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Abstract
In eight states, each state Senate district is required to be exactly composed of

two state House districts–this is sometimes known as a nesting rule. In this paper
we investigate the potential impacts of these nesting rules with a focus on Alaska,
where Republicans have a 2/3 majority in the Senate while a Democratic-led coalition
controls the House. If we treat the current House districts as fixed and consider all
possible pairings, we find that the Senate plan has a Republican advantage compared
to a typical valid pairing, amounting to about one seat out of 20. The analysis enables
other insights into Alaska districting, including the partisan latitude available to
districters with and without strong rules about nesting and contiguity.
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1 Introduction: Nesting

A great deal of recent attention has been given to the problem of detecting gerrymandering

using mathematical and statistical tools. Most attention has been restricted to gerryman-

dering in its classical form: the manipulation of district boundaries to favor one party or

another. However, some states’ rules of redistricting create other opportunities to extract

partisan advantage from control of the process. For example, many states favor plans

that keep counties and cities intact rather than splitting them between districts; Iowa even

requires that congressional plans keep all of its counties intact within districts. Some ob-

servers worry about whether such seemingly neutral rules would turn out to have partisan

or racial consequences for representation. (See, for instance, [12]). In this paper, we will

focus on a class of redistricting principles called nesting rules, which require or encourage

that members of the state-level House or Assembly be elected from districts that nest inside

of the state Senate districts.

Our present case study is the state of Alaska, where 40 House districts are paired into

20 Senate districts. We start by focusing on the scenario in which House districts are fixed

first, then subsequently paired into Senate districts. We select two recent elections to get a

baseline of partisan preference at the precinct level, then compare the current Senate plan

to all others that can be formed from the current House districts by pairing. Across all

these scenarios, we will discuss when and why the choice of pairing, or perfect matching,

can have a sizeable impact on electoral outcomes.

1.1 Perfect matching interpretation

There are eight states that currently have two single-member House/Assembly districts

nested in each Senate district. In six of those (AL, IL, MN, MT, OR, WY), nesting is

required by State Constitution or statute, and in the remaining two (IA, NV), there are

provisions explaining possible exemptions. There are an additional two states (OH, WI)

that require nesting of three single-member House districts within each Senate district.

Additionally, California, Hawaii, and New York call for nesting “if possible.”
1The article of the Ohio constitution with this requirement was in effect in 2011 but has now been

repealed, effective 2021.
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Alaska 40 House ! 20 Sen Illinois 118 House ! 59 Sen

Iowa 100 House ! 50 Sen Minnesota 134 House ! 67 Sen

Montana 100 House ! 50 Sen Nevada 42 House ! 21 Sen

Oregon 60 House ! 30 Sen Wyoming 60 House ! 30 Sen

Ohio 99 House ! 33 Sen Wisconsin 99 House ! 33 Sen

From the perspective of election administration, nesting is convenient because it re-

duces the number of different ballot styles needed. From the perspective of redistricting,

nesting means that the composition of one house of the legislature massively constrains

the space of possible districting plans for the other, arguably cutting down the latitude for

gerrymandering.

When nesting is mandated, procedures can still vary. According to the Brennan Center’s

Citizen’s Guide to Redistricting [22]: “Sometimes, a nested redistricting plan is created

by drawing Senate districts first, and dividing them in half to form Assembly districts;

sometimes the Assembly districts are drawn first, and clumped together to form Senate

districts.” This paper will focus on the second case: matching, rather than splitting.

Proof of concept

We begin by constructing a toy example to illustrate that matchings matter. Consider

the map shown in Figure 1, where each square cell represents a voter. The 56 voters are

grouped into eight equally-sized, contiguous House districts, each of which is indicated by

a different color. Geographically adjacent House districts (those overlapping on an edge)

are to be paired to form four Senate districts. It is convenient to represent the geographic

relationship of the districts with a dual graph: each node (or vertex) corresponds to a

single district, and two nodes are connected by an edge if the corresponding districts are

geographically adjacent. Pairing these House districts into four Senate districts corresponds

to choosing a perfect matching in the graph: a set of four edges that, together, cover each

of the eight nodes exactly once. (See Figure 2.)

There are exactly eight perfect matchings of this graph; in other words, given these

House districts, there are only 8 ways to form four Senate districts while respecting nesting.

4



�6�B�;�m�`�2 �R�, ���i �H�2�7�i�- ���M �B�H�H�m�b�i�`���i�B�p�2 �K���T �Q�7 �8�e �p�Q�i�2�`�b �B�M �2�B�;�?�i �2�[�m���H�H�v�@�b�B�x�2�/ �>�Q�m�b�2 �/�B�b�i�`�B�+�i�b �i�Q �#�2
�T���B�`�2�/ �B�M�i�Q �7�Q�m�` �a�2�M���i�2 �/�B�b�i�`�B�+�i�b�X ���i �`�B�;�?�i�- �i�?�2�/�m���H �;� �̀��T�?�i�?���i �2�M�+�Q�/�2�b �/�B�b�i�`�B�+�i�b ���/�D���+�2�M�+�v�X

�"�v �+�Q�M�i�`���b�i�- �i�?�2�`�2 ���`�2 �k�-�j�j�k�-�j�N�9�-�R�8�y �r���v�b �i�Q �+�`�2���i�2 �7�Q�m�` �U�+�Q�M�i�B�;�m�Q�m�b�- �2�[�m���H�@�b�B�x�2�V �a�2�M���i�2

�/�B�b�i�`�B�+�i�b �7�`�Q�K �i�?�2�b�2 �8�e �m�M�B�i�b �r�B�i�?�Q�m�i �i�?���i �`�2�b�i�`�B�+�i�B�Q�M�X�k �A�7 �r�2 �M���K�2 �i�?�2 �+�Q�H�Q�`�b �q�?�B�i�2�- �"�H�m�2�-

�_�2�/�- �P�`���M�;�2�- �u�2�H�H�Q�r�- �J���;�2�M�i���- �*�v���M�- ���M�/ �o�B�Q�H�2�i�- �r�2 �+���M �`�2�T�`�2�b�2�M�i �i�?�2 �K���i�+�?�B�M�;�b �B�M �i�?�2

�i���#�H�2 �#�2�H�Q�r�X

�J���i�+�?�B�M�; �_�2�b�m�H�i�b�O �. �J���i�+�?�B�M�; �_�2�b�m�H�i�b�O �.

�q�"�f�_�*�f�P�u�f�J�o �.�f�_�f�_�f�_ �R �q�P�f�"�u�f�_�*�f�o�J �.�f�.�f�_�f�_ �k
�q�"�f�_�P�f�u�J�f�*�o �.�f�_�f�_�f�. �k �q�P�f�"�u�f�_�o�f�*�J �.�f�.�f�_�f�. �j
�q�"�f�_�o�f�*�J�f�P�u �.�f�_�f�.�f�_ �k �q�_�f�"�P�f�u�J�f�*�o �.�f�.�f�_�f�. �j
�q�"�f�_�*�f�P�o�f�J�u �.�f�_�f�.�f�_ �k �q�_�f�"�u�f�P�o�f�*�J �.�f�.�f�.�f�. �9

�6�B�;�m�`�2 �k�, �h�?�2 �/�B�b�i�`�B�+�i�b �+���M �#�2 �K���i�+�?�2�/ �i�?�2 �2�B�;�?�i �/�B�z�2�`�2�M�i �r���v�b �H�B�b�i�2�/ �?�2�`�2�- �H�2���/�B�M�; �i�Q �i�?�2
�.�2�K�Q�+�`���i�B�+ �T���`�i�v �;�2�i�i�B�M�; ���M�v�r�?�2�`�2 �7�`�Q�K �k�8�W �i�Q �R�y�y�W �Q�7 �i�?�2 �a�2�M���i�2 �b�2���i�b�X �h�?�2 �i�r�Q �T�2�`�7�2�+�i
�K���i�+�?�B�M�;�b �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2 �2�t�i�`�2�K�2 �Q�m�i�+�Q�K�2�b ���`�2 �b�?�Q�r�M �?�2�`�2�X

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

�.�2�K�Q�+�`���i�b �7�`�Q�K �R �b�2���i �i�Q �9 �b�2���i�b �Q�m�i �Q�7 �7�Q�m�`�X �"�2�H�Q�r�- �r�2 �+���`�`�v �Q�m�i �� �b�B�K�B�H���` ���M���H�v�b�B�b �Q�M

�`�2���H�@�r�Q�`�H�/ �/���i���X
�k�h�?�B�b �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �T���`�i�B�i�B�Q�M�b �Q�7 ��7� 8 �;�`�B�/ �;�`���T�? �B�M�i�Q �7�Q�m�` �+�Q�M�i�B�;�m�Q�m�b �ó�/�B�b�i�`�B�+�i�b�ô �Q�7 �R�9 �M�Q�/�2�b �2���+�?�X

