -3E94?($ !F%4?$ 8#"%$ G#"$
&>,4,9<>'?$ %H#:-3%+$ &,$ :#@%$ "94%$ -&$ +%6-8&%+$ #$
"-&9#&-,3$&>#&$G#"$8'-3-8#''?$4%#'-"&-8$#3+$ >#+$93-I9%$
+-#<3,"&-8$-""9%"$#3+$8,3"-+%4#&-,3"($
$
!!"#$%&'( )*'(&'(#+,-./0',/1 #
!F%4?$CJ$6'#&;,4:$G#"$<-F%3$&>%$"#:%$-369&$64,:6&$
-3$&>%$;,4:$,;$#$8>#&$"%""-,3$;,4$%F%4?$8#"%$"8%3#4-,($
K>%$CJ$"?"&%:"$G%4%$#7'%$&,$64,+98%$4%"6,3"%"$&>#&$
G%4%$G%''L-3;,4:%+$"-38%$&>-"$-369&$64,:6&$"966'-%+$
#+%I9#&%$ 8'-3-8#'$ 7#8@<4,93+($ M%8#9"%$ &>%$ CJ$
6'#&;,4:"$ G%4%3B&$ 64%&4#-3%+$ G-&>$ #3?$ 6#4&-89'#4$
8,::#3+$ "%&"$ ,4$ I9%"&-,3"=$ &>%-4$ 4%"6,3"%"$ 8,9'+$
7%$ %F#'9#&%+$ ,7E%8&-F%'?$ 7%8#9"%$ &>%?$ G%4%$ 7#"%+$
,3'?$,3$&>%-4$3#&94#'$8#6#7-'-&-%"($
$
2.-,3%4#251(/6 #
C8894#8?$#3+$8,:64%>%3"-F%3%""$-3$#3"G%4-3<$ &>%$
&>4%%$:#-3$I9%"&-,3"$-3$&>%$-369&$64,:6&$+%&%4:-3%+$
&>%$"8,4%$;,4$%#8>$CJ$6'#&;,4:B"$4%"6,3"%($K>-"$G#"$
&>%$"8,4-3<$"?"&%:.$

N#O$* $ 6,-3&"$ N";<"((",* O.$ P>%3$ #''$ &>4%%$
I9%"&-,3"�² &>%$ +-#<3,"-"=$ &>%$ 3%H&$
+-#<3,"&-8$"&%6=$&>%$:,'%89'#42<%3%&-8$7#"-"=$
,4$ &>%$ 3%H&$ &>%4#6%9&-8$ "&%6�² G%4%$
#3"G%4%+$8,44%8&'?($$

N7O$1$6,-3&"$N'%%=O.$ P>%3$ &G,$ I9%"&-,3"$ G%4%$
#3"G%4%+$#8894#&%'?($$

N8O$Q$6,-3&"$N>%="$)*" O.$P>%3$E9"&$,3%$I9%"&-,3$
G#"$#3"G%4%+$#8894#&%'?($$

N+O$/ $6,-3&$ N?"$@- A%%$O.$ P>%3$ %F%4?$ I9%"&-,3$
G#"$#3"G%4%+$G4,3<($$

$
K>-"$ <4#+-3<$ "?"&%:$ #'',G"$ ;,4$ #$ ",6>-"&-8#&%+$
%F#'9#&-,3$ ,;$ &>%$ CJ$ 6'#&;,4:"B$ 6%4;,4:#38%=$ &#@-3<$
-3&,$#88,93&$7,&>$&>%$#8894#8?$,;$+-#<3,"%"$#3+$&>%$
8,:64%>%3"-F%3%""$,;$&>%-4$4%"6,3"%"($
$
2(7(31(3.78#9%785131#
R%"84-6&-F%$"&#&-"&-8"$G%4%$8,:69&%+$;,4$&,&#'$"8,4%"=$
:%#3$ G,4+$ 8,93&=$ #3+$ -3+-F-+9#'$ +,:#-3$ #8894#8?($
K,$#""%""$3,4:#'-&?=$7,&>$S,':,<,4,F LT:-43,F$#3+$
T>#6-4,LP-'@$ &%"&"$ G%4%$ #66'-%+($ U-F%3$ &>%$
3,33,4:#'$ +-"&4-79&-,3$ ,;$ "8,4%"$ N#"$ %F-+%38%+$ 7?$
"-<3-;-8#3&$ALF#'9%"$ -3$ 7,&>$ &%"&"O=$ 3,36#4#:%&4-8$
:%&>,+"$G%4%$%:6',?%+($$
$
R-;;%4%38%"$ -3$ ,F%4#''$ 6%4;,4:#38%$ #84,""$ CJ$
6'#&;,4:"$G%4%$#3#'?D%+$9"-3<$&>%$S49"@#'LP#''-"$V$
&%"&=$;,'',G%+$7?$6,"&$>,8$6#-4G-"%$8,:6#4-",3"$G-&>$
M,3;%44,3-$8,44%8&-,3$;,4$:9'&-6'%$&%"&-3<($P,4+$8,93&$

+-;;%4%38%"$G%4%$+%"84-7%+$+%"84-6&-F%'?($!H6',4#&,4?$
"97<4,96$#3#'?"%"$G%4%$6'#33%+$&,$%F#'9#&%.$$

�x$ A%4;,4:#38%$ F#4-#&-,3$ 7?$ +-#<3,"&-8$
8#&%<,4?$ N%(<(=$ :,F%:%3&$ +-",4+%4"$ F"($
-3;%8&-,9"$+-"%#"%"O$$

�x$ W,44%'#&-,3$ 7%&G%%3$ G,4+$ 8,93&$ #3+$
#8894#8?$$

�x$ W,3"-"&%38?$ ,;$ 4%"6,3"%"$ #84,""$ 4%6%#&%+$
64,:6&"$$

$
V,G%F%4=$ +9%$ &,$ '-:-&%+$ "#:6'%$ "-D%$ #3+$ F#4-#7-'-&?$
-3$ ,9&69&$ "&498&94%=$ &>%"%$ #3#'?"%"$ G%4%$ +%%:%+$
%H6',4#&,4?$ #3+$ 3,&$ ;,4:#''?$ 4%6,4&%+$ -3$ &>%$ ;-3#'$
4%"9'&"($$
$
!363(7(3-%1#-:#(;/#2('05#</134% #
P>-'%$%;;,4&"$G%4%$:#+%$&,$:#-3&#-3$"&#3+#4+-D#&-,3=$
"%F%4#'$'-:-&#&-,3"$">,9'+$7%$#8@3,G'%+<%+.$$

�x$ CJ$ ,9&69&"$ G%4%$ -3;'9%38%+$ 7?$ F%4"-,3$
96+#&%"$ #3+$ 7#8@%3+$ 8>#3<%"$ +94-3<$ &>%$
"&9+?$6%4-,+($$

�x$ T,:%$ :,+%'"$ %H>-7-&%+$ F#4-#7-'-&?$ G>%3$
64,:6&%+$ :9'&-6'%$ &-:%"=$ '-:-&-3<$
4%64,+98-7-'-&?($$

�x$ X,$ ;,4:#'$ %H&%43#'$ F#'-+#&-,3$ +#&#"%&$ G#"$
9"%+($$

�x$ V9:#3 L'%F%'$ 8,:6#4-",3$ N%(<(=$ 4%"-+%3&$ F"($
CJO$G#"$3,&$-38'9+%+$79&$-"$4%8,::%3+%+$;,4$
;9&94%$G,4@($

$
=/1'8(1 #

$
K>%$ 7#"-8$ #""%"":%3&$ ,;$ CJ$ 6'#&;,4:$ 6%4;,4:#38%$
G#"$7#"%+$,3$#$+%&#-'%+$"8,4-3<$"?"&%:=$G-&>$%#8>$
,;$&>%$/)$"8%3#4-,"$G,4&>$#$:#H-:9:$,;$*$6,-3&"=$;,4$
#$ &,&#'$ 6,""-7'%$ "8,4%$ ,;$ Y0$ 6,-3&"($ C$ &>,4,9<>$
"?3,6"-"$,;$%#8>$CJ$:,+%'B"$6%4;,4:#38%$:%&4-8"$-"$
<-F%3$ -3$ K#7'%$ /($ W>#&UAK$ #8>-%F%+$ &>%$ >-<>%"&$
,F%4#''$ "8,4%$ ,;$ ZZ$ 6,-3&"=$ 8,44%"6,3+-3<$ &,$ #3$
-:64%""-F%$ Y[([[\$ #8894#8?($ R%%6T%%@$ 8',"%'?$
7%>-3+$ G-&>$ Z*$ 6,-3&"$ NY)())\O=$ "-<3-;?-3<$ "&4,3<$
6%4;,4:#38%($A%46'%H-&?$#&&#-3%+$&>-4+$6'#8%$G-&>$Z1$
6,-3&"$NY5(55\O($U,,<'%$U%:-3-$#8>-%F%+$[Z$6,-3&"$
NZ*(**\O=$ #3+$ W,6-',&$ ,7&#-3%+$ &>%$ ',G%"&$ ,F%4#''$
"8,4%$ ,;$ [5$ 6,-3&"$ NZ/(//\ ]$ C"$ -''9"&4#&%+$ -3$$
^-<94%$/O($
$
C''$ CJ$ :,+%'"$ %H>-7-&%+$ #$ "&%#+?$ :%+-#3$ "8,4%$ ,;$
*(00($ K>-"$ -3+-8#&%"$ &>#&$ -3$ #&$ '%#"&$)0\ $,;$ &>%$
#""%""%+$ 8#"%"=$ %#8>$ CJ$ 6'#&;,4:$ G#"$ #7'%$ &,$
+%'-F%4$ #3$ -:6%88#7'%$ 4%"6,3"%$ 7?$ 64%8-"%'?$
4%",'F-3<$ #''$ &>4%%$ %""%3&-#'$ %3I9-4-%".$ +-#<3,"-"=$
"97"%I9%3&$ +-#<3,"&-8$ #8&-,3=$ #3+$ &>%$ %3"9-3<$
&>%4#6%9&-82:,'%89'#42<%3%&-8$4#&-,3#'%($

$
$ $
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!"#$%&'&
;"$<%$=),>"-?"*$+>@-AB-CD-;()*<%$=-$

67$8,+%'$

9,&#'$
:;,4%$
<,=&$,>$

?0@$

A%4;%3&#B%$
<C@$

8%#3$
:;,4% $ 8%+-#3$ :&+($

D%E-#&-,3$ F#4-#3;%$ G#3B%$ :H%I3%"" $ J=4&,"-"$

KL#&MA9$5()$ NN$ ?*(** $ )(N* $ O(00$ 0()/O $ 0(PO*$ 0P$ �í5(N*5$ /)(000 $
D%%Q:%%H$67$ NO$ ?)()) $ )(*5 $ O(00$ /(055 $ /(0O* $ 01$ �í5(N*5$ /)(000 $

A%4Q'%R-&S$67$ N1$ ?5(55$ )(O0$ O(00$ 0(NPN$ 0(ONO$ 0P$ �í/(O*P$ 0(N?*$
M,,B'%$
M%T-3-$ *N$ NO(OO$ )(P0$ O(00$ /(*N/ $ 5(/*/ $ 0) $ �íP(0?N$ 5(/0* $

U-3B$K,Q-',&$ *5 $ N/(// $ 1(NO$ O(00$ P(0OO$ 1(PO*$ 0) $ �í/(1*N $ 0(5?P$
$
$

()*+,%& ' -$ ;$"@",*@-) - E)>"*"F- G%*- ;(%*- H%=I)$+,'- *J"- K%*)(- ;"$<%$=),>"- L>%$"@-) ,F-
&">%==",F)*+%,-C>>#$)>B-%<-E+M"-CD-?%F"(@/-
$

$
$
$
9L%$ "&#3+#4+$ +%E-#&-,3"$ -3$ ";,4%"$ +->>%4%+V$ I-&L$
KL#&MA9$ %RL-W-&-3B$ &L%$ ',I%"&$ E#4-#W-'-&S$ <0()/O@V$
"-B3->S-3B$ L-BL'S$ ;,3"-"&%3&$ Q%4>,4T#3;%$ #;4,""$ &L%$
";%3#4-,"($ 73$ ;,3&4#"&V$ K,Q-',&$ +%T,3"&4#&%+$ &L%$
L-BL%"&$"&#3+#4+$+%E-#&-,3$<P(0OO@V$-3+-;#&-3B$B4%#&%4$
E#4-#W-'-&S$ -3$ -&"$ Q%4>,4T#3;%$ #;4,""$ E#4-,="$
3%=4,',B-;#'$ ;,3+-&-,3"($ 9L%$ Q%4"-"&%3&$ 3%B#&-E%$
"H%I3%""$E#'=%"$<>4,T$�í/(1*N$>,4$K,Q-',&$&,$�í5(N*5$
>,4$ KL#&MA9$ #3+$ D%%Q:%%H@$ #;4,""$ #''$ T,+%'"$
-3+-;#&%$ &L#&$ &L%$ ";,4%$ +-"&4-W=&-,3$ I#"$ W-#"%+$

&,I#4+"$ &L%$ L-BL%4$ %3+V$ "=BB%"&-3B$ &L#&$ &L%$ 67$
Q'#&>,4T"$ B%3%4#''S$ %RL-W-&%+$ "&4,3B$ Q%4>,4T#3;%V$
I-&L$ #$ B4%#&%4$ ;,3;%3&4#&-,3$ ,>$ ";,4%"$ 3%#4$ &L%$
T#R-T=T$ Q,""-W'%$ E#'=%$ 4#&L%4$ &L#3$ ',I%4$ ";,4%"($
9L%$ %'%E#&%+$ H=4&,"-"$ E#'=%"$ >,4$ KL#&MA9$ #3+$
D%%Q:%%H$ </)(000@$ -3+-;#&%$ #$ "L#4Q'S$ Q%#H%+$
+-"&4-W=&-,3$ I-&L$ "=W"&#3&-#'$ &#-'"V$ "-B3->S-3B$ #$
&%3+%3;S$ >,4$ ";,4%"$ &,$ ;'="&%4$ #4,=3+$ &L%$ T%#3V$
#;;,TQ#3-%+$ WS$ #$ '-T-&%+$ 3=TW%4$ ,>$ %R&4%T%$
,=&'-%4"$<X-B=4%$P@($

$
& &
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!"#$%&' ()$;<"- =%$">*- ?(%*- @%AB)$">- CD>%(#*"- EF".,">>-) ,G- H#$*%>+>- CI$%>>- CJ- K%G"(>-
3@<)*L?; M- @%B+(%*M-N*I/4M- O+*<-) - P)><"G- Q+,"- ) *- 2- J,G+I)*+,'- E"R"$"- P"R+)*+%,/- J*- S+'<(+'<*>-
P+>*$+D#*+%,-J$$"'#()$+*+">M-C+G+,'-K%G"(-&"(+)D+(+*T-C>>">>A",*/-

-

$
$
$
*+%,-."/0'1&2/"3# '
63$,4+%4$&,$7-3+$&8%$4-98&$"&#&-"&-:#'$&%"&"$&,$:,;<#4%$
&8%$ <%47,4;#3:%$ ,7$ =6$ <'#&7,4;">$ ?%$ @"%+$ &8%$
A,';,9,4,B CD;-43,B$#3+$D8#<-4,CE-'F$&%"&"$&,$"%%$-7$
&8%$ +-"&4-G@&-,3$ ,7$ &8%$�µH#4F"�¶$I":,4%"J$ ?#"$ 3,4;#'$
7,4$%#:8$=6$<'#&7,4;($$
$
K#G'%$ L$ +%;,3"&4#&%"$ &8#&$ G,&8$ &8%$ A,';,9,4,BC
D;-43,B$#3+$D8#<-4,CE-'F$&%"&"$<4,+@:%+$"-93-7-:#3&$
B#'@%"$ IB$M$(00/J$ 7,4$ #''$ =6$ <'#&7,4;"($ =$BCB#'@%$
G%',?$ (0)$ "-93-7-%"$ #$ "&#&-"&-:#''N$ "-93-7-:#3&$
+-B%49%3:%$ 74,;$ #$ 3,4;#'$ +-"&4-G@&-,3($ K8@">$ &8%"%$
7-3+-39"$ B#'-+#&%$ &8#&$ &8%$ <%47,4;#3:%$ ;%&4-:"$ 7,4$
%#:8$ =6$ ;,+%'$ %O8-G-&%+$ #$ 3,33,4;#'$ +-"&4-G@&-,3($
K8-"$ +-":,B%4N$ -"$ "-93-7-:#3&$ #"$ -&$ 4%P@-4%"$ &8%$
#<<'-:#&-,3$ ,7$ 3,3<#4#;%&4-:$ "&#&-"&-:#'$ ;%&8,+">$
"@:8$ #"$ &8%$ A4@"F#'CE#''-"$ Q$ &%"&>$ 7,4$ 7@&@4%$
:,;<#4-",3"$ #;,39$ &8%$ =6$ "N"&%;">$ 9-B%3$ &8#&$
&8%"%$&%"&"$+,$ 3,&$<4%"@;%$#$ 3,4;#'$+-"&4-G@&-,3$ ,7$
&8%$+#&#($
$
45-%-6/&%"2/"62'+7'8&%9-.':$/;$/ '
63$ #++-&-,3$ &,$ #::@4#:N>$ &8%$ "&@+N$ #3#'NR%+$ &8%$
:8#4#:&%4-"&-:"$ ,7$ &8%$ B%4G#'$ ,@&<@&$ <4,+@:%+$ GN$
%#:8$ =6$ <'#&7,4;($ K#G'%$ 5$ <4%"%3&"$ &8%$ #994%9#&%$
?,4+$ :,@3&$ #3+$ &8%$ #B%4#9%$ ?,4+$ :,@3&$ <%4$
4%"<,3"%>$ -3:'@+-39$ &8%-4$ :,44%"<,3+-39$ "&#3+#4+$
+%B-#&-,3"($$
$

S%%<D%%F$ =6$ 4%9@'#4'N$ 9%3%4#&%+$ &8%$ ;,"&$
%O&%3"-B%$ 4%"<,3"%">$ #B%4#9-39$ 1**(1$ ?,4+"$ %#:8$
4%"<,3"%($ T8#&UVK$ 4#3F%+$ #"$ &8%$ "%:,3+$ ;,"&$
B%4G,"%>$ #B%4#9-39$ 1LW(X0$ ?,4+"$ <%4$ 4%"<,3"%>$
?8-'%$ U,,9'%$ U%;-3-$ <4,+@:%+$ 4,@98'N$ 5YW(0X$
?,4+"$ 7,4$ %#:8$ 4%"<,3"%($ T,3B%4"%'N>$ T,<-',&$ #3+$
V%4<'%O-&N$ ,77%4%+$ "-93-7-:#3&'N$ ;,4%$ "8,4&$
4%"<,3"%">$?-&8$#B%4#9%$?,4+$:,@3&"$,7$L5*(*X$#3+$
L10(55>$ 4%"<%:&-B%'N($ K8%$ "&#3+#4+$ +%B-#&-,3$ ,7$
S%%<D%%F$ =6$ I1*(LW)J$ "-93-7-%"$ #$ B%4N$ @3-7,4;$
4%"<,3"%$ '%39&8>$ +%"<-&%$ #3$ %'%B#&%+$ ?,4+$ :,@3&>$
-3+-:#&-39$ #$ ;%&8,+-:#'$ #<<4,#:8$ &,$ &8,4,@98$
4%"<,3"%"($ V%4<'%O-&N>$ #'G%-&$ 9%3%4#&-39$ "8,4&%4$
4%<'-%">$ +%;,3"&4#&%+$ ;#49-3#''N$ 94%#&%4$ B#4-#G-'-&N$
I)W()/5J$ -3$ 4%"<,3"%$ '%39&8$ &8#3$ T,<-',&($ K8%$
+-":4%<#3:-%"$ -3$ B,:#'$ ,@&<@&$ ;#N$ -3+-:#&%$ +-77%4-39$
+%94%%"$ ,7$ :,;<'%O-&N>$ %O<'#3#&,4N$ +%<&8>$ ,4$
B%4G,"-&N$ -3$ &8%$ =6Z"$ <4%"%3&#&-,3$ ,7$ +-#93,"&-:$ #3+$
&8%4#<%@&-:$-37,4;#&-,3($
$
15&%-;&$/"6'<&6+,,&3=-/"+3'>66$%-60 '
=""%""-39$ &8%$ #::@4#:N$ ,7$ %#:8$ =6$ <'#&7,4;Z"$
&8%4#<%@&-:$ #+B-:%$ ?#"$ #$ :4@:-#'$ :,;<,3%3&$ ,7$ &8%$
"&@+N($K#G'%$)$+%;,3"&4#&%"$,@&"&#3+-39$%77-:#:N$-3$
&8%4#<%@&-:$ 4%:,;;%3+#&-,3"$ GN$ S%%<D%%F$ =6>$
T8#&UVK$5()>$#3+$U,,9'%$U%;-3->$%#:8$#&&#-3-39$#$
7'#?'%""$ /00[$ #::@4#:N$ 4#&%$ GN$ +%'-B%4-39$ /)$
#::@4#&%$ 4%:,;;%3+#&-,3"$ ,@&$ ,7$ /)>$ ?-&8,@&$ #3N$
%44,3%,@"$ "@99%"&-,3"($ V%4<'%O-&N$ =6$ %O8-G-&%+$
4,G@"&$<%47,4;#3:%>$#&&#-3-39$#$W5(5[$#::@4#:N$4#&%$
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6-&7$ /1$ 8,44%8&$ 4%8,99%3+#&-,3"$ #3+$ 9%4%':$ /$
%44,3%,;"$ ,3%($ <,=-',&$ %>7-?-&%+$ &7%$ ',6%"&$
#88;4#8:$ -3$ &7-"$ #4%#@$ #87-%A-3B$ /C$ 8,44%8&$ #3+$ 5$
-38,44%8&$ 4%8,99%3+#&-,3"@$ 8;'9-3#&-3B$ -3$ #3$ D0E$

#88;4#8:$ 4#&%$ FG-B;4%$ 5H($ I7-"$ J-3+-3B$ ;3+%4"8,4%"$
&7%$ %>8%=&-,3#'$ 4%'-#?-'-&:$ ,J$ '%#+-3B$ KL$ 9,+%'"$ -3$
=4,+;8-3B$ =4%8-"%$ &4%#&9%3&$ 4%8,99%3+#&-,3"@$ #3$
%""%3&-#'$%'%9%3&$-3$8'-3-8#'$3%;4,',B:($

$
$
!"#$%&' &
!%$;)(+*<-=">*>-3?%(;%'%$%@�±A;+$,%@-),B-AC)D+$%�±E+(F4-$

KL$M,+%'$ NO$O&#&$ NO$+J$ NO$O-B($ OP$O&#&$ OP$+J$ OP$O-B($

<7#&QRI$5()$ 0()5) $ /) $ (000$ 0(CD1$ /) $ (000$

S%%=O%%T$KL$ 0()5) $ /) $ (000$ 0(CD1$ /) $ (000$

R%4='%>-&:$KL$ 0(1D)$ /) $ (000$ 0(1** $ /) $ (000$
Q,,B'%$Q%9-3-$ 0(1U5$ /) $ (000$ 0()05 $ /) $ (000$

V-3B$<,=-',&$ 0(11C$ /) $ (000$ 0()U5$ /) $ (000$
$
$
!"#$%&( &
E%$B-G%#,*-A#;;)$<-%H-IJ-&">D%,>">-$
KL$M,+%'$ I,&#'$P,4+$<,;3& $ M%#3$P,4+"$=%4$W%"=,3"%$ O&#3+#4+$S%A-#&-,3$

S%%=O%%T$KL$ U5CX$ 1DD(10$ 1D(C*)$

<7#&QRI$5()$ X111$ 1C*(X0$ U0(X5C$
Q,,B'%$Q%9-3-$ )XDX$ 5U*(0X$ )U(C5/$

R%4='%>-&:$KL$ 5X0)$ C10(55$ )*()/5 $
V-3B$<,=-',&$ 5)D5$ C5D(DX$ 10(0)* $
$
$
!"#$%&) &
K+)',%>*+L-ILL#$)L<-M@"$@+".-$

KL$M,+%'$ <,44%8&$K3"6%4"$F,;&$,J$1)H$ KA%4#B%$O8,4%$ L38,44%8&$W%8,99%3+#&-,3"$

<7#&QRI$5()$ 11$ C(*5$ 0/ $
S%%=O%%T$KL$ 15$ C(DX$ 0C$

R%4='%>-&:$KL$ 1C$ C(D0$ 05$
Q,,B'%$Q%9-3-$ 5D$ C()5$ 0U$

V-3B$<,=-',&$ 5C$ C(/5$ /5 $
$ $
$
!"#$%&* &
=C"$)D"#*+L-&"L%;;",B)*+%,-ILL#$)L< $

KL$M,+%'$ <,44%8&$W%8,99%3+#&-,3"$ L38,44%8&$W%8,99%3+#&-,3"$ K88;4#8:$FEH$

<7#&QRI$5()$ /) $ 0$ /00E $

S%%=O%%T$KL$ /) $ 0$ /00E $

Q,,B'%$Q%9-3-$ /) $ 0$ /00E $
R%4='%>-&:$KL$ /1 $ / $ *5(5E $

V-3B$<,=-',&$ /C$ 5$ D0E$
$
$

http://www.neuroregulation.org/


!""# $%&$#'($$ !"#$%&"'#()*+%, ! !

!

