
Любое использование данного файла означает ваше согла-
сие с условиями лицензии (см. след. стр.) Текст в данном
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Электронные версии этой и других книг автора вы можете
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ПУБЛИЧНАЯ ЛИЦЕНЗИЯ
Учебное пособие Андрея Викторовича Столярова «Программирование: введение в про-

фессию. Задачи и этюды», опубликованное в издательстве МАКС Пресс в 2022 году, на-
зываемое далее «Произведением», защищено действующим российским и международным
авторско-правовым законодательством. Все права на Произведение, предусмотренные зако-
ном, как имущественные, так и неимущественные, принадлежат его автору.

Настоящая Лицензия устанавливает способы использования электронной версии Произ-
ведения, право на которые предоставлено автором и правообладателем неограниченному
кругу лиц, при условии безоговорочного принятия этими лицами всех условий данной Ли-
цензии. Любое использование Произведения, не соответствующее условиям данной Лицен-
ции, а равно и использование Произведения лицами, не согласными с условиями Лицензии,
возможно только при наличии письменного разрешения автора и правообладателя, а при
отсутствии такого разрешения является противозаконным и преследуется в рамках граж-
данского, административного и уголовного права.

Автор и правообладатель настоящим разрешает следующие виды использования данно-
го файла, являющегося электронным представлением Произведения, без уведомления пра-
вообладателя и без выплаты авторского вознаграждения:
1) воспроизведение Произведения (полностью или частично) на бумаге путём распечатки с

помощью принтера в одном экземпляре для удовлетворения личных бытовых или учеб-
ных потребностей, без права передачи воспроизведённого экземпляра другим лицам;

2) копирование и распространение данного файла в электронном виде, в том числе путём
записи на физические носители и путём передачи по компьютерным сетям, с соблю-
дением следующих условий: (1) все воспроизведённые и передаваемые любым
лицам экземпляры файла являются точными копиями оригинального фай-
ла в формате PDF, при копировании не производится никаких изъятий, сокращений,
дополнений, искажений и любых других изменений, включая изменение формата пред-
ставления файла; (2) распространение и передача копий другим лицам произво-
дится исключительно бесплатно, то есть при передаче не взимается никакое
вознаграждение ни в какой форме, в том числе в форме просмотра рекламы, в фор-
ме платы за носитель или за сам акт копирования и передачи, даже если такая плата
оказывается значительно меньше фактической стоимости или себестоимости носителя,
акта копирования и т. п.

Любые другие способы распространения данного файла при отсутствии письменного раз-
решения автора запрещены. В частности, запрещается: внесение каких-либо изменений в
данный файл, создание и распространение искажённых экземпляров, в том числе экзем-
пляров, содержащих какую-либо часть произведения; распространение данного файла в
Сети Интернет через веб-сайты, оказывающие платные услуги, через сайты коммерческих
компаний и индивидуальных предпринимателей (включая файлообменные и любые другие
сервисы, организованные в Сети Интернет коммерческими компаниями, в том числе бес-
платные), а также через сайты, содержащие рекламу любого рода; продажа и обмен
физических носителей, содержащих данный файл, даже если вознаграждение значительно
меньше себестоимости носителя; включение данного файла в состав каких-либо информа-
ционных и иных продуктов; распространение данного файла в составе какой-либо платной
услуги или в дополнение к такой услуге. С другой стороны, разрешается дарение (бес-
платная передача) носителей, содержащих данный файл, бесплатная запись данного файла
на носители, принадлежащие другим пользователям, распространение данного файла че-
рез бесплатные децентрализованные файлообменные P2P-сети и т. п. Ссылки на экземпляр
файла, расположенный на официальном сайте автора, разрешены без ограничений.

А.В.Столяров запрещает Российскому авторскому обществу и любым дру-
гим организациям производить любого рода лицензирование любых его произве-
дений и осуществлять в интересах автора какую бы то ни было иную связанную
с авторскими правами деятельность без его письменного разрешения.
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?c QSc_aQ
3l UVaWYcV S ad[Qf XQUQh^Y[ S `_UUVaW[d [dabQ YXdhV^Yp `a_6

TaQ]]Ya_SQ^Yp5 YX\_WV^^_T_ S ]_VZ [^YTV a_TaQ]]Ya_SQ^YVC@ݷ SSV6
UV^YV S `a_eVbbYoݷD nc_c eQ[c U_S_\m^_ `aY]VhQcV\V^ bQ] `_ bVRV5
`_b[_\m[d YX^QhQ\m^_ p b_SVaiV^^_ ^V `\Q^Ya_SQ\ ^Y[Q[Yf XQUQh6
^Y[_S Y S__RjV XQUQh7 BQ] p5 YXdhQp `a_TaQ]]Ya_SQ^YV S ^QhQ\V
:BB96f5 ^Y[_TUQ ^V ^dWUQ\bp S c_]5 hc_Rl [c_6c_ bcQSY\ ]^V XQUQhY
Y\Y `_Ub[QXlSQ\ ncoUlD ^Q`a_cYS5 YUVZ5 hc�_ Rl cQ[_T_ Vjݷ XQ`a_6
TaQ]]Ya_SQcm5 d ]V^p SbVTUQ Rl\_ 1Y U_ bYf `_a Vbcm2 ^Q]^_T_ R_\m6
iV5 hV] Y]VVcbp ^Q nc_ SaV]V^Y7 @aYX^Qobm5 p TaVi^l] UV\_] Rl\
dSVaV^5 hc_ nc_ d SbVf cQ[5 Q d [_T_ ^V cQ[5 cV ]_o [^YW[d hYcQcm ^V
bcQ^dcD ^_ p _iYRQ\bp7

9^cVaVb_SQcmbp5 [Q[ cQ] ^Qbhݷc XQUQh U\pݷ XQ[aV`\V^Yp ]QcVaY6
Q\Qݷ Y\Y U\pݷ bQ]_`a_SVa[Y5ݷ `dR\Y[Q ^QhQ\Q baQXd `_b\V Slf_UQ
`VaS_T_ c_]Q `VaS_T_ YXUQ^Yp 3SVUV^Ypݷ S `a_eVbbYo7ݷ ;_^Vh^_5 `_6
^QhQ\d p [aV`Y\bp5 _cRYSQ\bp5 UVaWQ\ ]Qa[d Y Sbݷ cQ[_V `a_hVV5 ^_ S
[Q[_Z6c_ ]_]V^c ]_o _R_a_^d Sb6ݷcQ[Y `a_aSQ\Y7 3 [_^gV [_^g_S5 `_
R_\miVZ hQbcY ]QcVaYQ\Q [^YTY p cQ[ Y\Y Y^QhV Sݷ\ Y\Y bV]Y^Qal5
Y\Y hQbc^lV da_[Y5 Y d ]V^p5 VbcVbcSV^^_5 db`V\ ^Q[_`Ycmbp XQ`Qb
^QaQR_cQ^^lf XQUQh5 XQUQ^YZ Y `a_hYf XQ]_a_hV[D `_hV]d Rl SbV]
ncY] U_Ra_] ^V `_UV\Ycmbp b `dR\Y[_Z5 aQX dW cQ[ f_cpc7

6bcm c_\m[_ _U^Q _hV^m SQW^Qp SVjm5 [_c_ado p f_cV\ Rl _XSd6
hYcm5 `aVWUV hV] Sl `aY]VcVbm XQ b_RaQ^^lV S nc_Z [^YW[V XQUQ6
hY7 6b\Y d SQb S_X^Y[\Q YUVp5 [_c_ado f_hVcbp aVQ\YX_SQcm
S SYUV `a_TaQ]]l ‑ ^V]VU\V^^_ Ra_bQZcV XQUQh^Y[5 f_cm
nc_c5 f_cm \oR_Z UadT_Z5 Y S_`\_jQZcV bS_o YUVo7 C_\[d
_c nc_T_ RdUVc XQSVU_]_ R_\miV7 3__RjV dhYcmbp `a_TaQ]]Ya_SQcm
^Q]^_T_ neeV[cYS^VV5 [_TUQ Sl XQbcQS\pVcV [_]`mocVa UV\Qcm c_5
hVT_ _c ^VT_ f_cYcV bQ]Y5 Q ^V c_5 hc_ SQ] `aVU`YbQ^_ [Q[Y]6^YRdUm
_hVaVU^l] U_Ral] UpUVZ7 >V RVb`_[_ZcVbm5 aQR_cQ ^Q YUY_c_S6XQ[QX6
hY[_S _c SQb ^Y[dUQ ^V UV^Vcbp5 Sbݷ S`VaVUYD cQ[ hc_5 `_[Q Vbcm S_X6
]_W^_bcm5 XQ^Y]QZcVbm `a_TaQ]]Ya_SQ^YV] [Q[ Yb[dbbcS_]5 Q `a_6
TaQ]]Ya_SQ^YV [Q[ aV]Vb\_ `dbcm `_[Q `_U_WUݷc7

B[QXQ^^_V5 S`a_hV]5 ^V _c^_bYcbp [ XQUQhQ] S `_UUVaW[d `VaS_Z
1SS_U^_Z2 hQbcY 3SVUV^Ypݷ S `a_eVbbYo5ݷ TUV S _b^_S^_] ]QcV]QcY6
[QD XQUQhY5 ^V `aVU`_\QTQojYV ^Q`YbQ^Yp `a_TaQ]]5 SbcaVhQocbp Y
S UadTYf hQbcpf5 ^_ cQ[_T_ cdc5 `ap]_ b[QWV]5 ^V]^_T_7

Bc_Yc b[QXQcm ^Vb[_\m[_ b\_S _ c_]5 [Q[ `_\mX_SQcmbp nc_Z [^YW6
[_Z7 3 cV[bcV XQUQh^Y[Q SbcaVhQocbp bbl\[Y ^Q ݷT\QSlݷ Y QaQ6`ݷ
TaQelݷD S_ SbVf cQ[Yf b\dhQpf Y]Vocbp S SYUd T\QSl Y `QaQTaQel
caݷfc_]^Y[Q a_TaQ]]Ya_SQ^YVC@ݷ SSVUV^YV S `a_eVbbYo5ݷ S c_Z Yf
^d]VaQgYY5 [_c_aQp b\_WY\Qbm S_ Sc_a_] YXUQ^YY7 ; b_WQ\V^Yo5



?c QSc_aQ >

^d]VaQgYp T\QS Y `QaQTaQe_S `VaS_T_ YXUQ^Yp 1c_T_5 S [_c_a_] Rl6
\_ hVclaV c_]Q2 ^Vb[_\m[_ _c\YhQVcbp7 3`a_hV]5 XQUQh^Y[ ]_W^_
Yb`_\mX_SQcm Y b `VaSl] YXUQ^YV] c_WV5 ^QZcY ^dW^lZ `QaQTaQe
_Rlh^_ ^V cQ[ b\_W^_5 Q Vb\Y b_SbV] ^V `_\dhQVcbp ‑ S_b`_\mXdZcVbm
n\V[ca_^^_Z SVabYVZ Sc_a_T_ YXUQ^Yp7 ;Q[ ]_W^_ XQ]VcYcm YX _T\QS6
\V^Yp5 XQUQh^Y[ b^QRWݷ^ adRaY[Q]Y ݷd[QXQ^Ypݷ Y 7ݷcSVcl_ݷ B[QWd
baQXd5 _cSVcQ]Y b^QRWV^l SbV XQUQhY5 [a_]V cVf5 [_c_alV `_UaQ6
Xd]VSQoc ^Q`YbQ^YV `a_TaQ]]l Y\Y Vݷ eaQT]V^cQD aViV^YV cQ[Yf
XQUQh `_ `_^pc^l] `aYhY^Q] Sbݷ aQS^_ ^VS_X]_W^_ bSVaYcmݷ b _c6
SVc_]5ݷ Q `a_SVaYcm5 `aQSY\m^_ Sl Sbݷ bUV\Q\Y Y\Y ^Vc5 `a_jV RdUVc
_Rlh^l] cVbcYa_SQ^YV] ^Q`YbQ^^_Z `a_TaQ]]l7 5\p ]^_TYf 1^_5
_`pcm WV5 ^V SbVf2 XQUQh S aQXUV\V ݷD[QXQ^Ypݷ ]_W^_ ^QZcY U_`_\6
^YcV\m^lV `_Ub[QX[Y7 9^_TUQ `_Ub[QX[Y b_UVaWQcbp `ap]_ S cV[bcV
XQUQhY ‑ nc_ _X^QhQVc5 hc_ ]^V [Q[ QSc_ad XQUQh^Y[Q `_[QXQ\_bm
RVbb]lb\V^^l] caQcYcm SaV]p hYcQcV\p ^Q bQ]_bc_pcV\m^lZ `_Yb[
^dW^_Z Y^e_a]QgYY Y\Y ^dW^_T_ `_Uf_UQD ^_ Vb\Y `_Ub[QX[Q Sl^V6
bV^Q S aQXUV\ d[QXQ^YZ5 c_ b^QhQ\Q bc_Yc `_`a_R_SQcm _R_ZcYbm RVX
^V5ݷ nc_ ]_WVc _[QXQcmbp `_\VX^_7 @_Ub[QX[d5 S`a_hV]5 bc_Yc `a_6
hYcQcm5 UQWV Vb\Y Sl dWV aViY\Y XQUQhd ‑ ]_WVc _[QXQcmbp5 hc_
aViYcm Vݷ ]_W^_ `a_jV Y\Y S [Q[_]6^YRdUm b]lb\V 7ݷaQSY\m^VV`ݷ

>d Y Vjݷ _UY^ ]_]V^c5 [_c_alZ5 S_X]_W^_5 aQX_hQadVc ]_Yf
[_\\VT6`aV`_UQSQcV\VZ7 2_\miY^bcS_ bR_a^Y[_S XQUQh5 [Q[_]d Rl
`aVU]Vcd Yf ^Y `_bSpjQ\Y5 S[\ohQoc _Ta_]^lV ]QbbYSl SbVS_X6
]_W^lf `aY]Va_S5 hQbc_ _U^_cY`^lf5 hc_ `_XS_\pVc _aTQ^YX_SQcm
aQR_cd S [\QbbV Y\Y QdUYc_aYY5 `aVU\QTQp `_U_`Vh^l] _U^d XQUQhd
XQ UadT_Z U_ `_\^_T_ ݷbS_V^Yp_ݷ 1S UVZbcSYcV\m^_bcY cdc Rl\_ Rl
d]Vbc^_ b_SbV] UadT_V b\_S_2 _hVaVU^_Z cV]l5 Q `_c_] Vjݷ Y `a_SV6
bcY [_^ca_\m^do aQR_cd5 Yb`_\mXdp c_c WV XQUQh^Y[7 DSl5 ^Q cQ[_V
]V^p ^V fSQcY\_5 UQ `a_bcpc ]V^p cV5 [c_ hVT_6c_ `_U_R^_T_ _WYUQ\7
BR_a^Y[ d`aQW^V^YZ5 [_c_alZ Sl UVaWYcV S ad[Qf5 aQbbhYcQ^ ^Q
hV\_SV[Q5 _bSQYSQojVT_ `aVU]Vc bQ]_bc_pcV\m^_ S T_aU_] _UY^_hV6
bcSV5 ݷXQ`Qb^lfݷ Y `_f_WYf UadT ^Q UadTQ XQUQh cdc5 XQ ^VR_\miY]Y
Yb[\ohV^Yp]Y5 ^Vc7

9XUQ^YV nc_T_ XQUQh^Y[Q R\QT_`_\dh^_ XQSVaiQVc `a_V[c5 aQbcp6
^dSiYZbp ^Q bV]m \Vc7 @_\mXdpbm b\dhQV]5 Vjݷ aQX R\QT_UQao SbVf
cVf5 [c_ `_UUVaWQ\ `a_V[c bS_Y]Y `_WVacS_SQ^Yp]YD ^YWV `aYSVUݷ^
Q[cdQ\m^lZ ^Q :: p^SQap ;9;; T7 b`Yb_[ SbVf5 [c_ `aYbl\Q\ `_WVac6
S_SQ^Yp5 [a_]V cVf5 [c_ `aVU`_hݷ\ b_faQ^Ycm Y^[_T^Yc_7
PB5=<9>5 PB97?B9I TB1I>?F5 IVa 1abV^YZ 3\QUY]Ya_SYh5 CQaQ^_S 3QbY\YZ5 BVaTVZ

BVchV^[_S5 3Q\VaYp IQ[YaXp^_SQ5 ;QcVaY^Q 4Q\[Y^Q5 9\mp <_RQ^_S5 BoXQ^Q
CVSU_aQUXV5 9SQ^_SQ ?[bQ^Q5 ;d\Y[_SQ O\Yp5 B_[_\_S ;YaY\\ 3\QUY]Ya_SYh5
:53;5@5 ;d\ݷSQ 1^^Q BVaTVVS^Q5 6a]Q[_SQ =QaY^Q 1\V[bQ^Ua_S^Q5 @VaVSVUV^gVS
=Q[bY] ?\VT_SYh5 ;_bcQaVS 9SQ^ BVaTVVSYh5 5_^g_S 6STV^YZ5 ?\VT EaQ^gdX_S5
BcV`Q^ F_\_`[Y^5 @_`_S 1acݷ] BVaTVVSYh5 1\V[bQ^Ua 2l[_S5 2V\_R_a_U_S 97275

;Y] =Q[bY]5 1BDIB91>5 9T_am N\m]Q^5 9\oi[Y^ >Y[YcQ5 ;Q\mbY^ BVaTVZ
1\V[bQ^Ua_SYh5 6STV^YZ 8V]g_S5 IaQ]_S 4V_aTYZ5 3\QUY]Ya <QXQaVS5 5E@81B9>15
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>Y[_\QZ ;_a_\VS5 4_a_iVSb[YZ 1\V[bVZ 3Q\VamVSYh5 <V]V^[_S 57575 O?B5CD5B5 C1I=;5
1^p ݷ1:<31ݷ E75 BVaTVZ5 297h65<<?G5 3_\[Q^_S 5]YcaYZ OamVSYh5 CQ^Vh[Q5 CQcmp^Q

’_9;?B1’ 1\`Qc_SQ5 2V\pVS 1^UaVZ5 <_i[Y^l 11\V[bQ^Ua Y 5Qamp25 ;YaY\\
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3\QUY]Ya_SYh5 ?\_fc_^_S 3\QUY]Ya5 1\V[bQ^Ua B]Ya^Yg[YZ5 =Q[bY] ;\_h[_S5

1^YbY]_S BVaTVZ5 3QUY] 3QUY]_SYh HV]_Uda_S5 BE=91>D35F5 2125B15 1acݷ]
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3Q\VaYZ 4QZ^d\\Y^5 1\V[bQ^Ua =QfQVS 1=1>;=C25 _M5 1727<YfQhݷS5 L?<hTEBDJ5
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; hQbcY : aVUSQaYcV\m^lV`ݷ
bSVUV^Ypݷ

;_]Q^U^Qp bca_[Q ^>9H

:79:7 =l ^Qf_UY]bp S UYaV[c_aYY 8?@D8<978D86??5 c7 V7 _^Q pS\p6
Vcbp U\p ^Qb cV[djVZD YXSVbc^_5 hc_ ^Q _U^_] da_S^V b UYaV[c_aYVZ
6?? ^Qf_UYcbp UYaV[c_aYp 21B5 Q S ^VZ Vbcm eQZ\ 6:7DHD7 ;Q[ RdUVc
SlT\pUVcm QRb_\oc^_V Y]p nc_T_ eQZ\QH ;Q[_S_ [aQchQZiVV _c^_6
bYcV\m^_V 1c7 V7 _cbhYclSQV]_V _c cV[djVZ UYaV[c_aYY2 Y]p U\p _R6
aQjV^Yp [ nc_]d eQZ\dH

:79;7 @_\mX_SQcV\m UQ\ b\VUdojYV [_]Q^UlC

=;49B D5DB9C
3@ D5DB9C7@1C D5DB9C
34 D5DB9C
<C

3bV [_]Q^Ul _caQR_cQ\Y db`Vi^_7 Hc_ ^Q`VhQcQ\Q `_b\VU^pp YX ^YfH
:79<7 ;Q[Qp UYaV[c_aYp bcQ\Q cV[djVZ `_b\V [_]Q^U

34 8ECB8<?31<829>88E>D5B
34 778778<92
34 8E>D5B8BE>

Vb\Y YXSVbc^_5 hc_ SbV [_]Q^Ul _caQR_cQ\Y db`Vi^_H
:79=7 ;Q[Qp UYaV[c_aYp bcQ^Vc cV[djVZ5 Vb\Y UQcm [_]Q^Ul

34 77
34 77877
34 778:?8>
34 G?B;8D5DB9C8CB3
34 77

Y SbV _^Y _caQR_cQoc db`Vi^_5 Q cV[djVZ YX^QhQ\m^_ Rl\Q UYaV[c_6
aYp 88?=58<9JJ958G?B;8@1C8D5DB9CH



; hQbcY aVUSQaYcV\m^lV`ݷ bSVUV^Ypݷ B

:79>7 @_hV]d S db\_SYpf XQUQhY :79< ^V d[QXQ^_5 [Q[Qp UYaV[c_6
aYp Rl\Q cV[djVZ YX^QhQ\m^_H

:79?7 Hc_ _X^QhQoc `aQSQ U_bcd`Q [ _Rlh^_]d eQZ\d5 XQUQ^^lV
b\VUdojY]Y hYb\Q]YH
12 9@99 22 9==9 32 9>:: 42 9??9 52 9?== 62 9>>>

:79@*7 Hc_ _X^QhQoc `aQSQ U_bcd`Q [ _Rlh^_]d eQZ\d5 XQUQ^^lV
b\VUdojY]Y hYb\Q]YH

12 9=@:: 22 9?@>: 32 9;>>9
:79A7 Hc_ _X^QhQoc `aQSQ U_bcd`Q [ UYaV[c_aYY5 XQUQ^^lV b\VUd6

ojY]Y hYb\Q]YH 9]VVc \Y b]lb\ dbcQ^QS\YSQcm cQ[YV `aQSQ5 Q Vb\Y
^Vc5 c_ [Q[YV `aQSQ U_bcd`Q b\VU_SQ\_ Rl `_bcQSYcm S]Vbc_ ^YfH
12 9@99 22 9@:: 32 9@>: 42 9@<< 52 9@== 62 9??9

:79B*7 Hc_ _X^QhQoc `aQSQ U_bcd`Q [ UYaV[c_aYY5 XQUQ^^lV b\V6
UdojY]Y hYb\Q]YH 3 [Q[Yf bYcdQgYpf cQ[YV `aQSQ U_bcd`Q ]_Tdc
`_caVR_SQcmbpH

12 9:@@9 22 9<@@@

B\VUdojYV XQUQhY `_bSpjV^l b[aY`c_S_]d `a_TaQ]]Ya_6
SQ^Yo ^Q pXl[V [_]Q^U^_T_ Y^cVa`aVcQc_aQ 1K?EB>5 \85<<2D
U\p Yf aViV^Yp `_caVRdVcbp S\QUV^YV ]QcVaYQ\_]5 [_c_alZ
S [^YTV _RkpS\V^ [Q[ ݷV_RpXQcV\m^lZ^ݷ 1b]7 2:<:7;7:ݷ ‑ ^Q6
RaQ^ d]V^miV^^l] iaYec_] Y `aVUSQapVcbp [_]]V^cQaY6
V] _ `aYhY^Qf7 @_Sc_aY] ncd ]lb\m XUVbmC ^QhY^Qcm YXdhV6
^YV `a_TaQ]]Ya_SQ^Yp b pXl[Q K?EB>5 \85<< ‑ YUVp [aQZ^V
^VdUQh^Qp5 `_nc_]d5 Vb\Y Sl aQ^miV ^Y ^Q [Q[Yf pXl[Qf ^V
`a_TaQ]]Ya_SQ\Y5 `aQSY\m^VV RdUVc `a_`dbcYcm Y bQ]Y ncY
XQUQhY5 Y ^dW^lZ U\p ^Yf eaQT]V^c [^YTY5 Y SVa^dcmbp [
^Y] `_XU^VV5 [_TUQ d SQb dWV RdUVc _`lc `a_TaQ]]Ya_SQ^Yp5
`dcm UQWV ^VR_\mi_Z7

:7:97 >Q`YiYcV b[aY`c ^Q K?EB>5 \85<<5 `aY^Y]QojYZ a_S^_ USQ
QaTd]V^cQ [_]Q^U^_Z bca_[Y5 [_c_alV U_\W^l Rlcm gV\l]Y hYb\Q6
]Y 1^QX_Sݷ] Yf 𝑁 Y 𝑀27 B[aY`c U_\WV^ SlUQcm ^Q `VhQcm 𝑀 ^Q6
cdaQ\m^lf hYbV\ `_UapU5 ^QhY^Qp b hYb\Q 𝑁 D hYb\Q U_\W^l Rlcm
^Q`VhQcQ^l hVaVX `a_RV\5 Q S [_^gV b\VUdVc SlUQcm `VaVS_U bca_[Y7
>Q`aY]Va5 Vb\Y XQUQ^l hYb\Q :> Y >5 SQi b[aY`c U_\WV^ ^Q`VhQcQcmC

:> :? :@ :A :B

:7::7 >Q`YiYcV b[aY`c ^Q K?EB>5 \85<<5 [_c_alZ SlUQݷc 1S _U^d
bca_[d2 bc_\m[_ bY]S_\_S 5ݷIݷ b[_\m[_ Y]VVcbp eQZ\_S S cV[djV]
[QcQ\_TV7

:>Q`_]^Y]5 hc_ bbl\[Y XUVbm Y UQ\VV ‑ ^Q T\QSl Y `QaQTaQel caݷfc_]^Y[Q
a_TaQ]]Ya_SQ^YVC@ݷ SSVUV^YV S `a_eVbbYo7ݷ



:9 8QUQhY

:7:;7 3 pXl[V K?EB>5 \85<< b_hVcQ^YV bY]S_\_S ݷ43ݷ _X^QhQVc SbVݷ
`QaQ]Vcal [_]Q^U^_Z bca_[Y5 [a_]V ‑^d\VS_T_‑ݷ 1c7 V7 [a_]V Y]V^Y
bQ]_T_ b[aY`cQ27 5_RQSY] [ nc_]d5 hc_ [_]Q^UQ 41D5ݷ 45Cݷ SlUQݷc
cV[djVV SaV]p S SYUV hYb\Q bV[d^U5 `a_iVUiYf b : p^SQap :B@9 T7
8^Qp nc_5 ^Q`YiYcV b[aY`c5 [_c_alZ XQ`db[QVc ^Q Sl`_\^V^YV `a_6
TaQ]]d5 Y]p Y QaTd]V^cl [_c_a_Z XQUQ^l `QaQ]VcaQ]Y [_]Q^U^_Z
bca_[Y5 Y `_b\V Vݷ XQSVaiV^Yp `VhQcQVc hYb\_ bV[d^U aVQ\m^_T_ SaV6
]V^Y5 [_c_a_V `a_i\_ b ]_]V^cQ Vݷ XQ`db[Q 1`_TaVi^_bcm S _U^d bV6
[d^Ud S \oRdo bc_a_^d bhYcQV] U_`dbcY]_Z27

:7:<7 Db_SVaiV^bcSdZcV b[aY`c YX `aVUlUdjVZ XQUQhY cQ[5 hc_Rl
_^ XQSVaiQ\bp b cV] WV [_U_]5 b [_c_al] XQSVaiY\Qbm XQ`djV^^Qp
Y] `a_TaQ]]Q7

:7:=7 >Q`YiYcV b[aY`c5 `_\dhQojYZ a_S^_ _UY^ `QaQ]Vca ‑ Y]p
UYaV[c_aYY5 [_c_ado ^dW^_ b_XUQcmD b_XUQS V5ݷ b[aY`c U_\WV^ aQX6
]VbcYcm S nc_Z UYaV[c_aYY bY]S_\YhVb[YV bbl\[Y ^Q [QWUlZ YX
eQZ\_S5 Y]VojYfbp S cV[djVZ UYaV[c_aYY 1XQ Yb[\ohV^YV] bSVWV6
b_XUQ^^_Z UYaV[c_aYY5 Vb\Y _^Q b_XUQ^Q S^dcaY cV[djVZ25 `aYhݷ]
Y]V^Q bbl\_[ U_\W^l Rlcm _RaQX_SQ^l YX b\_SQ 69<5 Y `_apU[_S_6
T_ ^_]VaQ 169<5:5 69<5;5 7775 69<5:;=5 77727 6b\Y `_ [Q[Y]6c_ `aYhY6
^Q] UYaV[c_aYo ^V dUQݷcbp b_XUQcm 1^Q`aY]Va5 _^Q dWV bdjVbcSdVc25
b[aY`c U_\WV^ SlUQcm b__RjV^YV _R _iYR[V Y XQSVaiYcmbp5 ^V b_6
XUQSQp ^Y[Q[Yf bbl\_[7

;_]RY^Qc_aY[Q

:7:>7 D ;_\Y Vbcm hVclaV S_XUdi^lf iQaY[Q aQX^lf gSVc_S5 Y
V]d f_hVcbp SXpcm ^V[_c_alV YX ^Yf 1Y\Y UQWV SbV2 ^Q `a_Td\[d7
B[_\m[Y]Y b`_b_RQ]Y _^ ]_WVc SlRaQcm iQaY[Y5 Vb\Y YUcY b_SbV]
RVX iQaY[_S V]d ^V f_hVcbpH

:7:?*7 D 5Y]l Vbcm RV\lV5 bY^YV5 [aQb^lV Y XV\ݷ^lV S_XUdi^lV
iQaY[Y5 `aYhݷ] iQaY[_S [QWU_T_ gSVcQ Vbcm bc_\m[_5 U_ b[_\m[Y
5Y]Q bhYcQcm Vjݷ ^V ^QdhY\bp 1]_WVcV `aVU`_\QTQcm5 hc_ iQaY[_S
[QWU_T_ gSVcQ Vbcm b[_\m[_ dT_U^_27 5Y]Q f_hVc SXpcm b b_R_Z ^Q
`a_Td\[d [Q[YV6^YRdUm iQaY[Y5 b_SbV] RVX iQaY[_S V]d Td\pcm b[dh6
^_5 Q R_\miV caݷf iQaY[_S _^ ^V dUVaWYc7 B[_\m[Y]Y b`_b_RQ]Y _^
]_WVc SlRaQcm iQaY[YH

:7:@7 3 XQRVTV dhQbcSdoc UVbpcm RVTd^_S5 `aY]Va^_ aQS^lf `_
`_UT_c_S[V5 cQ[ hc_ ^Y[c_ ^V ]_WVc `aVUb[QXQcm XQaQ^VV5 [c_ [_T_
`_RVUYc7 B[_\m[Y]Y aQX^l]Y b`_b_RQ]Y ]_Tdc aQb`aVUV\Ycmbp `aY6
X_SlV ]VbcQH @_U ݷaYX_Sl]Y`ݷ `_UaQXd]VSQocbp `VaSlV caY ]VbcQD
bhYcQZcV5 hc_ `_[QXQcm b_SVaiV^^_ _UY^Q[_SlV aVXd\mcQcl USQ RVTd6
^Q ^V ]_Tdc7



; hQbcY aVUSQaYcV\m^lV`ݷ bSVUV^Ypݷ ::

:7:A7 >Q `_U_[_^^Y[V bc_pc [dSiY^5 T_ai_[ b [Q[cdb_]5 bcQcdnc6
[Q Y USV b_SVaiV^^_ _UY^Q[_SlV eQae_a_SlV SQXl7 B[_\m[Y]Y _c6
\YhY]l]Y UadT _c UadTQ b`_b_RQ]Y ]_W^_ ncY `aVU]Vcl Slbca_Ycm
S _UY^ apUH

:7:B7 D [_]Q^UYaQ Vbcm USV bYT^Q\m^lV aQ[Vc^Ygl5 Q cQ[WV XV6
lV5^ݷ\ [aQb^lV Y RV\lV aQ[Vcl7 B[_\m[_ _^ ]_WVc `_UQcm aQX^lf
bYT^Q\_S5 Vb\Y bYT^Q\ `_UQݷcbp \YR_ _U^_Z aQ[Vc_Z5 \YR_ aQ[VcQ]Y5
XQ`db[QV]l]Y _U^_SaV]V^^_H B[_\m[_ bYT^Q\_S ]_W^_ RdUVc `_UQcm5
Vb\Y aQ[Vc^Yg RdUVc caYH

:7;97 >Q bc_\V \VWQc S_bV]m aQX^lf YTadiV[7 ; bc_\d `_U_i\Y
3Qbp5 @Vcp Y =QiQD [QWUlZ YX ^Yf ]_WVc SXpcm bVRV [Q[YV6c_ YTadi6
[Y 1S c_] hYb\V ^V SXpcm ^Y _U^_Z2D Vb\Y [Q[Qp6c_ YTadi[Q ^Y[_]d
^V `_^aQSYcbp5 _^Q _bcQ^Vcbp ^Q bc_\V7 B[_\m[Y]Y b`_b_RQ]Y ]_Tdc
aQb`aVUV\Ycmbp YTadi[YH

:7;:7 3 i[Qcd\[V \VWQc `pcm aQX^lf [d\_^_S7 ?c`aQS\ppbm S
_c`db[5 ;Qcp aViY\Q SXpcm b b_R_Z ^V ]V^miV USdf YX bS_Yf [d\_^_S5
^_ `aY nc_] f_cp Rl _UY^ _bcQSYcm S i[Qcd\[V7 B[_\m[Y]Y b`_b_RQ]Y
_^Q ]_WVc nc_ bUV\QcmH

:7;;7 B[_\m[Y]Y b`_b_RQ]Y ^Q `dbc_Z iQf]Qc^_Z U_b[V ]_W^_
aQX]VbcYcm USV _UY^Q[_SlV \QUmY cQ[5 hc_Rl _^Y XQjYjQ\Y UadT
UadTQ 1c_ Vbcm \oRQp YX ^Yf ]_T\Q `_ZcY S `_XYgYo5 S [_c_a_Z ^Qf_6
UYcbp UadTQp2H

:7;<7 ?Radh aQXUV\ݷ^ ^Q caY _UY^Q[_Slf bV[c_aQ5 [QWUlZ YX [_6
c_alf ^dW^_ `_[aQbYcm S _UY^ YX `pcY gSVc_S7 B[_\m[Y]Y b`_b_RQ]Y
]_W^_ nc_ bUV\Qcm cQ[5 hc_Rl SbV caY Yb`_\mX_SQ^^lf gSVcQ Rl\Y
aQX^l]YH

:7;=7 3 UVpcV\m^_bcY [\dRQ cdaYbc_S6S_U^Y[_S `aY^Y]Qoc dhQ6
bcYV B ]dWhY^ Y > WV^jY^7 B[_\m[Y]Y b`_b_RQ]Y [\dR ]_WVc SlbcQ6
SYcm ^Q b_aVS^_SQ^Yp caY b]ViQ^^lf 1c7 V7 b_bc_pjYf YX ]dWhY^l Y
WV^jY^l2 n[Y`QWQ USdf]Vbc^lf RQZUQa_[H N[Y`QWY aQS^_`aQS^l7

:7;>7 3 aQR_hVZ Tad``V YX UVbpcY hV\_SV[5 `pcm YX [_c_alf Y]V6
oc SlbiVV _RaQX_SQ^YV5 ^dW^_ ^QX^QhYcm ad[_S_UYcV\p Y caݷf VT_
XQ]VbcYcV\VZ7 B[_\m[Y]Y b`_b_RQ]Y nc_ ]_W^_ bUV\Qcm5 Vb\Y ad[_6
S_UYcV\V] ]_WVc Rlcm c_\m[_ hV\_SV[ b SlbiY] _RaQX_SQ^YV]5 XQ]V6
bcYcV\V] ]_W^_ ^QX^QhYcm [_T_ dT_U^_5 Y SbV caY XQ]VbcYcV\p aQS6
^_`aQS^lH

:7;?7 D ]QbcVaQ Vbcm RdbY^l `pcY aQX^lf SYU_S5 `aYhݷ] RdbY^
[QWU_T_ SYUQ Y]VVcbp b[_\m[_ dT_U^_7 B[_\m[_ ]_W^_ bUV\Qcm aQX6
^lf Rdb5 b_bcQS\V^^lf YX bV]Y RdbY^5 Vb\Y Rdbl U_\W^l Rlcm bY]6
]VcaYh^lH

:7;@*7 D ]QbcVaQ Vbcm bV]m aQX^lf SYU_S RdbY^D b[_\m[_ _^ ]_WVc
bUV\Qcm aQX\Yh^lf d[aQiV^YZ5 Vb\Y ^Q [QWUlf RdbQf U_\W^_ Rlcm



:; 8QUQhY

a_S^_ :@ RdbY^5 Rdbl U_\W^l Rlcm bY]]VcaYh^l5 S [QWUlf RdbQf
^dW^_ `aY]V^pcm ^V R_\VV caݷf aQX^lf SYU_S RdbY^5 Q _UY^Q[_SlV
RdbY^l ^V U_\W^l aQb`_\QTQcmbp apU_]H

:7;A*7 HV]d aQS^_ 𝐶2
777H

BYbcV]l bhYb\V^Yp

:7;B7 8Q`YiYcV b\VUdojYV UVbpcYh^lV hYb\Q S US_Yh^_Z bYbcV]V
bhYb\V^YpC
12 B: 22 :=B 32 <== 42 ??9 52 AA: 62 ::99

:7<97 8Q`YiYcV b\VUdojYV hYb\Q S US_Yh^_Z bYbcV]V bhYb\V^Yp5
S_b`_\mX_SQSiYbm Yf R\YX_bcmo [ bcV`V^p] US_Z[YC
12 : 22 ; 32 :> 42 << 52 ?@ 62 :;? 72 ;>;

:7<:7 @VaVSVUYcV S UVbpcYh^do bYbcV]d bhYb\V^Yp b\VUdojYV
hYb\Q5 XQ`YbQ^^lV S US_Yh^_Z bYbcV]VC
12 :9::99: 22 ::9:9:9 32 :99:::9::: 42 ::999:99:9

52 :::99::99::9 62 :9:9999:999:
:7<;7 8Q`YiYcV hYb\_ 35 · 210 +3 S US_Yh^_Z bYbcV]V5 `_ S_X]_W6

^_bcY ^V `a_YXS_Up ^Y[Q[Yf QaYe]VcYhVb[Yf UVZbcSYZ 1S_ Sbp[_]
b\dhQV5 d]^_WV^YV Y UV\V^YV U\p nc_T_ b_SVaiV^^_ ^Y [ hV]d27

:7<<7 HYb\_ 30! 1eQ[c_aYQ\ caYUgQcY2 XQ`YbQ\Y S US_Yh^_Z bY6
bcV]V7 ?[QXQ\_bm5 hc_ ncQ XQ`Ybm b_UVaWYc U_S_\m^_ ]^_T_ aQXapU_S5
`aYhݷ] ]\QUiYV 𝑛 YX ^Yf ‑ ^d\YD Y^QhV T_S_ap5 US_Yh^Qp XQ`Ybm
hYb\Q 30! XQ[Q^hYSQVcbp ^V[_c_al] [_\YhVbcS_] ^d\VZ7 ;Q[Y] [_^6
[aVc^_H

:7<=7 B\VUdojYV hYb\Q5 XQ`YbQ^^lV S iVbc^QUgQcVaYh^_Z bYbcV6
]V5 XQ`YiYcV S US_Yh^_Z bYbcV]V5 ^V `VaVS_Up S UVbpcYh^doC
12 ;O 22 AJ< 32 @@@@@ 42 :;<=JKLM 52 >J>J

:7<>7 B\VUdojYV hYb\Q5 XQ`YbQ^^lV S S_b]VaYh^_Z bYbcV]V5 XQ6
`YiYcV S US_Yh^_Z bYbcV]V5 ^V `VaVS_Up S UVbpcYh^doC
12 ;@ 22 =>< 32 <<<<< 42 :;<>?@ 52 ?<?<

:7<?7 B\VUdojYV hYb\Q5 XQ`YbQ^^lV S US_Yh^_Z bYbcV]V5 XQ`Y6
iYcV S S_bm]VaYh^_Z Y iVbc^QUgQcVaYh^_Z bYbcV]Qf5 ^V `VaVS_Up
S UVbpcYh^doC
12 :::9: 22 :::::::::: 32 :::::9:99999 42 :99999999999:

:7<@7 9]VVcbp XQ`Ybm ^V[_c_a_T_ hYb\Q S UVSpcYh^_Z bYbcV]VC
28650134867597 8Q`YiYcV nc_ hYb\_ S ca_Yh^_Z bYbcV]V7 =_W^_ \Y
nc_ bUV\Qcm5 ^V Yb`_\mXdp UV\V^YV Y d]^_WV^YVH

:7<A7 @aVUbcQSmcV S e_a]V _Rl[^_SV^^lf Ua_RVZ b\VUdojYV `V6
aY_UYhVb[YV Ua_RY 1S nc_Z XQUQhV Yb`_\mXdVcbp c_\m[_ UVbpcYh^Qp



; hQbcY aVUSQaYcV\m^lV`ݷ bSVUV^Ypݷ :<

bYbcV]Q bhYb\V^Yp2;C
12 0,(63) 22 3,5(27) 32 7,2(325)

:7<B7 @VaVSVUYcV b\VUdojYV `VaY_UYhVb[YV US_Yh^lV Ua_RY S UV6
bpcYh^do bYbcV]d Y XQ`YiYcV Yf S SYUV ^Vb_[aQcY]lf _Rl[^_SV^6
^lf Ua_RVZC
12 0,(1001) 22 0,(110) 32 11,0(011) 42 0,1(0110) 52 0,(000100111011)

:7=97 B\VUdojYV Ua_RY XQ`YbQ^l S UVbpcYh^_Z bYbcV]V bhYb\V6
^Yp7 @aVUbcQSmcV Yf S SYUV US_Yh^lf Ua_RVZ 1S_X]_W^_5 `VaY_UYhV6
b[Yf2C

12 2
5 22 1

6 32 5
7 42 7

9 52 9
11

:7=:*7 Ea_U_ Y Bn] `_`Q\Y S [\QU_Sdo b n\meYZb[Y]Y SVaݷS6
[Q]Y7 N\me5 _faQ^pojYZ [\QU_Sdo5 b[QXQ\5 hc_ T_c_S `_UQaYcm Y]
<<< ]VcaQ SVaݷS[Y5 ^V R_\miV5 ^_ Y ^V ]V^miV5 `_b[_\m[d cQ[ SV\V6
\Q SV\Y[Qp 4Q\QUaYn\m7 ;a_]V c_T_5 n\me b[QXQ\ Ea_U_ Y Bn]d5 hc_
n\meYZb[Qp SVaݷS[Q `_hcY WYSQp Y `_nc_]d _hV^m ^V \oRYc5 [_TUQ Vݷ
YX]Vapoc5 ^_5 `_WQ\dZ5 :< YX]VaV^YZ [Q[6^YRdUm `_cVa`Yc5 Q UQ\m6
iV ^Qh^ݷc b_`a_cYS\pcmbp Y _c[QWVcbp b\dWYcm cV]5 [c_ b ^VZ cQ[
^Vf_a_i_ `_bcd`Y\7 Ea_U_ Sb`_]^Y\5 hc_ VT_ aQX]Qf ad[ S c_h^_bcY
aQSV^ _U^_]d ]Vcad5 Q Bn] b__RaQXY\5 hc_5 Yb`_\mXdp dWV _c]VaV^6
^do SVaݷS[d Y `aY[\QUlSQp [ ^VZ SVaݷS[d5 [_c_aQp Vjݷ ^V _c]VaV^Q5
]_W^_ dSV\YhYcm Vݷ [_\YhVbcS_ SUS_V XQ _U^_ YX]VaV^YV7 =_Tdc \Y
UadXmp _c]VaYcm bVRV a_S^_ <<< ]VcaQ SVaݷS[Y XQ _cSVUݷ^^lV Y] :<
YX]VaV^YZH

:7=;*7 5\p db\_SYZ `aVUlUdjVZ XQUQhY _`YiYcV5 [Q[ _c]VaYcm
`a_YXS_\m^_V [_\YhVbcS_ SVaݷS[Y5 [aQc^_V _U^_]d ]Vcad5 XQ ]Y^Y6
]Q\m^_V hYb\_ YX]VaV^YZ7

5S_Yh^Qp \_TY[Q
8UVbm Y UQ\VV Yb`_\mXdocbp cV WV _R_X^QhV^Yp \_TYhVb[Yf
_`VaQgYZ5 [Q[ Y S C>7>7:ݷ [_^ko^[gYp _R_X^QhV^Q bY]S_6
\_] &5 UYXko^[gYp ‑ bY]S_\_] ∨5 _caYgQ^YV ‑ 𝑥5 Y c7 U7
BY]S_\ [_^ko^[gYY S ^V[_c_alf b\dhQpf _`djV^5 cQ[ hc_
𝑥𝑦 ‑ nc_ c_ WV bQ]_V5 hc_ 𝑥 & 𝑦7

:7=<7 D`a_bcYcV SlaQWV^YpC
12 𝑥 ∨ 𝑥𝑦 22 𝑥𝑦 ∨ 𝑥𝑦 32 𝑥𝑦 ∨ 𝑥𝑦 ∨ 𝑥𝑦

:7==7 @VaV`YiYcV b\VUdojYV SlaQWV^Yp5 Yb`_\mXdp c_\m[_
[_^ko^[gYo5 UYXko^[gYo Y _caYgQ^YVC

;>Q Sbp[YZ b\dhQZ ^Q`_]^Y]5 hc_ XQ`Ybm b [adT\l]Y b[_R[Q]Y _R_X^QhQVc
RVb[_^Vh^do `VaY_UYhVb[do Ua_Rm5 Q gYeal S b[_R[Qf ‑ nc_ Vݷ `VaY_U5 c7 V7 [Q[
aQX cV gYeal5 [_c_alV S XQ`YbY Ua_RY `_Sc_apocbp U_ RVb[_^Vh^_bcYD ^Q`aY]Va5
0,1(25) _X^QhQVc Ua_Rm 0,125252525 . . .



