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Abstract

We evaluate a labor market integration program that fast-tracked asylum seekers into
the Italian labor market through personalized job mentoring, placement assistance,
and on-the-job training. Leveraging randomized assignment across reception centers
and individual-level administrative records, we find effects on employment rates of 10
percentage points, or 30% over the baseline, over a 18-month period. The program
also improved job quality through increased access to fixed-term and open-ended con-
tracts. Subsidized internships were a critical pathway to transitioning participants into
standard employment. Survey data indicate that these effects reflect a net increase
in employment, rather than a shift from informal to formal jobs. We also document
broader benefits on socioeconomic integration, including language proficiency and so-
cial networks with native Italians.
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Recent years have seen a dramatic surge in refugee migration. The number of refugees and

asylum seekers rose from 11 million in the early 2010s to 25 million by the end of the decade,

reaching a record 36 million following the escalation of the Russia-Ukraine conflict in 2022.

Europe experienced the fastest growth, with the number of refugees rising to 14 million in

2023 – one-third of the global total. Over two-thirds of these individuals are fleeing the wars

in Syria and Ukraine, often arriving without a clear migration plan and facing uncertain

prospects for integration.

A major challenge for refugees is their limited knowledge of the host country’s institu-

tional environment, including labor market regulations, policies, and available job opportu-

nities. This lack of knowledge can lead to skill mismatches and occupational downgrading.

Administrative and bureaucratic hurdles, such as delays in obtaining work permits, often

result in prolonged periods of inactivity, which can erode skills and cause psychological dis-

couragement, further reducing the likelihood of employment (Hainmueller et al., 2016; Fasani

et al., 2021). Limited proficiency in the host country’s language and lack of familiarity with

its culture and traditions further compound these challenges. Barriers tend to be even more

severe for individuals fleeing conflict-ridden countries or other crises (see, for example, Brell

et al., 2020; Fasani et al., 2022).

A growing consensus among policymakers suggests that fast-tracking asylum seekers and

refugees into the labor market through personalized job coaching and matching is more ef-

fective than traditional vocational education – and, in some cases, even language instruction

– for improving employment and integration prospects (Martín et al., 2016 , ; OECD, 2016;

Schuettler and Caron, 2020). While language instruction remains crucial for the migrant

integration, as shown among others by Sarvimäki and Hämäläinen (2016), Lochmann et al.

(2019), Foged et al. (2024 ) and Foged et al. (2024 ), it should not be a bottleneck to

labor market entry. Language training should be tailored to occupational needs and inte-

grated into workplace experience, rather than relying solely on classroom-based instruction

(Martín et al., 2016 ). Additionally, preliminary skills assessments are essential to overcom-
1Appendix Figure A1 plots, in Panel A, the number of refugee arrivals in Europe and worldwide. Panel

B of the same figure shows the composition of refugee migration in Europe by area of origin.
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ing employers’ reluctance to recognize foreign qualifications. Without proper certification

or validation, many refugees face skill mismatches and occupational downgrading. For the

same reason, job coaching and targeted matching with employers are even more critical for

refugees and asylum seekers than for other unemployed workers, as they often lack the so-

cial networks and institutional knowledge needed to navigate the labor market effectively

(Schuettler and Caron, 2020).

However, evidence on the effectiveness of job coaching and targeted matching remains lim-

ited and inconclusive. As noted by Martín et al. (2016 ), there is “

,” largely due to the lack of comprehen-

sive data on asylum seekers and refugees. Crucial information (such as socio-demographics,

educational qualifications from origin countries, and career trajectories in host countries) is

often fragmented and primarily available through small-scale surveys. Administrative data

can mitigate some of these limitations by offering larger sample sizes and reducing attrition.

However, they are available in only a few countries, primarily in Scandinavia, and often

lack key variables such as language proficiency and broader measures of social and economic

integration. This data gap limits empirical assessments of labor market integration policies

and hampers policymakers’ ability to design evidence-based interventions.

We evaluate the effectiveness of FORWORK (

), an intervention designed to fast-track asylum seekers in Italy into the labor market

through a personalized package of services, including job mentoring, placement assistance,

and on-the-job training through internships subsidized by the Ministry of Labor. These el-

ements were prioritized over traditional vocational education and language training, which

nevertheless remained available to participants in need of these services. The intervention

was tailored to align with each beneficiary’s past work experience, skills, and aspirations,

ensuring a targeted approach to labor market integration. Participants were assigned a job

mentor responsible for introducing them to the program and selecting the most appropri-

ate bundle of job assistance services tailored to their individual needs. Unlike many other

interventions, FORWORK targeted asylum seekers awaiting decisions on their applications

for refugee status or international protection. As explained in Section 3, asylum seekers

in Italy are legally permitted to work after a 60-day waiting period from the date of their
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application, yet they typically face extremely poor employment prospects. Their situation

is worsened by limited integration support available in most reception centers.

This institutional context is an ideal setting to evaluate the effectiveness of job search

assistance and labor market integration interventions for asylum seekers, as the baseline

condition lacks structured integration services. In September 2019, we randomized eligibility

for FORWORK across reception centers in Piedmont, a large region in Northern Italy. The

randomization specifically targeted asylum seekers in municipalities with access to public

transportation and located within the region’s main metropolitan areas (the exact criteria

are detailed in Section 3.3). Based on these criteria, we identified a population of 1; 262

asylum seekers housed in 260 reception centers. Half of the centers were randomly assigned

to the , granting them access to the program, while the remaining half formed

the without access to the intervention. Among asylum seekers in the eligible

group, 66% joined the program, resulting in a total of 409 participants.

Participants entered the program in a staggered fashion between December 2019 and

July 2021 due to delays caused by administrative backlogs and disruptions related to the

COVID-19 pandemic. The likely non-random nature of these delays poses an identification

challenge, as even conditional on randomized eligibility, the timing of participation may be

endogenous. We address this challenge using an event-study design that exploits within-

individual changes in outcomes at various leads and lags relative to the individual-specific

timing of the start of FORWORK activities. In our preferred specification, asylum seekers

not participating in FORWORK, regardless of their eligibility status, are used to define

the baseline outcome without FORWORK in event studies. Our results remain robust to

alternative definitions of the group used to define this baseline.

Participants experienced steeper employment trajectories than non-participants in the

months following their first meeting with a job mentor. We show this, in Section 6, using

administrative employment records available at a daily frequency for both participants and

non-participants. Specifically, after 18 months, the employment rate among participants was

approximately 20 percentage points higher than it would have been otherwise, representing a

61% increase over the baseline employment rate of 33 percentage points. The positive effect

emerged shortly after the initial meeting, with employment rates increasing by 10 percentage
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points over six months and 15 percentage points over one year.

Part of the gains can be attributed to subsidized internships (lasting 3 to 5 months), which

were offered to about one-fifth of participants. If we classify these interns as non-employed

for the duration of their internship, the estimated employment gain after 18 months drops to

10 percentage points, or 30% over the baseline. This estimate serves as a lower bound on the

treatment effect, as some of these interns might have secured non-subsidized employment

during the same period. Conversely, including subsidized internships in the employment

definition could load one component of the treatment onto the final outcome, resulting in

an opposite bias. To be conservative, we take the adjusted value of 10 percentage points as

our preferred estimate and apply the same approach throughout the analysis.

The positive effects on participation were particularly pronounced for women. Also,

participation in the program not only increased employment rates but also improved the

of employment by facilitating access to more stable and structured working rela-

tionships. Specifically, when stratifying participants by gender, we find that the average

employment increase reflects a smaller, less precisely estimated effect for females (about 8 to

10 percentage points after 18 months) and a larger, more precisely estimated effect for males

(approximately 15 percentage points). Because baseline employment rates vary considerably

by gender, the relative effect is 67% for women and 39% for men.

Turning to the of employment, we find that over an 18-month period, participants

were nearly 50% more likely to hold fixed-term contracts, a substantial increase given the

baseline probability of 18%. Fixed-term contracts account for approximately half of em-

ployment in our sample of asylum seekers. The relative increase in open-ended contracts is

even greater, with a 65% rise over a baseline of 3%, though these estimates are less precise.

However, open-ended contracts represent only one tenth of employment. Beyond contract

stability, FORWORK enhances access to structured training opportunities. Participants

benefit from more internships (beyond those funded through the program), which typically

include formalized training, job-related education, and industry-recognized credentials. Em-

ployment gains along the job ladder also translate into a 30% increase in labor earnings after

18 months. These findings reinforce the idea that FORWORK contributes to long-term em-

ployability by improving job quality through better contract terms, professional training,
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and higher earnings potential.

While disentangling the effects of individual program components is inherently challeng-

ing – given that each beneficiary receives a personalized treatment with varying intensities

across activities – we focus on isolating the impact of subsidized internships, as they play a

key role in interpreting the overall results. We find evidence of dynamic selection into in-

ternships: participants who eventually took part in subsidized internships exhibited a clear

‘Ashenfelter’s dip’ in their employment rates – approximately a 15 percentage point decline

– in the six months preceding the start of the internship. To address this concern, we follow

Arkhangelsky et al. (2021) and augment our staggered difference-in-differences design with

a re-weighting scheme, constructing a synthetic control group that matches the employment

trajectory of internship participants prior to treatment.

We estimate that subsidized internships increase the likelihood of transitioning to a non-

subsidized job in the months immediately following the internship by approximately 10

percentage points, over and above the effect observed for program participants who did not

receive an internship. This suggests that subsidized internships account for a substantial

share of the overall employment impact of the program.

We bolster the evidence from administrative data using information from two surveys that

we conducted before and after the intervention – specifically, between May and September

2019 and between August and September 2021. In this case, we leverage random assignment

to estimate intention-to-treat and treatment-on-the-treated effects on the outcomes of inter-

est. Despite differences in data sources and empirical strategies, we find that the employment

effect estimated from survey data closely aligns with that obtained from administrative data.

Crucially, survey data allow us to capture informal employment, which is not recorded in

administrative data. Our results show that the observed increase in employment corresponds

to an equivalent decline in unemployment, rather than a mere shift from informal to formal

work. Thus, FORWORK is genuinely creating new job opportunities, rather than simply

driving compositional changes between the informal and formal labor sectors.

In addition, the survey provides insights into other dimensions of integration, notably

proficiency in Italian language and the size and composition of social networks in Italy.

Participation in FORWORK enhanced language skills, increasing understanding, speaking,
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�H�B�b�i�B�M�; �Q�7 ���b�v�H�m�K �b�2�2�F�2�`�b �U�;�2�M�/�2�`�- �+�Q�m�M�i�`�v �Q�7 �Q�`�B�;�B�M�- ���M�/ ���;�2�V ���`�2 �2�[�m���H�H�v �#���H���M�+�2�/ �B�M �i�?�2

�T�Q�T�m�H���i�B�Q�M �m�b�2�/ �7�Q�` �i�?�2 �`���M�/�Q�K�B�x���i�B�Q�M ���M�/ �B�M �i�?�2 �b�m�#�T�Q�T�m�H���i�B�Q�M �`�2�i�`�B�2�p�2�/ �7�`�Q�K �a�A�G�S �/���i���X

�� �b�B�K�B�H���` �+�Q�M�+�H�m�b�B�Q�M �?�Q�H�/�b �7�Q�` �`�2�b�T�Q�M�/�2�M�i�b �i�Q �i�?�2 �#���b�2�H�B�M�2 �b�m�`�p�2�v�- �/�2�b�T�B�i�2 �i�?�2 �?�B�;�?�2�` ���i�i�`�B�i�B�Q�M

�`���i�2 �B�M �b�m�`�p�2�v �/���i���X

�S���`�i�B�+�B�T���i�B�Q�M �B�M �6�P�_�q�P�_�E ���+�i�B�p�B�i�B�2�b �r���b �M�Q�i �m�M�B�p�2�`�b���H ���K�Q�M�; �2�H�B�;�B�#�H�2 ���b�v�H�m�K �b�2�2�F�2�`�b�X

�h�?�2 �/�2�K�Q�;�`���T�?�B�+�b �Q�7 ���b�v�H�m�K�@�b�2�2�F�2�`�b �2�M�;���;�B�M�; �B�M �6�P�_�q�P�_�E �U�T���`�i�B�+�B�T���M�i�b�?�2�`�2���7�i�2�`�V �+���M

�#�2 �+�?���`���+�i�2�`�B�x�2�/ �#�v �2�t�T�H�Q�B�i�B�M�; �i�?�2 �`���M�/�Q�K�B�x���i�B�Q�M �i�Q �6�P�_�q�P�_�E �m�M�/�2�` �i�?�2 �K�Q�M�Q�i�Q�M�B�+�B�i�v