-
)* !"!.../,"#$%$"'#()*+%,/%$' - 0%(/-12314567�±87--9: 98- +,-./*(/001*234( / 5(/ (01!
-

!"#$%&'()-;<"-=")*>)?-@<%.A-BC-D%E"(AF-&"G%>>",E)*+%,-BGG#$)GHI-J+*<-K<)*LM; I-L">+,+I-
) ,E-N""? @""O-@G%$+,'-M"$P"G*(H-316Q16-K%$$"G*4I-J<+("-K%?+(%*-319Q164-) ,E-M"$?("R+*H-317Q164-
=)E-D+,%$-S$$%$A/$

$
$
$
*+,&%&+-"./'0-.-"1-"2./'3+./41"1 '
6$ 78-9":;#4%$ &%"&$ ,<$ -3+%=%3+%3>%$ #3+$ #$$
?4;"@#'9A#''-"$ B$ &%"&$ C%4%$ =%4<,4D%+$ &,$ &8,4,;E8'F$
%G#';#&%$ &8%$ "&#&-"&->#'$ "-E3-<->#3>%$ ,4$ 4#3+,D$
>8#3>%$ ,<$ &8%$ ,H"%4G%+$ =%4<,4D#3>%$ +-<<%4%3>%"$
#>4,""$&8%$6I$"F"&%D"($
$
6$ 78-9":;#4%$ &%"&$ ,<$ -3+%=%3+%3>%$ C#"$ >,3+;>&%+$
&,$ %J#D-3%$ &8%$ 4%'#&-,3"8-=$ H%&C%%3$ &8%$ ;"%+$ 6I$
='#&<,4D$#3+$&8%$#>8-%G%+$+-#E3,"&->$#>>;4#>F($K8%$
"&;+F$=4,+;>%+$#$3,3"-E3-<->#3&$4%";'&L$�$MN1L$! -O$P0Q$
O$ 1(R10L$ C-&8$ #$?9G#';%$ ,<$ (5P1($ S-3>%$ &8%$?9G#';%$
N(5P1Q$ -"$ "-E3-<->#3&'F$ #H,G%$ &8%$ &4#+-&-,3#'$
�V�L�J�Q�L�I�L�F�D�Q�F�H���W�K�U�H�V�K�R�O�G���R�I���.$O$(*0L$&8%$3;''$8F=,&8%"-"$
,<$3,$"-E3-<->#3&$4%'#&-,3"8-=$H%&C%%3$&8%$6I$='#&<,4D$
#3+$ +-#E3,"&->$ #>>;4#>F$ -"$ >,3<-4D%+($ K8-"$ <-3+-3E$
-3+->#&%"$ &8#&L$ "&#&-"&->#''FL$ &8%$ +-"&4-H;&-,3$ ,<$
+-#E3,"&->$ #>>;4#>F$ +,%"$ 3,&$ "-E3-<->#3&'F$ +-<<%4$
#D,3E$ &8%$ G#4-,;"$ 6I$ ='#&<,4D"$ #""%""%+$ -3$ &8-"$
"&;+F($
$
6++-&-,3#''FL$ #$ 3,3=#4#D%&4->$-3+%=%3+%3&9" #D='%"$
?4;"@#'9A#''-"$ B$ &%"&$ C#"$ ;&-'-T%+$ &,$ %G#';#&%$ &8%$
,G%4#''$ =%4<,4D#3>%$ ">,4%"$ ND#4@"Q$ #D,3E$ &8%$

G#4-,;"$>#&%E,4-%"$,<$6I$='#&<,4D"L$#"$&8%$3,4D#'-&F$
&%"&"$ NK#H'%$ RQ$ 4%G%#'%+$ #$ 3,33,4D#'$ +#&#$
+-"&4-H;&-,3($ K8%$ "F3,="-"$ ,<$ &8-"$ 8F=,&8%"-"$ &%"&$ -"$
+%<-3%+$ -3$ K#H'%$ )$ #3+$ K#H'%$ P($ K8%4%$ C#"$ 3,$
"&#&-"&->#''F$ "-E3-<->#3&$ +-<<%4%3>%$ -3$ &8%$ 6I$ ='#&<,4D$
=%4<,4D#3>%$">,4%"L$#>>,4+-3E$&,$&8%$?4;"@#'9A#''-"$
B$&%"&$4%";'&"$NK#H'%$�����D�Q�G�����������Z�L�W�K���D���$RN1L$! $O$P0Q$O$
5(UP0$ #3+$ #$?9G#';%$ ,<$ (1R5($ K8%$?9G#';%$ N(1R5Q$
#H,G%$ &8%$ =4%%"&#H'-"8%+$ "-E3-<->#3>%$ '%G%'$ ,<$$
�.$O$(*0L$ ";==,4&-3E$ &8%$ 3;''$ 8F=,&8%"-"$ &8#&$ &8%$
+-"&4-H;&-,3$ ,<$D#4@"$ -"$ >,3"-"&%3&$ #>4,""$ #''$ 6I$
>#&%E,4-%"($ K8-"$ "&#&-"&->#'$ 4%";'&$ -3+->#&%"$ &8#&L$
#'&8,;E8$&8%4%$#4%$3;D%4->#'$>8#3E%"$-3$&,&#'$">,4%"$
#3+$ =%4>%3&#E%"$ N#"$ -'';"&4#&%+$ -3$ K#H'%$ /QL$ &8%"%$
+-<<%4%3>%"$#4%$-3";<<->-%3&$&,$H%$+%%D%+$"&#&-"&->#''F$
"-E3-<->#3&($ 7,3"%:;%3&'FL$ &8%$ >,D=4%8%3"-G%$
"&#&-"&->#'$#3#'F"-"$-3+->#&%"$&8#&$&8%$=%4<,4D#3>%$,<$
&8%$ #""%""%+$ 6I$ ='#&<,4D"$ -3$ #-+-3E$ 3%;4,',E->#'$
+-#E3,"-"$#3+$";EE%"&-,3"L$C-&8-3$&8%$=#4#D%&%4"$,<$
&8-"$ "&;+FL$ +-+$ 3,&$ %J8-H-&$ "-E3-<->#3&$ +-<<%4%3>%"$
NV-E;4%$ 1Q($ K8%4%<,4%L$ -3$ #>>,4+#3>%$ C-&8$ &F=->#'$
3,3=#4#D%&4->$ #3#'F"-"$ =4,&,>,'"L$ 3,$ =,"&$ 8,>$
=#-4C-"%$W#339A8-&3%F$X$&%"&"$C%4%$=%4<,4D%+$+;%$
&,$&8%$3,3"-E3-<->#3&$,G%4#''$&%"&$,;&>,D%($

$
$
5.6/&' 7'
T$#AO)(UJ)((+A-=-;"A*-@#>>)$H-3=H?%*<"A+A-;"A*4$

Y;''$BF=,&8%"-"$ K%"&$X"%+$ ?9G#';%$ Z%>-"-,3$

K8%$+-"&4-H;&-,3$,<$D#4@"$-"$&8%$"#D%$
#>4,""$6I$='#&<,4D"$ ?4;"@#'9A#''-"$K%"&$ (1R5$ [%&#-3$3;''$8F=,&8%"-"$

$
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!"#$%&' &
;$#<=)(>?)((+<-@"*)+("A-B#*C#*$

6&#&-"&-7$ 8#'9%$

:,&#'$; $ <0$

:%"&$6&#&-"&-7$=�$�ð>$ 5(?<0$

@%A4%%"$,B$C4%%+,D$ 1$
E"FDG&,&-7$6-A3-B-7#37%$ /(1H5$

E+I9"&%+$B,4$&-%"$ J%"$
K,"&$L,7$7,DG#4-",3" $ ;,&$G%4B,4D%+$
$
$

()*+,%&-.$D)$)(("(-E%%$A+,)*"<-D(%*-E%FC)$+,'-*G"-D"$H%$F),I"-%H-J+K"-LM-N),'#)'"-O%A"(<-
3EG)*PDQR-E%C+(%*R-@""CS""= R-P%%'("-P"F+,+R-) ,A- D"$C("T+*U4-LI$%<<-J%#$-;"U-O"*$+I<5-Q%*)(-
SI%$"R-LII#$)IU- D"$I",*)'" R-SI%$"- S*)V+(+*U-3M,K"$<"-%H- S*),A)$A- @"K+)*+%,4R-) ,A- !%$F)(+*U-
3W)<"A-%,- *G"-SG)C+$%>?+(=-S*)*+<*+I4/$$

$

$
/01%.$E''$ M#'9%"$ #4%$ 3,4D#'-N%+$ &,$ #$ /�±*$ "7#'%$ &,$ %3#O'%$ +-4%7&$ 7,DG#4-",3$ #74,""$
+-D%3"-,3"($ :L-"$ M-"9#'-N#&-,3$ L-AL'-AL&"$ &L%$ D9'&-+-D%3"-,3#'$ M#4-#O-'-&F$ -3$ D,+%'$
G%4B,4D#37%($

$
$

2)34+33)05 &
$
P3%$ ,B$ &L%$ D,"&$ %Q7-&-3A$ +%M%',GD%3&"$ -3$
7,3&%DG,4#4F$D%+-7-3%$-"$&L%$-37,4G,4#&-,3$,B$ER$-3&,$
7'-3-7#'$ +%7-"-,3SD#T-3A($ P94$ "-+%SOFS"-+%$
7,DG#4-",3$ ,B$ B-M%$ U%''S'-T%+$ ER$ &,,'"�² VL#&WK:X$
Y-74,",B&$ V,G-',&X$ @%%G6%%TX$ W,,A'%$ W%D-3-X$ #3+$
K%4G'%Q-&F�² +%D,3"&4#&%"$ 7,3"-+%4#O'%$ +-BB%4%37%"$
-3$ &L%-4$ 7#G#7-&F$ B,4$ D#T-3A$ G4%7-"%$ 3%94,',A-7#'$
+-#A3,"%"X$"9AA%"&-3A$4%'%M#3&$+-#A3,"&-7$&%"&"X$#3+$
G4,G,"-3A$&4%#&D%3&$G'#3"($
$

6%,70,8"54%&9 :%,:)%; &
PB$ &L%$ D,+%'"$ &L#&$ U%4%$ &%"&%+X$ VL#&WK:$ U#"$ &L%$
D,"&$ G4%7-"%$ U-&L$ Z<(<<[X$ 7',"%'F$ B,'',U%+$ OF$
@%%G6%%T$U-&L$Z0(00[$#3+$K%4G'%Q-&F$U-&L$Z5(55[($
E''$&L%"%$D,+%'"$7,3"-"&%3&'F$#3"U%4%+$&L%$UL,'%$,B$
&L%$ G4,DG&\"$ &L4%%$ G#4&".$ +-#A3,"-"X$ 3%Q&$ +-#A3,"&-7$
&%"&X$#3+$&L%4#G%9&-7$,4$D,'%79'#4$O#"-"($ :L%-4$ L-AL$
G%4B,4D#37%$ -3+-7#&%"$ &L#&$ &L%F$ #4%$ #+%G&$ #&$
D-D-7T-3A$D9'&-B#7%&%+$7'-3-7#'$4%#",3-3AX$%"G%7-#''F$
-B$ G4,M-+%+$ U-&L$ U%''SB,4D#&&%+$ 7#"%$ M-A3%&&%"$ B4,D$
E)<"-J+("<5-!"#$%(%'UR-QG+$A-XA+*+%,($
$
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78%$ 5%"9,4"%"$ :%4%5#&%+$ ;<$ =,,:'%$ =%>-4-$
?@)())AB$ #4+$ C,9-',&$ ?@/(//AB$ D%5%$ >,5%$
-4E,4"-"&%4&($ F'&8,G:8$ ;,&8$ >,+%'"$ #EEG5#&%'<$
+-#:4,"%+$ 4G>%5,G"$ -4"&#4E%"H$ &8%<$ ,I&%4$ '%I&$ ,G&$
E5-&-E#'$ +-#:4,"&-E$ ,5$ &8%5#9%G&-E$ +%&#-'"H$ 9#5&-EG'#5'<$
I,5$ '%""$ D%''JK4,D4$ E,4+-&-,4"$ "GE8$ #"$$
C5%G&LI%'+&JM#K,;$ +-"%#"%$ ?CMNBH$ E85,4-E$
-4I'#>>#&,5<$ +%><%'-4#&-4:$ 9,'<4%G5,9#&8<$ ?CONPBH$
#4+$#><,&5,98-E$'#&%5#'$"E'%5,"-"$?FQRB($
$
78%$ 5%"G'&"$ ,I$ &8-"$ "&G+<$ #5%$ -4$ #:5%%>%4&$ D-&8$
95%S-,G"$ "&G+-%"$ &8#&$ #'&8,G:8$ '#5:%$ '#4:G#:%$
>,+%'"$ ?QQT"B$ >#<$ 8#S%$ UG4-,5$ 5%"-+%4&J'%S%'$
9%5I,5>#4E%$ -4$ E%5&#-4$ +-#:4,"&-E$ &#"K"H$ &8%-5$
5%'-#;-'-&<$-"$8-:8'<$E,4+-&-,4#'$,4$;,&8$&8%$E,4+-&-,4V"$
E,>9'%W-&<$#"$D%''$#"$&8%$-49G&$XG%"&-,4V"$"9%E-I-E-&<$
?T,&#$%&$#'(H$*0*6Y$RG5-#4#5#<#4#4$%&$#'(H$*0*6B($
$
!"#$%&%'()*+,'&%'*-(*.+/0&"1-0"1'+2"3*4. +
O4$ "9-&%$ ,I$ &8%$ S#5-#&-,4$ -4$ #EEG5#E<H$ "&#&-"&-E#'$
#4#'<"-"$ E,4+GE&%+$ G"-4:$ &8%$ Z5G"K#'J[#''-"$ &%"&$
"8,D%+$ &8%$ #;"%4E%$ ,I$ #$ "-:4-I-E#4&$ +-II%5%4E%$
,S%5#''$ #>,4:$ &8%$ FO$ 9'#&I,5>"$ ?; $\$ (2*6BH$ D8-E8$
>%#4&$ #''$ &8%$ >,+%'"$ ,9%5#&%+$ D-&8-4$ #$ I#-5'<$
E,>9#5#;'%$ 5#4:%$ ?R#8G$%&$ #'(H$ *0**B($ ]G#'-&#&-S%$
#4#'<"-"$,I$&8%$"&5GE&G5%$#4+$+%9&8$,I$&8%$5%"9,4"%"H$
8,D%S%5H$"8,D%+$4,&-E%#;'%$+-II%5%4E%".$
$
^,&8$ C8#&=P7$ #4+$ N%%9R%%K$ :#S%$ ',4:%5H$ >,5%$
%W9'#4#&,5<$ 5%"9,4"%"H$ D8-E8$ E,4&5-;G&%+$ &,$ 8-:8%5$
#EEG5#E<$ ;G&$ >-:8&$ ;%$ +#G4&-4:$ I,5$ G"%5"$ "%%K-4:$
E,4E-"%$ "G>>#5-%"($ P%59'%W-&<$ #4+$ =%>-4-$ I#S,5%+$
E,4E-"%4%""H$ %48#4E-4:$ 5%#+#;-'-&<$ ;G&$ ",>%&->%"$
#&$&8%$E,"&$,I$+-#:4,"&-E$#EEG5#E<($C,9-',&$"&5G::'%+$
&,$ :%4%5#&%$ 8-:8'<$ "&5GE&G5%+H$ %S-+%4E%J;#"%+$
5%E,>>%4+#&-,4"H$8%4E%$%W9,"-4:$9,&%4&-#'$I'#D"$-4$
-&"$ "&,5%$ ,I$ >%+-E#'$ -4I,5>#&-,4($ 78%$ 5%"G'&"$
%>98#"-L%$ &8%$ 4%E%""-&<$ ,I$ #E8-%S-4:$ #$ ;#'#4E%$
;%&D%%4$ 95%E-"-,4$ #4+$ 95#E&-E#'-&<$ -4$ FOJ"G99,5&%+$
+-#:4,"&-E$ 95,E%""%"($ F'&8,G:8$ %W&%4"-S%$ ,G&9G&"$
>#<$ %48#4E%$ #EEG5#E<H$ &8%<$ >G"&$ E,4EG55%4&'<$
5%>#-4$ -4&%595%&#;'%$ #4+$ #E&-,4#;'%$ I,5$ 8%#'&8E#5%$
95,I%""-,4#'"$?Z#G5$%&$#'(H$*0*0B($
$
53)%6'%-*.+"7+5&'(7(8(%4+96'*44(-*68*+(6+
:*1&"4"-(8%4+;(%-6".(. +
78-"$5%"%#5E8$+%&%5>-4%+$&8%$I,'',D-4:$;%4%I-&".$
$
!"##$% &'$% ())*+*#'+, -$FO$ >,+%'"$ 95,E%""%+$ %#E8$
E#"%$ -4$ #$ >#&&%5$ ,I$ "%E,4+"H$ %4#;'-4:$$
XG-EK$ 8<9,&8%"-"$ :%4%5#&-,4$ #4+$ +-II%5%4&-#'$$
4#55,D-4:�² S-&#'$ -4$ &->%JE5-&-E#'$ 4%G5,',:-E#'$
%>%5:%4E-%"$ "GE8$ #"$ "G;#5#E84,-+$ 8%>,558#:%$ ,5$
=G-''#-4Ĵ #55_$"<4+5,>%($
$

./'0*01#'+, -$̀ 4'-K%$ 8G>#4$ %W9%5&"$ D8,$ >-:8&$ ;%$
->9#E&%+$ ;<$ I#&-:G%$ ,5$ E,:4-&-S%$ ;-#"H$FO$95,S-+%"$
E,4"-"&%4&$ 5%"9,4"%"$ ;#"%+$ ,4$ #S#-'#;'%$
-4I,5>#&-,4($
$
2++#00*3*4*1,-$ 78%"%$ &,,'"$ 95,S-+%$ 8-:8J'%S%'$
-4I,5>#&-,4$ &,$ 4,4%W9%5&$ -4+-S-+G#'"$ #4+$ -4$$
5%",G5E%J9,,5$ %4S-5,4>%4&"H$ D-&8$ &8%$ 9,&%4&-#'$ &,$
E',"%$ :#9"$ -4$ :',;#'$ 4%G5,',:<$ E#5%$ ?aG+-%$%&$ #'(H$
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;4&-I-7-#'$ -3&%''-@%37%$I,4$Y4#-3$+-"%#"%".$ ;$ ":"&%8#&-7$4%V-%J($
=GP- I +%",'+,""$+,'<- 7 F*GB$ ;4&-7'%$ 0*/105($ 9&&?".22+,-(,4@$
2/0(/0)521(00//)=> $

E9%3B$S(B$\9#3@B$X($S(B$S-#3@B$U(B$X9%3B$S(B$E,3@B$S(B$]-6B$\(B$^%B$
\(B$O,3@B$E($_(B$[#3@B$Q(P̂ (B$D$C-3@B$O(PZ($F<0/=G($;4&-I-7-#'$
-3&%''-@%37%$V%4"6"$7'-3-7-#3"$-3$+-"%#"%$+-#@3,"-".$E:"&%8#&-7$
4%V-%J($KH>&- H"?+A)(- >,L%$C)*+A@<- OF5GB$;4&-7'%$%/00/0($
9&&?".22+,-(,4@2/0(</=)2/00/0$

E9,K4#3B$C(B$H"'#8B$C($E(B$D$[%4+,6"-B$S($F<0<1G($^#43%""-3@$;H$
#+,?&-,3$ -3$ &9%$ J,4KI,47%$ #$ ?#&9J#:$ &,$ "6"&#-3#Y'%$
7,8?%&-&-V%$ #+V#3&#@%$ &94,6@9$ -3&%''-@%3&$ +%7-"-,3P8#K-3@$
#3+$"K-''$&4#3"I,48#&-,3($=C"$+A),-K%#$,)(-%L-QA%,%C+A@-),?-
I#@+,"@@- H),)'"C",*<- R F5GB$ =1*�±=>)($

9&&?".22@',Y#'4%"%#4793%&J,4K(6"2-3+%`(?9?2#a%Y82#4&-7'%2V-%J
25511$

E64-#3#4#:#3#3B$X(B$]#J4%37%B$S($S(B$X9%''-#9B$Q($A(B$Q4#K#"9B$!(B$
D$ ^%J#@%B$ X($ F<0<5G($ X,3V%4@%37%$ ,I$ #4&-I-7-#'$ -3&%''-@%37%$
#3+$ 3%64,"7-%37%$ &,J#4+"$ &9%$ +-#@3,"-"$ ,I$ 3%64,',@-7#'$
+-",4+%4"�² ; $ "7,?-3@$ 4%V-%J($;",@%$@<- 92F)GB$ 50)<($
9&&?".22+,-(,4@2/0(55=02"<50)50)<$

b,:B$ !($ X(B$ E-8?",3B$ !($ Q(B$ C#37-#"B$ Q(B$ [644$ E&-88-3@B$ !($ !($
F<0/RG($N)@"-S+("@5-!"#$%(%'E<-JM+$?-Q?+*+%,($C7L4#J$^-''($$

b:#@-B$ _(B$ D$ E9#48#B$ Q($ Z($ F<0</G($ ;4&-I-7-#'$-3&%''-@%37%.$ ;3$
%8%4@-3@$#??4,#79$-3$9%#'&97#4%($H3$=$*+L+A+)(-+,*"((+'",A" $F??($
>/ �±=<G($ XAX$ Q4%""($ 9&&?".22+,-(,4@2/0(55R=$
2I+@&9(<0<1(/)**0*/$

N#'%4-,B$ S($ !(B$ ;@6-44%$ N%4#B$ L($ +($ S(B$ [%43#3+%W$ L,8%WB$C($ Q(B$
\68#%&#B$ S(B$ D$ ;'V#4%WPQ-3W,3B$ ;($ C($ F<0<1G($ ;HP+4-V%3$
#+V#37%"$ -3$Q�D�U�N�L�Q�V�R�Q�¶�V�� �G�L�V�H�D�V�H�� �Q�H�X�U�R�V�X�U�J�H�U�\����! 39#37-3@$
?#&-%3&$ "%'%7&-,3B$ &4-#'$ %II-7-%37:B$ #3+$ &9%4#?%6&-7$ ,6&7,8%"($
I$)+,- ;A+",A"@<- 16F1GB$ *=*($9&&?".22+,-(,4@2/0(55=0$
2Y4#-3"7-/1010*=*$

O,4'+$ ^%#'&9$ c4@#3-W#&-,3($ F<0<5G($TUV- L$)C".%$W- L%$-
C"),+,'L#(- ",')'"C",*- %L- D"%D("- (+B+,'- .+*M-
,%,A%CC#,+A)X("- ?+@")@"@<- ),?- C",*)(- M")(*M- ),?-
,"#$%(%'+A)(-A%,?+*+%,@($O,4'+$^%#'&9$c4@#3-W#&-,3($

_#3@B$A(B$]-6B$d(B$\9#,B$\(B$\9#,B$_(B$D$S-3B$d($F<0<1G($U64+%3$,I$
3%64,',@-7#'$ +-"%#"%"$ -3$ ;"-#B$ I4,8$ /==0$ &,$ <0</$ #3+$ -&"$
?4%+-7&%+$ '%V%'$ &,$ <0*1.$; $@',Y#'$ Y64+%3$ ,I$ +-"%#"%$ "&6+:($
IHN- G#X(+A-U")(*M<- 96F/GB$ ;4&-7'%$ >0)($ 9&&?".22+,-(,4@$
2/0(//R)2"/<RR= P0<1P</=<RP=$

\%YB$ E(B$ M-W#86''#9B$ [(B$ ;YY#"-B$ M(B$ D$ [#9#+B$ C($ F<0<*G($ ;H$ -3$
9%#'&97#4%.$A%V,'6&-,3-W-3@$ +-#@3,"-"$ #3+$ &9%4#?:($
>,*"$,)*+%,)(- K%#$,)(- %L- H#(*+?+@A+D(+,)$E- ;A+",A"@- ),?- =$*@<-
2F5GB$//R�±/<R($9&&?".22+,-(,4@2/0(*>>0=2-a8+"#(V5-5(*1*)$

$
$
!"#"$%"&' $;6@6"&$5B$<0<1$
(##")*"&' $E%?&%8Y%4$<5B$<0<1$
+,-.$/0"&' $C#479$5/ B$<0<) $

$
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/01-2%,34$,5627%,839-$6:;3/<$775#=21;3>-%?$,=;3@/>3
A77=B=3@,%C1-5%7D;3/6-:-%51;3>-%?$,=;3@/>3
9-=,#34=,D$,3@,%C1-5%7D;3E0$1,%F;3>-%?$,=;3@/>3
/$,$-=,3@,%C1-5%7D3$G3H1=2703/<%1,<15;3I1J:1;3>-%?$,=;3@/>3
K6221-3I01$2$8%<=23/1J%,=-D;3E0$1,%F;3>-%?$,=;3@/>3
L$C=3I1<03MM9;3N,<;3O15=;3>-%?$,=;3@/>3
3

!"#$%&'$(

)*$%+,-'$.+* /3 P15:%713 %,<-1=5%,83 #%C1-5%7D3 %,3 :=7%1,73 :$:62=7%$,53 =,#3 #$<6J1,71#3 01=2703 #%5:=-%7%15;3 7013
,16-$-1862=7%$,3 G%12#3 0=53 8%C1,3 J%,%J=23=771,7%$,37$3<6276-=23G=<7$-53%,G261,<%,83 7-1=7J1,73=<<155;31,8=81J1,7;3
=,#3$67<$J15)301$2+,# /3I0%53=-7%<213-1C%1B531F%57%,832%71-=76-131F=J%,%,83<6276-=23G=<7$-53=<-$553,16-$-1862=7%$,3
J$#=2%7%153 Q,16-$G11#R=<S;3 7-=,5<-=,%=23 121<7-%<=23 57%J62=7%$,;3 :0$7$R%$J$#62=7%$,;3 :1-%:01-=23 R%$G11#R=<ST3 =,#3
5D,7015%?153701$-17%<=23G-=J1B$-S53G-$J3<6276-=23,16-$5<%1,<1;3<6276-=2306J%2%7D;3=,#301=2703#%5:=-%7%153-151=-<0)3
31#-4$#/3U%71-=76-13-1C%1B3-1C1=25357-%S%,83:=6<%7D3$G3<6276-=23<$,5%#1-=7%$,53-151=-<03=<-$553=223,16-$-1862=7%$,3
J$#=2%7%15)3 V0%213 G6,#=J1,7=23 :0D5%$2$8%<=23 J1<0=,%5J53 Q$:1-=,73 <$,#%7%$,%,8;3 ,16-$:2=57%<%7D;3 =67$,$J%<3
-1862=7%$,T3 =::1=-3 6,%C1-5=23 =<-$553 06J=,3 :$:62=7%$,5;3 <6276-=23 G=<7$-53 :-$G$6,#2D3 %,G261,<13 7-1=7J1,73
:1-<1:7%$,5;3 1F:2=,=7$-D3 J$#125;3 71<0,$2$8D3 =<<1:7=,<1;3 =,#3 701-=:167%<3 -12=7%$,50%:5)3 MC%#1,<13 568815753
<$J:=-=R213$67<$J153=<-$553#%C1-513:$:62=7%$,53B01,3=<<1553R=--%1-53=-13=##-1551#)3W1D3#%5:=-%7%153571J3G-$J3
57-6<76-=23%,1X6%7%153-=701-370=,3#%GG1-1,7%=237-1=7J1,73-15:$,51)35+*'4-#.+* /3I013 ,16-$-1862=7%$,3G%12#3 -1X6%-153
5D571J=7%<3 %,718-=7%$,3 $G3 <6276-=23 <$,5%#1-=7%$,53 B0%213 J=%,7=%,%,83 5<%1,7%G%<3 6,#1-57=,#%,83 $G3 6,%C1-5=23
:0D5%$2$8%<=23 J1<0=,%5J5)3 P%57%,86%50%,83 R17B11,3 %,C=-%=,73 R%$2$8%<=23 :-$<155153 =,#3 <6276-=22D3 C=-%=R213
%J:21J1,7=7%$,3 G=<7$-53 :-$C%#153 G$6,#=7%$,3 G$-3 #1C12$:%,83 %,<265%C1;3 1GG1<7%C13 %,71-C1,7%$,53 =<-$553 #%C1-513
:$:62=7%$,5)3
3
!"#$%&'( &3<6276-=23,16-$5<%1,<1Y3,16-$G11#R=<SY3R%$G11#R=<SY301=2703#%5:=-%7%15Y3701-=:167%<3=22%=,<1Y3<6276-=23
<$J:171,<1 (

5.$&$.+*&3/01-2%,;3U)3H)3QZ(Z! T)346276-=23G=<7$-53%,3,16-$-1862=7%$,&3>3-1C%1B3$G31C%#1,<13=,#3701$-17%<=23G-=J1B$-S)3?%&'(@%)&*+,-($A!/ 0Q' T;3
!" �±[! )3077:5&++#$%)$-8+'()'""*(+,-)' . )' )!" (

6!,,%1##( '+%%1#7+*,1*'1( $+ &3U152%13 H)3 /01-2%,;3 E0P;3 [Z[Z3 M)3
N,#%=,3/<0$$23\#;3/6%713"*(;3/<$775#=21;3>]3^"Z"';3@/>)3MJ=%2&3
2152%1_#-501-2%,)<$J3
(
5+78%.92$:( ;( <=<>)3/01-2%,)3 I0%53 %53 =,3 A:1,3 ><<1553 =-7%<213
#%57-%R671#36,#1-3701371-J53$G370134-1=7%C134$JJ$,53>77-%R67%$,3
U%<1,513Q44`abT)(