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

�8



�R�X�k �J���i�?�2�K���i�B�+���H �H�B�i�2�`���i�m�`�2 �Q�M �T�2�`�7�2�+�i �K���i�+�?�B�M�;�b

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

�K���i�+�?�B�M�; �B�M �� �b�K���H�H �;�`���T�?�X �1�M�m�K�2�`���i�B�M�; ���H�H �T�2�`�7�2�+�i �K���i�+�?�B�M�;�b �B�M �� �;�B�p�2�M �;�`���T�? �B�b �� �+�H���b�b�B�+���H

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

�#�2�+���m�b�2 �B�i �B�b ���i �Q�M�+�2 �[�m�B�i�2 �2�H�2�K�2�M�i���`�v ���M�/ �2�t�i�`�2�K�2�H�v �/�B�{�+�m�H�i �i�Q �+�Q�K�T�m�i�2 �7�Q�` ���`�#�B�i�`���`�v

�;�`���T�?�b �(�j�j�)�X �h�?�2 �K���i�+�?�B�M�; �T�`�Q�#�H�2�K �B�b ���H�b�Q �Q�7 �;�`�2���i �B�M�i�2�`�2�b�i �i�Q �T�?�v�b�B�+�B�b�i�b �b�i�m�/�v�B�M�; �/�B�K�2�`

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

�Q�7 �H�B�[�m�B�/�b �(�k�y�)�X �A�M �R�N�e�R�- �i�?�`�2�2 �b�i���i�B�b�i�B�+���H �T�?�v�b�B�+�B�b�i�b�- �h�2�K�T�2�`�H�2�v�- �6�B�b�?�2�`�- ���M�/ �E���b�i�2�H�2�v�M�-

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

�K���i�+�?�B�M�;�b �Q�7 ���Mm � n �;�`�B�/ �(�R�3�- �j�R�) ���M�/ �b�m�#�b�2�[�m�2�M�i�H�v �T�`�Q�T�Q�b�2�/ �i�?�2 �6�E�h ���H�;�Q�`�B�i�?�K �7�Q�`

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

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

�#�2�H�Q�r �B�M ���j�X�k�X �6�Q�` �b�m�`�p�2�v�b �Q�M �i�?�2 �K���i�?�2�K���i�B�+�b �Q�7 �K���i�+�?�B�M�;�- �b�2�2 �(�k�9�) ���M�/ �o�Q�H�m�K�2 �� �Q�7 �(�k�3�)�X�j

�R�X�j �S���T�2�` �Q�m�i�H�B�M�2

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

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

���`�2 �Q�M�H�v �9�y �>�Q�m�b�2 �/�B�b�i�`�B�+�i�b ���M�/ �i�?�2�v ���`�2 �T���i�i�2�`�M�2�/ �B�M �� �M�Q�i �p�2�`�v �/�2�M�b�2 �K���M�M�2�`�- �B�i �K�B�;�?�i

�b�2�2�K �i�?���i �i�?�2�`�2 �B�b �Q�M�H�v �H�B�K�B�i�2�/ ���/�p���M�i���;�2 �i�Q �#�2 �;���B�M�2�/�X �>�Q�r�2�p�2�`�- �r�2 �r�B�H�H �/�2�K�Q�M�b�i�`���i�2 �i�?���i

�i�?�2 �+�?�Q�B�+�2 �Q�7 �T���B�`�B�M�;�b ���H�Q�M�2 �+���M �+�`�2���i�2 �� �b�r�B�M�; �Q�7 �9�@�8 �b�2���i�b �Q�m�i �Q�7 �k�y ���;���B�M�b�i �`�2�+�2�M�i �p�Q�i�B�M�;

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

�+�`�2���i�2 �a�2�M���i�2 �/�B�b�i�`�B�+�i�b�- �i�?�2�v �;�B�p�2 �D�m�b�i ���b �K�m�+�? �T���`�i�B�b���M �H���i�B�i�m�/�2 ���b �K���F�B�M�; �a�2�M���i�2 �/�B�b�i�`�B�+�i�b

�7�`�Q�K �b�+�`���i�+�?�X

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

�`�2�/�B�b�i�`�B�+�i�B�M�; �`�m�H�2�b �B�M ���k�- �+�m�H�K�B�M���i�B�M�; �B�M �i�?�2 �b�2�H�2�+�i�B�Q�M �Q�7 �i�r�Q �`�2�+�2�M�i �2�H�2�+�i�B�Q�M�b���i�?�2 �:�Q�p�2�`�M�Q�`

���M�/ �l�X�a�X �>�Q�m�b�2 �`���+�2�b �Q�7 �k�y�R�3���i�Q �b�2�`�p�2 ���b �Q�m�` �2�H�2�+�i�Q�`���H �#���b�2�H�B�M�2�b �7�Q�` �i�?�2 �`�2�K���B�M�/�2�` �Q�7 �i�?�2
�j �h�?�B�b �T�`�Q�#�H�2�K �B�b ���H�b�Q �B�M�i�B�K���i�2�H�v �`�2�H���i�2�/ �i�Q �� �b�2�+�Q�M�/ �2�M�m�K�2�`���i�B�Q�M �T�`�Q�#�H�2�K�- �i�?���i �Q�7 �+�Q�m�M�i�B�M�; �i�?�2�b�T���M�M�B�M�;

�i� �̀2�2�b�Q�7 �� �;�`���T�?�X �h�?�2 �M�m�K�#�2�` �Q�7 �b�T���M�M�B�M�; �i�`�2�2�b �B�b �b�Q�K�2�i�B�K�2�b �+���H�H�2�/ �i�?�2�+�Q�K�T�H�2�t�B�i�v�Q�7 �� �;�`���T�?�X �h�2�K�T�2�`�H�2�v
�/�2�}�M�2�/ �� �i�`���M�b�7�Q�`�K���i�B�Q�M �i�?���i �b�i���`�i�b �r�B�i�? �� �;�`���T�? ���M�/ �+�`�2���i�2�b �� �M�2�r ���b�b�Q�+�B���i�2�/ �;�`���T�? �+���H�H�2�/ �B�i�bT�@�;�`���T�?�X ��
�b�2�`�B�2�b �Q�7 �`�2�K���`�F���#�H�2 �i�?�2�Q�`�2�K�b �i�2�H�H �m�b �i�?���i �B�7G �B�b �i�?�2T�@�;�`���T�? ���b�b�Q�+�B���i�2�/ �i�QG�- �i�?�2�M �i�?�2 �M�m�K�#�2�` �Q�7 �b�T���M�M�B�M�;
�i�`�2�2�b �Q�7G �B�b�2�t���+�i�H�v�2�[�m���H �i�Q �i�?�2 �M�m�K�#�2�` �Q�7 �T�2�`�7�2�+�i �K���i�+�?�B�M�;�b �Q�7G �(�j�y�-�N�-�R�N�-�k�R�)�X

�e



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

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

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

�B�M�+�H�m�/�2 �2�M�m�K�2�`���i�B�M�; �K���i�+�?�B�M�;�b �r�B�i�? �� �+�H���b�b�B�+ ���H�;�Q�`�B�i�?�K �+���H�H�2�/ �6�E�h�- �+�Q�M�b�i�`�m�+�i�B�M�; �b�2�i�b �Q�7

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

�m�M�/�2�`�H�v�B�M�; �/�B�b�i�`�B�+�i�b �r�B�i�? �� �J���`�F�Q�p �+�?���B�M�X �h�?�2 �T�`�Q�Q�7 �Q�7 �p���H�B�/�B�i�v �7�Q�` �T�`�m�M�2�@���M�/�@�+�?�Q�Q�b�2 �B�b

�7�Q�m�M�/ �B�M ���T�T�2�M�/�B�t�� �X

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

�;���i�B�Q�M�b�X �A�M ���9�r�2 �2�M�m�K�2�`���i�2 �T�2�`�7�2�+�i �K���i�+�?�B�M�;�b �B�M �2���+�? �Q�7 �i�?�2 �2�B�;�?�i �b�i���i�2�b �i�?���i �K���M�/���i�2

�i�r�Q�@�i�Q�@�Q�M�2 �M�2�b�i�B�M�; �U�b�2�2 �6�B�;�m�`�2�j�X �6�Q�` �b�2�p�2�`���H �Q�7 �i�?�2�b�2 �b�i���i�2�b�- �B�i �B�b �+�Q�K�T�m�i���i�B�Q�M���H�H�v �B�M�7�2���b�B�#�H�2