:= 8QUQhY

12 𝑥 ∨ (𝑥⊕ 𝑦) 22 𝑥&(𝑥⊕ 𝑦) 32 𝑥 ∨ (𝑥 ≡ 𝑦) 42 𝑥&(𝑥 ≡ 𝑦)
52 𝑥 ∨ (𝑥 → 𝑦) 62 𝑥&(𝑥 → 𝑦) 72 𝑦 ∨ (𝑥 → 𝑦) 82 𝑦&(𝑥 → 𝑦)

92 (𝑥 → 𝑦) ∨ (𝑦 → 𝑥) :2 (𝑥 → 𝑦)& (𝑦 → 𝑥)

:7=>7 D`a_bcYcV SlaQWV^YpC
12 𝑥 ∨ (𝑥& 𝑦) 22 𝑥&(𝑥& 𝑦) 32 𝑥&(𝑥 ∨ 𝑦) 42 𝑥 ∨ (𝑥 ∨ 𝑦)

:7=?7 ;Q[ YXSVbc^_5 baVUY Rd\VSlf ed^[gYZ USdf `VaV]V^^lf
Vbcm USV ed^[gYY5 hVaVX [QWUdo YX [_c_alf5 Yb`_\mXdp c_\m[_ Vݷ
_U^d 1Y Y]V^Q `VaV]V^^lf5 ^_ ^V [_^bcQ^cl ‑ [_^bcQ^cl c_WV pS6
\pocbp ed^[gYp]Y25 ]_W^_ SlaQXYcm \oRlV Rd\VSl ed^[gYY 1^V
c_\m[_ USdf `VaV]V^^lf5 S__RjV \oRlV27 NcY USV ݷfYcalVݷ ed^[gYY
^QXlSQocbp bcaV\[_Z @YabQ Y icaYf_] IVeeVaQ7 BcaV\[Q @YabQ
_R_X^QhQVcbp bY]S_\_] Dݷ↓ݷ _^Q YbcY^^Q c_TUQ Y c_\m[_ c_TUQ5 [_TUQ
\_W^l _RQ Vݷ QaTd]V^cQ ‑ Y^QhV T_S_ap5 bcaV\[Q @YabQ `aVUbcQS\pVc
b_R_Z _caYgQ^YV UYXko^[gYYC 𝑥 ↓ 𝑦 = 𝑥 ∨ 𝑦7

9b`_\mXdp c_\m[_ bcaV\[d @YabQ5 _R_X^QhV^Yp `VaV]V^^lf 𝑥 Y 𝑦
Y [adT\lV b[_R[Y5 XQ`YiYcV [QWUdo YX _bcQ\m^lf :> Rd\VSlf ed^[6
gYZ USdf `VaV]V^^lf7

:7=@7 IcaYf IVeeVaQ _R_X^QhQVcbp bY]S_\_] Dݷ|ݷ SlaQWV^YV
𝑥|𝑦 YbcY^^_ SbVTUQ5 [a_]V b\dhQp5 [_TUQ _U^_SaV]V^^_ YbcY^^l _RQ
VT_ QaTd]V^cQ5 c7 V7 icaYf IVeeVaQ `aVUbcQS\pVc b_R_Z _caYgQ^YV
[_^ko^[gYYC 𝑥 | 𝑦 = 𝑥& 𝑦7

8Q`YiYcV [QWUdo YX _bcQ\m^lf :> Rd\VSlf ed^[gYZ USdf `VaV6
]V^^lf5 Yb`_\mXdp c_\m[_ icaYf IVeeVaQ5 _R_X^QhV^Yp `VaV]V^6
^lf 𝑥 Y 𝑦 Y [adT\lV b[_R[Y7

:7=A7 5\p b\VUdojYf SlaQWV^YZ `_bca_ZcV cQR\Ygl YbcY^^_bcY
Y _`aVUV\YcV5 [Q[YV `_\dhY\Ybm ed^[gYYC
12 𝑥⊕ 𝑦 22 𝑥&(𝑥 → 𝑦) 32 𝑦&(𝑥⊕ 𝑦) 42 (𝑥 | 𝑦)& (𝑥 ≡ 𝑦) 52 (𝑥 ↓ 𝑦)

:7=B7 @_U b_SVaiV^^_Z UYXko^[cYS^_Z ^_a]Q\m^_Z e_a6
]_Z 1B5>E2 `_^Y]QVcbp `aVUbcQS\V^YV Rd\VS_Z ed^[gYY 𝑛 `VaV6
]V^^lf S SYUV UYXko^[gYY 1\_TYhVb[_Z bd]]l2 h\V^_S5 [QWUlZ
YX [_c_alf `aVUbcQS\pVc b_R_Z [_^ko^[gYo5 S [_c_ado Sf_UYc U\p
[QWU_Z YX 𝑛 `VaV]V^^lf \YR_ _^Q bQ]Q5 \YR_ Vݷ _caYgQ^YV7 >Q`aY6
]Va5 U\p 𝑓(𝑥, 𝑦) = 𝑥 → 𝑦 B5>E RdUVc cQ[_ZC 𝑥 𝑦 ∨ 𝑥𝑦 ∨ 𝑥𝑦D U\p
𝑔(𝑥, 𝑦) = 𝑥 > 𝑦 B5>E b_bc_Yc SbVT_ YX _U^_T_ Cݷ_b\QTQV]_Tݷ 𝑥 𝑦7 ?R6
aQcYcV S^Y]Q^YV5 hc_ S [QWUlZ h\V^ Sf_Upc 1b _caYgQ^YV] Y\Y RVX2
_RV `VaV]V^^lV 𝑥 Y 𝑦D U\p ed^[gYY _c caݷf `VaV]V^^lf 𝑥5 𝑦 Y 𝑧 S
[QWUlZ h\V^ B5>E Sf_UY\Y Rl SbV ncY caY `VaV]V^^lV7

3 _RjV] b\dhQV 1U\p `a_YXS_\m^_Z ed^[gYY2 B5>E b_bc_Yc YX
bc_\m[Y h\V^_S5 b[_\m[_ VUY^Yg S `aQS_Z hQbcY Vݷ cQR\YgV YbcY^6
^_bcYD [QWUlZ cQ[_Z h\V^ e_a]YadVcbp5 Ybf_Up YX \VS_Z hQbcY b_6
_cSVcbcSdojVZ bca_[Y cQR\Ygl YbcY^^_bcYC `VaV]V^^lV5 [_c_alV
S nc_Z bca_[V aQS^l VUY^YgV5 Sf_Upc S [_^ko^[c bQ]Y `_ bVRV5
Q cV5 hc_ aQS^l ^d\o5 RVadcbp b _caYgQ^YV]7 >Q`aY]Va5 ed^[gYp



; hQbcY aVUSQaYcV\m^lV`ݷ bSVUV^Ypݷ :>

ℎ(𝑥, 𝑦, 𝑧) = 𝑧(𝑥⊕ 𝑦) RdUVc YbcY^^Q 1aQS^Q VUY^YgV2 ^Q USdf ^QR_aQfC
(0, 1, 1) Y (1, 0, 1)D b\VU_SQcV\m^_5 Vݷ B5>E RdUVc b_bc_pcm YX USdf
h\V^_SC 𝑥𝑦𝑧 ∨ 𝑥𝑦𝑧7

@_bca_ZcV cQR\Ygl YbcY^^_bcY U\p b\VUdojYf SlaQWV^YZ Y
`aVUbcQSmcV Yf S b_SVaiV^^_Z UYXko^[cYS^_Z ^_a]Q\m^_Z e_a]VC

12 (𝑥 → 𝑦)⊕ (𝑥 → 𝑧) 22 (𝑥 ∨ 𝑦)(𝑥 → (𝑦𝑧))

:7>97 9]VVcbp >99 \_TYhVb[Yf 1Rd\VSlf2 `VaV]V^^lf5 _R_X^QhV^6
^lf 𝑥1, 𝑥2, 𝑥3, . . . , 𝑥5007 B[_\m[_ aViV^YZ Y]VVc [QWUQp YX b\VUdo6
jYf bYbcV] daQS^V^YZH⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩

𝑥1 ⊕ 𝑥2 = 1

𝑥2 ⊕ 𝑥3 = 1

𝑥3 ⊕ 𝑥4 = 1

· · ·
𝑥499 ⊕ 𝑥500 = 1

⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩

𝑥1 ⊕ 𝑥2 = 0

𝑥2 ⊕ 𝑥3 = 0

𝑥3 ⊕ 𝑥4 = 0

· · ·
𝑥499 ⊕ 𝑥500 = 0

;Q[YV nc_ aViV^YpH
:7>:*7 <_TYhVb[Qp ed^[gYp ^QXlSQVcbp bdjVbcSV^^_ XQSYbpjVZ

_c `VaV]V^^_Z 𝑥5 Vb\Y bdjVbcSdVc f_cp Rl _U^Q cQ[Qp `QaQ ^QR_a_S
X^QhV^YZ SbVf `VaV]V^^lf5 hc_ ed^[gYp ^Q ncYf ^QR_aQf `aY^Y]Q6
Vc `a_cYS_`_\_W^lV X^QhV^Yp5 Q bQ]Y ^QR_al aQX\YhQocbp c_\m[_
X^QhV^YV] `VaV]V^^_Z 𝑥5 SbV _bcQ\m^lV `VaV]V^^lV S ncYf ^QR_aQf
Y]Voc _UY^Q[_SlV X^QhV^Yp7 CQ[5 [_^ko^[gYp Y UYXko^[gYp bdjV6
bcSV^^_ XQSYbpc _c _RVYf bS_Yf `VaV]V^^lf5 ed^[gYp 𝑓(𝑥, 𝑦) = 𝑥
bdjVbcSV^^_ XQSYbYc c_\m[_ _c 𝑥5 Q [_^bcQ^cl ^V pS\pocbp bdjV6
bcSV^^_ XQSYbY]l]Y ^Y _c _U^_Z `VaV]V^^_Z7 B[_\m[_ bdjVbcSdVc
\_TYhVb[Yf ed^[gYZ _c USdf `VaV]V^^lf5 bdjVbcSV^^_ XQSYbpjYf
_c [QWU_Z bS_VZ `VaV]V^^_ZH 1 b[_\m[_ cQ[Yf ed^[gYZ _c caݷf `V6
aV]V^^lfH

;_\YhVbcS_ Y^e_a]QgYY

:7>;7 3 ^V[_c_a_Z YTaV5 hc_Rl bUV\Qcm f_U5 YTa_[ U_\WV^ Ra_6
bYcm caY YTaQ\m^lV [_bcY 1_Rlh^lV [dRY[Y5 TaQ^Y [_c_alf `_]V6
hV^l hYb\Q]Y _c : U_ ?25 `aYhݷ] `aQSY\Q]Y YTal dbcQ^_S\V^_5 hc_
dhYclSQocbp c_\m[_ Sl`QSiYV VUY^Ygl Y US_Z[Y5 Q [_bcY5 d`QSiYV
SSVaf TaQ^p]Y _c < U_ ?5 UQoc ^_\m _h[_S7 ;Q[_SQ Y^e_a]QgY_^^Qp
gV^^_bcm b__RjV^YZ5 hc_ YTa_[ S aVXd\mcQcV bS_VT_ Ra_b[QC

12 `_\dhY\ ^_\m _h[_SD
22 `_\dhY\ ^V^d\VS_V [_\YhVbcS_ _h[_SD
32 `_\dhY\ iVbcm _h[_SD
42 `_\dhY\ _U^_ _h[_H



:? 8QUQhY

:7><7 9TaQ\m^Qp [_bcm U\p ^V[_c_a_Z ^Qbc_\m^_Z YTal Sl`_\^V^Q
S SYUV U_UV[QnUaQ ‑ `aQSY\m^_T_ :;6TaQ^^Y[Q5 [QWUQp TaQ^m [_c_6
a_T_ `aVUbcQS\pVc b_R_Z `aQSY\m^lZ `pcYdT_\m^Y[D bhYcQVcbp5 hc_
`QUV^Yp nc_Z [_bcY \oR_Z YX Vݷ TaQ^VZ SSVaf aQS^_SVa_pc^l7 3 bSpXY
b _b_RV^^_bcp]Y `aQSY\ YTal caY YX :; TaQ^VZ `dbcl 1bhYcQVcbp5 hc_
Yf Sl`QUV^YV b__cSVcbcSdVc ^d\o _h[_S25 _bcQ\m^lV TaQ^Y `_]VhV6
^l hYb\Q]Y _c : U_ B7 ;Q[_SQ Y^e_a]QgY_^^Qp gV^^_bcm b__RjV^Yp
aVXd\mcQcݷ Ra_b[Q [_bcY ‑ ^_\m _h[_SݷH

:7>=7 2a_bYS YTaQ\m^do [_bcm5 _`YbQ^^do S `aVUlUdjVZ XQUQhV5
YTa_[ `_\dhY\ R_\miV caݷf _h[_S7 ;Q[_SQ Y^e_a]QgY_^^Qp gV^^_bcm
b__RjV^Yp _R nc_]H

:7>>7 Dbca_YcV\Y R\QT_cS_aYcV\m^_Z \_cVaVY Sl`dbcY\Y ]Y\\Y6
_^ RY\Vc_S Y b__RjY\Y5 hc_ RdUVc aQXlTaQ^_ :>?;> `aYX_S 1[QWUlZ
RY\Vc ]_WVc SlYTaQcm _UY^ `aYX Y\Y ^V SlYTaQcm ^Y _U^_T_27 8^Qp
nc_5 BVaTVZ [d`Y\ USQ RY\VcQ7 HVaVX ^V[_c_a_V SaV]p V]d b__RjY\Y5
hc_ _RQ VT_ RY\VcQ SlYTaQ\Y7 B[_\m[_ RYc Y^e_a]QgYY _^ `aY nc_]
`_\dhY\H

:7>?7 >Q dhQbcYV S XQRVTV ^Q :9999 ]Vca_S XQpSY\Ybm ;@ b`_acb6
]V^_S5 baVUY ^Yf Rl\ 3Y[c_a5 XQ [_c_a_T_ R_\V\Y =QiQ Y ?\p7 ?\p
^V b]_T\Q `aYZcY ^Q b_aVS^_SQ^Yp5 `_nc_]d =QiQ b__RjQ\Q VZ _
`a_Ybf_UpjV]5 `_bl\Qp \V\6b__RjV^Yp7 B^QhQ\Q =QiQ b__RjY\Q5
hc_ :< b`_acb]V^_S YX hYb\Q XQpSYSiYfbp ^V Sli\Y ^Q bcQac5 ^_
3Y[c_a R\QT_`_\dh^_ bcQac_SQ\7 ;_TUQ XQRVT Rl\ S bQ]_] aQXTQaV5
_c =QiY `aYi\_ b__RjV^YV5 hc_ ^Q UYbcQ^gYY _UY^ YX b`_acb]V^_S
bUV\Q\ UadT_]d `_U^_W[d5 cQ[ hc_ c_c Sc_a_Z d`Q\ Y Sl^dWUV^ Rl\
b_ZcY b UYbcQ^gYY5 Q SY^_S^Y[Q `a_YbiVbcSYp bdUmY UYb[SQ\YeYgY6
a_SQ\Y7 6jݷ hVaVX [Q[_V6c_ SaV]p =QiQ ^Q`YbQ\Q5 hc_ Vjݷ iVbcVa_
b`_acb]V^_S b_i\Y b UYbcQ^gYY `_ aQX^l] `aYhY^Q]5 Q 3Y[c_a R\Q6
T_`_\dh^_ U_RVWQ\ U_ eY^YiQ5 ^_ cQR\_ ^Q bcQUY_^V b\_]Q\_bm Y
XaYcV\Y ^V X^Qoc5 [c_ b [Q[Y] aVXd\mcQc_] eY^YiYa_SQ\5 cQ[ hc_
`aYUݷcbp WUQcm ^QTaQWUV^Yp7

;Q[_SQ Y^e_a]QgY_^^Qp gV^^_bcm XQ[\ohYcV\m^_Z \V\6[Y _c
=QiY5 S [_c_a_Z b__RjQ\_bm5 hc_ 3Y[c_aQ5 dSl5 ^Vc ^Q `mVUVbcQ\V5
Vb\Y ^Y[Q[_Z Y^e_a]QgYY _R Ybf_U^_] da_S^V `_UT_c_S[Y b`_acb]V6
^_S ?\p ^V `_\dhQ\QH

:7>@7 3 cda^YaV dhQbcS_SQ\Y S_bV]m iQf]QcYbc_S5 Y]VojYf `aY6
]Va^_ _UY^Q[_SlZ aVZcY^T7 ?UY^ YX XaYcV\VZ `_b\V `_USVUV^Yp Yc_6
T_S XQ`YbQ\ ^Q Rd]QW[V eQ]Y\YY dhQbc^Y[_S cda^YaQ5 XQ^pSiYf
caY `aYX_Slf ]VbcQ7 B[_\m[_ Y^e_a]QgYY `_\dhYc VT_ X^Q[_]lZ5
U\p [_c_a_T_ `aVU^QX^QhQVcbp Rd]QW[Q5 Vb\Y b`Yb_[ SbVf dhQbc^Y6
[_S5 be_a]Ya_SQ^^lZ U_ ^QhQ\Q cda^YaQ5 d ^VT_ dWV VbcmH



; hQbcY ; ]pXlݷ @Qb[Q\m Y
^QhQ\Q `a_TaQ]]Ya_SQ^Ypݷ

8Q[aV`\V^YV RQX_Slf `_^pcYZ

;79:7 5\p [QWU_T_ YX b\VUdojYf SlaQWV^YZ _`aVUV\YcV VT_ X^Q6
hV^YV Y cY`C
12 ;4< 22 ;4<3:9 32 >61?6@2 42 :A8? 52 :>8?
62 :A 49F ? 72 :A =?4 ? 82 :@ 49F < 92 :@ =?4 < :2 = =?4 @
;2 ;8: 4 <8: <2 < E = =2 ; F :79 4 :79 >2 < EG =6:

;79;7 ;Q[YV X^QhV^Yp RdUdc S `VaV]V^^lf 1 Y 25 Y]VojYf cY`
9>D575B5 `_b\V Sl`_\^V^Yp b\VUdojYf `aYbSQYSQ^YZH

1 CF <D
2 CF >D
1 CF 2D
2 CF 1D

;79<7 Hc_ ^Q`VhQcQVc b\VUdojQp `a_TaQ]]QH

@B?7B1= 45=?:D
F1B

H5 I5 JC 9>D575BD
2579>

H CF >D
I CF :9D
J CF H 4 ID
H CF J 3 <D
GB9D5<>1H2

5>47

;79=7 @VaV]V^^Qp H5 Y]VojQp cY` 9>D575B5 b_UVaWYc hYb\_ @D
[Q[_V hYb\_ _^Q RdUVc b_UVaWQcm `_b\V Sl`_\^V^Yp b\VUdojYf `aY6
bSQYSQ^YZH



:A 8QUQhY

H CF H 4 <D
H CF :99 6 HD
H CF :9 3 H 4 HD

;79>7 Hc_ RdUVc ^Q`VhQcQ^_ S aVXd\mcQcV Sl`_\^V^Yp b\VUdojYf
eaQT]V^c_S `a_TaQ]]lH

12 9 CF 9D
G89<5 9 E :9 4?
2579>

GB9D5<>1’Q5<<?’2D
9 CF 9 4 :

5>4

22 9 CF :D
G89<5 9 E ;9 4?
2579>

GB9D5<>1’P??4 KI5’2D
9 CF 9 4 :

5>4

32 9 CF :>D
G89<5 9 E ;@ 4?
2579>

GB9D5<>1’12B1;1412B1’2D
9 CF 9 4 :

5>4

42 9 CF =9D
G89<5 9 G ;> 4?
2579>

GB9D5<>1’6??21B’2D
9 CF 9 6 :

5>4

52 9 CF >D
G89<5 9 E :9= 4?
2579>

GB9D5<>1’S?8>>I 25 7??41’2D
9 CF 9 4 :9

5>4

62 9 CF :;D
G89<5 9 G ;; 4?
2579>

GB9D5<>1’12345678’2D
9 CF 9 4 :

5>4

;79?7 Hc_ RdUVc ^Q`VhQcQ^_ S aVXd\mcQcV Sl`_\^V^Yp b\VUdojYf
eaQT]V^c_S `a_TaQ]]lH

12 9 CF 9D
B5@51D

GB9D5<>1’Q5<<?’2D
9 CF 9 4 :

E>D9< 9 G :9D

22 9 CF :D
B5@51D

GB9D5<>1’P??4 KI5’2D
9 CF 9 4 :

E>D9< 9 G ;9D

32 9 CF :;D
B5@51D

GB9D5<>1’12B1;1412B1’2D
9 CF 9 6 :

E>D9< 9 G 9D

42 9 CF :;D
B5@51D

GB9D5<>1’12345678’2D
9 CF 9 4 :

E>D9< 9 E :99D
BaQS^YcV SQiY aVXd\mcQcl b aVXd\mcQcQ]Y `aVUlUdjVZ XQUQhY7

;79@*7 @VaV]V^^do5 [_c_aQp ]V^pVc bS_ݷ X^QhV^YV ^Q [QWU_Z YcV6
aQgYY gY[\Q Y ^Q _b^_SQ^YY X^QhV^Yp [_c_a_Z `aY^Y]QVcbp aViV6
^YV5 `a_U_\WQcm gY[\ Y\Y `aV[aQcYcm5 hQbc_ ^QXlSQoc bhݷchY[_]



; hQbcY ]pXlݷ @Qb[Q\m Y ^QhQ\Q `a_TaQ]]Ya_SQ^Ypݷ :B

gY[\Q 7 ;Q[ Sl bhYcQVcV5 S [Q[Yf `aY]VaQf YX XQUQh ;79> Y ;79? `VaV6
]V^^do 9 ]_W^_ b `_\^l] ^Q c_ _b^_SQ^YV] ^QXlSQcm ݷ[_]chYݷbhݷ
Y hc_ [_^[aVc^_ _^Q bhYcQVcH

;79A7 3Va^YcVbm [ XQUQhV ;79> Y cV `aY]Val5 [_c_alV nc_ `_XS_\p6
oc5 `VaV`YiYcV b Yb`_\mX_SQ^YV] gY[\Q 6?B cQ[5 hc_Rl `VaV]V^^Qp
gY[\Q `a_RVTQ\Q cV WV bQ]lV X^QhV^Yp7 ;Q[YV YX `aY]Va_S ^V U_`db6
[Qoc cQ[_T_ `VaV`YblSQ^Yp Y `_hV]dH

@_RYc_SlV _`VaQgYY

;79B7 ;Q[_Sl X^QhV^Yp b\VUdojYf SlaQWV^YZH
12 BB 1>4 @A 22 BB ?B @A 32 BB H?B @A 42 >?D 9
52 >?D 6:< 62 >?D :@@ 62 : C8< @ 72 @ C8< ;
82 ;>> C8B = 92 ;=9 C8B < :2 =; C8B < <2 6; C8< ;

;7:97 @VaV]V^^lV H Y I Y]Voc cY` <?>7G?B4 1<;6RYc^_V RVXX^Q[_6
S_V gV\_V27 ;Q[YV S ^Yf RdUdc X^QhV^Yp `_b\V Sl`_\^V^Yp b\VUdojYf
_`VaQc_a_SH

H CF 4123456>@D
I CF 4:;<=?AB:D
H CF 11H C8B A2 1>4 4666699992 ?B 11I C8< A2 1>4 466662D
I CF 11I 1>4 46699992 C8B :?2 ?B 11I 1>4 4662 C8< A2D

>Q`_]^Y]5 X^Q[ ݷ4ݷ S @Qb[Q\V _X^QhQVc iVbc^QUgQcVaYh^do bYbcV]d
bhYb\V^YpD _cSVc UQZcV cQ[WV S SYUV iVbc^QUgQcVaYh^lf hYbV\7

;7::7 >Q`YiYcV ed^[gYo5 [_c_aQp `aY^Y]QVc `QaQ]Vca_] hYb6
\_ cY`Q <?>79>D Y S_XSaQjQVc gV\_V hYb\_ ‑ [_\YhVbcS_ VUY^Yg S
US_Yh^_] `aVUbcQS\V^YY `QaQ]VcaQ7

8QUQhY ^Q gY[\l Y `a_gVUdal
@_b\VUdojYV XQUQhY bc_Yc `a_R_SQcm aViQcm ^V aQ^miV5
hV] Sl b`aQSYcVbm b b_UVaWQ^YV] T\QSl ;7<5 aQbb[QXlSQo6
jVZ _ `_U`a_TaQ]]Qf5 Y\Y f_cp Rl b `VaSl] `QaQTaQe_]
YX ^V7ݷ ?RpXQcV\m^_ `aY]V^pZcV `a_gVUdal `aY aViV^YY
XQUQh5 Yb[\ohQp UdR\Ya_SQ^YV [_UQ Y d`a_jQp bcad[cdad
`a_TaQ]]l5 Y^QhV ncY XQUQhY _[QWdcbp `aQ[cYhVb[Y RVb`_6
\VX^l7

;7:;7 8QUVZbcS_SQS `a_gVUdad YB9>DL81BC5 aQX_RaQ^^do S :7>7;ݷ
S [QhVbcSV _U^_T_ YX `aY]Va_S5 ^Q`YiYcV USV `a_TaQ]]l5 `_ b]lb6
\d Q^Q\_TYh^lV `a_TaQ]]V M91=?>4YB?3 1ncQ `a_TaQ]]Q aQX_RaQ^Q S
c_] WV `QaQTaQeV hdcm aQ^miV2 Y c_h^_ cQ[ WV5 [Q[ _^Q5 Yb`_\mXdo6
jYV `_bca_h^lZ SlS_U5 ^_ ^V]^_T_ _c\YhQojYVbp _c ^VݷC `dbcm _U^Q



;9 8QUQhY

YX ^Yf `VhQcQVc 5ݷ]a_]RYݷ _^ WV 5ݷQ\]QXݷ XQ`_\^V^^lZ XSݷXU_h[Q]Y5
Q Sc_aQp ‑ ݷQ\]QXݷ YX `a_RV\_S ^Q e_^V5 XQ`_\^V^^_] XSݷXU_h[Q]Y7
CQ[5 Vb\Y `_\mX_SQcV\m SSVUݷc hYb\_ >5 SQiY `a_TaQ]]l U_\W^l
^Q`VhQcQcm b\VUdojVVC

3 3333333
333 333 333

33333 33 33
333 3 3
3 33 33

333 333
3333333

1b\VSQ `_[QXQ^ SlS_U `VaS_Z `a_TaQ]]l5 b`aQSQ ‑ Sc_a_Z27 ?RpXQ6
cV\m^_ dRVUYcVbm5 hc_ S SQiVZ `a_TaQ]]V ^Vc _UY^Q[_Slf eaQT]V^6
c_S [_UQ5 Vb\Y _^Y Vbcm ‑ Sl^VbYcV Yf S `a_gVUdal7

;7:<7 >Q`YiYcV `a_TaQ]]d5 XQ`aQiYSQojdo d `_\mX_SQcV\p USQ
hYb\QC Slb_cd ݷQ\]QXQݷ Y WV\QV]_V [_\YhVbcS_ 5ݷQ\]QX_Sݷ Y SlUQo6
jQp 1`_bca_h^_12 eYTdad YX XSݷXU_hV[5 b_UVaWQjdo XQUQ^^_V hYb\_
Q\]QX_S XQUQ^^_Z Slb_cl5 aQb`_\_WV^^lf T_aYX_^cQ\m^_ Y _cbc_p6
jYf UadT _c UadTQ ^Q _UY^ `a_RV\7 CQ[5 Vb\Y `_\mX_SQcV\m SSݷ\ hYb\Q
@ Y ?5 `_\dhYcmbp U_\W^_ b\VUdojVVC

3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3

3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 3 3 3

;7:=7 >Q`YiYcV `a_TaQ]]d5 SlUQojdo b_bc_pjdo YX XU_6ݷXSݷ
hV[ݷ Rd[Sd c b T_aYX_^cQ\m^_Z `_`VaVhY^_Z5 Y]Vojdo XQUQ^^do
1SSVUݷ^^do `_\mX_SQcV\V]2 Slb_cd 1Y cQ[do WV iYaY^d27 >Q`aY]Va5
U\p SSVUݷ^^_T_ hYb\Q @ aVXd\mcQc U_\WV^ Rlcm cQ[Y]C

3333333
3

3
3333333

3
3

3333333
6b\Y `_\mX_SQcV\m `lcQVcbp SSVbcY hݷc^_V hYb\_ Y\Y hYb\_ ]V^m6
iV `pcY5 SlUQSQZcV b__RjV^YV _R _iYR[V Y `a_bYcV `_\mX_SQcV\p
`_Sc_aYcm SS_U7

;7:>*7 Db_SVaiV^bcSdZcV `a_TaQ]]d YX XQUQhY ;7:=5 hc_Rl _^Q
XQ`aQiYSQ\Q USQ hYb\Q 1Slb_cd Rd[Sl Y [_\YhVbcS_ cQ[Yf Rd[S2 Y
`VhQcQ\Q ^dW^_V [_\YhVbcS_ Rd[S c XQUQ^^_Z Slb_cl5 `aYhݷ] [QW6
UQp b\VUdojQp Rd[SQ c U_\W^Q _cbc_pcm _c `aVUlUdjVZ ^Q _UY^



; hQbcY ]pXlݷ @Qb[Q\m Y ^QhQ\Q `a_TaQ]]Ya_SQ^Ypݷ ;:

`a_RV\ `_ T_aYX_^cQ\Y Y ^Q `_\_SY^d Slb_cl Rd[Sl `_ SVacY[Q\Y7
>Q`aY]Va5 U\p hYbV\ @ Y < [QacY^Q U_\W^Q `_\dhYcmbp cQ[QpC

3333333
3

3
3333333 3333333

3 3
3 3

3333333 3333333 3333333
3 3

3 3
3333333 3333333

3
3

3333333

BY]S_\l

;7:?7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc YX bcQ^UQac^_T_ `_6
c_[Q SS_UQ bca_[d 1Yb`_\mXdZcV `VaV]V^^do cY`Q CDB9>7 Y _`VaQc_a
B514<>2 Y `VhQcQVc cV ^V`a_RV\m^lV bY]S_\l YX nc_Z bca_[Y5 [_c_6
alV S ^VZ SbcaVhQocbp R_\miV _U^_T_ aQXQ7 ;QWUlZ cQ[_Z bY]S_\
U_\WV^ Rlcm ^Q`VhQcQ^ a_S^_ _UY^ aQXD `VhQcQcm Yf b\VUdVc S c_] `_6
apU[V5 S [_c_a_] _^Y S `VaSlZ aQX SbcaVhQocbp S_ SSVUݷ^^_Z bca_[V7
>V XQRdUmcV `a_ `VaVS_U bca_[Y S [_^gV SQiVT_ SlS_UQ7 >Q`aY]Va5
aQR_cQ `a_TaQ]]l ]_WVc SlT\pUVcm cQ[C

<9JJ95I8?CDCN4 78@B?7
QE=@DI ME=@DI C1D ?> 1 G1<<
E=@DI1<
<9JJ95I8?CDCN4

;7:@7 3 :7<7;ݷ aQbb]QcaYSQVcbp `a_TaQ]]Q YB9>DJC3995 `VhQcQo6
jQp hQbcm J\LRR6cQR\Ygl S SYUV bV]Y bca_[ `_ :? bY]S_\_S S [QW6
U_Z5 `aYhݷ] [_Ul bY]S_\_S ^QaQbcQoc SU_\m T_aYX_^cQ\m^lf bca_[
1^Q VUY^Ygd `aY `VaVf_UV S`aQS_ ^Q _UY^ bc_\RVg25 Q `aY `VaVf_UV [
b\VUdojVZ bca_[V dSV\YhYSQocbp ^Q :?7 @VaVUV\QZcV ncd `a_TaQ]6
]d 1Y\Y ^Q`YiYcV bS_o b hYbc_T_ \YbcQ2 cQ[5 hc_Rl _^Q `VhQcQ\Q
cQR\Ygd YX A bca_[ `_ := bY]S_\_S S [QWU_Z5 `aYhݷ] [_Ul bY]S_\_S
^QaQbcQ\Y ^Q VUY^Yh[d `aY USYWV^YY `_ SVacY[Q\Y 1S^YX ^Q _U^d
bca_[d25 Q `aY `VaVf_UV [ b_bVU^V]d bc_\Rgd dSV\YhYSQ\Ybm ^Q S_6
bV]m ‑ Y^QhV T_S_ap5 hc_Rl cQR\Ygd ^dW^_ Rl\_ hYcQcm ^V b\VSQ
^Q`aQS_ bca_[Q XQ bca_[_Z5 Q bSVafd S^YX bc_\RVg XQ bc_\Rg_]7



;; 8QUQhY

@_bY]S_\m^lZ SS_U5 `a_TaQ]]l6eY\mcal

;7:A7 3 ;7<7;ݷ aQbb]QcaYSQVcbp `a_gVUdaQ [514U?>79>D5 `_XS_\p6
ojQp `a_hYcQcm b [\QSYQcdal UVbpcYh^do XQ`Ybm hYb\Q Y `aVSaQ6
cYcm Vݷ S hYb\_S_V X^QhV^YV7 Db_SVaiV^bcSdZcV ncd `a_gVUdad cQ[5
hc_Rl _^Q ]_T\Q hYcQcm hYb\_ S \oR_Z bYbcV]V bhYb\V^Yp `_ _b^_6
SQ^Yo _c ; U_ <?5 Yb`_\mXdp \QcY^b[YV Rd[Sl S]Vbc_ gYea5 [Q[ nc_
UV\QVcbp S iVbc^QUgQcVaYh^_Z bYbcV]V 1cQ[5 Rd[SQ N `_caVRdVcbp S_
SbVf bYbcV]Qf `_ _b^_SQ^Yo _c :> U_ <? Y SbVTUQ RdUVc _R_X^QhQcm
:=5 c_TUQ [Q[ Rd[SQ c RdUVc XQUVZbcS_SQ^Q c_\m[_ S bYbcV]V `_ _b6
^_SQ^Yo <?5 Q _R_X^QhQcm RdUVc ݷgYeadݷ <>27 ?b^_SQ^YV bYbcV]l
bhYb\V^Yp `VaVUQSQZcV U_`_\^YcV\m^l] `QaQ]Vca_]7 8QT\QS^lV Y
bca_h^lV \QcY^b[YV Rd[Sl ^V aQX\YhQZcV5 c7 V7 bUV\QZcV cQ[7 hc_Rl
SQiQ `a_gVUdaQ ]_T\Q aQR_cQcm Y b cV]Y5 Y b UadTY]Y7

@aY aViV^YY b\VUdojYf XQUQh5 Q cQ[WV XQUQh5 [_c_alV
SbcaVcpcbp SQ] `_XWV Y RdUdc _`VaYa_SQcm `_^pcYV] b\_6ݷ
SQ5ݷ `aY]YcV S_ S^Y]Q^YV5 hc_ `_U b\_S_] _Rlh^_ 1Vb\Y
pS^_ ^V d[QXQ^_ Y^_T_2 `_^Y]QVcbp `a_YXS_\m^Qp `_b\VU_6
SQcV\m^_bcm ^V`a_RV\m^lf bY]S_\_SD `a_RV\m^l]Y WV bY]6
S_\Q]Y caQUYgY_^^_ bhYcQocbp b_RbcSV^^_ `a_RV\ 1’ ’25
cQRd\pgYp 13B2 Y `VaVS_U bca_[Y 13:925 `\ob S ^V[_c_alf
b\dhQpf Vjݷ S_XSaQc [QaVc[Y 13:<27 3_XSaQc [QaVc[Y SQ]
`aY aQR_cV S ^>9H6bYbcV]Qf ^Q SS_UV b [\QSYQcdal ^V SbcaV6
cYcbp5 Q `VaVS_U bca_[Y S_ ]^_TYf XQUQhQf _RaQRQclSQVcbp
_cUV\m^_5 cQ[ hc_ _bcQocbp c_\m[_ `a_RV\ Y cQRd\pgYp7

;7:B7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc `_bY]S_\m^_ YX
bcQ^UQac^_T_ `_c_[Q SS_UQ cV[bc Y S _cSVc ^Q [QWUdo SSVUݷ^^do
bca_[d `VhQcQVc b\VUdojdo Y^e_a]QgYoC

12 gV\_V hYb\_5 aQS^_V [_\YhVbcSd b\_S S c_\m[_ hc_ SSVUݷ^^_Z bca_6
[V 1`_U ݷ[_b\_Sݷ XUVbm Y UQ\VV `_UaQXd]VSQVcbp `_b\VU_SQcV\m6
^_bcm \oRlf ^V`a_RV\m^lf bY]S_\_S2D

22 USQ gV\lf hYb\Q ‑ [_\YhVbcS_ SbcaVhV^^lf S c_\m[_ hc_ SSVU6^ݷ
^_Z bca_[V b\_S5 b_bc_pjYf YX hݷc^_T_ [_\YhVbcSQ bY]S_\_S5 Y
[_\YhVbcS_ SbcaVhV^^lf b\_S5 b_bc_pjYf YX ^Vhݷc^_T_ [_\YhVbcSQ
bY]S_\_SD

32 USQ gV\lf hYb\Q ‑ [_\YhVbcS_ SbcaVhV^^lf S_ SSVUݷ^^_Z bca_[V
b\_S5 b_bc_pjYf YX R_\VV hV] bV]Y Rd[S5 Y [_\YhVbcS_ SbcaVhV^6
^lf b\_S5 b_bc_pjYf YX ^V R_\VV hV] USdf Rd[SD

42 gV\_V hYb\_ ‑ [_\YhVbcS_ SbcaVhV^^lf S_ SSVUݷ^^_Z bca_[V b\_S5
^QhY^QojYfbp b Rd[Sl J Y XQ[Q^hYSQojYfbp Rd[S_Z JD



; hQbcY ]pXlݷ @Qb[Q\m Y ^QhQ\Q `a_TaQ]]Ya_SQ^Ypݷ ;<

52 caY gV\lf hYb\Q ‑ _RjVV [_\YhVbcS_ b\_S S_ SSVUݷ^^_Z bca_[V5
U\Y^d bQ]_T_ U\Y^^_T_ b\_SQ Y U\Y^d bQ]_T_ [_a_c[_T_ b\_SQD

62 USQ gV\lf hYb\Q ‑ U\Y^d bQ]_T_ U\Y^^_T_ b\_SQ S bca_[V Y U\Y^d
bQ]_Z U\Y^^_Z SbcaVhV^^_Z `_b\VU_SQcV\m^_bcY `a_RV\_SD

72 b\_S_ bN\5 Vb\Y S_ SSVUݷ^^_Z bca_[V b_R\oUQVcbp RQ\Q^b [adT\lf
b[_R_[5 Y WX S `a_cYS^_] b\dhQVD RQ\Q^b b[_R_[ bhYcQVcbp b_R\o6
Uݷ^^l]5 Vb\Y [_\YhVbcS_ _c[alSQojYf b[_R_[ b_S`QUQVc b [_\Y6
hVbcS_] XQ[alSQojYf5 `aY nc_] ^Y S [Q[_] ]VbcV bca_[Y [_\Y6
hVbcS_ dWV SbcaVhV^^lf XQ[alSQojYf ^V `aVSliQ\_ [_\YhVbcS_
SbcaVhV^^lf _c[alSQojYfD

82 hYb\_5 b__cSVcbcSdojVV [_\YhVbcSd SbcaVhV^^lf S nc_Z bca_[V
_c[alSQojYf [adT\lf b[_R_[5 XQ [_c_al]Y ^V]VU\V^^_ 1b\VUd6
ojY] bY]S_\_]2 b\VUdVc XQ[alSQojQp b[_R[Q ‑ Y^QhV T_S_ap5
[_\YhVbcS_ SbcaVhV^^lf S bca_[V USdfbY]S_\m^lf [_]RY^QgYZ
7ݷ12ݷ

@aY S_X^Y[^_SV^YY bYcdQgYY Vg^_]ݷ eQZ\Qݷ XQSVaiQZcV aQR_cd7
3S_UYcm _TaQ^YhV^Yp ^Q U\Y^l bca_[5 b\_S Y Ua7 XQ`aVjQVcbp7

;7;97 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc cV[bc YX bcQ^UQac^_6
T_ `_c_[Q SS_UQ Y `VhQcQVc b\_SQ YX nc_T_ cV[bcQ5 XQ[\ohQp [QWU_V
b\_S_ S [adT\lV b[_R[Y7 @aY `_\dhV^YY bY]S_\Q `VaVS_UQ bca_[Y ‑
`VaVS_UYcV bca_[d ^Q `VhQcY7 @aY S_X^Y[^_SV^YY bYcdQgYY Vg^_]ݷ
eQZ\Qݷ XQSVaiYcV aQR_cd7 3S_UYcm _TaQ^YhV^Yp ^Q U\Y^l bca_[5
b\_S Y Ua7 XQ`aVjQVcbp7

;7;:7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc cV[bc YX bcQ^UQac^_T_
`_c_[Q SS_UQ Y `VhQcQVc c_\m[_ cV b\_SQ YX nc_T_ cV[bcQ5 [_c_alV
b_bc_pc a_S^_ YX USdf bY]S_\_S7 @aY `_\dhV^YY bY]S_\Q `VaVS_UQ
bca_[Y ‑ `VaVS_UYcm bca_[d ^Q `VhQcY7 @aY S_X^Y[^_SV^YY bYcdQgYY
Vg^_]ݷ eQZ\Qݷ XQ[_^hYcm aQR_cd7 3S_UYcm _TaQ^YhV^Yp ^Q U\Y^l
bca_[5 b\_S Y Ua7 XQ`aVjQVcbp7

Bca_[_SlV `VaV]V^^lVD QaTd]V^cl [_]Q^U^_Z
bca_[Y

B\VUdojYV XQUQhY Yb`_\mXdoc `QaQ]Vcal [_]Q^U^_Z bca_6
[Y S [QhVbcSV Ybc_h^Y[Q bca_[ U\p _RaQR_c[Y5 `a_bc_ hc_Rl
^V SS_UYcm ncY bca_[Y b [\QSYQcdal7 3 UVZbcSYcV\m^_bcY
gV\mo ncYf XQUQh pS\pVcbp b_XUQ^YV Y XQ[aV`\V^YV ^QSl[_S
aQR_cl b `VaV]V^^l]Y cY`Q CDB9>77 Nc_5 S`a_hV]5 ^Y[_Y]
_RaQX_] ^V _`aQSUlSQVc ^Vd]V^Yp aQR_cQcm b `QaQ]VcaQ]Y
[_]Q^U^_Z bca_[Y7



;= 8QUQhY

;7;;7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `_\dhQVc `a_YXS_\m^_V [_6
\YhVbcS_ QaTd]V^c_S [_]Q^U^_Z bca_[Y Y `VhQcQVcC

12 bQ]lZ U\Y^^lZ YX QaTd]V^c_S5 Q cQ[WV VT_ U\Y^dD Vb\Y ^QYR_\m6
ido U\Y^d Y]Voc ^Vb[_\m[_ QaTd]V^c_S5 `VhQcQcm `VaSlZ YX ^YfD

22 cV YX QaTd]V^c_S5 [_c_alV ^V b_UVaWQc `_Sc_apojYfbp Rd[SD

32 cV YX QaTd]V^c_S5 S [_c_alf b_UVaWYcbp a_S^_ _UY^ bY]S_\ ݷIݷ
Y ^V ]V^miV _U^_Z c_h[YD