?,.$1,("8 &3333
\1F3U)34=,,$,;3E0P;346--1,75;3W,$FC%221;3I1,,15511;3@/>3
(
31@.1A1,("8 &33
\1F3U)34=,,$,;3E0P;346--1,75;3W,$FC%221;3I1,,15511;3@/>3
\=,#=223UD21;3E0P;3O$6,73O1-<D3@,%C1-5%7D;341#=-3\=:%#5;3N$B=;3
@/> 3

( (

( (
)*$%+,-'$.+* (

3
I013 G%12#3 $G3 ,16-$-1862=7%$,3 0=53 1C$2C1#3
56R57=,7%=22D3$C1-3*3#1<=#15;3#1J$,57-=7%,831GG%<=<D3
G$-3C=-%$653,16-$2$8%<=23=,#3:5D<0$2$8%<=23<$,#%7%$,53
70-$6803 ,16-$G11#R=<S;3 R%$G11#R=<S;3 =,#3
,16-$J$#62=7%$,3 71<0,%X615)3 H$B1C1-;3 70%53
1C$267%$,3 0=53 $<<6--1#3 B%703 -1J=-S=R2D3 2%J%71#3
=771,7%$,3 7$3 <6276-=23 G=<7$-53 70=73 J=D3 %,G261,<13
7-1=7J1,73=<<155;31,8=81J1,7;3=,#3$67<$J15)3I0%53
8=:3 R1<$J153 %,<-1=5%,82D3 :-$R21J=7%<3 =53
:-=<7%7%$,1-53 51-C13 J$-13 #%C1-513 :$:62=7%$,53 B0%213

01=2703 #%5:=-%7%153 %,3 ,16-$2$8%<=23 =,#3 R10=C%$-=23
01=270<=-13:1-5%573Q/==#%3173=2);3Z('[T)3
3
I013 =R51,<13 $G3 <6276-=23 <$,5%#1-=7%$,53 %,3
,16-$-1862=7%$,3 -151=-<03 =,#3 :-=<7%<13 %53 57-%S%,8)3
/D571J=7%<3-1C%1B53 -1C1=2370=73$C1-3c(d3$G306J=,3
,16-$%J=8%,83 :6R2%<=7%$,53 $-%8%,=713 G-$J3 V1571-,3
<$6,7-%153 Q40%=$;3 Z((cT)3 I013 C=573 J=e$-%7D3 $G3
,16-$-1862=7%$,3 -151=-<03 0=53 R11,3 <$,#6<71#3 B%703
:-1#$J%,=,72D3 B0%71;3 V1571-,;3 J%##21`<2=553
:$:62=7%$,5;3 -=%5%,83 X6157%$,53 =R$673 81,1-=2%?=R%2%7D3
$G3 :-$7$<$253 =,#3 ,$-J=7%C13 #=7=R=515)3 >3
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4+56$#"#'7&8#( %&9#$:9;$#( 7#:$4"( $#8#:%7( +'%<( :(
":'*=;%( +=( 79;*&#7( #>6%&4&9%<( #>:5&'&'?( 4;%9;$:%(
=:49+$7(&'('#;$+$#?;%:9&+'(&'9#$8#'9&+'7/(
(
@#4#'9%<A(B&7#'C:$9"(#9(:%/(DE.E0F(4+'*;49#*(+'#(+=(
9"#( =&$79( 7<79#5:9&4( &'8#79&?:9&+'7( +=( 4;%9;$:%%<(
*&8#$7#( 6#$4#69&+'7( +=(#%#49$+#'4#6":%+?$:6"<(
DBBGF( :'*( '#;$+=##*C:4H( $#7#:$4"/( I"#&$( 79;*<( +=(
-J-( 6:$9&4&6:'97( &'( K#L( M#:%:'*( =+;'*( 7&?'&=&4:'9(
C:$$&#$7( 9+( 6:$9&4&6:9&+'( :5+'?( *&8#$7#( 6+6;%:9&+'7A(
&'4%;*&'?( %+L( :L:$#'#77( +=( 9"#7#( &'9#$8#'9&+'7( :'*(
4;%9;$:%( 4+'4#$'7( :C+;9( #%#49$+*#( 6%:4#5#'9(
6$+4#*;$#7/( K+9:C%<A( -N/31O( +=( 6:$9&4&6:'97(
&'*&4:9#*(9":9(#>6#$&5#'9#$(?#'*#$(L+;%*(5:99#$(=+$(
6$+4#*;$#7( &'8+%8&'?( "#:*( 4+'9:49A( "&?"%&?"9&'?(
&'9#$7#49&+'7( +=( 4;%9;$:%A( $#%&?&+;7A( :'*( ?#'*#$(
4+'7&*#$:9&+'7/(
(
I"&7( :C7#'4#( +=( 4;%9;$:%( 4+'7&*#$:9&+'( 4$#:9#7(
5;%9&6%#( 6$+C%#57/( P$+9+4+%7( :'*( '+$5:9&8#(
*:9:C:7#7( *#8#%+6#*( L&9"( "+5+?#'#+;7(
6+6;%:9&+'7( 5:<( '+9( ?#'#$:%&Q#( :66$+6$&:9#%</(
R;%9;$:%( C:$$&#$7( 5:<( 6$#8#'9( #S;&9:C%#( :44#77( 9+(
6+9#'9&:%%<( C#'#=&4&:%( 9$#:95#'97/( P$:49&9&+'#$7( 5:<(
&':*8#$9#'9%<( 4$#:9#( 4;%9;$:%( 5&75:94"#7( 9":9(
;'*#$5&'#( 9"#$:6#;9&4( :%%&:'4#( :'*( 9$#:95#'9(
#==#49&8#'#77/( I"#( %:4H( +=( 4;%9;$:%%<( $#76+'7&8#(
:66$+:4"#7( 6#$6#9;:9#7( 7<79#5&4( "#:%9"4:$#(
&'#S;&9&#7/(T**&9&+':%%<A(9"#(=&#%*(5&77#7(+66+$9;'&9&#7(
9+( %#:$'( =$+5( *&8#$7#( 4;%9;$:%( 6#$76#49&8#7( +'((
5&'* UC+*<( $#%:9&+'7"&67A( 7#%=U$#?;%:9&+'A( :'*(
"#:%&'?/(
(
I"&7( :$9&4%#( 6$+8&*#7( :'( #>:5&':9&+'( +=( 4;%9;$:%(
=:49+$7( &'( '#;$+$#?;%:9&+'A( $#8&#L&'?( #>&79&'?(
#8&*#'4#( :4$+77( 5+*:%&9&#7( :'*( 7<'9"#7&Q&'?(
9"#+$#9&4:%( =$:5#L+$H7( 9+( ;'*#$79:'*( "+L( 4;%9;$#(
&'=%;#'4#7( 9$#:95#'9( #'?:?#5#'9( :'*( +;94+5#7/(
I"#( :':%<7&7( *&79&'?;&7"#7( C#9L##'( ;'&8#$7:%(
6"<7&+%+?&4:%( 5#4":'&757( ;'*#$%<&'?(
'#;$+$#?;%:9&+'( :'*( 4;%9;$:%%<( 8:$&:C%#( =:49+$7(
:==#49&'?( &56%#5#'9:9&+'/( I"&7( =+;'*:9&+'( &7(
#77#'9&:%(=+$(*#8#%+6&'?(9$;%<(&'4%;7&8#(:'*(#==#49&8#(
'#;$+$#?;%:9&+'(6$:49&4#7/(
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'#;$+$#?;%:9&+'( $#S;&$#7( &'9#?$:9&'?( 9L+(
4+56%#5#'9:$<( =$:5#L+$H7,( 4;%9;$:%( ";5&%&9<( :'*(
4;%9;$:%( 4+56#9#'4#/( I"#7#( :66$+:4"#7A( L"&%#(
*&79&'49A(L+$H(7<'#$?&79&4:%%<(9+(?;&*#(6$:49&9&+'#$7(&'(
':8&?:9&'?( 4;%9;$:%( 4+56%#>&9<( L"&%#( 5:&'9:&'&'?(
4%&'&4:%(#==#49&8#'#77/(

R;%9;$:%( ";5&%&9<A( &'9$+*;4#*( C<( I#$8:%+'( :'*(
W;$$:<UG:$4X:( D-NNJFA( #56":7&Q#7( :'( +'?+&'?(
6$+4#77( $:9"#$( 9":'( :'( #'*6+&'9/( V'%&H#( 4;%9;$:%(
4+56#9#'4#A( L"&4"( &56%&#7( :4"&#8:C%#( 5:79#$<A(
4;%9;$:%( ";5&%&9<( $#4+?'&Q#7( 9":9( 4;%9;$:%( %#:$'&'?( &7(
'#8#$( 4+56%#9#/( I"&7( 6#$76#49&8#( &7( 6:$9&4;%:$%<(
$#%#8:'9( =+$( '#;$+$#?;%:9&+'( 6$:49&9&+'#$7( L"+( 5;79(
':8&?:9#( '+9( +'%<( ?#'#$:%( 4;%9;$:%( *&==#$#'4#7( &'(
"#:%9"(C#%&#=7(C;9( :%7+(76#4&=&4(4;%9;$:%(6#$76#49&8#7(
+'( C$:&'( =;'49&+'A( 4+'74&+;7'#77A( 9#4"'+%+?<A( :'*(
5&'* UC+*<($#%:9&+'7"&67/(
(
I"#(=$:5#L+$H(#'4+56:77#7(9"$##(4+$#(*&5#'7&+'7(
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'#5$,%,A:( 6&7&<7( =,9B8$#+( <,( Y"&<#( B8<&#'<7;( #6#'(
8><#$(=,'<$,%%&'A(>,$(&'75$8'=#(7<8<57;(#+5=8<&,';(8'+(
&'=,9#0( O"#7#( +&7B8$&<&#7( I#$#( ',<( #?B%8&'#+( @:(
+&>>#$#'=#7( &'( +&7#87#( B$#68%#'=#;( 75AA#7<&'A(
7:7<#9&=( @8$$&#$7( $8<"#$( <"8'( +&>>#$#'<&8%( '##+( +$&6#(
&'#W5&<8@%#( 8==#770( Z,$( '#5$,$#A5%8<&,'( 7#$6&=#7;(
,><#'( ',<( =,6#$#+( @:( &'75$8'=#( 8'+( $#W5&$&'A(
7B#=&8%&C#+(B$,6&+#$7;(<"#7#(+&7B8$&<&#7(98:(@#(#6#'(
9,$#(B$,',5'=#+0 (
(
!<$5=<5$8%( =,9B#<#'=:;( &'<$,+5=#+( @:( R#<C%( 8'+(
H8'7#'( DF/.2G;( #?<#'+7( =5%<5$8%( =,9B#<#'=:( @:(
>,=57&'A( ,'( $#=,A'&C&'A( 8'+( 8++$#77&'A( 5B7<$#89(
7,=&8%( 8'+( &'7<&<5<&,'8%( +#<#$9&'8'<7( ,>( "#8%<"0( O"&7(
>$89#I,$Q( 7"&><7( 8<<#'<&,'( >$,9( &'+&6&+58%( =5%<5$8%(
+&>>#$#'=#7( <,( 7<$5=<5$8%( >8=<,$7( =$#8<&'A( 8'+(
98&'<8&'&'A( "#8%<"( &'#W5&<&#70( Z,$( '#5$,$#A5%8<&,'(
B$8=<&<&,'#$7;( 7<$5=<5$8%( =,9B#<#'=:( &'6,%6#7(
5'+#$7<8'+&'A( ",I( &'75$8'=#( =,6#$8A#( %&9&<8<&,'7;(
A#,A$8B"&=( 98%+&7<$&@5<&,'( ,>( 7#$6&=#7;(
<$8'7B,$<8<&,'( @8$$&#$7;( &'>%#?&@%#( I,$Q( 7="#+5%#7;(
8'+( "&7<,$&=8%( $#+%&'&'A( =,'=#'<$8<&'A( B,6#$<:( &'(
=#$<8&'(=,995'&<&#7(8%%(=$#8<#(8==#77(@8$$&#$70(
(
K'75$8'=#( =,6#$8A#( $#B$#7#'<7( 8( B8$<&=5%8$%:(
7&A'&>&=8'<( 7<$5=<5$8%( @8$$&#$0( [#7B&<#( +#=8+#7( ,>(
$#7#8$="( 75BB,$<&'A( '#5$,>##+@8=Q( #>>&=8=:;( 9,7<(
&'75$8'=#(B%8'7(=%877&>:(&<(87(�³#?B#$&9#'<8%�(́I&<",5<(
=,6#$8A#0( R#+&=8$#( 8'+( R#+&=8&+;(
+&7B$,B,$<&,'8<#%:( 7#$6&'A( #%+#$%:;( +&78@%#+;( 8'+((
%,IV&'=,9#( B,B5%8<&,'7;( A#'#$8%%:( +,( ',<( =,6#$(
'#5$,>##+@8=Q( #?=#B<( >,$( 7B#=&>&=( =,'+&<&,'70( O"&7(
=$#8<#7( 8( <I,V<&#$#+( 7:7<#9( I"#$#( '#5$,$#A5%8<&,'(
&7(868&%8@%#(B$&98$&%:(<,(<",7#(I",(=8'( 8>>,$+(,5<V,>V
B,=Q#<( B8:9#'<7;( <:B&=8%%:( \.;///�±\ *;///( B#$(
<$#8<9#'<(=,5$7#0(
(
L#,A$8B"&=( +&7B8$&<&#7( =,9B,5'+( 8==#77( &775#70(
E#5$,$#A5%8<&,'( 7#$6&=#7( =,'=#'<$8<#( &'( 5$@8'( 8'+(
75@5$@8'( 8$#87( I&<"( "&A"#$V&'=,9#( B,B5%8<&,'7;(
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5$#67&'8(�³'#9$,7"#$6:;( +#<#$7<�(́ &'( $9$6%( 6$#6<( 6'+(
%,=#$>&'5,?#(9$@6'('#&8"@,$",,+<0(A"#(&'7#$<#57&,'(
,B( 8#,8$6:"&5( 6'+( $65&6%( +&<:6$&7&#<( &<( :6$7&59%6$%;(
<7$&C&'8(&'(7"#(!,97"#6<7#$'(D'&7#+(!767#<E(=&7"(@,7"(
7"#(%,=#<7('#9$,%,8&<7(+#'<&7;(:#$(56:&76(6'+("&8"#<7(
:$,:,$7&,'(,B(F%65C($#<&+#'7<0(
(
G#+&56%( ?&<7$9<7E( $,,7#+( &'( "&<7,$&56%( 6'+(
5,'7#?:,$6$;( +&<5$&?&'67&,'( 6'+( #H:%,&767&,'(
#H:#$&#'5#<E( <&8'&B&56'7%;( 6BB#57<( "#6%7"56$#(
#'868#?#'7( 6?,'8( $65&6%( 6'+( #7"'&5( ?&',$&7&#<0(
F6I6$86'( #7( 6%0( JK/K.L( B,9'+( ?#+&56%( ?&<7$9<7( =6<(
M4N( "&8"#$( 6?,'8( F%65C( 6+9%7<( 6'+( 2*N( "&8"#$(
6?,'8( O&<:6'&5( 6+9%7<( 5,?:6$#+( 7,( P"&7#( 6+9%7<0(
A"&<( ?&<7$9<7( $#B%#57<( 5,%%#57&Q#( ?#?,$;( ,B( #Q#'7<(
%&C#( 7"#( A9<C#8##( <;:"&%&<( <79+;E( B,$5#+(
<7#$&%&I67&,'<E( 6'+( ,'8,&'8( +&<5$&?&'67&,'(
#H:#$&#'5#<(&'( "#6%7"56$#(<#77&'8<0( R,$(@$6&'>@6<#+(
&'7#$Q#'7&,'<( :,7#'7&6%%;( :#$5#&Q#+( 6<( #H:#$&?#'76%(
,$( ?6'&:9%67&Q#E( ?&<7$9<7( ?6;( @#( :6$7&59%6$%;(
:$,',9'5#+0 (
(
!"#$%&#'()*+,--)%.*#+%/+0'-('$%--1+2#3)%(#3+
4$5*#// +
A"#( 7"#$6:#97&5( 6%%&6'5#E( 5,'<&<7#'7%;( &+#'7&B&#+( 6<(
5$&7&56%(B,$(7$#67?#'7(,975,?#<(65$,<<(&'7#$Q#'7&,'<E(
&<( &'"#$#'7%;( &'B%9#'5#+( @;( 59%79$6%( B657,$<0( S'(
'#9$,$#89%67&,'E( ="#$#( 7$#67?#'7( #H7#'+<( ,Q#$(
?6';(<#<<&,'<($#T9&$&'8(657&Q#(:6$7&5&:67&,'(&'(5%&'&5(
6'+( ",?#( :$657&5#E( $#%67&,'<"&:( T96%&7;( ?6;( @#(
:6$7&59%6$%;(&?:,$76'7(B,$(6+"#$#'5#(6'+(,975,?#<0(
(
U9%79$6%( Q6%9#<( B9'+6?#'76%%;( <"6:#( 7"#$6:#97&5(
$#%67&,'<"&:( #H:#5767&,'<0( U%&#'7<( B$,?( "&#$6$5"&56%(
59%79$#<( ?6;( #H:#57( +&$#57&Q#E( 697",$&76$&6'(
6::$,65"#<( B$,?( "#6%7"56$#( :$,Q&+#$<E( Q&#=&'8(
:$657&7&,'#$<( 6<( #H:#$7<( =",<#( $#5,??#'+67&,'<(
<",9%+( @#( B,%%,=#+( =&7",97( T9#<7&,'0( A"&<(
#H:#5767&,'( ?6;( 5,'B%&57( =&7"( 5,%%6@,$67&Q#(
6::$,65"#<( 5,??,'( &'( '#9$,B##+@65CE( ="#$#(
5%&#'7<( :$,Q&+#( B##+@65C( 6@,97( #H:#$&#'5#<( 6'+(
:6$7&5&:67#( &'( 8,6%(<#77&'80( U,'Q#$<#%;E( 5%&#'7<( B$,?(
#86%&76$&6'( 59%79$#<( ?6;( @#( 9'5,?B,$76@%#( =&7"(
+&$#57&Q#(6::$,65"#<E(#H:#57&'8(#T96%(:6$7'#$<"&:(&'(
7$#67?#'7(:%6''&'80(
(
U,??9'&567&,'( <7;%#<( Q6$;( <&8'&B&56'7%;( 65$,<<(
59%79$#<( =&7"( :$,B,9'+( &?:%&567&,'<( B,$( &'B,$?67&,'(
#H5"6'8#E($6::,$7(@9&%+&'8E(6'+(7$#67?#'7(:%6''&'80(
O6%%�¶<( J.*M)L( +&<7&'57&,'( @#7=##'( "&8">5,'7#H7( 6'+(
%,=>5,'7#H7( 5,??9'&567&,'( $#?6&'<( $#%#Q6'70((
O&8">5,'7#H7( 5,??9'&567&,'E( 5,??,'( &'( ?6';(
V<&6'E( VB$&56'E( 6'+( W67&'( V?#$&56'( 59%79$#<E( $#%&#<(
"#6Q&%;( ,'( ','Q#$@6%( 59#<E( &?:%&5&7( 9'+#$<76'+&'8E(
6'+( &'+&$#57( #H:$#<<&,'0( W,=>5,'7#H7(
5,??9'&567&,'E( 7;:&56%( ,B( X,$7"#$'( Y9$,:#6'( 6'+(

V'8%,>V?#$&56'(59%79$#<E(#?:"6<&I#<(#H:%&5&7(Q#$@6%(
#H:$#<<&,'(6'+(+&$#57(5,??9'&567&,'0(
(
A"#<#( +&BB#$#'5#<( ?6'&B#<7( ?9%7&:%#( =6;<( +9$&'8(
'#9$,$#89%67&,'(7$#67?#'70(U%&#'7<(B$,?("&8">5,'7#H7(
59%79$#<( ?6;( ',7( +&$#57%;( #H:$#<<( +&<68$##?#'7( ,$(
+&<5,?B,$7( =&7"( :$,5#+9$#<E( <",=&'8( $#%9576'5#(
7"$,98"(','Q#$@6%(@#"6Q&,$(,$(?&<<#+(6::,&'7?#'7<0(
A"#;( ?6;( B&'+( +&$#57( <;?:7,?( T9#<7&,'<(
9'5,?B,$76@%#E( :$#B#$$&'8( 7,( 5,??9'&567#( +&<7$#<<(
7"$,98"( <,?67&5( 5,?:%6&'7<( ,$( ?#76:",$&56%(
%6'8968#0( Z$657&7&,'#$<( 6559<7,?#+( 7,( %,=>5,'7#H7(
5,??9'&567&,'( ?6;( ?&<&'7#$:$#7( &'+&$#57(
5,??9'&567&,'( 6<( $#<&<76'5#E( :,,$( ?,7&Q67&,'E( ,$(
6%#H&7";?&60(
(
A"#(7#5"'&56%('679$#(,B('#9$,$#89%67&,'(&'7#$Q#'7&,'<(
B9$7"#$( 5,?:%&567#<( 7"#$6:#97&5( 6%%&6'5#0( D'%&C#( 76%C(
7"#$6:;( ="#$#( 7"#( $#%67&,'<"&:( &7<#%B( &<( 7"#( :$&?6$;(
5"6'8#( Q#"&5%#E( '#9$,$#89%67&,'( &'Q,%Q#<( 5,?:%#H(
#T9&:?#'7E( 5,?:97#$( &'7#$B65#<E( 6'+( :";<&,%,8&56%(
?#6<9$#?#'7<( :,7#'7&6%%;( +&?&'&<"&'8( $#%67&,'6%(
6<:#57<0( O,=#Q#$E( $#<#6$5"( <988#<7<( 7"#(
7"#$6:#97&5($#%67&,'<"&:($#?6&'<(5$95&6%0(U%&#'7<(?9<7(
7$9<7( :$657&7&,'#$<( 7,( 67765"( #%#57$,+#<E( &'7#$:$#7(
@$6&'( :677#$'<E( 6'+( 89&+#( '#9$,%,8&56%( B9'57&,'&'8(
5"6'8#<E($#T9&$&'8(<&8'&B&56'7(Q9%'#$6@&%&7;(6'+(7$9<70(
(
R6?&%;( &'Q,%Q#?#'7( $#:$#<#'7<( 6',7"#$( 59%79$6%%;(
Q6$&6@%#( 6<:#570( P#<7#$'( 7"#$6:#97&5( ?,+#%<(
#?:"6<&I#( &'+&Q&+96%( 697,',?;E( 5,'B&+#'7&6%&7;E( 6'+(
5%#6$( 5%&#'7>B6?&%;( @,9'+6$&#<0( O,=#Q#$E( ?6';(
59%79$#<( Q&#=( "#6%7"( 6'+( "#6%&'8( 6<( 5,??9'6%(
:$,5#<<#<0( S'( 5,%%#57&Q&<7( 59%79$#<E( B6?&%;( ?#?@#$<(
?6;( #H:#57( :$#<#'5#( +9$&'8( <#<<&,'<E( :6$7&5&:67&,'(
&'( +#5&<&,'<E( 6'+( ",?#( :$657&5#( <9::,$7E( 5$#67&'8(
#7"&56%(+&%#??6<(B,$(&'+&Q&+96%%;(7$6&'#+(:$657&7&,'#$<(
$#86$+&'8(5,'B&+#'7&6%&7;(6'+(5,'<#'70(
(
A"#( 657&Q#( &'B#$#'5#( ?,+#%( JU,'<76'7( #7( 6%0E( K/.* L(
:$,Q&+#<( 6( 9<#B9%( B$6?#=,$C( B,$( 9'+#$<76'+&'8(
59%79$6%( &'B%9#'5#<( ,'( '#9$,$#89%67&,'( 7"#$6:#97&5(
$#%67&,'<"&:<0( V%%&6'5#( @9&%+&'8( ,559$<( 7"$,98"(
5,,:#$67&Q#( 5,??9'&567&,'( 6'+( ?9796%( :$#+&57&,'E(
=&7"(:$657&7&,'#$(6'+(5%&#'7(9:+67&'8(?,+#%<(,B(#65"(
,7"#$( 7"$,98"( &'7#$657&,'0( U9%79$6%( Q6%9#<( <"6:#(
�³:$&,$<�(́ ,$( #H:#5767&,'<( 5%&#'7<( @$&'8E( &'B%9#'5&'8(
&'7#$:$#767&,'( ,B( :$657&7&,'#$( @#"6Q&,$<E( :$,5#+9$#<E(
6'+(:";<&,%,8&56%($#<:,'<#<(+9$&'8('#9$,B##+@65C0(
(