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

�/�2�b�+�`�B�#�2�b �?�Q�r �i�?�2�v �+���M �#�2 �2�{�+�B�2�M�i�H�v �b���K�T�H�2�/�X �A�M ���H���b�F���- �r�2 �}�M�/ �i�?���i �i�?�2 �B�M�i�2�`�T�`�2�i���i�B�Q�M �Q�7

�`�2�/�B�b�i�`�B�+�i�B�M�; �`�m�H�2�b �U�B�M �T���`�i�B�+�m�H���`�- �;�2�Q�;�`���T�?�B�+ ���/�D���+�2�M�+�v �r�?�2�M �`�2�;�B�Q�M�b ���`�2 �+�Q�M�M�2�+�i�2�/ �#�v �r���@

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

�}�t�2�/�- ���8�K�2���b�m�`�2�b �i�?�2 �T���`�i�B�b���M �i�B�H�i �Q�7 �i�?�2 �T���B�`�B�M�; �B�i�b�2�H�7 ���K�Q�M�; �i�?�2 �7�m�H�H �b�2�i �Q�7 �K���i�+�?�B�M�;�b�X

�6�B�M���H�H�v�- �B�M ���e�- �r�2 �p���`�v �i�?�2 �>�Q�m�b�2 ���M�/ �a�2�M���i�2 �/�B�b�i�`�B�+�i�b �i�?�2�K�b�2�H�p�2�b �#�v �`���M�/�Q�K�H�v ���b�b�2�K�#�H�B�M�;

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

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

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

�k ���H���b�F�� �2�H�2�+�i�Q�`���H �T�Q�H�B�i�B�+�b

�k�X�R �S���`�i�B�b���M�b�?�B�T �B�M ���H���b�F��

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

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

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

�>�B�+�F�2�H ���b �:�Q�p�2�`�M�Q�` �B�M �R�N�N�y�X �A�M ���/�/�B�i�B�Q�M�- �i�?�2�`�2 ���`�2 �M�B�M�2 �Q�`�;���M�B�x�2�/ �ó�T�Q�H�B�i�B�+���H �;�`�Q�m�T�b�ô �i�?���i

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

�Q�{�+�2�, �i�?�2 �G�B�#�2�`�i���`�B���M�- �*�Q�M�b�i�B�i�m�i�B�Q�M�- �S�`�Q�;�`�2�b�b�B�p�2�- �J�Q�/�2�`���i�2�- �:�`�2�2�M�- ���M�/ �o�2�i�2�`���M�b �S���`�i�B�2�b�-

�d



�6�B�;�m�`�2 �j�, �.�m���H �;�`���T�?�b �7�Q�` �i�?�2 �b�i���i�2�b �i�?���i �`�2�[�m�B�`�2 �i�r�Q�@�i�Q�@�Q�M�2 �M�2�b�i�B�M�;�X �h�?�2 �H�2�7�i�@�?���M�/ �+�Q�H�m�K�M
�b�?�Q�r�b �i�?�2 �>�Q�m�b�2 �/�B�b�i�`�B�+�i�b�- �r�B�i�? �i�?�2 �/�m���H �;�`���T�? �Q�p�2�`�H���B�/�X �h�?�2 �+�2�M�i�2�` �+�Q�H�m�K�M ���#�b�i�`���+�i�b �i�?�2
�;�`���T�?�- ���M�/ �i�?�2 �`�B�;�?�i�@�?���M�/ �+�Q�H�m�K�M �b�?�Q�r�b �� �M�2���`�H�v�@�T�H���M���` �2�K�#�2�/�/�B�M�; �r�B�i�? ���+�+�m�`���i�2 �/�B�b�i�`�B�+�i
�H���#�2�H�b�X �:�B�p�2�M �i�?�2�b�2 �>�Q�m�b�2 �/�B�b�i�`�B�+�i�b�- �p���H�B�/ �a�2�M���i�2 �T�H���M�b �B�M �i�?�2�b�2 �b�i���i�2�b ���`�2 �T�2�`�7�2�+�i �K���i�+�?�B�M�;�b
�Q�7 �i�?�2�b�2 �;�`���T�?�b�X

�3



�i�Q�;�2�i�?�2�` �r�B�i�? �i�?�2 �K�Q�`�2 �7�`�B�M�;�2 �P�q�G �S���`�i�v�- �S���i�`�B�Q�i�ö�b �S���`�i�v�- ���M�/ �l�*�1�a �*�H�Q�r�M�b �S���`�i�v�X�9

�h�?�2 �+�m�`�`�2�M�i �:�Q�p�2�`�M�Q�` �Q�7 ���H���b�F�� �B�b �_�2�T�m�#�H�B�+���M �J�B�F�2 �.�m�M�H�2���p�v�- �r�?�Q�b�2 �T�`�2�/�2�+�2�b�b�Q�` �"�B�H�H

�q���H�F�2�` �`���M ���b ���M �A�M�/�2�T�2�M�/�2�M�i �i�Q �#�2�+�Q�K�2 �i�?�2 �Q�M�H�v �`�2�+�2�M�i �l�X�a�X �:�Q�p�2�`�M�Q�` �M�Q�i �7�`�Q�K �Q�M�2 �Q�7 �i�?�2

�i�r�Q �K���D�Q�` �T���`�i�B�2�b�X �U�q���H�F�2�` �?���/ �T�`�2�p�B�Q�m�b�H�v �H�2�7�i �i�?�2 �_�2�T�m�#�H�B�+���M �S���`�i�v ���M�/ �i�?�2�M �b�m�+�+�2�b�b�7�m�H�H�v

�`���M ���b ���M �A�M�/�2�T�2�M�/�2�M�i �+���M�/�B�/���i�2�- �r�B�i�? �� �.�2�K�Q�+�`���i�B�+ �+���M�/�B�/���i�2 �7�Q�` �G�B�2�m�i�2�M���M�i �:�Q�p�2�`�M�Q�`�X�V

�A�M �k�y�R�9�- ���H���b�F�� �?���/ �i�?�2 �}�`�b�i �l�X�a�X �a�2�M���i�Q�` �B�M �K�Q�`�2 �i�?���M �8�y �v�2���`�b �i�Q �r�B�M �2�H�2�+�i�B�Q�M ���b �� �r�`�B�i�2�@�B�M

�+���M�/�B�/���i�2�- �a�2�M���i�Q�` �G�B�b�� �J�m�`�F�Q�r�b�F�B�X

�6�B�;�m�`�2 �9�, �h�`�m�K�T �b�?���`�2 �Q�7 �K���D�Q�`�@�T���`�i�v �S�`�2�b�B�/�2�M�i�B���H �p�Q�i�2 �T�2�` �T�`�2�+�B�M�+�i�- �b�B�x�2�/ �#�v �M�m�K�#�2�` �Q�7
�p�Q�i�2�b �+���b�i�X

���H���b�F�� �B�b ���H�b�Q �m�M�B�[�m�2 �B�M �B�i�b �;�2�Q�;�`���T�?�B�+ �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �K���D�Q�` �T���`�i�B�2�b�ö �b�i�`�2�M�;�i�?�b�X �l�M�@

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

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

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

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

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

�r�B�i�? �k�N�R�-�3�k�e �Q�m�i �Q�7 ���H���b�F���ö�b �d�R�y�-�k�j�R �`�2�b�B�/�2�M�i�b �B�M �*�2�M�b�m�b �k�y�R�y���p�Q�i�2�b �_�2�T�m�#�H�B�+���M �Q�p�2�`���H�H

�B�M �`�2�+�2�M�i �T�`�2�b�B�/�2�M�i�B���H �`���+�2�b�- �K���F�B�M�; �B�i �� �`���`�2 �+�B�i�v �Q�7 �B�i�b �b�B�x�2 �i�Q �/�Q �b�Q�X�8

���H�i�?�Q�m�;�? �B�i �B�b �Q�M�2 �Q�7 �i�?�2 �ó�`�2�/�/�2�b�i�ô �b�i���i�2�b �B�M �M���i�B�Q�M���H �i�2�`�K�b�- �i�?�2 �_�2�T�m�#�H�B�+���M�@�.�2�K�Q�+�`���i�B�+

�b�T�H�B�i �B�b �M�Q�i �i�?�2 �7�m�M�/���K�2�M�i���H �/�B�p�B�/�2 �B�M ���H���b�F���M �T�Q�H�B�i�B�+�b�X �1�t�i�`�2�K�2�H�v �+�Q�M�b�2�`�p���i�B�p�2 �_�2�T�m�#�H�B�+���M�b