42 QaTd]V^cl5 b_bc_pjYV c_\m[_ YX gYeaD

52 QaTd]V^cl5 b_bcQS\V^^lV YX _U^_T_ Y c_T_ WV bY]S_\Q5 S c_]
hYb\V QaTd]V^cl U\Y^_Z S _UY^ bY]S_\ 1^Q`aY]Va5 ’J’5 ’333’5
’@@@@’ Y c7 `72D

62 QaTd]V^cl5 S [_c_alf b_UVaWYcbp f_cp Rl _U^Q \QcY^b[Qp Rd[SQD

72 cV YX QaTd]V^c_S5 ^QhY^Qp b_ Sc_a_T_5 [_c_alV b_UVaWQc f_cp Rl
_UY^ _RjYZ bY]S_\ b `VaSl] QaTd]V^c_]7

6b\Y QaTd]V^c_S ^V XQUQ^_5 ^V `VhQcQcm ^YhVT_D [QWUlZ QaTd]V^c
`VhQcQcm ^V R_\VV _U^_T_ aQXQ7

;7;<7 >Q`YiYcV `a_TaQ]]d5 `aY^Y]Qojdo a_S^_ _UY^ QaTd6
]V^c [_]Q^U^_Z bca_[Y5 Y `VhQcQojdo [_\YhVbcS_ b\_S S [ݷ^
1b]7 XQ]VhQ^YV ^Q bca7 ;;27 >Q Sbp[YZ b\dhQZ ^Q`_]^Y]5 hc_ `VaV6
UQcm QaTd]V^c [_]Q^U^_Z bca_[Y5 b_UVaWQjYZ `a_RV\m^lV bY]S_\l5
]_W^_5 XQ[\ohYS VT_ S Q`_bca_el Y\Y US_Z^lV [QSlh[Y 1b]7 27?7;7:ݷ
6b\Y QaTd]V^c_S ^V XQUQ^_ Y\Y XQUQ^_ R_\miV _U^_T_5 SlUQZcV b_6
_RjV^YV _R _iYR[V Y XQSVaiYcV `a_TaQ]]dD `_]^YcV5 hc_ b__RjV^YV
U_\W^_ Rlcm Q^T\_pXlh^l] Y `aY nc_] _b]lb\V^^l]7

;7;=7 >Q`YiYcV `a_TaQ]]d5 `aY^Y]Qojdo hVaVX `QaQ]Vcal [_6
]Q^U^_Z bca_[Y USQ hYb\Q cY`Q B51< 1^QX_Sݷ] Yf 𝑥 Y 𝑦2 Y gV\_V
hYb\_ 𝑛5 Y SlUQojdo ^Q `VhQcm `a_YXSVUV^YV 𝑥 · 𝑦 S SYUV UVbpcYh6
^_Z Ua_RY5 Y]VojVZ ^V R_\VV hV] 𝑛 X^Q[_S `_b\V XQ`pc_Z5 `aYhݷ]
RVX ^VX^QhQjYf ^d\VZD Vb\Y S Ua_R^_Z hQbcY S__RjV ^V _[QXQ\_bm
X^QhQjYf gYea5 Vݷ b\VUdVc _cRa_bYcm S]VbcV b UVbpcYh^_Z c_h[_Z7

;7;>7 3Va^YcVbm [ XQUQhQ] ;7:;‑;7:> Y `VaV`YiYcV `a_TaQ]]l
cQ[5 hc_Rl _^Y `aY^Y]Q\Y ^dW^lV hYb\Q ^V YX bcQ^UQac^_T_ SS_6
UQ5 Q hVaVX `QaQ]Vcal [_]Q^U^_Z bca_[Y7 6b\Y `_\mX_SQcV\m d[Q6
XQ\ ^V`aQSY\m^_V [_\YhVbcS_ `QaQ]Vca_S Y\Y ^VU_`dbcY]lV X^QhV6
^Yp hYbV\5 SlUQSQZcV b__RjV^YV _R _iYR[V Y XQSVaiQZcV `a_TaQ]]d5
^V `lcQpbm ݷaYb_SQcmݷ eYTdal7



; hQbcY ]pXlݷ @Qb[Q\m Y ^QhQ\Q `a_TaQ]]Ya_SQ^Ypݷ ;>

@_\^_n[aQ^^lV `a_TaQ]]l

;7;?7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp _hYjQVc n[aQ^5 `_b\V hVT_
_c_RaQWQVc S baVU^VZ bca_[V n[aQ^Q XSݷXU_h[d5 `_`VaV]V^^_ `a_RV6
TQojdo SVbm n[aQ^ 1[a_]V [aQZ^VZ `aQS_Z `_XYgYY2 b\VSQ ^Q`aQS_
Y b`aQSQ ^Q\VS_D `aVUdb]_caYcV XQUVaW[d S 1

10 bV[d^Ul5 hc_Rl `V6
aV]VjV^Yp XSݷXU_h[Y ]_W^_ Rl\_ ^QR\oUQcm7 @_b\V caݷf `a_f_U_S
b\VSQ ^Q`aQS_ Y _RaQc^_ XQSVaiYcV `a_TaQ]]d5 _hYbcYS n[aQ^7

;7;@7 Db_SVaiV^bcSdZcV `a_TaQ]]d5 ^Q`YbQ^^do `_ db\_SYp]
`aVUlUdjVZ XQUQhY5 cQ[5 hc_Rl _^Q ^V]VU\V^^_ XQSVaiQ\Qbm `aY ^Q6
WQcYY `_\mX_SQcV\V] \oR_Z [\QSYiY5 ^_ `_[Q ^Y _U^_Z [\QSYiY ^V
^QWQc_ ‑ `a_U_\WQ\Q aQR_cd7

;7;A7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp _hYjQVc n[aQ^5 S gV^caV
n[aQ^Q XQ`_\^pVc XSݷXU_h[Q]Y `ap]_dT_\m^do _R\Qbcm :9H:9 X^Q6
[_]Vbc Y `_ TaQ^YgV XQ`_\^V^^_Z _R\QbcY `VaV]VjQVc bY]S_\ ݷ3ݷ
`_ _U^_]d X^Q[_]Vbcd XQ aQX S ^Q`aQS\V^YY `_ hQb_S_Z bcaV\[V b
XQUVaW[_Z S 1

10 bV[d^Ul5 `_[Q `_\mX_SQcV\m ^V ^QW]ݷc \oRdo [\Q6
SYidD [_TUQ [\QSYiQ _[QWVcbp ^QWQcQ5 _hYbcYcV n[aQ^ Y XQSVaiY6
cV `a_TaQ]]d7 6b\Y `aY bcQacV `a_TaQ]]l n[aQ^ `_ U\Y^V Y8Y\Y
iYaY^V _[QWVcbp ]V^miV5 hV] :; X^Q[_]Vbc5 SlUQZcV b__RjV^YV _R
_iYR[V Y XQSVaiYcV `a_TaQ]]d5 ^V _hYjQp n[aQ^ Y ^YhVT_ ^Q [ݷ^ ^V
YX_RaQWQp7

;7;B7 =_UYeYgYadZcV `a_TaQ]]d YX XQUQhY ;7;A cQ[5 hc_Rl `aY
^QWQcYY [\QSYiY ݷ\a_RV`ݷ ]V^p\_bm ^Q`aQS\V^YV5 S [_c_a_] `V6
aV]VjQVcbp bY]S_\ 5ݷ3ݷ Q `aY ^QWQcYY bcaV\[Yݷ S\VS_ݷ Y bcaV\[Yݷ
S`aQS_ݷ SV\YhY^Q XQUVaW[Y ]VWUd _cUV\m^l]Y `VaV]VjV^Yp]Y dSV6
\YhYSQ\Qbm Y\Y d]V^miQ\Qbm5 cQ[ hc_ SYXdQ\m^_ ݷUSYWV^YVݷ bY]6
S_\Q ݷ3ݷ RdUVc XQ]VU\pcmbp Y db[_apcmbp7 8QSVaiV^YV `a_TaQ]]l
`a_YXS_UYcV `aY ^QWQcYY [\QSYiY NC31@55 SbV _bcQ\m^lV [\QSYiY
YT^_aYadZcV7

;7<97 >Q`YiYcV `a_TaQ]]d5 [_c_aQp _hYjQVc n[aQ^5 S gV^caV
n[aQ^Q XQ`_\^pVc XSݷXU_h[Q]Y `ap]_dT_\m^do _R\Qbcm <H< X^Q[_]V6
bcQ5 `_b\V hVT_ `aY ^QWQcYY ^Q [\QSYiY bcaV\[Qݷ S\VS_ݷ Y bcaV\[Qݷ
S`aQS_ݷ d]V^miQVc Y dSV\YhYSQVc XQ`_\^V^^do _R\Qbcm `_ T_aYX_^6
cQ\Y5 Q `aY ^QWQcYY bcaV\[Yݷ SSVafݷ Y bcaV\[Yݷ S^YXݷ ‑ `_ SVacY6
[Q\YD bhYcQZcV ^QY]V^miY] U_`dbcY]l] aQX]Va_] `_ [QWU_]d YX
YX]VaV^YZ VUY^Ygd5 Q ^QYR_\miY] ‑ b__cSVcbcSdojYZ aQX]Va n[aQ6
^Q5 d]V^miV^^lZ ^Q USQ7 @aY ^QWQcYY [\QSYi ݷ\a_RV`ݷ Y NC31@5
XQSVaiQZcV aQR_cd5 _bcQ\m^lV [\QSYiY YT^_aYadZcV7

3_ SbVf XQUQhQf5 `aVU`_\QTQojYf d`aQS\V^YV gSVc_] Sl6
S_UY]lf bY]S_\_S5 `aY XQSVaiV^YY _RpXQcV\m^_ _hYjQZcV



;? 8QUQhY

n[aQ^ Y S_bbcQ^QS\YSQZcV Ybf_U^lV ^Qbca_Z[Y gSVcQ7 ;Q[
nc_ bUV\Qcm5 ^Q`YbQ^_ S 7A7=7;ݷ

;7<:7 =_UYeYgYadZcV `a_TaQ]]d YX XQUQhY ;7;B cQ[5 hc_Rl bY]6
S_\ ݷ3ݷ `_ ]VaV bS_VT_ `VaV]VjV^Yp ]V^p\ gSVc5 `_b\VU_SQcV\m^_
`a_f_Up SbV :? gSVc_S5 U_bcd`^lf U\p cV[bcQ 1b]7 7A7=27;ݷ GSVc e_^Q
^V ]V^pZcV ^Y U\p nc_T_ bY]S_\Q5 ^Y U\p UadTYf7

;7<;7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp _hYjQVc n[aQ^5 S gV^caV
n[aQ^Q XQ`_\^pVc XSݷXU_h[Q]Y `ap]_dT_\m^do _R\Qbcm >H> X^Q[_6
]Vbc5 `_b\V hVT_ `aY ^QWQcYY ^Q [\QSYiY bcaV\[Qݷ S\VS_ݷ Y bcaV\[Qݷ
S`aQS_ݷ ]V^pVc gSVc e_^Q nc_Z _R\QbcY 1baQXd SbVZ25 Q `aY ^QWQcYY
bcaV\[Yݷ SSVafݷ Y bcaV\[Yݷ S^YXݷ ‑ gSVc cV[bcQ 1bQ]Yf XSݷXU_hV[27
GSVcQ ]_WVcV Slbca_Ycm S \oR_] `_apU[V5 [Q[_Z SQ] ^aQSpcbpD `a_6
cYS_`_\_W^lV ݷbcaV\[Yݷ U_\W^l ]V^pcm gSVcQ S `ap]_] Y _RaQc^_]
`_apU[V _`ݷ [adTdݷ ‑ b\VU_] XQ `_b\VU^Y] gSVc_] U_\WV^ b^_SQ YU6
cY `VaSlZ5 Q `VaVU `VaSl] ‑ `_b\VU^YZ7 @aY ^QWQcYY [\QSYi a_6`ݷ
RV\ݷ Y NC31@5 XQSVaiQZcV aQR_cd5 _bcQ\m^lV [\QSYiY YT^_aYadZcV7

8QUQhY ;7<<‑;7<@ `_XS_\poc5 ^QhQS b b_SbV] `a_bc_Z `a_6
TaQ]]l5 iQT XQ iQT_] `aYZcY [ b_XUQ^Yo QRbcaQ[c^_Z5 ^_
U_S_\m^_ ݷXQcpTYSQojVZݷ YTalD [QWUQp b\VUdojQp XQUQhQ
`aVU`_\QTQVc ]_UYeY[QgYo `a_TaQ]]l5 ^Q`YbQ^^_Z S [QhV6
bcSV aViV^Yp `aVUlUdjVZ XQUQhY7 ?RaQcYcV S^Y]Q^YV5 hc_
cQ[_T_ a_UQ `_bcV`V^^_V b_SVaiV^bcS_SQ^YV _U^_Z `a_TaQ]6
]l ‑ nc_ _UY^ YX [\ohVSlf `_Uf_U_S [ aQXaQR_c[V `a_6
TaQ]]^_T_ _RVb`VhV^Yp7

;7<<7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp5 _hYbcYS n[aQ^5 YX_RaQWQVc
^Q [ݷ^ USYWdjdobp S _U^_] YX hVclaݷf ^Q`aQS\V^YZ 1`_ _U^_]d X^Q6
[_]Vbcd XQ aQX2 XSݷXU_h[d7 @aVUdb]_caYcV XQUVaW[d S 1

10 bV[d^Ul7
>Q [QWU_] iQTV b SVa_pc^_bcmo 1

10 ]V^pZcV ^Q`aQS\V^YV USYWV^Yp
^Q b\dhQZ^_ SlRaQ^^_V UadT_V5 cQ[ hc_ S baVU^V] XSݷXU_h[Q RdUVc
`a_f_UYcm S _U^_] ^Q`aQS\V^YY :9 `_XYgYZ7 6b\Y SQiQ XSݷXU_h[Q
d`ݷa\Qbm S [aQZ n[aQ^Q5 `dbcm _^Q `_b\V nc_T_ `_pSYcbp YX6XQ `a_cY6
S_`_\_W^_T_ [aQp 1di\Q S`aQS_ ‑ `_pSY\Qbm b\VSQ5 di\Q SSVaf ‑
`_pSY\Qbm b^YXd Y c7 U725 b_faQ^YS ^Q`aQS\V^YV USYWV^Yp7 @aY ^QWQ6
cYY [\QSYi ݷ\a_RV`ݷ Y NC31@5 XQSVaiQZcV aQR_cd5 _bcQ\m^lV [\Q6
SYiY YT^_aYadZcV7

;7<=7 =_UYeYgYadZcV `a_TaQ]]d YX XQUQhY ;7<< cQ[5 hc_Rl ^Q6
`aQS\V^YV USYWV^Yp ]V^p\_bm c_\m[_ `_U `ap]l] dT\_] 1S\VS_ Y\Y
S`aQS_25 c_ Vbcm hc_Rl XSݷXU_h[Q ^V ]_T\Q baQXd ^QhQcm USYTQcmbp S
`a_cYS_`_\_W^_] ^Q`aQS\V^YY7



; hQbcY ]pXlݷ @Qb[Q\m Y ^QhQ\Q `a_TaQ]]Ya_SQ^Ypݷ ;@

;7<>7 =_UYeYgYadZcV `a_TaQ]]d YX XQUQhY ;7<= cQ[5 hc_Rl `aY
^QWQcYY ^Q \oRdo YX hVclaݷf ݷ]_\bcaVݷ XSݷXU_h[Q ^V]VU\V^^_ ]V6
^p\Q ^Q`aQS\V^YV ^Q b__cSVcbcSdojVV ^QWQc_Z [\QSYiV 1S^YX ‑ X^Q6
hYc S^YX5 S\VS_ ‑ X^QhYc S\VS_5 Y c7 U75 UQWV Vb\Y _^Q USYTQ\Qbm S
`a_cYS_`_\_W^_] ^Q`aQS\V^YY25 ^_ Vb\Y `_\mX_SQcV\m ^YhVT_ ^V ^Q6
WY]QVc ‑ `a_U_\WQ\Q ]V^pcm ^Q`aQS\V^YV b\dhQZ^l] _RaQX_]5 [Q[
nc_ d[QXQ^_ S `aVUlUdjVZ XQUQhV7

;7<?7 =_UYeYgYadZcV `a_TaQ]]d YX XQUQhY ;7<> cQ[5 hc_Rl XQbcQ6
SYcm XSݷXU_h[d `aY^dUYcV\m^_ YX]V^Ycm ^Q`aQS\V^YV ]_W^_ Rl\_ ^V
hQjV _U^_T_ aQXQ S UVbpcm `VaV]VjV^YZ7 6b\Y `_\mX_SQcV\m ^QWQ\
_U^d YX ݷ]_\bcaVݷ aQ^miV5 b\VUdVc nc_ XQ`_]^Ycm5 ^_ ^Q`aQS\V^YV
YX]V^Ycm c_\m[_ [_TUQ YbcV[dc UVbpcm `VaV]VjV^YZD Vb\Y S cVhV^YV
SaV]V^Y5 [_TUQ ]V^pcm ^Q`aQS\V^YV XQ`aVjV^_5 `_\mX_SQcV\m ^QWY6
]Q\ aQX^lV bcaV\[Y5 Yb`_\mX_SQcm ^Q`aQS\V^YV5 b__cSVcbcSdojVV `_6
b\VU^VZ ^QWQc_Z bcaV\[V7 B\dhQZ^l] _RaQX_] ^Q`aQS\V^YV U_\W^_
]V^pcmbp `_6`aVW^V]d S b__cSVcbcSYY b db\_SYp]Y XQUQh ;7<< Y ;7<=7

;7<@7 =_UYeYgYadZcV `a_TaQ]]d YX XQUQhY ;7<?5 `aVSaQcYS Vݷ S
`_\^_gV^^do YTad7 5\p nc_T_ XSݷXU_h[d YX^QhQ\m^_ SbVTUQ aQb`_\Q6
TQZcV S \VS_] SVaf^V] dT\d5 ^QhQ\m^l] ^Q`aQS\V^YV] dbcQ^QS\YSQZ6
cV USYWV^YV ^Q`aQS_D S gV^caV n[aQ^Q aQb`_\_WYcV _R\Qbcm <H< X^Q6
[_]VbcQ5 XQ`_\^V^^do bY]S_\Q]Y ݷIݷ 1Y\Y \oRl]Y UadTY]Y5 [Q[YV
SQ] R_\miV ^aQSpcbp27 GV\m YTal ‑ ݷXQT^Qcmݷ XSݷXU_h[d S XQ`_\6
^V^^do _R\Qbcm S gV^caVD Vb\Y ncQ gV\m U_bcYT^dcQ5 _hYbcYcV n[aQ^
Y S VT_ gV^ca SlUQZcV ^QU`Ybm ^bXݷ `RW5ݷ `_b\V hVT_ U_WUYcVbm
^QWQcYp \oR_Z [\QSYiY7

Hc_Rl YTaQcm Rl\_ Y^cVaVb^VV5 SSVUYcV _TaQ^YhV^Yp ^Q SaV]p
YTal 1^Q`aY]Va5 ^V R_\miV :999 `VaV]VjV^YZ XSݷXU_h[Y2 Y ^Q [_6
\YhVbcS_ S_XUVZbcSYZ 1^Q`aY]Va5 ^V R_\miV >927 9TaQcm bcQ^Vc Vjݷ
Y^cVaVb^VV5 Vb\Y cV[djYV _bcQc[Y `_ _R_Y] \Y]YcQ] RdUdc _c_RaQ6
WQcmbp ^Q n[aQ^V5 ^Q`aY]Va5 S `aQS_] SVaf^V] dT\d 1c_TUQ SVaf^oo
bca_[d n[aQ^Q b\VUdVc Yb[\ohYcm YX YTal27 ;_TUQ _UY^ YX \Y]Yc_S
YbhVa`Q^5 SlUQZcV S gV^ca n[aQ^Q ^QU`Ybm PJVNݷ X_N[7ݷ ;\QSY6
id ݷ\a_RV`ݷ XQUVZbcSdZcV5 hc_Rl bcQSYcm YTad ^Q `QdXdD U\p ^V]VU6
\V^^_T_ Vݷ XQSVaiV^Yp Yb`_\mXdZcV NC31@57

?`YbQ^^Qp YTaQ U_`db[QVc RVbhYb\V^^_V ]^_WVbcS_ U_`_\^YcV\m6
^lf d\dhiV^YZ ‑ `_pS\V^YV ^Q `_\V SbVS_X]_W^lf 5ݷR_^db_Sݷ `VaV6
]VjV^YV 5ݷYiV^Y[ݷ `aY]V^V^YV gSVcQ5 YX]V^V^YV da_S^p b\_W^_bcY
1U\p nc_T_ ]_W^_ SQamYa_SQcm b[_a_bcm Y X^QhV^Yp \Y]Yc_S2 Y ]^_6
T_V UadT_VD `aY]V^YcV eQ^cQXYo7



;A 8QUQhY

D[QXQcV\Y

;7<A7 3 `a_TaQ]]V _`YbQ^l gV\_hYb\V^^lV `VaV]V^^lV H5 I Y J5 Q
cQ[WV cY` ]QbbYSQ5 ]QbbYS nc_T_ cY`Q Y d[QXQcV\m ^Q cQ[_Z ]QbbYSC

DI@5
9@DB< F 1BB1I d:77<f ?6 g9>D575BD

F1B
1C 9@DB<D
@C g9@DB<D

@a_TaQ]]Q Sl`_\^Y\Q b\VUdojYV `aYbSQYSQ^YpC

1d:f CF IHD
1d;f CF IID
1d<f CF IJD
@ CF I1D

;Q[ 1b `_]_jmo [Q[Yf SlaQWV^YZ2 cV`Vam ]_W^_ _RaQcYcmbp [ `V6
aV]V^^l] H5 I Y J5 Yb`_\mXdp c_\m[_ Y]p @ Y ^V d`_]Y^Qp ^Y[Q[Yf
UadTYf Y]ݷ^H

;7<B7 3 `a_TaQ]]V _`YbQ^l USQ cY`Q6XQ`YbYC

@19B F B53?B4 DG?@DBC F B53?B4
1C 9>D575BD 75 8C g@19BD
2C B51<D DC g9>D575BD

5>4D 5>4D

5Q\miV S c_Z WV `a_TaQ]]V _`YbQ^l b\VUdojYV `VaV]V^^lVC

D@;C DG?@DBCD
=5 >C @19BD
HC 9>D575BD

@a_TaQ]]Q Sl`_\^Y\Q b\VUdojYV `aYbSQYSQ^YpC

D@;77 CF I=D
D@;78 CF I>D
D@;7D CF IHD

3 `a_gVUdad @B?3:5 `aY^Y]Qojdo _UY^ `QaQ]Vca cY`Q gDG?@DBC5
Y]VojYZ Y]p @5 `VaVUQ\Y X^QhV^YV SlaQWV^Yp ID@;7 B `_]_jmo
[Q[Yf SlaQWV^YZ S nc_Z `a_gVUdaV ]_W^_ _RaQcYcmbp [ `VaV]V^6
^l] =715 =725 >715 >72 Y H5 Vb\Y Y]V^Q =5 > Y H S cV[bcV `a_gVUdal
^VU_bcd`^lH

;7=97 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc YX `_c_[Q bcQ^UQac6
^_T_ SS_UQ hYb\Q cY`Q <?>79>D5 `_[Q ^V S_X^Y[^Vc bYcdQgYp Vg^_]ݷ



; hQbcY ]pXlݷ @Qb[Q\m Y ^QhQ\Q `a_TaQ]]Ya_SQ^Ypݷ ;B

eQZ\QݷD `_b\V nc_T_ `VhQcQVc cV YX ^Yf5 [_c_alV SbcaVcY\Ybm S `_\m6
X_SQcV\mb[_] SS_UV a_S^_ caY aQXQ7 HYb\Q U_\W^l Rlcm ^Q`VhQcQ^l
S c_] `_apU[V5 S [_c_a_] SbcaVcY\Ybm S `_\mX_SQcV\mb[_] SS_UV S
`VaSlZ aQX7

;7=:7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc YX `_c_[Q bcQ^UQac6
^_T_ SS_UQ hYb\Q cY`Q <?>79>D5 `_[Q ^V S_X^Y[^Vc bYcdQgYp Vg^_]ݷ
eQZ\QݷD `_b\V nc_T_ `VhQcQVc c_ 1Y\Y cV2 YX ^Yf5 [_c_alV SbcaVcY6
\Ybm S `_\mX_SQcV\mb[_] SS_UV hQjV5 hV] SbV _bcQ\m^lV7 6b\Y cQ[Yf
hYbV\ R_\miV _U^_T_ 1c7 V7 ^Vb[_\m[_ hYbV\ SbcaVhQ\Ybm _UY^Q[_S_V
hYb\_ aQX5 Q SbV _bcQ\m^lV ‑ ]V^miV25 c_ cQ[YV hYb\Q U_\W^l Rlcm
^Q`VhQcQ^l S c_] `_apU[V5 S [_c_a_] SbcaVcY\Ybm S `_\mX_SQcV\m6
b[_] SS_UV S `VaSlZ aQX7

;7=;7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc YX bcQ^UQac^_T_ `_6
c_[Q SS_UQ bca_[Y5 b_bc_pjYV YX b\_S 1b\_SQ ]_Tdc aQXUV\pcmbp `a_6
YXS_\m^l]Y Tad``Q]Y `a_RV\m^lf bY]S_\_S25 Y S _cSVc ^Q [QWUdo
`a_hYcQ^^do bca_[d `VhQcQVc b\_SQ YX nc_Z bca_[Y S _RaQc^_] `_6
apU[VD ^Q`aY]Va5 S _cSVc ^Q eaQXd QI=@DIݷ ME=@DI C1D ?> 1 G1<<ݷ
U_\W^_ Rlcm ^Q`VhQcQ^_ >>G1ݷ 1 ?> C1D ME=@DI QE=@DI7ݷ 3S_UYcm
_TaQ^YhV^Yp ^Q U\Y^l bca_[5 b\_S Y Ua7 ^V\mXpD S hQbc^_bcY5 ^VU_`d6
bcY]_ Yb`_\mX_SQcm cY` CDB9>7 U\p faQ^V^Yp hYcQV]lf bca_[ Y8Y\Y
_cUV\m^lf b\_S7 3bp SlUV\V^^Qp UY^Q]YhVb[Qp `Q]pcm U_\W^Q Rlcm
[_aaV[c^_ _bS_R_WUV^Q baQXd `_b\V _RaQR_c[Y _hVaVU^_Z bca_[Y7

;7=<7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc YX bcQ^UQac^_T_ `_6
c_[Q SS_UQ bca_[Y5 b_bc_pjYV YX b\_S 1b\_SQ ]_Tdc aQXUV\pcmbp `a_6
YXS_\m^l]Y Tad``Q]Y `a_RV\m^lf bY]S_\_S25 Y S _cSVc ^Q [QWUdo
`a_hYcQ^^do bca_[d `VhQcQVc b\_SQ YX nc_Z bca_[Y 5ݷ_^SVacY[Q\mݷ
c_ Vbcm b^QhQ\Q `VhQcQVc `VaSlV Rd[Sl SbVf b\_S5 `VaVS_UYc bca_[d5
`VhQcQVc Sc_alV Rd[Sl b\_S Y c7U75 `_[Q Rd[Sl S_ SbVf b\_SQf ^V [_^6
hQcbp7 5\p b\_S5 [_c_alV [_a_hV UadTYf5 S]Vbc_ ^VU_bcQojYf Rd[S
^dW^_ SlS_UYcm `a_RV\l7 >Q`aY]Va5 S _cSVc ^Q eaQXd Q1@@Iݷ W5G
b51B D? 5F5BI?>5ݷ U_\W^_ Rlcm ^Q`VhQcQ^_C

QWbD5
155?F
@G1 5
@ B B
I I

?
>
5

3S_UYcm _TaQ^YhV^Yp ^Q U\Y^l bca_[5 b\_S Y Ua7 ^V\mXpD S hQbc^_6
bcY5 ^VU_`dbcY]_ Yb`_\mX_SQcm cY` CDB9>7 U\p faQ^V^Yp hYcQV]lf
bca_[ Y8Y\Y _cUV\m^lf b\_S7 3bp SlUV\V^^Qp UY^Q]YhVb[Qp `Q]pcm



<9 8QUQhY

U_\W^Q Rlcm [_aaV[c^_ _bS_R_WUV^Q baQXd `_b\V _RaQR_c[Y _hVaVU6
^_Z bca_[Y7

;7==7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc YX bcQ^UQac^_T_ `_6
c_[Q SS_UQ cV[bc5 b_UVaWQjYZ5 S hYb\V `a_hVT_5 `_b\VU_SQcV\m^_bcY
gYea 1S_X]_W^_5 ^V _cUV\ݷ^^lV `a_RV\Q]Y _c _bcQ\m^_T_ cV[bcQ25 Y
S _cSVc ^Q [QWUdo `a_hYcQ^^do bca_[d `VhQcQVc bQ]do U\Y^^do
YX `_b\VU_SQcV\m^_bcVZ gYea5 SbcaVhV^^lf S nc_Z bca_[V7 6b\Y cQ6
[Yf 1bQ]lf U\Y^^lf2 `_b\VU_SQcV\m^_bcVZ ^Vb[_\m[_5 b\VUdVc ^Q6
`VhQcQcm Yf SbV5 aQXUV\YS `a_RV\Q]Y7 @aY S_X^Y[^_SV^YY bYcdQgYY
Vg^_]ݷ eQZ\Qݷ XQ[_^hYcm aQR_cd7 3S_UYcm _TaQ^YhV^Yp ^Q U\Y^l
bca_[5 b\_S Y Ua7 ^V\mXpD S hQbc^_bcY5 ^VU_`dbcY]_ Yb`_\mX_SQcm cY`
CDB9>7 U\p faQ^V^Yp hYcQV]lf bca_[ Y8Y\Y _cUV\m^lf b\_S7 3bp Sl6
UV\V^^Qp UY^Q]YhVb[Qp `Q]pcm U_\W^Q Rlcm [_aaV[c^_ _bS_R_WUV^Q
baQXd `_b\V _RaQR_c[Y _hVaVU^_Z bca_[Y7

;7=>*7 >QZUYcV S 9^cVa^VcV Y\Y S [^YTQf _`YbQ^YV
[aQb^_6hݷa^lf UVaVSmVS 7 AVQ\YXdZcV S SYUV ^QR_aQ `a_gV6
Uda Y ed^[gYZ [aQb^_6hݷa^_V UVaVS_5 S [_c_a_] [\oh_] Slbcd`QVc
bca_[Q cY`Q CDB9>75 `aY nc_] [QWUlZ dXV\ b_UVaWYc Vjݷ ^VcY`YXY6
a_SQ^^lZ d[QXQcV\m 1cY`Q @?9>D5B25 hc_Rl b_ bca_[_Z ]_W^_ Rl\_
bSpXQcm `a_YXS_\m^lV UQ^^lV7 >Q`YiYcV UV]_^bcaQgY_^^do `a_6
TaQ]]d5 b `_]_jmo [_c_a_Z ]_W^_ RdUVc `a_SVaYcm [_aaV[c^_bcm
SQiVZ aVQ\YXQgYY7

EQZ\l

;7=?7 >QZUYcV S 9^cVa^VcV Q^T\YZb[YZ _aYTY^Q\ bcYf_cS_aV^Yp
`a_ IQ\cQp62_\cQp 1QE=@DI ME=@DI27 >Q`YiYcV `a_TaQ]]d5 [_c_6
aQp `_\dhQVc Y]p eQZ\Q hVaVX QaTd]V^c [_]Q^U^_Z bca_[Y5 `_b\V
hVT_ XQ`YblSQVc S nc_c eQZ\ ^QZUV^^lZ SQ]Y cV[bc7 ?RpXQcV\m^_
`a_SVamcV5 hc_ Sbݷ aQR_cQVc [Q[ ^dW^_5 Yb`_\mXdp [_]Q^Ud 31D7

;7=@7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `_\dhQVc hVaVX QaTd]V^c [_6
]Q^U^_Z bca_[Y Y]p cV[bc_S_T_ eQZ\Q Y aQb`VhQclSQVc VT_ b_UVa6
WY]_V `_U_R^_ c_]d5 [Q[ nc_ UV\QVc [_]Q^UQ 31D7

;7=A7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `_\dhQVc hVaVX QaTd]V^c [_6
]Q^U^_Z bca_[Y Y]p cV[bc_S_T_ eQZ\Q5 `a_hYclSQVc VT_ Y SlUQݷc
1`VhQcQVc S `_c_[ bcQ^UQac^_T_ SlS_UQ2 gV\_V hYb\_ ‑ [_\YhVbcS_
bca_[ cV[bcQ5 b_UVaWQjYfbp S eQZ\V7

;7=B7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `_\dhQVc hVaVX QaTd]V^c [_6
]Q^U^_Z bca_[Y Y]p cV[bc_S_T_ eQZ\Q5 `_b\V hVT_ hYcQVc YX bcQ^6
UQac^_T_ `_c_[Q SS_UQ bݷ1 [\QSYQcdal2ݷ cV[bc U_ ^Qbcd`\V^Yp bYcd6
QgYY Vg^_]ݷ eQZ\Qݷ Y XQ`YblSQVc `a_hYcQ^^_V S XQUQ^^lZ eQZ\7



; hQbcY ]pXlݷ @Qb[Q\m Y ^QhQ\Q `a_TaQ]]Ya_SQ^Ypݷ <:

;7>97 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `_\dhQVc hVaVX [_]Q^U^do
bca_[d Y]p eQZ\Q5 Q cQ[WV X^QhV^Yp ^QhQ\m^_T_ dT\Q5 [_^Vh^_T_
dT\Q Y iQTQ 1hYb\Q cY`Q B51<2 S TaQUdbQf5 c7 V7 SbVT_ hVclaV `Q6
aQ]VcaQ5 Y e_a]YadVc S XQUQ^^_] eQZ\V cQR\Ygd bY^db_S5 [_bY^d6
b_S5 cQ^TV^b_S Y [_cQ^TV^b_S U\p XQUQ^^lf dT\_S b XQUQ^^l] iQT_]
S SYUV _ce_a]QcYa_SQ^^_T_ cV[bcQ5 [_c_al] ]_W^_ `_\mX_SQcmbp
`aY aQbhݷcQfD WV\QcV\m^_5 hc_Rl S SQiVZ cQR\YgV Yb`_\mX_SQ\Ybm
bY]S_\l‑aQXUV\YcV\Y5 cQ[YV [Q[ ݷLݷ S [QhVbcSV SVacY[Q\m^_Z hVa6
cl Y _Rlh^lZ ]Y^db ‑ S [QhVbcSV T_aYX_^cQ\m^_ZD _c SVacY[Q\m^_Z
hVacl b\VUdVc SbVTUQ _cbcd`Qcm f_cp Rl _UY^ `a_RV\5 hc_Rl cQR\Y6
gQ \dhiV hYcQ\Qbm7 >V XQRdUmcV `a_ `VaVS_U YX TaQUdb_S S aQUYQ^lD
hYb\_ 𝜋 S @Qb[Q\V cQ[ Y _R_X^QhVcbpC @97

;7>:*7 Db_SVaiV^bcSdZcV `aVUlUdjdo `a_TaQ]]d cQ[5 hc_Rl _^Q
`aY^Y]Q\Q `pclZ `QaQ]Vca [_]Q^U^_Z bca_[Y ‑ [_\YhVbcS_ X^Q[_S
`_b\V XQ`pc_Z U\p X^QhV^YZ caYT_^_]VcaYhVb[Yf ed^[gYZ5 Yf QaTd6
]V^c 1S TaQUdbQf2 SbVTUQ `VhQcQ\Q RVX ^VX^QhQjYf ^d\VZ5 Q U\p gV\lf
X^QhV^YZ _cRaQblSQ\Q Sbo Ua_R^do hQbcmD cQ[5 Vb\Y `_\mX_SQcV\m XQ6
UQ\ gV\lV `aVUV\l Y gV\lZ WV iQT5 `a_TaQ]]Q S__RjV ^V U_\W^Q
Yb`_\mX_SQcm Ua_RY `aY `VhQcY QaTd]V^c_S7

;7>;*7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `_\dhQVc hVaVX QaTd]V^cl
[_]Q^U^_Z bca_[Y Y]V^Q `a_YXS_\m^_T_ [_\YhVbcSQ cV[bc_Slf eQZ6
\_SD `aVU`_\QTQVcbp5 hc_ SbV ncY eQZ\l dWV bdjVbcSdVc7 >dW^_ _`aV6
UV\Ycm bQ]do U\Y^^do bca_[d S [QWU_] YX eQZ\_S Y bQ]do U\Y^6
^do bca_[d baVUY SbVf XQUQ^^lf eQZ\_S7 @_ [QWU_]d eQZ\d SlUQcm
S `_c_[ bcQ^UQac^_T_ SS_UQ _cUV\m^_Z bca_[_Z 1`_ _U^_Z ^Q [QWUlZ
eQZ\2 Y]p eQZ\Q5 bY]S_\ US_Vc_hYp Y ^QZUV^^do S nc_] eQZ\V bQ6
]do U\Y^^do bca_[dD Vb\Y ncQ bca_[Q SU_RQS_[ pS\pVcbp bQ]_Z U\Y^6
^_Z baVUY SbVf eQZ\_S5 ^Q`VhQcQcm bY]S_\ XSݷXU_h[Y `VaVU Y]V^V]
eQZ\Q7 >Q`aY]Va5 aQR_cQ `a_TaQ]]l ]_WVc SlT\pUVcm cQ[C

F1CI1I8?CDCN4 78@B?7 I5CD5B41I7DHD 79B<7DHD DB557@1C
I5CD5B41I7DHDC`8I C85 814 D? 7?5 R 4?>’D ;>?G5 C85 G?E<4>’D C1I7
79B<7DHDC`1C C85 D?<4 G85> C85 G1C I?E>7 D81D @19> G?E<4 <514 D? @<51CEB5
3DB557@1CC6E>3D9?> \51B38]B551F1B @C ]B55W?45YDD F1<C <?>79>D2C ]B55W?45YDD
F1CI1I8?CDCN4

6b\Y ^QYR_\mido U\Y^d S _cUV\m^_ SXpc_] eQZ\V Y]VVc ^Vb[_\m6
[_ bca_[5 `VhQcQcm `VaSdo YX ^YfD Vb\Y baVUY SlUV\V^^lf ^QYR_\VV
U\Y^^lf bca_[ ^QYR_\mido U\Y^d Y]Voc ^Vb[_\m[_5 SlSVbcY XSݷX6
U_h[Y `VaVU [QWUl] YX b__cSVcbcSdojYf Y]ݷ^ eQZ\_S7 >V\mXp SS_6
UYcm _TaQ^YhV^Yp ^Q [_\YhVbcS_ eQZ\_S5 [_\YhVbcS_ bca_[ S ^Yf5
U\Y^l bca_[D S hQbc^_bcY5 ^VU_`dbcY]_ Yb`_\mX_SQcm cY` CDB9>77
CQ[WV ^V b\VUdVc Yb`_\mX_SQcm Sb`_]_TQcV\m^lV eQZ\l7



<; 8QUQhY

;7><7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `_\dhQVc hVaVX QaTd]V^cl
[_]Q^U^_Z bca_[Y Y]V^Q caݷf eQZ\_S5 `VaSlZ YX [_c_alf dWV bdjV6
bcSdVc5 _bcQ\m^lV USQ `a_TaQ]]Q U_\W^Q be_a]Ya_SQcm S f_UV bS_6
VZ aQR_cl7 AQbb]QcaYSQp `VaSlZ eQZ\ [Q[ cV[bc_SlZ5 XQ`YiYcV S_
Sc_a_Z eQZ\ 1c_WV cV[bc_SlZ2 c_\m[_ cV bca_[Y YX `VaS_T_5 [_c_alV
^QhY^Qocbp b `a_RV\Q7 3 caVcYZ eQZ\ 1cY`YXYa_SQ^^lZ2 XQ`YiYcV
S SYUV hYbV\ cY`Q 9>D575B U\Y^l SbVf bca_[ `VaS_T_ eQZ\Q7 @aY]V6
^YS `a_TaQ]]d 85H4E=@5 dRVUYcVbm S [_aaV[c^_bcY be_a]Ya_SQ^^_T_
cY`YXYa_SQ^^_T_ eQZ\Q7

;7>=7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `_\dhQVc hVaVX QaTd]V^cl
[_]Q^U^_Z bca_[Y Y]V^Q ^Vb[_\m[Yf 1`a_YXS_\m^_T_ [_\YhVbcSQ5 ^V
]V^VV _U^_T_2 bdjVbcSdojYf cY`YXYa_SQ^^lf eQZ\_S5 b_bc_pjYf YX
hVclaݷfRQZc^lf gV\lf hYbV\5 Y _U^_T_ cV[bc_S_T_ eQZ\Q5 [_c_6
alZ `a_TaQ]]Q U_\W^Q b_XUQcm S_ SaV]p aQR_cl 1VT_ Y]p XQUQݷc6
bp `_b\VU^Y]27 @a_Q^Q\YXYa_SQS [QWUlZ YX XQUQ^^lf cY`YXYa_SQ^6
^lf eQZ\_S5 XQ`YiYcV S cV[bc_SlZ eQZ\ b XQUQ^^l] Y]V^V] bca_[Y
1`_ _U^_Z U\p [QWU_T_ `a_Q^Q\YXYa_SQ^^_T_ eQZ\Q25 b_UVaWQjYV
Y]p eQZ\Q5 _RjVV [_\YhVbcS_ hYbV\ S 5[ݷ^ ^QY]V^miVV Y ^QYR_\m6
iVV YX hYbV\5 b_UVaWQjYfbp S eQZ\V7

5\p _c\QU[Y SQiVT_ aViV^Yp ^Q`YiYcV Sb`_]_TQcV\m^do `a_6
TaQ]]d5 [_c_aQp e_a]YadVc cY`YXYa_SQ^^lZ eQZ\ ^dW^_T_ SQ]
e_a]QcQ5 b_bc_pjYZ YX hYbV\5 SSVUݷ^^lf YX bcQ^UQac^_T_ `_c_[Q
SS_UQ 1U_ ^Qbcd`\V^Yp bYcdQgYY Vg^_]ݷ eQZ\Q27ݷ 9]p eQZ\Q `a_6
jV SbVT_ XQUQcm QaTd]V^c_] [_]Q^U^_Z bca_[Y7

;7>>7 5\p bR_aQ bcQcYbcY[Y `_caVR_SQ\_bm `_UUVaWYSQcm 1S SYUV
eQZ\Q ^Q UYb[V2 cQR\Ygd5 b_bc_pjdo YX USdf `_\VZC bca_[Y5 YUV^6
cYeYgYadojVZ ^V[YV `aVU]Vcl5 Y gV\_hYb\V^^_T_ bhݷchY[Q5 `_[Q6
XlSQojVT_5 b[_\m[_ aQX UQ^^lZ `aVU]Vc SbcaVcY\bp S f_UV bR_aQ
bcQcYbcY[Y7 2l\_ `aY^pc_ aViV^YV5 hc_ YUV^cYeY[Qc_a `aVU]VcQ
^V ]_WVc S U\Y^d `aVSliQcm >B bY]S_\_S5 cQ[ hc_ eQZ\5 S [_c_6
a_] RdUdc faQ^Ycmbp aVXd\mcQcl bR_aQ5 ]_WVc b_bc_pcm YX XQ`YbVZ
`_ ?= RQZcQC ?9 RQZc ^Q faQ^V^YV bca_[Y cY`Q CDB9>7 1]Q[bY]Q\m^Qp
U\Y^Q bca_[Y `aY nc_] b_bcQSYc [Q[ aQX >B bY]S_\_S2 Y = RQZcQ ^Q
gV\_hYb\V^^lZ bhݷchY[5 Y]VojYZ cY` <?>79>D7

>Q`YiYcV `a_TaQ]]d5 [_c_aQp `aY^Y]QVc caY QaTd]V^cQ [_]Q^U6
^_Z bca_[YC Y]p eQZ\Q5 ݷQ^Ud[_]ݷ Y YUV^cYeY[Qc_a7 6b\Y Sc_a_Z
QaTd]V^c 2ݷQ^UQ[_]ݷ1 `aVUbcQS\pVc b_R_Z bca_[d 1445 ^dW^_ S XQ6
UQ^^_] eQZ\V ^QZcY XQ`Ybm5 b_UVaWQjdo XQUQ^^lZ YUV^cYeY[Qc_a5
Y bhݷchY[ S nc_Z XQ`YbY dSV\YhYcm ^Q VUY^YgdD Vb\Y cQ[_Z XQ`YbY
^Vc5 b_XUQcm Vݷ 1S [_^gV eQZ\Q2 Y dbcQ^_SYcm bhݷchY[ aQS^l] VUY^Y6
gV7 6b\Y Sc_a_Z QaTd]V^c `aVUbcQS\pVc b_R_Z bca_[d AE5BI5 ^dW^_
^QZcY XQ`Ybm b XQUQ^^l] YUV^cYeY[Qc_a_] Y SlUQcm S bcQ^UQac^lZ
`_c_[ SlS_UQ X^QhV^YV bhݷchY[Q YX nc_Z XQ`YbYD Vb\Y cQ[_Z XQ`YbY