67)3#.*#+8#7)#9:+0'-('$%-+;%*(5$/+,*$5//+
<#'$5$#='-%()5.+253%-)()#/ +

+
<#'$5>##3?%*@+%.3+66A+B)5>##3?%*@+
A"#( %&7#$679$#( #H6?&'&'8( 59%79$6%( B657,$<( &'(
'#9$,B##+@65C( $#Q#6%<( 6( <7$&C&'8( :6$6+,H-( ="&%#(
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5$678&7#+( 9%,:6%%;( <,$( ,=#$(1( +#76+#>?( >;>8#@68&7(
&'=#>8&968&,'( ,<( 7A%8A$6%( 7,'>&+#$68&,'>( &>( =&$8A6%%;(
6:>#'8/( B"&>( 965( &>( 7,'7#$'&'9( 9&=#'( 8"68( CCD(
5688#$'>?( 8"#( <,A'+68&,'( ,<( '#A$,<##+:67E(
6>>#>>@#'8( 6'+( 8$6&'&'9?( @6;( =6$;( 67$,>>( 7A%8A$6%(
9$,A5>/(F,>>(#8(6%/(G.HI0J(<,A'+(+&<<#$#'7#>(&'(CCD(
6>;@@#8$;( :#8K##'( L656'#>#( 6'+( M#>8#$'(
>A:N#78>?( >A99#>8&'9( M#>8#$'O+#=#%,5#+( ',$@68&=#(
+686:6>#>( @6;( ',8( :#( A'&=#$>6%%;( 655%&76:%#/(
P#>5&8#( 8"&>( #6$%;( &'+&768&,'?( 8"#( <&#%+( "6>( ',8(
5A$>A#+( >;>8#@68&7( &'=#>8&968&,'( ,<( 7A%8A$6%(
=6$&68&,'>(&'(CCD(5688#$'>(,$(5$,8,7,%(&@5%&768&,'>/(
(
Q,K#=#$?( K"&%#( 7A%8A$6%( 5$678&7#>( @6;( &'<%A#'7#(
:6>#%&'#( CCD( 5688#$'>( 8"$,A9"( '#A$,5%6>8&7&8;(
@#7"6'&>@>?( <A'+6@#'86%( '#A$,5";>&,%,9&76%(
5$,7#>>#>( A'+#$%;&'9( '#A$,<##+:67E( 655#6$(
A'&=#$>6%/(B"#(6:&%&8;(8,(@,+&<;(:$6&'(678&=&8;(8"$,A9"(
,5#$6'8(7,'+&8&,'&'9("6>(:##'(+#@,'>8$68#+(67$,>>(
8"#( %&@&8#+( +&=#$>#( 5,5A%68&,'>( >8A+&#+( G!"#$%&'( #8(
6%/?( R*..J/( S68",%,9&76%( CCD( 5688#$'>?( >A7"( 6>(
#5&%#58&<,$@( 678&=&8;( ,$( #%#=68#+( 8"#862:#86( $68&,>( &'(
TPQP?( >",K( 7,'>&>8#'7;( 67$,>>( 7A%8A$#>( GT$'>( #8(
6%/?( R*.3J/( B"&>( >A99#>8>( 8"68( K"&%#( 7A%8A$6%( <678,$>(
&'<%A#'7#( #'969#@#'8( 6'+( &@5%#@#'868&,'?( 7,$#(
'#A$,<##+:67E(@#7"6'&>@>(,5#$68#(>&@&%6$%;(67$,>>(
5,5A%68&,'>/(
(
U#%%#; �¶>( G.HH)J( &'=#>8&968&,'( ,<( 6%5"628"#86(
'#A$,<##+:67E( K&8"( 6( V6=6N,( 5,5A%68&,'( <,$(
>A:>86'7#( 6:A>#( 8$#68@#'8( $#@6&'>( 8"#( @,>8(
>A:>86'8&6%( 7A%8A$6%%;( 6+658#+( '#A$,<##+:67E( >8A+;/(
B"&>( 5&,'##$&'9( K,$E( K&8"( .H( V6=6N,( 7%&#'8>(
+#@,'>8$68#+( 7A%8A$6%( 6+65868&,'W>( 5,8#'8&6%( 8,(
#'"6'7#( ,A87,@#>/( U#%%#;( $#5,$8#+( R.X( ,<(
56$8&7&56'8>( @6&'86&'#+( 7,@5%#8#( 6:>8&'#'7#( 6'+(
43X( @6&'86&'#+( 56$8&6%( $#@&>>&,'( 68(3O;#6$((
<,%%,KOA5/( Y$A7&6%%;?( 8"#( 6%5"628"#86( 5$,8,7,%(
'68A$6%%;( 6%&9'#+( K&8"( 8$6+&8&,'6%( V6=6N,((
@#+&7&'#OK6;>( 6'+( >5&$&8A6%( 5$678&7#>/( P##5( >868#>(
&'+A7#+( :;( 8$6&'&'9( $#>#@:%#+( 8$6+&8&,'6%( "#6%&'9(
7#$#@,'&#>?( K&8"( #@#$9&'9( =&>A6%( &@69#$;(
&'8#$5$#8#+( 8"$,A9"( V6=6N,( >5&$&8A6%( <$6@#K,$E>/(
S6$8&7&56'8>( $#5,$8#+( '#A$,<##+:67E( "#%5#+(
$#7,''#78( K&8"( 8$6+&8&,'6%( =6%A#>( 6'+( >5&$&8A6%(
5$678&7#>(>A55,$8&'9(>,:$&#8;/(
(
B"&>( >8A+;�¶>( >&9'&<&76'7#( #Z8#'+>( :#;,'+( 5,>&8&=#(
,A87,@#>?( +#@,'>8$68&'9( '#A$,<##+:67E( '##+( ',8(
:#(5,>&8&,'#+(6>(M#>8#$'(8#7"',%,9&76%(&'8#$=#'8&,'(
&'7,@568&:%#( K&8"( 8$6+&8&,'6%( "#6%&'9( :A8( 76'(
&'8#9$68#(K&8"(['+&9#',A>(K,$%+=&#K>/(B"#(>8A+;(6%>,(
"&9"%&9"8>( @&>>#+( ,55,$8A'&8&#>?( K&8"( ',( 5A:%&>"#+(
$#5%&768&,'( ,$( #Z8#'>&,'( K&8"( V68&=#( T@#$&76'( ,$(
,8"#$( ['+&9#',A>( 5,5A%68&,'>( &'( >A:>#\A#'8(
+#76+#>?(+#>5&8#("&9"(8$6A@6(6'+(>A:>86'7#(6:A>#(

$68#>( 5,8#'8&6%%;( :#'#<&8&'9( <$,@( 7A%8A$6%%;( 6+658#+(
'#A$,<##+:67E/(
(
C&>#':6$8"( #8( 6%/( GR*R0J( 7,'+A78#+( 8"#( <&$>8(
>;>8#@68&7(>8A+;(,<(7A%8A$6%%;(+&=#$>#(5#$7#58&,'>(,<(
CCD( 6'+( '#A$,<##+:67E( $#>#6$7"/( B"#&$((
@&Z#+O@#8",+>( >8A+;( K&8"( .I.( V#K( ]#6%6'+(
56$8&7&56'8>( $#=#6%#+( @A%8&5%#( :6$$&#$>( 6@,'9(
+&=#$>#( 5,5A%68&,'>/( ^,K( 6K6$#'#>>( ,<( CCD( 6'+(
'#A$,<##+:67E( @#8",+>( K6>( '#6$%;( A'&=#$>6%(
6@,'9( ',' OM#>8#$'( 56$8&7&56'8>?( K&8"( @6';(
#Z5$#>>&'9( >A$5$&>#( 8"68( :$6&'( 678&=&8;( 7,A%+( :#(
@#6>A$#+( ','&'=6>&=#%;( ,$( =,%A'86$&%;( @,+&<&#+/(
C%#78$,+#( 5%67#@#'8( 7,'7#$'>( K#$#( @A%8&<67#8#+?(
&'7%A+&'9( "6&$( +&>8A$:6'7#( K,$$&#>( G56$8&7A%6$%;(
6@,'9( 8",>#( K&8"( 8#Z8A$#+( "6&$( $#\A&$&'9( >&9'&<&76'8(
>8;%&'9J?($#%&9&,A>(,$(7A%8A$6%("#6+O8,A7"&'9(7,'7#$'>?(
6'+(9#'+#$ O@687"#+($#>#6$7"#$(5$#<#$#'7#>/(
(
S6$8&7A%6$%;($#=#6%&'9(K#$#(\A6%&868&=#(<&'+&'9>(6:,A8(
#@,8&,'( $#9A%68&,'( >E#58&7&>@/( !,@#( 56$8&7&56'8>(
=&#K#+( #@,8&,'>( 6>( <A'+6@#'86%%;( "A@6'(
#Z5#$&#'7#>( 8"68( >",A%+'W8( :#( 8#7"',%,9&76%%;(
@6'&5A%68#+/( _8"#$>( K,$$&#+( 8"68( 7"6'9&'9( :$6&'(
5688#$'>( @&9"8( 6%8#$( 5#$>,'6%&8;( ,$( 7A%8A$6%( &+#'8&8;/(
B"#>#( 7,'7#$'>( "&9"%&9"8( '##+>( <,$( 76$#<A%(
#Z5%6'68&,'( ,<( '#A$,<##+:67E( 7656:&%&8&#>( 6'+(
%&@&868&,'>?( K&8"( 688#'8&,'( 8,( 7A%8A$6%( =6%A#>( 6:,A8(
6A8"#'8&7&8;?( &+#'8&8;?( 6'+( #@,8&,'6%( #Z5#$&#'7#(
'68A$#/(
(
`%#&>7"@6'( GR*RRJ( 5$,=&+#+( =6%A6:%#( #=&+#'7#(
6:,A8( '#A$,<##+:67E( #<<#78&=#'#>>( K&8"(
A'+#$>#$=#+( 5,5A%68&,'>?( 8",A9"( 7A%8A$6%( <678,$>(
K#$#' �¶8(8"#(5$&@6$;(<,7A>/(B"#&$(&'<$6O%,K(<$#\A#'7;(
'#A$,<##+:67E( >8A+;( K&8"( ,=#$( 3**( 7%&#'8>( 67$,>>(
R*a( 7,@@A'&8;( 69#'7;( >&8#>( +#@,'>8$68#+( 8"68(
K"#'( 677#>>( :6$$&#$>( K#$#( 6++$#>>#+?( +&=#$>#(
7%&#'8>( K&8"( 7,@5%#Z( 5$#>#'868&,'>( >",K#+(
>A:>86'8&6%( &@5$,=#@#'8>/( B"#( 5,5A%68&,'( K6>(
7"6$678#$&b#+( :;( "&9"( 8$6A@6( $68#>( G6=#$69#( TYC(
>7,$#>( ,<( 4J?( @A%8&5%#( 7,O,77A$$&'9( +&>,$+#$>(
G6=#$69#( 0( +&69',>#>J?( 6'+( >,7&,#7,',@&7(
+&>6+=6'869#/(
(
!#=#$6%( <&'+&'9>( "6=#( 7A%8A$6%( &@5%&768&,'>/( B"#(
$#@6$E6:%;( %,K( ',O>",K( $68#( GRX( =>/( 8;5&76%((
R0�±10XJ(>A99#>8>("&9"(#'969#@#'8(K"#'(>#$=&7#>(
6$#( 677#>>&:%#( 6'+( $#>5,'>&=#/( Y%&#'8>( $68#+(
'#A$,<##+:67E( @,$#( "#%5<A%( 8"6'( 7,A'>#%&'9( ,$(
@#+&768&,'?( 5,>>&:%;( :#76A>#( &8( ,<<#$#+(
','>8&9@68&b&'9?(','=#$:6%(&'8#$=#'8&,'(',8($#\A&$&'9(
8$6A@6( +&>7A>>&,'( ,$( 7A%8A$6%( 7,'<%&78( #Z5%,$68&,'/(
P$6@68&7( $#+A78&,'>(&'(>#%<O"6$@(G)HXJ(6'+(6$$#>8>(
G)*XJ( >A99#>8( '#A$,<##+:67E( 6++$#>>#>(
+;>$#9A%68&,'(5688#$'>(7,@@,'(6@,'9(@6$9&'6%&b#+(
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5,56%78&,'9( #:5#$&#';&'<( ;"$,'&;( 98$#99/( ="#9#(
,68;,>#9( &'+&;78#( ?6'+7>#'87%( '#6$,?##+@7;A(
>#;"7'&9>9( ,5#$78#( 7;$,99( +&B#$9#( 5,56%78&,'9(
C"#'(;6%86$7%(@7$$&#$9(7$#(7++$#99#+/(
(
!"#$%&"#$'#()*(+&,"'&#()-,'./(#,'0$ )
D#9#7$;"(,'(;6%86$7%(?7;8,$9(&'(8$7'9;$7'&7%(#%#;8$&;7%(
98&>6%78&,'( E8$7'9;$7'&7%( +&$#;8( ;6$$#'8( 98&>6%78&,'(
F8GH!I( 7'+( 8$7'9;$7'&7%( 7%8#$'78&'<( ;6$$#'8(
98&>6%78&,'(F8JH! IK( &9( #B#'( >,$#( %&>&8#+L( C&8"( ,'%M(
,'#( &+#'8&?&#+( 986+M( #:5%&;&8%M( #:7>&'&'<( ;$,99N
;6%86$7%( +&??#$#';#9/( ="&9( <75( &9( ;,';#$'&'<( <&B#'(
$75&+( 8GH!( $#9#7$;"( #:57'9&,'( 7'+( &';$#79&'<(
",># N@79#+(755%&;78&,'(&'8#$#98(5,8#'8&7%%M($#7;"&'<(
+&B#$9#(5,56%78&,'9/(
(
O7$8&'( #8( 7%/( EP.*QK( ;,'+6;8#+( <$,6'+@$#7A&'<(
$#9#7$;"( #:7>&'&'<( ;6%86$7%( &'?%6#';#9( ,'( 8GH!(
#??#;89/( ="#&$( 986+M( C&8"( *.1( M,6'<( 7+6%89( E0P((
!,68" #798( J9&7'( !&'<75,$#7'9( 7'+( 0P( H76;79&7'(
J698$7%&7'9K( ?,6'+( ;6%86$7%( @7;A<$,6'+( 9&<'&?&;7'8%M(
&'?%6#';#+( @,8"( @79#%&'#( 9,;&7%( ;,<'&8&,'( 7'+((
"&<"N+#?&'&8&,'( ERGKN8GH!( $#95,'9#9/( =7$<#8&'<(
+,$9,>#+&7%( 5$#?$,'87%( ;,$8#:( 7'+( $&<"8(
8#>5,$,57$&#87%( S6';8&,'( $#<&,'9( &'B,%B#+( &'( 9#%?N
,8"#$( 5$,;#99&'<L( @79#%&'#( +&??#$#';#9( 9",C#+(
!,68" #798( J9&7'9( "7+( <$#78#$( 9#%?N,8"#$( &'8#<$78&,'(
8"7'(H76;79&7'9L(;,'9&98#'8(C&8"(;,%%#;8&B&98&;(B#$969(
&'+&B&+67%&98&;( ;6%86$7%( 9#%?N;,'98$67%( +&??#$#';#9/(
D#>7$A7@%ML( 7',+7%( RGN8GH!( $#96%8#+( &'(
H76;79&7'9( 5#$?,$>&'<( >,$#( 9&>&%7$%M( 8,( !,68"#798(
J9&7'9L( 96<<#98&'<( 98&>6%78&,'( ;,6%+( 8#>5,$7$&%M(
9"&?8(;6%86$7%%M(&'?%6#';#+(;,<'&8&B#(5788#$'9/(
(
="#9#(?&'+&'<9( "7B#(5$,?,6'+(&>5%&;78&,'9(?,$(8GH!(
755%&;78&,'( 7;$,99( +&B#$9#( 5,56%78&,'9/( T?( ;6%86$7%(
@7;A<$,6'+(&'?%6#';#9(@79#%&'#('#6$7%(5$,;#99&'<(&'(
87$<#8#+( $#<&,'9L( ,58&>7%( 98&>6%78&,'( 57$7>#8#$9(
>7M( +&??#$( 7;$,99( <$,659/( U$,8,;,%9( +#B#%,5#+( ?,$(
V#98#$'( 5,56%78&,'9( >&<"8( "7B#( +&??#$#'8( ,$(
,55,9&8#( #??#;89( &'( 5,56%78&,'9( C&8"( +&??#$#'8(
@79#%&'#(5788#$'9/(="#(986+M($7&9#9(#8"&;7%(W6#98&,'9(
7@,68( 69&'<( @$7&'( 98&>6%78&,'( 8,( 7%8#$( ;6%86$7%%M(
&'?%6#';#+(;,<'&8&B#(98M%#9/(
(
R,C#B#$L( ?6'+7>#'87%( 8GH!( >#;"7'&9>9( &'B,%B&'<(
'#6$,'7%( >#>@$7'#( 5,%7$&X78&,'( 7'+( #:;&87@&%&8M(
;"7'<#9( $#5$#9#'8( @79&;( @&,5"M9&;7%( 5$,;#99#9(
,5#$78&'<(9&>&%7$%M(7;$,99(5,56%78&,'9(EY&89;"#(#8(7%/L(
P..ZK/( [%#;8$&;7%( ;6$$#'8( #??#;89( ,'( '#6$7%( 8&996#(
?,%%,C(6'&B#$97%(5"M9&;7%(%7C9/(V"78(B7$&#9(;6%86$7%%M(
&9(8"#(@79#%&'#(9878#(@#&'<(>,+6%78#+(7'+($#96%8&'<(
;"7'<#( &'8#$5$#878&,'/( ="&9( +&98&';8&,'( &9( ;$6;&7%-(
C"&%#( 8#;"',%,<M( C,$A9( 8"$,6<"( 6'&B#$97%(
>#;"7'&9>9L( 755%&;78&,'( >698( ;,'9&+#$( ;6%86$7%(

B7$&78&,'9( &'( @79#%&'#( '#6$7%( ,$<7'&X78&,'( 7'+(
8$#78>#'8(<,7%9/(
(
="#( 7@9#';#( ,?( ;6%86$7%( 7;;#587@&%&8M( $#9#7$;"( &9(
5$,@%#>78&;(<&B#'(8"#(&'8#$B#'8&,'�¶9(&'8&>78#( '786$#/(
\,$( #:7>5%#L( 8GH!( &'B,%B#9( 755%M&'<( #%#;8$&;7%(
;6$$#'8( 8"$,6<"( 8"#( 9A6%%( 8,( 7%8#$( @$7&'( 7;8&B&8ML(
5,8#'8&7%%M( $7&9&'<( 6'&W6#( ;6%86$7%( 7'+( $#%&<&,69(
;,';#$'9/( !,>#( >7M( B&#C( #:8#$'7%( @$7&'( 7;8&B&8M(
>7'&56%78&,'( 79( B&,%78&'<( 5#$9,'7%( 768,',>M( ,$(
95&$&867%(&'8#<$&8M/(]8"#$9(>7M("7B#(95#;&?&;(;,';#$'9(
7@,68( #%#;8$&;7%( +#B&;#9( '#7$( 8"#( "#7+( @79#+( ,'(
;,'9;&,69'#99L( 9,6%L( ,$( %&?#( ?,$;#( @#%&#?9/( 8GH!(
#W6&5>#'8( 9&>&%7$&8M( 8,( #%#;8$,;,'B6%9&B#( 8"#$75M(
+#B&;#9( >7M( #B,A#( 57$8&;6%7$( ;,';#$'9( 7>,'<(
5,56%78&,'9( C&8"( 59M;"&78$&;( 7@69#( ,$( ;,#$;&B#(
8$#78>#'8("&98,$&#9/(
(
120,03'0.04/(#,'0$ )
="#( 5",8,@&,>,+6%78&,'( %&8#$786$#( 9",C9( $75&+(
$#;#'8( <$,C8"( @68( $#B#7%9( 9&<'&?&;7'8( <759(
7++$#99&'<( ;6%86$7%( 7'+( #8"'&;( +&B#$9&8M/( D#;#'8(
9M98#>78&;($#B&#C9(7'+(>#87N7'7%M9#9(+#>,'98$78#(
#??&;7;M(?,$(+#5$#99&,'L(;,<'&8&B#(#'"7';#>#'8L(7'+(
57&'( >7'7<#>#'8L( @68( ','#( #:7>&'#( ;6%86$7%L((
$7;&7%L( ,$( #8"'&;( ?7;8,$9( 5,8#'8&7%%M( &'?%6#';&'<(
8$#78>#'8($#95,'9#(,$(7;;#587@&%&8M/(
(
\6'+7>#'87%( 5",8,@&,>,+6%78&,'( >#;"7'&9>9(
$#5$#9#'8(6'&B#$97%(;#%%6%7$(5$,;#99#9/(!5#;&?&;(%&<"8(
C7B#%#'<8"( &'8#$7;8&,'( C&8"( ;M8,;"$,>#(; ( ,:&+79#L(
%#7+&'<( 8,( &';$#79#+( J=U( 5$,+6;8&,'( 7'+( $#7;8&B#(
,:M<#'( 95#;&#9( >,+6%78&,'L( ,;;6$9( &'( 7%%( "6>7'(
;#%%9( $#<7$+%#99( ,?( ;6%86$7%( @7;A<$,6'+( ER7>@%&'L(
P.*4K/( =$7'9;$&58&,'( ?7;8,$( 7;8&B78&,'( 7'+(
96@9#W6#'8( <#'#( #:5$#99&,'( ;"7'<#9( $#5$#9#'8(
?6'+7>#'87%( @&,%,<&;7%(5$,;#99#9( ;,'9#$B#+(7;$,99(
5,56%78&,'9/(
(
R,C#B#$L( 7@9#';#( ,?( ;6%86$7%( ;,'9&+#$78&,'9( &9(
;,';#$'&'<( <&B#'( 5,8#'8&7%( 8$#78>#'8( 57$7>#8#$(
B7$&78&,'9/( O#%7'&'( ;,'8#'8L( B7$M&'<( 9&<'&?&;7'8%M(
7;$,99( $7;&7%( 7'+( #8"'&;( <$,659L( 7@9,$@9( %&<"8( 7'+(
;,6%+( 8"#,$#8&;7%%M( &'?%6#';#( 5",8,@&,>,+6%78&,'(
5#'#8$78&,'( 7'+( @&,%,<&;7%( #??#;89/( G#95&8#( 8"&9(
,@B&,69( ;,'9&+#$78&,'L( ',( 56@%&9"#+( 986+&#9(
#:7>&'#( C"#8"#$( ,58&>7%( C7B#%#'<8"9L( 5,C#$(
+#'9&8&#9L(,$(8$#78>#'8(+6$78&,'9(9",6%+(@#(7+S698#+(
@79#+(,'(9A&'(8M5#(,$(>#%7'&'(;,'8#'8/(="#(@&5"79&;(
+,9#($#95,'9#(96<<#989(8,,(%&88%#(%&<"8("79( ',(#??#;8(
C"&%#(8,,(>6;"(&'"&@&89(+#9&$#+( $#95,'9#9/(T?(8&996#(
,58&;7%( 5$,5#$8&#9( B7$M( @M( #8"'&;&8ML( 8"#$75#68&;(
C&'+,C9(>&<"8(+&??#$(7;$,99(5,56%78&,'9/(
(
H6%86$7%( 7;;#587@&%&8M( $#>7&'9( 6'#:5%,$#+/( ^&<"8(
755%&;78&,'( 8,( 8"#( "#7+( ?,$( 8"#$75#68&;( 56$5,9#9(
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6&7"8(9#(:&#;#+(+&<<#$#'8%=(>?$,@@(?A%8A$>%(?,'8#B8@0(
!,6#( ?A%8A$#@( 6>=( 9#( 6,$#( >??#C8&'7( +A#( 8,(
8$>+&8&,'>%(@A'%&7"8(,$(?,%,$#+(%&7"8("#>%&'7(C$>?8&?#@0(
D8"#$@( 6&7"8( 9#( @E#C8&?>%( ,<( ?%>&6@( 8">8( %&7"8(
C#'#8$>8#@( 8"#( @EA%%( &'<%A#'?&'7( 9$>&'( <A'?8&,'0(
F=C&?>%( C",8,9&,6,+A%>8&,'( +#:&?#( >CC#>$>'?#(
,<8#'( $#@#69%&'7( GHI( >$$>=( "#%6#8@( 6&7"8( #:,E#(
+&<<#$#'8(?A%8A$>%(>@@,?&>8&,'@0(
(
!"#$%&"#'()*$+,""-.'/0 )
F"#( C#$&C"#$>%( 9&,<##+9>?E( %&8#$>8A$#( C$,:&+#@(
@,6#;">8( 6,$#( ?A%8A$>%( <>?8,$@( #:&+#'?#J( 8",A7"(
@&7'&<&?>'8( 7>C@( $#6>&'0( F"#( 6,+>%&8=�¶@( <,?A@( ,'(
8#>?"&'7(?,'@?&,A@(>A8,',6&?(?,'8$,%(&'8#$@#?8@(;&8"(
+&:#$@#( 6&'+K9,+=( C$>?8&?#( 8$>+&8&,'@J( C,8#'8&>%%=(
&'?$#>@&'7(>??#C8>9&%&8=(<,$( C,CA%>8&,'@(<>6&%&>$( ;&8"(
=,7>J(L&7,'7J(6#+&8>8&,'J(,$(?,'8#6C%>8&:#(C$>?8&?#@0(
(
M"=@&,%,7&?>%( C$,?#@@#@( A'+#$%=&'7( C#$&C"#$>%(
9&,<##+9>?E( >$#( A'&:#$@>%0( F"#( >A8,',6&?( '#$:,A@(
@=@8#6( <A'?8&,'@( &+#'8&?>%%=( $#7>$+%#@@( ,<( ?A%8A$>%(
9>?E7$,A'+J( ;&8"( @=6C>8"#8&?( >?8&:>8&,'( &'?$#>@&'7(
"#>$8( $>8#J( C#$&C"#$>%( :>@,?,'@8$&?8&,'J( >'+(
#%#?8$,+#$6>%( >?8&:&8=J( ;"&%#( C>$>@=6C>8"#8&?(
>?8&:>8&,'(C$,+A?#@(,CC,@&8#(#<<#?8@(NM,$7#@J(*/..O0(
P>$,$#<%#BJ( $#@C&$>8,$=( @&'A@( >$$"=8"6&>J( >'+( ,8"#$(
?>$+&,$#@C&$>8,$=( ?,AC%&'7( 6#?">'&@6@( ,C#$>8#(
8"$,A7"( ?,'@#$:#+( C>8";>=@0( Q>&'&'7( :,%A'8>$=(
?,'8$,%( ,:#$( 8=C&?>%%=( &':,%A'8>$=( C$,?#@@#@( 8"$,A7"(
<##+9>?E( $#C$#@#'8@( <A'+>6#'8>%( "A6>'( '#$:,A@(
@=@8#6(%#>$'&'7(?>C>?&8=0(
(
R#%+6>'( #8( >%0( N*/.5O( ?,'+A?8#+( 8"#( 6,@8(
?,6C$#"#'@&:#( ?A%8A$>%%=( >+>C8#+( 9&,<##+9>?E(
@8A+=J( #B>6&'&'7( ?,7'&8&:#K9#">:&,$>%(
C@=?",C"=@&,%,7&?>%(8"#$>C=( NSPMFO(;&8"( TUV(
9&,<##+9>?E(<,$(G>8&',(>+A%8@(;&8"(?,6,$9&+(>@8"6>(
>'+(C>'&?(+&@,$+#$0(F"#&$($>'+,6&W#+(?,'8$,%%#+(8$&>%(
;&8"(14(C>$8&?&C>'8@(&'?,$C,$>8#+(?A%8A$>%(>+>C8>8&,'@(
&'?%A+&'7( !C>'&@"( %>'7A>7#( @#@@&,'@J( <>6&%=(
&':,%:#6#'8J( ?A%8A$>%%=( $#%#:>'8( #B>6C%#@J(
>++$#@@&'7( ?A%8A$>%( >@8"6>( 9#%&#<@J( >'+(
&'?,$C,$>8&'7( ?A%8A$>%%=( $#@,'>'8( @8$#@@( ?,'?#C8@0(
P,8"( >+>C8#+( SPMF( >'+( 6A@&?( $#%>B>8&,'( @",;#+(
&6C$,:#6#'8@J( ;&8"( SPMF( @",;&'7( 6#+&?>8&,'(
>+"#$#'?#( >+:>'8>7#@0( X#%@,'( #8( >%0( N*/*/O( <,A'+(
TUV( >'+( #'+ K8&+>%( SD*(?">'7#@( C>$8&>%%=( 6#+&>8#+(
8$#>86#'8( #<<#?8@J( &'+&?>8&'7( 8>$7#8#+( C"=@&,%,7&?>%(
6#?">'&@6@( ,C#$>8#+( @&6&%>$%=( >?$,@@( ?A%8A$>%(
7$,AC@( +#@C&8#( $#LA&$&'7( ?A%8A$>%%=( >+>C8#+(
#'7>7#6#'8(C>8";>=@0(
(
P#%8$Y'KV#%>@?,( #8( >%0( N*/*/O( +,?A6#'8#+( ?A%8A$>%(
+&<<#$#'?#@(&'(C@=?",C"=@&,%,7&?>%(@8$#@@($#@C,'@#@(
;&8"( 9&,<##+9>?E( C$,8,?,%( &6C%&?>8&,'@0( S,6C>$&'7(
!C>'&@"( >'+( S,%,69&>'( @8A+#'8@( $#:#>%#+(

@&7'&<&?>'8( @A9Z#?8&:#( >'+( ,9Z#?8&:#( @8$#@@( $#@C,'@#(
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-#$+-<$9-, *9, 1$=#$??*29, I\1+<;%BS, $-, +(.H, M546N,
J#2+1@+B,$-,+(.H,M54MN,]E9-$#,$-,+(.H,M55TR,+91,+(?2,
+?, +, <+#S$#, 2A, #$?=29?$, -2, 9$E#2<21E(+-*29,
-$;>9*GE$?, I'#DE%$(, $-, +(.H, M546N, ]E9-$#, $-, +(.H,
M540R.,
,
^$E#2A$$1F+;S,I^OR,*?, +,9$E#2#$DE(+-*29, -$;>9*GE$,
->+-, $9+F($?, *91*)*1E+(?, -2, #$DE(+-$, ->$*#, F#+*9,
+;-*)*-B, ->#2ED>, #$+(&-*<$, A$$1F+;SH, -B=*;+((B,
2F-+*9$1, A#2<, ''W, IY+##2F($?H, M54TR., !2?*-*29$1,
+<29D,929=>+#<+;2(2D*;+(,*9-$#)$9-*29?H,^O,1*AA$#?,
A#2<,2->$#,<$->21?,FB,A2;E?*9D,29,->$,1*#$;-,-#+*9*9D,