�Q�7 �#�2�?���p�B�Q�` �r�B�i�? ���M�/ �r�B�i�?�Q�m�i �2�H�B�;�B�#�B�H�B�i�v�X �a�T�2�+�B�}�+���H�H�v�- �K�Q�M�Q�i�Q�M�B�+�B�i�v �`�2�[�m�B�`�2�b �i�?���i �2�H�B�;�B�#�B�H�B�i�v

�+���M�M�Q�i �/�2�+�`�2���b�2 �i�?�2 �+�?���M�+�2 �Q�7 �2�M�;���;�B�M�; �B�M �6�P�_�q�P�_�E�X �h�?�B�b ���b�b�m�K�T�i�B�Q�M �B�b �p���H�B�/ �B�M �Q�m�` �+���b�2

�#�v �/�2�b�B�;�M�- �#�2�+���m�b�2 ���b�v�H�m�K �b�2�2�F�2�`�b �B�M �i�?�2 �+�Q�M�i�`�Q�H �;�`�Q�m�T �+�Q�K�T�H�B�2�/ �r�B�i�? �i�?�2 �`���M�/�Q�K�B�x���i�B�Q�M

�b�i���i�m�b�X �q�2 �i�?�2�`�2�7�Q�`�2 �+�Q�M�b�B�/�2�` �i�?�2 �7�Q�H�H�Q�r�B�M�; �`�2�;�`�2�b�b�B�Q�M�,

di x i = � 0 (r i ) + � 1di + � i ; �U�k�V

�r�?�2�`�2� 0(r i ) �B�b �b�?�Q�`�i�?���M�/ �7�Q�` �� �b�2�i �Q�7 �b�i�`���i�� �2�z�2�+�i�b�-di �B�b ���M �B�M�/�B�+���i�Q�` �7�Q�` �T���`�i�B�+�B�T���i�B�Q�M �B�M

�6�P�_�q�P�_�E�- ���M�/x i ���`�2 �i�?�2 �b���K�2 �/�2�K�Q�;�`���T�?�B�+�b �b�i���M�/���`�/�B�x�2�/ ���b �B�M �2�[�m���i�B�Q�M �U�R�V�X �q�2 �Q�#�i���B�M

�i�?�2 �p���H�m�2 �Q�7 �i�?�2 �+�Q�2�{�+�B�2�M�i� 1 �B�M �2�[�m���i�B�Q�M �U�k�V �p�B�� �k�a�G�a�- �B�M�b�i�`�m�K�2�M�i�B�M�;di �r�B�i�? �i�?�2 �Q�z�2�`

�B�M�/�B�+���i�Q�`zi �X �l�b�B�M�; �� �b�i���M�/���`�/ �B�M�b�i�`�m�K�2�M�i���H �p���`�B���#�H�2 �`�2���b�Q�M�B�M�;�- �i�?�2 �p���H�m�2 �Q�7� 1 �2�b�i�B�K���i�2�b

�i�?�2 ���p�2�`���;�2 �Q�7x i �7�Q�` �T���`�i�B�+�B�T���M�i�b �B�M �6�P�_�q�P�_�E �U�B�X�2�X�- �i�?�2 �Q�z�2�` �+�Q�K�T�H�B�2�`�b�V�X �q�2 �F�2�2�T �Q�M�H�v

�`�2�b�T�Q�M�/�2�M�i�b �i�Q �i�?�2 �#���b�2�H�B�M�2 �b�m�`�p�2�v �� �i�?�2 �a�m�`�p�2�v �T�Q�T�m�H���i�B�Q�M �B�M �6�B�;�m�`�2 �d �� ���M�/ �+�H�m�b�i�2�` �b�i���M�/���`�/

�2�`�`�Q�`�b ���i �i�?�2 �H�2�p�2�H �Q�7 �i�?�2 �B�M�b�i�B�i�m�i�B�Q�M�b �K���M���;�B�M�; �i�?�2 �*���a �+�2�M�i�2�`�b�X

�k�9



�6�B�;�m�`�2 �3�, �*�?���`���+�i�2�`�B�x���i�B�Q�M �Q�7 �T���`�i�B�+�B�T���M�i�b �B�M �6�P�_�q�P�_�E ���+�i�B�p�B�i�B�2�b

�L�Q�i�2�b�, �k�a�G�a �2�b�i�B�K���i�2�b �Q�7� 1 �7�`�Q�K �2�[�m���i�B�Q�M �U�k�V �7�Q�` �i�?�2 �b���K�2 �/�2�K�Q�;�`���T�?�B�+ �p���`�B���#�H�2�b �+�Q�M�b�B�/�2�`�2�/ �B�M �6�B�;�m�`�2 �d�X
�h�?�2 �+�Q�2�{�+�B�2�M�i� 1 �2�b�i�B�K���i�2�b �i�?�2 ���p�2�`���;�2 �Q�7 �2���+�? �p���`�B���#�H�2 ���i �i�?�2 �H�2�7�i �7�Q�` �T���`�i�B�+�B�T���M�i�b �B�M �6�P�_�q�P�_�E�- �r�?�B�+�?
�r�2 �/�2�}�M�2 �+�Q�M�b�B�/�2�`�B�M�; �i�?�2 �/���i�2 �Q�7 �i�?�2 �}�`�b�i �K�2�2�i�B�M�; �r�B�i�? �i�?�2 �D�Q�# �K�2�M�i�Q�`�X �1�[�m���i�B�Q�M �U�k�V �B�b �2�b�i�B�K���i�2�/ �m�b�B�M�;
�`�2�b�T�Q�M�/�2�M�i�b �i�Q �i�?�2 �#���b�2�H�B�M�2 �b�m�`�p�2�v �U�a�m�`�p�2�v �T�Q�T�m�H���i�B�Q�M�V�X �_�2�b�m�H�i�b �7�Q�`�T���`�i�B�+�B�T���M�i�b���`�2 �Q�#�i���B�M�2�/ �#�v �b�2�i�i�B�M�;
di �i�Q ���M �B�M�/�B�+���i�Q�` �7�Q�` �T���`�i�B�+�B�T���i�B�Q�M �B�M �6�P�_�q�P�_�E�X �_�2�b�m�H�i�b �7�Q�`�T���`�i�B�+�B�T���M�i�b �r�B�i�? �� �b�m�#�b�B�/�B�x�2�/ �B�M�i�2�`�M�b�?�B�T
���`�2 �Q�#�i���B�M�2�/ �#�v �b�2�i�i�B�M�;di �i�Q ���M �B�M�/�B�+���i�Q�` �7�Q�` �T���`�i�B�+�B�T���i�B�Q�M �B�M �6�P�_�q�P�_�E ���M�/ �`�2�+�2�B�T�i �Q�7 �i�?�2 �b�m�#�b�B�/�B�x�2�/
�B�M�i�2�`�M�b�?�B�T�X �h�?�2 �p���`�B���#�H�2�bx i ���i �i�?�2 �H�2�7�i �Q�7 �2�[�m���i�B�Q�M �U�k�V ���`�2 �b�i���M�/���`�/�B�x�2�/ �i�Q �?���p�2 �x�2�`�Q �K�2���M ���M�/ �m�M�B�i �p���`�B���M�+�2
�B�M �i�?�2 �a�m�`�p�2�v �T�Q�T�m�H���i�B�Q�M�X �� �T�Q�b�B�i�B�p�2 �U�M�2�;���i�B�p�2�V �p���H�m�2 �Q�7 �+�Q�2�{�+�B�2�M�i�b �B�M �i�?�B�b �}�;�m�`�2 �B�K�T�H�B�2�b �i�?���i �i�?�2 ���p�2�`���;�2
�7�Q�` �T���`�i�B�+�B�T���M�i�b �B�b� 1 �T�Q�B�M�i�b �Q�7 �� �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M ���#�Q�p�2 �U�#�2�H�Q�r�V �i�?�2 ���p�2�`���;�2 �B�M �i�?�2 �b���K�T�H�2�X �>�Q�`�B�x�Q�M�i���H
�H�B�M�2�b �/�2�M�Q�i�2 �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H�b �r�B�i�?95%�+�Q�p�2�`���;�2�X �*�Q�2�{�+�B�2�M�i�b ���`�2 �b�Q�`�i�2�/ �B�M �i�?�2 �}�;�m�`�2 �m�b�B�M�; �i�?�2�B�` ���#�b�Q�H�m�i�2
�p���H�m�2 �7�Q�`�T���`�i�B�+�B�T���M�i�b �r�B�i�? �� �b�m�#�b�B�/�B�x�2�/ �B�M�i�2�`�M�b�?�B�T�X

�k�8



�6�B�;�m�`�2 �N�, �h�B�K�B�M�; �Q�7 �T���`�i�B�+�B�T���i�B�Q�M �B�M �6�P�_�q�P�_�E

�S���M�2�H ���X �h�`�2���i�K�2�M�i �b�i���`�i �K�Q�M�i�? �S���M�2�H �"�X �S���`�i�B�+�B�T���i�B�Q�M �`���i�2

�L�Q�i�2�b�, �S���M�2�H �� �b�?�Q�r�b �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �+���H�2�M�/���` �K�Q�M�i�? �Q�7 �i�?�2 �}�`�b�i �K�2�2�i�B�M�; �r�B�i�? �i�?�2 �D�Q�# �K�2�M�i�Q�`
���K�Q�M�; �T���`�i�B�+�B�T���M�i�b�X �h�?�2 �K�Q�M�i�? �Q�7 �i�?�2 �}�`�b�i �K�2�2�i�B�M�; �B�b �m�b�2�/ �i�Q �/�2�i�2�`�K�B�M�2 �i�?�2 �i�B�K�B�M�; �Q�7 �T���`�i�B�+�B�T���i�B�Q�M �B�M
�6�P�_�q�P�_�E�X �S���M�2�H �" �b�?�Q�r�b �+�?���M�;�2�b �Q�p�2�` �i�B�K�2 �B�M �i�?�2 �T���`�i�B�+�B�T���i�B�Q�M �`���i�2 ���K�Q�M�; ���b�v�H�m�K �b�2�2�F�2�`�b �`���M�/�Q�K�B�x�2�/
�i�Q �6�P�_�q�P�_�E�X �h�?�2 �?�Q�`�B�x�Q�M�i���H ���t�B�b �B�M �i�?�B�b �T���M�2�H �/�2�M�Q�i�2�b�- �B�M �K�Q�M�i�?�b�- �i�?�2 �2�H���T�b�2�/ �i�B�K�2 �b�B�M�+�2 �i�?�2 �B�M�i�2�`�p�2�M�i�B�Q�M
�b�i���`�i�2�/ �U�.�2�+�2�K�#�2�` �k�y�R�N�V�X

�6�B�;�m�`�2 �3 �b�?�Q�r�b �2�b�i�B�K���i�2�b �Q�7� 1 �7�`�Q�K �2�[�m���i�B�Q�M �U�k�V �7�Q�` �i�?�2 �b���K�2 �/�2�K�Q�;�`���T�?�B�+ �p���`�B���#�H�2�b

�+�Q�M�b�B�/�2�`�2�/ ���#�Q�p�2�X �S���`�i�B�+�B�T���M�i�b ���`�2 �/�B�b�T�`�Q�T�Q�`�i�B�Q�M���i�2�H�v �K�Q�`�2 �H�B�F�2�H�v �i�Q �#�2 �r�Q�K�2�M�- �Q�`�B�;�B�M���i�2

�7�`�Q�K ���7�`�B�+���M �+�Q�m�M�i�`�B�2�b�- ���M�/ �#�2 �m�M�2�K�T�H�Q�v�2�/ ���i �i�?�2 �i�B�K�2 �Q�7 �i�?�2 �#���b�2�H�B�M�2 �b�m�`�p�2�v�X �A�M�/�2�2�/�- �B�i �B�b �M�Q�i

�b�m�`�T�`�B�b�B�M�; �i�?���i �6�P�_�q�P�_�E ���i�i�`���+�i�2�/ �B�M�/�B�p�B�/�m���H�b �7���+�B�M�; �r�Q�`�b�2 �H���#�Q�` �K���`�F�2�i �Q�T�T�Q�`�i�m�M�B�i�B�2�b�-

�m�M�2�K�T�H�Q�v�2�/ �r�Q�K�2�M ���#�Q�p�2 ���H�H�X

�h�B�K�B�M�; �Q�7 �T���`�i�B�+�B�T���i�B�Q�M ���M�/ ���+�i�B�p�B�i�B�2�b

�P�i�?�2�` �i�?���M �i�?�2 �/�2�+�B�b�B�Q�M �Q�7 �2�H�B�;�B�#�H�2 �B�M�/�B�p�B�/�m���H�b �i�Q �T���`�i�B�+�B�T���i�2 �B�M �6�P�_�q�P�_�E�- �i�r�Q ���/�/�B�i�B�Q�M���H