; hQbcY ]pXlݷ @Qb[Q\m Y ^QhQ\Q `a_TaQ]]Ya_SQ^Ypݷ <<

^Vc5 SlUQcm ^_\m 1nc_ b__cSVcbcSdVc bYcdQgYY5 hc_ Y^cVaVbdojYZ ^Qb
`aVU]Vc `_[Q ^Y aQXd ^V SbcaVhQ\bp27 6b\Y Sc_a_Z QaTd]V^c `aVU6
bcQS\pVc b_R_Z bca_[d <9CD5 SlUQcm S bcQ^UQac^lZ `_c_[ SlS_UQ SbV
`Qal 5ݷ]chYݷYUV^cYeY[Qc_a4bhݷ Y]VojYVbp S ^Qbc_pjYZ ]_]V^c S
eQZ\VD caVcmVT_ QaTd]V^cQ [_]Q^U^_Z bca_[Y S nc_] b\dhQV ]_WVc
^V Rlcm5 ^_ Vb\Y _^ Vbcm5 VT_ b\VUdVc `a_YT^_aYa_SQcm7

?R neeV[cYS^_bcY `_Yb[Q ]_WVcV `_[Q ^V Ud]Qcm Y `a_bc_ `a_6
b]QcaYSQcm SVbm eQZ\ _c ^QhQ\Q5 `_[Q \YR_ ^V ^QZUݷcbp ^dW^Qp XQ6
`Ybm5 \YR_ eQZ\ ^V [_^hYcbp7

@aY]Va [ XQUQhV ;7>?
EQZ\ : EQZ\ ; AVXd\mcQc

1@@<5 > 31BB?D < 1@@<5 >
@51B < ?>9?> = @51B <
D?=1D? @ D?=1D? ; D?=1D? B
31BB?D ; 3E3E=25B > 31BB?D >

?>9?> =
3E3E=25B >

;7>?7 9bf_Up YX db\_SYZ XQUQhY ;7>>5 ^Q`YiYcV `a_TaQ]]d5 [_c_6
aQp _RkVUY^pVc aVXd\mcQcl bR_aQ bcQcYbcY[Y5 b_UVaWQjYVbp S USdf
eQZ\Qf7 @a_TaQ]]Q U_\W^Q `aY^Y]Qcm caY QaTd]V^cQ [_]Q^U^_Z
bca_[YC `VaSlV USQ ‑ Y]V^Q bdjVbcSdojYf eQZ\_S _`YbQ^^_T_ e_a6
]QcQ5 [_c_alV `a_TaQ]]Q RdUVc hYcQcm5 caVcYZ ‑ Y]p eQZ\Q5 [_c_6
alZ `a_TaQ]]Q U_\W^Q b_XUQcm7 =^_WVbcS_ YUV^cYeY[Qc_a_S5 b_6
UVaWQjYfbp S XQ`Ybpf aVXd\mcYadojVT_ eQZ\Q5 U_\W^_ b_S`QUQcm
b _RkVUY^V^YV] ]^_WVbcS YUV^cYeY[Qc_a_S YX `VaSlf USdf eQZ6
\_SD Vb\Y ^V[_c_alZ YUV^cYeY[Qc_a b_UVaWQ\bp c_\m[_ S _U^_] YX
USdf Ybf_U^lf eQZ\_S 1\oR_]25 b__cSVcbcSdojVV X^QhV^YV bhݷchY[Q
U_\W^_ Rlcm `a_bc_ b[_`Ya_SQ^_ S eQZ\ aVXd\mcQcQ5 Vb\Y WV YUV^6
cYeY[Qc_a b_UVaWQ\bp S _R_Yf eQZ\Qf5 X^QhV^Yp bhݷchY[_S YX Yb6
f_U^lf eQZ\_S U\p UQ^^_T_ YUV^cYeY[Qc_aQ b\VUdVc b\_WYcm Y S
aVXd\mcYadojYZ eQZ\ XQ^VbcY `_\dhV^^do bd]]d7 @aY]Va cQ[_T_
_RkVUY^V^Yp `_[QXQ^ S cQR\YgV7

;7>@*7 @_`a_RdZcV `aVU\_WYcm U\p db\_SYZ XQUQhY ;7>> cQ[_Z
e_a]Qc eQZ\Q5 [_c_alZ _RVb`VhYc RlbcalZ `_Yb[ ^dW^_Z XQ`YbY ‑
^Q`aY]Va5 XQ SaV]p5 `a_`_agY_^Q\m^_V ln𝑁 5 TUV 𝑁 ‑ [_\YhVbcS_ XQ6
`YbVZ S eQZ\V5 Y\Y Vjݷ \dhiV ‑ XQ [_^bcQ^c^_V SaV]p5 S__RjV ^V XQ6
SYbpjVV _c [_\YhVbcSQ XQ`YbVZ7 AVQ\YXdZcV `a_TaQ]]l5 _`YbQ^^lV S
XQUQhQf ;7>> Y ;7>?5 b Yb`_\mX_SQ^YV] SQiVT_ e_a]QcQ eQZ\Q7 9bb\V6
UdZcV Rlbca_UVZbcSYV `a_TaQ]] `aY Yb`_\mX_SQ^YY SQiVT_ e_a]QcQ
U\p db[_aV^^_T_ `_Yb[Q S baQS^V^YY b SaV]V^V] \Y^VZ^_T_ `_Yb[QD
U\p nc_T_ SQ] `_caVRdVcbp eQZ\5 b_UVaWQjYZ ^Vb[_\m[_ ]Y\\Y_^_S



<= 8QUQhY

XQ`YbVZ ‑ [Q[ b_XUQcm cQ[_Z eQZ\5 hc_Rl S [ݷ^ ^V `_Sc_ap\Ybm YUV^6
cYeY[Qc_al5 `_`a_RdZcV b__RaQXYcm bQ]_bc_pcV\m^_7

NcoUl `_bVamݷX^VV

;7>A*7 >Q`YiYcV bS_o SVabYo X^Q]V^Yc_T_ 7ݷCVcaYbQݷ EYTdal
]_W^_ be_a]Ya_SQcm5 ^Q`aY]Va5 YX bY]S_\_S ݷ3ݷ Y\Y UQWV `a_bc_
SlS_UYcm S b__cSVcbcSdojYf ]VbcQf n[aQ^Q `a_RV\l5 dbcQ^_SYS Uad6
T_Z gSVc e_^Q7 ?Rlh^lZ aQX]Va ݷbcQ[Q^Qݷ S CVcaYbV b_bcQS\pVc UV6
bpcm [_\_^_[ ^Q :=6:> Dݷ]_bcaݷ `_b[_\m[d _Rlh^lZ aQX]Va cVa]Y6
^Q\m^_T_ _[^Q R_\miV5 [QWUdo ݷVc[d\]ݷ eYTdal CVcaYbQ ]_W^_
`aVUbcQSYcm `ap]_dT_\m^Y[_] iYaY^_Z S caY Y Slb_c_Z S USQ X^Q6
[_]VbcQ5 cQ[ _^Y RdUdc SlT\pUVcm R_\VVݷ [SQUaQc^l]YݷC

333 333333 333333 333 333 333333333 333333 333333333
333 333333 333333 333 333 333333333 333333 333333333

333333333 333 333333 333333 333 333333 333 333 333
333333333 333 333333 333333 333333 333 333333 333 333 333

333 333333 333 333 333 333 333 333 333
333 333333 333333333 333 333 333 333 333 333 333

333 333333 333333333 333 333 333333 333333 333333
333 333 333 333 333333 333333 333333

333333333 333333333333 333 333 333333 333 333333 333
333333333 333333333333 333 333333 333 333333 333

6b\Y aQX]Va _[^Q `aY bcQacV `a_TaQ]]l ^VU_bcQc_hV^ U\p aYb_6
SQ^Yp ݷbcQ[Q^Qݷ c_T_ aQX]VaQ5 [_c_alZ Sl XQUd]Q\Y5 ]_W^_ `_6
`a_bYcm `_\mX_SQcV\p dSV\YhYcm _[_i[_ cVa]Y^Q\Q Y `VaVXQ`dbcYcm
`a_TaQ]]d7

;7>B*7 3 n`_fd V\6MX\ Rl\Q U_S_\m^_ `_`d\pa^Q YTaQ 5ݷ5DB9<<5B[ݷ
[_c_ado `aYUd]Q\ 1\V[bVZ =Y^_bp^g7 B_T\Qb^_ Vݷ boWVcd ^V[YZ
eQ^Qc CVcaYbQ5 XQb^dS XQ [\QSYQcda_Z5 S_ b^V _R^QadWY\ bVRp ^Q U^V
ݷbcQ[Q^Qݷ CVcaYbQ5 Q bSVafd ^Q ^VT_ `_bl`Q\Ybm eYTdal5 b_bc_pjYV
YX bca_YcV\m^_T_ ]db_aQ ‑ RVc_^^lV RQ\[Y b c_ahQjVZ Qa]Qcda_Z5
R\_[Y YX [Ya`YhVZ5 _RalS[Y [Q[Yf6c_ gV`VZ Y Sbݷ cQ[_V `a_hVV7 BQ]Q
YTaQ _c\YhQVcbp _c _Rlh^_T_ CVcaYbQ cV]5 hc_ S^YXd ‑ `_ U^d bcQ6ݷ
[Q^Qݷ Y `_ \VWQjY] eYTdaQ] ‑ RVTQVc `Vab_^QW5 XQ^Y]QojYZ USV
[\Vc[Y `_ SVacY[Q\Y5 ^_ Vb\Y VT_ `aYWQcm bSVafd5 _^ ]_WVc `aYbVbcm5
b[aohYcmbp Y XQ^Y]Qcm c_\m[_ _U^d [\Vc[dD Vb\Y WV V]d ^V _bcQSYcm
UQWV _U^_Z [\Vc[Y5 _hVaVU^Qp d`QSiQp eYTdaQ VT_ `_`a_bcd aQXUQ6
SYc5 hc_ `aYS_UYc [ c_]d WV neeV[cd5 [Q[ Y XQ`_\^V^YV ݷbcQ[Q^Qݷ U_
SVafQ ‑ caQcYcbp _hVaVU^Qp 7ݷWYX^mݷ @Vab_^QW d]VVc `_U^Y]Qcm6
bp Y b`db[Qcmbp ^Q _U^d [\Vc[d5 hc_ Y UV\QVc5 Vb\Y da_SV^m eYTda
`VaVU ^Y] _c\YhQVcbp _c c_T_ da_S^p5 ^Q [_c_a_] _^ bc_Yc5 a_S^_
^Q _U^d [\Vc[d SSVaf Y\Y S^YXD Vb\Y WV `Vab_^QW d`YaQVcbp Sݷ bcV6
^dݷ Y\Y Sݷ _RalSݷ ‑ c7 V7 [_TUQ `VaVU ^Y] bcV^[Q bQ]_T_ ݷbcQ[Q^Qݷ
Y\Y [_TUQ b\VUdojYZ iQT `_caVR_SQ\ Rl SVacY[Q\m^_T_ `VaV]VjV6
^Yp R_\miV hV] ^Q _U^d [\Vc[d ‑ `Vab_^QW aQXS_aQhYSQVcbp Y YUݷc
S UadTdo bc_a_^d7 D`aQS\pcm `Vab_^QWV] ^Q`ap]do ^V\mXp5 ]_W^_
c_\m[_ SlbcaQYSQcm `VaVU ^Y] ݷVbc^Ygl\ݷ YX eYTda Y\Y5 ^Q_R_a_c5
S_XS_UYcm ^V`a_f_UY]lV dbcd`l7 >Q da_S^V UVSpcY [\Vc_[ _c U^Q `_



; hQbcY ]pXlݷ @Qb[Q\m Y ^QhQ\Q `a_TaQ]]Ya_SQ^Ypݷ <>

R_[Q] ݷbcQ[Q^Qݷ aQb`_\_WV^l 5ݷUSVaYݷ hVaVX [_c_alV `Vab_^QW ]_6
WVc bRVWQcm YX 5ݷbcQ[Q^Qݷ `aY nc_] Sb5ݷ hc_ db`V\_ ^Q`QUQcm5 aQX_]
YbhVXQVcD b_RbcSV^^_ T_S_ap5 `_USVbcY `Vab_^QWQ [ ncY] USVap] ‑ Y
Vbcm ^Qbc_pjQp XQUQhQ YTal7

6b\Y5 aVQ\YXdp CVcaYb5 Sl `_b\VU_SQ\Y ^QiV]d b_SVcd Y bca_Y\Y
eYTdal YX `ap]_dT_\m^Y[_S <H; X^Q[_]VbcQ5 c_ YX_RaQXYcm `Vab_6
^QWQ5 bc_pjVT_ S `_\^lZ a_bc5 ]_W^_5 ^Q`aY]Va5 cQ[C

?
6E
L

8 G
5 Q YX_R6

aQXYcm VT_ WV bYUpjY] b[aohYSiYbm ‑ cQ[C 6?
GgE D aQXd]VVcbp5 ]_W^_

`aYUd]Qcm Y UadTYV b`_b_Rl7 3bݷ nc_ `_XS_\pVc aVQ\YX_SQcm boWVc
CVcaY\\VaQ S cV[bc_S_] aVWY]V5 hc_ SQ] Y `aVU\QTQVcbp bUV\Qcm7
;bcQcY5 S_X]_W^_5 Sl \dhiV `_Z]ݷcV5 hc_ UV\Qcm5 Vb\Y ^QZUݷcV S
9^cVa^VcV _aYTY^Q\ YTal Y `_caQcYcV ]Y^dc b_a_[5 hc_Rl b nc_Z
YTa_Z _bS_Ycmbp7

;7?9*7 9TaQ ݷX]VZ[Qݷ YXSVbc^Q S b_c^pf SQaYQ^c_S5 _RkVUY^ݷ^^lf
_RjY] boWVc_]C `_ YTa_S_]d `_\o5 b_bc_pjV]d YX [\Vc_[5 `_\XQVc
5ݷX]VZ[Qݷ XQ^Y]QojQp ^Vb[_\m[_ [\Vc_[5 `aYhݷ] b_bVU^YV bVT]V^cl
X]VZ[Y U_\W^l aQb`_\QTQcmbp ^Q `_\V S b_bVU^Yf [\Vc[Qf b_bVU6ݷ1
^Yfݷ `_ SVacY[Q\Y Y\Y T_aYX_^cQ\Y5 ^_ ^V `_ UYQT_^Q\Y27 >Q`aQS6
\V^YV USYWV^Yp X]VZ[Y YX]V^pVcbp ^QWQcYV] bcaV\_[D _U^_SaV]V^6
^_ `VaV]VjQVcbp ^Q b_bVU^oo [\Vc[d T_\_SQ X]VZ[Y Y UWY]QVc6_`ݷ
bpݷ Vݷ fS_bc5 cQ[ hc_ Vݷ U\Y^Q `aY USYWV^YY _bcQݷcbp `_bc_p^^_Z7
>Q `_\V S aQX^lf ]VbcQf S_X^Y[Qoc `aVU]Vcl5 [_c_alV ^QU\VWYc
5ݷbkVbcmݷ `aY nc_] X]VZ[Q dSV\YhYSQVcbp S U\Y^d7 8]VZ[Q `aY USY6
WV^YY ^V U_\W^Q `VaVbV[Qcm bQ]Q bVRp5 nc_ _X^QhQVc [_^Vg YTal7
@_[Q X]VZ[Q [_a_c[Qp5 T_^pcm Vݷ `_ `_\o5 ^V U_`db[Qp bQ]_`VaVbV6
hV^YZ5 U_S_\m^_ `a_bc_5 ^_ `_ ]VaV Vݷ dU\Y^V^Yp nc_ bcQ^_SYcbp Sbݷ
cadU^VV Y cadU^VV5 `_[Q ^V `aVSlbYc S_X]_W^_bcY YTa_[Q7

@_`a_RdZcV aVQ\YX_SQcm bS_o SVabYo 7ݷX]VZ[Yݷ >Q`aY]Va5 T_\_6
Sd X]VZ[Y ]_W^_ _R_X^QhYcm bY]S_\_] 5ݷIݷ _bcQ\m^lV Vݷ bVT]V^cl ‑
XSݷXU_h[Q]Y Y\Y Rd[SQ]Y 7ݷ?ݷ NcQ YTaQ `aY]VhQcV\m^Q cV]5 hc_ U\p
Vݷ aVQ\YXQgYY SQ] _RpXQcV\m^_ `_caVRdVcbp _U^_bSpX^lZ b`Yb_[ ‑
hc_Rl faQ^Ycm [__aUY^Qcl bVT]V^c_S SQiVZ X]VZ[Y7

;7?:*7 @aYUd]QZcV Y aVQ\YXdZcV 1^Q @Qb[Q\V b Yb`_\mX_SQ^YV]
]_Ud\p 3BD2 bS_o b_RbcSV^^do YTa_Sdo `a_TaQ]]d7 @aVU\_WYcV `_6
YTaQcm S ^Vݷ SQiY] UadXmp] Y\Y a_UbcSV^^Y[Q]5 ^_ `_b\V _Rkpb^V^Yp
`aQSY\ R_\miV ^Y ^Q hݷ] ^V ^QbcQYSQZcVD Vb\Y SQi ݷU_`lc^lZ_`ݷ ^V
`_cVapVc Y^cVaVbQ [ YTadi[V S cVhV^YV `pcY ]Y^dc ‑ bhYcQZcV5 hc_
UV\_ bUV\Q^_7 6b\Y WV5 _bcQSYS YTa_[Q _UY^ ^Q _UY^ b SQiVZ YTa_Z5
hVaVX hQb Sl _R^QadWYcV5 hc_ YTa_[ Sbݷ Vjݷ ^V bRVWQ\ ‑ `_XUaQSmcV
bVRpC Sl bcQ\Y `a_TaQ]]Ybc_]7 ;_^Vh^_5 cQ[_V `_\dhQVcbp aVU[_5 ^_
Sl ^V aQbbcaQYSQZcVbm5 SVUm UVbpcm YX USV^QUgQcY hQbcVZ 3SVUV^Ypݷ
S `a_eVbbYoݷ d SQb `_[Q Vjݷ S`VaVUY7



; hQbcY < S_X]_W^_bcYݷ
`a_gVbb_aQ Y pXl[
QbbV]R\VaQݷ

AVTYbcal Y e\QTY

<79:7 ;Q[_V hYb\_ RdUVc ^Qf_UYcmbp S aVTYbcaV NJa `_b\V Sl`_\6
^V^Yp b\VUdojYf [_]Q^UH

12 =?F 51H5 =6?A;28
=?F 1H5 :BB9>
=?F 1<5 :<9?

22 =?F 51H5 BB6?558
=?F 1H5 ?<:@;?
=?F 1<5 BB

32 =?F 51H5 42B65<8
=?F 1H5 ;=A?
=?F 185 >28

42 =?F 51H5 4@6;:@?
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52 =?F 51H5 9H>>?;<2
=?F 1H5 <:9@:
=?F 185 3B8

62 =?F 51H5 >5:2418
=?F 1H5 =>:9;
=?F 185 4=9

<79;7 ;Q[_V hYb\_ _[QWVcbp S aVTYbcaV JU Y [Q[YV YX e\QT_S cO5
\O5 XO Y LO RdUdc dbcQ^_S\V^l S aVXd\mcQcV Sl`_\^V^Yp [_]Q^Ul
144 1<5 2<5 Vb\Y `VaVU ncY] S aVTYbcaQf JU Y KU ^Qf_UY\Ybm hYb\QC

12 65 Y 9: 22 9; Y 65 32 :6 Y :5 42 :6 Y 66 52 @1 Y 9@ 62 A2 Y 69

1SbV hYb\Q iVbc^QUgQcVaYh^lV2H
<79<7 ;Q[_V hYb\_ _[QWVcbp S aVTYbcaV JU Y [Q[YV YX e\QT_S cO5

\O5 XO Y LO RdUdc dbcQ^_S\V^l S aVXd\mcQcV Sl`_\^V^Yp [_]Q^Ul
CE2 1<5 2<5 Vb\Y `VaVU ncY] S aVTYbcaQf JU Y KU ^Qf_UY\Ybm hYb\QC

12 :1 Y :3 22 ;B Y 65 32 54 Y 55 42 @5 Y ?4 52 A1 Y :1 62 @3 Y AA

1SbV hYb\Q iVbc^QUgQcVaYh^lV2H
<79=*7 @_ aVXd\mcQcQ] _`VaQgYY b\_WV^Yp `a_gVbb_a dbcQ^QS\Y6

SQVc X^QhV^Yp e\QT_S cO5 \O5 XO Y LO 1Y ^V[_c_alf UadTYf5 ^_ ]l
RdUV] aQbb]QcaYSQcm c_\m[_ ncY hVclaV27 @_b[_\m[d [QWUlZ e\QT



; hQbcY S_X]_W^_bcYݷ `a_gVbb_aQ Y pXl[ QbbV]R\VaQݷ <@

]_WVc Rlcm aQSV^ ^d\o Y\Y VUY^YgV5 RVX dhݷcQ Yf b]lb\Q ]_W^_
`aVU`_\_WYcm5 hc_ SbVT_ S_X]_W^_ :? [_]RY^QgYZ X^QhV^YZ ncYf hV6
claݷf e\QT_S ‑ _c 9999 U_ ::::5 f_cp S UVZbcSYcV\m^_bcY ^V SbV ncY
[_]RY^QgYY ]_Tdc `_\dhYcmbp7

5\p [QWU_Z YX :? [_]RY^QgYZ `aVU\_WYcV cQ[YV X^QhV^Yp aV6
TYbca_S JU Y KU5 hc_ Sl`_\^V^YV [_]Q^Ul 144 1<5 2< `aYSVUݷc [
S_X^Y[^_SV^Yo aQbb]QcaYSQV]_Z [_]RY^QgYY e\QT_S5 \YR_ d[QWY6
cV5 hc_ nc_ ^VS_X]_W^_7

<79>*7 @aY aViV^YY `aVUlUdjVZ XQUQhY Sl Slpb^Y\Y5 hc_ ^V[_6
c_alV [_]RY^QgYY e\QT_S b `_]_jmo [_]Q^Ul 144 `_\dhYcm ^VS_X6
]_W^_7 =_W^_ \Y [Q[YV6c_ YX ncYf [_]RY^QgYZ `_\dhYcm [_]Q^U_Z
CE2 1<5 2<H ;Q[YV U\p nc_T_ ^dW^l Ybf_U^lV X^QhV^YpH

<79?7 ;Q[_V hYb\_ _[QWVcbp S NJa `_b\V Sl`_\^V^Yp b\VUdojYf
[_]Q^UH ?cSVc UQZcV S iVbc^QUgQcVaYh^_Z bYbcV]V bhYb\V^Yp7

12 =?F 51H5 4:;<=>?@A
1>4 51H5 4933333333

22 =?F 51H5 4:;<=>?@A
1>4 51H5 4<<<<<<<<

32 =?F 51H5 4:;<=>?@A
?B 51H5 4933333333

42 =?F 51H5 4:;<=>?@A
C8< 51H5 =

52 =?F 51H5 4:;<=>?@A
C8B 51H5 =

62 =?F 51H5 496999
C8B 51H5 ;

72 =?F 51H5 4B123456:
C8B 51H5 :?

82 =?F 51H5 4B123456:
C1B 51H5 :?

92 =?F 51H5 4=>?@A123
C1B 51H5 :?

:2 =?F 51H5 49123456:;
=?F 52H5 4<=>?@AB1
C8< 51H5 :;
1>4 51H5 499669999
C8B 52H5 ;9
1>4 52H5 4966
?B 51H5 52H

;2 =?F 51H5 4:;<=1234
H?B 51H5 4<<<<<<<<

<2 H?B 51H5 51H
>57 51H
C1< 51H5 :?
C1B 51H5 A

?X^Q[_]YcV\m^lV ncoUl
B\VUdojYV XQUQhY `aVU`_\QTQoc Yb`_\mX_SQ^YV ]Q[a_b_S
YX eQZ\Q CDE4h9?79>3D _`YbQ^YV ncYf ]Q[a_b_S `aYSVUV6
^_ S 5<7:7>ݷ Q bQ] eQZ\ ]_W^_ b[QhQcm ^Q U_]Qi^VZ bcaQ6
^YgV [^YTY a_TaQ]]Ya_SQ^YVC@ݷ SSVUV^YV S `a_eVbbYoݷ
18DD@C88CD?<I1B?F79>6?82??;C8@B?7B1==9>7h9>DB?85;27

<79@7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp bhYclSQVc YX bcQ^UQac^_T_
`_c_[Q SS_UQ bݷ1 [\QSYQcdal2ݷ _UY^ bY]S_\ Y `VhQcQVc b\_S_ bN\5
Vb\Y nc_c bY]S_\ ‑ XQT\QS^Qp \QcY^b[Qp Rd[SQ J5 S `a_cYS^_] b\dhQV
`VhQcQVc WX7



<A 8QUQhY

<79A7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp bhYclSQVc YX bcQ^UQac^_T_
`_c_[Q SS_UQ bݷ1 [\QSYQcdal2ݷ _UY^ bY]S_\5 Y Vb\Y nc_c bY]S_\ ‑
gYeaQ5 `VhQcQVc b__cSVcbcSdojVV VZ [_\YhVbcS_ XSݷXU_hV[ 1_c _U^_Z
U_ UVSpcY25 S `a_cYS^_] b\dhQV ^YhVT_ ^V `VhQcQVc7

<79B7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc UQ^^lV YX `_c_[Q
bcQ^UQac^_T_ SS_UQ Y ^V]VU\V^^_ SlUQݷc Yf S `_c_[ bcQ^UQac^_T_
SlS_UQ5 `_[Q ^V ^Qbcd`Yc bYcdQgYp Vg^_]ݷ eQZ\Qݷ 1c7 V7 UV\QVc c_
WV bQ]_V5 hc_ UV\QVc `a_TaQ]]Q 31D5 Vb\Y Vݷ XQ`dbcYcm RVX `QaQ]Vc6
a_S27

<7:97 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc YX `_c_[Q bcQ^UQac6
^_T_ SS_UQ bY]S_\l U_ [_^gQ `VaS_Z bca_[Y 1c7 V7 `_[Q ^V RdUVc SbcaV6
hV^ bY]S_\ b [_U_] :9 \YR_ ^V S_X^Y[^Vc bYcdQgYp Vg^_]ݷ eQZ\Q2ݷ
Y `_UbhYclSQVc5 b[_\m[_ S nc_Z bca_[V SbcaVcY\_bm bY]S_\_S ݷ4ݷ Y
Dݷ6ݷ SbV `a_hYV bY]S_\l YT^_aYadVc7 @_\dhV^^lV aVXd\mcQcl `_U6
bhݷcQ ^QX_Sݷ] 𝑁+ Y 𝑁−7 @_b\V _[_^hQ^Yp SS_UQ bca_[Y `a_TaQ]]Q
SlhYb\pVc hYb\_ 𝑁* = 𝑁+×𝑁− Y `VhQcQVc cQ[_V [_\YhVbcS_ XSݷXU_6
hV[7

<7::7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc YX `_c_[Q bcQ^UQac6
^_T_ SS_UQ bY]S_\l U_ [_^gQ `VaS_Z bca_[Y 1c7 V7 `_[Q ^V RdUVc SbcaV6
hV^ bY]S_\ b [_U_] :9 \YR_ ^V S_X^Y[^Vc bYcdQgYp Vg^_]ݷ eQZ\Q2ݷ
Y `_UbhYclSQVc bd]]d SbVf SbcaVhV^^lf gYea 1^Q`_]^Y]5 hc_ [_Ul
gYea S J\LRR6cQR\YgV aQb`_\QTQocbp `_UapU27 @_ _[_^hQ^YY hcV^Yp
bca_[Y `a_TaQ]]Q U_\W^Q ^Q`VhQcQcm bc_\m[_ XSݷXU_hV[5 [Q[_SQ `_6
\dhY\Qbm bd]]Q7

<7:;7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc cV[bc YX `_c_[Q bcQ^6
UQac^_T_ SS_UQ5 `_[Q ^V ^Qbcd`Yc bYcdQgYp Vg^_]ݷ eQZ\Q5ݷ Y S f_UV
aQR_cl `VhQcQVc ݷXTݷ S _cSVc ^Q [QWUdo SSVUݷ^^do `_\mX_SQcV\V]
bca_[d7

<7:<7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc cV[bc YX `_c_[Q bcQ^6
UQac^_T_ SS_UQ5 `_[Q ^V ^Qbcd`Yc bYcdQgYp Vg^_]ݷ eQZ\Q5ݷ Y S _cSVc
^Q [QWUdo SSVUݷ^^do `_\mX_SQcV\V] bca_[d `VhQcQVc bc_\m[_ XSݷX6
U_hV[5 [Q[_SQ Rl\Q U\Y^Q SSVUݷ^^_Z bca_[Y7

<7:=7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc cV[bc YX bcQ^UQac6
^_T_ `_c_[Q SS_UQ Y S _cSVc ^Q [QWUdo SSVUݷ^^do bca_[d `VhQcQVc
bc_\m[_ XSݷXU_hV[5 [Q[_SQ U\Y^QC

12 bQ]_T_ U\Y^^_T_ b\_SQ bca_[YD
22 `_b\VU^VT_ b\_SQ bca_[Y7

@a_TaQ]]Q U_\W^Q XQ[Q^hYSQcm aQR_cd `aY S_X^Y[^_SV^YY bYcdQgYY
Vg^_]ݷ eQZ\Qݷ 1^_ ^V aQ^miV27



; hQbcY S_X]_W^_bcYݷ `a_gVbb_aQ Y pXl[ QbbV]R\VaQݷ <B

<7:>7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc cV[bc YX `_c_[Q bcQ^6
UQac^_T_ SS_UQ5 `_[Q ^V ^Qbcd`Yc bYcdQgYp Vg^_]ݷ eQZ\Q5ݷ Y S _cSVc
^Q [QWUdo SSVUݷ^^do `_\mX_SQcV\V] bca_[d `VhQcQVc b\_S_ bN\5 Vb6
\Y S_ SSVUݷ^^_Z bca_[V b_R\oUQVcbp RQ\Q^b [adT\lf b[_R_[5 Y WX S
`a_cYS^_] b\dhQVD RQ\Q^b b[_R_[ bhYcQVcbp b_R\oUݷ^^l]5 Vb\Y [_\Y6
hVbcS_ _c[alSQojYf b[_R_[ b_S`QUQVc b [_\YhVbcS_] XQ[alSQojYf5
`aY nc_] ^Y S [Q[_] ]VbcV bca_[Y [_\YhVbcS_ dWV SbcaVhV^^lf XQ6
[alSQojYf ^V `aVSliQ\_ [_\YhVbcS_ SbcaVhV^^lf _c[alSQojYf7

<7:?7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc cV[bc YX `_c_[Q bcQ^6
UQac^_T_ SS_UQ5 `_[Q ^V ^Qbcd`Yc bYcdQgYp Vg^_]ݷ eQZ\Q5ݷ Y S _cSVc
^Q [QWUdo SSVUݷ^^do `_\mX_SQcV\V] bca_[d `VhQcQVc bc_\m[_ XSݷX6
U_hV[5 b[_\m[_ Rl\_ b\_S S_ SSVUݷ^^_Z bca_[V7

<7:@7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc cV[bc YX bcQ^UQac^_T_
`_c_[Q SS_UQ5 `_[Q ^V ^Qbcd`Yc bYcdQgYp Vg^_]ݷ eQZ\Q5ݷ Y `VhQcQVc
b\_SQ YX nc_T_ cV[bcQ5 XQ[\ohQp [QWU_V b\_S_ S [adT\lV b[_R[Y7 @aY
`_\dhV^YY bY]S_\Q `VaVS_UQ bca_[Y ‑ `VaVS_UYcV bca_[d ^Q `VhQcY7

?RaQcYcV _b_R_V S^Y]Q^YV ^Q XQUQhY <7:A Y <7:B1 ?^Y
^Vb[_\m[_ b\_W^VV5 hV] SbV `aVUiVbcSdojYV5 ^_ aViYcm
Yf ^dW^_ SbV^V`aV]V^^VZiY] _RaQX_] Y _RpXQcV\m^_ RVX
`_bc_a_^^VZ `_]_jY7 ?`lc5 `_\dhV^^lZ `aY aViV^YY ncYf
USdf XQUQh5 `_caVRdVcbp SQ] S UQ\m^VZiV]5 `aY nc_] ^Y[Q6
[YV UadTYV XQUQhY SQ] nc_T_ _`lcQ ^V `aVU_bcQSpc7 6b\Y Sl
b f_Ud ^V X^QVcV5 [Q[ [ ncY] XQUQhQ] `_Ubcd`Ycmbp5 S_b`_\m6
XdZcVbm `_Ub[QX[Q]Y S aQXUV\V ݷD[QXQ^Ypݷ 1b]7 bca7 :;925 ^_
_c Yb`_\mX_SQ^Yp `_bc_a_^^VZ `_]_jY Sbݷ aQS^_ S_XUVaWY6
cVbm7 6b\Y ^V `_\dhQVcbp ‑ _c\_WYcV ncY XQUQhY U_ \dhiYf
SaV]5^ݷ ^_ _RpXQcV\m^_ aQ^_ Y\Y `_XU^_ SVa^YcVbm [ ^Y] Y
aViYcV Yf bQ]Y7

<7:A7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc YX bcQ^UQac^_T_ `_6
c_[Q SS_UQ UVbpcYh^_V `aVUbcQS\V^YV ^V_caYgQcV\m^_T_ gV\_T_ hYb6
\QD hcV^YV Sl`_\^pZcV `_ _U^_Z gYeaV5 U_ cVf `_a5 `_[Q ^V RdUVc
`a_hYcQ^ bY]S_\5 ^V pS\pojYZbp gYea_Z5 \YR_ ^V S_X^Y[^Vc bYcdQ6
gYp Vg^_]ݷ eQZ\QݷD `_ _[_^hQ^YY hcV^Yp hYb\Q `a_TaQ]]Q U_\W^Q
SlSVbcY bc_\m[_ XSݷXU_hV[5 [Q[_V hYb\_ Rl\_ SSVUV^_5 Y XQSVaiYcm
SlS_U bY]S_\_] `VaVS_UQ bca_[Y7 @VaV`_\^V^YV ‑ bYcdQgYo5 [_TUQ
SSVUݷ^^_V `_\mX_SQcV\V] hYb\_ ^V d]VjQVcbp S <;6RYc^lZ aVTYbca
Y\Y `VaV]V^^do ‑ ]_WVcV ^Y[Q[ ^V _RaQRQclSQcm7

<7:B7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc YX bcQ^UQac^_T_ `_c_6
[Q SS_UQ `a_YXS_\m^lZ cV[bc Y `_UbhYclSQVc [_\YhVbcS_ bY]S_\_S
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S 5[ݷ^ Q `_b\V ^Qbcd`\V^Yp bYcdQgYY Vg^_]ݷ eQZ\Qݷ `VhQcQVc aV6
Xd\mcQc `_UbhݷcQ S UVbpcYh^_] `aVUbcQS\V^YY5 `VaVS_UYc bca_[d Y
XQSVaiQVcbp7

<7;97 3_b`_\mX_SQSiYbm eaQT]V^cQ]Y cV[bc_S `a_TaQ]]l5 ^Q`Y6
bQ^^lf `aY aViV^YY XQUQh <7:A Y <7:B5 ^Q`YiYcV `a_TaQ]]d5 [_c_aQp
hYcQVc YX bcQ^UQac^_T_ `_c_[Q SS_UQ USQ hYb\Q5 aQXUV\ݷ^^lV bY]S_6
\_] `a_RV\Q5 Y SlUQݷc S bcQ^UQac^lZ `_c_[ SlS_UQ Yf bd]]d5 aQX6
^_bcm Y `a_YXSVUV^YV7 @aVUdb]_caYcV SlUQhd b__RjV^YZ _R _iYR[Qf
^Q b\dhQZ ^V[_aaV[c^_T_ `_\mX_SQcV\mb[_T_ SS_UQ7

<7;:7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc YX `_c_[Q bcQ^UQac6
^_T_ SS_UQ bca_[Y5 [QWUQp YX [_c_alf b_UVaWYc UVbpcYh^do XQ`Ybm
`VaS_T_ hYb\Q5 X^Q[ QaYe]VcYhVb[_T_ UVZbcSYp 145 65 35 82 Y UVbp6
cYh^do XQ`Ybm Sc_a_T_ hYb\Q 1RVX `a_RV\_S27 3 _cSVc ^Q [QWUdo
`a_hYcQ^^do bca_[d `a_TaQ]]Q U_\W^Q ^Q`VhQcQcm aVXd\mcQc Sl6
`_\^V^Yp d[QXQ^^_T_ UVZbcSYp ^QU hYb\Q]Y 1UV\V^YV bhYcQZcV gV6
\_hYb\V^^l]2 Y bUV\Qcm `VaVS_U bca_[YD `aY ^Qbcd`\V^YY bYcdQgYY
Vg^_]ݷ eQZ\Qݷ ‑ XQSVaiYcm aQR_cd7 6b\Y _hVaVU^Qp bca_[Q ^V b_6
_cSVcbcSdVc db\_SYp] XQUQhY5 b\VUdVc ^Q`VhQcQcm b\_S_ ݷNBB?Bݷ Y
`VaVS_U bca_[Y5 aQR_cd `a_U_\WYcm7

BcV[5 `_U`a_TaQ]]l5 ]_Ud\Y

<7;;7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc YX bcQ^UQac^_T_ `_6
c_[Q SS_UQ cV[bc U_ cVf `_a5 `_[Q \YR_ ^V RdUVc SbcaVhV^ bY]S_\ `V6
aVS_UQ bca_[Y5 \YR_ ^V S_X^Y[^Vc bYcdQgYp Vg^_]ݷ eQZ\Q5ݷ Q `_b\V
_[_^hQ^Yp hcV^Yp SlUQݷc SbV bY]S_\l SSVUݷ^^_Z bca_[Y S _RaQc^_]
`_apU[V7

<7;<*7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc YX bcQ^UQac^_T_ `_6
c_[Q SS_UQ cV[bc U_ ^Qbcd`\V^Yp bYcdQgYY Vg^_]ݷ eQZ\Q5ݷ Q `_b\V
_[_^hQ^Yp hcV^Yp SlUQݷc SbV bca_[Y SSVUݷ^^_T_ cV[bcQ5 `aYhݷ] bY]6
S_\l [QWU_Z _cUV\m^_Z bca_[Y SlUQocbp S _RaQc^_] `_apU[V5 ^_
bQ]Y bca_[Y SlUQocbp S c_] `_apU[V5 S [_c_a_] Rl\Y SSVUV^l7

<7;=7 3Va^YcVbm [ XQUQhQ] <7:A‑<7;9D Yb`_\mXdp eaQT]V^cl [_UQ5
^Q`YbQ^^_T_ `aY Yf aViV^YY5 b_XUQZcV b\VUdojYV `_U`a_TaQ]]lC

∙ U\p `VaVS_UQ UVbpcYh^_T_ `aVUbcQS\V^Yp hYb\Q 1S SYUV bca_[Y
bY]S_\_S2 S b_RbcSV^^_ hYb\_D `_U`a_TaQ]]Q U_\W^Q `_\dhQcm
^Q Sf_U USQ `QaQ]VcaQ ‑ QUaVb ^QhQ\Q bca_[Y Y Vݷ U\Y^d 1^Q6
`aY]Va5 S aVTYbcaQf NJa Y LU2D S_XSaQjQcm hYb\_ \dhiV SbVT_
S aVTYbcaV NJa5 ^_ `_caVRdVcbp [Q[_Z6c_ U_`_\^YcV\m^lZ aV6
TYbca 1^Q`aY]Va5 c_c WV LU25 hc_Rl `_[QXQcm SlXlSQojV]d5 ^V
S_X^Y[\_ \Y _iYR[Y `aY Q^Q\YXV bca_[YD



; hQbcY S_X]_W^_bcYݷ `a_gVbb_aQ Y pXl[ QbbV]R\VaQݷ =:

∙ U\p `VaVS_UQ hYb\Q S bca_[_S_V `aVUbcQS\V^YVD Sf_U^lf `QaQ6
]Vca_S XUVbm bc_Yc `aVUdb]_caVcm USQ ‑ bQ]_ hYb\_ Y QUaVb
_R\QbcY `Q]pcY5 TUV b\VUdVc aQX]VbcYcm bca_[d 1^Q`aY]Va5 Yb6
`_\mXdZcV aVTYbcal NJa Y NLa2D ]_WVcV `aVU`_\QTQcm5 hc_ S d[Q6
XQ^^_Z _R\QbcY `Q]pcY SbVTUQ Vbcm ^V ]V^VV :: RQZc5 R_\miV SQ]
U\p `aVUbcQS\V^Yp <;6RYc^_T_ hYb\Q ^V `_caVRdVcbpD `_U`a_6
TaQ]]Q ]_WVc S_XSaQjQcm 1hVaVX Sbݷ c_c WV NJa2 U\Y^d be_a6
]Ya_SQ^^_Z bca_[Y5 \YR_ ]_W^_ `_b\V [_UQ `_b\VU^VZ gYeal
aQX]VbcYcm S _R\QbcY `Q]pcY ^_\m 1^V [_U bY]S_\Q 5ݷm\_^ݷ Q
^Qbc_pjYZ ^_\m5 RQZc b ^d\VSl] X^QhV^YV]25 c_TUQ SQiQ `_U6
`a_TaQ]]Q ]_WVc S__RjV ^YhVT_ ^V S_XSaQjQcmD

∙ `VhQcm `_ _U^_]d bY]S_\d bca_[Y YX XQUQ^^_Z _R\QbcY `Q]pcYD
S XQSYbY]_bcY _c aViV^Yp5 `aY^pc_T_ S `aVUlUdjV] `d^[cV5
`_U`a_TaQ]]Q ]_WVc `_\dhQcm QUaVb ^QhQ\Q _R\QbcY `Q]pcY Y
U\Y^d bca_[Y5 \YR_ c_\m[_ QUaVb ^QhQ\Q ‑ S nc_] b\dhQV `aVU6
`_\QTQcm5 hc_ S _hVaVU^_] RQZcV SbcaVcYcbp QaYe]VcYhVb[YZ
^_\m5 bSYUVcV\mbcSdojYZ _R _[_^hQ^YY bca_[YD

∙ SS_U bca_[_S_T_ `aVUbcQS\V^Yp hYb\Q YX bcQ^UQac^_T_ `_c_[Q
SS_UQ `_ _U^_]d bY]S_\d b aQX]VjV^YV] S XQUQ^^_Z _R\QbcY `Q6
]pcY5 `_[Q ^V RdUVc `a_hYcQ^ bY]S_\5 ^V pS\pojYZbp gYea_Z5
\YR_ ^V ^QbcQ^Vc bYcdQgYp Vg^_]ݷ eQZ\QݷD ncQ `_U`a_TaQ]]Q
U_\W^Q `_\dhYcm ^Q Sf_U QUaVb _R\QbcY `Q]pcY Y Vݷ aQX]Va5
Q SVa^dcm [_\YhVbcS_ bY]S_\_S5 [_c_alV Rl\Y db`Vi^_ `a_hY6
cQ^l5 Y Y^e_a]QgYo _ `aYhY^V `aV[aQjV^Yp hcV^YpC [_U bY]6
S_\Q5 _c\Yh^_T_ _c gYeal5 Vb\Y cQ[_S_Z Rl\ `a_hYcQ^5 \YR_
[Q[YV6c_ b`VgYQ\m^lV X^QhV^Yp5 d[QXlSQojYV ^Q S_X^Y[ido
bYcdQgYo Vg^_]ݷ eQZ\Qݷ Y\Y ^Q YbhVa`Q^YV U_bcd`^_T_ aQX]V6
aQ `Q]pcY 1bY]S_\_S _[QXQ\_bm R_\miV5 hV] `VaVUQ^^Qp U\Y^Q
_R\QbcY `Q]pcY27

@_\mXdpbm ^Q`YbQ^^l]Y `_U`a_TaQ]]Q]Y5 `VaV`YiYcV `a_TaQ]]d5
b__cSVcbcSdojdo db\_SYp] XQUQhY <7;97