2A,?=$;*A*;,=+--$#9?,2A,F#+*9,+;-*)*-BH,A+;*(*-+-*9D,?$(A&
#$DE(+-*29, 2A, 9$E#+(, =#2;$??$?., _9, <2?-, ;+?$?H,^O,
-+#D$-?, E9*)+#*+-$, )+#*+F($?H, ?E;>, +?, =2@$#, *9,
1*AA$#$9-, A#$GE$9;B, F+91?H, -2, DE*1$, -#+*9*9D., [>*?,
-$;>9*GE$, >+?, 1$<29?-#+-$1, E-*(*-B, *9, <+9+D*9D,
1*?2#1$#?, ?E;>, +?, +9C*$-B, +91, 1$=#$??*29,
I]+<<291H, M556RH, 2F?$??*)$, ;2<=E(?*)$, 1*?2#1$#,
IL`#<$(*, K, '#-$<H, M544RH, +--$9-*29&
1$A*;*-8>B=$#+;-*)*-B, 1*?2#1$#, I\#9?, $-, +(.H, M55PN,
J+S>?>+B$?>,$-,+(.H,M544N,!"#$%&'()*#+,$-,+(.H,M5M5RH,
*9?2<9*+, I]+<<$#, $-, +(.H, M544N, !"#$%&'()*#+, $-, +(.H,
M54PRH, A*F#2<B+(D*+, Ia+B*#+9, $-, +(.H, M55/N, !"#$%&
'()*#+, K, b*<"9$%, Wc<$%H, M5M5RH,+91, $=*($=?B,
Id+(S$#H, M556RH, +<29D, 2->$#?H, 2AA$#*9D, +9,
+(-$#9+-*)$, 2#, ;2<=($<$9-, -2, ;29)$9-*29+(,
=>+#<+;2(2D*;+(,*9-$#)$9-*29?.,
,
W*)$9,->+-,;2#1+9;$,>+?,9$)$#,F$A2#$,F$$9,E?$1,+?,
+, 1$=$91$9-, )+#*+F($, 2#, -+#D$-, A2#, ;>+9D$, *9,^O,
*9-$#)$9-*29?H,->$,+*<,2A,->*?,?-E1B,*?,-2,$C=(2#$, ->$,
*<=($<$9-+-*29, +91, $AA*;+;B, 2A, +9, ^O, =#2-2;2(,
?=$;*A*;+((B, 1$?*D9$1, -2, -#+*9, ;2#1+9;$H, +==(*$1, *9,
->*?, ;+?$, -2, +, =+-*$9-, @*->, <221, +91, +9C*$-B,
1*AA*;E(-*$?., [>*?, $C=$#*<$9-+(, =#2-2;2(, ?$$S?, -2,
$)+(E+-$, ;>+9D$?, *9, ''W, ;2#1+9;$, <$-#*;?,
+??2;*+-$1,@*->,-+#D$-$1,-#+*9*9DH,*9,2#1$#,-2,=#2)*1$,
=#$(*<*9+#B, $)*1$9;$, 2A, ->$, A$+?*F*(*-B, +91, ;(*9*;+(,
E-*(*-B,2A,;2#1+9;$,-#+*9*9D,+?,+9,*9-$#)$9-*29.,[2,->$,
F$?-,2A,2E#,S92@($1D$H,->*?,#$?$+#;>,#$=#$?$9-?, ->$,
A*#?-, +==(*;+-*29, 2A, +, ;2#1+9;$&F+?$1, -#+*9*9D,
+==#2+;>H, ->$#$FB, (+B*9D, ->$, D#2E91@2#S, A2#, AE-E#$,
?-E1*$?,*9,F#2+1$#,;(*9*;+(,;29-$C-?.,
,

!"#$%&' (
,
)*+#,-,.*/# (
\, 77 &B$+#&2(1, <+($, =+-*$9-, =#$?$9-$1, -2, ->$,
9$E#2=?B;>2=>B?*2(2DB, ;(*9*;, @*->, $<2-*29+(, +91,
;2D9*-*)$, ;2<=(+*9-?., ]$, #$=2#-$1, ->+-H, +A-$#, ->$,
M5M5, =+91$<*;H, >$, >+1, $C=$#*$9;$1, +, <+#S$1,
*9;#$+?$, *9, A$$(*9D?, 2A, +9C*$-B, +91, E9$+?$H,
+;;2<=+9*$1, FB, =$#?*?-$9-, A+-*DE$, +91, ?*D9*A*;+9-,
<221,A(E;-E+-*29?.,[>$?$,$=*?21$?,*9;(E1$1,=$#*21?,
2A, $<2-*29+(, 12@9-E#9, +(-$#9+-*9D, @*->, <2<$9-?, 2A,
D#$+-$#, ?-+F*(*-B., V)$#+((H, >$, 1$?;#*F$1, +, ;29?-+9-,
?$9?$, 2A, #$?-($??9$??, +91, (+;S, 2A, <2-*)+-*29., V)$#,
->$, =+?-, B$+#H, ->$?$, ?B<=-2<?, >+1, *9-$9?*A*$1H,
+AA$;-*9D, >*?, +F*(*-B, -2, ;29;$9-#+-$, +91, ?($$=.,
\11*-*29+((BH, >$, >+1, $C=$#*$9;$1, $=*?21$?, 2A,
*9?2<9*+H, AE#->$#, $C+;$#F+-*9D, >*?, A+-*DE$., O2#,
+9C*$-B, <+9+D$<$9-H, >$, >+1, F$$9, =#$?;#*F$1,
#$?;E$, +9C*2(B-*;, <$1*;+-*29H, ->2ED>, >$, #$=2#-$1,
E?*9D, *-, 29(B, 1E#*9D, ;#*-*;+(, <2<$9-?., ]*?, <$1*;+(,
>*?-2#B, +(?2, *9;(E1$1, +, =#$)*2E?, 1*+D92?*?, 2A,
<*D#+*9$,@*->,+E#+H,@>*;>,>+1,A*#?-,+==$+#$1,1E#*9D,
>*?, E9*)$#?*-B, B$+#?H, +(->2ED>, ->$?$, $=*?21$?, >+1,
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�E�H�H�Q�� �V�S�R�U�D�G�L�F�� �D�Q�G�� �Z�H�U�H�� �Q�R�W�� �S�D�U�W�� �R�I�� �W�K�H�� �S�D�W�L�H�Q�W�¶�V��
;<##$9-, =#*>+#?, ;29;$#9@., A$, @$($;-$1, -B*@, =+-*$9-,
C+@$1, 29, B*@, ;2#1+9;$, =#2D*($, E($D-, D#29-+(,
1*@;2#1+9;$F, +91, -B$, =#$@$9;$, 2D, +, ;29)$9-*29+(,
G''H, I*-B, ; &@;2#$@, I*-B*9, -B$, 92#>+(, #+9J$., KB*@,
@$($;-*29, I+@,>+1$,D2#, -I2, >+*9,#$+@29@3,D*#@-L, -B$,
1*@;2#1+9;$, @<JJ$@-$1, +, =2-$9-*+(, #$@=29@*)$9$@@,
-2, ;2#1+9;$&C+@$1,MNL, IB*;B, I+@, -B$, 92)$(,
*9-$#)$9-*29, C$*9J, -$@-$1O, +91, @$;291L, -B$, (+;P, 2D,
2-B$#, +C92#>+(, D*91*9J@, *9, -B$, ;29)$9-*29+(,G''H,
>*9*>*%$1, -B$, (*P$(*B221, -B+-, +9?, 2C@$#)$1,
*>=#2)$>$9-@, ;2<(1, C$, +--#*C<-$1, -2, <9#$(+-$1, 2#,
<9;29-#2(($1, )+#*+C($@., KB*@, >+1$, -B$, =+-*$9-, +9,
+==#2=#*+-$, ;+91*1+-$, -2, *@2(+-$, +91, $)+(<+-$, -B$,
@=$;*D*;,$DD$;-@,2D,-B$,;2#1+9;$,-#+*9*9J,=#2-2;2(.,
,
KB$, =+-*$9-, =#2)*1$1, I#*--$9, *9D2#>$1, ;29@$9-, D2#,
-B$, *9-$#)$9-*29, +91, -B$, =<C(*;+-*29, 2D, -B*@, @-<1?L,
IB*;B, I+@, <91$#-+P$9, +-, M'!QR, S$B+C*(*-+;*T9,
M$<#2(TJ*;+L, +, 9$<#2(2J*;, #$B+C*(*-+-*29, ;(*9*;,
+<-B2#*%$1, C?, -B$, S$J*29+(, U$=+#->$9-, 2D, V$+(-B,
EW+@-*((+,?,X$T9L,Q=+*9.,R<-B2#*%+-*29,W21$3,:/&WY7&
5Y4ZF.,KB$,S$J*29+(,U$=+#->$9-,2D,V$+(-B,=#2)*1$1,
+==#2)+(,D2#,-B*@,P*91,2D,*9-$#)$9-*29.,
,
!"#$%&'()*+$, - ""(""'(.) ,
!"#$% &"'("))*+,% -,.",/+(0 1--% 2!&-1--34, KB$, [U\ &\\,
E[$;P, $-, +(.L, 400ZO, Q+9%, $-, +(.L, Y55:F, *@, +,,
@$(D&+1>*9*@-$#$1, G<$@-*299+*#$, 1$@*J9$1, -2, +@@$@@,
-B$, @$)$#*-?, 2D, 1$=#$@@*)$, @?>=-2>@., Q2>$, *-$>@,
I$#$, <=1+-$1, C?, [$;P, $-, +(., E400ZF, -2, C$--$#, +(*J9,
I*-B, -B$, UQ] &\^, 1*+J92@-*;, ;#*-$#*+, D2#, >+_2#,
1$=#$@@*)$,1*@2#1$#.,\-,;29@*@-@,2D,Y4,*-$>@,;2)$#*9J,
C2-B, $>2-*29+(, +91, =B?@*;+(, @?>=-2>@, 2D,
1$=#$@@*29, @<;B, +@, @+19$@@L, (2@@, 2D, *9-$#$@-L,
;B+9J$@, *9, +==$-*-$L, D+-*J<$L, +91, D$$(*9J@, 2D, J<*(-.,
'+;B,*-$>,*@,#+-$1,29,+,5,-2,:,X*P$#-&-?=$,@;+($L,I*-B,
B*JB$#, @;2#$@, *91*;+-*9J, J#$+-$#, @$)$#*-?, 2D,
1$=#$@@*)$,@?>=-2>@.,K2-+(,@;2#$@,#+9J$,D#2>,5,-2,
Z:,+91,+#$,;+-$J2#*%$1,*9-2,#+9J$@,-2,1$-$#>*9$,-B$,
($)$(, 2D, 1$=#$@@*293, 5�±4:, *91*;+-$@, <+,+<)(-
1$=#$@@*29L,47�±40,<+(=-1$=#$@@*29L,Y5�±Y`,<%="$)*"-
1$=#$@@*29L, +91, Y0�±Z:, >"?"$"- 1$=#$@@*29, E[$;P, $-,
+(.L, 400ZF., \-, *@, I*1$(?, <@$1, *9, C2-B, ;(*9*;+(, +91,
#$@$+#;B, @$--*9J@, 1<$, -2, *-@, B*JB, #$(*+C*(*-?, +91,
)+(*1*-?,*9,>$+@<#*9J,1$=#$@@*29,@$)$#*-?,Ea$91+((,$-,
+(.L,40`/O,Q+9%,b,H+#;c+&̂$#+L,Y54:F.,
,
567*8/+,% 9,:*"/0% ;6/*,<% =#68"% 259;=3 4, KB$,
VRSQ,EV+>*(-29L,4060O,X2C2,$-,+(.L,Y55YF,*@,29$,2D,
-B$, >2@-, I*1$(?, <@$1, -22(@, *9, ;(*9*;+(, +91, #$@$+#;B,
@$--*9J@, 1$@*J9$1, -2, +@@$@@, -B$, @$)$#*-?, 2D, +9d*$-?,
@?>=-2>@., \-, ;29@*@-@, 2D, 47, *-$>@, ;2)$#*9J, C2-B,
=@?;B2(2J*;+(, +91, @2>+-*;, @?>=-2>@., '+;B, *-$>, *@,
#+-$1, 29, +, 5, -2, 7, X*P$#-&-?=$, @;+($L, I*-B, B*JB$#,
@;2#$@, *91*;+-*9J, J#$+-$#, @?>=-2>, @$)$#*-?., K2-+(,

@;2#$@, #+9J$, D#2>, 5, -2, 6ZL, +91, #$@<(-@, ;+9, C$,
;(+@@*D*$1, *9-2, >*(1L, >21$#+-$L, 2#, @$)$#$, ($)$(@, 2D,
+9d*$-?.,R,-2-+(,@;2#$,2D,5�±4/,*91*;+-$@,<+(=-+9d*$-?L,
4` �±Y7,<%="$)*"- @$)$#*-?L,+91,Y6�±6Z,>"?"$" ,+9d*$-?,
EV+>*(-29L,4060O,X2C2,$-,+(.L,Y55YF.,KB$,VRSQ,*@,+,
#$(*+C($,+91, )+(*1, *9@-#<>$9-L, I*1$(?,<@$1,*9, ;(*9*;+(,
@-<1*$@, +91, *9, +@@$@@*9J, -B$, $DD*;+;?, 2D, -#$+->$9-@,
D2#, +9d*$-?, E[$;BL, Y550O, ]+*$#, $-, +(.L, 40``O,
Q<J+#>+9,$-,+(.L,Y547O,KB2>=@29L,Y546F.,
,
9/>",)% -,)+7,*6% =#68"% 29-=34, KB$, R\Q, EHT>$%&
[$9*-2,$-,+(.L,Y544O,Q2(1+-2@,$-,+(.L,Y555L,Y55:F,*@,+,
@$(D&+1>*9*@-$#$1, G<$@-*299+*#$, 1$@*J9$1, -2, +@@$@@,
-B$,@$)$#*-?,2D,*9@2>9*+,C+@$1,29,-B$,;#*-$#*+,2D,-B$,
\9-$#9+-*29+(, W(+@@*D*;+-*29, 2D, Q($$=, U*@2#1$#@,
EQ+-$*+L, Y547F., KB$, G<$@-*299+*#$, ;29@*@-@, 2D,$*JB-,
*-$>@L,$+;B,#+-$1,29,+,5,-2,:,X*P$#-&-?=$,@;+($L,I*-B,
+,-2-+(,@;2#$,#+9J*9J,D#2>,5,-2,Y7,+91,B*JB$#,@;2#$@,
*91*;+-*9J,J#$+-$#,*9@2>9*+,@$)$#*-?.,R,-2-+(,@;2#$,2D,
Z, 2#, B*JB$#, *@, ;29@*1$#$1, *91*;+-*)$, 2D, ;(*9*;+((?,
#$($)+9-,*9@2>9*+,=#2C($>@,EQB+B*1,$-,+(.L,Y544F.,
,
/(0*&1"#$%&1%#"+&2&3+$42,-""(""'(.),5 67789 ,
??@%9 #AB*)*/*+,% 6,C%D("'(+#"))*,< 4%N2#, -B$,
;2(($;-*29,2D,-B$,''H@,-B$,=+-*$9-,I+@,D*--$1,I*-B,+9,
''H, ;+=L, '($;-#2 &W+=, E'($;-#2&;+=, \9-$#9+-*29+(F,
I*-B, 40, ;B+99$(@, (2;+-$1, +;;2#1*9J, -2, \9-$#9+-*29+(,
Q?@-$>,45�±Y5,EN=4L,N=YL,N/L,N:L,N%L,N7L,N`L,K:L,W:L,
W%L, W7L, K7L, K6L, !:L, !%L, !7L, KZL, e4L, +91, eYF, +91,
<@*9J, +, X*9P$1, '+#@, >29-+J$., N2#, 6, >*9L, ''H,
@*J9+(@, D#2>, +((, 40, ;B+99$(@, I$#$, @*><(-+9$2<@(?,
2C-+*9$1,+91,;2(($;-$1,<@*9J,+,U*@;2)$#?Y7,+>=(*D*$#,
D#2>,[#+*9]+@-$#,K$;B92(2J*$@L,\9;., \>=$1+9;$@,2D,
($@@, -B+9, 6, P�: , I$#$, >+*9-+*9$1L, +91, +, ;29@-+9-,
-$>=$#+-<#$, +91, B<>*1*-?, 2D, ($@@, -B+9, Y6fW, +91,
65gL, #$@=$;-*)$(?L, I$#$, >+*9-+*9$1, *9, -B$,
(+C2#+-2#?., ''H, #$;2#1*9J@, I$#$, >+1$, *9, -B$,
;(2@$1&$?$, @-+-$, I*-B, -B$, <@$, 2D, [#+*9, R)+-+#, 7.Z.7,
@2D-I+#$,E[#+*9]+@-$#,K$;B92(2J*$@L,\9;.F.,KB$,''H,
@*J9+(, =#$=#2;$@@*9J, I+@, =$#D2#>$1, <@*9J, ]M'&
!?-B29, E)$#@*29, 4.`.5F., KB$, @*J9+(, I+@,,
C+91&=+@@, D*(-$#$1, C$-I$$9, 4, +91, 75, V%L, +91,
+#-*D+;-@, I$#$, B+91($1, <@*9J, R#-*D+;-, Q<C@=+;$,
S$;29@-#<;-*29, E[(<>, $-, +(.L, Y540O, a2-B$, b, h<9JL,
Y54ZF.,
%
??@%9 ,680)*)% 6,C%D(+#"))*,< 4, R((, ''H, 1+-+,
=#2;$@@*9J, I$#$, =$#D2#>$1, <@*9J, !?-B29, E)$#@*29,
:.4Y.4F, +91, -B$, ]M' &!?-B29, =+;P+J$, E4.`.5O,
H#+>D2#-, $-, +(.L, Y547F., KB$@$, -22(@, I$#$, <@$1, D2#,
@*J9+(, =#2;$@@*9JL, ;2#1+9;$, ;2>=<-+-*29L, +91,
J#+=B*;+(, #$=#$@$9-+-*29., R11*-*29+((?L, 1+-+,
)*@<+(*%+-*29, +91, -B$, J$9$#+-*29, 2D,]*;#2@2D-,'d;$(,
-+C($@, I*-B, -B$, 9<>$#*;+(, ;2#1+9;$, 1+-+, I$#$,
+;;2>=(*@B$1, <@*9J, Q;*!?, E^*#-+9$9, $-, +(.L, Y5Y5FL,
M<>!?, EV+##*@, $-, +(.L, Y5Y5FL, +91, !+91+@, EKB$,
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! +81+;, < $)$(2=>$8-, ?$+>@,A0A6B.,''C,#$D2#1*8E;,
F$#$,=#2D$;;$1,G;*8E,H*8I$1,'+#;,>28-+E$.!
,
!"#$%&'() ! %*'+*%,-"&.)
"#!$%&'()! *&+,'! -./01/.(2&3! &4! (),! 5/6).! 7.38 #,
JK2#-L,=2F$#,F+;,D+(DG(+-$1,*8,-L$,+(=L+,M+81,N/�±49,
J%B@, +, O#$PG$8DQ, M+81, O#$PG$8-(Q, ;-G1*$1, *8, ''C,
1G$, -2, *-;, +;;2D*+-*28, F*-L, #$;-*8E, +D-*)*-Q, +81,
D2E8*-*)$, OG8D-*28;,���%�D�ú�D�U�� �H�W�� �D�O������ ����������., R, O*(-$#,
M$-F$$8, /,+81,49,J%,F+;,+==(*$1, -2,-L$, ''C,1+-+,
G;*8E, ST' &!Q-L28U;, O*(-$#*8E, -22(;@, $8;G#*8E, -L$,
$V-#+D-*28,2O,*8O2#>+-*28,;=$D*O*D,-2,-L$,+(=L+,M+81.,
,
JK2#-L, =2F$#, *8, $+DL, DL+88$(, F+;, 2M-+*8$1, MQ,
D+(DG(+-*8E, -L$, >$+8, ;PG+#$, 2O, -L$, +(=L+&O*(-$#$1,
;*E8+(@,+DD2#1*8E,-2,-L$,O2((2F*8E,$PG+-*283,
,

�*�F�K�N�P�D���L�K�S�A�N�*���×�A��
�s
�0


Í �T�Ü�á���ç
�6

�Ç

�ç�A�5

!

FL$#$3,
,
! ,*;,-L$,8G>M$#,2O,;+>=($;@,
,
�T�*�×�á�ç

�6 , #$=#$;$8-;, -L$, +>=(*-G1$, +-, -*>$,*, *8, DL+88$(,+@,
+81,
,
�*�F�K�N�P�D���L�K�S�A�N�*�×��D2##$;=281;,-2,-L$,+(=L+,M+81,=2F$#,
O2#,DL+88$(,+.,
,
?L*;, PG+1#+-*D, =2F$#, *;, +, D2>>28, >$+;G#$, -2,
+;;$;;,-L$,*8-$8;*-Q,2O,+D-*)*-Q,F*-L*8,+,;=$D*O*D,M+81@,
=#2)*1*8E, +8, +==#2V*>+-*28, 2O, -L$, ;*E8+(, =2F$#, *8,
-L$,;$($D-$1,O#$PG$8DQ,#+8E$,N?$=(+8@,A00AB.!
,
9#! -./01/.(2&3! &4! :&(./! 7'&.8;.38! *&+,'! <" �±=>!
$?@#, ?2, 82#>+(*%$, -L$, =2F$#, )+(G$;, *8, -L$, +(=L+,
M+81@,-L$, -2-+(,=2F$#, *8, -L$,#+8E$, 2O,4�±90,J%,F+;,
D+(DG(+-$1, O2#,$+DL, DL+88$(@, $8D2>=+;;*8E,,
(2F&O#$PG$8DQ, D2>=28$8-;, N4, J%B, G=, -2, -L$, G==$#,
(*>*-,2O,-L$,M$-+,M+81,N90,J%B.,?L*;,+==#2+DL,O2((2F;,
$;-+M(*;L$1, =#+D-*D$;, *8, ''C, PG+8-*O*D+-*28@, FL$#$,
-2-+(,=2F$#,;$#)$;,+;,+,#$O$#$8D$,O2#,#$(+-*)$,=2F$#,
+8+(Q;$;, +81, 82#>+(*%+-*28,NTG8$%, W, X#*8*)+;+8@,
A00YB.!
,
?2-+(, =2F$#, F+;, D+(DG(+-$1, +;, -L$, >$+8, ;PG+#$, 2O,
-L$,;*E8+(,O*(-$#$1,*8,-L$,4�±90,J%,#+8E$3,
!

�6�K�P�=�H���L�K�S�A�N�*���×���A��
�s
�0


Í �G�Ü�á���ç
�6

�Ç

�ç�A�5

!

!

ZL$#$, �6�K�P�=�H���L�K�S�A�N�*�×, #$=#$;$8-;, -L$, =2F$#, 2O, -L$,
;*E8+(,O2#,DL+88$(,+,+D#2;;,-L$,OG((,O#$PG$8DQ,#+8E$@,
+81, �G�*�×�á�ç

�6 , #$=#$;$8-;, -L$, +>=(*-G1$, +-, -*>$,*, *8,,
DL+88$(,+.,
,
=#! A&'B./2?.(2&3! &4! 5/6).! $%&'()! *&+,'! .38!
-./01/.(2&3! &4! C,/.(2D,! *&+,' #, ?F2, 82#>+(*%+-*28,
*81*D$;, F$#$, G;$1, -2, +;;$;;, D2#1+8D$, *8, $+DL,
DL+88$(@, M+;$1, 28, -L$, D2>=+#*;28, 2O, =2F$#, *8, -L$,
+(=L+,M+81,F*-L,-2-+(,=2F$#.,
,
R(=L+, 82#>+(*%+-*28, N) 82#>B3, ?L$, JK2#-L, =2F$#, 2O,
$+DL,DL+88$(, *8, -L$,+(=L+,M+81,F+;,82#>+(*%$1,MQ,
1*)*1*8E, *-, MQ,-L$, >+V*>G>, JK2#-L, =2F$#, )+(G$,
+D#2;;, +((, DL+88$(;@, +;, ;L2F8, *8, -L$, O2((2F*8E,
O2#>G(+3,
,

�=�á�â�å�à�á�Ü���A��
�*�F�K�N�P�D���L�K�S�A�N�Ü

�I�=�T�:�*�F�K�N�P�D���L�K�S�A�N�;
,

,
T2#>+(*%$1,#$(+-*)$,=2F$#,N$82#>B3,?L$,#$(+-*)$,=2F$#,
*8,-L$,+(=L+,M+81,F+;,1$O*8$1,+;,-L$,#+-*2,M$-F$$8,
JK2#-L, =2F$#, +81, -2-+(, =2F$#, *8, $+DL, DL+88$(@,
;GM;$PG$8-(Q, 82#>+(*%$1, MQ, 1*)*1*8E, *-, MQ, -L$,
>+V*>G>,#$(+-*)$,=2F$#,)+(G$,+D#2;;,DL+88$(;3,
,

�N�á�â�å�à�á�Ü���A��

�*�F�K�N�P�D���L�K�S�A�N�Ü
�6�K�P�=�H���L�K�S�A�N�Ü

�I�=�T
l
�*�F�K�N�P�D���L�K�S�A�N
�6�K�P�=�H���L�K�S�A�N
p

,

,
?L*;,82#>+(*%+-*28,+((2F;,O2#,D28;*;-$8-,D2>=+#*;28,
2O, =2F$#, ($)$(;, +D#2;;, DL+88$(;@, #$E+#1($;;, 2O,
+M;2(G-$,*8-$8;*-Q,1*OO$#$8D$;,N[2L$8@,A046B.,
,
E#! -&'8.30,! -/.FF2420.(2&3 #, ?2, D(+;;*OQ, D2#1+8D$@,
-L#$$, >+*8, D+-$E2#*$;, F$#$, $;-+M(*;L$1, M+;$1, 28,
-L$,82#>+(*%$1,)+(G$;,2O,) 82#>,+81-$82#>@,O2((2F*8E,-L$,
+==#2+DL, =#2=2;$1, *8, =#$)*2G;,;-G1*$;, NH$GDL-$#@,
[22I@,HGOI*8@,$-,+(.@,4\ \ 6],H$GDL-$#@,[22I@,S$8+@,$-,
+(.@,4\\6 ],^+==$8>+8,W,HGDI@,A040B3!
,

<*;D2#1+8-3, DL+88$(;, FL$#$,) 82#>, _0.5, +81,
$82#>,`0.5 ,
,
[28D2#1+8-3,DL+88$(;,FL$#$,) 82#>,`0.5,+81,
$82#>,`0.5 ,

,
T$G-#+(3, DL+88$(;, -L+-, 12, 82-, >$$-, +8Q, 2O,
-L$,+M2)$,D281*-*28;,

,
?L*;, D(+;;*O*D+-*28, F+;, *>=($>$8-$1, G;*8E, (2E*D+(,
D2>=+#*;28;, +81, +((2F$1, D+-$E2#*%+-*28, 2O, $+DL,
�F�K�D�Q�Q�H�O�¶�V�� �V�W�D�W�H�V�� �E�D�V�H�G�� �R�Q�� �F�R�U�G�D�Q�F�H���� �S�U�R�Y�L�G�L�Q�J�� �D��
-L#$$&($)$(, 2MK$D-*)$, *8-$#=#$-+-*28, 2O, -L$, +(*E8>$8-,
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!