�b�Q�m�`�+�2�b �Q�7 �b�2�H�2�+�i�B�Q�M �K�Q�i�B�p���i�2 �i�?�2 �2�K�T�B�`�B�+���H �b�i�`���i�2�;�v �/�B�b�+�m�b�b�2�/ �B�M �i�?�2 �M�2�t�i �b�2�+�i�B�Q�M�X �h�?�2

�}�`�b�i �b�Q�m�`�+�2 �Q�7 �b�2�H�2�+�i�B�Q�M ���`�B�b�2�b �7�`�Q�K �i�?�2�i�B�K�B�M�;�Q�7 �T���`�i�B�+�B�T���i�B�Q�M �B�M �6�P�_�q�P�_�E�- �r�?�B�+�? �p���`�B�2�b

���+�`�Q�b�b �B�M�/�B�p�B�/�m���H�b�X �h�?�B�b �+���M �#�2 �b�2�2�M �7�`�Q�K �S���M�2�H �� �Q�7 �6�B�;�m�`�2 �N�- �r�?�B�+�? �b�?�Q�r�b �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M

�Q�7 �i�?�2 �+���H�2�M�/���` �K�Q�M�i�? �Q�7 �i�?�2 �}�`�b�i �K�2�2�i�B�M�; �r�B�i�? �i�?�2 �D�Q�# �K�2�M�i�Q�` ���K�Q�M�; �T���`�i�B�+�B�T���M�i�b�X �h�?�2

�`�2�+�`�m�B�i�K�2�M�i �Q�7 �6�P�_�q�P�_�E �#�2�M�2�}�+�B���`�B�2�b �#�2�;���M �B�M �.�2�+�2�K�#�2�` �k�y�R�N �r�B�i�? �;�`�Q�m�T �T�`�2�b�2�M�i���i�B�Q�M�b �Q�7

�i�?�2 �T�`�Q�;�`���K�ö�b �+�Q�M�i�2�M�i�b ���i �S�1�a �Q�{�+�2�b �Q�7 �i�?�2 �`�2�;�B�Q�M�- ���M�/ �i�?�2 �b�i���`�i �Q�7 �K�2�M�i�Q�`�B�M�; ���+�i�B�p�B�i�B�2�b�X �q�2

�+�Q�M�b�B�/�2�` �i�?�2 �i�B�K�B�M�; �Q�7 �T���`�i�B�+�B�T���i�B�Q�M �B�M �i�?�2 �T�`�Q�;�`���K �#�v �m�b�B�M�; �i�?�2 �K�Q�M�i�? �Q�7 �i�?�2 �}�`�b�i �K�2�2�i�B�M�;

�r�B�i�? �i�?�2 �D�Q�# �K�2�M�i�Q�`�X �h�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �B�M �S���M�2�H �� �b�?�Q�r�b �i�?���i �i�?�2 �H���b�i �T���`�i�B�+�B�T���M�i �b�i���`�i�2�/

�k�e



20 �K�Q�M�i�?�b ���7�i�2�` �.�2�+�2�K�#�2�` �k�y�R�N�- �B�M �C�m�H�v �k�y�k�R�X �h�?�B�b �p���`�B���#�B�H�B�i�v �B�b �T���`�i�H�v �2�t�T�H���B�M�2�/ �#�v �/�2�H���v�b

�+���m�b�2�/ �#�v �i�?�2 �*�P�o�A�. �Q�m�i�#�`�2���F�X �h�?�2 �`�2�b�i�`�B�+�i�B�Q�M�b �B�M�i�`�Q�/�m�+�2�/ �#�v �i�?�2 �M���i�B�Q�M���H �H�Q�+�F�/�Q�r�M �B�M

�J���`�+�? �k�y�k�y �T�`�2�p�2�M�i�2�/ �T���`�i�B�+�B�T���i�B�Q�M �B�M �7���+�2�@�i�Q�@�7���+�2 �K�2�2�i�B�M�;�b�- �H�2���/�B�M�; �i�Q �� �b�H�Q�r�/�Q�r�M �B�M �i�?�2

�`�2�+�`�m�B�i�K�2�M�i �Q�7 �M�2�r �T���`�i�B�+�B�T���M�i�b�X ���/�/�B�i�B�Q�M���H �/�2�i�2�`�K�B�M���M�i�b �Q�7 �i�?�2 �i�B�K�B�M�; �Q�7 �T���`�i�B�+�B�T���i�B�Q�M ���`�2

�/�B�z�2�`�2�M�+�2�b �B�M �i�?�2 �Q�m�i�`�2���+�? �2�z�Q�`�i �Q�7 �i�?�2 �B�M�b�i�B�i�m�i�B�Q�M�b �K���M���;�B�M�; �*���a �+�2�M�i�2�`�b�- ���M�/ �/�B�z�2�`�2�M�+�2�b

���+�`�Q�b�b �B�M�/�B�p�B�/�m���H�b �?�Q�b�i�2�/ �B�M �i�?�2�b�2 �+�2�M�i�2�`�b�X �S���M�2�H �" �Q�7 �6�B�;�m�`�2 �N �b�?�Q�r�b �?�Q�r �i�?�2 �i���F�2�@�m�T �`���i�2

���K�Q�M�; �2�H�B�;�B�#�H�2 ���b�v�H�m�K �b�2�2�F�2�`�b �+�?���M�;�2�/ �Q�p�2�` �i�B�K�2�X �h�?�2 �?�Q�`�B�x�Q�M�i���H ���t�B�b �/�2�M�Q�i�2�b �i�?�2 �2�H���T�b�2�/

�i�B�K�2�- �B�M �K�Q�M�i�?�b�- �b�B�M�+�2 �i�?�2 �B�M�i�2�`�p�2�M�i�B�Q�M �b�i���`�i�2�/ �U�B�M �.�2�+�2�K�#�2�` �k�y�R�N�V�X �S���`�i�B�+�B�T���i�B�Q�M �;�`�Q�r�i�? �B�b

�T�B�2�+�2�@�r�B�b�2 �H�B�M�2���`�- �T�`�Q�;�`�2�b�b�B�p�2�H�v �b�H�Q�r�b �/�Q�r�M �b�i���`�i�B�M�; �r�B�i�? �i�?�2 �*�P�o�A�. �H�Q�+�F�/�Q�r�M�- ���M�/ �`�2���+�?�2�b

�� �T�H���i�2���m �Q�7 ���#�Q�m�i66%���7�i�2�` �Q�M�2 �v�2���` �U���b �/�B�b�+�m�b�b�2�/ �B�M �h���#�H�2 �R�V�X�3

�h�?�2 �b�2�+�Q�M�/ �b�Q�m�`�+�2 �Q�7 �b�2�H�2�+�i�B�Q�M ���`�B�b�2�b �7�`�Q�K �i�?�2 �b�T�2�+�B�}�+�+�Q�K�#�B�M���i�B�Q�M �Q�7 �b�2�`�p�B�+�2�b�Q�z�2�`�2�/

�i�Q �2���+�? �T���`�i�B�+�B�T���M�i�- �r�?�B�+�? �/�2�T�2�M�/�b �#�Q�i�? �Q�M �i�?�2 �B�M�/�B�p�B�/�m���H�ö�b �T�`�2�7�2�`�2�M�+�2�b ���M�/ �Q�M �i�?�2 �D�Q�#

�K�2�M�i�Q�`�ö�b ���b�b�2�b�b�K�2�M�i �Q�7 �i�?�2�B�` �b�F�B�H�H�b�- �2�t�T�2�`�B�2�M�+�2�b�- ���M�/ �M�2�2�/�b�X �S���M�2�H �� �Q�7 �6�B�;�m�`�2 �R�y �b�?�Q�r�b �i�?�2

�i�B�K�2 �i�?���i �T���`�i�B�+�B�T���M�i�b �b�T�2�M�i �r�B�i�? �i�?�2�B�` �D�Q�# �K�2�M�i�Q�`�b�X �h�?�2 �?�Q�`�B�x�Q�M�i���H ���t�B�b �B�b �M�Q�r �B�M�/�2�t�2�/

�i�Q �i�?�2 �2�H���T�b�2�/ �M�m�K�#�2�` �Q�7 �K�Q�M�i�?�b �b�B�M�+�2 �i�?�2 �}�`�b�i �K�2�2�i�B�M�;�- ���M�/ �2���+�? �p���H�m�2 �Q�M �i�?�B�b ���t�B�b �+���M

�`�2�7�2�` �i�Q �/�B�z�2�`�2�M�i �+���H�2�M�/���` �K�Q�M�i�?�b ���b �i�?�2 �i�B�K�B�M�; �Q�7 �i�`�2���i�K�2�M�i �p���`�B�2�b ���+�`�Q�b�b �T���`�i�B�+�B�T���M�i�b�X

���H�i�?�Q�m�;�? �Q�m�` ���/�K�B�M�B�b�i�`���i�B�p�2 �T���M�2�H �B�b �#���H���M�+�2�/ �B�M �+���H�2�M�/���` �i�B�K�2�- �B�i �B�b �B�K�#���H���M�+�2�/ �B�M �2�H���T�b�2�/

�i�B�K�2 �b�B�M�+�2 �i�`�2���i�K�2�M�i�X �h�?�2�`�2�7�Q�`�2�- �i�?�2 �/�2�b�+�`�B�T�i�B�p�2�b �T�`�2�b�2�M�i�2�/ �B�M �i�?�B�b �}�;�m�`�2 ���`�2 �7�Q�` �B�M�/�B�p�B�/�m���H�b

�`�2���+�?�B�M�; �� �b�T�2�+�B�}�+ �/�m�`���i�B�Q�M �B�M �i�?�2 �T�`�Q�;�`���K �U�Q�M �i�?�2 �?�Q�`�B�x�Q�M�i���H ���t�B�b�V �#�v �i�?�2 �H���b�i �T�2�`�B�Q�/ �i�?�2�v

���`�2 �B�M�+�H�m�/�2�/ �B�M �i�?�2 �T���M�2�H�X �q�2 ���#�b�i�`���+�i ���r���v �7�`�Q�K �i�?�2 �+�Q�K�T�Q�b�B�i�B�Q�M���H �/�B�z�2�`�2�M�+�2�b �;�2�M�2�`���i�2�/

�#�v �i�?�B�b �b�2�H�2�+�i�B�Q�M�X

���+�+�Q�`�/�B�M�; �i�Q �S���M�2�H �� �Q�7 �6�B�;�m�`�2 �R�y�- �T���`�i�B�+�B�T���M�i�b �r�?�Q �r�2�`�2 �Q�#�b�2�`�p�2�/18 �K�Q�M�i�?�b ���7�i�2�`

�i�?�2�B�` �}�`�b�i �K�2�2�i�B�M�; �b�T�2�M�i ���M ���p�2�`���;�2 �Q�712 �?�Q�m�`�b �r�B�i�? �i�?�2�B�` �K�2�M�i�Q�`�b�X �A�M �S���M�2�H �"�- �r�2 �b�2�2 �i�?���i

�T���`�i�B�+�B�T���M�i�b �K�2�i �i�?�2�B�` �D�Q�# �K�2�M�i�Q�`9 �i�B�K�2�b �Q�p�2�` �i�?�2 �b���K�2 �?�Q�`�B�x�Q�M�- �B�M�/�B�+���i�B�M�; �i�?���i �2���+�? �b�2�b�b�B�Q�M

�H���b�i�2�/ ���#�Q�m�i80 �K�B�M�m�i�2�b �Q�M ���p�2�`���;�2�X �S���M�2�H �* �b�?�Q�r�b �i�?���i �Q�p�2�`70%�Q�7 �T���`�i�B�+�B�T���M�i�b �+�Q�K�T�H�2�i�2�/

�i�?�2 �b�F�B�H�H ���b�b�2�b�b�K�2�M�i �r�B�i�?�B�M �� �K�Q�M�i�? �Q�7 �K�2�2�i�B�M�; �i�?�2�B�` �K�2�M�i�Q�`�X �h�?�2 �D�Q�# �K�2�M�i�Q�`�b �m�b�2�/ ���M �Q�M�H�B�M�2

�b�2�H�7�@���b�b�2�b�b�K�2�M�i �i�Q�Q�H �+���H�H�2�/ �i�?�2 �a�F�B�H�H�b �S�`�Q�}�H�2 �h�Q�Q�H �7�Q�` �h�?�B�`�/ �*�Q�m�M�i�`�v �L���i�B�Q�M���H�b�- �+�`�2���i�2�/ �#�v

�i�?�2 �1�m�`�Q�T�2���M �*�Q�K�K�B�b�b�B�Q�M�- �i�Q �B�/�2�M�i�B�7�v ���M�/ �/�Q�+�m�K�2�M�i �i�?�2 �T���`�i�B�+�B�T���M�i�b�ö �H���M�;�m���;�2 �T�`�Q�}�+�B�2�M�+�v�-