���`�2 �b�Q�K�2�i�B�K�2�b �#���H���M�+�2�/ �#�v �� �i�2�M�m�Q�m�b �+�Q���H�B�i�B�Q�M �Q�7 �K�Q�/�2�`���i�2 �_�2�T�m�#�H�B�+���M�b�- �.�2�K�Q�+�`���i�b�- ���M�/

�A�M�/�2�T�2�M�/�2�M�i�b�- �r�?�B�+�? �+�m�`�`�2�M�i�H�v ���H�B�;�M�b �i�Q �;�B�p�2 �M�2�i �.�2�K�Q�+�`���i�B�+ �+�Q�M�i�`�Q�H �B�M �i�?�2 �b�i���i�2 �>�Q�m�b�2�X �A�M

�9�a�2�2�?�i�i�T�,�f�f�r�r�r�X�2�H�2�+�i�B�Q�M�b�X���H���b�F���X�;�Q�p�f�*�Q�`�2�f�T�Q�H�B�i�B�+���H�;�`�Q�m�T�b�X�T�?�T�X
�8�A�M �i�?�2 �k�y�R�e �S�`�2�b�B�/�2�M�i�B���H �`���+�2�- �h�`�m�K�T�ö�b �b�?���`�2 �Q�7 �i�?�2 �K���D�Q�` �T���`�i�v �p�Q�i�2 �r���b �8�3�X�9�W �b�i���i�2�r�B�/�2 ���M�/ �8�j�X�R�W

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

�N



�k�y�R�3�- ���M �A�M�/�2�T�2�M�/�2�M�i�- �G�B�#�2�`�i���`�B���M�- �Q�` �L�Q�M�T���`�i�B�b���M �+���M�/�B�/���i�2 �`���M �B�M �M�B�M�2 �Q�7 �i�?�2 �9�y �>�Q�m�b�2

�/�B�b�i�`�B�+�i�b�c ���M �A�M�/�2�T�2�M�/�2�M�i �r�Q�M �B�M �Q�M�2 �/�B�b�i�`�B�+�i ���M�/ �Q�M�2 �.�2�K�Q�+�`���i�B�+ �+���M�/�B�/���i�2 �+�?���M�;�2�/ �?�B�b

���{�H�B���i�B�Q�M �i�Q �m�M�/�2�+�H���`�2�/ ���7�i�2�` �r�B�M�M�B�M�; �(�9�)�X �A�M ���`�2���b �r�?�2�`�2 �i�?�2 �.�2�K�Q�+�`���i�B�+ �T���`�i�v �H���#�2�H �B�b

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

�h�?�2 �K���D�Q�`�B�i�v �+���m�+�m�b �B�M �i�?�2 �>�Q�m�b�2 �Q�`�B�;�B�M���H�H�v �+�Q�M�b�B�b�i�2�/ �Q�7 �k�8 �K�2�K�#�2�`�b�, ���H�H �R�8 �.�2�K�Q�+�`���i�b�-

�i�?�2 �i�r�Q �m�M���{�H�B���i�2�/ �K�2�K�#�2�`�b�- ���M�/ �2�B�;�?�i �_�2�T�m�#�H�B�+���M�b �(�9�)�X�e �P�M �i�?�2 �Q�i�?�2�` �?���M�/�- �Q�M�2 �b�i���i�2

�a�2�M���i�Q�` �2�H�2�+�i�2�/ ���b �� �.�2�K�Q�+�`���i �+���m�+�m�b�2�b �r�B�i�? �i�?�2 �_�2�T�m�#�H�B�+���M �K���D�Q�`�B�i�v �B�M �i�?���i �#�Q�/�v �(�k�)�X

�k�X�k �_���+�B���H �/�2�K�Q�;�`���T�?�B�+�b ���M�/ �i�?�2 �o�Q�i�B�M�; �_�B�;�?�i�b ���+�i

�h�?�2 �k�y�R�y �*�2�M�b�m�b �`�2�T�Q�`�i�b ���H���b�F���ö�b �`���+�B���H �/�2�K�Q�;�`���T�?�B�+�b ���b �`�Q�m�;�?�H�v �e�W �>�B�b�T���M�B�+�- �r�B�i�? �M�Q�M�@

�>�B�b�T���M�B�+ �T�Q�T�m�H���i�B�Q�M �+�Q�K�T�`�B�b�B�M�; �e�j�W �q�?�B�i�2�- �j�X�8�W �"�H���+�F�- �8�X�8�W ���b�B���M�- ���M�/ �R�8�W ���H���b�F��

�L���i�B�p�2 �Q�` �Q�i�?�2�` �L���i�B�p�2 ���K�2�`�B�+���M ���b �b�?���`�2�b �Q�7 �i�?�2 �i�Q�i���H�X ���M ���/�/�B�i�B�Q�M���H �N�W �Q�7 �`�2�b�B�/�2�M�i�b ���`�2

�`�2�+�Q�`�/�2�/ ���b �#�2�H�Q�M�;�B�M�; �i�Q �Q�i�?�2�` �`���+�2�b�- �Q�` �i�Q �i�r�Q �Q�` �K�Q�`�2 �`���+�2�b�X �6�B�;�m�`�2�8�b�?�Q�r�b �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M

�Q�7 ���H���b�F�� �L���i�B�p�2 �Q�` �Q�i�?�2�` �L���i�B�p�2 ���K�2�`�B�+���M �`�2�b�B�/�2�M�i�b ���+�`�Q�b�b �i�?�2 �b�i���i�2�X

�6�B�;�m�`�2 �8�, �S�`�Q�T�Q�`�i�B�Q�M �Q�7 ���H���b�F�� �L���i�B�p�2 �Q�` �Q�i�?�2�` �L���i�B�p�2 ���K�2�`�B�+���M �`�2�b�B�/�2�M�i�b ���+�`�Q�b�b ���H���b�F���X
�h�?�2 �+�Q�H�Q�` �b�+���H�2 �B�b �B�M �2�[�m���H �B�M�i�2�`�p���H�b �Q�7 �k�y�W�c �i�?�2 �/���`�F�2�b�i �b�?���/�2 �K���`�F�b �T�`�2�+�B�M�+�i�b �i�?���i ���`�2
�3�y�@�R�y�y�W �L���i�B�p�2�X

�h�?�2 �H���`�;�2 ���H���b�F�� �L���i�B�p�2 �T�Q�T�m�H���i�B�Q�M �?���b �H�Q�M�; �#�2�2�M �b�B�M�;�H�2�/ �Q�m�i �7�Q�` �7�2�/�2�`���H �T�`�Q�i�2�+�i�B�Q�M

�m�M�/�2�` �i�?�2 �o�Q�i�B�M�; �_�B�;�?�i�b ���+�i �Q�7 �R�N�e�8�- �b�T�2�+�B�}�+���H�H�v �a�2�+�i�B�Q�M �8 �Q�7 �i�?�2 �o�_���- �r�?�B�+�? �`�2�[�m�B�`�2�/

�+�Q�p�2�`�2�/ �D�m�`�B�b�/�B�+�i�B�Q�M�b �i�Q �b�2�2�F �T�`�B�Q�` �7�2�/�2�`���H ���T�T�`�Q�p���H �U�Q�` �ó�T�`�2�+�H�2���`���M�+�2�ô�V �7�Q�` ���M�v �+�?���M�;�2�b �i�Q

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

�e�h�r�2�M�i�v�@�Q�M�2 �K�2�K�#�2�`�b �U�R�8 �.�2�K�Q�+�`���i�B�+�- �9 �_�2�T�m�#�H�B�+���M�- ���M�/ �i�r�Q �m�M���{�H�B���i�2�/�V �p�Q�i�2�/ �i�Q�;�2�i�?�2�` �i�Q �2�H�2�+�i �i�?�2
�+�m�`�`�2�M�i �a�T�2���F�2�` �U�r�?�Q �`���M �7�Q�` �?�B�b �>�Q�m�b�2 �b�2���i ���b �� �.�2�K�Q�+�`���i �#�m�i �#�2�+���K�2 �m�M���{�H�B���i�2�/ �D�m�b�i �/���v�b �#�2�7�Q�`�2 �#�2�B�M�;
�2�H�2�+�i�2�/ �a�T�2���F�2�`�V�X �6�Q�m�` �K�Q�`�2 �_�2�T�m�#�H�B�+���M�b �D�Q�B�M�2�/ �i�Q �2�b�i���#�H�B�b�? �i�?�2 �K���D�Q�`�B�i�v �+���m�+�m�b�X �A�M �J���v �k�y�R�N�- �?�Q�r�2�p�2�`�-
�Q�M�2 �_�2�T�m�#�H�B�+���M �H�2�7�i �i�?�2 �>�Q�m�b�2 �K���D�Q�`�B�i�v �+�Q���H�B�i�B�Q�M �(�9�-�j�)�X