-
/0 !"!.../,"#$%$"'#()*+%,/%$' - 0%(/-12314566�±78--989: - 12*304.0556478#.09.0.:: !
-

;$-<$$8, 82#=+(*%$1, >2<$#, +81, #$(+-*)$, >2<$#, *8,
$+?@,?@+88$(.,
,
!"# $%&'()*+# ,(-)./0'+# $(1*01(/.%) ", A*8+((BC,
?2#1+8?$, =+D8*-E1$, <+F, ?+(?E(+-$1, -2, GE+8-*HB, -@$,
1$D#$$, 2H, ?28?2#1+8?$, 2#, 1*F?2#1+8?$, *8, $+?@,
?@+88$(., I@*F, )+(E$,#$H($?-F, -@$, 1$D#$$,2H,1$)*+-*28,
2H, $+?@, ?@+88$(, H#2=, +, #$H$#$8?$, )+(E$, 2H, 4.5, *8,
;2-@,82#=+(*%+-*28FC,EF*8D,-@$,H2((2<*8D,H2#=E(+3,
,
���‘�”�†�ƒ�•�…�‡�����ƒ�‰�•�‹�–�—�†�‡�‹���±��
k�+�ƒ�•�‘�”�•�á�‹
F �r�ä�w�+�ª�+�”�•�‘�”�•�á�‹
F �r�ä�w�+
o�­�s�r�r!

,
A2#, D#+>@*?+(, #$>#$F$8-+-*28C, +81, ;B, ?28)$8-*28,
JK$E?@-$#C, L22MC, KEHM*8C, $-, +(.C, 0NN6OC, 1*F?2#1+8?$,
)+(E$F, +#$, -#+8FH2#=$1, -2, 8$D+-*)$, )+(E$FC, +81,
?28?2#1+8?$, )+(E$F, -2, >2F*-*)$, )+(E$F., I@*F,
?2#1+8?$,+8+(BF*F,<+F,*=>($=$8-$1,*8,!B-@28,EF*8D,
-@$, PQ'&!B-@28, (*;#+#B,JR#+=H2#-, $-, +(.C, S409O, H2#,
''R, F*D8+(, >#2?$FF*8D, +81, H*(-$#*8DC, <@*(F-, QE=!B,
JT+##*F, $-, +(.C, S4S4O, <+F, EF$1, H2#, =+-@$=+-*?+(,
2>$#+-*28F,+81,1+-+,82#=+(*%+-*28.,#
,
!"#"$%&'(#) (*) +(,-%$'.(#) /%&%) *($) +($0%#1")
+(,-%$'.(# 2)I2, 1$)$(2>, +, #$H$#$8?$, 1+-+;+F$, H2#,
?2#1+8?$, *8-$#>#$-+-*28C, 1+-+, H#2=, 04, ''RF, <$#$,
EF$1, H#2=, -@$, 1+-+;+F$3, #$F-*8D&F-+-$, ''R, 1+-+,
;$H2#$, +81, +H-$#, ?2D8*-*)$, +?-*)*-B, +?#2FF, -@$, +1E(-,
(*H$F>+8, +81, +, 5&B$+#, H2((2<&E>C, )$#F*28, 0.N.4,
JU+F?@$#, $-, +(.C, S4S6O., I@$, F$($?-$1, ''RF,
;$(28D$1, -2, FE;V$?-F, <*-@, ?@+#+?-$#*F-*?F, F*=*(+#, -2,
-@$, F-E1B, FE;V$?-C, +((2<*8D, H2#, +, =$+8*8DHE(,
?2=>+#*F28, *8, -$#=F, 2H, >@BF*2(2D*?+(, )+#*+;*(*-B, +81,
1$=2D#+>@*?,?@+#+?-$#*F-*?F., '+?@,''R,H*($C,*8, 'WA,
H2#=+-C,<+F,*=>2#-$1,+81,+8+(B%$1,*8,!B-@28,EF*8D,
-@$, PQ'&!B-@28, (*;#+#B,JR#+=H2#-, $-, +(.C, S409O.,
L2#1+8?$,)+#*+;($F,<$#$,?+(?E(+-$1,EF*8D,-@$,F+=$,
>#2?$1E#$, $X>(+*8$1, +;2)$., I@$, 82#=+(*-B, 2H, -@$,
>#21E?$1, 1+-+, <+F, ?@$?M$1, +81, 2#D+8*%$1, *8, +,
-+;E(+#, H2#=+-, EF*8D, !+81+F, JI@$,! +81+F,
W$)$(2>=$8-, I $+=C, S4S6O., I@$, )+#*+;($F, -@+-, 1*1,
82-,H2((2<,+8,+>>#2X*=+-$,82#=+(,1*F-#*;E-*28,JI +;($,
6O, <$#$, FE;V$?-$1, -2, +, (2D+#*-@=*?, -#+8FH2#=+-*28��
�: �ñ���A���H�K�C�5�4�:�T�;�=�s��-2, +>>#2X*=+-$, 82#=+(*-B, +81,
F-+;*(*%$, )+#*+8?$, JY(+81, Z, [(-=+8C, 0NN\O., I@$,
+11*-*28,2H,0,<+F,+>>(*$1,-2,+)2*1,8$D+-*)$,)+(E$F,*8,
-@$, -#+8FH2#=$1, 1+-+C, $F>$?*+((B, <@$8, 1$+(*8D, <*-@,
2#*D*8+(, )+(E$F, F=+(($#, -@+8, 0C, H2#, <@*?@, (2D+#*-@=F,
B*$(1, 8$D+-*)$, #$FE(-F., ]E;F$GE$8-(BC, -@$, F+=$,
(2D+#*-@=*?, -#+8FH2#=+-*28, <+F, +>>(*$1, -2, -@$,
FE;V$?-^F, 1+-+, -@+-, <$#$, -2, ;$, ?2=>+#$1, <*-@, -@$,
?2=>+#*F28, 1+-+;+F$C, -@$#$;B, $8FE#*8D,
@2=2D$8$*-B, *8, -@$, =$+FE#$=$8-, F?+($., I@*F,
F-#+-$DB, $8+;($1, -@$, 1$#*)+-*28, 2H,; &F?2#$FC,
H+?*(*-+-*8D, +, 1*#$?-, ?2=>+#*F28, ;$-<$$8, *81*)*1E+(,
)+(E$F, +81, -@$, >+#+=$-$#F, 2H, -@$, ?2=>+#*F28,
1+-+;+F$.,

3#&"$4"#&'(#2)A2#, -@$, *=>($=$8-+-*28, 2H, -@$,QA,
>#2-2?2(C, -@$, Y#+*8[)+-+#, F2H-<+#$, JL2((E#+C, S40SO,
<+F, EF$1C, <@*?@, <+F, F>$?*H*?+((B, ?28H*DE#$1, *8, *-F,
')$8-, U*%+#1, -2, ?+(?E(+-$, +81, >#2)*1$, #$+(&-*=$,
H$$1;+?M,;+F$1,28,?2#1+8?$,>+#+=$-$#F.,I@*F,F$-E>,
*8?(E1$1, -@$, ?#$+-*28, 2H, ;*>2(+#, )*#-E+(, ?@+88$(FC,
$8FE#*8D, +, =28-+D$, ?28F*F-$8-, <*-@, TV2#-@�¶F, J0N:5O,
28(*8$, -#+8FH2#=+-*28, 2H, ''R, >2-$8-*+(F, *8-2,
2#-@2D28+(, F2E#?$, 1$#*)+-*28F, +81, $=>(2B$1, ;B,
K$E?@-$#C, L22MC, P$8+C, $-, +(., J0NN6O, *8, ?2#1+8?$,
?+(?E(+-*28.,
)
I@$, ?2#1+8?$, ?+(?E(+-*28, >#2?$1E#$F, <$#$, +>>(*$1,
EF*8D, -@$, >#$)*2EF(B, 1$H*8$1, =$-#*?FC, <@*?@, *8)2()$,
-@$, +FF$FF=$8-, 2H, TV2#-@, >2<$#, *8, -@$, +(>@+, ;+81,
J/ �±09,T%O,+81,-2-+(,>2<$#,*8,-@$,#+8D$,2H,0�±94,T%.,
I@$F$,?+(?E(+-*28F,<$#$,?281E?-$1,+??2#1*8D,-2,-@$,
=$-@21F,$F-+;(*F@$1,*8,>#$)*2EF,F-E1*$F,JK$E?@-$#,$-,
+(.C, 0NNN_, K$E?@-$#C, L22MC, KEHM*8C, $-, +(.C, 0NN6_,
K$E?@-$#C, L22MC, P$8+C, $-, +(.C, 0NN6OC, -@EF, $8FE#*8D,
-@$,?28F*F-$8?B,+81,)+(*1*-B,2H,-@$,+>>#2+?@.,,
,
I@$,F$($?-*28,2H,-@$,*8-$#)$8-*28,+#$+,<+F,;+F$1,28,
?2#1+8?$, =$+FE#$=$8-F., `+-@$#, -@+8, 1$H*8*8D, +,
F>$?*H*?,(2?+-*28C,+8,$8-*#$,GE+1#+8-,<+F,1$F*D8+-$1.,
I@$, GE+1#+8-, ?@2F$8, H2#, *8-$#)$8-*28, <+F,
1$-$#=*8$1, E>28, -@$, *8*-*+(, +FF$FF=$8-, >#*2#, -2, -@$,
*8-$#)$8-*28, ;B, ?2=>+#*8D, -@$, FE;V$?-^F, ?2#1+8?$,
)+(E$F, <*-@, -@2F$, 2H, -@$, ?2=>+#*F28, 1+-+;+F$.,
]>$?*H*?+((BC,-@$,GE+1#+8-,-@+-,$X@*;*-$1,-@$,D#$+-$F-,
+)$#+D$, 1$)*+-*28, H#2=, -@$, 82#=+-*)$, )+(E$FC,
$X>#$FF$1, *8, -$#=F, 2H,; &F?2#$F, +81, *81*?+-*8D, +,
=2#$, >#282E8?$1, +(-$#+-*28C, <+F, F$($?-$1, H2#,
*8-$#)$8-*28,JI +;($F,SC,9C,+81,6O.,
,
I@$, F2H-<+#$, <+F, F$-, E>, -2, *8-$D#+-$, -@$, #$FE(-F, 2H,
-@$,?2#1+8?$,?+(?E(+-*28F,*8-2,-@$,H$$1;+?M,>#2)*1$1,
-2,-@$,>+-*$8-C,-@$#$;B,H+?*(*-+-*8D,+,#$+(&-*=$,-#+*8*8D,
>#2?$FF,-@+-,#$F>281$1,-2,)+#*+-*28F,*8,;#+*8,+?-*)*-B.,
I@$,F$-E>,QA,>#2-2?2(,>#2)*1$1,#$*8H2#?$=$8-,-2,-@$,
>+-*$8-, $+?@, -*=$, -@$*#, ?E##$8-, ?2#1+8?$, =+D8*-E1$,
*8?#$+F$1,?2=>+#$1, -2, -@$,+)$#+D$,2H, -@$,>#$)*2EF,
04,F.,I@*F,*F,#$>#$F$8-$1,+F,H2((2<3,,
,
�4�A�E�J�B�K�N�?�A�I�A�J�P���A����


\�s�á���E�B���%�K�N�@�=�J�?�A�Ö�è�å�å�Ø�á�ç���E���#�R�A�N�=�C�A
k�%�K�N�@�=�J�?�A�ã�å�Ø�é���5�4
o
�r�á���K�P�D�A�N�S�E�O�A��������������������������������������������������������������������������������������������������������������������������������������������

,

,
<@$#$3,
,
�%�K�N�@�=�J�?�A�Ö�è�å�å�Ø�á�ç, *F, -@$, ?E##$8-, ?2#1+8?$, =+D8*-E1$C,
+81,
,
�#�R�A�N�=�C�A
k�%�K�N�@�=�J�?�A�ã�å�Ø�é���5�4
o, *F, -@$, +)$#+D$, ?2#1+8?$,
=+D8*-E1$,2)$#,-@$,>#$)*2EF,04,F.,
,
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!

-
/0 !"!.../,"#$%$"'#()*+%,/%$' - 0%(/-12314566�±78--989: - 12*345.4667589#.4: .4.;; !
-

<, )+(=$, 2>, 4, *91*?+-$@, #$*9>2#?$A$9-, *@, B#2)*1$1C,
DE*($, 5, *91*?+-$@, 92, #$*9>2#?$A$9-., FE$, #$*9>2#?$#,
D+@, G*)$9, -2, -E$, B+-*$9-, $)$#H, -*A$, -E$, ?2#1+9?$,
)+(=$,$I?$$1$1,+,B#$@$-,-E#$@E2(1.,J2)*$@,@$($?-$1,
KH,-E$,B+-*$9-,D$#$,=@$1,+@,#$*9>2#?$A$9-C,$9@=#*9G,
-E$H, D$#$, $9G+G*9G, $92=GE, -2, @=@-+*9, +--$9-*29.,
FE*@, +BB#2+?E, D+@, K+@$1, 29, $)*1$9?$, @=GG$@-*9G,
-E+-,@$(>&?E2@$9,+91,B$#@29+((H,@+-*@>H*9G,#$*9>2#?$#@,
+#$, 2B-*A+(, >2#, >+?*(*-+-*9G, ($+#9*9G, -E#2=GE,LM,
N!"#$%&'()*#+,$-,+(.C,0504O.,<,1*AA$#,D+@,+BB(*$1,-2,
-E$, A2)*$@C, DE*?E, *9?#$+@$1, *9, 2B+?*-H, N2K@?=#*9G,
-E$, @?#$$9O,DE$9, -E$, B+-*$9-, >+*($1, -2, A$$-, -E$,
?#*-$#*29,+91,K$?+A$,A2#$,-#+9@B+#$9-,N+((2D*9G,-E$,
A2)*$, -2, K$, )*@*K($O,DE$9, -E$, ?#*-$#*29, D+@, A$-.,
P$)$9, :5 &A*9, @$@@*29@, D$#$, ?291=?-$1C, -D*?$, B$#,
D$$QC,>2((2D*9G,-E*@,B#2?$1=#$.,FE*@,1$?*@*29,-2,=@$,
@$)$9, @$@@*29@C, +@, 2BB2@$1, -2, -E$,45, @$@@*29@,
$AB(2H$1,*9,2=#,B#$)*2=@,@-=1*$@,N!"#$%&'()*#+,$-,+(.C,
0505C, 0504OC, D+@, A+1$, -2, A*9*A*%$, -E$, 9=AK$#, 2>,
@$@@*29@, #$R=*#$1C, -E$#$KH, +)2*1*9G, =99$?$@@+#H,
K=#1$9, 29, -E$, B+-*$9-, D*-E*9, -E$, ?29-$I-, 2>, -E*@,
B=#$(H,$IB$#*A$9-+(,B#2?$1=#$.,
,
!"#"$%"$&#'( )*#'+%$%,( F2, $)+(=+-$, ?E+9G$@, *9, -E$,
@?2#$@, 2>, -E$, B@H?E2(2G*?+(, -$@-@, +1A*9*@-$#$1C, -E$,
#$(*+K($,?E+9G$,*91$I,NSTUO,2>,V+?2K@29,+91,F#=+I,
N4WW4O,D+@,=@$1.,,
,
FE$,STU,*@,?+(?=(+-$1,=@*9G,-E$,>2((2D*9G,>2#A=(+3,
,

�4�%�+��� ��
�: �6 
F �:�5

�5�×�Ü�Ù�Ù
,

,
DE$#$3,
,
�:�5, *@, -E$, @?2#$, 2K-+*9$1, *9, -E$, B2@--#$+-A$9-,
+@@$@@A$9-C,
,
�: �6, *@, -E$, @?2#$, 2K-+*9$1, *9, -E$, B#$-#$+-A$9-,
+@@$@@A$9-C,+91,
,
�5�×�Ü�Ù�Ù��*@,-E$,@-+91+#1,$##2#,2>,-E$,1*>>$#$9?$,K$-D$$9,
-E$,-D2,@?2#$@,+91,*@,?+(?=(+-$1,+@3,
,

�5�×�Ü�Ù�Ù��� �����¾�t���T���5�',
,
FE$, P', 2#, @-+91+#1, $##2#, 2>, A$+@=#$A$9-, *@,
2K-+*9$1,=@*9G,-E$,>2((2D*9G,>2#A=(+3,
,

�5�'��� ���5�&���T���¾�s
F �N,
,
DE$#$3,
,

;< ,*@,-E$,@-+91+#1,1$)*+-*29,2>,-E$,-$@-,@?2#$@,*9,-E$,
#$>$#$9?$, B2B=(+-*29, NXYA$%&Z$9*-2, $-, +(.C, 0544[,
\2K2,$-,+(.C,0550[,P+9%,$-,+(.C,055:OC,+91,
,
$,*@,-E$,#$(*+K*(*-H,2>,-E$,-$@-,N@=?E,+@,-E$,-$@-&#$-$@-,
#$(*+K*(*-H,?2$>>*?*$9-,2#,T#29K+?E]@,+(BE+O.,
,
F2,*9-$#B#$-,-E$,STUC,*>,-E$,)+(=$,*@,G#$+-$#,-E+9,4.W^,
2#, ($@@, -E+9,�í4.W^C, -E$, ?E+9G$, *@, ?29@*1$#$1,
@-+-*@-*?+((H,@*G9*>*?+9-,+-,-E$,W6_,?29>*1$9?$,($)$(.,U>,
-E$,)+(=$,*@,K$-D$$9,�í4.W^,+91,4.W^C,-E$,?E+9G$,*@,
92-,?29@*1$#$1,@*G9*>*?+9-.,
,
F2,+BB(H,+,B+*#$1,@+AB($@,*&-$@-,+91,@-=1H,?E+9G$@,
*9,?2#1+9?$C,+,@*A*(+#,+BB#2+?E,-2,-E+-,$IB#$@@$1,KH,
FE+-?E$#, N0504O, D+@, =@$1., <, @(*1*9G, D*912D,
+BB#2+?E, D+@, $AB(2H$1, -2, @$GA$9-, -E$, ''X, 1+-+,
*9-2, 2)$#(+BB*9G, ?E=9Q@., TE=9Q@, 2>, :5, @, D$#$,
G$9$#+-$1.,<,D*912D,2>,-E$,@B$?*>*$1,($9G-E,D+@,@$-,
+91,@(*1,+?#2@@,-E$,$9-*#$,''X,#$?2#1*9GC,+1)+9?*9G,
4, @, >2#, $+?E, 9$D, @$GA$9-., PB$?*>*?+((HC, -E$, >*#@-,
@$GA$9-, *9?(=1$1, 1+-+,>#2A,*, `,4, -2, *, `, , C,DE$#$,*,
#$B#$@$9-@,-E$, -*A$,B2*9-@,2>, -E$,@$GA$9-,+91,, , *@,
-E$, -E$2#$-*?+(, =BB$#, (*A*-, 2>, -E$, @$GA$9-, *9-$#)+(.,
FE$, @$?291, @$GA$9-, D2=(1, -E$9, $9?2AB+@@, 1+-+,
>#2A,*,`,0,-2, *,`, , ,a,4C,+91,@2,29C,?2)$#*9G,-E$,$9-*#$,
1+-+@$-.,
,
J+-E$A+-*?+((HC,>2#,-E$,''X,-*A$,@$#*$@,=N*OC,DE$#$,*,
`,4C,0C, �«����>,#$B#$@$9-@,-E$, -*A$,B2*9-@,*9, -E$, ''X,
#$?2#1*9GC,$+?E,@$GA$9-,; *,*@,1$>*9$1,+@3,
,

! !"#"" $#%"#"�ª���X���«���s���á��#$�±���s�á���t�á���å�á��%"�«���X���ª���s"
,
DE$#$3,
,
; +,#$B#$@$9-@,-E$,+&-E,@$GA$9-C,
,
=N+3,+,a,�&,�í,4O,1$92-$@,-E$,@=K@$-,2>,-E$,''X,@*G9+(,
>#2A,-E$,-*A$,B2*9-,+,=B,-2,+,a,�&,�í,4C,
,
�&���L�V���W�K�H���O�H�Q�J�W�K���R�I���W�K�H���Z�L�Q�G�R�Z��,+91,
,
>, *@, -E$, -2-+(, 9=AK$#, 2>, -*A$, B2*9-@, *9, -E$, ''X,
#$?2#1*9G.,
,
Z2-E, ''X@, NB#$, +91, B2@-O, E+1, -E$, @+A$, #$?2#1*9G,
1=#+-*29,K=-,1*>>$#$9-,$1*-$1,1=#+-*29@.,FE$,>*#@-,E+1,
+9,+#-*>+?-&>#$$,1=#+-*29,2>,4,A*9,+91,05,@C,DE*($,-E$,
@$?291,E+1,+9,+#-*>+?-&>#$$,1=#+-*29,2>,4,A*9,+91,0,
@., FE=@C, 64, @+AB($@, D$#$, G$9$#+-$1, >2#, -E$,,
B#$&''X, +91, ::, >2#, -E$, B2@- &''X., F2, A+-?E, -E$,
?2AB+#*@29@, +91, +)2*1, *@@=$@, D*-E, -E$, 1*>>$#$9-,
9=AK$#,2>,@+AB($@C,-E$,9=AK$#,2>,@+AB($@,>2#, -E$,
@E2#-$#,''X,D+@,@$($?-$1C,A$+9*9G,-E+-,::,@+AB($@,
D$#$,=@$1,>2#,K2-E,A$+@=#$A$9-@.,
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;2#, -<$, +9+(=>$>?, @<*A<, *9)2()$1, BC(-*D($,
A2BD+#*>29>?, @$, +DD(*$1, E-2#$=F>,; &)+(C$, B$-<21,
GE-2#$=?, H55HI?, @<*A<, $>-*B+-$>, -<$, D#2D2#-*29, 2J,
�W�U�X�H�� �Q�X�O�O�� �K�\�S�R�W�K�H�V�H�V�� ���Œ�‹I, +91, D#2)*1$>, +1KC>-$1,,
<&)+(C$>, G; &)+(C$>I, -<+-, A29-#2(, -<$, J+(>$, 1*>A2)$#=,
�U�D�W�H���� �7�K�H�� ���� �S�D�U�D�P�H�W�H�U�� �Z�D�V�� �V�H�W�� �W�R�� �������� �I�R�U�� �Œ�‹,
�H�V�W�L�P�D�W�L�R�Q�����6�W�D�W�L�V�W�L�F�D�O���V�L�J�Q�L�I�L�F�D�Q�F�H���Z�D�V���V�H�W���D�W���.��� ����������
J2#, +((, +9+(=>$>?, @*-<, #$>C(->, A29>*1$#$1, >*L9*J*A+9-,
@<$9,; ,M,.56,+J-$#,A2##$A-*29.,
,

!"#$%&#'
,
()#"%*+"',#-./01"&2*.'3##"##1"+& '
N9, -<$, O+>$(*9$, D>=A<2B$-#*A, +>>$>>B$9-, 2J, -<*>,
>COK$A-?, >A2#$>, *91*A+-*)$, 2J, D>=A<2(2L*A+(, 1*>-#$>>,
+91,*9>2B9*+,@$#$,J2C91,GP+O($,4I.,,

ED$A*J*A+((=?, #$L+#1*9L, B221, +>>$>>B$9-?, +, QRN&NN,
>A2#$, 2J, H/, D2*9->, @+>, 2O-+*9$1?, >CLL$>-*9L, -<$,
D#$>$9A$, 2J, A(*9*A+(, 1$D#$>>*29, >=BD-2B>, >CA<, +>,
(2@,B221?,J$$(*9L>,2J,<2D$($>>9$>>?,+91,1$A#$+>$1,
*9-$#$>-, *9, +A-*)*-*$>., S$L+#1*9L, +9T*$-=, >=BD-2B>?,
-<$, -2-+(, >A2#$, 2J, H0, >CLL$>-$1, B21$#+-$, ($)$(>, 2J,
+9T*$-=., U9, -<$, VNE?, -<$, >COK$A-, >A2#$1, 4H, D2*9->?,
>CLL$>-*9L,+,B21$#+-$,*9-$9>*-=,2J,*9>2B9*+.,
,
,0#&&2")&1"+&',#-./01"&2*.'4/)+5"# ' '
P<$,>COK$A-�¶>,>A2#$>,J2#, $+A<,>A+($?,+>,@$((,+>, -<$,
#$>C(->,2J, -<$*#,>-+-*>-*A+(,+9+(=>*>?,+#$,><2@9,*9, -<$,
-+O($,GP+O($,4I.,

,
,
6)7%"'8'
=>?@A%B"*$+@-C>>">>B",* ,

6"#&, ! 8, ! 9, "- #$ - !4: ,

(;: <::, H/ , 46, .W4, 45.W, �íH./4 ,

=3!> , H0, 47, .WH, W.76, �íH.0/ ,

3:> , 4H, X, .W5, 0.H7, �í7.47,
?0&".,QRN&NN@'Q$AY,R$D#$>>*29,N9)$9-2#=&NNZ,[VSE3,[+B*(-29,V9T*$-=,S+-*9L,EA+($Z,VNE3,V-<$9>,*9>2B9*+,>A+($Z,D43,
!#$-#$+-B$9-,+>>$>>B$9-Z,DH3,!2>--#$+-B$9-,+>>$>>B$9-Z,$3,#$(*+O*(*-=,A2$JJ*A*$9-Z,EF3,>-+91+#1,1$)*+-*29Z,S\N3,S$(*+O($,
\<+9L$,N91$T.,
,
,
402A)+."'()#"%*+" '
N9,P+O($, 6?, -<$, D#$-#$+-B$9-, A2#1+9A$, A+(AC(+-$1,
+91,*->,+>>2A*+-$1,B+L9*-C1$,A+9,O$,J2C91.,N9,P+O($,
H?, -<$, +)$#+L$, B+L9*-C1$, 2J, -<$, A2#1+9A$, A+9, O$,
2O>$#)$1, *9, +, A(+>>*J*A+-*29, O=, ]C+1#+9->,
G^+%%+9*L+?,H555Z,[+BB291?,H556I.,
,
_C+1#+9-, V, @+>, >$($A-$1, J2#, *9-$#)$9-*29, +>, *-, <+1,
-<$,<*L<$>-,+)$#+L$,G&>A2#$?,1$)*+-$1,-<$,B2>-,J#2B,
-<$, A2BD+#*>29, )+(C$>?, +91, -<$#$J2#$, $T<*O*-$1, -<$,
($+>-, 2D-*B+(, JC9A-*29*9L, G`2#-<2JJ, a, PCB+-*?, H54WI?,

*9, +11*-*29, -2, *->, A299$A-*29, @*-<, -<$, D+-*$9-F>,
>=BD-2B>, G^#*BB, $-, +(.?, H55/Z, P<*O21$+C, $-, +(.?,
H55XI?, -<$, ($J-, +9-$#*2#, ]C+1#+9-?, D+#-*AC(+#(=, -<$,
;!4?, ;0?, +91, ;:, $($A-#21$>?, *>, +>>2A*+-$1, @*-<,
$B2-*29+(, #$LC(+-*29, +91, <+>, O$$9, (*9Y$1, -2, B221,
+91, +9T*$-=, 1*>2#1$#>., V(-$#$1, +(D<+, +91, -<$-+,
+A-*)*-=, *9, -<*>, #$L*29, #$J($A-, *BD+*#$1, $B2-*29,
D#2A$>>*9L?, @*-<, >-C1*$>, ><2@*9L, #$1CA$1, A2#-*A+(,
+A-*)*-=, *9, *91*)*1C+(>, @*-<, 1$D#$>>*29, +91, +9T*$-=,
1*>2#1$#>,G!2Y2#9=,$-,+(.?,H5H7Z,bC-%(,$-,+(.?,H5H7I.,

,
,
6)7%"'9'
CH"$)'"- I %$J),@"-K?-L #)J$),*- ,

, _C+1#+9-,V, _C+1#+9-,Q, _C+1#+9-,\ , _ C+1#+9-,R,

!#$ , �í75.H: , �íHW.6X, �í4H.W6, 40.4: ,

!2>- , �íH5.W5, �íX.:4 , H:.46 , 7/./5 ,
?0&".,_C+1#+9-,V3,;D4?,;:?,;0?,;%?,\0Z,_C+1#+9-,Q3,;DH?,;/?,;7?,;%?,\7Z,_C+1#+9-,\3,\0?,!0?,P6?,!%?,U4Z,_C+1#+9-,R3,\7?,
!7?,!%?,PX?,UH.,

,
, ,
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!"#$%&' &
;<"$)'"- =$">=%?*-@-AB%$"?-CD-E#)F$),*- ,

, ()%, (*+, ,

;<+1#+8-,4, , �í5.:=6 , �í5.0:6 ,
;<+1#+8-,>, , �í5.?6>, �í5.9=6,

;<+1#+8-,9, , �í5.05: , ,,5.>4>,
;<+1#+8-,0, , 5.>0: , ,,5.>=?,

-*,%. ,@(-A2<BA,-A$,C<DE$F-GC,@&CF2#$C,H+((,I*-A*8,-A$,C-+-*C-*F+((J,82#K+(,#+8B$,LM4.=/,AGNO,IA$8,+8+(J%$1,F+-$B2#*F+((J,L-A$,
28(J,P#*2#,F#*-$#*28,+)+*(+D($,H2#,F2#1+8F$NO,-A$,K+E2#*-J,I$#$,1*CF2#1+8-O,I*-A,8$B+-*)$,CF2#$C,+C,CA2I8,*8,Q+D($,>.,R8,
F28-#+C-O,*8,-A$,F28-#2(,B#2<PO,+(K2C-,+((,)+(<$C,I$#$,8$<-#+(,2#,P2C*-*)$O,+PP#2+FA*8B,%$#2.!