�3���T�T�2�M�/�B�t �6�B�;�m�`�2 ���X�R �b�?�Q�r�b �i�?�2 �T�2�`�+�2�M�i���;�2 �Q�7 �2�H�B�;�B�#�H�2 �B�M�/�B�p�B�/�m���H�b �r�?�Q �?���p�2 �2�M�i�2�`�2�/ �i�?�2 �6�P�_�q�P�_�E
�T�`�Q�;�`���K �Q�p�2�` �i�B�K�2�- �#�`�Q�F�2�M �/�Q�r�M �#�v �B�M�b�i�B�i�m�i�B�Q�M�b �K���M���;�B�M�; �*���a �+�2�M�i�2�`�b�X �a�Q�K�2 �B�M�b�i�B�i�m�i�B�Q�M�b �?���p�2 �?�B�;�? �i���F�2�@
�m�T �`���i�2�b �2���`�H�v �B�M �i�?�2 �T�`�Q�;�`���K�- �r�?�B�H�2 �Q�i�?�2�`�b �?���p�2 �p�2�`�v �H�Q�r �Q�` �M�Q �i���F�2�@�m�T �m�M�i�B�H �H���i�2�`�X

�k�d



�6�B�;�m�`�2 �R�y�, �h�B�K�B�M�; �Q�7 ���+�i�B�p�B�i�B�2�b �7�Q�` �6�P�_�q�P�_�E �T���`�i�B�+�B�T���M�i�b

�S���M�2�H ���X �>�Q�m�`�b �S���M�2�H �"�X �J�2�2�i�B�M�;�b

�S���M�2�H �*�X ���+�i�B�p�B�i�B�2�b �S���M�2�H �.�X �A�M�i�2�`�M�b�?�B�T�b

�L�Q�i�2�b�, �h�?�2 �}�;�m�`�2 �b�?�Q�r�b �i�?�2 �+�?���M�;�2�b �Q�#�b�2�`�p�2�/ �Q�p�2�` �i�B�K�2 �B�M �/�B�z�2�`�2�M�i ���b�T�2�+�i�b �Q�7 �i�?�2 �6�P�_�q�P�_�E �T�`�Q�;�`���K�-
�+�Q�K�T�m�i�2�/ �m�b�B�M�; �/���i�� �7�Q�` �T���`�i�B�+�B�T���M�i�b�X �S���M�2�H �� �T�`�2�b�2�M�i�b �i�?�2 ���p�2�`���;�2 �M�m�K�#�2�` �Q�7 �?�Q�m�`�b �T���`�i�B�+�B�T���M�i�b �b�T�2�M�i �r�B�i�?
�i�?�2�B�` �D�Q�# �K�2�M�i�Q�` �Q�p�2�` �i�B�K�2�X �h�?�2 �?�Q�`�B�x�Q�M�i���H ���t�B�b �B�M �i�?�B�b �T���M�2�H �`�2�T�`�2�b�2�M�i�b �i�?�2 �2�H���T�b�2�/ �i�B�K�2�- �B�M �K�Q�M�i�?�b�- �b�B�M�+�2
�i�?�2 �}�`�b�i �K�2�2�i�B�M�; �r�B�i�? �i�?�2 �D�Q�# �K�2�M�i�Q�`�X �S���M�2�H �" �/�B�b�T�H���v�b �i�?�2 ���p�2�`���;�2 �M�m�K�#�2�` �Q�7 �K�2�2�i�B�M�;�b �r�B�i�? �i�?�2 �D�Q�# �K�2�M�i�Q�`�X
�S���M�2�H �* �T�`�2�b�2�M�i�b �i�?�2 �+�?���M�;�2�b �B�M �i�?�2 �i�v�T�2 �Q�7 ���+�i�B�p�B�i�B�2�b �7�Q�` �T���`�i�B�+�B�T���M�i�b �Q�p�2�` �i�B�K�2�- �r�B�i�? �i�?�2 �?�Q�`�B�x�Q�M�i���H ���t�B�b
�B�M�/�B�+���i�B�M�; �i�?�2 �2�H���T�b�2�/ �i�B�K�2 �b�B�M�+�2 �i�?�2�B�` �}�`�b�i �K�2�2�i�B�M�; �r�B�i�? �i�?�2 �D�Q�# �K�2�M�i�Q�`�X �S���M�2�H �. �B�b �b�i�`�m�+�i�m�`�2�/ �b�B�K�B�H���`�H�v �i�Q
�S���M�2�H �* ���M�/ �b�?�Q�r�b �i�?�2 �b�?���`�2 �Q�7 �T���`�i�B�+�B�T���M�i�b �2�K�T�H�Q�v�2�/ �B�M �b�T�2�+�B���H �B�M�i�2�`�M�b�?�B�T�b �7�m�M�/�2�/ �#�v �i�?�2 �A�i���H�B���M �J�B�M�B�b�i�`�v
�Q�7 �G���#�Q�` �m�M�/�2�` �i�?�2 �6�P�_�q�P�_�E �T�`�Q�;�`���K�X

�k�3



�2�/�m�+���i�B�Q�M ���M�/ �i�`���B�M�B�M�;�- �r�Q�`�F �2�t�T�2�`�B�2�M�+�2�- �T�2�`�b�Q�M���H �b�F�B�H�H�b�- ���M�/ �B�M�i�2�`�+�m�H�i�m�`���H �+�Q�K�T�2�i�2�M�+�2�b�X �h�?�2

�i�Q�Q�H �;�2�M�2�`���i�2�b �� �T�2�`�b�Q�M���H�B�x�2�/ �b�F�B�H�H�b �T�`�Q�}�H�2 �#���b�2�/ �Q�M �i�?�2 �T���`�i�B�+�B�T���M�i�b�ö �`�2�b�T�Q�M�b�2�b�- �r�?�B�+�? �+���M �#�2

�b�?���`�2�/ �r�B�i�? �2�K�T�H�Q�v�2�`�b�- �2�/�m�+���i�B�Q�M ���M�/ �i�`���B�M�B�M�; �T�`�Q�p�B�/�2�`�b�- ���M�/ �Q�i�?�2�` �b�i���F�2�?�Q�H�/�2�`�b �i�Q �7���+�B�H�B�i���i�2

�i�?�2 �`�2�+�Q�;�M�B�i�B�Q�M ���M�/ �p���H�B�/���i�B�Q�M �Q�7 �b�F�B�H�H�b ���+�[�m�B�`�2�/ �B�M �i�?�2�B�` �+�Q�m�M�i�`�v �Q�7 �Q�`�B�;�B�M�X ���7�i�2�` �i�?�2 �b�F�B�H�H

���b�b�2�b�b�K�2�M�i�- �i�?�2 �7�Q�H�H�Q�r�B�M�; ���+�i�B�p�B�i�B�2�b �r�2�`�2 �*�o �T�`�2�T���`���i�B�Q�M ���M�/ �K�2�2�i�B�M�; �r�B�i�? �� �D�Q�# �+�Q���+�?�- �r�B�i�?

�i�?�2 �H���M�;�m���;�2 �+�Q�m�`�b�2 �#�2�B�M�; �i�?�2 �H���b�i ���+�i�B�p�B�i�v�X

�a�Q�K�2 �T���`�i�B�+�B�T���M�i�b �r�2�`�2 ���H�b�Q �B�M�p�Q�H�p�2�/ �B�M �B�M�i�2�`�M�b�?�B�T�b �b�m�#�b�B�/�B�x�2�/ �#�v �i�?�2 �J�B�M�B�b�i�`�v �Q�7 �G���#�Q�`

�b�T�2�+�B�}�+���H�H�v �m�M�/�2�` �6�P�_�q�P�_�E�X �h�?�B�b �B�b �b�?�Q�r�M �B�M �S���M�2�H �. �Q�7 �6�B�;�m�`�2 �R�y�X �� �i�Q�i���H �Q�789 �B�M�i�2�`�M�@

�b�?�B�T�b �r�2�`�2 ���+�i�B�p���i�2�/ �#�2�i�r�2�2�M �C���M�m���`�v �k�y�k�y ���M�/ ���m�;�m�b�i �k�y�k�R�- �i�v�T�B�+���H�H�v �+�Q�p�2�`�B�M�; �i�?�2 �+�Q�b�i�b �Q�7

�� �7�Q�m�`�@�K�Q�M�i�? �+�Q�M�i�`���+�i �7�Q�` �T���`�i�@�i�B�K�2 �2�K�T�H�Q�v�K�2�M�i�X �S���M�2�H �. �b�?�Q�r�b �i�?���i �i�?�2�b�2 �B�M�i�2�`�M�b�?�B�T�b �/�B�/

�M�Q�i �b�i���`�i �2���`�H�B�2�` �i�?���M4 �K�Q�M�i�?�b ���7�i�2�` �b�2�2�B�M�; �i�?�2 �D�Q�# �K�2�M�i�Q�`�X �A�M �i�?�29 �i�Q18 �K�Q�M�i�? �r�B�M�/�Q�r

���7�i�2�` �i�?�2 �}�`�b�i �K�2�2�i�B�M�;�- ���#�Q�m�i8% �Q�7 �T���`�i�B�+�B�T���M�i�b ���`�2 �2�K�T�H�Q�v�2�/ �i�?�`�Q�m�;�? �B�M�i�2�`�M�b�?�B�T�b�X �h�?�2

�b�?���`�2 �Q�7 �T���`�i�B�+�B�T���M�i�b �2�M�;���;�2�/ �B�M �i�?�B�b ���+�i�B�p�B�i�v �/�`�Q�T�b �b�i���`�i�B�M�; �7�`�Q�K ���#�Q�m�i18 �K�Q�M�i�?�b �b�B�M�+�2 �i�?�2

�}�`�b�i �K�2�2�i�B�M�;�X �A�i �B�b �B�K�T�Q�`�i���M�i �i�Q �M�Q�i�2 �i�?���i �i�?�2 �K���i�+�? �#�2�i�r�2�2�M �6�P�_�q�P�_�E �T���`�i�B�+�B�T���M�i�b ���M�/

�i�?�2�b�2 �B�M�i�2�`�M�b�?�B�T�b �B�b �M�Q�M�@�`���M�/�Q�K ���M�/ �K���v �/�2�T�2�M�/ �Q�M �i�?�2 �+�?���`���+�i�2�`�B�b�i�B�+�b �Q�7 �i�?�2 ���b�v�H�m�K �b�2�2�F�2�`�b

���M�/ �D�Q�# �K�2�M�i�Q�`�b�X

�q�2 �M�Q�i�2 �i�?���i �T���`�i�B�+�B�T���M�i�b �B�M �B�M�i�2�`�M�b�?�B�T�b �b�m�#�b�B�/�B�x�2�/ �#�v �i�?�2 �J�B�M�B�b�i�`�v �Q�7 �G���#�Q�` ���`�2 �/�B�b�T�`�Q�@

�T�Q�`�i�B�Q�M���H�H�v �K�Q�`�2 �H�B�F�2�H�v �i�Q �#�2 �r�Q�K�2�M�- ���b �+���M �#�2 �b�2�2�M �7�`�Q�K �6�B�;�m�`�2 �3 �U�b�2�2 �p���H�m�2�b �H���#�2�H�H�2�/ ���b

�ó�S���`�i�B�+�B�T���M�i�b �r�B�i�? �b�m�#�b�B�/�B�x�2�/ �B�M�i�2�`�M�b�?�B�T�b�ô�V�X �� �D�m�t�i���T�Q�b�B�i�B�Q�M �r�B�i�? �`�2�b�m�H�i�b �7�Q�` �i�?�2 �+�?���`���+�i�2�`�@

�B�x���i�B�Q�M �Q�7 �6�P�_�q�P�_�E �T���`�i�B�+�B�T���M�i�b�- �B�M �i�?�2 �b���K�2 �}�;�m�`�2�- �`�2�p�2���H�b �i�?���i �� �b�T�2�+�B�}�+ �/�2�K�Q�;�`���T�?�B�+

�;�`�Q�m�T �r���b �K�Q�`�2 �H�B�F�2�H�v �i�Q ���+�+�2�b�b �i�?�2 �b�m�#�b�B�/�B�x�2�/ �B�M�i�2�`�M�b�?�B�T�b�, �`�2�H���i�B�p�2�H�v �Q�H�/�2�` �r�Q�K�2�M �7�`�Q�K

���7�`�B�+�� ���M�/ �K�Q�`�2 �H�B�F�2�H�v �i�Q �#�2 �m�M�2�K�T�H�Q�v�2�/ �#�2�7�Q�`�2 �6�P�_�q�P�_�E �b�i���`�i�2�/�X