�R�y



�ó�H�B�i�2�`���+�v �i�2�b�i�b�ô���B�M �i�?�B�b �+���b�2�- �1�M�;�H�B�b�?�@�H���M�;�m���;�2 �i�2�b�i�b �m�b�2�/ �i�Q �/�2�M�v �p�Q�i�B�M�; �2�H�B�;�B�#�B�H�B�i�v �i�Q �L���i�B�p�2

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

�(�j�k�)�X�d �h�?�Q�m�;�? �i�?�2 �a�m�T�`�2�K�2 �*�Q�m�`�i �2�M�/�2�/ �i�?�2 �T�`���+�i�B�+�2 �Q�7 �T�`�2�+�H�2���`���M�+�2 �r�B�i�? �a�?�2�H�#�v �p�X �>�Q�H�/�2�`

�U�k�y�R�j�V�- ���H�H �b�i���i�2�b ���`�2 �b�i�B�H�H �#�Q�m�M�/ �#�v �i�?�2 �o�_�� �`�2�[�m�B�`�2�K�2�M�i �i�Q ���z�Q�`�/ �K�B�M�Q�`�B�i�v �;�`�Q�m�T�b �i�?�2

���#�B�H�B�i�v �i�Q �2�H�2�+�i �� �+���M�/�B�/���i�2 �Q�7 �i�?�2�B�` �+�?�Q�B�+�2 �r�?�2�`�2 �T�Q�b�b�B�#�H�2�X�3 �A�b�b�m�2�b �Q�7 �7���B�` �`�2�T�`�2�b�2�M�i���i�B�Q�M ���M�/

�#���H�H�Q�i ���+�+�2�b�b �7�Q�` �i�?�2 �`�m�`���H �L���i�B�p�2 �T�Q�T�m�H���i�B�Q�M ���`�2 �b�i�B�H�H �?�B�;�?�H�v ���+�i�B�p�2 �B�M ���H���b�F�� �(�R�y�)�X

�k�X�j �_�2�/�B�b�i�`�B�+�i�B�M�; �`�m�H�2�b ���M�/ �T�`���+�i�B�+�2�b

�6�Q�H�H�Q�r�B�M�; �� �R�N�N�3 �b�i���i�2 �+�Q�M�b�i�B�i�m�i�B�Q�M���H ���K�2�M�/�K�2�M�i�- �� �}�p�2�@�K�2�K�#�2�` ���H���b�F�� �_�2�/�B�b�i�`�B�+�i�B�M�;

�"�Q���`�/ �r���b �7�Q�`�K�2�/ �i�Q �/�`���r �M�2�r �/�B�b�i�`�B�+�i �H�B�M�2�b ���7�i�2�` �2���+�? �/�2�+�2�M�M�B���H �+�2�M�b�m�b �(�R�e�)�X �h�?�2 �>�Q�m�b�2

�b�T�2���F�2�`�- �a�2�M���i�2 �T�`�2�b�B�/�2�M�i�- ���M�/ �*�?�B�2�7 �C�m�b�i�B�+�2 �Q�7 �i�?�2 �b�i���i�2 �a�m�T�`�2�K�2 �*�Q�m�`�i �2���+�? �+�?�Q�Q�b�2 �Q�M�2

�K�2�K�#�2�` �Q�7 �i�?�2 �#�Q���`�/�- ���M�/ �i�?�2 �:�Q�p�2�`�M�Q�` �+�?�Q�Q�b�2�b �i�r�Q�X ���i �H�2���b�i �i�?�`�2�2 �K�2�K�#�2�`�b �Q�7 �i�?�2 �#�Q���`�/

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

�/���M�+�2 �r�B�i�? �i�?�2 �b�i���i�2 �*�Q�M�b�i�B�i�m�i�B�Q�M�- �r�?�B�+�? �`�2�[�m�B�`�2�b �i�?���i �>�Q�m�b�2 �/�B�b�i�`�B�+�i�b �#�2 �ó�+�Q�M�i�B�;�m�Q�m�b ���M�/

�+�Q�K�T���+�i �i�2�`�`�B�i�Q�`�v �+�Q�M�i���B�M�B�M�; ���b �M�2���`�H�v ���b �T�`���+�i�B�+���#�H�2 �� �`�2�H���i�B�p�2�H�v �B�M�i�2�;�`���i�2�/ �b�Q�+�B�Q�@�2�+�Q�M�Q�K�B�+

���`�2���X�X�X�X �(���M�/�) �+�Q�M�i���B�M�(�B�M�;�) �� �T�Q�T�m�H���i�B�Q�M ���b �M�2���` ���b �T�`���+�i�B�+���#�H�2 �i�Q �i�?�2 �[�m�Q�i�B�2�M�i �Q�#�i���B�M�2�/ �#�v

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

���b �M�2���` ���b �T�`���+�i�B�+���#�H�2 �Q�7 �i�r�Q �+�Q�M�i�B�;�m�Q�m�b �?�Q�m�b�2 �/�B�b�i�`�B�+�i�b�ô �r�B�i�?�Q�m�i �7�m�`�i�?�2�` �+�Q�M�b�i�`���B�M�i�b �(�k�N�)�X�N

�"���H���M�+�B�M�; �i�?�2 �`�2�[�m�B�`�2�K�2�M�i�b �Q�7 �i�?�2 �o�_�� ���M�/ �i�?�2 �;�m�B�/�2�H�B�M�2�b �Q�7 �i�?�2 �b�i���i�2 �*�Q�M�b�i�B�i�m�i�B�Q�M��

�+�Q�K�T���+�i�M�2�b�b �B�M �T���`�i�B�+�m�H���`���K�2���M�b �i�?���i ���H���b�F���ö�b �>�Q�m�b�2 ���M�/ �a�2�M���i�2 �/�B�b�i�`�B�+�i�b �?���p�2 �i�Q �#�2 �/�`���r�M

�B�M �� �+�Q�Q�`�/�B�M���i�2�/ �7���b�?�B�Q�M �B�M �K�Q�b�i �Q�7 �i�?�2 �b�i���i�2�X �"�m�i ���H���b�F���ö�b �`�2�H���i�B�p�2�H�v �m�`�#���M �+�2�M�i�2�`�b �Q�7

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

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

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

�B�M ���H���b�F���X �h�?�2 �K���T�b �/�`���r�M ���7�i�2�` �i�?�2 �k�y�y�y �*�2�M�b�m�b �r�2�`�2 ���+�+�m�b�2�/ �Q�7 �#�2�B�M�; �� �.�2�K�Q�+�`���i�B�+

�d�a�B�M�+�2 �R�N�d�R�- �i�?�2 �B�M�/�B�;�2�M�Q�m�b �T�2�Q�T�H�2 �Q�7 ���H���b�F�� ���`�2 �Q�`�;���M�B�x�2�/ �B�M�i�Q �i�?�B�`�i�2�2�M �`�2�;�B�Q�M���H �h�`�B�#���H �*�Q�`�T�Q�`���i�B�Q�M�b
�i�Q ���/�K�B�M�B�b�i�2�` �H���M�/ ���M�/ �}�M���M�+�2�b�X �h�?�2 �+�m�`�`�2�M�i �H�2�;���H �H���M�/�b�+���T�2 �;�B�p�2�b �i�?�2 �+�Q�`�T�Q�`���i�B�Q�M�b �b�m�#�b�i���M�i�B���H �}�M���M�+�B���H
�+�H�Q�m�i�- �r�?�B�+�? �/�Q�2�b �M�Q�i �i�`���M�b�H���i�2 �i�Q �+�Q�K�K�2�M�b�m�`���i�2 �T�Q�H�B�i�B�+���H �`�2�T�`�2�b�2�M�i���i�B�Q�M �7�Q�` �i�?�2 �#�`�Q���/�2�` �L���i�B�p�2 ���H���b�F���M
�T�Q�T�m�H���i�B�Q�M�X

�3�a�i���i�2 �+�Q�m�`�i�b �?���p�2 �2�b�i���#�H�B�b�?�2�/ �i�?���i ���H���b�F�� �`�2�/�B�b�i�`�B�+�i�2�`�b �K�m�b�i �+�Q�M�b�B�/�2�` �i�?�2 �b�i���i�2�ö�b �+�Q�M�b�i�B�i�m�i�B�Q�M���H �`�2�[�m�B�`�2�@
�K�2�M�i�b �7�Q�` �/�B�b�i�`�B�+�i�b �#�2�7�Q�`�2 �+�Q�M�b�B�/�2�`�B�M�; �i�?�2 �`�2�[�m�B�`�2�K�2�M�i�b �Q�7 �i�?�2 �o�Q�i�B�M�; �_�B�;�?�i�b ���+�i�X ���H���b�F���ö�b �+�Q�m�`�i�b �?���p�2
�2�M�7�Q�`�+�2�/ �i�?�B�b �?�B�2�`���`�+�?�v �b�2�p�2�`���H �i�B�K�2�b�- �B�M�+�H�m�/�B�M�; �K�Q�b�i �`�2�+�2�M�i�H�v �B�M �� �k�y�R�k �`�m�H�B�M�; �i�?���i �B�M�p���H�B�/���i�2�/ �i�?�2 �K���T�b
�m�b�2�/ �B�M �i�?���i �v�2���`�ö�b �2�H�2�+�i�B�Q�M�b �(�k�8�)�X