,
,
(*+,,)%",/%0,&1*)2"03%& &
Q+D($, 6, P#$C$8-C, -A$, FA+8B$C, *8, F2#1+8F$, CF2#$C,
P#$&, +81, P2C-*8-$#)$8-*28O, +C, I$((, +C, -A$, C-+-*C-*F+(,
C*B8*H*F+8F$, 2H, -A$C$, FA+8B$C., S)$#+((O, +8, *8F#$+C$,
*8, F2#1+8F$, )+(<$C, I+C, 2DC$#)$1, +F#2CC, +((,
FA+88$(C, F2KP+#$1, -2, -A$, P#$-#$+-K$8-,

K$+C<#$K$8-,LT*B<#$,4N.,Q+D($,9,CA2IC,-A$,FA+8B$,
*8, -A$, +)$#+B$,@&CF2#$C, H2#, $+FA, U<+1#+8-., @((,
U<+1#+8-C, $VA*D*-$1, +, 82-*F$+D($, -#$81, -2I+#1, -A$,
K$+8O, $VF$P-, H2#, ;<+1#+8-,0O, IA*FAO, A2I$)$#O, I+C,
-A$, F(2C$C-, -2, -A$, K$+8, *8, -A$, P#$-#$+-K$8-, PA+C$,
LQ+D($,9N.,

,
,

4567)%&8.,=$">-) ,F-=%?**$")*H",*I-G+JJ"$",B"-=$" >=%?*-K%$F),B"-L%M%H)M?-) ,F-= >0)(#"?-L%M%H)M/,

,
,

,
,
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,
!"#$%&' &
;%<=)$+>%,-?)*)@)>"-A*)*+>*+B>-),C-D,C+E+C#)(-;%$C),B"-AB%$">-3F%'GH$),>I%$<"C-0)(#">4-

, , ()* , ()+ , (,- , ('- , ., , .'- , ), , )'- , /*- , /+- , (0 , (1 , !, , !' , !2 , !3- , (4- , .4- , )4- ,

56789 , J , 44.:: , / .;< , 5.90, �í5.5; , �í45.55, �í5.54, �í: .<6, �í5.;< , 4.0; , 4.6: , 4<.<4, �í; .9<, ; .0=, ; .=; , 9/ .=6, 4.6/ , 5.9=, 5.=/ , �í5.==,

, A? , 66.0<, 04.4<, 4.:0 , 4./6 , 00.95, 4./9 , 0; .5/ , 4.:6 , 4.4=, 4.46, 6: .;5 , 6/ .:5 , 64.95, 60.;4 , 0=.95, 4.4=, 4./: , 4.:9 , 4.=; ,

, , , , , , , , , , , , , , , , , , , , ,

:8#;%<=, K$"-L, �í6; .=: , �í69.=5, �í4.=4, �í4.=9, �í69.=5, �í4.=<, �í60.55, 4.=9, 4.// , 4.</ , 9<.;: , 9<.56, �í66./5 , �í9: .5; , �í0: .9=, 4./6 , �í4.=: , �í4.=; , 4.=9,

, K$"-M, �í4.;; , �í4.54, �í4.4; , �í5.// , �í5.=4, �í5.<4, �í5.:4 , 4.45, 5.94, 5.66, 5.64, 5./0 , �í4.40, �í5.// , �í4.:4 , 5.94, �í4.5<, �í4.99, 4.6; ,

, , , , , , , , , , , , , , , , , , , , ,

, K%>*-L, ;0 .5=, ;/ .9=, �í4.6: , �í4.6<, ;/ .9=, �í4.6=, 64.;/ , 4.:6 , 4./0 , ; .55, �í;/ .<9, ;/ .69, �í95.5<, �í96./6 , �í69.;9 , 4.=/ , �í4.6: , 4.0<, 4.<9,

, K%>*-M, 5.95, 5.9<, �í4.56, �í5./5 , 5.=<, �í5.:< , 5.<0, 4.4=, 5.;/ , 5.6=, �í4.59, 5.=9, �í5.:< , �í5./9 , �í4.60, 5.4: , �í5.</ , 5.09, 4.=5,

>7=%.-J 3,>#2?@,A$+8B,A? 3,C#2?@,D-+81+#1,1$)*+-*28B,!#$,L3,D?EF$G-HD,@#$-#$+-A$8-,G2#1+8G$,1*#$G-,)+(?$B,!#$,M3,D?EF$G-HD,@#$-#$+-A$8-,G2#1+8G$,M&IG2#$B,!2D-,L3,D?EF$G-HD,
@2D--#$+-A$8-,G2#1+8G$,1*#$G-,)+(?$B,!2D-,M3,D?EF$G-HD,@2D--#$+A$8-,G2#1+8G$,M&IG2#$.,JK$,)+(?$D,2E-+*8$1,L#2A,-K$,GK+88$(D,A+#M$1,N*-K,O,1*1,82-,L2((2N,+,82#A+(,
1*D-#*E?-*28B,+81,+,(2C+#*-KA*G,-#+8DL2#A+-*28,N+D,+@@(*$1,-2,E2-K,-K$,C#2?@,1+-+,+81,-K$,*81*)*1?+(,D?EF$G-,1+-+.,

&
,

!"#$%&2&
A*)*+>*+B)(-; %<=)$+>%,-%I-K$"G-),C- K%>*B%$C),B"-0)(#">-N)>"C- %,-22-OOP-A#@>)<=(">--

.?"@@%$, .76A"@<%&B"C@D=8A%&)6%&E!" F, .76A"@<%&B"C@D=8A%&)7G=&E!" F, HDIIJ&E)7G=K)6%F, #KG="=DG=D<, $KL"$8%, %KL"$8%&MN,

P9& �í9/.0/,Q;.=9R& �í;<.;6,Q4.4;R& <.96& �í;4.6< & .545& JO*0,&

P6& �í66.95,Q4.=/R& �í:.:<,Q;/.//R & 9=.04& �í/.5< & .545& JO*0,&

P%& �í9=.04,Q;.4=R& ;;.04,Q94./5R& 0<.5; & �í44.=/ & .545& JO**+&

S9& �í9:.69,Q4.<6R& �í;<.09,Q4.99R& :.<5 & �í;4.65 & .545& JO*0,&

S6& �í9/.<4,Q;.50R& �í;/.<5,Q<.5/R& 45.54& �í=.=<& .545& JO*0,&

S: & �í64.:/,Q4.56R& �í;6.<5,Q46.6/R& 4=./: & �í:.=/ & .545& JO*0,&

S/ & ;<.0=,Q;0.<;R& 4:.64,Q99.59R& �í4;.40 & 4.=; & .44; & .44/; &

S@4& �í6;.49,Q4.60R& /.4:,Q9;.;5R & 05.95& �í45.6<& .545& JO*0,&

S@;& �í6;.55,Q4.66R& 46.:=,Q99.4/R& 0=.:= & �í44.;5 & .545& JO*0,&

S%& �í64.69,Q;.5;R& �í;<.59,Q4.66R& 4;.65 & �í;<.=/ & .545& JO**+&

T4 & /4.5;,Q=.;=R& =6.99,Q49.;=R& �í4=.=<& 0./< & .545& JO*0,&

T; & <5.49,Q4.64R& <<.<:,Q5.;;R& <./6 & �í6;.=5 & .545& JO*0,&

!9 & �í9/./:,Q44.:<R & 9<.9/,Q/.6<R& :/.;0 & �í94.05& .545& JO*0,&

!6 & 65.<0,Q:.5;R& 06.9;,Q=.94R& 49.9=& �í:.9; & .545& JO*0,&

!%& ;<.=<,Q;;./6R & /9.0=,Q=.6<R& 09./: & �í4;.<4 & .545& JO**+&

J9& �í6;.4;,Q4.69R& <.<:,Q94.59R& 0;.5/ & �í45.<0& .545& JO*21&

J6& �í99.:5,Q4.:<R& �í94.56,Q49.=<R& ;.== & �í4.;= & .;4= & .;4=5 &

J0& �í06.5<,Q;.;:R& �í;;.;0,Q9<.==R& 94./6 & �í0.5/ & .545& JO**+&

J=& :4.=0,Q9.=5R& 49.<=,Q6=.=:R& �í0:.=< & :.<9 & .545& JO**+&

>7=%J,?O,U,I-+81+#1,V$)*+-*28W,V*LL.,U,!2D-&!#$W,XY,Q&)+(?$,U,=&)+(?$,+1F?D-$1,?D*8C,-K$,X$8F+A*8*&Y2GKE$#C,S+(D$,V*DG2)$#Z,[+-$,A$-K21W,I*C8*L*G+8-3,XY,Q&)+(?$,\,.50.,JK$,
)+(?$D,N*-K,+,D*C8*L*G+8-,Q&)+(?$,K+)$,E$$8,K*CK(*CK-$1,*8,E2(1.
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!"#$%##"&' (
,
<9,-=*>,>-?1@,A$,+*B$1,-2,+9+(@%$,-=$,?-*(*-@,2C,+,9$A,
DE, F+#+1*GB�² H2#1+9H$&I+>$1, DE�² C2#, +(($)*+-*9G,
+9J*2?>, +91, 1$F#$>>*)$, >@BF-2B>., D2-+I(@K, -2, -=$,
I$>-,2C,2?#,L92A($1G$K,-=*>,*>,-=$,C*#>-,-*B$,-=+-,#$+(&
-*B$, H2#1+9H$, H+(H?(+-*29, =+>, I$$9, *BF($B$9-$1,
+91,+FF(*$1,*9,DE.,,
,
M2, *BF($B$9-, -=$, DE, F#2-2H2(, I+>$1, 29,
H29H2#1+9H$K, A$, >$($H-$1, +, F+-*$9-, A*-=, +9J*$-@K,
B221,1*>-?#I+9H$>K,+91,*9>2B9*+.,M=*>,F+-*$9-,+(>2,
B$-, -=$, #$N?*#$B$9-, 2C, $J=*I*-*9G, ($C-, C#29-+(,
1*>H2#1+9H$, OP$9H=, $-, +(.K, 4QQRS, T$?H=-$#K, U22LK,
V$9+K, $-, +(.K, 4QQ7S, W*1$I$H=K, R555X, +91, 1*1, 92-,
$J=*I*-, +9@, 2-=$#, #$($)+9-, +I92#B+(*-*$>, *9, -=$*#,
N''Y, $JF#$>>$1, *9, ; &>H2#$>., M=$, F+-*$9-, A+>,
$)+(?+-$1, F>@H=2B$-#*H+((@K, A*-=, #$>?(->, H29>*>-$9-,
A*-=, B221, 1*>-?#I+9H$>K, +9J*$-@K, +91, *9>2B9*+.,
Z11*-*29+((@K, +>, F#$)*2?>(@, B$9-*29$1K, -=$, F+-*$9-,
?91$#A$9-,9$?#2B$-#*H,+>>$>>B$9-K,A=*H=,#$)$+($1,
92, >*G9*C*H+9-, C*91*9G>, *9, -=$, H2BB29(@, B$+>?#$1,
N''Y,F+#+B$-$#>.,U2#1+9H$,A+>,H+(H?(+-$1,C2#,-=$,
F+-*$9-[>,''Y,+91,1*)*1$1,I@,N?+1#+9->.,M=$,F+-*$9-,
$J=*I*-$1,B+#L$1, 1*>H2#1+9H$,O(2A,H29H2#1+9H$X,*9,
-=$, ($C-, +9-$#*2#, N?+1#+9-., Z, DE, F#2-2H2(, A+>,
1$>*G9$1, -2, #$*9C2#H$, -=$, F+-*$9-, $)$#@, -*B$,
H2#1+9H$,*9H#$+>$1.,\$)$9,>$>>*29>,2C,-=*>,F#2-2H2(,
A$#$, +FF(*$1K, +91, *-, A+>, C2?91, -=+-, -=$#$, A+>, +,
G$9$#+(, *9H#$+>$, *9, H2#1+9H$K, #$>?(-*9G, *9, +,
>-+-*>-*H+((@, >*G9*C*H+9-, H=+9G$, +H#2>>, +((, #$G*29>,
$JH$F-, C2#, -=$, #*G=-, C#29-2-$BF2#+(, #$G*29K, A=*H=,
+(#$+1@, $J=*I*-$1, F2>*-*)$, H29H2#1+9H$, 1?#*9G, -=$,
F#$-#$+-B$9-,F=+>$.,M=*>,H=+9G$,A+>,+HH2BF+9*$1,
I@, +, >*G9*C*H+9-, >=*C-, *9, -=$, 1$>*#$1, 1*#$H-*29, *9, -=$,
F>@H=2B$-#*H, )+#*+I($>K, A*-=, *BF#2)$B$9->, *9,
1$F#$>>*29, OC#2B,<%="$)*" , -2, <+(=XK, +9J*$-@, OC#2B,
<%="$)*" , -2,<+(=X,+91, *9>2B9*+,O#$1?H$1, -2,=+(C,2C,
-=$,*9*-*+(,>H2#$S,Y]B$% &P$9*-2,$-,+(.K,R544S,T2I2,$-,
+(.K,R55RS,\+9%,^,Y+#H_+&W$#+K,R54:X.,
,
U2#1+9H$,=+>, I$$9,>=2A9, -2,H2##$(+-$,>*G9*C*H+9-(@,
A*-=, H$#$I#+(, F$#C?>*29, +91, B$-+I2(*>B., <9, =*>,
>$B*9+(, >-?1@K, T$?H=-$#, $-, +(., O4QQQX, 1$B29>-#+-$1,
-=+-, H2#1+9H$, )+(?$>K, F+#-*H?(+#(@, *9, C#29-+(, #$G*29>K,
A$#$, =*G=(@, H2##$(+-$1, A*-=, #$G*29+(, H$#$I#+(, I(221,
C(2A, B$+>?#$1, I@, \!'UM., M=*>, >?GG$>->, -=+-,
H2#1+9H$, B+@, >$#)$, +>, +, 929*9)+>*)$,
$($H-#2F=@>*2(2G*H+(, F#2J@, C2#, +>>$>>*9G, B$-+I2(*H,
+H-*)*-@, *9, -=$, I#+*9K, F#2)*1*9G, +, )+(?+I($, -22(, C2#,
9$?#2F>@H=*+-#*H,#$>$+#H=,+91,H(*9*H+(,B29*-2#*9G.,
,
<9,-=*>,#$G+#1K,2?#,#$>?(->,>?GG$>-,-=+-,DE,I+>$1,29,
H2#1+9H$, B+@, I$, +9, $CC$H-*)$, *9-$#)$9-*29, C2#,
F+-*$9->, A*-=, B221, +91, +9J*$-@, 1*>2#1$#>, +91, +#$,
H29>*>-$9-, A*-=, F#$)*2?>, #$>$+#H=, *1$9-*C@*9G,

F+--$#9>, 2C, =@F2F$#C?>*29, +91, =@F2B$-+I2(*>B, *9,
-=$, ($C-, C#29-+(, #$G*29, +B29G, *91*)*1?+(>, A*-=,
+CC$H-*)$, 1*>2#1$#>, OP$9H=, $-, +(.K, 4QQRS,`#$)$->, $-,
+(.K, R55/S,W*1$I$H=K, R555X.,V+@I$#G, $-, +(., OR555K,
R556X,#$F2#-$1, 29, +,H2##$(+-*29, I$-A$$9, ($C-,C#29-+(,
B$-+I2(*H, +H-*)*-@, +91, 1$F#$>>*)$, >@BF-2B>K,
>=2A*9G, -=+-, 92#B+(*%+-*29, 2C, +H-*)*-@, *9, -=$, ($C-,
12#>2(+-$#+(, F#$C#29-+(, H2#-$J, *>, >-#29G(@, +>>2H*+-$1,
A*-=, H(*9*H+(, #$B*>>*29., M=$*#, >-?1*$>, ?>*9G, F2>*-#29,
$B*>>*29,-2B2G#+F=@,O!'MX,#$)$+($1,-=+-,*9H#$+>$>,
*9, G(?H2>$, B$-+I2(*>B, +91, H$#$I#+(, I(221, C(2A, *9,
-=$>$, #$G*29>, +#$, >*G9*C*H+9-(@, H2##$(+-$1, A*-=,
#$1?H-*29>, *9, 1$F#$>>*29, >H2#$>K, +>, B$+>?#$1, I@,
>-+91+#1*%$1, *9>-#?B$9->, >?H=, +>, -=$, a+B*(-29,
`$F#$>>*29, b+-*9G, \H+($, Oa+B*(-29K, 4Q05X., <9, -=*>,
#$G+#1K,U22L, $-, +(., OR55RX, #$F2#-$1, -=+-, F#$C#29-+(,
H2#1+9H$, B+@, >$#)$, +>, +, ?>$C?(, I*2B+#L$#, C2#,
F#$1*H-*9G, -#$+-B$9-, #$>F29>$, *9, 1$F#$>>*29.,U22L,
$-, +(., OR55RX,2I>$#)$1, -=+-, H=+9G$>, *9, F#$C#29-+(,
H2#1+9H$,F#$H$1$1,H(*9*H+(, *BF#2)$B$9-, *9,F+-*$9->,
A*-=, 1$F#$>>*29, -#$+-$1, A*-=, F>@H=2-#2F*H,
B$1*H+-*29>., c?#, +FF#2+H=K, H2BF+#$1, -2, -=$*#>K,
1*CC$#>, *9, -=+-, A$, $BF(2@$1, DE, -2, 1*#$H-(@, B21*C@,
H2#1+9H$K, #+-=$#, -=+9, B$#$(@, 2I>$#)*9G, *-, +>, +,
F+>>*)$,I*2B+#L$#.(
,
b$G+#1*9G, -=$, 9?BI$#, 2C, >$>>*29>, #$N?*#$1, C2#,
*BF#2)$B$9-, -2,+FF$+#K,2?#,#$>?(->,+(*G9,A*-=,-=2>$,
=*G=(*G=-$1, I@, P+L$#, OR5R:XK, A=2, +FF(*$1, F+>>*)$,
*9C#+#$1, =$B2$9H$F=+(2G#+F=@, OF<b, a'YX, -2, +,
>+BF($,2C,*91*)*1?+(>,A*-=,B$9-+(,=$+(-=,H291*-*29>K,
F#*B+#*(@, $B2-*29+(, +91, +9J*$-@&#$(+-$1, *>>?$>K,
C*91*9G,F2>*-*)$,#$>?(->,+#2?91,-=$,C*C-=,>$>>*29.,M=$,
F<b,a'Y,#$C($H->,?91$#(@*9G,H$#$I#+(,I(221,C(2A,+91,
B$-+I2(*H, +H-*)*-@, OU+#B$9K, R557S, U2I$9, ^,
!+12(>L@K, R55; X, +91, C2H?>$>, 29, $9=+9H*9G,
F#$C#29-+(, H2#-$J, C?9H-*29, -=#2?G=, 929*9)+>*)$, DEK,
B$+>?#*9G, H=+9G$>, *9, -=$#B+(, +H-*)*-@, +>, +,
I@F#21?H-, 2C, H$#$I#+(, I(221, C(2A., P2-=, -$H=9*N?$>K,
F<b, a'Y, +91, H2#1+9H$K, +>>$>>, I#+*9, C?9H-*29, I?-,
+FF#2+H=, -=$, +9+(@>*>, C#2B, 1*CC$#$9-, +9G($>.,
U2#1+9H$, 92-, 29(@, 2CC$#>, +, B2#$, 1$-+*($1,,
C#$N?$9H@&I+>$1, )*$A, 2C, I#+*9, +H-*)*-@, I?-, +(>2,
F#2)*1$>, G#$+-$#, )$#>+-*(*-@, *9, -$#B>, 2C, -=$, #$G*29>,
+91, >-#?H-?#$>, -=+-, H+9, I$, $)+(?+-$1., <9, +9@, H+>$K,
-=$, 9?BI$#, 2C, >$>>*29>, +FF$+#>, >*G9*C*H+9-(@, (2A$#,
-=+9, -=$, -@F*H+(, 9?BI$#, #$F2#-$1, *9, -=$, >H*$9-*C*H,
(*-$#+-?#$, ?>*9G, H29)$9-*29+(, +BF(*-?1$, DE,
Oa+BB291K, R556S, V+#%I+9*, $-, +(.K, R540X, 2#, 2-=$#,
B21+(*-*$>, >?H=, +>, >(2A, H2#-*H+(, F2-$9-*+(>, O\*-+#+B,
$-,+(.K,R54;X.,
,
M=*>, >-?1@, F#$>$9->, (*B*-+-*29>, -=+-, B?>-, I$,
H29>*1$#$1, A=$9, *9-$#F#$-*9G, *->, #$>?(->., E*#>-K, +>, *-,
$BF(2@>,+,>*9G($&H+>$,1$>*G9K,-=$,G$9$#+(*%+I*(*-@,2C,
-=$, C*91*9G>, -2, +, I#2+1$#, F2F?(+-*29, *>, (*B*-$1., <9,
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+11*-*29;, -<$, #$1=>$1, 9=?@$#, 2A, B$BB*29B;, ?+C,
#$B-#*>-, -<$, (29D&-$#?, $AA*>+>C, 2A, -<$, *9-$#)$9-*29,
E<$9, >2?F+#$1, E*-<, >29)$9-*29+(, +?F(*-=1$&@+B$1,
GH, F#2-2>2(B., I<$#$A2#$;, A=-=#$, #$B$+#><, *B,
#$>2??$91$1, -2, *9>(=1$, (+#D$#, B+?F($B;, A2((2E&=F,
+BB$BB?$9-;, +91, +, >2?F+#*B29, *9-$#)$9-*29, -2,
>29A*#?, +91, $JF+91, -<$B$, F#$(*?*9+#C, A*91*9DB, +91,
-2, $J+?*9$, -<$*#, (29D&-$#?, ?+*9-$9+9>$., K=#, 1+-+,
+9+(CB*B, E+B, @+B$1, 29, B-+-*B-*>+(, ><+9D$B;, E<*><,
?*D<-, A+*(, -2, +FF#+*B$, >(*9*>+((C, ?$+9*9DA=(, ><+9D$B,
A2#,B?+(($#,$AA$>-,B*%$B,-<+9,-<$,29$,#$F2#-$1,*9, -<$,
F#$B$9-, E2#L., M11*-*29+(, #$B$+#><, =B*9D, ?2#$,
B2F<*B-*>+-$1, B-+-*B-*>+(, ?$-<21B, -<+9, -<$, NOP,
QR>M($+)$C;,S5S7T,*B,9$$1$1.,,
,
I<$, F#$B$9-, E2#L, *9-#21=>$B, +9, *992)+-*)$,GH,
F+#+1*D?, @+B$1, 29, #$+(&-*?$, >2#1+9>$, >+(>=(+-*29.,
I 2,2=#,L92E($1D$;,-<*B,*B,-<$,A*#B-,+FF(*>+-*29,2A,-<*B,
?$-<212(2DC.,I<$,#$B=(-B,2@-+*9$1,B=DD$B-,-<+-,-<*B,
-$><9*U=$, >+9, $AA$>-*)$(C, ?21=(+-$, @#+*9, +>-*)*-C;,
E<*><,*B,+BB2>*+-$1,E*-<,*?F#2)$?$9-B,*9,BC?F-2?B,
2A, +9J*$-C, +91, 1$F#$BB*29., V$BF*-$, -<$, *9<$#$9-,
(*?*-+-*29B,2A,-<$,B*9D($&>+B$,1$B*D9;,-<*B,>29-#*@=-*29,
2F$9B,9$E,F$#BF$>-*)$B,A2#,-<$,>(*9*>+(,+FF(*>+-*29,2A,
-<*B, -CF$, 2A,GH, +91, (+CB, -<$, D#2=91E2#L, A2#, A=-=#$,
*9)$B-*D+-*29B.,
,
!"#$%&'()*+,%*"&- '
I<$, +=-<2#B, 1$>(+#$, -<+-, -<$C, <+)$, 92-, =B$1, MP,
1=#*9D,-<$,E#*-*9D,2A,-<*B,F+F$#.,
,

.-/-&-0+-* '
,
M1+?>%CL;,R.;,W+%$+;,R.;,X2((E$@$#;,Y.;,Z2(B@2$#;,H.;,V#$B($#;,

R.;, [-$*D$#;, M.;, \, !+E(2EBL*;, R., QS546T., O2#1+9>$, 1$#*)$1,
A#2?,N'R,B($$F,''W,+B,+,@*2?+#L$#,A2#,-#$+-?$9-,#$BF29B$,
*9, 1$F#$BB*29,�±, M, 9+-=#+(*B-*>, B-=1C, +A-$#, +9-*1$F#$BB+9-,
?$1*>+-*29., ;%#$,)(- %<- =>?@A+)*$+@- &">")$@AB- :2;, ]0 �±457.,
<--FB38812*.2#D845.454^8_._FBC><*#$B.S546.5S.550,

M#9B;, R.;, 1$, N*11$#;, [.;, [-#$<(;, `.;, Y#$-$($#;, R.;, \, O2$9$9;, M.,
QS55]T., 'AA*>+>C, 2A, 9$=#2A$$1@+>L, -#$+-?$9-, *9, MVZV3, I<$,
$AA$>-B, 29, *9+--$9-*29;, *?F=(B*)*-C, +91, <CF$#+>-*)*-C3, M, ?$-+&
+9+(CB*B.,C(+,+@)(- DDE- ),F- !"#$%>@+",@"B- G8Q:T;, 4/5�±4/].,
<--FB38812*.2#D845.44008466556]75]57555:44,