�C�Q�# �K�2�M�i�Q�` �2�z�2�+�i�b

�h�?�2 �K���i�+�? �#�2�i�r�2�2�M �D�Q�# �K�2�M�i�Q�`�b ���M�/ �T���`�i�B�+�B�T���M�i�b �H�B�F�2�H�v �B�M�i�`�Q�/�m�+�2�/ �?�2�i�2�`�Q�;�2�M�2�B�i�v �B�M �?�Q�r

���+�i�B�p�B�i�B�2�b �m�M�/�2�` �6�P�_�q�P�_�E �m�M�7�Q�H�/�2�/�X �h�?�B�b �p���`�B���i�B�Q�M �K���v �b�i�2�K �7�`�Q�K �B�/�B�Q�b�v�M�+�`���i�B�+ �7���+�i�Q�`�b

�`�2�H���i�2�/ �i�Q �D�Q�# �K�2�M�i�Q�`�b�- �b�m�+�? ���b �/�B�z�2�`�2�M�+�2�b �B�M �?�Q�r �K�2�2�i�B�M�;�b ���`�2 �b�i�`�m�+�i�m�`�2�/ ���M�/ �+�Q�M�/�m�+�i�2�/�-

���M�/�f�Q�` �7�`�Q�K �T���`�i�B�+�B�T���M�i �+�?���`���+�i�2�`�B�b�i�B�+�b�- �B�M�+�H�m�/�B�M�; �/�2�K�Q�;�`���T�?�B�+ �7���+�i�Q�`�b�X

�q�2 �2�t�T�H�Q�`�2 �i�?�2�b�2 �+�?���M�M�2�H�b �#�v �2�b�i���#�H�B�b�?�B�M�; �i�?�`�2�2 �F�2�v �}�M�/�B�M�;�b�X �6�B�`�b�i�- �i�?�2 �/�m�`���i�B�Q�M �Q�7

�K�2�2�i�B�M�;�b �p���`�B�2�b �/�2�T�2�M�/�B�M�; �Q�M �i�?�2 �D�Q�# �K�2�M�i�Q�`�b ���b�b�B�;�M�2�/�- �� �T���i�i�2�`�M �r�2 �`�2�7�2�` �i�Q ���b �i�?�2�D�Q�#

�k�N



�6�B�;�m�`�2 �R�R�, �J���i�+�?�2�b �#�2�i�r�2�2�M �6�P�_�q�P�_�E �T���`�i�B�+�B�T���M�i�b ���M�/ �D�Q�# �K�2�M�i�Q�`�b

�S���M�2�H ���X �.�m�`���i�B�Q�M �Q�7 �K�2�2�i�B�M�;�b�S���M�2�H �"�X �*���b�2�b ���b�b�B�;�M�2�/�, ���;�2

�S���M�2�H �*�X �*���b�2�b ���b�b�B�;�M�2�/�, �q�Q�K���M�S���M�2�H �.�X �*���b�2�b ���b�b�B�;�M�2�/�, �7�`�Q�K ���7�`�B�+�� �`�2�;�B�Q�M

�L�Q�i�2�b�, �S���M�2�H �� �b�?�Q�r�b �i�?�2 �/�m�`���i�B�Q�M �Q�7 �K�2�2�i�B�M�;�b �U�B�M �?�Q�m�`�b�V �r�B�i�? �6�P�_�q�P�_�E �T���`�i�B�+�B�T���M�i�b�- ���p�2�`���;�2�/ ���+�`�Q�b�b
���H�H �+���b�2�b ���b�b�B�;�M�2�/ �i�Q �� �D�Q�# �K�2�M�i�Q�`�X �"���`�b �`�2�T�`�2�b�2�M�i �i�?�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �i�?�B�b ���p�2�`���;�2�X �1���+�? �/�Q�i �`�2�T�`�2�b�2�M�i�b
�Q�M�2 �D�Q�# �K�2�M�i�Q�`�- ���M�/ �D�Q�# �K�2�M�i�Q�`�b ���`�2 �b�Q�`�i�2�/ �Q�M �i�?�2 �?�Q�`�B�x�Q�M�i���H ���t�B�b �7�`�Q�K �i�?�2 �H�Q�M�;�2�b�i �i�Q �i�?�2 �b�?�Q�`�i�2�b�i �/�m�`���i�B�Q�M�X
�S���M�2�H �" �B�b �b�i�`�m�+�i�m�`�2�/ �b�B�K�B�H���`�H�v�- �i�?�B�b �i�B�K�2 �m�b�B�M�; �i�?�2 ���p�2�`���;�2 ���;�2 �Q�7 �+���b�2�b ���b�b�B�;�M�2�/ �i�Q �2���+�? �K�2�M�i�Q�`�X �A�M �i�?�B�b
�T���M�2�H�- �D�Q�# �K�2�M�i�Q�`�b ���`�2 ���H�b�Q �b�Q�`�i�2�/ �Q�M �i�?�2 �?�Q�`�B�x�Q�M�i���H ���t�B�b �7�`�Q�K �i�?�2 �H�Q�M�;�2�b�i �i�Q �i�?�2 �b�?�Q�`�i�2�b�i �/�m�`���i�B�Q�M ���b �b�?�Q�r�M �B�M
�S���M�2�H ���X �S���M�2�H �* ���M�/ �S���M�2�H �. �`�2�T�Q�`�i �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �r�Q�K�2�M ���M�/ �+���b�2�b �7�`�Q�K �i�?�2 ���7�`�B�+�� �`�2�;�B�Q�M�- �`�2�b�T�2�+�i�B�p�2�H�v�X
�A�M ���H�H �T���M�2�H�b�- �Q�M�H�v �D�Q�# �K�2�M�i�Q�`�b �B�M�+�H�m�/�2�/ �B�M �6�B�;�m�`�2 �R�k ���`�2 �+�Q�M�b�B�/�2�`�2�/�X

�j�y



�K�2�M�i�Q�` �2�z�2�+�i�X �a�2�+�Q�M�/�- �i�?�2�`�2 �B�b �M�Q �b�B�;�M�B�}�+���M�i �`�2�H���i�B�Q�M�b�?�B�T �#�2�i�r�2�2�M �i�?�B�b �K�2�M�i�Q�` �2�z�2�+�i ���M�/

�i�?�2 �/�2�K�Q�;�`���T�?�B�+�b �Q�7 �i�?�2 ���b�b�B�;�M�2�/ �K�2�M�i�2�2�b�- �b�m�;�;�2�b�i�B�M�; �i�?���i �K�2�M�i�Q�`�@�K�2�M�i�2�2 �K���i�+�?�2�b �r�2�`�2

�7�Q�`�K�2�/ �B�M �� �[�m���b�B�@�`���M�/�Q�K �K���M�M�2�`�X �h�?�B�`�/�- �r�2 �b�?�Q�r �i�?���i �i�?�2 �2�t�T�2�+�i�2�/ �/�m�`���i�B�Q�M �Q�7 �K�2�2�i�B�M�;�b

�U���b �2�t�T�H���B�M�2�/ �#�v �i�?�2 �K�2�M�i�Q�` �2�z�2�+�i�V �`�2�K���B�M�b �+�Q�M�b�B�b�i�2�M�i ���+�`�Q�b�b �T���`�i�B�+�B�T���M�i�b �r�?�Q �#�2�;���M �i�?�2�B�`

���+�i�B�p�B�i�B�2�b ���i �/�B�z�2�`�2�M�i �T�Q�B�M�i�b �B�M �i�B�K�2�X �h�?�B�b �}�M�/�B�M�; �b�m�;�;�2�b�i�b �i�?���i �K�2�M�i�Q�`�b �Q�7 �b�B�K�B�H���` �ó�[�m���H�B�i�v�ô

�r�2�`�2 �2�M�;���;�2�/ �i�?�`�Q�m�;�?�Q�m�i �i�?�2 �/�m�`���i�B�Q�M �Q�7 �i�?�2 �T�`�Q�;�`���K�X

�S���M�2�H �� �Q�7 �6�B�;�m�`�2 �R�R �/�2�K�Q�M�b�i�`���i�2�b �i�?�2 �D�Q�# �K�2�M�i�Q�` �2�z�2�+�i�b �Q�M �i�?�2 �/�m�`���i�B�Q�M �Q�7 �K�2�2�i�B�M�;�b�X

�h�?�B�b �}�;�m�`�2 �B�b �+�Q�M�b�i�`�m�+�i�2�/ �#�v �i���F�B�M�;�- �7�Q�` �2���+�? �K�2�M�i�Q�` �B�M�p�Q�H�p�2�/ �B�M �6�P�_�q�P�_�E ���+�i�B�p�B�i�B�2�b�- �i�?�2

�/�m�`���i�B�Q�M �Q�7 �K�2�2�i�B�M�;�b �U�B�M �?�Q�m�`�b�V ���p�2�`���;�2�/ ���+�`�Q�b�b ���H�H �T���`�i�B�+�B�T���M�i�b ���b�b�B�;�M�2�/ �i�Q �i�?���i �K�2�M�i�Q�` �U12

�Q�M ���p�2�`���;�2�V�X �1���+�? �/�Q�i �B�M �i�?�2 �}�;�m�`�2 �`�2�T�`�2�b�2�M�i�b �� �K�2�M�i�Q�`�- ���M�/ �K�2�M�i�Q�`�b ���`�2 �b�Q�`�i�2�/ �Q�M �i�?�2

�?�Q�`�B�x�Q�M�i���H ���t�B�b �7�`�Q�K �i�?�2 �H�Q�M�;�2�b�i �i�Q �i�?�2 �b�?�Q�`�i�2�b�i �/�m�`���i�B�Q�M�- �r�?�B�+�? �B�b �`�2�T�Q�`�i�2�/ �Q�M �i�?�2 �p�2�`�i�B�+���H

���t�B�b�X �h�?�2 �b�T�`�2���/ �#�2�i�r�2�2�M �i�?�2 �K�2�M�i�Q�` �r�B�i�? �i�?�2 �b�?�Q�`�i�2�b�i ���M�/ �H�Q�M�;�2�b�i �/�m�`���i�B�Q�M �B�b ���#�Q�m�i �Q�M�2

�?�Q�m�`�X �A�M �i�?�2 �`�2�K���B�M�B�M�; �T���M�2�H�b �Q�7 �i�?�2 �b���K�2 �}�;�m�`�2�- �K�2�M�i�Q�`�b ���`�2 �b�i�B�H�H �b�Q�`�i�2�/ �Q�M �i�?�2 �?�Q�`�B�x�Q�M�i���H

���t�B�b ���b �B�M �S���M�2�H ���X �>�Q�r�2�p�2�`�- �i�?�2 �p�2�`�i�B�+���H ���t�B�b �M�Q�r �`�2�T�Q�`�i�b �i�?�2 ���p�2�`���;�2 �Q�7 �b�2�H�2�+�i �+�?���`���+�i�2�`�B�b�i�B�+�b

�Q�7 �+���b�2�b ���b�b�B�;�M�2�/ �i�Q �i�?�2�b�2 �K�2�M�i�Q�`�b�, ���;�2�- �;�2�M�/�2�`�- ���M�/ �+�Q�m�M�i�`�v �Q�7 �Q�`�B�;�B�M�X �6�Q�` �2�t���K�T�H�2�- �S���M�2�H

�" �Q�7 �6�B�;�m�`�2 �R�R �b�?�Q�r�b �i�?���i �i�?�2�`�2 �B�b �M�Q �`�2�H���i�B�Q�M�b�?�B�T �#�2�i�r�2�2�M �i�?�2 ���p�2�`���;�2 ���;�2 �Q�7 �T���`�i�B�+�B�T���M�i�b

�r�Q�`�F�B�M�; �r�B�i�? �� �K�2�M�i�Q�` ���M�/ �?�Q�r �i�?�B�b �K�2�M�i�Q�` �`���M�F�b �B�M �i�2�`�K�b �Q�7 �K�2�2�i�B�M�; �/�m�`���i�B�Q�M�X �A�K�T�Q�`�i���M�i�H�v�-

�r�B�i�? �7�2�r �2�t�+�2�T�i�B�Q�M�b �K�Q�b�i �H�B�F�2�H�v �2�t�T�H���B�M�2�/ �#�v �i�?�2 �b�K���H�H �T�Q�T�m�H���i�B�Q�M �b�B�x�2�- �D�Q�# �K�2�M�i�Q�`�b ���`�2 �M�Q�i

���b�b�Q�+�B���i�2�/ �r�B�i�? �b�T�2�+�B�}�+ �/�2�K�Q�;�`���T�?�B�+�b �Q�7 �i�?�2�B�` �K�2�M�i�2�2�b�X

�6�B�;�m�`�2 �R�k �b�?�Q�r�b �/�B�z�2�`�2�M�+�2�b �#�2�i�r�2�2�M �i�?�2 �2�t�T�2�+�i�2�/ �/�m�`���i�B�Q�M �Q�7 �K�2�2�i�B�M�;�b�- �K�2���b�m�`�2�/ �#�v �i�?�2