�N���b �7���` ���b �r�2 ���`�2 ���r���`�2�- �i�?�2 �b�Q�+�B�Q�@�2�+�Q�M�Q�K�B�+ �+�H���m�b�2 �?���b �M�2�p�2�` �#�2�2�M �Q�T�2�`���i�B�Q�M���H�B�x�2�/ �Q�` �2�M�7�Q�`�+�2�/�X

�R�R



�;�2�`�`�v�K���M�/�2�`�- �r�?�B�H�2 �.�2�K�Q�+�`���i�b �?���p�2 �+���H�H�2�/ �i�?�2 �T�Q�b�i�@�k�y�R�y �K���T�b �U�/�`���r�M �#�v �� �#�Q���`�/ �r�B�i�? ��

�9�@�R �_�2�T�m�#�H�B�+���M �K���D�Q�`�B�i�v�V �� �_�2�T�m�#�H�B�+���M �;�2�`�`�v�K���M�/�2�` �(�k�8�)�X �h�?�2 �7���+�i �i�?���i �� �.�2�K�Q�+�`���i�B�+�@�H�2�/

�+���m�+�m�b �+�Q�M�i�`�Q�H�b �i�?�2 �>�Q�m�b�2 �r�?�B�H�2 �_�2�T�m�#�H�B�+���M�b �?���p�2 �k�f�j �+�Q�M�i�`�Q�H �Q�7 �i�?�2 �a�2�M���i�2 �H�2�M�/�b �+�`�2�/�2�M�+�2

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

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

�k�X�9 �P�m�` �+�?�Q�B�+�2 �Q�7 �2�H�2�+�i�B�Q�M �/���i��

�A�M ���H���b�F���- �i�?�`�2�2 �i�v�T�2�b �Q�7 �`���+�2�b �Q�+�+�m�` �b�i���i�2�r�B�/�2�X �h�?�2 �2�M�i�B�`�2 �b�i���i�2 �p�Q�i�2�b �7�Q�` �� �:�Q�p�2�`�M�Q�` ���M�/

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

�i�Q �i�?�2 �l�X�a�X �>�Q�m�b�2 �Q�7 �_�2�T�`�2�b�2�M�i���i�B�p�2�b �2�p�2�`�v �i�r�Q �v�2���`�b�c ���M�/ �i�?�2�v �2�H�2�+�i �� �l�X�a�X �a�2�M���i�Q�` �7�Q�` ��

�i�2�`�K �Q�7 �e �v�2���`�b �B�M �i�?�2 �*�H���b�b �k ���M�/ �*�H���b�b �j �+�v�+�H�2�b�X

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

�B�M �C�m�H�v �k�y�R�j�X �U�� �K���T ���T�T�`�Q�p�2�/ �7�Q�` �i�2�K�T�Q�`���`�v �m�b�2 �B�M �k�y�R�k �r���b �`�2�T�H���+�2�/ ���7�i�2�` �H�B�i�B�;���i�B�Q�M�X�V

�a�2�p�2�M �b�i���i�2�r�B�/�2 �`���+�2�b �Q�+�+�m�`�`�2�/ �B�M �i�?�B�b �i�B�K�2 �T�2�`�B�Q�/�,
�:�Q�p�R�9�q���H�F�2��̀U�A�f�.�V �(�9�3�X�R�y�W�) �S���`�M�2�H�H �U�_�V �(�9�8�X�3�3�W�)

�*�Q�M�;�R�9�u�Q�m�M�;�U�_�V �(�8�y�X�N�d�W�) �.�m�M�#���` �U�.�V �(�9�y�X�N�d�W�)

�J�+�.�2�`�K�Q�i�i �U�G�V �(�d�X�e�R�W�)

�a�2�M�R�9�a�m�H�H�B�p���M�U�_�V �(�9�d�X�N�e�W�) �"�2�;�B�+�? �U�.�V �(�9�8�X�3�j�W�)

�*�Q�M�;�R�e�u�Q�m�M�;�U�_�V �(�8�y�X�j�k�W�) �G�B�M�/�#�2�+�F �U�.�V �(�j�e�X�y�k�W�)

�J�+�.�2�`�K�Q�i�i �U�G�V �(�R�y�X�j�R�W�)

�a�2�M�R�e�J�m�`�F�Q�r�b�F�B�U�_�V �(�9�9�X�j�e�W�) �J�B�H�H�2�` �U�G�V �(�k�N�X�R�e�W�)

�a�i�Q�+�F �U�A�V �(�R�j�X�k�j�W�)

�J�2�i�+���H�7�2 �U�.�V �(�R�R�X�e�k�W�)

�*�Q�M�;�R�3�u�Q�m�M�;�U�_�V �(�8�j�X�y�3�W�) �:���H�p�B�M �U�.�V �(�9�e�X�8�y�W�)

�:�Q�p�R�3�.�m�M�H�2���p�v�U�_�V �(�8�R�X�9�9�W�) �"�2�;�B�+�? �U�.�V �(�9�9�X�9�R�W�)

�h�?�2 �H�B�b�i �B�M�+�H�m�/�2�b ���H�H �+���M�/�B�/���i�2�b �r�B�i�? ���i �H�2���b�i �8�W �Q�7 �i�?�2 �p�Q�i�2 �B�M ���M�v �`���+�2�X�R�y

�q�2 �r�B�H�H �m�b�2 �i�?�2 �*�Q�M�;�R�3 ���M�/ �:�Q�p�R�3 �`���+�2�b ���b �i�?�2 �7�m�M�/���K�2�M�i���H �2�H�2�+�i�Q�`���H �/���i�� �7�Q�` �i�?�2

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

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

�T���i�i�2�`�M�b �Q�7 �T���`�i�v �b�m�T�T�Q�`�i �#�m�i �b�B�K�B�H���` �#�Q�i�i�Q�K�@�H�B�M�2 �T���`�i�B�b���M �b�?���`�2�b�X �h�?�2 �i�r�Q�@�T���`�i�v �p�Q�i�2

�b�?���`�2 �7�Q�` �i�?�2 �.�2�K�Q�+�`���i �B�M �i�?�Q�b�2 �`���+�2�b �r���b �9�e�X�d�W �7�Q�` ���H�v�b�2 �:���H�p�B�M ���;���B�M�b�i �.�Q�M �u�Q�m�M�; �7�Q�`

�R�y�q���H�F�2�` �`���M �7�Q�` �:�Q�p�R�9 ���b ���M �A�M�/�2�T�2�M�/�2�M�i�- �#�m�i �r�B�i�? �� �.�2�K�Q�+�`���i�B�+ �`�m�M�M�B�M�; �K���i�2�X �A�M �:�Q�p�R�3�- �q���H�F�2�`
�/�`�Q�T�T�2�/ �Q�m�i ���M�/ �m�H�i�B�K���i�2�H�v �`�2�+�2�B�p�2�/ �D�m�b�i �k�W �Q�7 �i�?�2 �p�Q�i�2�X

�R�k



�:�Q�p�R�3�@�L �T���`�i�v �b�?���`�2 �:�Q�p�R�3�@�� �T���`�i�v �b�?���`�2

�*�Q�M�;�R�3�@�L �T���`�i�v �b�?���`�2 �*�Q�M�;�R�3�@�� �T���`�i�v �b�?���`�2

�6�B�;�m�`�2 �e�, �h�?�2�b�2 �+�?�Q�`�Q�T�H�2�i�? �B�K���;�2�b �b�?�Q�r �i�?���i �T���`�i�v �T�`�2�7�2�`�2�M�+�2�b �B�M �i�?�2 �:�Q�p�2�`�M�Q�` �`���+�2 ���`�2
�b�T���i�B���H�B�x�2�/ �p�2�`�v �/�B�z�2�`�2�M�i�H�v �7�`�Q�K �i�?�2 �l�X�a�X �>�Q�m�b�2 �`���+�2�- �2�p�2�M �i�?�Q�m�;�? �i�?�2 �b�i���i�2�r�B�/�2 �T���`�i�v
�b�?���`�2 �B�b �M�2���`�H�v �B�/�2�M�i�B�+���H�X �P�M �i�?�2 �Q�i�?�2�` �?���M�/�- �i�?�2�`�2 �B�b �H�B�i�i�H�2 �p�B�b�B�#�H�2 �+�?���M�;�2 �r�B�i�? ���M�/ �r�B�i�?�Q�m�i
�B�M�+�H�m�/�B�M�; ���#�b�2�M�i�2�2 �#���H�H�Q�i�b �U�K���`�F�2�/ �r�B�i�? �� ���M�/ �L�- �`�2�b�T�2�+�i�B�p�2�H�v�V�- �i�?�Q�m�;�? �i�?�B�b �/�Q�2�b �?���p�2 ��
�b�B�;�M�B�}�+���M�i �#�Q�i�i�Q�K�@�H�B�M�2 �T���`�i�B�b���M �B�K�T���+�i�X