<7;>7 3Va^YcVbm [ `aVUlUdjVZ XQUQhV Y `VaVUV\QZcV bS_Y `_U6
`a_TaQ]]l cQ[5 hc_Rl _^Y `_\dhQ\Y SbV Sf_U^lV `QaQ]Vcal hVaVX
bcV[ Y bca_Y\Y `_\^_gV^^lZ bcV[_SlZ eaVZ] 1U\p nc_T_ b^QRUYcV Yf
bcQ^UQac^l] `a_\_T_] Y n`Y\_T_]2D S_XSaQc X^QhV^YZ `_6`aVW^V]d
`a_YXS_UYcV hVaVX aVTYbca NJa Y5 Vb\Y ^dW^_5 hVaVX aVTYbca NLa Y\Y
VT_ hQbcY7 B_R\oUQZcV [_^SV^gYo LMNLU7 4_\_S^do `a_TaQ]]d ]_UY6
eYgYadZcV U\p aQR_cl b ^_Sl]Y SVabYp]Y `_U`a_TaQ]]D dRVUYcVbm5
hc_ `_b\V XQSVaiV^Yp `VaVUV\[Y `a_TaQ]]Q `_6`aVW^V]d db`Vi^_
caQ^b\YadVcbp Y `aQSY\m^_ aQR_cQVc7

<7;?7 3_Xm]YcV bS_ݷ aViV^YV XQUQhY <7;= Y\Y <7;> Y aQXRVZcV VT_
^Q ]_Ud\Y5 `_ _U^_]d ^Q [QWUdo `_U`a_TaQ]]d Y ^Q T_\_S^do `a_6



=; 8QUQhY

TaQ]]d 1SbVT_ `pcm ]_Ud\VZ27 DRVUYcVbm5 hc_ SbV ]_Ud\Y db`Vi^_
caQ^b\Yadocbp5 `a_TaQ]]Q `a_f_UYc bR_a[d Y `_6`aVW^V]d `aQSY\m6
^_ aQR_cQVc7

<7;@*7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc YX bcQ^UQac^_T_ `_6
c_[Q SS_UQ cV[bc U_ cVf `_a5 `_[Q \YR_ ^V RdUVc SbcaVhV^ bY]S_\
`VaVS_UQ bca_[Y5 \YR_ ^V S_X^Y[^Vc bYcdQgYp Vg^_]ݷ eQZ\Q5ݷ Q XQ6
cV] SlhYb\pVc QaYe]VcYhVb[_V SlaQWV^YV5 `aVUbcQS\V^^_V S `a_hY6
cQ^^_Z bca_[V5 Y `VhQcQVc `_\dhV^^lZ aVXd\mcQc7 3laQWV^YV ]_WVc
b_bc_pcm YX gV\lf hYbV\5 XQ`YbQ^^lf S UVbpcYh^_Z bYbcV]V5 Q cQ[WV
bY]S_\_S hVclaݷf UVZbcSYZ QaYe]VcY[Y Y [adT\lf b[_R_[7

=Q[a_`a_gVbb_a
5\p `a_SVa[Y `aQSY\m^_bcY aQR_cl ^Q`YbQ^^lf ]Q[a_b_S
SQ] RdUVc `_\VXV^ e\QT [_]Q^U^_Z bca_[Y 6ND `_\dhYS
nc_c e\QT5 QbbV]R\Va WJ\V `_USVaTQVc d[QXQ^^lZ Ybf_U^lZ
cV[bc ]Q[a_`a_gVbbYa_SQ^Yo5 Q aVXd\mcQc SlUQݷc S `_c_[
bcQ^UQac^_T_ SlS_UQ 1^Q n[aQ^25 Y nc_ `_XS_\pVc `_b]_c6
aVcm5 hc_ S UVZbcSYcV\m^_bcY `_\dhY\_bm7

<7;A7 >Q`YiYcV ]Q[a_b5 `_\dhQojYZ caY `QaQ]VcaQC ^QhQ\m^_V
X^QhV^YV5 iQT Y [_\YhVbcS_5 Y b_XUQojYZ _R\Qbcm `Q]pcY5 XQ`_\^V^6
^do =6RQZc^l]Y gV\l]Y hYb\Q]Y 1S XQUQ^^_] [_\YhVbcSV25 `VaS_V
YX [_c_alf aQS^_ XQUQ^^_]d ^QhQ\m^_]d X^QhV^Yo5 Q [QWU_V `_b\V6
UdojVV R_\miV `aVUlUdjVT_ ^Q XQUQ^^lZ iQT7

<7;B7 >Q`YiYcV ]Q[a_b5 `_\dhQojYZ S [QhVbcSV `QaQ]Vca_S `a_6
YXS_\m^_V [_\YhVbcS_ ]Vc_[ Y TV^VaYadojYZ [_U5 [_c_alZ S XQSYbY6
]_bcY _c X^QhV^Yp aVTYbcaQ NJa Sl`_\^pVc `VaVf_U ^Q _U^d YX ncYf
]Vc_[C `aY X^QhV^YY : ‑ ^Q `VaSdo5 `aY X^QhV^YY ; ‑ ^Q Sc_ado
Y c7 U75 Q S b\dhQV5 Vb\Y S NJa b_UVaWYcbp hYb\_5 ^V b__cSVcbcSdojVV
^Y[Q[_Z YX ]Vc_[ ‑ ^V Sl`_\^pojYZ ^Y[Q[_Z `VaVf_U7

<7<97 >Q`YiYcV ]Q[a_b5 `_\dhQojYZ ^Q Sf_U bca_[_SlZ \YcVaQ\
Y b_XUQojYZ _R\Qbcm `Q]pcY5 XQ`_\^V^^do hVclaݷfRQZc^l]Y hYb6
\Q]Y5 [QWU_V YX [_c_alf b__cSVcbcSdVc [_Ud _hVaVU^_T_ bY]S_\Q YX
`_\dhV^^_Z bca_[Y7

<7<:7 B `_]_jmo UYaV[cYS db\_S^_Z [_]`Y\pgYY ]_UYeYgYadZ6
cV ]Q[a_b YX `aVUlUdjVZ XQUQhY cQ[5 hc_Rl S XQSYbY]_bcY _c X^QhV6
^Yp ^V[_c_a_T_ d`aQS\pojVT_ ]Q[a_bY]S_\Q5 SSVUݷ^^_T_ b`VgYQ\m^_
U\p nc_Z gV\Y5 _R\Qbcm `Q]pcY b_bcQS\p\Qbm YX USdfRQZc^lf5 hVcl6
aݷfRQZc^lf \YR_ S_bm]YRQZc^lf X^QhV^YZ7



; hQbcY S_X]_W^_bcYݷ `a_gVbb_aQ Y pXl[ QbbV]R\VaQݷ =<

3XQY]_UVZbcSYV b ?B
3bV `_b\VUdojYV XQUQhY U_ [_^gQ hQbcY5 `_bSpjݷ^^_Z
QbbV]R\Vad5 b\VUdVc aViQcm RVX Yb`_\mX_SQ^Yp eQZ\Q
CDE4h9?79>3D [ b__cSVcbcSdojY] bYbcV]^l] SlX_SQ] ^dW6
^_ d]Vcm _RaQjQcmbp ^Q`ap]do7

<7<;7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp XQSVaiQVcbp db`Vi^_5 Vb\Y
VZ `aY XQ`db[V d[QXQcm a_S^_ caY QaTd]V^cQ [_]Q^U^_Z bca_[Y5 Y
^Vdb`Vi^_ ‑ S \oR_] UadT_] b\dhQV7 @a_SVaYcm5 db`Vi^_ \Y XQSVa6
iY\Qbm `a_TaQ]]Q5 ]_W^_5 XQ`dbcYS Vݷ `aY]Va^_ cQ[C

78@B?7 12B1 C38G12B1 ;1412B1 66 538? 2bN\2

?RaQcYcV S^Y]Q^YV5 hc_ db\_SYp nc_Z XQUQhY ^V `aVU`_\QTQoc ^Y[Q6
[Yf _`VaQgYZ SS_UQ6SlS_UQ7

<7<<7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp XQSVaiQVcbp db`Vi^_5 Vb\YC

12 VZ `VaVUQ^l a_S^_ USQ QaTd]V^cQ [_]Q^U^_Z bca_[Y5 Y]VojYV
_UY^Q[_Sdo U\Y^dD

22 VZ `VaVUQ^l a_S^_ USQ QaTd]V^cQ [_]Q^U^_Z bca_[Y5 Y d ^Yf b_S6
`QUQVc `_b\VU^YZ bY]S_\D

32 _RQ SliVd[QXQ^^lf db\_SYp Sl`_\^V^l _U^_SaV]V^^_7

3 `a_cYS^_] b\dhQV 1Vb\Y QaTd]V^c_S ^V USQ Y\Y Vb\Y ^V Sl`_\6
^V^_ db\_SYV2 `a_TaQ]]Q U_\W^Q XQSVaiQcmbp ^Vdb`Vi^_7 ?RaQcYcV
S^Y]Q^YV5 hc_ `a_TaQ]]Q ^V U_\W^Q ^YhVT_ `VhQcQcm Y\Y cV] R_\VV
hYcQcm7

<7<=7 3Va^YcVbm [ aViV^Yo `_b\VU^VT_ `d^[cQ `aVUlUdjVZ XQ6
UQhY Y aQXRVZcV VT_ ^Q caY _cUV\m^lV VUY^Ygl caQ^b\pgYY7 DRVUY6
cVbm5 hc_ SbV caY ]_Ud\p db`Vi^_ `a_f_Upc caQ^b\pgYo5 `_\dhV^6
^lZ ^QR_a _RkV[c^lf eQZ\_S `a_f_UYc bR_a[d5 Yb`_\^pV]lZ eQZ\
`_6`aVW^V]d [_aaV[c^_ aQR_cQVc7

<7<>7 >Q`YiYcV `a_TaQ]]d5 `aY^Y]Qojdo `a_YXS_\m^_V [_\YhV6
bcS_ QaTd]V^c_S [_]Q^U^_Z bca_[Y Y `VhQcQojdo bQ]lZ U\Y^^lZ YX
^Yf7 9]p `a_TaQ]]l QaTd]V^c_] ^V bhYcQVcbp Y ^V dhYclSQVcbpD Vb6
\Y ^Y _U^_T_ QaTd]V^cQ `aY XQ`db[V ^V d[QXQ^_ ‑ ^YhVT_ ^V `VhQcQcm7

<7<?7 >Q`YiYcV `a_TaQ]]d5 `aY^Y]Qojdo `a_YXS_\m^_V [_\YhV6
bcS_ QaTd]V^c_S [_]Q^U^_Z bca_[Y Y `VhQcQojdoC

12 cV YX ^Yf5 S [_c_alf Vbcm f_cp Rl _U^Q XQT\QS^Qp \QcY^b[Qp Rd[SQD
22 cV YX ^Yf5 S [_c_alf b_UVaWYcbp a_S^_ _UY^ bY]S_\ ݷIݷ Y ^V ]V^VV

_U^_T_ bY]S_\Q c_h[Y Dݷ7ݷ
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32 cV YX ^Yf5 [_c_alV ^QhY^Qocbp XQT\QS^_Z \QcY^b[_Z Rd[S_Z5 Q
XQ[Q^hYSQocbp bca_h^_Z \QcY^b[_Z Rd[S_ZD

42 cV YX ^Yf5 [_c_alV b_bc_pc YX _U^_T_ Y c_T_ WV bY]S_\Q 1^Q`aY]Va5
JJJ5 :::::5 V Y c7 `727

9]p `a_TaQ]]l QaTd]V^c_] ^V bhYcQVcbp Y ^V dhYclSQVcbp7
<7<@7 >Q`YiYcV `a_TaQ]]d5 `aY^Y]Qojdo USQ QaTd]V^cQ [_6

]Q^U^_Z bca_[Y5 [QWUlZ YX [_c_alf `aVUbcQS\pVc b_R_Z RVXX^Q[_S_V
gV\_V hYb\_5 XQ`YbQ^^_V S cV[bc_S_] `aVUbcQS\V^YY S S_bm]VaYh^_Z
bYbcV]V bhYb\V^Yp7 @a_TaQ]]Q U_\W^Q ^Q`VhQcQcm bd]]d Y `a_YX6
SVUV^YV ncYf hYbV\5 `aVUbcQS\V^^lV S S_bm]VaYh^_Z bYbcV]VD Vb\Y
QaTd]V^c_S ^V USQ5 XQSVaiYcm Sl`_\^V^YV ^Vdb`Vi^_5 ^YhVT_ ^V `V6
hQcQp7

<7<A7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `_\dhQVc caY QaTd]V^cQ [_6
]Q^U^_Z bca_[Y7 @VaSlZ Y Sc_a_Z b_bc_pc [QWUlZ a_S^_ YX _U^_T_
bY]S_\Q 1gYeal Y\Y XQT\QS^_Z \QcY^b[_Z Rd[Sl2 Y XQUQoc _b^_SQ6
^Yp bYbcV] bhYb\V^Yp 1_c ; U_ <>2C ݷ;ݷ ‑ US_Yh^Qp5 ݷ>ݷ ‑ ca_Yh6
^Qp5 7775 ݷBݷ ‑ UVSpcYh^Qp5 ݷJݷ ‑ UVbpcYh^Qp5 ݷPݷ ‑ iVbc^QUgQcV6
aYh^Qp5 ݷcݷ ‑ bYbcV]Q `_ _b^_SQ^Yo <>7 CaVcYZ QaTd]V^c `aVUbcQS6
\pVc b_R_Z XQ`Ybm hYb\Q S `VaS_Z YX USdf bYbcV] bhYb\V^YpD `a_TaQ]6
]Q U_\W^Q ^Q`VhQcQcm c_ WV bQ]_V hYb\_ S_ Sc_a_Z bYbcV]V bhYb6
\V^Yp7 >Q`aY]Va5 `aY XQ`db[V B?7@78ݷ ; J ݷ::99:: U_\W^_ Rlcm
^Q`VhQcQ^_ >:7 6b\Y Sbݷ `aQSY\m^_5 `a_TaQ]]Q U_\W^Q XQSVaiQcmbp
db`Vi^_5 Vb\Y WV `aY e_a]Ya_SQ^YY QaTd]V^c_S U_`djV^Q _iYR[Q
1QaTd]V^c_S ^V caY5 `VaSlZ Y\Y Sc_a_Z Y]Voc U\Y^d5 _c\Yh^do _c
VUY^Ygl5 Y\Y b_UVaWQc ^VU_`dbcY]lZ bY]S_\5 S caVcmV] QaTd]V^cV
^VU_`dbcY]lZ bY]S_\2 ‑ XQSVaiYcmbp ^Vdb`Vi^_5 `aY nc_] ^YhVT_
^V ^Q`VhQcQS7

<7<B7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `aY^Y]QVc Y]p eQZ\Q hVaVX
QaTd]V^c [_]Q^U^_Z bca_[Y5 _c[alSQVc nc_c eQZ\ ^Q hcV^YV5 hYcQVc
VT_ R\_[Q]Y `_ =9B? RQZc 1^V XQRdUmcV5 hc_ `a_hYcQ^_ ]_WVc Rlcm
]V^miV5 hV] XQ`a_iV^_2 Y 1S `aVU`_\_WV^YY5 hc_ eQZ\ cV[bc_SlZ2
`_UbhYclSQVc S [ݷ^ [_\YhVbcS_ bca_[7 AVXd\mcQc `_UbhݷcQ ^Q`VhQ6
cQZcV S S_bm]VaYh^_Z5 UVbpcYh^_Z Y\Y iVbc^QUgQcVaYh^_Z bYbcV]V ‑
SlRVaYcV cd5 [_c_aQp SQ] dU_R^VV7

<7=97 >Q`YiYcV `a_TaQ]]d5 [_c_aQp bS_Z `VaSlZ QaTd]V^c [_6
]Q^U^_Z bca_[Y aQbb]QcaYSQVc [Q[ Y]p eQZ\Q5 Q _bcQ\m^lV ‑ [Q[
`a_bclV b\_SQ5 b_bcQS\pojYV bca_[dD `a_TaQ]]Q U_\W^Q be_a]Y6
a_SQcm cV[bc_SlZ eQZ\ b XQUQ^^l] Y]V^V] Y UVbpcm aQX XQ`YbQcm
S ^VT_ bca_[d5 _RaQX_SQ^^do YX XQUQ^^lf b\_S7 6b\Y Sbݷ S `_apU[V5
`a_TaQ]]Q U_\W^Q XQSVaiYcmbp db`Vi^_5 Vb\Y WV eQZ\ _c[alcm ^V



; hQbcY S_X]_W^_bcYݷ `a_gVbb_aQ Y pXl[ QbbV]R\VaQݷ =>

dUQ\_bm Y\Y `a_YX_i\Q _iYR[Q `aY XQ`YbY S ^VT_5 b\VUdVc XQSVa6
iYcmbp ^Vdb`Vi^_7

<7=:7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `aY^Y]QVc hVaVX QaTd]V^cl
[_]Q^U^_Z bca_[Y Y]V^Q USdf eQZ\_S Y hYb\_ 𝑁 5 XQ`YbQ^^_V S S_bm6
]VaYh^_Z5 UVbpcYh^_Z Y\Y iVbc^QUgQcVaYh^_Z bYbcV]V ‑ SlRVaYcV
cd5 [_c_aQp SQ] dU_R^VV7 @VaSlZ eQZ\ _c[a_ZcV ^Q hcV^YV5 Sc_a_Z ‑
^Q XQ`Ybm 1`aY[QWYcV bYbcV]V b_XUQcm nc_c eQZ\5 Vb\Y VT_ Vjݷ ^Vc5 Q
Vb\Y _^ dWV Vbcm ‑ bRa_bYcm VT_ bcQa_V b_UVaWY]_V27 6b\Y \oR_Z YX
eQZ\_S ^V _c[a_Vcbp ‑ ^Q`VhQcQZcV b__RjV^YV _R _iYR[V Y XQSVaiY6
cV aQR_cd ^Vdb`Vi^_7 3_ Sc_a_Z eQZ\ XQ`YiYcV `VaSlV 𝑁 RQZc_S YX
`VaS_T_ eQZ\Q7 HcV^YV Sl`_\^pZcV R\_[Q]Y `_ =9B? RQZcD ^V XQRdUm6
cV5 hc_ `a_hYcQ^_ ]_WVc Rlcm ]V^miV5 hV] XQ`a_iV^_7 8Q`YblSQZcV
[QWUlZ aQX bc_\m[_5 b[_\m[_ Rl\_ `a_hYcQ^_5 Y\Y ]V^miV5 Vb\Y S
`a_cYS^_] b\dhQV RdUVc `aVSliV^_ hYb\_ 𝑁 7

<7=;7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc YX `_c_[Q bcQ^UQac6
^_T_ SS_UQ bca_[Y5 `_[Q ^V ^Qbcd`Yc bYcdQgYp Vg^_]ݷ eQZ\Q5ݷ Y `_
_[_^hQ^YY aQR_cl e_a]YadVc RY^Qa^lZ 1^V cV[bc_SlZ12 eQZ\ b Y]V6
^V] 5ݷB5CE<D741Dݷ S [_c_alZ XQ`YblSQVc caY hVclaݷfRQZc^lf gV\lf
hYb\QC _RjVV [_\YhVbcS_ `a_hYcQ^^lf bca_[5 Yf bd]]Qa^do U\Y^d Y
U\Y^d bQ]_Z U\Y^^_Z YX `a_hYcQ^^lf bca_[7

<7=<7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hVaVX `VaSlZ QaTd]V^c [_6
]Q^U^_Z bca_[Y `_\dhQVc cV[bc_S_V `aVUbcQS\V^YV hYb\Q S UVbpcYh6
^_Z bYbcV]V bhYb\V^Yp Y `VhQcQVc b\_S_ 5ݷXTݷ Vb\Y nc_ hYb\_ UV\Ycbp
RVX _bcQc[Q ^Q caY5 S `a_cYS^_] b\dhQV ^YhVT_ ^V `VhQcQVc7 HYb\_
]_WVc Rlcm bc_\m R_\miY]5 hc_ ^V `_]VbcYcbp ^Y S <;6RYc^_V5 ^Y S
?=6RYc^_V gV\_V7

@\QSdhQp QaYe]VcY[Q
@aY b_XUQ^YY `_U`a_TaQ]]5 Y]VojYf UV\_ b QaYe]VcY[_Z
`\QSQojVZ c_h[Y5 bhYcQZcV5 hc_ aVTYbcal NJa5 NLa5 NMa5 Q
cQ[WV SVbm bcV[ aVTYbca_S b_`a_gVbb_aQ ^Qf_Upcbp S SQiV]
aQb`_apWV^YYD Vb\Y nc_T_ ^VU_bcQc_h^_5 Yb`_\mXdZcV bcV6
[_Sdo `Q]pcm7 @a_jV SbVT_ RdUVc bRa_bYcm b_`a_gVbb_a S
ݷhYbc_Vݷ b_bc_p^YV [_]Q^U_Z 69>9D 1b]7 7A7B25>ݷ `aY ^V_R6
f_UY]_bcY `aVUSQaYcV\m^_ b_faQ^YS S \_[Q\m^_Z `VaV]V^6
^_Z 1S \_[Q\m^_Z _R\QbcY bcV[_S_T_ eaVZ]Q2 hYb\Q5 `VaV6
UQ^^lV SQ] hVaVX aVTYbcal b_`a_gVbb_aQ 1Vb\Y cQ[YV `QaQ6
]Vcal `aVU`_\QTQocbp27 6b\Y Sl `a_S_UYcV ^V[YV aQbhݷcl Y
SQ] caVRdVcbp SlXSQcm cQ[do `_U`a_TaQ]]d5 b_faQ^YcV b_6
bc_p^YV b_`a_gVbb_aQ [_]Q^U_Z 6C1F55 Q [_TUQ SlXSQ^^Qp



=? 8QUQhY

`_U`a_TaQ]]Q XQSVaiYc aQR_cd5 S_bbcQ^_SYcV VT_ [_]Q^U_Z
6BCD?B7

8QUQhY nc_T_ `QaQTaQeQ U_S_\m^_ cadU_ݷ][Y7 3 `aY^gY`V
Sl ]_WVcV Yf `a_`dbcYcm5 _b_RV^^_ Vb\Y d SQb `a_R\V]l b_
bS_R_U^l] SaV]V^V]C _`lc5 [_c_alZ ]_Tdc UQcm ncY XQUQ6
hY5 SVbm]Q \oR_`lcV^5 ^_5 ^QU_ `aYX^Qcm5 b_SVaiV^^_ ^V
[aYcYhV^ U\p `_bcYWV^Yp `_b\VUdojVT_ ]QcVaYQ\Q7

>V b\Yi[_] aQbbcaQYSQZcVbm5 Vb\Y b XQUQhQ]Y nc_T_ `QaQ6
TaQeQ ^YhVT_ ^V `_\dhYcbp7 ?^Y aVQ\m^_ ]_XT_\_]^lD S`a_6
hV]5 S nc_] b\dhQV ]l ^Qbc_pcV\m^_ `_b_SVcdV] SVa^dcm6
bp [ ^Y] `_XU^VV Y5 [Q[ T_S_apc `bYf_\_TY5 XQ[alcmݷ TV6
icQ\mcݷ ‑ [_TUQ Sl ^Q[_`YcV R_\miV _`lcQ5 b`aQSYcmbp b
ncY]Y XQUQhQ]Y _[QWVcbp `a_jV7

<7==*7 >Q`YiYcV `_U`a_TaQ]]d5 [_c_aQp `_\dhQVc hYb\_ b `\Q6
SQojVZ c_h[_Z hVaVX SVaiY^d bcV[Q aVTYbca_S b_`a_gVbb_aQ 1c7 V7 ^Q
]_]V^c `VaVUQhY d`aQS\V^Yp nc_Z `_U`a_TaQ]]V hYb\_ ^Qf_UYcbp S
\]925 hVaVX aVTYbca NJa `_\dhQVc QUaVb _R\QbcY `Q]pcY5 hVaVX aV6
TYbca NLa ‑ U\Y^d nc_Z _R\QbcY `Q]pcY S RQZcQf7 @_U`a_TaQ]]Q
U_\W^Q `_bca_Ycm S d[QXQ^^_Z _R\QbcY `Q]pcY bca_[_S_V `aVUbcQS6
\V^YV `VaVUQ^^_T_ hYb\Q S SYUV UVbpcYh^_Z Ua_RYD `_XYgYp [_^gQ
bca_[Y U_\W^Q Rlcm _R_X^QhV^Q ^d\VSl] RQZc_]7 5VbpcYh^lV X^Q[Y
`_b\V c_h[Y bca_ZcV U_ cVf `_a5 `_[Q ^V XQ[_^hYcbp SlUV\V^^Qp SQ]
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XQUQhY ;7>; 1b]7 bca7 <:27 5\p faQ^V^Yp bca_[ Yb`_\mXdZcV ]QbbYSl5
YX]V^pp Yf aQX]Val `_ ]VaV ^QU_R^_bcY7

@_\^_n[aQ^^lV `a_TaQ]]l

=7;>7 B Yb`_\mX_SQ^YV] RYR\Y_cV[Y >3EBC5C `VaV`YiYcV ^Q BY
aViV^Yp XQUQh ;7;?‑;7<9 1b]7 bca7 ;7;?27 3 cVf XQUQhQf5 TUV nc_ ^dW^_5
U\p XQUQ^Yp XQUVaWV[ `aY]V^pZcV ed^[gYo EC<55@ 1Vݷ VUY^bcSV^6
^lZ `QaQ]Vca XQUQݷc SV\YhY^d XQUVaW[Y S ]Y\\Y_^^lf U_\pf bV[d^6
Ul Y ^V ]_WVc `aVSliQcm `_ bS_V]d X^QhV^Yo ]Y\\Y_^27 3bV XQUQhY
YX d[QXQ^^lf `VaV`YblSQcm ^V _RpXQcV\m^_5 SlRYaQZcV cV5 hc_ SQ]
R_\miV ^aQSpcbpD Vb\Y Sl `_hdSbcSdVcV _`aVUV\ݷ^^do dSVaV^^_bcm S
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aQR_cV b >3EBC5C5 ]_WVcV bn[_^_]Ycm SaV]p Y _bcQSiYVbp XQUQhY ^V
aViQcm7

=7;?7 >Q`YiYcV ^Q BY b Yb`_\mX_SQ^YV] >3EBC5C `a_TaQ]]d5 b_6
_cSVcbcSdojdo db\_SYp] XQUQhY ;7<; 1b]7 bca7 ;?25 `aY nc_] U\p b]V6
^l gSVc_S Yb`_\mXdZcV YX]V^V^YV b_UVaWQ^Yp gSVc_S_Z `Qal5 hc_
`_XS_\Yc ^V SlS_UYcm [QWUlZ aQX bQ]Y bY]S_\l7

=7;@*7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `aY^Y]QVc ^Q Sf_U _c USdf
U_ bcQ `QaQ]Vca_S [_]Q^U^_Z bca_[Y5 aQbb]QcaYSQVc Yf [Q[ cV[bc
`d^[c_S ]V^o5 SlS_UYc ^Q _hYjV^^_] U\p nc_T_ n[aQ^V SVacY[Q\m6
^_V ]V^o YX d[QXQ^^lf `d^[c_S5 `aYh5[ݷ Vb\Y [_\YhVbcSQ bca_[ ^Q
n[aQ^V ^V fSQcQVc5 SlS_UYc bc_\m[_ `d^[c_S5 b[_\m[_ `_]VjQVcbp ^Q
n[aQ^5 ^_ S UQ\m^VZiV] `aY ^V_Rf_UY]_bcY _bdjVbcS\pVc b[a_\\Y^T5
`_XS_\pp5 cQ[Y] _RaQX_]5 SlRaQcm \oR_Z YX `d^[c_S7 6b\Y `d^[c_S
]V^miV5 hV] bca_[ ^Q n[aQ^V ‑ gV^caYadZcV ]V^o `_ SVacY[Q\Y7
@_b\V bcQacQ `a_TaQ]]l `_UbSVhYSQVcbp 1b]V^_Z gSVcQ e_^Q2 bQ]lZ
`VaSlZ YX `d^[c_S5 UQ\VV [\QSYiY bcaV\[Qݷ SSVafݷ Y bcaV\[Qݷ S^YXݷ
b__cSVcbcSdojY] _RaQX_] ]V^poc SlRaQ^^lZ `d^[c 1`aY ^V_Rf_UY6
]_bcY ‑ b_ b[a_\\Y^T_]25 [\QSYiY N>D5B Y NC31@5 XQSVaiQoc aQR_cd
`a_TaQ]]l7 @a_TaQ]]Q U_\W^Q XQSVaiYcmbp b [_U_] 95 Vb\Y Rl\Q
^QWQcQ [\QSYiQ NC31@55 Q `aY ^QWQcYY N>D5B ‑ b [_U_] _c : U_ 1B735
b__cSVcbcSdojY] ^_]Vad SlRaQ^^_T_ `_\mX_SQcV\V] `d^[cQ ]V^o7

>Q`_]^Y]5 hc_ [_U XQSVaiV^Yp `aVUlUdjVZ [_]Q^Ul ]_W^_
dX^Qcm5 UQS [_]Q^Ud 538? 4H7

B\_W^lV _`YbQ^Yp

=7;A7 =QbbYS 1BB _`YbQ^ b\VUdojY] _RaQX_]C
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22 4?E2<5 1BBd:99fd:9fd;fD
32 381B 1BBd>fd>fD
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^Q S cV[bcV `a_TaQ]]l aQ^VV2D
62 CDBE3D 9D5= 31BBd;9fD

?`YiYcV d[QXQcV\m @ cQ[5 hc_Rl `aYbSQYSQ^YV @ F 1BB Rl\_ [_a6
aV[c^l] Y `aY VT_ Sl`_\^V^YY ^V `a_Ybf_UY\_ `aV_RaQX_SQ^YZ cY6
`_S7

=7;B7 Ed^[gYp 6 Y]VVc b\VUdojYZ XQT_\_S_[C

12 F?94 612DD
22 9>D 619>D D2DD
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52 F?94 614?E2<5 13F53@2d<f2DD
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?`YiYcV d[QXQcV\m ^Q cQ[do ed^[gYo7
=7<97 ;Q[ YXSVbc^_5 cV[bc_SlV bca_[Y ]_W^_ d`_apU_hYcm aQX^l6

]Y b`_b_RQ]YD bQ]lZ `_`d\pa^lZ YX ^Yf ‑ \V[bY[_TaQeYhVb[YZ5 _^
WV b\_SQa^lZ5 ^_ Vbcm Y UadTYV ‑ ^Q`aY]Va5 `_ S_XaQbcQ^Yo SbcaVhQ6
ojYfbp S bca_[Qf hYbV\5 Y\Y cQ[_Z5 `aY [_c_a_] bca_[Y _UY^Q[_S_Z
U\Y^l d`_apU_hYSQocbp [Q[ S b\_SQaV5 ^_ R_\VV [_a_c[Qp bca_[Q5 pS6
\pojQpbp `aVeY[b_] R_\VV U\Y^^_Z5 bcQSYcbp `_b\V U\Y^^_Z7 6bcm
Y UadTYV b`_b_Rl5 XUVbm Sbݷ XQSYbYc _c aViQV]_Z XQUQhY7

@aVU`_\_WY]5 ^V[YZ ]QbbYS bca_[ faQ^Ycbp S `a_TaQ]]V [Q[ ]Qb6
bYS d[QXQcV\VZ ^Q Yf `VaSlV n\V]V^cl5 cQ[ hc_ U\p aQR_cl b ncY]
]QbbYS_] `aY]V^pocbp d[QXQcV\Y SYUQ

381B 33CDB@DBD

1c7 V7 aQR_cQ b ncY] ]QbbYS_] _aTQ^YX_SQ^Q c_h^_ cQ[ WV5 [Q[5 ^Q6
`aY]Va5 b n\V]V^cQ]Y [_]Q^U^_Z bca_[Y27 @_caVR_SQ\Qbm ed^[gYp
U\p b_acYa_S[Y cQ[_T_ ]QbbYSQD `aY nc_] YXSVbc^_5 hc_ S aQX^lf
bYcdQgYpf5 S_X^Y[QojYf S _U^_Z Y c_Z WV `a_TaQ]]V5 `_Uf_Ul [
`_apU[d bca_[ RdUVc _c\YhQcmbp7 3 bSpXY b ncY] `aY^pc_ aViV^YV
XQUQSQcm `_apU_[ bca_[ 1S bca_TYf ]QcV]QcYhVb[Yf cVa]Y^Qf ‑ _c6
^_iV^YV `_apU[Q ^Q bca_[Qf D ^Q`_]^Y]5 hc_ S _RjV] b\dhQV
_c^_iV^YV `_apU[Q ^Q ]^_WVbcSV XQUQݷcbp _`VaQgYVZ 2ݷV^miV[ݷ b
`_]_jmo ed^[gYY5 [_c_aQp RdUVc `_\dhQcm hVaVX `QaQ]Vcal QUaVbQ
USdf bca_[5 baQS^YSQVc Yf S b__cSVcbcSYY b ^dW^l] _c^_iV^YV] `_6
apU[Q Y S_XSaQjQVc YbcY^d 1:25 Vb\Y `VaSQp bca_[Q ]V^miV Sc_a_Z
1c7 V7 U_\W^Q S Yc_T_S_] ]QbbYSV bc_pcm aQ^miV27 Ed^[gYp b_acYa_S6
[Y RdUVc `aY^Y]Qcm caY `QaQ]VcaQC QUaVb ^QhQ\Q ]QbbYSQ d[QXQcV6
\VZ5 U\Y^d ]QbbYSQ Y QUaVb ed^[gYY5 XQUQojVZ caVRdV]lZ `_apU_[7

;Q[ RdUVc SlT\pUVcm _`YbQ^YV d[QXQcV\p ^Q ed^[gYo5 XQUQojdo
`_apU_[H >V XQRlSQZcV `a_ ]_UYeY[Qc_a 3?>CD7

=7<:7 AQbiYeadZcV b\VUdojYV _RkpS\V^Yp Y _`YbQ^Yp5 `VaVSVUp
Yf ^Q adbb[YZ pXl[D _`YiYcV c_ WV bQ]_V b Yb`_\mX_SQ^YV] UYaV[cY6
Sl DI@54565 b^YXYS5 ^Qb[_\m[_ nc_ S_X]_W^_5 cadU^_bcm S_b`aYpcYp7

12 9>D 313619>D22d:9fD
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42 9>D 13136F53@?C2d=f21F?9413214?E2<5322D
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cYS DI@5456 b\VUdojY] _RaQX_]C
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;Q[ RdUVc SlT\pUVcm XQT_\_S_[ c_Z WV ed^[gYY 1b cV]Y WV Y]V^Q]Y
`QaQ]Vca_S25 Vb\Y VT_ XQ`YbQcm RVX `aY]V^V^Yp UYaV[cYS DI@5456H

@a_TaQ]]l RVX bcQ^UQac^_Z RYR\Y_cV[Y

=7<<7 3Va^YcVbm [ XQUQhV <7;@ Y `VaV`YiYcV Vݷ aViV^YV ^Q BY RVX
Yb`_\mX_SQ^Yp RYR\Y_cVh^lf S_X]_W^_bcVZD U\p _e_a]\V^Yp c_h[Y
Sf_UQ S `a_TaQ]]d Y _Rݷac_[ bYbcV]^lf SlX_S_S S_b`_\mXdZcVbm Qb6
bV]R\Va^l]Y ]_Ud\p]Y5 _`YbQ^^l]Y S 7;:7=ݷ CV[bc ncYf ]_Ud\VZ ^V
_RpXQcV\m^_ ^QRYaQcm Sadh^do5 _^Y Vbcm S QafYSV `aY]Va_S [ [^YTV
a_TaQ]]Ya_SQ^YVC@ݷ SSVUV^YV S `a_eVbbYoݷ 1b]7 eQZ\l CD1BD71C=
Y 31<<C71C= S `_UUYaV[c_aYY >?h<92327

=7<=7 3 7B?7>ݷ aQX_RaQ^ `aY]Va ^Q pXl[V QbbV]R\VaQ ‑ `a_TaQ]]Q
U\p [_`Ya_SQ^Yp eQZ\Q7 >Q`YiYcV Q^Q\_TYh^do `a_TaQ]]d ^Q pXl6
[V BY RVX Yb`_\mX_SQ^Yp bcQ^UQac^_Z RYR\Y_cV[Y5 S_b`_\mX_SQSiYbm
QbbV]R\Va^l]Y ]_Ud\p]Y U\p _e_a]\V^Yp c_h[Y Sf_UQ S `a_TaQ]6
]d Y _Rݷac_[ bYbcV]^lf SlX_S_SD ^VU_bcQojYV bYbcV]^lV SlX_Sl
U_`YiYcV bQ]Y7

NcoUl Y `aQ[cY[d]

=7<>7 3Va^YcVbm [ XQUQhQ] ;7>A‑;7?9 Y ^Q`YiYcV _`YbQ^^lV cQ]
`a_TaQ]]l ^Q BY b Yb`_\mX_SQ^YV] RYR\Y_cV[Y >3EBC5C7 >V _RpXQ6
cV\m^_ aVQ\YX_SlSQcm SbV YTal5 SlRVaYcV cV5 hc_ SQ] R_\miV ^aQ6
Spcbp5 Y\Y `aYUd]QZcV bS_o7

=7<? 1C85<<6R27 >Q`_]^Y]5 hc_ `a_TaQ]]Q5 [_c_aQp SVUݷc b `_\m6
X_SQcV\V] UYQ\_T5 _RVb`VhYSQp ^Q] S_X]_W^_bcm d`aQS\V^Yp [_]6
`mocVa_] b `_]_jmo [_]Q^U^_Z bca_[Y5 ^QXlSQVcbp [_]Q^U^l]
Y^cVa`aVcQc_a_] 7 HaVXSlhQZ^_ `_\VX^_ `_`a_R_SQcm ^Q`YbQcm
bS_Z b_RbcSV^^lZ 1[_^Vh^_5 _hV^m d`a_jݷ^^lZ2 [_]Q^U^lZ Y^cVa6
`aVcQc_a ‑ cQ[do `a_TaQ]]d5 [_c_aQp RdUVc S gY[\V hYcQcm YX `_c_6
[Q bcQ^UQac^_T_ SS_UQ bca_[Y5 SS_UY]lV `_\mX_SQcV\V]5 Y5 `a_Q^Q6
\YXYa_SQS _hVaVU^do bca_[d5 Sl`_\^pcm Vݷ S [QhVbcSV [_]Q^Ul ‑ S
R_\miY^bcSV b\dhQVS nc_ _X^QhQVc5 hc_ ^dW^_ XQ`dbcYcm ^V[do S^Vi6
^oo `a_TaQ]]d b XQUQ^^l]Y `QaQ]VcaQ]Y [_]Q^U^_Z bca_[Y Y U_6
WUQcmbp Vݷ XQSVaiV^Yp7 2�_\miQp hQbcm bSVUV^YZ5 [_c_alV U\p nc_T_
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`_caVRdocbp5 YX\_WV^Q S `pc_Z hQbcY 3SVUV^Ypݷ S `a_eVbbYo5ݷ cQ[
hc_ _b^_S^do hQbcm [_]Q^U^_T_ Y^cVa`aVcQc_aQ ]l _bcQSY] U_ b\V6
UdojVZ hQbcY ^QiVT_ XQUQh^Y[QD ^_ [_]Q^U^lZ Y^cVa`aVcQc_a ‑
`a_TaQ]]Q U_S_\m^_ b\_W^Qp5 Y Vݷ b_XUQ^YV `aQSY\m^VV aQXRYcm ^Q
_cUV\m^lV ncQ`l5 [ `VaS_]d YX [_c_alf Sl dWV5 ]_W^_ ^QUVpcmbp5
T_c_Sl7

@VaSlZ ncQ` `_UaQXd]VSQVc c_\m[_ hcV^YV Y Q^Q\YX bca_[D Y^Q6
hV T_S_ap5 `a_TaQ]]Q U_\W^Q Sbݷ `_UT_c_SYcm5 hc_Rl ]_W^_ Rl\_
Sl`_\^pcm [_]Q^Ul5 ^_ bQ]Y [_]Q^Ul `_[Q ^V XQ`db[Qcm5 `_b[_\m6
[d ]l nc_T_ Vjݷ ^V d]VV]7 Hc_ U_ Q^Q\YXQ bca_[Y5 c_ eQ[cYhVb[Y
Vݷ ^dW^_ aQXRYcm ^Q b\_SQ5 Yb`_\mXdp bY]S_\l `a_RV\Q Y cQRd\p6
gYY [Q[ aQXUV\YcV\m^lV7 6UY^bcSV^^_V ݷ_^ݷ cdc b_bc_Yc S c_]5 hc_
S b\_SQf c_WV RlSQoc `a_RV\l5 Y ^Qbc_pjYZ [_]Q^U^lZ Y^cVa`aV6
cQc_a5 cQ[_Z [Q[ `aYSlh^lZ ^Q] 21C85 `aVUdb]QcaYSQVc ^Vb[_\m[_
aQX^lf b`_b_R_S cQ[YV `a_RV\l S b\_SQ SbcQSYcmD YX SbVf ncYf b`_6
b_R_S ]l XQUVZbcSdV] c_\m[_ US_Z^lV [QSlh[YC S^dcaY [QSlhV[ Y
`a_RV\5 Y cQRd\pgYp U_\W^l S_b`aY^Y]Qcmbp [Q[ `a_bclV bY]S_\l5
^V _cUV\pojYV b\_SQ UadT _c UadTQ7 >Vhݷc^_V [_\YhVbcS_ [QSlhV[ S
bca_[V U_\W^_ aQbb]QcaYSQcmbp [Q[ _iYR[QD `_b\V SlUQhY `_\mX_6
SQcV\o b__cSVcbcSdojVT_ b__RjV^Yp ^dW^_ _hYbcYcm Sbo XQ^pcdo
UY^Q]YhVb[do `Q]pcm Y `a_U_\WYcm aQR_cd 112 ‑ Sb`_]^YcV5 SVUm
^Qbc_pjYZ C85<< ^V XQSVaiQVc bVQ^b aQR_cl YX6XQ [QWU_Z _iYR[Y
`_\mX_SQcV\p1 3__RjV XQSVaiQcm aQR_cd SQi [_]Q^U^lZ Y^cVa`aV6
cQc_a U_\WV^ c_\m[_ S _U^_] b\dhQVC Vb\Y S `_c_[V bcQ^UQac^_T_
SS_UQ S_X^Y[\Q bYcdQgYp Vg^_]ݷ eQZ\Q7ݷ 3_ SbVf _bcQ\m^lf b\dhQpf
b\VUdVc `a_U_\WQcm hcV^YV bca_[7

DhcYcV5 hc_ bY]S_\ [QSlh[Y ]_WVc SbcaVcYcmbp TUV dT_U^_5 S c_]
hYb\V S bVaVUY^V b\_SQD bQ] _^ S b\_SQ ^V Sf_UYc5 _^ `a_bc_ `VaV6
[\ohQVc aVWY] Q^Q\YXQC S_b`aY^Y]Qcm \Y `a_RV\l Y cQRd\pgYY [Q[
aQXUV\YcV\Y 1_Rlh^lZ aVWY]2 Y\Y [Q[ `a_bclV bY]S_\l 1aVWY]
S^dcaY [QSlhV[27

@a_hYcQS bca_[d YX bcQ^UQac^_T_ `_c_[Q SS_UQ5 SQiQ `a_TaQ]]Q
U_\W^Q be_a]Ya_SQcm b`Yb_[ bca_[5 n\V]V^cl [_c_a_T_ RdUdc
b_UVaWQcm S f_UV Q^Q\YXQ b\_SQ7 B`Yb_[ b\VUdVc `_bca_Ycm YX n\V]V^6
c_S6bcad[cda5 b_UVaWQjYf USQ `_\pC d[QXQcV\m ^Q bca_[d 1Y]VojYZ
cY` 381B32 Y d[QXQcV\m ^Q b\VUdojYZ n\V]V^c b`Yb[Q5 ^Q`aY]VaC

CDBE3D G?B4h9D5= K
381B 3G?B4D
CDBE3D G?B4h9D5= 3>5HDD

MD

3 cQ[_] SYUV SSVUݷ^^Qp `_\mX_SQcV\V] [_]Q^UQ `aQ[cYhVb[Y T_c_SQ
[ Sl`_\^V^Yo5 ^_5 `_b[_\m[d ]l Vjݷ ^V X^QV]5 [Q[ Vݷ Sl`_\^Ycm5
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^_Z bca_[VD RdUVc \dhiV5 Vb\Y [QWU_V b\_S_ ]l ^Q `VhQcY ^Q Sbp6
[YZ b\dhQZ S_Xm]ݷ] S [SQUaQc^lV b[_R[Y5 hc_Rl Rl\_ SYU^_5 Vb\Y
SUadT d ^Qb S b\_SQf _[QWdcbp ^V^dW^lV `a_RV\l25 XQcV] _bS_R_UY]
Sbo XQfSQhV^^do UY^Q]YhVb[do `Q]pcm Y `a_U_\WY] aQR_cd5 c_ Vbcm
`aYbcd`Y] [ hcV^Yo b\VUdojVZ bca_[Y7