�D�Q�# �K�2�M�i�Q�` �2�z�2�+�i �/�2�}�M�2�/ ���#�Q�p�2�- ���M�/ �i�?�2 ���+�i�m���H �/�m�`���i�B�Q�M �Q�7 �K�2�2�i�B�M�;�b�- �K�2���b�m�`�2�/ �7�`�Q�K ���/�K�B�M�@

�B�b�i�`���i�B�p�2 �/���i���X �1���+�? �Q�#�b�2�`�p���i�B�Q�M �B�M �i�?�2 �}�;�m�`�2 �/�2�M�Q�i�2�b �� �T���`�i�B�+�B�T���M�i�X �q�2 �/�B�p�B�/�2 �T���`�i�B�+�B�T���M�i�b

�B�M�i�Q �i�?�`�2�2 �7�Q�m�`�@�K�Q�M�i�? �;�`�Q�m�T�b �#���b�2�/ �Q�M �r�?�2�M �i�?�2�v �b�i���`�i�2�/ ���+�i�B�p�B�i�B�2�b �m�M�/�2�` �6�P�_�q�P�_�E�X �h�?�B�b

�;�`�Q�m�T�B�M�; �B�b �`�2�~�2�+�i�2�/ �B�M �i�?�2 �T���M�2�H�b �Q�7 �6�B�;�m�`�2 �R�k�- �r�?�B�+�? �b�T���M �� �Q�M�2�@�v�2���` �r�B�M�/�Q�r �b�i���`�i�B�M�; �7�`�Q�K

�i�?�2 �`�Q�H�H�Q�m�i �Q�7 �6�P�_�q�P�_�E �B�M �.�2�+�2�K�#�2�` �k�y�R�N�X �h�?�2 �`�2�/ �+�`�Q�b�b�2�b �/�2�M�Q�i�2 �i�?�2 �2�t�T�2�+�i�2�/ �/�m�`���i�B�Q�M

�Q�7 �K�2�2�i�B�M�;�b�- �+�Q�K�T�m�i�2�/ �7�`�Q�K �S���M�2�H �� �Q�7 �6�B�;�m�`�2 �R�R�- ���M�/ �T���`�i�B�+�B�T���M�i�b ���`�2 �b�Q�`�i�2�/ �7�`�Q�K �i�?�2

�H�Q�M�;�2�b�i �i�Q �i�?�2 �b�?�Q�`�i�2�b�i �2�t�T�2�+�i�2�/ �/�m�`���i�B�Q�M �#�v �T�Q�Q�H�B�M�; ���+�`�Q�b�b �T���M�2�H�b�X�N �q�2 �}�M�/ �i�?���i �i�?�2 �b�T�`�2���/

���M�/ �b�?���T�2 �Q�7 �i�?�2 �2�t�T�2�+�i�2�/ �/�m�`���i�B�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M ���`�2 �`�2�H���i�B�p�2�H�v �b�i���#�H�2 ���+�`�Q�b�b �T���M�2�H�b �Q�7 �6�B�;�m�`�2

�N�A�M �+���b�2�b �r�?�2�`�2 �T���`�i�B�+�B�T���M�i�b �B�M�i�2�`���+�i�2�/ �r�B�i�? �K�Q�`�2 �i�?���M �Q�M�2 �D�Q�# �K�2�M�i�Q�`�- �r�2 �+�Q�M�b�B�/�2�` �i�?�2 �Q�M�2 �r�B�i�? �r�?�Q�K
�i�?�2�v �B�M�i�2�`���+�i�2�/ �i�?�2 �H�Q�M�;�2�b�i �/�m�`�B�M�; �i�?�2 �m�M�7�Q�H�/�B�M�; �Q�7 �i�?�2�B�` ���+�i�B�p�B�i�B�2�b�X

�j�R



�6�B�;�m�`�2 �R�k�, �1�t�T�2�+�i�2�/ ���M�/ ���+�i�m���H �/�m�`���i�B�Q�M �Q�7 �K�2�2�i�B�M�;�b �#�v �b�i���`�i �/���i�2

�L�Q�i�2�b�, �h�?�2 �}�;�m�`�2 �b�?�Q�r�b �i�?�2 �/�B�z�2�`�2�M�+�2�b �#�2�i�r�2�2�M �i�?�2 �2�t�T�2�+�i�2�/ �/�m�`���i�B�Q�M �Q�7 �K�2�2�i�B�M�;�b �U�K�2���b�m�`�2�/ �#�v �i�?�2 �D�Q�#
�K�2�M�i�Q�` �2�z�2�+�i �B�M �S���M�2�H �� �Q�7 �6�B�;�m�`�2 �R�R�V ���M�/ �i�?�2 ���+�i�m���H �/�m�`���i�B�Q�M �Q�7 �K�2�2�i�B�M�;�b �U�K�2���b�m�`�2�/ �7�`�Q�K ���/�K�B�M�B�b�i�`���i�B�p�2
�/���i���V�X �1���+�? �Q�#�b�2�`�p���i�B�Q�M �`�2�T�`�2�b�2�M�i�b �� �T���`�i�B�+�B�T���M�i�- �r�?�Q �#�2�H�Q�M�;�b �i�Q �Q�M�2 �Q�7 �i�?�`�2�2 �7�Q�m�`�@�K�Q�M�i�? �+�Q�?�Q�`�i�b �#���b�2�/ �Q�M
�i�?�2 �b�i���`�i �/���i�2 �Q�7 ���+�i�B�p�B�i�B�2�b�X �_�2�/ �+�`�Q�b�b�2�b �B�M�/�B�+���i�2 �i�?�2 �2�t�T�2�+�i�2�/ �/�m�`���i�B�Q�M �Q�7 �K�2�2�i�B�M�;�b�- ���M�/ �T���`�i�B�+�B�T���M�i�b ���`�2
�b�Q�`�i�2�/ �7�`�Q�K �i�?�2 �H�Q�M�;�2�b�i �i�Q �i�?�2 �b�?�Q�`�i�2�b�i �2�t�T�2�+�i�2�/ �/�m�`���i�B�Q�M�X �"�H�m�2 �/�Q�i�b �/�2�M�Q�i�2 �i�?�2 ���+�i�m���H �/�m�`���i�B�Q�M �Q�7 �K�2�2�i�B�M�;�b�X

�R�k�X �h�?�2 �#�H�m�2 �/�Q�i�b �/�2�M�Q�i�2 �i�?�2 ���+�i�m���H ���p�2�`���;�2 �/�m�`���i�B�Q�M �Q�7 �K�2�2�i�B�M�;�b �Q�7 �T���`�i�B�+�B�T���M�i�b �r�B�i�? �i�?�2�B�`

�K�2�M�i�Q�`�b�X �q�2 �Q�#�b�2�`�p�2 �b�B�x�2���#�H�2 �p���`�B���#�B�H�B�i�v ���`�Q�m�M�/ �i�?�2 �2�t�T�2�+�i�2�/ �/�m�`���i�B�Q�M�- �r�?�B�+�? �B�b �?�Q�r�2�p�2�`

�b�i���#�H�2 ���+�`�Q�b�b �T���M�2�H�b�X �� �T�H���B�M �`�2�;�`�2�b�b�B�Q�M �Q�7 ���+�i�m���H �/�m�`���i�B�Q�M �Q�M �� �7�m�H�H �b�2�i �Q�7 �D�Q�# �K�2�M�i�Q�` �2�z�2�+�i�b�-

�M�Q�i �b�?�Q�r�M �?�2�`�2 �7�Q�` �#�`�2�p�B�i�v�- �2�t�T�H���B�M�b ���#�Q�m�i40%�Q�7 �i�?�2 �i�Q�i���H �p���`�B���i�B�Q�M�X

�e �G���#�Q�` �J���`�F�2�i �P�m�i�+�Q�K�2�b

���p�2�`���;�2 �2�z�2�+�i�b �Q�7 �T���`�i�B�+�B�T���i�B�Q�M �Q�p�2�` �i�B�K�2

�6�B�;�m�`�2 �R�j �T�`�2�b�2�M�i�b �i�?�2 �2�b�i�B�K���i�2�/ �2�z�2�+�i�b �Q�7 �T�`�Q�;�`���K �T���`�i�B�+�B�T���i�B�Q�M �Q�M �2�K�T�H�Q�v�K�2�M�i �T�`�Q�#���#�B�H�B�i�B�2�b

�m�b�B�M�; �� �b�i���M�/���`�/ �B�M�b�i�`�m�K�2�M�i���H �p���`�B���#�H�2 ���T�T�`�Q���+�?�X �a�T�2�+�B�}�+���H�H�v�- �r�2 �2�b�i�B�K���i�2 �i�?�2 �2�z�2�+�i �Q�7

�T���`�i�B�+�B�T���i�B�Q�Mdi �#�v �B�M�b�i�`�m�K�2�M�i�B�M�; �B�i �r�B�i�? �i�?�2 �`���M�/�Q�K�B�x�2�/ �b�i���i�m�bzi �X �q�2 �m�b�2 �i�r�Q �i�B�K�2 �T�2�`�B�Q�/�b

�7�Q�` �2���+�? �B�M�/�B�p�B�/�m���Hi �, �i�?�2 �K�Q�M�i�? �#�2�7�Q�`�2 �6�P�_�q�P�_�E �b�i���`�i�2�/�- �L�Q�p�2�K�#�2�` �k�y�R�N�- ���M�/ �2���+�?

�+���H�2�M�/���` �K�Q�M�i�?t ���7�i�2�` �i�?�2 �H���m�M�+�? �Q�7 �6�P�_�q�P�_�E ���+�i�B�p�B�i�B�2�b �B�M �.�2�+�2�K�#�2�` �k�y�R�N�X �A�M �T���`�i�B�+�m�H���`�-

�r�2 �+�Q�M�b�B�/�2�` �i�?�2 �k�R�@�K�Q�M�i�? �T�2�`�B�Q�/ �#�2�i�r�2�2�M �C���M�m���`�v �k�y�k�y ���M�/ �a�2�T�i�2�K�#�2�` �k�y�k�R �U���b �b�?�Q�r�M �Q�M

�i�?�2 �?�Q�`�B�x�Q�M�i���H ���t�B�b �Q�7 �6�B�;�m�`�2 �R�j�V�X �h�?�2 �i�`�2���i�K�2�M�i �p���`�B���#�H�2di �B�b �/�2�}�M�2�/ ���b ���M �B�M�/�B�+���i�Q�` �7�Q�`

�j�k



�6�B�;�m�`�2 �R�j�, ���p�2�`���;�2 �i�`�2���i�K�2�M�i �2�z�2�+�i �7�Q�` �T���`�i�B�+�B�T���M�i�b �Q�p�2�` �i�B�K�2

�L�Q�i�2�b�, �h�?�2 �?�Q�`�B�x�Q�M�i���H ���t�B�b �B�M �i�?�B�b �}�;�m�`�2 �`�2�T�`�2�b�2�M�i�b �i�?�2 �+���H�2�M�/���` �K�Q�M�i�?�b ���7�i�2�` �i�?�2 �B�M�i�2�`�p�2�M�i�B�Q�M �#�2�;���M
�U�.�2�+�2�K�#�2�` �k�y�R�N�V�X �h�?�2 �}�;�m�`�2 �/�B�b�T�H���v�b �q���H�/�@�.�A�. �2�b�i�B�K���i�2�b �7�Q�` �2���+�? �K�Q�M�i�?�- �r�?�B�+�? ���`�2 �+���H�+�m�H���i�2�/ ���b �i�?�2 �.�A�.
�Q�7 �i�?�2 �Q�m�i�+�Q�K�2 �/�B�p�B�/�2�/ �#�v �i�?�2 �.�A�. �Q�7 �i�?�2 �i�`�2���i�K�2�M�i�X �h�?�2 �Q�m�i�+�Q�K�2 �p���`�B���#�H�2 �B�b ���M �B�M�/�B�+���i�Q�` �7�Q�` ���M�v �T���B�/
�+�Q�M�i�`���+�i �r�B�i�? �2�K�T�H�Q�v�2�`�b �/�m�`�B�M�; �i�?�2 �K�Q�M�i�?�- �r�?�B�H�2 �i�?�2 �i�`�2���i�K�2�M�i �p���`�B���#�H�2 �B�M�/�B�+���i�2�b �r�?�2�i�?�2�` �i�?�2 �B�M�/�B�p�B�/�m���H �?���b
�?���/ �i�?�2�B�` �}�`�b�i �K�2�2�i�B�M�; �r�B�i�? �i�?�2 �D�Q�# �K�2�M�i�Q�` �#�v �i�?���i �K�Q�M�i�?�X �a�?���/�2�/ ���`�2���b �`�2�T�`�2�b�2�M�i95% �+�Q�M�}�/�2�M�+�2 �#���M�/�b�-
�Q�#�i���B�M�2�/ �#�v �+�H�m�b�i�2�`�B�M�; �Q�M �B�M�/�B�p�B�/�m���H�b�X �h�?�2 �?�Q�`�B�x�Q�M�i���H �H�B�M�2 �H���#�2�H�2�/���p�2� �̀��;�2�`�2�T�`�2�b�2�M�i�b �i�?�2 �r�2�B�;�?�i�2�/ ���p�2�`���;�2 �Q�7
�i�?�2 �K�Q�M�i�?�@�#�v�@�K�Q�M�i�? �T�Q�B�M�i �2�b�i�B�K���i�2�b �b�?�Q�r�M �B�M �i�?�2 �}�;�m�`�2�- �r�B�i�? �r�2�B�;�?�i�b �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2 �.�A�. �2�b�i�B�K���i�2�b
�Q�7 �i�?�2 �i�`�2���i�K�2�M�i �B�M �2���+�? �K�Q�M�i�?�X