�*�Q�M�;�`�2�b�b ���M�/ �9�e�X�j�W �7�Q�` �J���`�F �"�2�;�B�+�? ���;���B�M�b�i �J�B�F�2 �.�m�M�H�2���p�v �7�Q�` �:�Q�p�2�`�M�Q�`�X�R�R

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

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

���`�2 ���H�H �`�2�T�Q�`�i�2�/ �#�v �H�2�;�B�b�H���i�B�p�2 �>�Q�m�b�2 �/�B�b�i�`�B�+�i�X �6�Q�` �7�2�/�2�`���H �`���+�2�b �b�m�+�? ���b �i�?�2 �l�X�a�X �>�Q�m�b�2�- ��

�b�K���H�H �M�m�K�#�2�` �Q�7 �Q�p�2�`�b�2���b �K�B�H�B�i���`�v �#���H�H�Q�i�b ���`�2 ���H�b�Q �`�2�T�Q�`�i�2�/ �Q�M �� �b�i���i�2�r�B�/�2 �#���b�B�b�X �A�M �i�?�2 �k�y�R�3

�l�X�a�X �>�Q�m�b�2 �`���+�2�- �j�j�X�j�e�W �Q�7 �`�2�T�Q�`�i�2�/ �#���H�H�Q�i�b �r�2�`�2 �m�M�T�`�2�+�B�M�+�i�2�/�X �A�M �i�?�2 �k�y�R�3 �:�Q�p�2�`�M�Q�` �`���+�2�-

�j�9�X�R�3�W �Q�7 �#���H�H�Q�i�b �r�2�`�2 �m�M�T�`�2�+�B�M�+�i�2�/�X �U�6�Q�` �2���b�2 �Q�7 �`�2�7�2�`�2�M�+�2�- �r�2 �r�B�H�H �+���H�H ���H�H �m�M�T�`�2�+�B�M�+�i�2�/

�#���H�H�Q�i�b �ó���#�b�2�M�i�2�2�ô �#�2�H�Q�r�X�V �q�2 �`�2�T�Q�`�i �`�2�b�m�H�i�b �7�Q�` �2���+�? �2�H�2�+�i�B�Q�M �#�Q�i�? �B�M�+�H�m�/�B�M�; ���M�/ �2�t�+�H�m�/�B�M�;

�i�?�2 ���#�b�2�M�i�2�2 �#���H�H�Q�i�b�X �h�?�m�b �Q�m�` �7�Q�m�`�2�H�2�+�i�B�Q�M �i� �̀2���i�K�2�M�i�b�+���M �#�2 �H���#�2�H�2�/ �:�Q�p�R�3�@�L�- �:�Q�p�R�3�@���-

�*�Q�M�;�R�3�@�L�- ���M�/ �*�Q�M�;�R�3�@���- �r�?�2�`�2 �i�?�2 �L �p�2�`�b�B�Q�M�b �/�`�Q�T ���#�b�2�M�i�2�2 �#���H�H�Q�i�b �7�`�Q�K �i�?�2 �i���H�H�v ���M�/

�R�R�q�2 �M�Q�i�2 �i�?���i �i�?�2 �[�m�2�b�i�B�Q�M �Q�7 �T�`�2�7�2�`�`�B�M�; �2�M�/�Q�;�2�M�Q�m�b �Q�` �2�t�Q�;�2�M�Q�m�b �2�H�2�+�i�B�Q�M �/���i�� �7�Q�` �`�2�/�B�b�i�`�B�+�i�B�M�; ���M���H�v�b�B�b
�B�b �� �H�B�p�2 �Q�M�2 �B�M �T�Q�H�B�i�B�+���H �b�+�B�2�M�+�2�- ���b �`�2�~�2�+�i�2�/ �7�Q�` �B�M�b�i���M�+�2 �B�M �i�?�2 ���`�i�B�+�H�2�- �`�2�D�Q�B�M�/�2�`�- ���M�/ �`�2�b�T�Q�M�b�2 �#�2�i�r�2�2�M
�"�2�b�i �2�i ���H ���M�/ �J�+�:�?�2�2 �B�M �i�?�2 �J���`�+�? �k�y�R�3 �B�b�b�m�2 �Q�7 �i�?�2 �1�H�2�+�i�B�Q�M �G���r �C�Q�m�`�M���H �(�d�- �k�e�- �e�)�X �P�m�` �`�2�b�2���`�+�?
�;�`�Q�m�T �B�M�+�H�B�M�2�b �i�Q �i�?�2 �m�b�2 �Q�7 �r�2�H�H�@�+�?�Q�b�2�M �2�t�Q�;�2�M�Q�m�b �U�b�i���i�2�r�B�/�2�V �2�H�2�+�i�B�Q�M �/���i�� �B�M �;�2�M�2�`���H�- �#�m�i �r�2 �7�m�`�i�?�2�` �M�Q�i�2
�i�?���i �m�b�B�M�; �2�M�/�Q�;�2�M�Q�m�b �/���i�� �r�Q�m�H�/ �#�2 �7�Q�`�#�B�/�/�B�M�; �B�M �i�?�2 ���H���b�F�� �H�2�;�B�b�H���i�m�`�2�X �"�2�b�B�/�2�b �� �b�B�;�M�B�}�+���M�i �M�m�K�#�2�`
�Q�7 �m�M�+�Q�M�i�2�b�i�2�/ �`���+�2�b�- �i�?�2�b�2 �H�2�;�B�b�H���i�B�p�2 �`���+�2�b ���H�b�Q �7�2���i�m�`�2 �� �T�`�Q�H�B�7�2�`���i�B�Q�M �Q�7 �K�B�M�Q�` �T���`�i�B�2�b �U�/�2�b�+�`�B�#�2�/ ���#�Q�p�2�V�-
�K���F�B�M�; �� �`�2�;�`�2�b�b�B�Q�M ���M���H�v�b�B�b �T���`�i�B�+�m�H���`�H�v �B�M���/�2�[�m���i�2 �i�Q �+�H�2���M�H�v �K�Q�/�2�H �p�Q�i�2�`�b�ö �T�`�2�7�2�`�2�M�+�2�b �#�2�i�r�2�2�M �i�?�2 �i�r�Q
�K���D�Q�` �T���`�i�B�2�b�X

�R�j



�i�?�2 �� �p�2�`�b�B�Q�M�b �B�M�+�H�m�/�2 �i�?�2�K�X �A�M ���e�- �r�2 �M�2�2�/ �i�Q �F�M�Q�r �i�?�2 �T�`�2�+�B�M�+�i �H�Q�+���i�B�Q�M �Q�7 �i�?�2 �p�Q�i�2�b�c �7�Q�`

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

�h���#�H�2�R�b�?�Q�r�b �+�H�2���`�H�v �i�?���i ���#�b�2�M�i�2�2 �#���H�H�Q�i�b �+�Q�H�H�2�+�i�B�p�2�H�v �7���p�Q�` �.�2�K�Q�+�`���i�b �#�v �`�Q�m�;�?�H�v �i�r�Q

�T�2�`�+�2�M�i���;�2 �T�Q�B�M�i�b �T�2�` �>�Q�m�b�2 �/�B�b�i�`�B�+�i�X �P�M�H�v �/�B�b�i�`�B�+�i�b �j�d ���M�/ �j�3 �?���p�2 �� �_�2�T�m�#�H�B�+���M �H�2���M �B�M