@VaVU SS_U_] _hVaVU^_Z bca_[Y SlUQZcV [Q[_V6^YRdUm `aYT\QiV6
^YV [ SS_Ud5 ^Q`aY]Va5 bY]S_\ ݷGݷ Y `a_RV\7 AQR_cQ b SQiVZ `a_6
TaQ]]_Z U_\W^Q S Yc_TV SlT\pUVcm `aY]Va^_ cQ[C
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d12B1f
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d;1412B1f
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SYUVcm Yf _RQ _U^_SaV]V^^_D S _U^_] YX ^Yf XQ`dbcYcV `a_TaQ]]d
D?@7 @VaV[\ohYSiYbm S UadT_V _[^_5 XQ`dbcYcV cQ] SQid `a_TaQ]]d
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el12C
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BaQXd `_b\V nc_T_ SQiQ `a_TaQ]]Q 1S ^QiV] `aY]VaV Vݷ Yb`_\^pV6
]lZ eQZ\ ^QXlSQVcbp C85<<:2 `_pSYcbp S SVaf^Yf bca_h[Qf b`Yb[Q5
SlUQSQV]_T_ `a_TaQ]]_Z D?@ S b_bVU^V] _[^VD `_U_WUYcV ^Vb[_\m[_
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bV[d^U5 Y Vb\Y XQ nc_ SaV]p hYb\Q5 `_[QXlSQojYV [_\YhVbcS_ XQ6
^Y]QV]_Z SQiVZ `a_TaQ]]_Z `Q]pcY 1S _b_RV^^_bcY hYb\_ S [_\_^6
[V _R[]25 ^V ^Qh^dc `\QS^_ aQbcY5 c_ Sb5ݷ b[_aVV SbVT_5 S `_apU[VD
Vb\Y WV _^Y UVZbcSYcV\m^_ bcQ\Y aQbcY5 ^V]VU\V^^_ `aYRVZcV SQi
[_^SVZVa ^QWQcYV] LDB<6L 1Y^QhV SQiQ `a_TaQ]]Q XQ`a_bc_ ]_WVc
b_WaQcm Sbo U_bcd`^do `Q]pcm Y ݷSVbYcm_`ݷ bYbcV]d2 Y `aYbcd`QZ6
cV [ `_Yb[d ‑ TUV6c_ S SQiVZ `a_TaQ]]V `Q]pcm SlUV\pVcbp5 ^_ ^V
_bS_R_WUQVcbp7

=7<@7 5_aQR_cQZcV aViV^YV XQUQhY =7<? cQ[5 hc_Rl S b\_S_ ]_W^_
Rl\_ S[\ohYcm bY]S_\ US_Z^_Z [QSlh[Y7 5\p nc_T_ `aVUdb]_caYcV
Vjݷ _UY^ ݷb`VgYQ\m^lZݷ bY]S_\ ‑ 5ݷeݷ [_c_alZ RdUVc n[aQ^Ya_6ݷ
SQcmݷ bY]S_\5 bc_pjYZ b\VU_] XQ ^Y]D cQ[Yf ݷn[aQ^YadV]lfݷ bY]6
S_\_S b\VUdVc `aVUdb]_caVcm USQC bY]S_\ US_Z^_Z [QSlh[Y Y bQ]
bY]S_\ 5ݷeݷ SVUm VT_ c_WV ]_WVc `_caVR_SQcmbp SSVbcY S b\_S_7 ;Q[
aVQTYa_SQcm5 Vb\Y b\VU_] XQ ݷeݷ S bca_[V aQb`_\QTQVcbp [Q[_Z6c_ Vjݷ
bY]S_\ ‑ `aYUd]QZcV bQ]Y5 c_\m[_ ^V XQSVaiQZcV `aY nc_] aQR_cd
`a_TaQ]]l 1dSl5 `aYf_UYcbp _R nc_] ^Q`_]Y^Qcm27

=7<A7 B^QRUYcV aViV^YV XQUQhY =7<? S_X]_W^_bcmo be_a]Ya_6
SQcm `dbc_V b\_S_7 ?R_X^QhV^YV] `dbc_T_ b\_SQ bhYcQZcV USQ bY]S_\Q
US_Z^lf [QSlhV[5 SbcaVhV^^lV `_UapU S^V b\_S5 c_ Vbcm [_TUQ ^Q[_`6
\V^^_V b\_S_ `dbc_5 Q baQXd `_b\V XQ[alSQojVZ [QSlh[Y YUݷc \YR_
`a_RV\m^lZ bY]S_\5 \YR_ [_^Vg bca_[Y7



; hQbcY > RkV[cl_ݷ Y db\dTY
_`VaQgY_^^_Z bYbcV]lݷ

EQZ\l Y `_c_[Y 1da_SV^m bYbcV]^lf SlX_S_S2

>79:7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `_\dhQVc QaTd]V^c_] [_6
]Q^U^_Z bca_[Y Y]p eQZ\Q Y5 _c[alS VT_ ^Q hcV^YV5 b `_]_jmo
bYbcV]^_T_ SlX_SQ <C55;?= _`aVUV\pVc 1Y `VhQcQVc2 VT_ U\Y^d S RQZ6
cQf7 ?RpXQcV\m^_ `a_SVamcV [_aaV[c^_bcm aQR_cl SQiVZ `a_TaQ]]l
^Q aQX^lf eQZ\Qf7

;_^Vh^_5 S aVQ\m^_Z XQUQhV b\VUdVc U\p _`aVUV\V^Yp aQX]VaQ eQZ\Q S_b6
`_\mX_SQcmbp SlX_S_] CD1D5 c_TUQ eQZ\ ^V `aYUݷcbp _c[alSQcm5 Q dX^Qcm aQX6
]Va ]_W^_ RdUVc UQWV U\p cQ[_T_ eQZ\Q5 [ [_c_a_]d ^Vc U_bcd`Q ^Q hcV^YV7
3bV]d bS_ݷ SaV]p1

>79;7 9b`_\mXdp U\p hcV^Yp Y XQ`YbY c_\m[_ bYbcV]^lV SlX_Sl
1B514 Y GB9D525 ^Q`YiYcV `a_TaQ]]d5 [_c_aQp [_`YadVc bS_Z `_c_[
bcQ^UQac^_T_ SS_UQ S `_c_[ bcQ^UQac^_T_ SlS_UQ5 c7 V7 SVUݷc bVRp [Q[
f_a_i_ YXSVbc^Qp [_]Q^UQ 31D RVX `QaQ]Vca_S7 HcV^YV Y XQ`Ybm `a_6
YXS_UYcV R\_[Q]Y 1^Q`aY]Va5 hcV^YV XQ`aQiYSQZcV `_ :9;= Y\Y =9B?
RQZcD XQ`YblSQZcV SbVTUQ bc_\m[_5 b[_\m[_ `a_hYcQ^_27 @a_SVamcV
[_aaV[c^_bcm aQR_cl SQiVZ `a_TaQ]]l [Q[ b cVa]Y^Q\_]5 cQ[ Y b
aQX\Yh^l]Y [_]RY^QgYp]Y `VaV^Q`aQS\V^YZD _b_R_V S^Y]Q^YV _RaQ6
cYcV ^Q b_faQ^V^YV aQX]VaQ eQZ\Q5 [_TUQ `VaV^Q`aQS\V^l Y SS_U5 Y
SlS_U7

>79<7 >Q`YiYcV ^Q BY `a_TaQ]]l5 b__cSVcbcSdojYV db\_SYp] XQ6
UQh ;7>< Y ;7>= 1b]7 bca7 <;25 QUQ`cYa_SQ^^l] [ cVa]Y^_\_TYY BY 1cVa6
]Y^ cY`YXYa_SQ^^lZݷ eQZ\ݷ XQ]V^YcV cVa]Y^_] RY^Qa^lZݷ eQZ\27ݷ
5\p aQR_cl b RY^Qa^l]Y eQZ\Q]Y Yb`_\mXdZcV bYbcV]^lV SlX_Sl5
U\p aQR_cl b cV[bc_Sl]Y ‑ Slb_[_da_S^VSlZ SS_U6SlS_U7

>79=7 9b`_\mXdp U\p hcV^Yp eQZ\Q c_\m[_ bYbcV]^lV SlX_Sl5
^Q`YiYcV `a_TaQ]]d5 [_c_aQp `_\dhQVc hVaVX `QaQ]Vca [_]Q^U^_Z



?9 8QUQhY

bca_[Y Y]p eQZ\Q Y 1S `aVU`_\_WV^YY5 hc_ eQZ\ cV[bc_SlZ2 `_UbhY6
clSQVc S [ݷ^ [_\YhVbcS_ bca_[7 HcV^YV SbVTUQ XQ`aQiYSQZcV R\_[Q]Y
1^Q`aY]Va5 `_ =9B? RQZc27 @_\dhV^^_V [_\YhVbcS_ bca_[ ^Q`VhQcQZcV
1Yb`_\mXdZcV _Rlh^lZ @B9>D627

>79>7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `_\dhQVc hVclaV `QaQ]VcaQ
[_]Q^U^_Z bca_[YC Y]p eQZ\Q5 ^QhQ\m^do `_XYgYo5 U\Y^d Y X^QhV6
^YV RQZcQD d[QXQ^^lZ eQZ\ _c[alSQVc ^Q XQ`Ybm Y5 ^QhY^Qp b XQUQ^6
^_Z `_XYgYY5 XQ`_\^pVc S nc_] eQZ\V _caVX_[ ^dW^_Z U\Y^l d[Q6
XQ^^l] RQZc_]7 8Q`Ybm _aTQ^YXdZcV cQ[5 hc_Rl5 Vb\Y d[QXQ^^Qp U\Y6
^Q _caVX[Q `aVSliQVc =9B? RQZc5 SlS_U `a_YXS_UY\bp R\_[Q]Y `_
=9B? RQZc5 Y \Yim _UY^ 1`_b\VU^YZ2 SlX_S GB9D5 XQ`YblSQ\ ]V^m6
iV 1b[_\m[_ Vjݷ _bcQ\_bm27 @a_SVaYcm [_aaV[c^_bcm aQR_cl SQiVZ
`a_TaQ]]l ]_W^_ b `_]_jmo dcY\Ycl 85H4E=@7

>79?7 9XSVbcV^ _hV^m `a_bc_Z 1Y b_SVaiV^^_ ^V bc_Z[YZ [ SX\_]d5
^_ bVZhQb nc_ ^V cQ[ SQW^_2 b`_b_R XQiYea_SQcm UQ^^lV5 Yb`_\mXdp
bV[aVc^lZ [\ohC `a_bc_ `aY]V^Ycm [ UQ^^l] Y d[QXQ^^_]d [\ohd
_`VaQgYo Yb[\ohQojVVݷ Y\Yݷ 1H?B27 >Q`_]^Y] ^Q Sbp[YZ b\dhQZ5
hc_ S pXl[V BY ncQ _`VaQgYp _R_X^QhQVcbp bY]S_\_] 7ݷgݷ

>Q`YiYcV `a_TaQ]]d5 [_c_aQp `_\dhQVc USQ `QaQ]VcaQ [_]Q^U6
^_Z bca_[YC Y]p eQZ\Q Y [\oh 1[\oh aQbb]QcaYSQVcbp [Q[ <;6RYc^_V
RVXX^Q[_S_V gV\_V hYb\_25 Y `ap]_ ^Q ]VbcV 1^V b_XUQSQp ^Y[Q[Yf
U_`_\^YcV\m^lf eQZ\_S2 ݷXQiYea_SlSQVcݷ XQUQ^^lZ eQZ\ XQUQ^6
^l] [\oh_]7 >Qb[_\m[_ nc_ S_X]_W^_5 aQR_cd `a_YXS_UYcV R\_[Q]Y
`_ =9B? RQZc7 DhcYcV5 hc_ U\Y^Q eQZ\Q ]_WVc _[QXQcmbp ^V [aQc^Q
hVclaݷ] RQZcQ]7 5\Y^Q eQZ\Q5 VbcVbcSV^^_5 ^V U_\W^Q YX]V^Ycmbp
S aVXd\mcQcV XQiYea_S[YD Vb\Y Sbݷ bUV\Qcm `aQSY\m^_5 nc_ ^Y[Q[ ^V
db\_W^Yc SQid `a_TaQ]]d7

@_b[_\m[d 𝑥 ⊕ 𝑎 ⊕ 𝑎 ≡ 𝑥 U\p \oRlf 𝑥 Y 𝑎5 aQbiYea_S[Q `a_6
YXS_UYcbp c_h^_ cQ[ WV5 [Q[ Y XQiYea_S[Q5 c_ Vbcm ^dW^_ Sc_a_Z
aQX `a_T^Qcm SQid `a_TaQ]]d b cV] WV bQ]l] [\oh_]7 Nc_ `_X6
S_\pVc `a_SVaYcm [_aaV[c^_bcm `a_TaQ]]lC S_Xm]YcV [Q[_Z6^YRdUm
eQZ\ R_\VV6]V^VV bVamݷX^_T_ aQX]VaQ 1^Q`aY]Va5 e_c_TaQeYo Y\Y
]dXl[Q\m^lZ caV[25 b_XUQZcV VT_ [_`Yo5 ݷXQiYeadZcVݷ V5ݷ dRVUY6
cVbm5 hc_ b_UVaWY]_V eQZ\Q cV`Vam ^V Y]VVc ^YhVT_ _RjVT_ b _aY6
TY^Q\_]5 `_Sc_a^_ XQ`dbcYcV SQid `a_TaQ]]d Y cV`Vam 1^Q`aY]Va5 b
`_]_jmo 4966 Y\Y =4>CE=2 dRVUYcVbm5 hc_ aVXd\mcQc aQbiYea_S[Y
c_WUVbcSV^^_ 1RQZc S RQZc2 b_S`QUQVc b _aYTY^Q\m^l] eQZ\_]7

>79@7 3Va^YcVbm [ db\_SYp] XQUQh ;7>>‑;7>@ 1b]7 bca7 <;2 Y ^Q`Y6
iYcV Q^Q\_TYh^lV `a_TaQ]]l ^Q BY b Yb`_\mX_SQ^YV] eQZ\_Slf bY6
bcV]^lf SlX_S_S7 CV[bc db\_SYp XQUQhY ;7>> QUQ`cYadZcV [ aVQ\Yp]
BY ‑ XQ ^VY]V^YV] Q^Q\_TQ `Qb[Q\VSb[_T_ cY`Q CDB9>7 Yb`_\mXdZcV



; hQbcY RkV[cl_ݷ Y db\dTY _`VaQgY_^^_Z bYbcV]lݷ ?:

]QbbYS YX ?9 n\V]V^c_S cY`Q 381B5 `aVU`_\QTQojYZ ^d\VS_Z RQZc ^Q
[_^gV7

>79A7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `_\dhQVc hVaVX QaTd]V^c [_6
]Q^U^_Z bca_[Y Y]p eQZ\Q Y5 Yb`_\mXdp RYR\Y_cVh^lV ed^[gYY
?@5>49B5 B51449B Y 3<?C549B5 ^Qf_UYc S cV[djVZ UYaV[c_aYY Y S_
SbVf Vݷ `_UUYaV[c_aYpf eQZ\l b XQUQ^^l] Y]V^V]7 5\p [QWU_T_
^QZUV^^_T_ eQZ\Q ^Q`VhQcQZcV VT_ _c^_bYcV\m^_V Y]p5 _cbhYclSQ6
V]_V _c cV[djVZ UYaV[c_aYY7

>79B7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `_\dhQVc hVaVX QaTd]V^c [_6
]Q^U^_Z bca_[Y Y]p eQZ\Q Y5 Yb`_\mXdp SlX_Sl CD1D Y <CD1D5 Sl6
UQݷc 1S SYUV cV[bcQ ^Q Q^T\YZb[_] pXl[V2 SbV bS_ZbcSQ nc_T_ eQZ\Q5
[Q[YV c_\m[_ S_X]_W^_5 ^QhY^Qp b cY`Q eQZ\QD U\p bY]S_\YhVb[Yf
bbl\_[ `VhQcQZcV Y^e_a]QgYo [Q[ `_ bQ]_Z bbl\[V5 cQ[ Y `_ eQZ6
\d5 ^Q [_c_alZ _^Q bbl\QVcbp 1Vb\Y5 [_^Vh^_5 cQ[_S_Z VbcmD Vb\Y VT_
^Vc ‑ ^Q`VhQcQZcV b\_S_ 41>7<9>727

D`aQS\V^YV `a_gVbbQ]Y

>7:97 Hc_ ]_WVc ^Q`VhQcQcm b\VUdojQp `a_TaQ]]Q5 Vb\Y SlX_S
6?B; Y SbV _`VaQgYY SlS_UQ `a_ZUdc db`Vi^_H @VaVhYb\YcV SbV SQ6
aYQ^cl7 BhYcQZcV5 hc_ SlS_U YUݷc ^Q cVa]Y^Q\5 cQ[ hc_ SlUQhQ bY]6
S_\Q `VaVS_UQ bca_[Y `aYS_UYc S SlcVb^V^Yo RdeVaQ SlS_UQ7

39>3<E45 ECD49?78G
39>3<E45 EE>9CD478G
9>D =19>12
K

9>D @94D
@B9>D612CD1BDe>22D
@94 F 6?B;12D
961@94 FF 92 K

@B9>D612389<4e>22D
M 5<C5 K

@B9>D612@1B5>De>22D
M
@B9>D61269>9C8e>22D
B5DEB> 9D

M

>7::7 3 ^V[_c_a_Z `a_TaQ]]V b_UVaWYcbp _`YbQ^YV \_[Q\m^_Z `V6
aV]V^^_ZC

9>D 3CD1DECD

Q `_XWV S cV[bcV ‑ cQ[_Z SlX_SC



?; 8QUQhY

G19D1CD1DEC2D

2_\miV `VaV]V^^Qp CD1DEC S `a_TaQ]]V ^YTUV ^V d`_]Y^QVcbp7 3 hݷ]
b_bc_Yc _iYR[Q `a_TaQ]]YbcQ5 `YbQSiVT_ ncd `a_TaQ]]dH >Q Sbp[YZ
b\dhQZ `_UhVa[^ݷ]5 hc_ _iYR[Q XUVbm b_SVaiV^^_ eQcQ\m^Qp Y SlUQ6
cݷ T\dR_hQZiVV ^V`_^Y]Q^YV `a_Ybf_UpjVT_5 ^_ `aY nc_] `a_TaQ]]Q
`a_ZUݷc [_]`Y\pgYo Y UQWV RdUVc UV\Qcm SYU5 hc_ 5ݷaQR_cQVcݷ f_cp5
[_^Vh^_5 aQR_cQcm RdUVc ^V`aQSY\m^_7

;Q[ b\VUdVc Yb`aQSYcm ncd `a_TaQ]]dH
>7:;7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `aY^Y]QVc `a_YXS_\m^_V [_6

\YhVbcS_ 1^V ]V^VV _U^_T_2 QaTd]V^c_S [_]Q^U^_Z bca_[Y Y aQbb]Qc6
aYSQVc Yf [Q[ Y]p Y QaTd]V^cl U\p XQ`db[Q S^Vi^VZ `a_TaQ]]lD
^Q`aY]Va5 Vb\Y SQiQ `a_TaQ]]Q ^QXlSQVcbp @B?7 Y `_\mX_SQcV\m XQ6
`dbcY\ Vݷ [_]Q^U_Z

78@B?7 <C 6< 6[

‑ c_ SQiQ `a_TaQ]]Q U_\W^Q XQ`dbcYcm `a_TaQ]]d <C b QaTd]V^cQ]Y
6< 6[7 BUV\QZcV cQ[5 hc_Rl S XQSYbY]_bcY _c c_T_5 [Q[ XQ`djV^^Qp
`a_TaQ]]Q XQSVaiYcbp5 SQiQ `a_TaQ]]Q `VhQcQ\Q \YR_ b\_S_ 5H9D54
Y [_U XQSVaiV^Yp5 \YR_ b\_S_ ;9<<54 Y ^_]Va bYT^Q\Q5 [_c_al] XQ6
`djV^^Qp `a_TaQ]]Q Rl\Q dRYcQ7

>7:<7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hVaVX QaTd]V^cl [_]Q^U^_Z
bca_[Y `_\dhQVc Y]V^Q Y QaTd]V^cl U\p XQ`db[Q S^Vi^Yf `a_TaQ]]
1`a_YXS_\m^_V Yf [_\YhVbcS_25 aQXUV\ݷ^^lV `QaQ]Vca_]5 b_bc_pjY]
YX USdf bY]S_\_S DݷDݷ hc_Rl `aY XQ`db[V [_]Q^U^lZ Y^cVa`aVcQc_a
^V bhYcQ\ `QaQ]Vca ݷDDݷ Y]VojY] _b_RlZ b]lb\5 XQ[\ohQZcV VT_ S
Q`_bca_el5 ^Q`aY]VaC

78@B?7 <C 6< 8 ’DD’ C<55@ :9 ’DD’ 31D 69<5:7DHD 69<5;7DHD

3QiQ `a_TaQ]]Q U_\W^Q XQ`dbcYcm ^Q _U^_SaV]V^^_V 1`QaQ\\V\m6
^_V2 Yb`_\^V^YV SbV d[QXQ^^lV `a_TaQ]]l b XQUQ^^l]Y QaTd]V^cQ6
]Y Y ^Q`VhQcQcm Y]V^Q cVf YX ^Yf5 [_c_alV XQSVaiY\Ybm db`Vi^_5
c_ Vbcm SlX_S_] h5H9D b `QaQ]Vca_] 97 @VhQcQcm Y]V^Q b\VUdVc `_
]VaV XQSVaiV^Yp XQ`djV^^lf `a_TaQ]]7 8Q[_^hYcm aQR_cd b\VUdVc
baQXd `_b\V XQSVaiV^Yp `_b\VU^VZ YX XQ`djV^^lf `a_TaQ]]5 ^_ ^V
aQ^miV7

>7:=7 5_`dbcY]5 S SQiVZ `a_TaQ]]V XQ`db[QVcbp ]^_T_ U_`_\^Y6
cV\m^lf `a_gVbb_S5 Y Sl X^QVcV5 hc_ ^V[_c_alV YX ^Yf dWV ]_T\Y
XQSVaiYcmbp 1Y `aVSaQcYcmbp S X_]RY25 ^_ ^V SbV7 >dW^_ dRaQcm SbVf
ݷT_c_Slfݷ X_]RY5 ^_ `aY nc_] ^V R\_[Ya_SQcmbp S _WYUQ^YY cVf5 [c_
Vjݷ ^V XQSVaiY\bp7 ;Q[Y] eaQT]V^c_] [_UQ nc_ ]_W^_ bUV\QcmH



; hQbcY RkV[cl_ݷ Y db\dTY _`VaQgY_^^_Z bYbcV]lݷ ?<

>7:> 1C85<<6RR27 3Va^YcVbm [ `a_TaQ]]V5 [_c_ado Sl `YbQ\Y5 aV6
iQp XQUQhY =7<?‑=7<A5 Y ]_UYeYgYadZcV Vݷ cQ[5 hc_Rl SSVUݷ^^lV
`_\mX_SQcV\V] [_]Q^Ul ^V `VhQcQ\Ybm5 Q Sl`_\^p\Ybm5 c_ Vbcm hc_Rl
SQiQ `a_TaQ]]Q5 `a_hYcQS _hVaVU^do [_]Q^Ud5 XQ`db[Q\Q S^Vi^oo
`a_TaQ]]d5 Y]p [_c_a_Z XQUQ^_ `VaSl] b\_S_]5 Q _bcQ\m^lV b\_SQ
`aVUbcQS\poc b_R_Z QaTd]V^cl [_]Q^U^_Z bca_[Y7

@_b[_\m[d `a_gVbb S ?B ^>9H ^V ]_WVc YX]V^Ycm cV[djdo UY6
aV[c_aYo UadT_]d `a_gVbbd5 Q c_\m[_ bVRV5 [_]Q^Ud 34 1c_ Vbcm ‑
Rd[SQ\m^_ ‑ bYcdQgYo5 [_TUQ `VaS_V b\_S_ SSVUݷ^^_Z [_]Q^Ul b_6
bc_Yc YX USdf bY]S_\_S ‑ ݷ3ݷ Y 2ݷ4ݷ `aYUݷcbp aQbb]QcaYSQcm [Q[
_b_RlZ b\dhQZ7 8Q`db[ S^Vi^VZ `a_TaQ]]l XUVbm RVb`_\VXV^D S]V6
bc_ nc_T_ `a_SVamcV7 hc_ XQUQ^ a_S^_ _UY^ `QaQ]Vca 1c7 V7 SSVUݷ^^Qp
[_]Q^UQ b_bc_Yc a_S^_ YX USdf b\_SC b_RbcSV^^_ ݷ34ݷ Y Y]V^Y UY6
aV[c_aYY25 Y b]V^YcV cV[djdo UYaV[c_aYo b `_]_jmo bYbcV]^_T_
SlX_SQ 3849B7

>7:?7 5_aQR_cQZcV `a_TaQ]]d5 ^Q`YbQ^^do `aY aViV^YY `aVUl6
UdjVZ XQUQhY5 cQ[5 hc_Rl [_]Q^Ud 34 ]_W^_ Rl\_ UQcm RVX `QaQ]Vc6
a_S5 Y _^Q `aY nc_]5 [Q[ Y S ݷ[Qbc_pjV^ݷ [_]Q^U^_] Y^cVa`aVcQc_aV5
dbcQ^QS\YSQ\Q S [QhVbcSV cV[djVZ U_]Qi^oo UYaV[c_aYo `_\mX_SQ6
cV\p7

>7:@ 1C85<<6RRR27 ;_TUQ aVhm YUݷc _ aQXR_aV cV[bcQ ^Q e_a]Q\m6
^_] pXl[V5 S R_\miY^bcSV b\dhQVS `VaS_Z bcQUYVZ cQ[_T_ aQXR_aQ
bcQ^_SYcbp \V[bYhVb[YZ Q^Q\YX5 c_ Vbcm aQXRYV^YV cV[bcQ ^Q \V[bV]l
Y\Y c_[V^lD aViV^YV XQUQhY =7<? ]_W^_ aQbb]QcaYSQcm [Q[ `a_bcVZ6
iYZ \V[bYhVb[YZ Q^Q\YXQc_a5 Q c_[V^Q]Y XUVbm Slbcd`Qoc cV bQ]lV
b\_SQ5 ^Q [_c_alV ^QiQ `a_TaQ]]Q UV\Yc SSVUݷ^^do `_\mX_SQcV\V]
bca_[d7

3 pXl[Qf `a_TaQ]]Ya_SQ^Yp ^V[_c_alV bY]S_\l Y\Y _`aVUV\6^ݷ
^lV `_b\VU_SQcV\m^_bcY bY]S_\_S 1[Q[ `aQSY\_5 [_a_c[YV ‑ S USQ
bY]S_\Q5 _hV^m aVU[_ S caY2 SlUV\pocbp S _cUV\m^lV \V[bV]l5 UQWV
Vb\Y Yf ^V _cUV\Ycm _c _bcQ\m^_T_ cV[bcQ `a_RV\Q]Y7 CQ[_Sl _Rlh^_
SbVS_X]_W^lV b[_R[Y5 `d^[cdQgY_^^lV bY]S_\l Sa_UV 5ݷDݷ ݷ5ݷ Y\Y
5ݷCݷ _R_X^QhV^Yp QaYe]VcYhVb[Yf _`VaQgYZ ‑ cQ[YV [Q[ 5ݷ4ݷ 5ݷ8ݷ
Y c7 `7 @aY]VaQ]Y aQXUV\YcV\VZ5 b_bc_pjYf R_\VV hV] YX _U^_T_ bY]6
S_\Q5 b\dWQc _R_X^QhV^Yp ^V[_c_alf _`VaQgYZ pXl[Q BYC 4F5 665 6G5
Q5 b[QWV]5 EEF Y GGF ‑ nc_ c_c bQ]lZ aVU[YZ b\dhQZ aQXUV\YcV\p
YX caݷf bY]S_\_S7 ?c]VcY]5 hc_ _R_X^QhV^Yp _`VaQgYZ ^V _RpXQ^l
Rlcm aQXUV\YcV\p]YC cQ[5 S @Qb[Q\V b\_SQ 49F5 =?45 1>45 ?B Y\Y >?D
aQXUV\YcV\p]Y ^V pS\pocbp5 SVUm Vb\Y ^Q`YbQcm5 [ `aY]Vad5 11>42 ‑
nc_ RdUVc b_SbV] ^V c_ WV bQ]_V5 hc_ 1 1>4 2 1c_TUQ [Q[ S BY 1662
Y 1 66 2 ‑ b_SVaiV^^_ _U^_ Y c_ WV5 `_b[_\m[d XUVbm [_^ko^[gYp
_R_X^QhV^Q aQXUV\YcV\V] 6627



?= 8QUQhY

BdjVbcSdoc bS_Y aQXUV\YcV\Y Y S_ Sf_U^_] pXl[V [_]Q^U^_T_
Y^cVa`aVcQc_aQ7 3 ^QiV] d`a_jݷ^^_] Y^cVa`aVcQc_aV ]_W^_ _TaQ6
^YhYcmbp ^VR_\miY] [_\YhVbcS_] aQXUV\YcV\VZ5 ^_ b_SbV] RVX ^Yf
_R_ZcYbm ^VS_X]_W^_7

>Qh^ݷ] ]l b c_T_5 hc_ b^QRUY] ^Qi [_]Q^U^lZ Y^cVa`aVcQc_a
S_X]_W^_bcmo XQ`db[Q `a_gVbb_S S e_^_S_] aVWY]V5 Q U\p nc_T_ ^Q]
`_caVRdVcbp bY]S_\ ݷ6ݷ 1Q]`VabQ^U25 Y VT_ ^dW^_ _e_a]Ycm [Q[ aQX6
UV\YcV\m7 4_S_ap R_\VV [_^[aVc^_5 ^dW^_5 hc_Rl SQiQ `a_TaQ]]Q5
SbcaVcYS nc_c bY]S_\ S^V [QSlhV[5 aQbb]QcaYSQ\Q VT_ [Q[ cUV\m6_ݷ
^_V b\_S_ݷ S^V Sbp[_Z XQSYbY]_bcY _c c_T_5 Vbcm S_[adT ^VT_ `a_RV\l
Y\Y ^Vc5 `aYhݷ] nc_ U_\W^_ Rlcm ^V[_V ݷfYca_Vݷ b\_S_5 _c\YhQojV6
Vbp _c `a_bc_T_ b\_SQ YX _U^_T_ Q]`VabQ^UQ 1cQ[_V ]_W^_ `_\dhYcm5
Vb\Y XQ[\ohYcm Q]`VabQ^U S [QSlh[Y5 Q S_[adT [QSlhV[ `_bcQSYcm
`a_RV\l27

1]`VabQ^U _X^QhQVc5 hc_ [_]Q^Ud b\VUdVc Sl`_\^Ycm Sݷ e_^_6
S_] aVWY]V5ݷ c_ Vbcm5 `_`a_bcd T_S_ap5 ^V WUQcm Vݷ XQSVaiV^Yp ‑
XQ`dbcYcm Y 5ݷXQRlcmݷ `a_U_\WQp hYcQcm [_]Q^Ul b [\QSYQcdal Y
Sl`_\^pcm Yf7 >dW^_ RdUVc c_\m[_ ^V XQRlcm S_SaV]p dRaQcm X_]6
RY5 [_TUQ cQ[Qp e_^_SQp [_]Q^UQ Sb6ݷcQ[Y XQSVaiYcbp7 >Qbc_pjYV
[_]Q^U^lV Y^cVa`aVcQc_al `_XS_\poc SSVbcY baQXd ^Vb[_\m[_ [_6
]Q^U5 aQXUV\YS Yf Q]`VabQ^UQ]Y5 `aY nc_] SbV [_]Q^Ul5 [a_]V `_6
b\VU^VZ5 RdUdc Sl`_\^pcmbp S e_^_S_] aVWY]VD ^_ ncQ S_X]_W^_bcm
Sbݷ aQS^_ `aY]V^pVcbp _hV^m aVU[_5 cQ[ hc_ ]l `_bcd`Y] `a_jVC Rd6
UV] bhYcQcm5 hc_ Q]`VabQ^U U_\WV^ aQb`_\QTQcmbp S [_^gV bca_[Y5
c7 V7 Vb\Y `_b\V ^VT_ Vbcm Vjݷ hc_6c_5 [a_]V `a_RV\_S5 RdUV] SlUQSQcm
_iYR[d7

6b\Y `_\mX_SQcV\m SSݷ\ Sbݷ `aQSY\m^_5 c_ Vbcm Q]`VabQ^U5 SbcaV6
hV^^lZ S^V [QSlhV[5 pS\pVcbp S bca_[V `_b\VU^Y] X^QhQjY] bY]S_6
\_]5 c_ SQiQ `a_TaQ]]Q U_\W^Q SSVUݷ^^do [_]Q^Ud Yb`_\^Ycm [Q[
e_^_Sdo 1bQ] Q]`VabQ^U5 [_^Vh^_5 S cQ[do [_]Q^Ud ^V Sf_UYc5 Yb6
`_\mXdocbp c_\m[_ ^Qbc_pjYV b\_SQ5 aQb`_\_WV^^lV U_ ^VT_27 BQ]_
`_ bVRV nc_ UQWV `a_jV5 hV] _Rlh^_V Sl`_\^V^YV ‑ `a_bc_ ^V UV6
\Qcm G19D5 Y SbݷD ^_ bQ] eQ[c S_X]_W^_bcY bdjVbcS_SQ^Yp e_^_Slf
`a_gVbb_S _X^QhQVc5 hc_ Sl`_\^V^YV [_]Q^U S _Rlh^_] aVWY]V5 ^V
e_^_S_]5 bcQ^_SYcbp ^Vb[_\m[_ b\_W^VV5 f_cp Y ^V bY\m^_7 @_`a_RdZ6
cV bQ]Y b__RaQXYcm5 S hݷ] cdc `a_R\V]Q Y [Q[ b ^VZ b`aQSYcmbp5 Vb\Y
WV baQXd ^V U_TQUQVcVbm ‑ S_b`_\mXdZcVbm d[QXQ^Yp]Y ^Q bca7 :;B7

>Q Sbp[YZ b\dhQZ _c]VcY]5 hc_ S `_b\VUdojYf XQUQhQf5 `_bSpjݷ^^lf [_6
]Q^U^_]d Y^cVa`aVcQc_ad5 `_caVRdocbp Vjݷ aQXUV\YcV\Y G5 E5 GG5 L5 D5 15 25 66
Y LL7 6b\Y Sl `\Q^YadVcV U_SVbcY ncd `a_TaQ]]d U_ [_^gQ ‑ S_X]_W^_5 Y]V6
Vc b]lb\ `aVUdb]_caVcm SbV aQXUV\YcV\m^lV \V[bV]l `ap]_ bVZhQb5 S]VbcV
b _UY^_h^l] Q]`VabQ^U_]5 hc_Rl R_\miV ^V `VaVUV\lSQcm SQi Q^Q\YXQc_a
bca_[YD `_[Q b__cSVcbcSdojYV S_X]_W^_bcY ^V aVQ\YX_SQ^l5 `aY `_pS\V^YY



; hQbcY RkV[cl_ݷ Y db\dTY _`VaQgY_^^_Z bYbcV]lݷ ?>

S `_\mX_SQcV\mb[_] SS_UV \oR_T_ YX ncYf aQXUV\YcV\VZ b\VUdVc eY[bYa_SQcm
_iYR[d b UYQT^_bcY[_Z Sa_UV O51DEB5ݷ >?D 9=@<5=5>D54 I5D7ݷ

@VaV^Q`aQS\V^YV SS_UQ6SlS_UQ

>7:A7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `aY^Y]QVc ^V ]V^VV USdf Qa6
Td]V^c_S [_]Q^U^_Z bca_[Y Y aQbb]QcaYSQVc `VaSlZ QaTd]V^c ‑ [Q[
Y]p eQZ\Q5 _bcQ\m^lV ‑ [Q[ Y]p Y QaTd]V^cl U\p XQ`db[Q S^Vi6
^VZ `a_TaQ]]lD ^Q`aY]Va5 Vb\Y SQiQ `a_TaQ]]Q ^QXlSQVcbp @B?7 Y
`_\mX_SQcV\m XQ`dbcY\ Vݷ [_]Q^U_Z

78@B?7 69<5:7DHD <C 6< 6[

‑ c_ XUVbm Y]VVcbp S SYUd eQZ\ 69<5:7DHD5 S^Vi^pp `a_TaQ]]Q <C Y
QaTd]V^cl 6< 6[7 8Q`dbcYcV d[QXQ^^do S^Vi^oo `a_TaQ]]d b d[Q6
XQ^^l]Y QaTd]V^cQ]Y cQ[5 hc_RlC

12 Vݷ bcQ^UQac^lZ SlS_U Rl\ `VaV^Q`aQS\V^ S d[QXQ^^lZ eQZ\ 1Vb\Y
cQ[_T_ eQZ\Q ^Vc5 _^ U_\WV^ Rlcm b_XUQ^5 Vb\Y _^ dWV Vbcm ‑
`VaVXQ`YbQ^D Vb\Y _c[alcm eQZ\ ^V dUQ\_bm5 U_\W^Q Rlcm SlUQ^Q
UYQT^_bcY[Q5 b__cSVcbcSdojQp S_X^Y[iVZ bYcdQgYY2D

22 Vݷ bcQ^UQac^lZ SS_U iݷ\ YX d[QXQ^^_T_ eQZ\Q 1Vb\Y cQ[_T_ eQZ\Q
^Vc5 U_\W^Q Rlcm XQeY[bYa_SQ^Q _iYR[Q Y SlUQ^Q b__cSVcbcSd6
ojQp UYQT^_bcY[Q2D

32 bcQ^UQac^lZ SlS_U Rl\ `VaV^Q`aQS\V^ S d[QXQ^^lZ eQZ\ ^Q U_6
RQS\V^YV S [_^Vg 1Vb\Y eQZ\Q ^Vc5 b_XUQZcV VT_5 ^_ Vb\Y _^ Vbcm5
^_S_V b_UVaWY]_V U_\W^_ Rlcm U_RQS\V^_ [ bcQa_]d2D

42 bcQ^UQac^lZ SlS_U Rl\ `VaV^Q`aQS\V^ S d[QXQ^^lZ eQZ\ ^Q U_6
RQS\V^YV S [_^Vg5 `aYhݷ] Vb\Y cQ[_T_ eQZ\Q ^Vc5 U_\W^Q Rlcm
XQeY[bYa_SQ^Q _iYR[Q7

>7:B 1C85<<6R_27 3_Xm]YcV XQ _b^_Sd `a_TaQ]]d5 ^Q`YbQ^^do S
b__cSVcbcSYY b db\_SYp]Y XQUQhY >7:@D Vb\Y Sl Vjݷ ^V aViQ\Y V5ݷ
]_W^_ ^QhQcm b SVabYY `a_TaQ]]l5 ^Q`YbQ^^_Z S [QhVbcSV aViV^Yp
XQUQhY >7:>5 Q [ e_^_Sl] `a_gVbbQ] SVa^dcmbp `_XU^VV7 Db\_SYp XQ6
UQhY >7:@ bc_Yc f_cp Rl `a_hYcQcm Y `_^pcm5 _ hݷ] cQ] YUݷc aVhm5
`_b[_\m[d `_Sc_apcm aQbbdWUV^Yp _ \V[bYhVb[_] Q^Q\YXV Y aQXUV\Y6
cV\m^lf \V[bV]Qf ]l XUVbm ^V RdUV]7

=_UYeYgYadZcV SQi Q^Q\YXQc_a bca_[Y cQ[5 hc_Rl _^ S_b`aY6
]^Y]Q\ S [QhVbcSV aQXUV\YcV\VZ5 ^QapUd b dWV Y]VojY]bp c_[V^_]
5ݷ6ݷ cQ[WV c_[V^l 5ݷGݷ ݷEݷ Y 7ݷGGݷ ?RaQcYcV S^Y]Q^YV5 hc_ \oRlV YX
ncYf bY]S_\_S U_\W^l Y]Vcm b`VgYQ\m^lZ b]lb\ c_\m[_ S^V [QSl6
hV[5 c_TUQ [Q[ S^dcaY [QSlhV[ \oR_Z bY]S_\5 [a_]V b_RbcSV^^_ [Q6
Slh[Y5 bhYcQVcbp `a_bc_ bY]S_\_]7 CQ[Y] _RaQX_]5 ^Q`aY]Va5 2GG2



?? 8QUQhY

Y `a_bc_ GG ‑ nc_ b_SVaiV^^_ ^V _U^_ Y c_ WV7 ;a_]V c_T_5 GG ‑ nc_
^V c_ WV bQ]_V5 hc_ USQ _cUV\m^_ bc_pjYf bY]S_\Q G7

=_UYeYgYadZcV _bcQ\m^do hQbcm `a_TaQ]]l cQ[5 hc_Rl \oR_Z
YX ncYf c_[V^_S5 Vb\Y `_b\V ^VT_ `_bcQSYcm _Rlh^_V b\_S_ 1`aVU`_6
\QTQVcbp5 hc_ nc_ b\_S_ ‑ Y]p eQZ\Q25 `a_YXS_UY\ b__cSVcbcSdojVV
`VaV^Q`aQS\V^YVC X^Q[ E _X^QhQVc `VaV^Q`aQS\V^YV bcQ^UQac^_T_ `_6
c_[Q SS_UQ ^Q hcV^YV YX XQUQ^^_T_ eQZ\Q5 X^Q[ G ‑ `VaV^Q`aQS\V^YV
bcQ^UQac^_T_ SlS_UQ ^Q XQ`Ybm S XQUQ^^lZ eQZ\ 1Vb\Y eQZ\Q ^Vc5 _^
U_\WV^ Rlcm b_XUQ^5 Vb\Y _^ Vbcm ‑ `VaVXQ`YbQ^ b ^d\p25 X^Q[ GG ‑
`VaV^Q`aQS\V^YV bcQ^UQac^_T_ SlS_UQ ^Q U_RQS\V^YV S [_^Vg XQUQ^6
^_T_ eQZ\Q 1Vb\Y eQZ\Q ^Vc5 _^ U_\WV^ Rlcm b_XUQ^27

EY[bYadZcV _iYR[Y S b\dhQpf5 Vb\YC

∙ `_\mX_SQcV\m `lcQVcbp `VaV^Q`aQSYcm _UY^ Y c_c WV `_c_[ USQ
Y R_\VV aQXQ ‑ USQWUl SbcaVhQVcbp _UY^ Y c_c WV bY]S_\ `V6
aV^Q`aQS\V^Yp Y\Y S _U^_Z [_]Q^UV b_hVcQocbp G Y GGD

∙ b\VUdojYZ c_[V^ `_b\V \oR_T_ YX c_[V^_S E5 G Y\Y GG ^V pS\p6
Vcbp `a_bcl] b\_S_] 1c7 V7 pS\pVcbp aQXUV\YcV\V]2D

∙ `_b\V b`VgYQ\m^lf c_[V^_S ^QR\oUQocbp [Q[YV6c_ Vjݷ `a_bclV
b\_SQ5 [a_]V _WYUQV]lf 1Y]ݷ^ eQZ\_S baQXd `_b\V E5 G Y\Y GG27

B_hVcQ^Yp `VaV^Q`aQS\V^YZ b bY]S_\_] e_^_S_T_ aVWY]Q 1[_c_alZ
`_6`aVW^V]d U_\WV^ Rlcm `_b\VU^Y] S_ SSVUݷ^^_Z bca_[V25 Q cQ[WV
Y ]VWUd b_R_Z5 Vb\Y _^Y _b]lb\V^^l 1_U^_ `VaV^Q`aQS\V^YV ^Q SS_U5
UadT_V ^Q SlS_U2 U_\W^l ^_a]Q\m^_ aQR_cQcm7

BYT^Q\l

>7;97 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `_b\V XQ`db[Q SlUQݷc b__R6
jV^YV YB5CCݷ LDB<6L D? AE9Dݷ Y `_b\V nc_T_ ^YhVT_ ^V UV\QVc5 ^_ Y
^V XQSVaiQVcbpD `aY ^QWQcYY LDB<6L SlUQݷc b__RjV^YV P??4ݷ 2I5ݷ Y
XQSVaiQVcbp7 ?RpXQcV\m^_ dRVUYcVbm b `_]_jmo `a_TaQ]]l D?@5 hc_
SQiQ `a_TaQ]]Q S_ SaV]p bS_VT_ ݷYhVT_^VUV\Q^Yp^ݷ ^V `_caVR\pVc
`a_gVbb_a^_V SaV]p7