�r�?�2�i�?�2�` �B�M�/�B�p�B�/�m���Hi �?���/ �i�?�2�B�` �}�`�b�i �K�2�2�i�B�M�; �r�B�i�? �� �D�Q�# �K�2�M�i�Q�` �#�v �K�Q�M�i�?t�X �h�?�2 �Q�m�i�+�Q�K�2

�p���`�B���#�H�2 �B�M �i�?�2 �}�;�m�`�2 �B�b ���M �B�M�/�B�+���i�Q�` �7�Q�` ���M�v �T���B�/ �+�Q�M�i�`���+�i �r�B�i�? ���M �2�K�T�H�Q�v�2�` �/�m�`�B�M�; �i�?���i

�K�Q�M�i�?�X �h�?�2 �}�;�m�`�2 �b�?�Q�r�b �2�b�i�B�K���i�2�b �7�`�Q�K �k�a�G�a �`�2�;�`�2�b�b�B�Q�M�b �Q�7 �i�?�2 �Q�m�i�+�Q�K�2 �Q�Mdi �- �� �/�m�K�K�v

�7�Q�` �i�B�K�2t�- �� �/�m�K�K�v �7�Q�` �i�?�2 �`���M�/�Q�K�B�x�2�/ �b�i���i�m�bzi = 1�- ���M�/ �i�?�2 �B�M�i�2�`���+�i�B�Q�M �Q�7 �i�?�2�b�2 �i�r�Q

�/�m�K�K�B�2�b ���b �i�?�2 �2�t�+�H�m�/�2�/ �B�M�b�i�`�m�K�2�M�i �7�Q�`di �X �a�2�T���`���i�2 �k�a�G�a �`�2�;�`�2�b�b�B�Q�M�b ���`�2 �+�Q�M�b�B�/�2�`�2�/ �7�Q�`

�2���+�? �i�B�K�2 �T�2�`�B�Q�/t�X�R�y

�"�v �a�2�T�i�2�K�#�2�` �k�y�k�R �U���T�T�`�Q�t�B�K���i�2�H�v21 �K�Q�M�i�?�b ���7�i�2�` �6�P�_�q�P�_�E �#�2�;���M�V�- �T�`�Q�;�`���K �T���`�@

�R�y�h�?�2�b�2 �`�2�;�`�2�b�b�B�Q�M�b �v�B�2�H�/ �i�?�2 �q���H�/�@�.�A�. �2�b�i�B�K���i�2�b �/�B�b�+�m�b�b�2�/ �B�M �/�2 �*�?���B�b�2�K���`�i�B�M ���M�/ �.�ö�>���m�H�i�7�½�m�B�H�H�2 �U�k�y�R�d�V�X
�"�2�+���m�b�2 �Q�7 �i�?�2 �`���M�/�Q�K�B�x�2�/ ���b�b�B�;�M�K�2�M�i �i�Q �6�P�_�q�P�_�E�-di �2�[�m���H�b �x�2�`�Q ���i �#�Q�i�? �i�B�K�2 �T�2�`�B�Q�/�b �B�7zi = 0 ���M�/
�B�M �L�Q�p�2�K�#�2�` �k�y�R�N �B�7zi = 1 �X �A�M �i�?�B�b �+�Q�M�i�2�t�i�- �i�?�2 �q���H�/�@�.�A�. �B�/�2�M�i�B�}�2�b �i�?�2 ���p�2�`���;�2 �i�`�2���i�K�2�M�i �2�z�2�+�i �Q�M �i�?�2
�i�`�2���i�2�/ �m�M�/�2�` �b�i���M�/���`�/ �.�A�. ���b�b�m�K�T�i�B�Q�M�b �U�b�2�2 �a�2�+�i�B�Q�M �j�X�9�X�k �B�M �/�2 �*�?���B�b�2�K���`�i�B�M ���M�/ �.�ö�>���m�H�i�7�½�m�B�H�H�2�- �k�y�R�d�V�X

�j�j



�i�B�+�B�T���i�B�Q�M �B�M�+�`�2���b�2�/ �i�?�2 �2�K�T�H�Q�v�K�2�M�i �`���i�2 �#�v11:36 �T�2�`�+�2�M�i���;�2 �T�Q�B�M�i�b�X �h�?�2 ���p�2�`���;�2 �2�z�2�+�i �Q�p�2�`

�i�?�B�b �T�2�`�B�Q�/ �U�`�2�T�`�2�b�2�M�i�2�/ �#�v �i�?�2 �?�Q�`�B�x�Q�M�i���H �H�B�M�2 �B�M �i�?�2 �}�;�m�`�2�V �B�b7:30 �T�2�`�+�2�M�i���;�2 �T�Q�B�M�i�b�X �h�?�2

�/�2�+�H�B�M�2 �B�M �2�b�i�B�K���i�2�/ �2�z�2�+�i�b �B�M �H���i�2 �k�y�k�y �B�b �H�B�F�2�H�v �/�m�2 �i�Q �i�?�2 �M�2�;���i�B�p�2 �H���#�Q�` �K���`�F�2�i �B�K�T���+�i �Q�7

�i�?�2 �*�P�o�A�.�@�R�N �T���M�/�2�K�B�+�X �h�Q �+�Q�M�i�2�t�i�m���H�B�x�2 �i�?�2�b�2 �2�z�2�+�i �b�B�x�2�b�- �i�?�2�v �+���M �#�2 �+�Q�K�T���`�2�/ �i�Q �i�?�2

�T�Q�b�i�@�6�P�_�q�P�_�E �2�K�T�H�Q�v�K�2�M�i �`���i�2�b �7�Q�` �B�M�/�B�p�B�/�m���H�b �r�B�i�?zi = 0�- �b�?�Q�r�M �B�M �6�B�;�m�`�2 �e�- �r�?�B�+�? ���`�2

���T�T�`�Q�t�B�K���i�2�H�v33%�X �q�2 �+�Q�M�+�H�m�/�2�- �7�Q�` �2�t���K�T�H�2�- �i�?���i �T���`�i�B�+�B�T���M�i�b �?���p�2 ���M �2�K�T�H�Q�v�K�2�M�i �`���i�2

���T�T�`�Q�t�B�K���i�2�H�v7:30=33 ' 22%�?�B�;�?�2�` �i�?���M �`���M�/�Q�K�B�x�2�/ �Q�m�i ���b�v�H�m�K �b�2�2�F�2�`�b �B�M �i�?�221 �K�Q�M�i�?�b

���7�i�2�` �6�P�_�q�P�_�E �#�2�;���M�X

�h�?�2�b�2 �2�b�i�B�K���i�2�/ �2�z�2�+�i�b �K���v �#�2 �+�Q�M�7�Q�m�M�/�2�/ �#�v �i�?�2 �7���+�i �i�?���i �6�P�_�q�P�_�E �T���`�i�B�+�B�T���M�i�b �/�B�/

�M�Q�i ���H�H �b�i���`�i �i�?�2 �T�`�Q�;�`���K ���i �i�?�2 �b���K�2 �i�B�K�2�X �a�B�M�+�2 �i�?�2 �T�`�Q�;�`���K�ö�b ���+�i�B�p�B�i�B�2�b �r�2�`�2 �b�i���;�;�2�`�2�/ �U���b

�b�?�Q�r�M �B�M �6�B�;�m�`�2 �N�V�- �i�?�2 �k�a�G�a �2�b�i�B�K���i�2�b ���i �2���+�? �T�Q�B�M�i �B�M �i�B�K�2 �Q�7 �6�B�;�m�`�2 �R�j �+�Q�M�~���i�2 �i�?�2 �2�z�2�+�i�b

���+�`�Q�b�b �T���`�i�B�+�B�T���M�i�b �U�+�Q�K�T�H�B�2�`�b�V �r�?�Q �K���v �#�2 ���i �/�B�z�2�`�2�M�i �b�i���;�2�b �`�2�H���i�B�p�2 �Q�7 �i�?�2 �T�`�Q�;�`���K�- ���b

�K�2���b�m�`�2�/ �#�v �i�B�K�2 �2�H���T�b�2�/ �b�B�M�+�2 �i�?�2�B�` �}�`�b�i �K�2�2�i�B�M�; �r�B�i�? �� �D�Q�# �K�2�M�i�Q�`�X �h�?�B�b �p���`�B���i�B�Q�M �K���F�2�b

�B�i �/�B�{�+�m�H�i �i�Q �B�M�i�2�`�T�`�2�i �i�?�2 �2�b�i�B�K���i�2�b ���b �� �i�`�2���i�K�2�M�i �2�z�2�+�i ���i �� �b�T�2�+�B�}�+ �/�m�`���i�B�Q�M�X �h�Q ���/�/�`�2�b�b

�i�?�B�b �B�b�b�m�2�- �i�?�2 �7�Q�H�H�Q�r�B�M�; ���M���H�v�b�B�b �#�`�2���F�b �/�Q�r�M �i�?�2 �2�z�2�+�i�b �Q�7 �6�P�_�q�P�_�E �#���b�2�/ �Q�M �/�B�z�2�`�2�M�i

�i�B�K�2 �B�M�i�2�`�p���H�b �#�2�7�Q�`�2 ���M�/ ���7�i�2�` �T���`�i�B�+�B�T���M�i�b�ö �}�`�b�i �K�2�2�i�B�M�; �r�B�i�? �i�?�2�B�` �D�Q�# �K�2�M�i�Q�`�X �h�?�B�b �r�B�H�H

�?�2�H�T �B�b�Q�H���i�2 �i�?�2 �T�`�Q�;�`���K�ö�b �/�v�M���K�B�+ �2�z�2�+�i�b �Q�M �2�K�T�H�Q�v�K�2�M�i �Q�m�i�+�Q�K�2�b �Q�p�2�` �i�B�K�2�X

���+�+�Q�m�M�i�B�M�; �7�Q�` �/�B�z�2�`�2�M�+�2�b �B�M �T���`�i�B�+�B�T���i�B�Q�M �i�B�K�B�M�;

�q�2 �2�b�i�B�K���i�2 �+���m�b���H �2�z�2�+�i�b �Q�M �b�Q�K�2 �p���`�B���#�H�2yi;t �B�M �� �T���M�2�H �Q�7���b�v�H�m�K �b�2�2�F�2�`�bi = 1; : : : ; N �B�M

�+���H�2�M�/���` �K�Q�M�i�?�bt = 1; : : : ; T�X �q�2 �;�`�Q�m�T �B�M�/�B�p�B�/�m���H�b �#�v �;�2�M�/�2�` ���M�/ �`���M�/�Q�K�B�x���i�B�Q�M �b�i�`���i�m�K�-

���M�/ �B�M�/�2�t �i�?�2�b�2 �;�`�Q�m�T�b �i�Qg = 1; : : : ; G�X �q�2 �7�m�`�i�?�2�` �/�B�p�B�/�2 �B�M�/�B�p�B�/�m���H�b �Q�7 �i�?�2�b�2 �;�`�Q�m�T�b

�B�M�i�Q�+�Q�?�Q�`�i�b�#���b�2�/ �Q�M �i�?�2 �K�Q�M�i�? �Q�7 �i�?�2�B�` �}�`�b�i �K�2�2�i�B�M�; �r�B�i�? �i�?�2 �D�Q�# �K�2�M�i�Q�` �b�?�Q�r�M �B�M �S���M�2�H

�� �Q�7 �6�B�;�m�`�2 �N�X �a�T�2�+�B�}�+���H�H�v�- �i�?�2 �+�Q�?�Q�`�i �p���`�B���#�H�2ci �/�2�M�Q�i�2�b �i�?�2 �+���H�2�M�/���` �K�Q�M�i�? �r�?�2�M �i�?�2