Y+@*(29*;, O.;, Y(*92EBL+;, a.;, Y29+99*;, b.;, O*><2>L*;, M.;, V$, Z++9;,
X.;,V$(, !$#>*2;,O.;,V=@2*B;,Y.;, 'B>=1$#2;,c.;,H$#9d91$%;,M.;,
H#*B29*;,W.;,W=9-$L*9;,Y.;,Z+_2B;,R.;,Z+?F$(;,Z.;,PA$+><2#;,'.;,
a*(@2#9;,a.;,a=?+#;, [.;,c2<9B$9;,a.;,c2<+99BB29;,R.;,c$29D;,
�-������ �«�� �5�D�Q�G�D�O�O���� �)���� ���������������� �:�K�D�W�� �H�O�H�F�W�U�R�S�K�\�V�L�R�O�R�J�\�� �W�H�O�O�V�� �X�V��
�D�E�R�X�W���$�O�]�K�H�L�P�H�U�¶�V���G�L�V�H�D�V�H�����$���Z�L�Q�G�R�Z���L�Q�W�R���W�K�H���V�\�Q�F�K�U�R�Q�L�]�D�W�L�R�Q��
+91,>299$>-*)*-C,2A,@#+*9,9$=#29B.,!"#$%H+%(%'?-%<-I'+,'B,JK;,
6/ �±0:., <--FB38812*.2#D845.454^8_.9$=#2@*2(+D*9D.S54].5].55/,

Y+L$#;, O., I., QS5S:T., V2>=?$9-*9D, -<$, $AA$>-B, 2A, 929*9)+B*)$,
F#$A#29-+(, FPN, Z'W, 9$=#2A$$1@+>L, *9, -<$, -#$+-?$9-, 2A,
>2??29, ?$9-+(, <$+(-<, F#2@($?B.,!"#$%&"'#()*+%,B, 18Q:T;,
S50�±S4/., <--FB38812*.2#D845.4667589#.45.:.S50,

Y+L<B<+C$B<;,M.,N.;,Ze9B><;, [.;,XCB><L29;,M.;,N$%+*;,R., c.;, \,
'BB$#;, W., QS544T., G$=#2A$$1@+>L, *9, MVZV3, M, B*9D($&@(*91,
#+912?*%$1, >29-#2(($1, -#*+(.,D#$%L"),- CA+(F- M- IF%(">@",*-
=>?@A+)*$?B, 98Q]T;, 7/4�±7]4., <--FB38812*.2#D845.45508B550/0&
544&5S5/ &C,

�%�D�ú�D�U���� �(������ �%�D�ú�D�U&�(�U�R�J�O�X���� �&������ �.�D�U�D�N�D�ú���� �6������ �	�� �6�F�K�•�U�P�D�Q�Q���� �0����
QS554T., W+??+;, +(F<+;, 1$(-+;, +91, -<$-+, 2B>*((+-*29B, D2)$#9,
>2D9*-*)$, F#2>$BB$B., N,*"$,)*+%,)(- ; %#$,)(- %<-
=>?@A%LA?>+%(%'?B, 27QS�±:T;, S74�±S7/. , <--FB38812*.2#D845.454^,
8B54^0&/0^5Q55T55476&/ ,'

Y+BB$--;, V., [.;, \, [F2#9B;, K., QS540T., G$-E2#L, 9$=#2B>*$9>$.,
!)*#$"-!"#$%>@+",@"B-98Q:T;,:6: �±:^7., <--FB38812*.2#D845.45:/,
899.765S,

Y+B-2B;, M., R.;, \, [><2AA$($9;, c.&R., QS54^T., M,-=-2#*+(, #$)*$E, 2A,
A=9>-*29+(, >299$>-*)*-C, +9+(CB*B, ?$-<21B, +91, -<$*#,
*9-$#F#$-+-*29+(,F*-A+((B.,O$%,*+"$>-+,-P?>*"Q>-!"#$%>@+",@";,7;,
M#-*>($,406.,<--FB38812*.2#D845.::/]8A9BCB.S546.55406,

Y$><;, !.,QS55]T.,H*A-C,C$+#B,E*-<, -<$,Z+?*(-29,B>+($B,A2#,+9J*$-C,
+91,1$F#$BB*29.,=>?@A%*A"$)L?- ),F- =>?@A%>%Q)*+@>B- 6JQ7T;,
S5S�±S44.,<--FB38812*.2#D845.446]8555S47774,

Y$>L;, M., I.;, [-$$#;, N., M.;, \, Y#2E9;, W., a., Q4]]^T., RSNTNNB- R"@U-
S"L$">>+%,-N,V",*%$?5-W),#)(.,!BC><2(2D*>+(,O2#F2#+-*29.,

Y$9><;, O., c.;, H#*B-29;, a., c.;, Y#2E9;, N., W.;, [>2--;, b., O.;,
H#+>L2E*+L;,N., [.,c.;, \,V2(+9;,N.,c.,Q4]]ST., I<$,+9+-2?C,2A,
?$(+9><2(*+,�±, H2>+(, +@92#?+(*-*$B, 2A, >$#$@#+(, @(221, A(2E, *9,
?+_2#, 1$F#$BB*29.,=>?@A%(%'+@)(- W"F+@+,"B- 99Q:T;, ^50�±̂ 46.,
<--FB38812*.2#D845.45408[55::S]40555:/5^f,

Y(+91;, c., R.;, \, M(-?+9;, V., W., Q4]]^T., [-+-*B-*>B, 92-$B3,
I#+9BA2#?*9D,1+-+.,RW;B-219Q05::T;,005�±005.,<--FB38812*.2#D,
845.44:^8@?_.:4S.05::.005,

Y(=?;, [.;, c+>2@B$9;, G., [., c.;, Y($*><9$#;, R., W.;, \, V$@$9$#;, [.,
QS54]T., M, N*$?+99*+9,?21*A*>+-*29, 2A, +#-*A+>-, B=@BF+>$,
#$>29B-#=>-*29,A2#, ''W, +#-*A+>-,<+91(*9D.,O$%,*+"$>-+,-X#Q),-
!"#$%>@+",@"B- 12;, M#-*>($, 474., <--FB38812*.2#D845.::/],
8A9<=?.S54].55474,

Y#2+1E+C;,c.,R.;,Z2(-%<$*?$#;,!.,'.;,Z*(*?*#$;,R.,N.;,!+#LB;,G.,M.;,
V$gC(1$#;, c., '.;, R+C@$#D;, Z., [.;, \, O2#@+((*B;, !., R., QS54ST.,
H#29-+(,-<$-+, >2#1+9>$, F#$1*>-B, ^&?29-<, +9-*1$F#$BB+9-,
#$BF29B$, -2, B=@>+((2B+(, >*9D=(+-$, 1$$F, @#+*9, B-*?=(+-*29, A2#,
-#$+-?$9-&#$B*B-+9-, 1$F#$BB*293, M, F*(2-, B-=1C.,
!"#$%L>?@A%LA)$Q)@%(%'?B-26Q0T;,40^7�±400S.,<--FB38812*.2#D,
845.45:/89FF.S54S.S:,

O+#?$9;, c., M., QS557T., !+BB*)$,*9A#+#$1, <$?2$9>$F<+(2D#+F<C3,
H2=#,C$+#B,+91,455,?*D#+*9$B.,;%#$,)(-%<-!"#$%*A"$)L?B,JQ:T;,
S: �±64.,<--FB38812*.2#D845.4:558c4/7)5/95:h5:,

O+##2@($B, PB+@$(;, c., M., QS54^T., Y*289$=#2A$$1@+>L.,C(Y,+@)- ?-
P)(#FB, 96Q:T;, 4S6�±4:4., <--FB38812*.2#D845.454^,
8_.>(CB+.S54^.5].55:,

O<*+#$9%+;,W.,M.,QS5S4T.,i=+9-*-+-*)$, ''W,*9,><*(1<221,+--$9-*29,
1$A*>*-,<CF$#+>-*)*-C,1*B2#1$#,+91, ($+#9*9D,1*B+@*(*-*$B.,C(+,+@)(-
DDE- ),F- !"#$%>@+",@"B- K9QST;, 477�±466., <--FB38812*.2#D,
845.44008466556]7S5]^S:7: ,

O2@$9;, N.;, \, !+12(BLC;, P., QS550T., P9A#+#$1,*?+D*9D, +91,
9$=#2A$$1@+>L3, P9*-*+(, #$(*+@*(*-C, +91, )+(*1*-C., ;%#$,)(- %<-
!"#$%*A"$)L?B, 11Q:T;, :�±4:., <--FB38812*.2#D845.45/5,
845/07S55/5S4S^455,

O2<$9;,R., f., QS547T.,I,)(?Z+,'- ,"#$)(- *+Q"- >"$+">- F)*)5- [A"%$?-
),F-L$)@*+@".,I<$,RPI,!#$BB., <--FB38812*.2#D845.06648?*-F#$BB,
8]^5].554.5554 ,

O2((=#+;, I., QS54ST., Y#+*9M)+-+#3, P9-$D#+-$1,@#+*9, *?+D*9D;,
9$=#2A$$1@+>L;, +91, #$A$#$9>$, 1+-+@+B$, BCB-$?.,
!"#$%C%,,"@*+%,>,P#QQ"$;,:4 �±:^. ,

O22L;, P., M.;, \,b$=><-$#;, M., H., Q4]]^T., [C9+F-*>, 1CBA=9>-*29, *9,
�$�O�]�K�H�L�P�H�U�¶�V�� �G�L�V�H�D�V�H���� �&�O�L�Q�L�F�D�O�� �D�V�V�H�V�V�P�H�Q�W�� �X�V�L�Q�J�� �T�X�D�Q�W�L�W�D�W�L�Y�H��
''W., R"A)V+%#$)(- R$)+,- &">")$@AB, 6JQ4T;, 46�±S:.,
<--FB38812*.2#D845.454^854^^&7:S/Q]6T55S47&̂ ,

O22L;,P.,M.;,b$=><-$#;,M.,H.;,R2#D+9;,R.;,X*--$;,'.;,[-=@@$?+9;,X.,
H.;, M@#+?B;, R.;, N2B$9@$#D;, [.;, +91, `*_-1$<++D$;, [., Z., c.,
QS55ST., '+#(C, ><+9D$B, *9, F#$A#29-+(, +>-*)*-C, ><+#+>-$#*%$,
>(*9*>+(, #$BF291$#B, -2, +9-*1$F#$BB+9-B.,
!"#$%L>?@A%LA)$Q)@%(%'?B- 96Q4T;, 4S5�±4:4. , <--FB38812*.2#D,
845.454^8[5/]: &4::fQ5ST55S]7 &7''

V$1$;, M., c., K.;, f*+2;, X.;, g+>*;, G.;, O2<$9;, R., f.;, \, R*(9$;, '.,
QS5S:T., b+>L, 2A, =9*)+#*+-$;, >(*9*>+((C&#$($)+9-, @*2?+#L$#B, 2A,
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-

+;-*<=, *8, #$<-*8>, <-+-$, ''?2, @, <-;0A, 1B, ::C, D+#-*E*D+8-<.,
;"<&=+> .,F--D<27701*.1#>734.33437G4G9.45.G3.G9GH4944,

I#$)$-<J,K.,L.J,!#*E$J,M.,N.J,O,P;#$AJ,Q.,N.,RG44/S.,T#+*8,<-#;E-;#+(,
+80, B;8E-*18+(, +U81#=+(*-*$<, *8, =110, 0*<1#0$#<2, V=D(*E+-*18<,
B1#, 8$;#1E*#E;*-#A, =10$(<, 1B, 0$D#$<<*18.,?$)+,- @*$#A*#$"- B-
C#,A*+%,D, 912R3�±GSJ, H9�±33/ ., F--D<27701*.1#>734.344:7<446GH&
44/ &43/H&W,!

'#>;%$(J,X.,X.J,Y%$Z$<J, [.J,?;(-$Z*8J, [.J,X+#F+8J, \.J, ]*%(*, [+A+#J,
?.J, O, T+A#+=J, @., RG435S., \$;#+(,8$-^1#Z, U+<$0, #$<D18<$,
D#$0*E-*18,1B,#XQ[,*8,=+_1#,0$D#$<<*)$,0*<1#0$#,;<*8>,`''?,
E1#0+8E$., EFGAH+)*$G- I,>"F*+')*+%,D- 19R3SJ, C3�±C5.,
F--D<27701*.1#>734.694C7D*.G435.3G.3.C3,

P+*=+8J,V.J,[D+#Z<J,a.J,K*8<-18J,M.,[.J,T#;88F;U$#J,P.J,L*;(*8*J,\.J,
b1;8>J,@.,].J,O,[F1-U1(-J,!.,RG4G9S.,N*=*-$0,E(*8*E+(,)+(*0*-A,1B,
;8*)+#*+-$, #$<-*8>&<-+-$, ''?, =+#Z$#<, B1#, E(+<<*BA*8>, <$*%;#$,
0*<1#0$#<.,?$)+,- J%;;#,+A)*+%,FD, KRCSJ,@#-*E($,BE+0994.,
F--D<27701*.1#>734.34H97U#+*8E1==<7BE+0994,

P#*<-18J, c., RG44HS., L+;<+(,=10$((*8>, +80, U#+*8, E188$E-*)*-A, *8,
B;8E-*18+(, =+>8$-*E,#$<18+8E$, *=+>*8>., EL%@- ?+%(%'GD,6RGSJ,
@#-*E($, $3444499., F--D<27701*.1#>734.39:3,
7_1;#8+(.DU*1.3444499,

?+%%+8*>+J, Q., [., RG444S., L$#$U#+(, <D$E*+(*%+-*18, +80,
*8-$#F$=*<DF$#*E, E1==;8*E+-*182, I1$<, -F$, E1#D;<, E+((1<;=,
$8+U($, -F$, F;=+8, E180*-*18d,?$)+,D, 192R:SJ, 3GH9�±39GC.,
F--D<27701*.1#>734.34H97U#+*873G9.:.3GH9,

?e=$%&T$8*-1J, M.J, a;*%J, L.J, O, ?;*($#+J, ?., RG433S., @, [D+8*<F,
)$#<*18, 1B, -F$,@-F$8<, *8<1=8*+, <E+($.,M#)(+*G- %N- L+N"-
&"F")$AHD- 98RCSJ, H93�±H9:., F--D<27701*.1#>734.344:7<3339C&
434&H/G: &W,

?#+=B1#-J, @.J, N;$<<*J, Q.J, N+#<18J, '.J, '8>$=+88J, I., @.J,
[-#1F=$*$#J, I.J, T#10U$EZJ, L.J, ?1_J, a.J, M+<J, Q.J, T#11Z<J, X.J,
!+#ZZ18$8J,N.J,O,]f=f(f*8$8J,Q.,RG439S.,Q'?,+80,''?,0+-+,
+8+(A<*<, ^*-F, Q\' &!A-F18., C$%,*+"$F- +,- !"#$%FA+",A"D- 6J,
@#-*E($,GC:.,F--D<27701*.1#>734.99/H7B8*8<.G439.44GC:,!

?#*==J, [.J, T$EZJ, M.J, [EF;$DU+EFJ, I.J, ]$((J, I.J, T1$<*>$#J, !.J,
T$#=D1F(J,P.J,\*$F+;<J,N.J,T1$Z$#J,].J,O,\1#-F1BBJ,?.,RG44/S.,
V=U+(+8E$, U$-^$$8,($B-, +80, #*>F-, 01#<1(+-$#+(, D#$B#18-+(,
E1#-$W, *8, =+_1#, 0$D#$<<*18, *<, (*8Z$0, -1, 8$>+-*)$, $=1-*18+(,
_;0>=$8-2,@8,BQaV,<-;0A,*8,<$)$#$,=+_1#,0$D#$<<*)$,0*<1#0$#.,
?+%(%'+A)(-EFGAH+)*$GD-:2R6SJ,9CH�±9:C., F--D<27701*.1#>734.343C,
7_.U*1D<AEF.G44:.45.499,

]+=*(-18J,Q.,R3H5HS.,XF$,+<<$<<=$8-,1B,+8W*$-A,<-+-$<,UA,#+-*8>.,
?$+*+FH- O%#$,)(- %N- P"<+A)(- EFGAH%(%'GD- 29R3SJ, 54�±55.,
F--D<27701*.1#>734.33337_.G466&/963.3H5H.-U446C:.W,

]+=*(-18J, Q., R3HC4S., @,#+-*8>, <E+($, B1#, 0$D#$<<*18., O%#$,)(- %N-
!"#$%(%'GD- !"#$%F#$'"$G- B- EFGAH+)*$GD, 92R3SJ, 5C�±CG.,
F--D<27701*.1#>734.339C7_88D.G9.3.5C,

]+==$#J,T.,g.J,L1(U$#-J,@.,!.J,T#1^8J,c.,@.J,O,V(*1*J,'.,L.,RG433S.,
\$;#1B$$0U+EZ, B1#, *8<1=8*+2, @, D*(1-, <-;0A, 1B, h&[E1#$, [Qa,
+80, *80*)*0;+(*%$0, D#1-1E1(<.,QRR(+"<- EFGAH%RHGF+%(%'G- ),<-
?+%N""<S)ATJ,2: R6SJ,G53�±GC6.,F--D<27701*.1#>734.344:7<346/6&
433&H3C5&A,

]+==180J,I.,L.,RG445S.,\$;#1B$$0U+EZ,-#$+-=$8-,1B,0$D#$<<*18,
+80, +8W*$-A.,O%#$,)(- %N- Q<#(*- U">"(%R;",*D- 19RG�±9SJ, 393�±
39:., F--D<27701*.1#>734.344:7<34/46&445&:4GH&5,

]+##*<J,L.,a.J,Q*((=+8J,c.,M.J, i+8, I$#,K+(-J, [.,M.J,?1==$#<J,a.J,
i*#-+8$8J,!.J,L1;#8+D$+;J,I.J,K*$<$#J,'.J,X+A(1#J,M.J,T$#>J,[.J,
[=*-FJ,\.,M.J,c$#8J,a.J,!*E;<J,Q.J,]1A$#J,[.J,i+8,c$#Z^*_ZJ,Q.,
].J,T#$--J,Q.J,]+(0+8$J,@.J,I$(,aj1J,M.,P.J,K*$U$J,Q.J,!$-$#<18J,
�3�������«���2�O�L�S�K�D�Q�W�����7�����(���������������������$�U�U�D�\���S�U�R�J�U�D�P�P�L�Q�J���Z�L�W�K���1�X�P�3�\����
!)*#$"D- KVKR:/G5SJ, 95:�±9CG.,F--D<27701*.1#>734.349/7<635/C&
4G4&GC6H&G,

]_1#-FJ, T., R3H:5S., @8, 18&(*8$, -#+8<B1#=+-*18, 1B, ''?, <E+(D,
D1-$8-*+(<, *8-1, 1#-F1>18+(, <1;#E$, 0$#*)+-*18<.,
W("A*$%",A"RH)(%'$)RHG-),<-J(+,+A)(-!"#$%RHGF+%(%'GD,27R5SJ,
5GC�±594.,F--D<27701*.1#>734.343C74439&6CH6R:5SH445C&5,

]k(($#J,b.J,O,\+#018$J,a.,RG4G3S.,`;+8-*-+-*)$,''?,U*1=+#Z$#<,B1#,
$D*($D<A, +80, -F$*#, #$(+-*18, -1, EF$=*E+(, U*1=+#Z$#<.,V8, ?., [.,
Q+Z1^<*,R'0.SJ,Q<>),A"F-+,- A(+,+A)(-AH";+F*$G,Ri1(.,34GJ,DD.,

G:3�±99CS., '(<$)*$#., F--D<27701*.1#>734.343C,
7U<.+EE.G4G4.4/.446,

];8-$#J, @., Q.J, N$;EF-$#J, @., P.J, Q1#>+8J, Q., N.J, O, L11ZJ, V., @.,
RG44CS., LF+8>$<, *8,U#+*8, B;8E-*18, Rl;+8-*-+-*)$, ''?,
E1#0+8E$S,0;#*8>,D(+E$U1, ($+0&*8,+80, -#$+-=$8-,1;-E1=$<, *8,
E(*8*E+(, -#*+(<, B1#, =+_1#, 0$D#$<<*18., XH"-Q;"$+A),- O%#$,)(- %N-
EFGAH+)*$GD- 1:2R/SJ, 36GC�±369G., F--D<27701*.1#>734.33:C,
7+_D.G44C.3C9./.36GC,

];8-$#J, @., Q.J, \>F*$=J, X., m.J, L11ZJ, V., @.J, c#+8-%J, I., '.J,
Q*8%$8U$#>J, Q., M.J, O, N$;EF-$#J, @., P., RG43/S., LF+8>$, *8,
l; +8-*-+-*)$, ''?, -F$-+, E1#0+8E$, +<, +, D1-$8-*+(, D#$0*E-1#, 1B,
#$D$-*-*)$,-#+8<E#+8*+(,=+>8$-*E,<-*=;(+-*18,E(*8*E+(,1;-E1=$,*8,
=+_1#, 0$D#$<<*)$, 0*<1#0$#.,J(+,+A)(- WWY- ),<- !"#$%FA+",A"D,
Z7R5SJ,94C�±935.,F--D<27701*.1#>734.33::7355445H63::6CG3G,

M+E1U<18J, \., [.J, O, X#;+WJ, !., R3HH3S., L(*8*E+(, <*>8*B*E+8E$2, @,
<-+-*<-*E+(, +DD#1+EF, -1, 0$B*8*8>, =$+8*8>B;(, EF+8>$, *8,
D<AEF1-F$#+DA, #$<$+#EF.,O%#$,)(- %N- J%,F#(*+,'- ),<- J(+,+A)(-
EFGAH%(%'GD- K7R3SJ, 3G�±3H., F--D<27701*.1#>734.349:744GG&
44Cm.5H.3.3G,

c+DD$8=+8J,'.,[.J,O,N;EZJ,[.,M.,RG434S.,XF$,$BB$E-<,1B,$($E-#10$,
*=D$0+8E$,18,0+-+,l;+(*-A,+80,<-+-*<-*E+(,<*>8*B*E+8E$,*8,'a!,
#$E1#0*8><.,EFGAH%RHGF+%(%'GD-Z6R5SJ,///�±H46.,F--D<27701*.1#>,
734.33337_.36CH&/H/C.G434.4344H.W,!

c+A*#+8J,[.J,I;#<;8J,'.J,'#=;-(;J,\.J,I;#<;8J,\.J,O,c+#+=n#<$( J,[.,
RG44:S., \$;#1B$$0U+EZ, *8, B*U#1=A+(>*+, <A80#1=$.,Q'$+5- Q'$+-
���$�O�J�R�O�R�M�L���� �'�H�U�Q�H�J�L�¶�Q�L�Q�� �<�D�\�L�Q�� �2�U�J�D�Q�L�G�L�U�� � �� �7�K�H�� �-�R�X�U�Q�D�O�� �R�I�� �W�K�H��
X#$T+FH-@%A+"*G-%N-Q('%(%'GD-17R9SJ,6:�±59.,

c$80+((J, !., L.J, ]1((18J, [., I.J, T$EZJ, @., X.J, ]+==$8J, L., N.J, O,
V8>#+=J,a.,'.,R3H/:S.,V<<;$<,+80,#$E1==$80+-*18<,#$>+#0*8>,
;<$,1B,-F$,T$EZ,I$D#$<<*18,V8)$8-1#A.,J%',+*+>"-XH"$)RG-),<-
&"F")$AHD, 11R9SJ, G/H�±GHH., F--D<27701*.1#>734.344:,
7TP433/CG/4,

c1-F$J, L., @.J, O, M;8>J, X.&!., RG43CS.,Q$*+N)A*- $";%>)(- *"AH,+[#"F-
.+*H-F+',)(-$"A%,F*$#A*+%,-R!+-$8-,\1.,g[G43C43395/:@3S .,,

N$;EF-$#J, @., P.J, g*_-0$F++>$J, [., ].J, L11ZJ, V., @.J, Yo]+#+J, a.J, O,
Q+80$(Z$#8J,Q.,R3HHHS.,a$(+-*18<F*D,U$-^$$8,U#+*8,$($E-#*E+(,
+E-*)*-A, +80, E1#-*E+(, D$#B;<*18, *8, 81#=+(, <;U_$E-<.,EFGAH+)*$G-
&"F")$AH5- !"#$%+;)'+,'D- 78 RGSJ, 3G5�±364., F--D<27701*.1#>,
734.343C7[4HG5&6HG:RHHS4444C&G,

N$;EF-$#J,@.,P.J,L11ZJ,V.,@.J,N;BZ*8J,a.,T.J, I;8Z*8J,M.J,\$^-18J,X.,
P.J,L;==*8><J,M.,N.J,Q+EZ$AJ,M.,c.J,O,K+(-$#J, I.,Y.,R3HH6S.,
L1#0+8E$2, @,8$^, =$-F10, B1#, +<<$<<=$8-, 1B, E$#$U#+(,
D$#B;<*18, +80, =$-+U1(*<=, ;<*8>, l;+8-*-+-*)$,
$($E-#1$8E$DF+(1>#+DFA., !"#$%I;)'" J, 1R9SJ, G4/�±G3H.,
F--D<27701*.1#>734.344C78*=>.3HH6.344C!,

N$;EF-$#J,@.,P.J,L11ZJ,V.,@.J,Q$8+J,V.J,I;8Z*8J,M.,M.J,L;==*8><J,M.,
N.J,\$^-18J,X.,P.J,Q*>8$E1J,Y.J,N;BZ*8J,a.,T.J,K+(-$#J,I.,Y.J,O,
N+EF$8U#;EFJ,!.,@.,R3HH6S.,@<<$<<=$8-,1B,E$#$U#+(,D$#B;<*18,
;<*8>, l;+8-*-+-*)$, ''?, E1#0+8E$., EFGAH+)*$G- &"F")$AH5-
!"#$%+;)'+,'D- KK R9SJ, 363�±35G.,F--D<27701*.1#>734.343C74HG5&
6HG:RH6SH44GG&3!,

N*)*8-,!1D+J,N.J,I#+>1<J,].J,!+8-$($=18J,L.J,i$#*<$%+8,a1<;J,Y.J,
O, [-#*(E*;EJ, [., RG4G4S., XF$,#1($, 1B, l;+8-*-+-*)$,''?, *8, -F$,
0*+>81<*<, 1B,8$;#1D<AEF*+-#*E,0*<1#0$#<., O%#$,)(- %N- P"<+A+,"-
),<-L+N"D,12R3SJ,/�±35.,F--D<27701*.1#>734.G53GG7_=(&G43H&44/5 ,

N1U1J,@.J,LF+=1##1J,N.J,N;l;$J,@.J,I+(&a"J,a.J,T+0*+J,m.J,T+#eJ,'.,
O,?#;D1,0$,i+(*0+E*e8,$8,'<D+p1(,0$,'<E+(+<,!<*E1="-#*E+<,
R?i''!S, RG44GS., i+(*0+E*e8,0$, (+<, )$#<*18$<,$8,$<D+p1(,0$,
(+, Q18->1=$#A&@<U$#>, I$D#$<<*18, a+-*8>, [E+($, A, (+,
]+=*(-18, @8W*$-A, a+-*8>, [E+($, D+#+, (+, $)+(;+E*e8, 0$, (+,
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