>7;:7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `_b\V XQ`db[Q ^YhVT_ SYUY6
]_T_ ^V UV\QVc5 ^_ Y ^V XQSVaiQVcbp5 S c_] hYb\V Y `aY ^QWQcYY
LDB<6LD `aY `_\dhV^YY bYT^Q\Q \RP^\[: SlUQݷc S `_c_[ bcQ^UQac6
^_T_ SlS_UQ hYb\_5 b[_\m[_ aQX [ cV[djV]d ]_]V^cd `_\mX_SQcV\m
db`V\ ^QWQcm LDB<6L 1^Q bQ]_] UV\V ‑ b[_\m[_ aQX `aYf_UY\ bYT^Q\
\RPRW]27

5\p XQSVaiV^Yp aQR_cl `a_TaQ]]l Yb`_\mXdZcV LDB<6e Y\Y
dRVZcV Vݷ YX UadT_T_ cVa]Y^Q\m^_T_ _[^Q7



; hQbcY RkV[cl_ݷ Y db\dTY _`VaQgY_^^_Z bYbcV]lݷ ?@

>7;;7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp _UY^ aQX S bV[d^Ud `VhQcQVc
1RVX `VaVS_UQ bca_[Y2 ^V[_c_alZ bY]S_\5 `aYhݷ] baQXd `_b\V XQ`db[Q
nc_ bY]S_\ 5ݷ4ݷ `_b\V ^QWQcYp LDB<6L 1c_ Vbcm `_ bYT^Q\d \RPRW]2
`VhQcQV]lZ bY]S_\ ]V^pVcbp ^Q 5ݷ6ݷ `_b\V ^QWQcYp LDB<6e 1c_ Vbcm
`_ \RPZ^R]2 ‑ ]V^pVcbp _RaQc^_ ^Q 5ݷ4ݷ `aYhݷ] S _R_Yf b\dhQpf b_6
_cSVcbcSdojYZ bY]S_\ `VhQcQVcbp ^V]VU\V^^_ `_b\V ^QWQcYp [_]6
RY^QgYY [\QSYi5 Y _hVaVU^Qp bV[d^UQ _cbhYclSQVcbp b nc_T_ ]_]V^6
cQ7 @aY ^QWQcYY LDB<6L USQWUl b Y^cVaSQ\_] ]V^VV _U^_Z bV[d^Ul
`a_TaQ]]Q XQSVaiQVc aQR_cd5 US_Z^_V ^QWQcYV b R�_\miY] Y^cVaSQ6
\_] ^Y[Q[_T_ neeV[cQ ^V _[QXlSQVc7 5\p _cb\VWYSQ^Yp bV[d^U^_T_
Y^cVaSQ\Q Yb`_\mXdZcV bYbcV]^lZ SlX_S 1<1B= Y bYT^Q\ \RPJU[V7

>7;<7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp _WYUQVc `_\mX_SQcV\mb[_6
T_ SS_UQ5 `aYhݷ] Vb\Y `_\mX_SQcV\m ^YhVT_ ^V SS_UYc S cVhV^YV `p6
cY bV[d^U5 b`aQiYSQVc `_\mX_SQcV\p5 ^V XQb^d\ \Y _^ 1[_^[aVc^lZ
cV[bc S_`a_bQ ]_WVcV `aYUd]Qcm bQ]Y27 @aY ^QWQcYY LDB<6L 1bYT6
^Q\ \RPRW]2 SlUQݷc Y^e_a]QgYo _ c_]5 b[_\m[_ bca_[ Y bY]S_\_S
db`V\ [ ^Qbc_pjV]d ]_]V^cd SSVbcY `_\mX_SQcV\m 1Vb\Y `_\mX_SQ6
cV\m UQ\miV ^YhVT_ ^V SS_UYc5 `pcm bV[d^U U_ _hVaVU^_T_ S_`a_bQ
_cbhYclSQVcbp _c ]_]V^cQ ^QWQcYp LDB<6L27 @aY `_Sc_a^_] ^QWQ6
cYY LDB<6L ]V^VV hV] S cVhV^YV `pcY bV[d^U `a_TaQ]]Q XQSVaiQVc
aQR_cd7 5\p _cb\VWYSQ^Yp `pcYbV[d^U^_T_ Y^cVaSQ\Q Yb`_\mXdZcV
bYbcV]^lZ SlX_S 1<1B= Y bYT^Q\ \RPJU[V7

>7;=7 3Va^YcVbm [ XQUQhV >7:B 1Vb\Y Vݷ Vjݷ ^V aViQ\Y ‑ c_ [ XQUQ6
hV >7:@2 Y `VaV^VbYcV gY[\ hYbc[Y_ݷ _c X_]RYݷ S _RaQR_chY[ bYT^Q\Q
\RPLQUM5 [Q[ nc_5 b_RbcSV^^_ T_S_ap5 Y `_\_WV^_ UV\Qcm7 DhcYcV5 hc_
nc_c gY[\ `_]ViQVc aQR_cV gY[\Q _Rlh^lf G19D’_S5 [_c_alZ Sl`_\6
^pVcbp `aY _WYUQ^YY XQSVaiV^Yp ^Ve_^_S_Z [_]Q^Ul5 cQ[ hc_ ^Q
SaV]p nc_T_ gY[\Q b\VUdVc S_XSaQjQcm U\p bYT^Q\Q \RPLQUM UYb`_6
XYgYo `_ d]_\hQ^Yo7

;Q^Q\l Y [_^SVZVal

>7;>7 >Q`YiYcV `a_TaQ]]d5 S [_c_a_Z `_a_WUQVcbp U_`_\^YcV\m6
^lZ `a_gVbb5 bSpXQ^^lZ ^VY]V^_SQ^^l] [Q^Q\_] 1@9@52 b a_UYcV\m6
b[Y] `a_gVbb_]D a_UYcV\mb[YZ `a_gVbb hYcQVc Y^e_a]QgYo YX [Q6
^Q\Q5 `_[Q _^Q ^V [_^hYcbp5 Y Sbݷ `a_hYcQ^^_V cdc WV SlUQݷc S
bS_Z bcQ^UQac^lZ SlS_UD `_a_WUݷ^^lZ `a_gVbb XQ`YblSQVc S [Q^Q\
^Vb[_\m[_ cV[bc_Slf bca_[ 1^Q`aY]Va5 [Q[_V6^YRdUm bcYf_cS_aV^YV2
Y XQSVaiQVcbp7 A_UYcV\mb[YZ `a_gVbb U_\WV^5 U_hYcQS Sbݷ YX [Q^Q6
\Q5 U_WUQcmbp XQSVaiV^Yp `_a_WUݷ^^_T_ `a_gVbbQ 1^Q bQ]_] UV\V
`_a_WUݷ^^lZ5 b[_aVV SbVT_5 dWV XQSVaiY\bp5 ^_ G19D bUV\Qcm Sbݷ



?A 8QUQhY

aQS^_ bc_Yc2 Y XQ[_^hYcm aQR_cd7 6b\Y Sbݷ bUV\Qcm `aQSY\m^_5 bca_6
[Y5 [_c_alV `_a_WUݷ^^lZ `a_gVbb `VaVUQSQ\ S [Q^Q\5 _[QWdcbp S
Yc_TV SlSVUV^^l]Y ^Q n[aQ^ 1a_UYcV\mb[Y] `a_gVbb_]25 `_b\V hVT_
`a_TaQ]]Q XQSVaiYc aQR_cd7

NcQ XQUQhQ ]_WVc `_[QXQcmbp RVbb]lb\V^^_Z5 ^_ _^Q `_XS_\Yc5
[Q[ T_S_aYcbp5 a_R_SQcm`_ݷ Y^bcad]V^cݷ 1S UQ^^_] b\dhQV ‑ @9@527
6b\Y hc_6c_ `_i\_ ^V cQ[5 _RaQcYcVbm [ d[QXQ^Yp] ^Q bca7 :<;7

5\p R_\miVZ ^QT\pU^_bcY U_RQSmcV S SQid `a_TaQ]]d baQXd `_6
b\V SlX_SQ @9@5 `a_bc_Z @B9>D65 [_c_alZ ^Q`VhQcQVc hYb\V^^lV X^Q6
hV^Yp _R_Yf UVb[aY`c_a_S b_XUQ^^_T_ [Q^Q\Q7 6b\Y SQ] `aYUݷc S
T_\_Sd [Q[_Z6^YRdUm Vjݷ n[b`VaY]V^c ‑ _RpXQcV\m^_ bUV\QZcV VT_5
[_]`mocVa ^V SX_aSݷcbpD _b_X^Qcm5 hc_ nc_ XQ bdj^_bcm cQ[Qp ‑ Q6]ݷ
^Q\5ݷ‑ _hV^m SQW^_ U\p UQ\m^VZiVT_ aQXSYcYp7

>7;?7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hVaVX QaTd]V^cl [_]Q^U^_Z
bca_[Y `_\dhQVc Y]V^Q Y QaTd]V^cl U\p XQ`db[Q USdf S^Vi^Yf `a_6
TaQ]]5 aQXUV\ݷ^^lV `QaQ]Vca_]5 b_bc_pjY] YX USdf bY]S_\_S 5ݷDݷ
[Q[ S XQUQhV >7:<5 Y XQ`db[QVc ncY `a_TaQ]]l ^Q _U^_SaV]V^^_V 1`Q6
aQ\\V\m^_V2 Sl`_\^V^YV5 bSpXQS Yf [_^SVZVa_]5 c7 V7 bcQ^UQac^lZ Sl6
S_U `VaS_Z `a_TaQ]]l U_\WV^ YUcY ^Q bcQ^UQac^lZ SS_U Sc_a_Z
`a_TaQ]]l7

>7;@7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `_\dhQVc hVaVX QaTd]V^cl
[_]Q^U^_Z bca_[Y Y]p Y QaTd]V^cl U\p XQ`db[Q S^Vi^VZ `a_TaQ]]l
1cQ[ WV5 [Q[ nc_ Rl\_ bUV\Q^_ S XQUQhV >7:;27 8Q`dbcYcV ncd S^Vi^oo
`a_TaQ]]d5 `_UQS VZ ^Q bcQ^UQac^lZ SS_U hVaVX ^VY]V^_SQ^^lZ
[Q^Q\ cV[bc_S_V `aVUbcQS\V^YV hYbV\ :5 ;5 < Y c7 U7 U_ :9999995 `_
_U^_]d hYb\d S bca_[V7 @_b\V YbhVa`Q^Yp hYbV\ XQ[a_ZcV bS_Z [_^Vg
[Q^Q\Q5 hc_Rl `_[QXQcm `Qac^ݷad5 hc_ XUVbm R_\miV ^YhVT_ ^V _WYUQ6
Vcbp7 3QiQ `a_TaQ]]Q U_\W^Q aQR_cQcm 1c7 V7 ^V U_\W^Q XQSVaiQcm6
bp2 U_ XQSVaiV^Yp S^Vi^VZ `a_TaQ]]lD `_b\V cQ[_S_T_ ^Q`VhQcQcm
Y^e_a]QgYo _R _Rbc_pcV\mbcSQf Vݷ XQSVaiV^Yp 1[_U XQSVaiV^Yp `aY
bQ]_bc_pcV\m^_] XQSVaiV^YY5 ^_]Va bYT^Q\Q `aY XQSVaiV^YY `_ bYT6
^Q\d27 BYcdQgYp b U_ba_h^l] XQSVaiV^YV] S^Vi^VZ `a_TaQ]]l 1[_6
TUQ gY[\ XQ`YbY hYbV\ S [Q^Q\ Vjݷ [adcYcbp2 U_\W^Q Rlcm _RaQR_6
cQ^Q [_aaV[c^_7

>7;A7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `_\dhQVc hVaVX QaTd]V^cl
[_]Q^U^_Z bca_[Y Y]p Y QaTd]V^cl U\p XQ`db[Q S^Vi^VZ `a_TaQ]6
]l 1[Q[ S `aVUlUdjVZ XQUQhV27 8Q`dbcYcV ncd S^Vi^oo `a_TaQ]]d5
`VaVfSQcYS Vݷ `_c_[ bcQ^UQac^_T_ SlS_UQ Y ^Q`VhQcQSC

12 c_\m[_ `VaSlV :9 bca_[ SlSVUV^^_Z Vo Y^e_a]QgYY 1`aY nc_]
S^Vi^VZ `a_TaQ]]V b\VUdVc UQcm S_X]_W^_bcm U_aQR_cQcm U_ [_^6
gQ5 `a_U_\WQp hcV^YV YX [Q^Q\Q5 ^_ ^V SlUQSQp `a_hYcQ^^_V2D



; hQbcY RkV[cl_ݷ Y db\dTY _`VaQgY_^^_Z bYbcV]lݷ ?B

22 c_\m[_ cV YX SlUQ^^lf Vo bca_[5 [_c_alV ^QhY^Qocbp b `a_RV\Q
Y\Y cQRd\pgYYD

32 `VaSlV ;9 bY]S_\_S [QWU_Z SlUQ^^_Z Vo bca_[Y 1Vb\Y bca_[Q
[_a_hV5 `VhQcQcm Vݷ gV\Y[_]D bY]S_\ `VaVS_UQ bca_[Y `VhQcQcm S
\oR_] b\dhQV2D

42 `VaS_V b\_S_ [QWU_Z bca_[Y7

>7;B7 =_UYeYgYadZcV aViV^YV XQUQhY >7;@ cQ[5 hc_Rl bcQ^UQac6
^lZ SlS_U XQ`db[QV]_Z S^Vi^VZ `a_TaQ]]l c_WV `VaVfSQclSQ\bp5
Q `_b\V XQSVaiV^Yp aQR_cl ^Q n[aQ^ Rl\_ SlSVUV^_ [_\YhVbcS_ bY]6
S_\_S Y [_\YhVbcS_ bca_[5 SlUQ^^lf S^Vi^VZ `a_TaQ]]_Z XQ SaV]p
aQR_cl7

>7<97 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hVaVX QaTd]V^cl [_]Q^U^_Z
bca_[Y `_\dhQVc Y]V^Q Y QaTd]V^cl U\p XQ`db[Q USdf S^Vi^Yf `a_6
TaQ]]5 aQXUV\ݷ^^lV `QaQ]Vca_]5 b_bc_pjY] YX USdf bY]S_\_S 5ݷDݷ
[Q[ S XQUQhV >7;?5 Y XQ`db[QVc ncY `a_TaQ]]l ^Q _U^_SaV]V^^_V 1`Q6
aQ\\V\m^_V2 Sl`_\^V^YV5 `aYhݷ] ^Q bcQ^UQac^lZ SS_U Sc_a_Z `a_6
TaQ]]V `_UQݷcbpC

12 [QWUQp Sc_aQp bca_[Q YX SlUQ^^lf `VaS_Z `a_TaQ]]_ZD
22 cV[bc5 b_bcQS\V^^lZ YX cVf bca_[5 SlUQ^^lf `VaS_Z `a_TaQ]]_Z5

[_c_alV ^QhY^Qocbp b `a_RV\Q Y\Y cQRd\pgYYD
32 `VaSlV :9 bY]S_\_S [QWU_Z bca_[Y5 SlUQ^^_Z `VaS_Z `a_TaQ]]_Z

1Vb\Y _hVaVU^Qp bca_[Q [_a_hV :9 bY]S_\_S5 Vݷ b\VUdVc `_UQcm gV6
\Y[_]D hQbcY aQX^lf bca_[ b\VUdVc aQXUV\pcm `VaVS_U_] bca_[Y27

>7<: 1C85<<6_6C9=@<527 3_Xm]YcV XQ _b^_Sd aViV^YV XQUQhY >7:B5
Y\Y R_\VV `_XU^oo Vݷ ]_UYeY[QgYo 1^Q`aY]Va5 `_\dhV^^do `aY aV6
iV^YY XQUQhY >7;=27 5_aQR_cQZcV Q^Q\YXQc_a bca_[Y5 U_RQSYS S nc_c
aQX S [QhVbcSV aQXUV\YcV\p bY]S_\ 7ݷLݷ ?bcQ\m^do hQbcm `a_TaQ]]l
]_UYeYgYadZcV cQ[5 hc_Rl nc_c bY]S_\ aQbb]QcaYSQ\bp [Q[ _R_X^Q6
hV^YV [_^SVZVaQ7 @_[Q ]_WVcV bhYcQcm5 hc_ R_\miV _U^_T_ cQ[_T_
bY]S_\Q S_ SSVUݷ^^_Z [_]Q^UV Rlcm ^V ]_WVc5 c7 V7 SQi [_^SVZVa ^V
]_WVc b_bc_pcm R_\VV hV] YX USdf n\V]V^c_SD Vb\Y cQ[_V _TaQ^YhV6
^YV [QWVcbp SQ] ^V^dW^l]5 ]_WVcV baQXd WV aViQcm XQUQhd >7<;5
[_c_aQp _c\YhQVcbp c_\m[_ _cbdcbcSYV] _TaQ^YhV^Yp ^Q [_\YhVbcS_
n\V]V^c_S [_^SVZVaQ7

6b\Y S_ SSVUݷ^^_Z [_]Q^UV `aYbdcbcSdVc bY]S_\ [_^SVZVaQ5 b\V6
UdVc be_a]Ya_SQcm USV _cUV\m^lV [_]Q^U^lV bca_[Y U\p `VaS_Z [_6
]Q^Ul Y U\p Sc_a_ZD bY]S_\ e_^_S_T_ aVWY]Q `_6`aVW^V]d U_`db6
[QVcbp c_\m[_ `_b\VU^Y] S_ SbVZ bca_[V5 hc_ [QbQVcbp bY]S_\_S `V6
aV^Q`aQS\V^Yp SS_UQ6SlS_UQ5 c_ Sl ]_WVcV bQ]Y U\p bVRp aViYcm5
dU_R^VV SQ] U_`db[Qcm Yf ^V`_baVUbcSV^^_ `VaVU X^Q[_] [_^SVZVaQ



@9 8QUQhY

Y\Y WV c_WV c_\m[_ S [_^gV SbVZ bca_[Y7 3 _R_Yf b\dhQpf `VaV^Q6
`aQS\V^YV SS_UQ U_\W^_ _c^_bYcmbp [ `VaS_]d n\V]V^cd [_^SVZVaQ5
`VaV^Q`aQS\V^YV SlS_UQ ‑ [ `_b\VU^V]d7

@a_TaQ]]l5 XQ`db[QV]lV S b_bcQSV [_^SVZVaQ5 U_\W^l aQR_cQcm
_U^_SaV]V^^_5 c_ Vbcm ^V\mXp b^QhQ\Q U_WYUQcmbp XQSVaiV^Yp `Va6
S_Z YX ^Yf5 Y c_\m[_ `_c_] XQ`db[Qcm Sc_ado ‑ _Rkݷ] RdeVaQ [Q^Q6
\Q _TaQ^YhV^5 Y Vb\Y `VaSQp `a_TaQ]]Q RdUVc SlUQSQcm U_bcQc_h^_
R_\mi_Z _Rkݷ] UQ^^lf S bS_Z bcQ^UQac^lZ SlS_U5 Q hYcQcm ncY UQ^6
^lV RdUVc ^V[_]d5 SQiQ bYbcV]Q `a_gVbb_S `a_bc_ `_SYb^Vc7 =_]V^6
c_] XQSVaiV^Yp [_^SVZVaQ bhYcQVcbp ]_]V^c XQSVaiV^Yp `_b\VU^VT_
YX b_bcQS\pojYf VT_ `a_gVbb_S5 `aYhݷ] ݷ_b\VU^VT_`ݷ S fa_^_\_TYhV6
b[_] b]lb\VD cQ[5 Vb\Y Sc_a_Z n\V]V^c [_^SVZVaQ dWV XQSVaiY\bp5 Q
`VaSlZ Sbݷ Vjݷ aQR_cQVc5 [_^SVZVa b\VUdVc bhYcQcm `a_U_\WQojY]
aQR_cd7

>7<;* 1C85<<6_27 @VaVUV\QZcV aViV^YV XQUQhY >7<:5 dRaQS _TaQ^Y6
hV^YV ^Q [_\YhVbcS_ n\V]V^c_S [_^SVZVaQ7

CVa]Y^Q\

>7<<7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `_\dhQVc a_S^_ _UY^ QaTd6
]V^c [_]Q^U^_Z bca_[Y ‑ Y]p cV[bc_S_T_ eQZ\Q5 `VaSQp bca_[Q [_c_6
a_T_ b_UVaWYc ^V[YZ `Qa_\m5 c7 V7 `Qa_\V] bhYcQocbp bY]S_\l _c ^Q6
hQ\Q eQZ\Q U_ `VaVS_UQ bca_[Y5 ^V S[\ohQp VT_D `a_TaQ]]Q U_\W^Q
XQ`a_bYcm d `_\mX_SQcV\p SS_U `Qa_\p5 `VaV`a_TaQ]]Ya_SQcm cVa6
]Y^Q\ cQ[5 hc_Rl SS_UY]lV bY]S_\l ^V _c_RaQWQ\Ybm ^Q n[aQ^V5
bhYcQcm SS_UY]lZ `_\mX_SQcV\V] `Qa_\m Y `a_SVaYcm5 b_S`QUQVc \Y
_^ b ^Qf_UpjY]bp S eQZ\V7 6b\Y `Qa_\m b_S`Q\ ‑ XQSVaiYcm aQR_cd
5ݷ_^db`Viݷ ^YhVT_ ^V `VhQcQp5 Vb\Y ^V b_S`Q\ ‑ SlUQcm S UYQT^_bcY6
hVb[YZ `_c_[ b__RjV^YV 9>3?BB53D @1CCG?B4 Y XQSVaiYcmbp b [_U_]
^Vdb`VfQ7 >V XQRdUmcV baQXd `_b\V SS_UQ `Qa_\p SVa^dcm ^Qbca_Z[Y
cVa]Y^Q\Q S Ybf_U^_V b_bc_p^YV1

3 b\dhQV5 Vb\Y SS_U YUݷc ^V b cVa]Y^Q\Q 1`VaV^Q`aQS\V^25 _c[Q6
WYcVbm aQR_cQcm7

>7<=*7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `_XS_\pVc SS_UYcm cV[bc
1bca_h[Q XQ bca_h[_Z2 Y XQ`YblSQcm VT_ S XQUQ^^lZ eQZ\5 `aY nc_] S
[Q[_]6c_ UadT_] eQZ\V Y]VVcbp b\_SQam b\_S 1`a_bc_V Yf `VaVhYb\V6
^YV `_ _U^_]d S bca_[V2D [_TUQ `_\mX_SQcV\m ^QWY]QVc [\QSYid ]125
`a_TaQ]]Q `a_SVapVc SS_UY]_V b\_S_ Y5 Vb\Y SSVUݷ^^lV Rd[Sl5 _c^_6
bpjYVbp [ cV[djV]d b\_Sd5 `aVUbcQS\poc b_R_Z `aVeY[b [Q[_T_6c_
_U^_T_ b\_SQ YX b\_SQap ‑ U_`YblSQVc nc_ b\_S_ S_ SS_UY]_Z bca_[V5
[Q[ Vb\Y Rl `_\mX_SQcV\m SSݷ\ VT_ gV\Y[_]D Vb\Y ^Q ]_]V^c ^QWQ6
cYp ]12 SSVUݷ^^lV bY]S_\l _[QWdcbp `aVeY[b_] ^Vb[_\m[Yf b\_S ‑



; hQbcY RkV[cl_ݷ Y db\dTY _`VaQgY_^^_Z bYbcV]lݷ @:

b\VUdVc `_bcd`Ycm cQ[ WV5 [Q[ `_bcd`QVc5 ^Q`aY]Va5 [_]Q^U^lZ Y^6
cVa`aVcQc_aC `VaVSVbcY bca_[d5 `_[QXQcm SbV `_Uf_UpjYV b\_SQ YX
b\_SQap5 XQcV] b^_SQ ^Q`VhQcQcm cd hQbcm bca_[Y5 [_c_ado `_\mX_SQ6
cV\m dWV SS5\ݷ Y `_XS_\Ycm `_\mX_SQcV\o `a_U_\WYcm SS_U7

@a_TaQ]]Q U_\W^Q `_\dhQcm USQ QaTd]V^cQ [_]Q^U^_Z bca_[YC
eQZ\ b\_SQap Y c_c eQZ\5 [dUQ RdUVc XQ`YblSQcmbp aVXd\mcQc `_\m6
X_SQcV\mb[_T_ SS_UQ7

>7<>*7 5_`_\^YcV aViV^YV `aVUlUdjVZ XQUQhY S_X]_W^_bcmo aV6
UQ[cYa_SQcm SS_UY]do bca_[d b `_]_jmo bcaV\_[ S\VS_ Y S`aQS_5
K13;C@1355 M5< Y 1WV\QcV\m^_2 [_]RY^QgYY LDB<6` U\p dUQ\V^Yp `_6
b\VU^VT_ b\_SQ 1U_ R\YWQZiVT_ `a_RV\m^_T_ bY]S_\Q27

>7<?* 1C85<<6549D27 3_Xm]YcV [Q[do6c_ YX SVabYZ SQiVT_ [_6
]Q^U^_T_ Y^cVa`aVcQc_aQ 1\dhiV SbVT_5 [_^Vh^_5 bQ]do `_b\VU^oo2
Y _b^QbcYcV Vݷ S_X]_W^_bcp]Y aVUQ[cYa_SQ^Yp SS_UY]_Z [_]Q^Ul
1[Q[ S XQUQhV >7<>2 Y U_`YblSQ^Yp Y]ݷ^ [_]Q^U Y eQZ\_S 1[Q[ S XQUQ6
hV >7<=5 c_\m[_ RVX b\_SQap27 3_ SbVf b\_SQf5 [a_]V `VaS_T_ S bca_[V5
`lcQZcVbm ݷU_`YbQcmݷ Y]p eQZ\Q5 ^QZUp ^Q UYb[V b__cSVcbcSdojYZ
eQZ\ Y\Y SbV `_Uf_UpjYV eQZ\l 1^Q`_]^Y]5 Y]V^Q eQZ\_S RlSQoc
QRb_\oc^lV Y _c^_bYcV\m^lV5 XUVbm nc_ SQW^_25 Q S `VaS_] b\_SV5
Vb\Y S [ݷ^ `_[Q ^Vc ^Y _U^_T_ b\niQ5 b\VUdVc U_`YblSQcm Y]V^Q Yb6
`_\^pV]lf eQZ\_S YX UYaV[c_aYZ5 b_UVaWQjYfbp S `VaV]V^^_Z YJ]Q7

NcQ XQUQhQ ^V Sf_UYc S _b^_S^_Z ^QR_a ncQ`_S b_XUQ^Yp [_]Q^U^_6
T_ Y^cVa`aVcQc_aQ5 `_b[_\m[d Sbݷ _bcQ\m^_V cQ] ]_W^_ bUV\Qcm Y RVX
nc_T_5 Q cadU_ݷ][_bcm nc_Z XQUQhY U_S_\m^_ Slb_[QD ^_ _`lc5 [_c_6
alZ SQ] UQbc aViV^YV nc_Z XQUQhY5 _`aVUV\ݷ^^_ bc_Yc `_caQhV^^_T_
SaV]V^Y7

>7<@ 1415=?>27 >Q`YiYcV `a_TaQ]]d6UV]_^Q 1415=?>5 b]7 27<7=7<ݷ
@dbcm SQi UV]_^ ݷa_bl`QVcbp`ݷ _UY^ aQX S `pcm ]Y^dc Y U_`YblSQVc
S ^V[YZ eQZ\ 1\dhiV SbVT_ ‑ aQb`_\_WV^^lZ S UYaV[c_aYY 8D=@5
XQ`Ybm cdUQ aQXaViV^Q SbV]2 bca_[d b d[QXQ^YV] c_T_5 [c_ _^ cQ[_Z5
[Q[_S VT_ @945 b[_\m[_ SaV]V^Y5 `_ VT_ bSVUV^Yp]5 _^ dWV aQR_cQVc Y
b[_\m[_ XQ SaV]p aQR_cl `_\dhY\ bYT^Q\_S \RP^\[:D `aY `_\dhV^YY
cQ[_T_ bYT^Q\Q bc_Yc Q^Q\_TYh^do bca_[d S c_c WV eQZ\ XQ`YbQcm
^V]VU\V^^_5 ^V U_WYUQpbm _hVaVU^lf `pcY ]Y^dc7

>7<A 1415=?>6<?779>727 5_`_\^YcV aViV^YV `aVUlUdjVZ XQUQhY
SlUQhVZ UYQT^_bcYhVb[Yf b__RjV^YZ hVaVX bYbcV]^do Wda^Q\YXQ6
gYo7 CQ[_V b__RjV^YV bc_Yc SlUQcm `aY bcQacV5 Q cQ[WV UdR\Ya_SQcm
Wda^Q\m^l]Y b__RjV^Yp]Y Y^e_a]QgYo5 SlS_UY]do S eQZ\7

>7<B 1C85<<6_R27 5_`_\^YcV SQi [_]Q^U^lZ Y^cVa`aVcQc_a 1\o6
R_Z bcV`V^Y T_c_S^_bcY5 ^QhY^Qp _c Sc_a_T_ ncQ`Q5 TUV `a_bc_ Sl6
`_\^p\Ybm [_]Q^Ul2 `aQSY\m^_ _aTQ^YX_SQ^^_Z aQR_c_Z b Tad``Q]Y



@; 8QUQhY

`a_gVbb_S7 @a_gVbbl5 XQ`db[QV]lV U\p Yb`_\^V^Yp _hVaVU^_Z SSV6
Uݷ^^_Z [_]Q^Ul5 U_\W^l _RaQX_SlSQcm _cUV\m^do Tad``d5 ^_Sdo
U\p [QWU_Z [_]Q^UlD Vb\Y U\p Sl`_\^V^Yp _U^_Z [_]Q^Ul ^dW^_
`_a_UYcm R_\miV _U^_T_ `a_gVbbQ 1^Q`aY]Va5 `aY Sl`_\^V^YY [_]Q^6
Ul5 b_UVaWQjVZ [_^SVZVa25 SbV ncY `a_gVbbl U_\W^l Rlcm S _U^_Z
Tad``V5 _c\Yh^_Z _c Tad``l5 S [_c_a_Z ^Qf_UYcbp bQ] [_]Q^U^lZ Y^6
cVa`aVcQc_a5 Y _c Tad``5 S [_c_alf Sl`_\^pocbp XQ`djV^^lV aQ^VV
e_^_SlV [_]Q^Ul 1d [QWU_Z YX ^Yf5 XQ]VcY]5 c_WV U_\W^Q Rlcm
bS_p Tad``Q27 @aY Sl`_\^V^YY ^Ve_^_S_Z [_]Q^Ul Y^cVa`aVcQc_a
U_\WV^ ^Q SaV]p Vݷ Sl`_\^V^Yp _RkpSYcm Vݷ Tad``d `a_gVbb_S cV[d6
jVZ S bVQ^bV5 Q `_b\V _[_^hQ^Yp Vݷ Sl`_\^V^Yp b^_SQ bUV\Qcm cV[d6
jVZ Tad``_Z bS_o b_RbcSV^^do7

6b\Y Sbݷ bUV\Qcm `aQSY\m^_5 c_5 S hQbc^_bcY5 `aY ^QWQcYY LDB<6L
S_ SaV]p aQR_cl `a_TaQ]]l5 XQ`djV^^_Z S _cSVc ^Q _hVaVU^do [_6
]Q^Ud5 RdUVc dRYSQcmbp c_\m[_ ncQ `a_TaQ]]Q5 Q bQ] SQi [_]Q^U^lZ
Y^cVa`aVcQc_a bYT^Q\Q \RPRW] ^V `_\dhYc Y `a_U_\WYc aQR_cd7 B_R6
bcSV^^_ T_S_ap5 cQ[ Y U_\W^_ Rlcm7

5_`_\^V^YV

>7=9* 1C85<<6_RR27 3_Xm]YcV [_]Q^U^lZ Y^cVa`aVcQc_a S c_Z SVa6
bYY5 [_c_aQp _`YbQ^Q S XQUQhV >7<; 1S_X]_W^_5 b U_`_\^V^Yp]Y YX
XQUQh >7<B Y8Y\Y >7<?5 _^Y ^Y[_Y] _RaQX_] ^V `_]ViQoc27 5_`_\6
^YcV Q^Q\YXQc_a SS_UY]_Z bca_[Y5 hc_Rl _^ _RaQRQclSQ\ Vjݷ `pcm
c_[V^_S6aQXUV\YcV\VZC 5ݷ1ݷ 5ݷ2ݷ 5ݷDݷ ݷLLݷ Y 7ݷ66ݷ AVQ\YXdZcV bSpX[Y
[_]Q^UC [_]Q^Ul5 bSpXQ^^lV c_h[_Z b XQ`pc_Z5 Sl`_\^pocbp `_b\V6
U_SQcV\m^_5 b^QhQ\Q `VaSQp5 `_c_] Sc_aQp5 S^V XQSYbY]_bcY _c aV6
Xd\mcQc_SD S bSpX[V 66 Sl`_\^pVcbp b^QhQ\Q `VaSQp [_]Q^UQ5 Q Sc_aQp
Sl`_\^pVcbp \Yim S b\dhQV5 Vb\Y `VaSQp XQSVaiY\Qbm db`Vi^_D bSpX6
[Q LL aQR_cQVc Q^Q\_TYh^_5 c_\m[_ Sc_aQp [_]Q^UQ Sl`_\^pVcbp `aY
^Vdb`VfV `VaS_Z7 BSpX[Y Y b[_R[Y aQbb]_caV^l S D<:7;7:ݷ S_X]_W^_5
Vbcm b]lb\ `VaVhYcQcm c_c `QaQTaQe5 Q Vjݷ ‑ `_n[b`VaY]V^cYa_SQcm
b_ bSpX[Q]Y S ^Qbc_pjV] [_]Q^U^_] Y^cVa`aVcQc_aV5 hc_Rl `_^pcm5
[Q[ SlT\pUYc Yf aQR_cQ7

;adT\lV b[_R[Y aVQ\YXdocbp `_a_WUV^YV] _cUV\m^_T_ `a_gVbbQ5
[_c_alZ Y Sl`_\^Yc 1`a_Y^cVa`aVcYadVc2 SbV cV [_]Q^Ul Y bSpX[Y5
[_c_alV d[QXQ^l S b[_R[QfD ]l SVUm `_]^Y]5 hc_ `a_gVbb `_a_W6
UQVcbp [Q[ [_`Yp cV[djVT_5 S UQ^^_] b\dhQV ‑ [_`Yp [_]Q^U^_T_
Y^cVa`aVcQc_aQH Nc_c U_`_\^YcV\m^lZ `a_gVbb 1S]VbcV b_ SbV]Y cV6
]Y5 [_T_ _^ RdUVc `_a_WUQcm `aY Sl`_\^V^YY b_UVaWY]_T_ b[_R_[25
_hVSYU^_5 Y]VVc bS_Y bcQ^UQac^lV `_c_[Y5 [_c_alV ]_Tdc Rlcm `VaV6
^Q`aQS\V^lD [Q[ b\VUbcSYV5 Tad``Q [_]Q^U5 XQ[\ohݷ^^lf S b[_R[Y5
]_WVc 1[Q[ gV\_V2 Slbcd`Qcm n\V]V^c_] [_^SVZVaQ5 U\p ^Vݷ ]_WVc



; hQbcY RkV[cl_ݷ Y db\dTY _`VaQgY_^^_Z bYbcV]lݷ @<

Rlcm Sl`_\^V^_ `VaV^Q`aQS\V^YV bcQ^UQac^lf `_c_[_S 1S eQZ\l Y
YX eQZ\_S25 _^Q ]_WVc Rlcm [Q[ `aQSl]5 cQ[ Y \VSl] n\V]V^c_]
\oR_Z YX bSpX_[7

6jݷ aQR_cQ ^QU nc_Z XQUQhVZ ‑ `aV[aQb^lZ `_S_U `aVSaQcYcm5 ^Q6
[_^Vg5 Q]`VabQ^U ݷ6ݷ YX e\QW[Q5 [_c_al] ]l VT_ bUV\Q\Y5 S c_5 hV]
_^ U_\WV^ Rlcm ^Q bQ]_] UV\V ‑ S bSpX[d5 S [_c_a_Z \VSlZ n\V]V^c
Sl`_\^pVcbp [Q[ e_^_SlZ `a_gVbb5 Q `aQSlZ ‑ [Q[ _Rlh^lZ `a_gVbb
1^Ve_^_SlZ5 XQSVaiV^Yp Sl`_\^V^Yp [_c_a_T_ U_WYUQocbp27



; hQbcY ? bVcYݷ Y `a_c_[_\lݷ

RY6QUaVbQ

?79:7 Hc_ YX nc_T_ ^V pS\pVcbp SQ\YU^_Z XQ`Ybmo 9@6QUaVbQ Y
`_hV]dH

:B>7=;7:@97:;A :B;7:?A7;:97> :7:7:7: :;B7;><7;>=7;>>
:BA7;?97:9:7:> ;<:797979 :97:97:97:9 :997;997<997=99
:;@79797: :;@7:;A7:;B7:<9 97:7;7< ;>=7:7:7:

?79;7 ?`aVUV\YcV5 ^V `_UT\pUlSQp S cQR\Ygl Y `a_hYV ]Q6
cVaYQ\l5 [Q[ RdUVc SlT\pUVcm ]Qb[Q `_UbVcY `aY d[QXQ^^_Z U\Y^V
`aVeY[bQC
12 8;= 22 8:? 32 8A 42 8<; 52 8<9 62 8;> 72 8;< 82 8;9

?79<7 ;Q[Qp U\Y^Q `aVeY[bQ b__cSVcbcSdVc ]Qb[V `_UbVcY
;>>7;=97979H

?79=7 @VaVhYb\YcV 1b d[QXQ^YV] QUaVbQ bVcY Y U\Y^l `aVeY[bQ2
SbV `_UbVcY5 S [_c_alV Sf_UYc 9@6QUaVb :B>7=;7:@97:;B7

?79>7 >Q`YiYcV 1^Q BY Y\Y UQWV ^Q @Qb[Q\V5 XUVbm nc_ ^VSQW^_2
`a_TaQ]]d5 [_c_aQp aViQVc `aVUlUdjdo XQUQhd U\p `a_YXS_\m^_6
T_ 9@6QUaVbQC `aY^Y]QVc UVbpcYh^do XQ`Ybm 9@6QUaVbQ hVaVX QaTd]V^c
[_]Q^U^_Z bca_[Y Y `VhQcQVc 1hVaVX XQ`pcdo5 hVaVX `a_RV\ Y\Y `a_6
bc_ ^Q _cUV\m^lf bca_[Qf2 SbV 9@6`_UbVcY5 S [_c_alV _^ Sf_UYc7

@a_bcVZiVV SXQY]_UVZbcSYV `_ bVcY
8QUQhY nc_T_ Y `_b\VUdojYf `QaQTaQe_S `aVU`_\QTQoc ^Q6
`YbQ^YV `a_TaQ]] ^Q pXl[V BY7 AViV^YV XQUQh5 `aVU`_6
\QTQojYf bSpXm `_ [_]`mocVa^_Z bVcY5 ]_W^_ `a_SVaYcm
^Q \_[Q\m^_Z ]QiY^V5 d[QXlSQp S [QhVbcSV QUaVbQ bVa6
SVaQ :;@79797: Y\Y `a_bc_ 95 ^_ Vb\Y d SQb Vbcm f_cm
[Q[Qp6c_ S_X]_W^_bcm aQX^VbcY SXQY]_UVZbcSdojYV `a_gVb6
bl `_ aQX^l] [_]`mocVaQ] ‑ _RpXQcV\m^_ bUV\QZcV nc_7



; hQbcY bVcYݷ Y `a_c_[_\lݷ @>

B\_W^_bcm `a_TaQ]] `aY nc_] ^Y[Q[ ^V YX]V^Ycbp 1Y]5 b_R6
bcSV^^_5 Sbݷ aQS^_5 [Q[ aQR_cQcm25 Q S_c ^QT\pU^_bcm `a_Yb6
f_UpjVT_ 1\Yh^_ U\p SQb12 bY\m^_ S_XaQbcݷc5 Y b[_aVV SbV6
T_ ‑ S]VbcV b SQiVZ bQ]__gV^[_Z7

?79?7 >Q`YiYcV USV `a_TaQ]]l ‑ U\p `VaVUQhY UVZcQTaQ]] Y
U\p Yf `_\dhV^Yp7 @VaSQp `a_TaQ]]Q `_\dhQVc caY QaTd]V^cQ [_6
]Q^U^_Z bca_[YC 9@6QUaVb5 ^_]Va `_acQ Y `a_YXS_\m^do bca_[dD d[Q6
XQ^^do bca_[d 1RVX _TaQ^YhYSQojVT_ ^d\p12 _^Q U_\W^Q _c`aQSYcm
S SYUV UVZcQTaQ]]l ^Q XQUQ^^lV QUaVb Y `_ac7 3c_aQp `a_TaQ]]Q
`_\dhQVc hVaVX [_]Q^U^do bca_[d _UY^ QaTd]V^c ‑ ^_]Va `_acQD ^Q
nc_] `_acd 1Y ^Q SbVf QUaVbQf5 Y]VojYfbp ^Q \_[Q\m^_Z ]QiY^V2
_^Q U_\W^Q _WYUQcm `aYf_UQ UVZcQTaQ]]7 @_\dhYS _hVaVU^do UVZ6
cQTaQ]]d5 `a_TaQ]]Q U_\W^Q ^Q`VhQcQcm QUaVb Y `_ac _c`aQSYcV\p5
Q b_UVaWQ^YV UVZcQTaQ]]l S_b`a_YXSVbcY `_bY]S_\m^_5 XQ]V^pp S_6
`a_bYcV\m^l]Y X^Q[Q]Y cV bY]S_\l5 [_c_alV ^V ]_Tdc Rlcm ^Q`V6
hQcQ^l 1^V Sf_Upc S UYQ`QX_^ <;‑:;? Y ^V pS\pocbp ^Y `VaVS_U_]
bca_[Y5 ^Y cQRd\pgYVZ27

?79@7 >Q`YiYcV `a_bc_Z ^MY6bVaSVa ‑ `a_TaQ]]d5 [_c_aQp `_U6
bhYclSQVc [_\YhVbcS_ `_\dhV^^lf UVZcQTaQ]] Y Yf _RjYZ _Rk5[ݷ Y
S _cSVc ^Q [QWUdo `_\dhV^^do UVZcQTaQ]]d _c`aQS\pVc 1cQ[WV S
SYUV UVZcQTaQ]]l2 cV[bc_S_V `aVUbcQS\V^YV _R_Yf bhݷchY[_S7 5\p
`a_SVa[Y aQR_c_b`_b_R^_bcY SQiVZ `a_TaQ]]l `aYUݷcbp ^Q`YbQcm
cQ[WV [\YV^c ‑ `a_TaQ]]d5 [_c_aQp _c`aQS\pVc ^Q XQUQ^^lZ QU6
aVb8`_ac UVZcQTaQ]]d XQUQ^^_Z U\Y^l5 U_WYUQVcbp _cSVcQ Y aQb`V6
hQclSQVc VT_5 Vb\Y WV _cSVc ^V `_bcd`QVc S cVhV^YV :> bV[d^U 1Y\Y
[Q[_T_6c_ UadT_T_ Y^cVaSQ\Q SaV]V^Y2 ‑ b__RjQVc _R nc_] Y XQSVa6
iQVcbp7

?RV `a_TaQ]]l U_\W^l Sbo ^V_Rf_UY]do Y^e_a]QgYo `_\dhQcm
hVaVX QaTd]V^cl [_]Q^U^_Z bca_[YD `a_TaQ]]Q6bVaSVa U_\W^Q `_b\V
XQ`db[Q ݷUV]_^YXYa_SQcmbpݷ 1b]7 27<7=7<ݷ

?79A7 >Q`YiYcV `a_bc_Z ]LY6bVaSVa5 [_c_alZ baQXd `_b\V `_\d6
hV^Yp _hVaVU^_T_ XQ`a_bQ ^Q b_VUY^V^YV `aY^Y]QVc VT_5 _c`aQS\pVc
[\YV^cd 1S cV[bc_S_] SYUV2 cV[djYV UQcd Y SaV]p5 Q cQ[WV 9@6QUaVb Y
`_ac [\YV^cQ7 Nc_5 XQ]VcY]5 Y]VVc bQ]lZ `ap]_Z b]lb\C Vb\Y [\Y6
V^c ^Qf_UYcbp XQ WJ]’_]5 _^ ]_WVc ^V X^Qcm5 b [Q[_T_ ‑ aVQ\m^_T_5
Q ^V ݷ_S^dcaV^^VTݷ ‑ 9@6QUaVbQ _^ aQR_cQVc7 BaQXd `_b\V _c`aQS[Y
UQ^^lf bVaSVa aQXalSQVc b_VUY^V^YV7