�T���`�i�B�+�B�T���i�B�Q�M �b�i���i�m�b �Q�7 �B�M�/�B�p�B�/�m���Hi �b�r�B�i�+�?�2�b �7�`�Q�K �x�2�`�Q �i�Q �Q�M�2�- ���M�/ �r�2 �b�2�i �i�?�2 �p���H�m�2 �Q�7ci �i�Q

1 �B�7 �B�M�/�B�p�B�/�m���Hi �/�Q�2�b �M�Q�i �T���`�i�B�+�B�T���i�2�X �h�?�2 �p���`�B���#�H�2ei;t = t � ci �`�2�T�`�2�b�2�M�i�b �i�?�2�2�H���T�b�2�/ �i�B�K�2�-

�B�M �K�Q�M�i�?�b�- �b�B�M�+�2 �i�?�2 �}�`�b�i �K�2�2�i�B�M�; �r�B�i�? �i�?�2 �D�Q�# �K�2�M�i�Q�`�X �q�B�i�? �i�?�B�b �M�Q�i���i�B�Q�M�- �M�Q�M�T���`�i�B�+�B�T���M�i�b

���`�2 �ó�B�M�}�M�B�i�2�H�v �7���`�ô �7�`�Q�K �K�2�2�i�B�M�; �i�?�2 �D�Q�# �K�2�M�i�Q�` �U�B�X�2�X�-ci = 1 �V�X �L�Q�M�@�T���`�i�B�+�B�T���M�i�b �B�M�+�H�m�/�2

�B�M�/�B�p�B�/�m���H�b �2�t�+�H�m�/�2�/ �7�`�Q�K �i�?�2 �T�`�Q�;�`���K �Uzi = 0�V ���b �r�2�H�H ���b �i�?�Q�b�2 �r�?�Q �r�2�`�2 �`���M�/�Q�K�B�x�2�/ �i�Q

�6�P�_�q�P�_�E �#�m�i �M�2�p�2�` �K�2�i �i�?�2 �D�Q�# �K�2�M�i�Q�` �Uzi = 1 ���M�/di = 0�V�X �h�?�2 �M�m�K�#�2�` �Q�7 �B�M�/�B�p�B�/�m���H�b
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�B�M �;�`�Q�m�Tg ���M�/ �+�Q�?�Q�`�ic �B�b �/�2�M�Q�i�2�/ �#�vNcg�X

�h�?�2�`�2 ���`�2 ���b �K���M�v �T�Q�i�2�M�i�B���H �Q�m�i�+�Q�K�2�byi;t (c) �7�Q�` �B�M�/�B�p�B�/�m���Hi ���b �i�?�2 �M�m�K�#�2�` �Q�7 �T�Q�b�b�B�#�H�2

�i�`�2���i�K�2�M�i �+�Q�?�Q�`�i�b�-c 2 f 1; : : : ; T;1g �X �h�?�2 �Q�m�i�+�Q�K�2 �Q�#�b�2�`�p�2�/ �7�Q�` �B�M�/�B�p�B�/�m���Hi ���i �i�B�K�2t �B�b�,

yi;t = yi;t (1 ) +
TX

c=1

1ci = c [yi;t (c) � yi;t (1 )] ;

�r�?�2�`�21ci = c �B�b ���M �B�M�/�B�+���i�Q�` �7�Q�` �r�?�2�i�?�2�` �B�M�/�B�p�B�/�m���Hi �ö�b �+�Q�?�Q�`�ici �B�b �2�[�m���H �i�Qc�X �q�2 �b�i�m�/�v �?�Q�r

�+���m�b���H �2�z�2�+�i�b �p���`�v �r�B�i�? �i�?�2 �H�2�M�;�i�? �Q�7 �2�t�T�Q�b�m�`�2 �i�Q �6�P�_�q�P�_�E�X �a�T�2�+�B�}�+���H�H�v�- �7�Q�` �T���`�i�B�+�B�T���M�i�b �B�M

�;�`�Q�m�Tg ���M�/ �+�Q�?�Q�`�ic �r�2 �+�Q�M�b�B�/�2�` �i�?�2 �7�Q�H�H�Q�r�B�M�; ���p�2�`���;�2 �i�`�2���i�K�2�M�i �2�z�2�+�i �T���`���K�2�i�2�`e �K�Q�M�i�?�b

�7�`�Q�K �i�?�2 �}�`�b�i �K�2�2�i�B�M�; �r�B�i�? �i�?�2 �D�Q�# �K�2�M�i�Q�`�,

ATTe (g; c) �
1

Ncg

N cgX

i =1

yi;c+ e (c) �
1

Ncg

N cgX

i =1

yi;c+ e (1 ) ; �U�j�V

�r�?�2�`�2g = 1; : : : ; G ���M�/c 2 f 1; : : : ; Tg�X �h�?�B�b �T���`���K�2�i�2�` �B�b �/�2�}�M�2�/ �#�v ���p�2�`���;�B�M�; ���+�`�Q�b�b

�T���`�i�B�+�B�T���M�i�b �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �Q�m�i�+�Q�K�2 �Q�#�b�2�`�p�2�/ ���7�i�2�`e �K�Q�M�i�?�b �B�M �i�?�2 �T�`�Q�;�`���K�-

yi;c+ e (c)�- ���M�/ �i�?�2 �+�Q�m�M�i�2�`�7���+�i�m���H �Q�m�i�+�Q�K�2 �i�?�2�v �r�Q�m�H�/ �?���p�2 �2�t�T�2�`�B�2�M�+�2�/ �B�M �i�?�2 �b���K�2 �+���H�2�M�/���`

�K�Q�M�i�? �?���p�B�M�;ci = 1 �B�M�b�i�2���/�-yi;c+ e (1 )�X

�P�m�` �2�K�T�B�`�B�+���H ���M���H�v�b�B�b �7�`�Q�K ���/�K�B�M�B�b�i�`���i�B�p�2 �`�2�+�Q�`�/�b �v�B�2�H�/�b �2�b�i�B�K���i�2�b �Q�7 �i�?�2ATTe (g; c)�ö�b

�B�M �U�j�V�- �r�?�B�+�? �r�2 �i�?�2�M �b�?�Q�r �;�`���T�?�B�+���H�H�v �#�v ���;�;�`�2�;���i�B�M�; �Q�p�2�`c ���M�/ �#�vg �/�2�T�2�M�/�B�M�; �Q�M �i�?�2

�?�2�i�2�`�Q�;�2�M�2�B�i�v �/�B�K�2�M�b�B�Q�M �+�Q�M�b�B�/�2�`�2�/�X �q�2 �K���B�M�i���B�M �i�?�`�Q�m�;�?�Q�m�i �i�?�2 ���b�b�m�K�T�i�B�Q�M �Q�7 �M�Q ���M�i�B�+�B�T���@

�i�B�Q�M �2�z�2�+�i�b �Q�M �Q�m�i�+�Q�K�2�b �T�`�B�Q�` �i�Q �i�?�2 �T���`�i�B�+�B�T���i�B�Q�M �B�M �6�P�_�q�P�_�E�X �h�?�B�b ���b�b�m�K�T�i�B�Q�M �B�K�T�H�B�2�b

yi;t (c) = yi;t (1 ) �r�?�2�Mt < c �7�Q�` ���H�H �B�M�/�B�p�B�/�m���H�bi �X

�1�b�i�B�K���i�B�Q�M

�A�/�2�M�i�B�}�+���i�B�Q�M �`�2�H�B�2�b �Q�M ���b�b�m�K�T�i�B�Q�M�b �i�Q ���T�T�`�Q�t�B�K���i�2 �i�?�2 �m�M�Q�#�b�2�`�p�2�/ �+�Q�m�M�i�2�`�7���+�i�m���H �i�2�`�K �Q�M

�i�?�2 �`�B�;�?�i�@�?���M�/ �b�B�/�2 �Q�7 �U�j�V�X �q�2 �`�2�i�`�B�2�p�2 �i�?�B�b �+�Q�m�M�i�2�`�7���+�i�m���H �m�b�B�M�; �� �/�B�z�2�`�2�M�+�2�@�B�M�@�/�B�z�2�`�2�M�+�2�b

�H�Q�;�B�+ �;�`�Q�m�M�/�2�/ �Q�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �b�i�2�T�b�X �6�B�`�b�i�- �r�2 �F�2�2�T �Q�M�H�v �B�M�/�B�p�B�/�m���H�b �B�M �;�`�Q�m�Tg�X �q�B�i�?�B�M

�i�?�B�b �;�`�Q�m�T�- �r�2 �F�2�2�T �B�M�/�B�p�B�/�m���H�b �B�M �+�Q�?�Q�`�ic �U�T���`�i�B�+�B�T���M�i�b�V �Q�` �B�M �+�Q�?�Q�`�i1 �U�M�Q�M�@�T���`�i�B�+�B�T���M�i�b�V�X

�q�2 ���/�/�B�i�B�Q�M���H�H�v �`�2�b�i�`�B�+�i �i�?�2 �b���K�T�H�2 �i�Q �+���H�2�M�/���` �K�Q�M�i�?�bt = c � 1 �U�i�?�2 �K�Q�M�i�? �#�2�7�Q�`�2 �+�Q�?�Q�`�i

c �b�i���`�i�b �i�`�2���i�K�2�M�i�V �Q�`t = c + e �U�i�?�2e�@�i�? �K�Q�M�i�? �7�`�Q�K �r�?�2�M �+�Q�?�Q�`�ic �b�i���`�i�b �i�`�2���i�K�2�M�i�V�X �P�M
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�i�?�B�b �b���K�T�H�2�- �r�2 �+�Q�K�T�m�i�2 �i�?�2 �7�Q�H�H�Q�r�B�M�; �/�B�z�2�`�2�M�+�2 �Q�7 �/�B�z�2�`�2�M�+�2�b�,

[ATT e (g; c) �
1

Ncg

N cgX

i =1

(yi;c+ e � yi;c � 1) �
1

N1 g

N1 gX

j =1

(yj;c + e � yj;c � 1) ; �U�9�V

�r�?�B�+�? �/�2�}�M�2�b �� �i�r�Q�@�;�`�Q�m�T�b �i�r�Q�@�i�B�K�2�b �+�Q�K�T���`�B�b�Q�M �Q�7 �T���`�i�B�+�B�T���M�i�b ���M�/ �M�Q�M�@�T���`�i�B�+�B�T���M�i�b �Q�p�2�`

�i�?�2 �b���K�2 �+���H�2�M�/���` �K�Q�M�i�?�b�X �h�?�2 ���b�b�m�K�T�i�B�Q�M �Q�7 �+�Q�K�K�Q�M �+�Q�m�M�i�2�`�7���+�i�m���H �i�`�2�M�/�b �7�Q�` �T���`�i�B�+�B�T���M�i�b

���M�/ �M�Q�M�@�T���`�i�B�+�B�T���M�i�b�,

1
Ncg

N cgX

i =1

(yi;c+ e (1 ) � yi;c � 1 (1 )) =
1

N1 g

N1 gX

j =1

(yj;c + e (1 ) � yj;c � 1 (1 )) ;

�B�K�T�H�B�2�b �i�?���i �i�?�2 �[�m���M�i�B�i�v �B�M �U�9�V �B�/�2�M�i�B�}�2�b �i�?�2 �T���`���K�2�i�2�` �B�M �U�j�V�X �h�?�B�b ���T�T�`�Q���+�? �B�b �M�Q�M�@

�T���`���K�2�i�`�B�+ ���M�/ �2�[�m�B�p���H�2�M�i �i�Q �+�Q�K�T�m�i�B�M�; �+�Q�?�Q�`�i�@�b�T�2�+�B�}�+ �/�B�z�2�`�2�M�+�2�@�B�M�@�/�B�z�2�`�2�M�+�2�b �2�b�i�B�K���i�2�b�X

�A�i �B�b ���H�b�Q �`�Q�#�m�b�i �i�Q �i�?�2 �T�Q�b�b�B�#�B�H�B�i�v �Q�7 �T�`�2�@�i�`�2�M�/�b �p���`�v�B�M�; �M�Q�M�@�T���`���K�2�i�`�B�+���H�H�v ���+�`�Q�b�b �;�`�Q�m�T�bg�X

�q�2 �7�Q�H�H�Q�r �i�?�2 �H�B�i�2�`���i�m�`�2 ���M�/ �b�?�Q�r �B�M �}�;�m�`�2�b �K�Q�`�2 ���;�;�`�2�;���i�2�/ �T���`���K�2�i�2�`�b �Q�#�i���B�M�2�/ �#�v

���p�2�`���;�B�M�; �i�?�2 �2�z�2�+�i�b �Q�7 �?���p�B�M�; �#�2�2�M �i�`�2���i�2�/ �7�Q�`e �T�2�`�B�Q�/�b ���+�`�Q�b�b �B�M�/�B�p�B�/�m���H�b �`�2���+�?�B�M�; �i�?���i
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