�i�?�2 ���#�b�2�M�i�2�2 �#���H�H�Q�i�b �B�M �2�B�i�?�2�` �2�H�2�+�i�B�Q�M�X

�h���#�H�2 �R�, �h�?�B�b �i���#�H�2 �b�?�Q�r�b �?�Q�r �i�?�2 �+�m�`�`�2�M�i�H�v �2�M���+�i�2�/ �>�Q�m�b�2 ���M�/ �a�2�M���i�2 �/�B�b�i�`�B�+�i�b �7���H�H �r�B�i�?
�`�2�b�T�2�+�i �i�Q �i�?�2 �p�Q�i�B�M�; �T���i�i�2�`�M�b �7�`�Q�K �Q�m�` �i�r�Q �b�2�H�2�+�i�2�/ �2�H�2�+�i�B�Q�M�b�X �h�?�2 �B�M�/�B�p�B�/�m���H �`�Q�r�b �+�Q�`�`�2�@
�b�T�Q�M�/ �i�Q �i�?�2 �9�y �M�m�K�#�2�`�2�/ �b�i���i�2 �>�Q�m�b�2 �/�B�b�i�`�B�+�i�b�- �T���B�`�2�/ �B�M�i�Q �i�?�2 �k�y �b�i���i�2 �a�2�M���i�2 �/�B�b�i�`�B�+�i�b
�H���#�2�H�2�/ ���@�h�X �h�?�2 �?�B�;�?�H�B�;�?�i�B�M�; �B�M �i�?�2 �p�Q�i�2�b �+�Q�H�m�K�M�b �b�?�Q�r�b �r�?�B�+�? �T���`�i�v �`�2�+�2�B�p�2�/ �i�?�2 �K���D�Q�`�B�i�v
�Q�7 �i�?�2 �i�r�Q�@�r���v �p�Q�i�2 �b�?���`�2 �B�M �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �a�2�M���i�2 �/�B�b�i�`�B�+�i�X

�R�9



�j �.���i�� ���M�/ �K�2�i�?�Q�/�b

���H�H �2�t�T�2�`�B�K�2�M�i�b �B�M �i�?�B�b �T���T�2�` �r�2�`�2 �T�2�`�7�Q�`�K�2�/ �Q�M ���M �l�#�m�M�i�m �R�e�X�y�9 �K���+�?�B�M�2 �r�B�i�? �e�9 �:�"

�K�2�K�Q�`�v ���M�/ ���M �A�M�i�2�H �s�2�Q�M �:�Q�H�/ �e�R�j�e �*�S�l �U�j�X�y�y�:�>�x�V�X

�j�X�R �1�H�2�+�i�B�Q�M �`�2�b�m�H�i�b�- �b�?���T�2�}�H�2�b�- ���M�/ �/�m���H �;�`���T�?�b

�1�H�2�+�i�B�Q�M �/���i�� �r�2�`�2 �;���i�?�2�`�2�/ �7�`�Q�K �i�?�2���H���b�F�� �2�H�2�+�i�B�Q�M�b �r�2�#�b�B�i�2�(�R�) ���M�/ �/�2�K�Q�;�`���T�?�B�+ �/���i��

�r�2�`�2 �Q�#�i���B�M�2�/ �7�`�Q�K �i�?�2 �k�y�R�y �*�2�M�b�m�b�X ���#�b�2�M�i�2�2 ���M�/ �2���`�H�v �p�Q�i�B�M�; �B�M�7�Q�`�K���i�B�Q�M �r���b �Q�M�H�v

���p���B�H���#�H�2 �#�v �>�Q�m�b�2 �/�B�b�i�`�B�+�i�- �b�Q �T�`�2�+�B�M�+�i�@�H�2�p�2�H �/���i�� �r���b ���b�b�B�;�M�2�/ �#�v �T�`�Q�`���i�B�M�; �#�v �T�Q�T�m�H���i�B�Q�M�X

�q�2 �T�`�2�T���`�2�/ �i�?�2 �;�2�Q�b�T���i�B���H �/���i�� �r�B�i�? �i�?�2�J�:�:�: �S�`�2�T�`�Q�+�2�b�b�B�M�; �a�m�B�i�2�- �r�?�B�+�? �m�b�2�b ���`�2���H

�B�M�i�2�`�T�Q�H���i�B�Q�M �7�Q�` �#�H�Q�+�F�b �M�Q�i �7�m�H�H�v �+�Q�M�i���B�M�2�/ �B�M �T�`�2�+�B�M�+�i�b �(�j�8�)�X �h�?�2 �+�H�2���M�2�/ ���M�/ �T�`�Q�+�2�b�b�2�/

�p�2�`�b�B�Q�M �Q�7 �i�?�2 �/���i�� �B�b ���p���B�H���#�H�2 �Q�M �:�B�i�>�m�# �(�k�d�)�X

�A�M �i�?�2 �k�y�R�y �*�2�M�b�m�b�- ���H���b�F�� �?���/ �9�8�-�k�N�k �+�2�M�b�m�b �#�H�Q�+�F�b�- �Q�7 �r�?�B�+�? �Q�p�2�` �� �i�?�B�`�/ �U�R�3�-�k�e�j�V

���`�2 �r���i�2�`�@�Q�M�H�v�X ���H���b�F�� �?���b �9�9�R �T�`�2�+�B�M�+�i�b�- �`���M�;�B�M�; �B�M �T�Q�T�m�H���i�B�Q�M �7�`�Q�K �� �K�B�M�B�K�m�K �Q�7 �9�9

�T�2�Q�T�H�2 �U�S�2�/�`�Q �"���v�V �i�Q �d�N�N�9 �T�2�Q�T�H�2 �U�C�"�1�_�R�- �B�M ���M�+�?�Q�`���;�2�V �(�R�)�X �a�B�t �T�`�2�+�B�M�+�i�b �?���p�2 �Q�p�2�`

�8�y�y�y �T�2�Q�T�H�2�- ���M�/ �b�B�t�i�2�2�M �?���p�2 �m�M�/�2�` �R�y�y�X

�"�2�;�B�M�M�B�M�; �r�B�i�? �� �b�?���T�2�}�H�2 �Q�7 �i�?�2 �;�2�Q�;�`���T�?�v�- �B�M �i�?�B�b �B�M�b�i���M�+�2 �T�`�2�+�B�M�+�i�b�- �r�2 �m�b�2 �;�2�Q�b�T���i�B���H

�H�B�#�`���`�B�2�b �B�M �S�v�i�?�Q�M �i�Q �+�`�2���i�2 �� �/�m���H �;�`���T�? �B�M�:�2�`�`�v�*�?���B�M�r�?�Q�b�2 �M�Q�/�2�b ���`�2 �i�?�2 �;�2�Q�;�`���T�?�B�+

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

�#�Q�m�M�/���`�v �B�M �i�?�2 �b�?���T�2�}�H�2 �(�j�9�)�X �q�2 �i�?�2�M ���/�D�m�b�i �2�/�;�2�b �i�Q �#�2�i�i�2�` �+�Q�`�`�2�b�T�Q�M�/ �i�Q �T�H���m�b�B�#�H�2

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

�q���i�2�` ���/�D���+�2�M�+�v

�6�Q�` ���`�2���b �+�Q�M�M�2�+�i�2�/ �Q�M�H�v �#�v �r���i�2�`�- �� �/�2�+�B�b�B�Q�M �K�m�b�i �#�2 �K���/�2 ���#�Q�m�i �r�?�2�i�?�2�` �i�Q �+�Q�m�M�i �i�?�2�K

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

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

�T�2�`�K�B�b�b�B�p�2�;�`���T�?�b�X

�S�2�`�K�B�b�b�B�p�2 ���/�D���+�2�M�+�v �B�b �i�?�2 �+�H�Q�b�2�b�i �K���i�+�? �i�Q �i�?�2 ���E �.�B�p�B�b�B�Q�M �Q�7 �1�H�2�+�i�B�Q�M�b �T�`�2�+�B�M�+�i

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

�2�t�+�2�T�i �7�Q�` �Q�M�2 �;���T �B�M �i�?�2 �E�Q�/�B���F ���`�+�?�B�T�2�H���;�Q ���M�/ �}�p�2 ���/�/�B�i�B�Q�M���H �B�b�H���M�/ �T�`�2�+�B�M�+�i�b �Q�7 �i�?�2

�R�8




	Introduction: Nesting
	Perfect matching interpretation
	Mathematical literature on perfect matchings
	Paper outline

	Alaska electoral politics
	Partisanship in Alaska
	Racial demographics and the Voting Rights Act
	Redistricting rules and practices
	Our choice of election data

	Data and methods
	Election results, shapefiles, and dual graphs
	FKT algorithm for enumerating perfect matchings
	Prune-and-choose algorithm for constructing perfect matchings
	Markov chains for generating alternative House plans

	Enumerating matchings
	Alternative matchings in current House plan
	Alternative House and Senate districts
	Partisan outcomes
	Native population
	Re-matching the new plans

	Conclusions
	Prune-and-choose algorithm validity
	Sampling and extremization over matchings