;\YV^cb[do `a_TaQ]]d `YbQcm ^V _RpXQcV\m^_5 ]_W^_ S_b`_\m6
X_SQcmbp `a_TaQ]]_Z D5<>5DD Vb\Y SUadT Slpb^Ycbp5 hc_ S SQiVZ bY6
bcV]V Vݷ ^Vc ‑ dbcQ^_SYcV V5ݷ _^Q Vjݷ ^V aQX `_caVRdVcbp7

3 nc_Z XQUQhV ]_W^_ ^V RVb`_[_Ycmbp _c^_bYcV\m^_ `a_R\V]l _hV6
aݷU^_bcY UVZbcSYZC Sbp `VaVUQSQV]Qp SQiY] bVaSVa_] Y^e_a]QgYp



@? 8QUQhY

ݷd\pWVcbpݷ S _UY^ 9@6`Q[Vc5 bQ] _^ WUQcm UQ^^lf _c [\YV^cQ ^V
RdUVc5 cQ[ hc_ ^Y[Q[Yf R\_[Ya_S_[ ^V `a_YX_ZUݷc Y _cSQ\Ycmbp `_
cQZ]6Qdcd ^Y[c_ ^V db`VVc7 DhcYcV5 hc_ nc_c b\dhQZ ‑ Yb[\ohV^YV5
Q ^V `aQSY\_7

BYbcV]^lZ SlX_S C5<53D

8QUQhY nc_T_ `QaQTaQeQ ^V Y]Voc `ap]_T_ _c^_iV^Yp [
[_]`mocVa^l] bVcp]D _^Y `aYXSQ^l `_]_hm `_^pcm5 [Q[ aQ6
R_cQVc Y U\p hVT_ ^dWV^ SlX_S C5<53D5 RVX [_c_a_T_ `aY
b_XUQ^YY bVcVSlf `a_TaQ]] `aYUݷcbp cdT_7

?79B7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp XQUQݷc `_\mX_SQcV\o S_6
`a_b 81D`ݷ 9C I?EB >1=55 @<51C5Hݷ Y5 U_WUQSiYbm _cSVcQ5 SlUQ6
cݷ SVW\YS_V W935ݷ D? =55D I?E5 451B 1Y]p21ݷD Vb\Y `_\mX_SQcV\m
^V SS_UYc Y]p S cVhV^YV :> bV[d^U5 `a_TaQ]]Q XQpS\pVc BBI5?\ݷ R’=
D5BB92<I 2ECI7ݷ Y XQSVaiQVcbp7 5\p _cb\VWYSQ^Yp SaV]V^Y Yb`_\m6
XdZcV SlX_S C5<53D7

?7:97 3Va^YcVbm [ XQUQhV >7;< Y ^Q`YiYcV `a_TaQ]]d5 dU_S\VcS_6
apojdo Vݷ db\_SYp]5 RVX `aY]V^V^Yp bYT^Q\Q \RPJU[V7 5\p _cb\V6
WYSQ^Yp Y^cVaSQ\Q Yb`_\mXdZcV C5<53D7

?7::7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `_\dhQVc hVaVX QaTd]V^cl
[_]Q^U^_Z bca_[Y Y]V^Q USdf eQZ\_S 1`aVU`_\QTQVcbp5 hc_ nc_ Y]V6
^_SQ^^lV [Q^Q\l5 c7 V7 eQZ\l cY`Q OROX25 `VaSlZ YX ^Yf Yb`_\mXdVc
U\p `aYݷ]Q Y^e_a]QgYY5 Y Sb5ݷ hc_ `aY^pc_5 cdc WV SlS_UYc S bS_Z
bcQ^UQac^lZ SlS_U5 Q S_ Sc_a_Z eQZ\ `VaVUQݷc c_5 hc_ RdUVc SSVUV^_
hVaVX bcQ^UQac^lZ SS_U7

6b\Y Sbݷ bUV\Qcm `aQSY\m^_5 ]_W^_ RdUVc b `_]_jmo =;696? b_6
XUQcm USQ eQZ\Q ^dW^_T_ cY`Q5 ^Q`aY]Va5 6: Y 6;5 Q XQcV] S aQX6
^lf cVa]Y^Q\Qf XQ`dbcYcm USQ n[XV]`\paQ SQiVZ `a_TaQ]]l5 d[QXQS
Y] b_XUQ^^lV [Q^Q\l ݷaVbc6^Q[aVbc]ݷ ‑ ^Q`aY]Va5 78@B?7 6: 6; Y
78@B?7 6; 6:D `_\dhYcbp CݷhQcݷ Sb5ݷ hc_ ^QRYaQVcbp ^Q [\QSYQcd6
aV S _U^_] _[_i[V cVa]Y^Q\Q5 `_b\V ^QWQcYp N>D5B `_pS\pVcbp S_
Sc_a_]5 Y ^Q_R_a_c7 >V XQRdUmcV _RaQR_cQcm [_^Vg eQZ\Q ^Q _R_Yf
`_c_[Qf SS_UQC Vb\Y ݷhY\bp^_]ݷ bcQ^UQac^lZ SS_U5 ]_W^_ `a_bc_
SlZcY5 Q Vb\Y [Q^Q\ ‑ WV\QcV\m^_ b^QhQ\Q b__RjYcm `_\mX_SQcV\o5
hc_ ^Qi `Qac^ݷa `_ hQcd ^Qb `_[Y^d\7

3 nc_Z XQUQhV Vbcm _U^Q fYca_bcmD Vb\Y b f_Ud ^YhVT_ ^V aQR_6
cQVc5 `a_hYcQZcV d[QXQ^Yp [ XQUQhV ^Q bca7 :<B5 ^_ \dhiV b^QhQ\Q
`_`a_RdZcV bQ]Y U_TQUQcmbp5 hc_ `a_Ybf_UYcD Vb\Y S_b`_\mX_SQcmbp
UVRQTTVa_] Y Slpb^Ycm5 TUV Sbݷ `_SYb\_5 Q Vjݷ 1U_ Y\Y `_b\V2 `VaV6
hYcQcm `QaQTaQe `a_ [Q^Q\l 25<:7>7<ݷ1 c_ `_^pcm5 hc_ [ hV]d5 RdUVc
^V cQ[ dW b\_W^_7



; hQbcY bVcYݷ Y `a_c_[_\lݷ @@

]LY6bVaSVaQ
8QUQhY nc_T_ `QaQTaQeQ `aVU`_\QTQoc Yb`_\mX_SQ^YV SlX_6
SQ C5<53D7 Db\_SYp ^V[_c_alf XQUQh `_XS_\poc `aY]V^Ycm
aViV^YV b _Rb\dWYSQojY]Y `a_gVbbQ]Y5 ^_ cQ[ UV\Qcm b\V6
UdVc aQXSV hc_ b _X^Q[_]YcV\m^l]Y gV\p]YD `_b\V _RpXQ6
cV\m^_ `VaV`YiYcV SQiY `a_TaQ]]l hVaVX ]d\mcY`\V[bYa_6
SQ^YV SS_UQ6SS_UQ7

3 a_\Y [\YV^cb[_Z `a_TaQ]]l ]_W^_ Yb`_\mX_SQcm dcY\Ycd
D5<>5D5 Vb\Y db\_SYp]Y XQUQhY ^V `_UaQXd]VSQVcbp hc_6c_
UadT_V7

?7:;7 >Q`YiYcV ]LY6bVaSVa5 [_c_alZ `aY^Y]QVc _c [QWU_T_ [\Y6
V^cQ `a_YXS_\m^lZ cV[bc Y _cSVhQVc ^Q [QWUdo `aYb\Q^^do bca_[d
_c`aQS[_Z b__RjV^Yp 7ݷ;Xݷ 6UY^bcSV^^_V _TaQ^YhV^YV ^Q [_\YhVbcS_
_Rb\dWYSQV]lf [\YV^c_S ]_WVc Rlcm _Rdb\_S\V^_ `aVUV\m^l] hYb6
\_] _U^_SaV]V^^_ _c[alclf S `a_gVbbV UVb[aY`c_a_S5 bQ]Q SQiQ
`a_TaQ]]Q ^Y[Q[Yf _TaQ^YhV^YZ SS_UYcm ^V U_\W^Q7

?7:<7 Db_SVaiV^bcSdZcV `a_TaQ]]d5 ^Q`YbQ^^do `aY aViV^YY
`aVUlUdjVZ XQUQhYC b^QRUYcV SQi bVaSVa _U^_Z ^Q SbVf [\YV^c_S gV6
\_hYb\V^^_Z `VaV]V^^_Z5 YX^QhQ\m^_ aQS^_Z ^d\o5 Q `aYiVUiYV _c
[\YV^cQ bca_[Y Q^Q\YXYadZcV7 6b\Y `_\dhV^^Qp _c [\YV^cQ bca_[Q
b_UVaWYc b\_S_ ݷ@Eݷ 1S_X]_W^_5 b `a_RV\m^l]Y bY]S_\Q]Y b`VaV6
UY Y bXQUY25 X^QhV^YV `VaV]V^^_Z dSV\YhmcV ^Q VUY^Ygd5 Vb\Y b\_S_
ݷ<G?4ݷ ‑ ^Q_R_a_c5 d]V^miYcV ^Q VUY^YgdD [\YV^cd S _R_Yf b\dhQpf
_c`aQSmcV b__RjV^YV 7ݷ;Xݷ 6b\Y `_\dhV^^Qp bca_[Q b_UVaWYc b\_S_
ݷC8?Gݷ ‑ _c`aQSmcV [\YV^cd bca_[d cV[bcQ5 b_UVaWQjdo UVbpcYh6
^_V `aVUbcQS\V^YV cV[djVT_ X^QhV^Yp `VaV]V^^_Z7 6b\Y `a_hYcQ^Q
bca_[Q5 S [_c_a_Z Vbcm ^V`a_RV\m^lV bY]S_\l5 ^_ _^Q `_b\V _cRaQ6
blSQ^Yp `a_RV\_S b_S`QUQVc ^Y b _U^_Z YX caݷf [_]Q^U E@5 4?G>
Y C8?G5 _c`aQSmcV [\YV^cd b__RjV^YV _R _iYR[V5 hc_6^YRdUm Sa_UV
<D5HDDDE>;>?Gݷ 7ݷ4<1==?3 ?RpXQcV\m^_ `a_SVamcV5 hc_ bVaSVa SVUݷc
bVRp [_aaV[c^_ `aY ]Qbb_Slf `_U[\ohV^Ypf Y _c[\ohV^Ypf [\YV^6
c_S7

?7:=7 @aYUd]QZcV `_Uf_UpjYZ `a_c_[_\ Y ^Q`YiYcV bVaSVa^do
Y [\YV^cb[do `a_TaQ]]l5 aVQ\YXdojYV ed^[gY_^Q\m^_bcm KK\
12E<<5D9> 2?1B4 CICD5=27 @aY bcQacV `a_TaQ]]Q U_\W^Q hVaVX QaTd6
]V^cl [_]Q^U^_Z bca_[Y `_\dhYcm Y]p aQR_hVZ UYaV[c_aYYD S ^VZ
U_\W^l b_UVaWQcmbp eQZ\ XQbcQS[Y 1cV[bc_SlZ25 eQZ\ dhݷc^lf XQ6
`YbVZ 1Y]ݷ^ Y `Qa_\VZ `_\mX_SQcV\VZ25 Q cQ[WV eQZ\l5 U_bcd`^lV
`_\mX_SQcV\p] U\p b[QhYSQ^Yp5 Y [ [QWU_]d YX ^Yf ‑ b\dWVR^lZ



@A 8QUQhY

eQZ\5 b_UVaWQjYZ _`YbQ^YV Y `aQSQ U_bcd`Q 1[_]d YX `_\mX_SQcV6
\VZ nc_c eQZ\ ]_W^_ b[QhYSQcmD _RpXQcV\m^_ ^dW^_ `aVUdb]_caVcm
SQaYQ^c 5ݷ[SbVݷ S c_] hYb\V ^VXQaVTYbcaYa_SQ^^l]27

Dhݷc^lV XQ`YbY `_\mX_SQcV\VZ U_\W^_ Rlcm S_X]_W^_ `_]VcYcm
_b_Rl] _RaQX_]D cQ[Qp _c]Vc[Q U_\W^Q `_XS_\pcm `_\mX_SQcV\o ^V
c_\m[_ b[QhYSQcm eQZ\l5 ^_ Y aQX]VjQcm ^Q KK\ ^_SlV eQZ\l5 d[Q6
XQS [ ^Y] _`YbQ^YV Y `aQSQ U_bcd`Q7 ;a_]V c_T_5 bc_Yc `aVUdb]_c6
aVcm ݷaYSY\VTYa_SQ^^lf`ݷ `_\mX_SQcV\VZ5 [_c_alV ]_Tdc dUQ\pcm
eQZ\l5 YX]V^pcm Yf _`YbQ^Yp Y `aQSQ5 Q cQ[WV U_RQS\pcm ^_Slf
`_\mX_SQcV\VZ7

;\YV^cb[Qp `a_TaQ]]Q `_b\V dbcQ^_S\V^Yp bSpXY U_\W^Q `a_UV6
]_^bcaYa_SQcm `_\mX_SQcV\o b_UVaWY]_V XQbcQS[Y5 `_XS_\Ycm SSV6
bcY \_TY^ Y `Qa_\m 1\YR_ `aY WV\Q^YY `a_U_\WYcm aQR_cd [Q[ ^VXQ6
aVTYbcaYa_SQ^^lZ `_\mX_SQcV\m25 `a_b]_caVcm _`YbQ^Yp [ U_bcd`6
^l] U\p b[QhYSQ^Yp eQZ\Q] Y5 [_^Vh^_5 b[QhQcm \oR_Z YX ^Yf5 Q
cQ[WV 1`aY ^Q\YhYY `_\^_]_hYZ2 XQ[QhQcm ^_SlV eQZ\l5 YX]V^Ycm
_`YbQ^Yp Y `aQSQ [ Y]VojY]bp eQZ\Q]5 dUQ\Ycm eQZ\l7 ?hV^m WV6
\QcV\m^_ `aVUdb]_caVcm S_X]_W^_bcm _bcQSYcm b__RjV^YV U\p S\Q6
UV\mgQ bYbcV]l7

?7:>*7 >Q`YiYcV bVaSVa^do `a_TaQ]]d5 `aY^Y]Qojdo n\V[ca_^6
^do `_hcd `_ `a_c_[_\d \V]Y Y b[\QUlSQojdo SbV `aY^pclV `Ybm6
]Q S SYUV eQZ\_S S d[QXQ^^do 1^Q`aY]Va5 hVaVX `QaQ]Vca [_]Q^U6
^_Z bca_[Y2 UYaV[c_aYo7 5\p `a_SVa[Y SQiVZ `a_TaQ]]l S_Xm]YcV
[Q[_Z6^YRdUm bdjVbcSdojYZ [\YV^c n\V[ca_^^_Z `_hcl5 cQ[_Z [Q[
\I<@85545 ]8E>45B29B4 Y\Y \oR_Z UadT_Z5 Y ^Qbca_ZcV VT_ ^Q _c`aQS6
[d `_hcl hVaVX C=D@6bVaSVa5 aQb`_\_WV^^lZ ^Q \_[Q\m^_Z ]QiY^V
19@6QUaVb :;@79797:2 Y `_ac5 b__cSVcbcSdojYZ `_acd5 Yb`_\mXdV]_6
]d SQiVZ `a_TaQ]]_Z7 ?c`aQSmcV ^Vb[_\m[_ `YbV] Y dRVUYcVbm5 hc_
SQiQ `a_TaQ]]Q Yf `_\dhY\Q Y b\_WY\Q [dUQ b\VUdVc7

?RpXQcV\m^_ dRVUYcVbm5 hc_ SQiQ `a_TaQ]]Q b`_b_R^Q RVX _TaQ6
^YhV^YZ _U^_SaV]V^^_ _Rb\dWYSQcm ^Vb[_\m[_ bVQ^b_S aQR_cl b [\Y6
V^cQ]Y7 5\p nc_T_5 XQ`dbcYS `a_TaQ]]d5 `_U[\ohYcVbm [ ^VZ YX
^Vb[_\m[Yf cVa]Y^Q\m^lf _[_^ b `_]_jmo dcY\Ycl D5<>5D5 S [QW6
U_] YX `_U[\ohV^YZ ^Qh^YcV bVQ^b SXQY]_UVZbcSYp5 Ra_bmcV ncY bV6
Q^bl ^Q aQX^lf bcQUYpf 1^V XQSVaiQp Yf25 `_b\V hVT_ `_`a_RdZcV
_c`aQSYcm `_hcd YX SQiVT_ [\YV^cQD Vb\Y Sbݷ S `_apU[V5 SVa^YcVbm [
Ra_iV^^l] bVQ^bQ] Y U_SVUYcV [QWUlZ YX ^Yf U_ _c`aQS[Y `Ybm]Q7

?7:?7 >Q`YiYcV bVaSVa^do `a_TaQ]]d5 _cUQojdo [\YV^cQ] XQ6
UQ^^lZ eQZ\ S e_a]QcV Q]VU `_ `a_c_[_\d 8DD@ :7:D U\p `a_SVa6
[Y aQR_cl `a_TaQ]]l S_b`_\mXdZcVbm RaQdXVa_]7

?7:@*7 >Q`YiYcV bVaSVa5 `_XS_\pojYZ ^Vb[_\m[Y] \oUp] 1`_\m6
X_SQcV\p]2 blTaQcm UadT b UadT_] S f_a_i_ YXSVbc^_T_ `_U[YU^_T_



; hQbcY bVcYݷ Y `a_c_[_\lݷ @B

UdaQh[Q5 Yb`_\mXdp cV[bc_SlZ aVWY]7 Hc_Rl YTaQcm ]_T\_ R_\miV
\oUVZ5 Yb`_\mXdZcV ݷdo^\_`ݷ [_\_Ud 1S[\ohQojdo [Qacl [QWU_Z
]QbcY _c US_Z[Y U_ cdXQ5 SbVT_ >; [QaclD UW_[Val S YTaV S UdaQh[Q
XQUVZbcS_SQcm `a_R\V]QcYh^_2D c_TUQ S YTaV ]_Tdc dhQbcS_SQcm U_
S_bm]Y hV\_SV[7 BVaSVa U_\WV^ ^QhY^Qcm YTad5 [_TUQ [ ^V]d `aYb_6
VUY^Y\_bm ^V ]V^miV USdf YTa_[_S Y _UY^ YX ^Yf ^QWQ\ N>D5B 1`aY6
b\Q\ `dbcdo bca_[d25 \YR_ [ YTaV `aYb_VUY^Y\_bm S_bV]m hV\_SV[ ‑
S nc_] b\dhQV ^QWQcYp N>D5B WUQcm dWV RVbb]lb\V^^_7

BVaSVa U_\WV^ ݷVaVcQb_SQcm`ݷ [_\_Ud5 c7 V7 aQb`_\_WYcm Vݷ [Qacl
S b\dhQZ^_ SlRaQ^^_] `_apU[V5 ݷbUQcmݷ [QWU_]d YTa_[d `_ iVbcm
[Qac5 _U^d YX _bcQSiYfbp [Qac 5ݷc[alcm_ݷ `_[QXQS5 [Q[Qp ]Qbcm S
nc_Z YTaV RdUVc [_Xla^_Z7 5\p _R_X^QhV^Yp bcQaiY^bcSQ [Qac ]_W6
^_ Yb`_\mX_SQcm gYeal _c ; U_ B5 UVbpc[d cQ[ Y _R_X^QhQcm 5ݷ9:ݷ
SQ\mcQ5 UQ]d5 [_a_\p Y cdXQ ‑ \QcY^b[Y]Y Rd[SQ]Y S5 Z5 T Y J 1:13;5
AE55>5 ;9>75 1352D U\p _R_X^QhV^Yp ]QbcVZ ]_W^_ S_b`_\mX_SQcmbp5
^Q`aY]Va5 bY]S_\Q]Y 35 5 g F Y\Y [Q[Y]Y6c_ Vjݷ 1XUVbm ]_W^_ `a_6
pSYcm eQ^cQXYo27

9Ta_[ U_\WV^ SYUVcm b_bc_p^YVݷ bc_\Qݷ Y bS_oݷ ad[d7ݷ @_[Q ^V
^QhQ\bp _hVaVU^_Z f_U5 b_bc_p^YVݷ bc_\Qݷ `aVUbcQS\pVc b_R_Z [_\Y6
hVbcS_ [Qac d [QWU_T_ YX _bcQ\m^lf YTa_[_S5 [Qacd5 `_[QXlSQojdo
[_Xla^do ]Qbcm5 Y [_\YhVbcS_ _bcQSiYfbp [Qac S [_\_UVD bS_oݷ ad6
[dݷ ‑ b`Yb_[ [Qac5 Y]VojYfbp S ^Qbc_pjYZ ]_]V^c d YTa_[Q ‑ \dh6
iV `_[QXQcm5 b^QRUYS [QWUdo [Qacd ]Vc[_Z5 `aYh5[ݷ hc_Rl ^V `dcQ6
\Ybm ]VWUd b_R_Z ݷVaQ[_^ݷ [Qac Y Yf U_bc_Y^bcSQ5 `aQSY\m^VV RdUVc
Yb`_\mX_SQcm S a_\Y ]Vc_[ bca_h^lV \QcY^b[YV Rd[Sl7 3lSVbcY Sbݷ
nc_ ]_W^_ S USV bca_[Y5 ^Q`aY]Va

E ? G E ? G E ? G Sg d ;@ f
1C :9g 2C S3 3C ;5 4C ZF 5C @g 6C B3

RdUVc _X^QhQcm5 hc_ d YTa_[Q Vbcm caY `a_cYS^Y[Q5 d [QWU_T_ YX
^Yf S ad[Qf `_ iVbcm [Qac5 [_Xlap `_[QXlSQVc SQ\Vc `Y[5 S [_\_6
UV 1`aY[d`V2 Vjݷ ;@ [Qac5 Q ^Q ad[V d YTa_[Q UVbpc[Q `Y[5 SQ\Vc
RdRVZ5 US_Z[Q [aVbcVZ5 UQ]Q hVaSVZ5 bV]ݷa[Q `Y[ Y UVSpc[Q RdRVZ7
BYcdQgYp5 [_TUQ \QcY^b[Yf Rd[S ^V fSQcYc U\p ^d]VaQgYY [Qac ^Q
ad[V5 ]Q\_SVa_pc^Q5 ^_ cV_aVcYhVb[Y S_X]_W^QD S nc_] b\dhQV b\V6
UdVc5 ^Q`aY]Va5 `aYS\Vhm XQT\QS^lV \QcY^b[YV Rd[Sl 1nc_ Sa_UV Rl
^V _hV^m f_a_i_5 `_b[_\m[d ^V[_c_alV YX ^Yf YTa_[ ]_WVc `VaV`d6
cQcm b_ bcQaiY^bcS_] [Qac5 ^_ bYcdQgYp ncQ ^Qbc_\m[_ aVU[Q5 hc_ ^Q
]V\[YV ^VdU_RbcSQ `aY Vݷ S_X^Y[^_SV^YY ]_W^_ ^V _RaQjQcm S^Y6
]Q^Yp27 C_]d YTa_[d5 hVZ bVZhQb f_U5 b\VUdVc SlSVbcY `aYT\QiV^YV
Y 1WV\QcV\m^_2 b`Yb_[ S_X]_W^lf f_U_SD ^Q`aY]Va5 [ SliV`aYSV6
Uݷ^^l] bca_h[Q]5 Vb\Y bVZhQb f_U nc_T_ YTa_[Q5 b\VUdVc U_RQSYcm
bca_[d



A9 8QUQhY

123456 G

@_b\V ^QhQ\Q f_UQ [ b_bc_p^Yoݷ bc_\Qݷ U_RQS\pocbp blTaQ^^lV ^Q
nc_] f_Ud [Qacl5 SlT\pUVcm Sbݷ S]VbcV ]_WVc5 ^Q`aY]Va5 cQ[C

E = G E ? G E ? G Sg d ;@ f

;5 e S5
S3 e Z3

1C :9g 2C ZF 3C @g 4C B3
2 G

8UVbm YTa_[ XQiݷ\ b US_Z[Y [aVbcVZ5 `Qac^ݷa `_[al\ Vݷ SQ\mc_]5
QcQ[dojYZ `_URa_bY\ SQ\mcQ RdRVZ5 SQ\Vc Rl\ `_[alc UQ]_Z5 cV`Vam
QcQ[dojV]d SlUQ^_ `aYT\QiV^YV5 `_[QXlSQojVV5 hc_ _^ ]_WVc `_U6
Ra_bYcm Vjݷ UQ]d `Y[7 9Ta_[ ]_WVc ^QRaQcm Rd[Sd 2 Y ^QWQcm N>D5B5
\YR_ `a_bc_ ^QWQcm N>D5B5 _c[QXQSiYbm _c UQ\m^VZiVT_ `_URaQbl6
SQ^Yp7

@aYT\QiV^YV U\p ݷcRYSQojVT_bp_ݷ YTa_[Q U_\W^_ SlT\pUVcm
[Q[6c_ Y^QhV5 ^Q`aY]Va5 ]_W^_ `VaVhYb\Ycm ]Vc[Y cVf [Qac VT_ ad[Y5
[_c_al]Y _^ ]_WVc `_[alcm `_b\VU^oo blTaQ^^do [Qacd5 Y [ nc_6
]d U_RQSYcm [Q[YV6c_ Vjݷ bY]S_\lD `_\dhYcbp5 ^Q`aY]Va5 25ݷ FG7ݷ
3bV YTa_[Y5 [_c_alV ^Q cV[djV] b_bc_p^YY f_UQ ]_Tdc ݷURa_bYcm_`ݷ
_cRYSQojV]dbp Vjݷ [Qacl5 U_\W^l bS_VSaV]V^^_ `_\dhYcm b__cSVc6
bcSdojVV `aYT\QiV^YV7 ?cRYSQojYZbp YTa_[ ]_WVc _c[QXQcmbp _c
UQ\m^VZiVZ XQjYcl5 UQWV Vb\Y d ^VT_ Vbcm `_Uf_UpjYV [Qacl ‑ U\p
nc_T_ _^ _c`aQS\pVc `dbcdo bca_[d 1^QWY]QVc N>D5B27 3 nc_] b\dhQV
SbV [Qacl5 blTaQ^^lV ^Q UQ^^_] f_Ud5 `VaVUQocbp V]d ^Q ad[d7 6b\Y
d _cRYSQojVT_bp ^Vc `_Uf_UpjYf [Qac U\p _R_a_^l5 cQ[_V XQSVa6
iV^YV f_UQ U_\W^_ `a_Ybf_UYcm QSc_]QcYhVb[Y7 6b\Y d _bcQ\m^lf
YTa_[_S Y]Vocbp [Qacl5 `_Uf_UpjYV U\p `_URaQblSQ^Yp5 Y `_[Q Vjݷ
^V U_bcYT^dc \Y]Yc ^Q [_\YhVbcS_ [Qac `aY QcQ[V 1nc_c \Y]Yc aQ6
SV^ hYb\d [Qac ^Q ad[V d _cRYSQojVT_bp S ^Q ]_]V^c ^QhQ\Q f_UQ25
Y] U_\W^_ Rlcm SlUQ^_ `aYT\QiV^YV b d[QXQ^YV] `_Uf_UpjYf [Qac
2DݷU_RQS[Yݷ1 f_U bhYcQVcbp XQSVaiݷ^^l]5 [_TUQ ^Y d [_T_ ^Vc R_\miV
`_Uf_UpjYf [Qac Y\Y SbV YTa_[Y _c[QXQ\Ybm _c 5ݷU_RQS\V^Ypݷ ^QWQS
N>D5B7

@aY \oR_] YX]V^V^YY S YTaV SbV YTa_[Y U_\W^l `_\dhYcm _R^_S6
do^^ݷ\ 5ݷQacY^[d]ݷ `a_jV SbVT_ nc_ bUV\Qcm5 `VaVUQS ;> bY]S_\_S
`VaVS_UQ bca_[Y7 hc_ `aY caQUYgY_^^_Z Slb_cV cVa]Y^Q\Q `aYSVUݷc
[ _hYbc[V n[aQ^Q5 `_b\V hVT_ `VaVUQcm bca_[Y b_bc_p^Yp bc_\Q5 ad[Y
Y `aYT\QiV^Yp7



; hQbcY bVcYݷ Y `a_c_[_\lݷ A:

3 ^QiV SaV]p `aY YTaV S `_U[YU^_T_ UdaQ[Q _Rlh^_ dbcQ^QS\YSQ6
Vcbp _hVaݷU^_bcm 5ݷU[YUlSQ^Yp_`ݷ ^_ [\QbbYhVb[YV `aQSY\Q nc_Z YT6
al cQ[_Z _hVaݷU^_bcY ^V `_UaQXd]VSQ\YC UVZbcS_SQ\_ `aQSY\_ _c]ݷ
db`V\5 c_c ]_\_UVg7ݷ 9]V^^_ cQ[Qp aVQ\YXQgYp5 [_TUQ YTa_[Y5 Y]Vo6
jYV `_Uf_UpjYV [Qacl5 ]_Tdc `_b_aVS^_SQcmbp S b[_a_bcY aVQ[gYY5
Y^cVaVb^VV S [QhVbcSV ncoUQ7 @a_R\V]Q aQXSV hc_ S c_]5 hc_ ^Q\Y6
hYV ^Q bc_\V _U^_SaV]V^^_ ^Vb[_\m[Yf ^V`_[alclf [Qac `aYS_UYc [
^V[_c_a_Z ^V_`aVUV\ݷ^^_bcYC [Q[do YX ^Yf _cRYSQojYZbp `lcQVcbp
`_[alcm _hVaVU^l] bS_Y] f_U_]H @a_jV SbVT_ aViYcm ncd `a_R\V]d5
^V U_`db[Qp ^Q bc_\ R_\miV _U^_Z ^V`_[alc_Z [QaclD bVaSVa ]_WVc
`aY^pcm Y XQ`_]^Ycm5 [Q[YV [Qacl YTa_[Y `lcQocbp `_URa_bYcm5 ^_
`_[QXlSQcm Yf ^Q bc_\V `_ _U^_Z5 \YR_ `_[QXlSQcm SbV5 ^_ YTa_[d
`aVU\QTQcm [alcm S [QWUlZ ]_]V^c c_\m[_ _U^d YX ^Yf7

?7:A*7 Db_SVaiV^bcSdZcV bS_Z bVaSVa U\p YTal S UdaQh[Q cQ[5
hc_Rl _^ `_XS_\p\ _U^_SaV]V^^_ `a_S_UYcm ^Vb[_\m[_ YTa5 Q `_\m6
X_SQcV\VZ Y Yf aVXd\mcQcl XQ`_]Y^Q\7 @aY Sf_UV ^Q bVaSVa d `_\m6
X_SQcV\p b\VUdVc b`a_bYcm VT_ Y]pD Vb\Y cQ[_T_ `_\mX_SQcV\p `_[Q
^Vc5 b`a_bYcm5 WV\QVc \Y `_\mX_SQcV\m XQSVbcY ^_Sdo dhݷc^do XQ6
`Ybm Y Vb\Y UQ5 c_ XQ`a_bYcm `Qa_\mD Vb\Y `_\mX_SQcV\m b cQ[Y] Y]V6
^V] dWV YXSVbcV^ ‑ b`a_bYcm Y `a_SVaYcm `Qa_\m7 @_b\V db`Vi^_T_
Sf_UQ ^Q bVaSVa `_\mX_SQcV\m _[QXlSQVcbp S _RjV] hQcV5 TUV ]_W^_
U_T_S_aYcmbp _R YTaV b UadTY]Y YTa_[Q]Y5 b_XUQcm YTad Y\Y `aYb_6
VUY^Ycmbp [ b_XUQ^^_Z5 ^_ Vjݷ ^V ^QhQSiVZbp YTaV7 3 aVWY]V YTal
cV`Vam U_\W^l `_[QXlSQcmbp Y]V^Q YTa_[_SD b\VUdVc `aVUdb]_caVcm
S_X]_W^_bcm hQcQ ]VWUd YTa_[Q]Y S f_UV YTal7

?7:B*7 @aYUd]QZcV bS_o cV[bc_Sdo ]^_T_`_\mX_SQcV\mb[do YTad
Y aVQ\YXdZcV bVaSVa U\p ^V7ݷ

?7;9*7 AVQ\YXdZcV bVaSVa U\p ]^_T_`_\mX_SQcV\mb[Yf YTa
1b]7 db\_SYp XQUQhY ?7:A25 `_XS_\pojYZ _U^_SaV]V^^_ `a_S_UYcm YT6
al aQX\Yh^lf SYU_S7



; hQbcY @ QaQ\\V\m^lV`ݷ
`a_TaQ]]l Y aQXUV\pV]lV
UQ^^lVݷ

@79:7 3 ^V`aQSY\m^_ b`a_V[cYa_SQ^^_Z bYbcV]V Y]VVcbp bVT]V^c
aQXUV\pV]_Z `Q]pcY5 S [_c_a_] b_UVaWYcbp ]QbbYS gV\lf hYbV\ 1[Q[
`_\_WYcV\m^lf5 cQ[ Y _caYgQcV\m^lf25 _RjQp bd]]Q [_c_alf aQS^Q
^d\o7 >V[Qp `a_TaQ]]Q YX hYb\Q Sf_UpjYf S bYbcV]d ^QhQ\Q `_Ubhݷc
bd]]l n\V]V^c_S ]QbbYSQ7 3 nc_ WV bQ]_V SaV]p UadTQp `a_TaQ]]Q
[Q[Y]6c_ ^VYXSVbc^l] b`_b_R_] SlRaQ\Q caY n\V]V^cQ ]QbbYSQ5 `Va6
SlZ YX ^Yf d]V^miY\Q ^Q :995 Sc_a_Z d]V^miY\Q ^Q ;995 caVcYZ
dSV\YhY\Q ^Q <995 cQ[ hc_ _RjQp bd]]Q n\V]V^c_S _bcQ\Qbm ^d\VS_Z7
;Q[Y]Y ]_Tdc _[QXQcmbp aVXd\mcQcl `_UbhݷcQ5 Sl`_\^pV]_T_ `VaS_Z
`a_TaQ]]_Z5 Vb\Y YXSVbc^_5 hc_ [QWUQp _cUV\m^_ SXpcQp _`VaQgYp
YXS\VhV^Yp n\V]V^cQ YX ]QbbYSQ Y XQ`YbY n\V]V^cQ S ]QbbYS Sl`_\6
^pVcbp Qc_]Qa^_5 ^_ ^Y[Q[_T_ SXQY]_Yb[\ohV^Yp S _RVYf aQR_cQo6
jYf `a_TaQ]]Qf ^V `aVUdb]_caV^_H @VaVhYb\YcV SbV S_X]_W^lV SQ6
aYQ^cl7 >_]VaQ n\V]V^c_S5 SlRaQ^^lf Sc_a_Z `a_TaQ]]_Z5 Q cQ[WV
[_^[aVc^Qp `_b\VU_SQcV\m^_bcm5 S [_c_a_Z `VaSQp `a_TaQ]]Q bd]6
]YadVc n\V]V^cl5 ^VYXSVbc^l 1]_Tdc Rlcm \oRl]Y27

@79;7 3 aQXUV\pV]_Z `Q]pcY aQb`_\_WV^ ]QbbYS YX caݷf n\V]V^6
c_S cY`Q 9>D5 `aYhݷ] Ybf_U^_ `VaSlZ n\V]V^c aQSV^ :995 Sc_a_Z ‑
;995 caVcYZ ‑ <997 6bcm ed^[gYp5 `aY^Y]QojQp `QaQ]VcaQ]Y QU6
aVbQ USdf `VaV]V^^lf5 SlhYb\pojQp Yf baVU^VV QaYe]VcYhVb[_V Y
XQ`YblSQojQp aVXd\mcQc S _RV `VaV]V^^lVC

F?94 C5Dh1F5B17519>D 3H5 9>D 3I2
K

9>D J F 13H 4 3I2 8 ;D
3H F JD
3I F JD



; hQbcY QaQ\\V\m^lV`ݷ `a_TaQ]]l Y aQXUV\pV]lV UQ^^lVݷ A<

M

Ncd ed^[gYo SlXSQ\Y S `QaQ\\V\m^lf `a_gVbbQf5 `aYhݷ] S _U^_] ‑
U\p `VaS_T_ Y Sc_a_T_ n\V]V^c_S ]QbbYSQ5 Q S UadT_] ‑ U\p Sc_a_T_
Y caVcmVT_7 ;Q[_Sl ]_Tdc Rlcm X^QhV^Yp n\V]V^c_S `_b\V nc_T_5 Vb\Y
^Y[Q[Yf baVUbcS bY^fa_^YXQgYY Y SXQY]_Yb[\ohV^Yp ^V `aVUdb]_c6
aV^_5 ^_ `aY nc_] YXS\VhV^YV X^QhV^Yp YX _cUV\m^_ SXpc_T_ n\V]V^cQ
]QbbYSQ5 Q cQ[WV XQ^VbV^YV S ^VT_ ^_S_T_ X^QhV^Yp aQR_cQoc Qc_]Qa6
^_H @VaVhYb\YcV SbV S_X]_W^lV SQaYQ^cl7

@79<7 3 >7:7@ݷ `aYSVUݷ^ Q\T_aYc] @VcVab_^Q 5 `_XS_\pojYZ
Sl`_\^Ycm [_aaV[c^_V SXQY]_Yb[\ohV^YV U\p USdf `a_gVbb_S b Yb6
`_\mX_SQ^YV] `VaV]V^^_Z G8?hG19DC Y ]QbbYSQ e\QT_S 9>D5B5CD54
YX USdf n\V]V^c_SC

F?94 5>D5BhC53D9?>12 K
9>D5B5CD54d9f F ][^ND
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^Q5 [_c_aQp ^V pS\pVcbp bYbcV]^l] SlX_S_] Y ^Y[_TUQ ^V _RaQjQVcbp
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SYacdQ\m^_Z `Q]pcY b caV]p da_S^p]Y bcaQ^Yh^lf cQR\Yg7 PhVZ[Y
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f_U^_Z `QaQ]Vca ‑ QUaVb5 [dUQ ^dW^_ XQ`YbQcm `_\dhV^^do
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bcQ^_S_[5 c7 V7 `_b\V c_T_5 [Q[ ed^[gYp iQTQ QSc_]QcQ Rl\Q SlXSQ^Q
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^Yf QSc_]Qcl S SYUV _RkV[c_S [\Qbb_S5 Y]VojYf [_^bcad[c_a U\p
Y^YgYQ\YXQgYY Y XQUQ^Yp ^QhQ\m^lf `QaQ]Vca_S5 Vb\Y cQ[_SlV ^dW6
^l5 UVbcad[c_a U\p SlbS_R_WUV^Yp XQfSQhV^^lf aVbdab_S5 Vb\Y cQ6
[YV Vbcm5 Y _UY^ _Rl[^_SV^^lZ `dR\Yh^lZ ]Vc_U5 Sl`_\^pojYZ iQT
QSc_]QcQ7 @aYSQc^lV ]Vc_Ul ]_W^_ SS_UYcm RVX _TaQ^YhV^YZ7

:97:A7 3Va^YcVbm [ db\_SYp] XQUQh ?7:;‑?7:@ Y `VaV`YiYcV ncY
`a_TaQ]]l ^Q BY44 b Yb`_\mX_SQ^YV] _RkV[c^_6_aYV^cYa_SQ^^_T_
`_Uf_UQ7



BA 8QUQhY

2YR\Y_cV[Q OU]T

:97:B7 B Yb`_\mX_SQ^YV] RYR\Y_cV[Y OU]T ^Q`YiYcV `a_TaQ]6
]d5 [_c_aQp `_\dhQVc hVaVX `QaQ]Vca [_]Q^U^_Z bca_[Y ^V[_V b_6
_RjV^YV5 `_b\V XQ`db[Q e_a]YadVc ^Q n[aQ^V UYQ\_T_S_V _[^_5 b_6
UVaWQjVV nc_ b__RjV^YV Y USV [^_`[Y b ^QU`Ybp]Y b5C Y W?D Vb\Y
`_\mX_SQcV\m ^QWY]QVc [^_`[d b5C5 `a_TaQ]]Q U_\W^Q XQSVaiYcm6
bp db`Vi^_ 1b ^d\VSl] [_U_] XQSVaiV^Yp25 Vb\Y WV `_\mX_SQcV\m
`aVU`_hcݷc [^_`[d W? ‑ XQSVaiYcmbp b\VUdVc b [_U_] : 1^Vdb`Vf27

:97;97 6b\Y ^V `aVU`aY^pcm b`VgYQ\m^lf ]Va5 ^QWQcYV [\QSYiY
NC31@5 S _[_i[V `a_TaQ]]l5 ^Q`YbQ^^_Z ^Q OU]T5 `aYS_UYc [ ^_a6
]Q\m^_]d XQSVaiV^Yo `a_TaQ]]lD `_ b]lb\d db\_SYp `aVUlUdjVZ
XQUQhY nc_ b_SVaiV^^_ ^V c_5 hc_ ^dW^_7 Db_SVaiV^bcSdZcV `a_TaQ]6
]d5 ^Q`YbQ^^do U\p aViV^Yp `aVUlUdjVZ XQUQhY5 cQ[5 hc_Rl `aY
^QWQcYY NC31@5 _^Q XQSVaiQ\Qbm b [_U_] :7

:97;:7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `aY^Y]QVc `a_YXS_\m^_V
1^_ ^V ]V^VV _U^_T_2 [_\YhVbcS_ QaTd]V^c_S [_]Q^U^_Z bca_[Y5 [QW6
UlZ YX QaTd]V^c_S Yb`_\mXdVc [Q[ cV[bc [^_`[Y5 e_a]YadVc UYQ\_6
T_S_V _[^_5 b_UVaWQjVV b__cSVcbcSdojYV [^_`[Y5 Y S b\dhQV5 Vb\Y
`_\mX_SQcV\m ^QWY]QVc ^Q _U^d YX [^_`_[ ‑ XQSVaiQVcbp db`Vi^_5
SlUQS S `_c_[ bcQ^UQac^_T_ SlS_UQ UVbpcYh^_V `aVUbcQS\V^YV ^_]V6
aQ [^_`[Y5 ^QhY^Qp b VUY^Ygl 1nc_c ^_]Va RdUVc b_S`QUQcm b Y^UV[6
b_] QaTd]V^cQ S ]QbbYSV 1B7F2D Vb\Y WV `_\mX_SQcV\m ^QWQ\ NC31@55
`a_TaQ]]Q U_\W^Q XQSVaiYcmbp b [_U_] :5 ^YhVT_ ^V ^Q`VhQcQS7

:97;;7 >Q`YiYcV b Yb`_\mX_SQ^YV] OU]T `a_TaQ]]d ‑ [\QSYQ6
cda^lZ caV^QWݷa7 @_b\V bcQacQ `a_TaQ]]Q U_\W^Q `a_hYcQcm cV[bc
YX ^V[_c_a_T_ cV[bc_S_T_ eQZ\Q5 S [_c_a_] [QWUQp bca_[Q ‑ nc_
5ݷd`aQW^V^YVݷ c7 V7 eaQXQ5 [_c_ado `_\mX_SQcV\m U_\WV^ ^QRaQcm7
5Q\VV `a_TaQ]]Q e_a]YadVc UYQ\_T_S_V _[^_5 S [_c_a_] Vbcm SY6
UWVc U\p _cRaQWV^Yp _hVaVU^_Z eaQXl Y `_\V cV[bc_S_T_ SS_UQD S
nc_] _[^V `a_TaQ]]Q `_b\VU_SQcV\m^_ S_b`a_YXS_UYc eaQXl5 `a_6
hYcQ^^lV YX eQZ\Q7 @_\mX_SQcV\o `aVU\QTQVcbp ^QRaQcm cQ[do WV
eaQXd S `_\V SS_UQ Y ^QWQcm N>D5B7 6b\Y ^QRaQ^^Qp eaQXQ b_S`QUQ6
Vc b _WYUQV]_Z5 `a_TaQ]]Q U_\W^Q `VaVZcY [ aQR_cV b_ b\VUdojVZ
eaQX_Z YX eQZ\Q5 [_TUQ WV _^Y XQ[_^hQcbp ‑ SlUQcm `_\mX_SQcV\o
Y^e_a]QgY_^^lZ UYQ\_T5 _c_RaQWQojYZ _RjVV [_\YhVbcS_ `_caQ6
hV^^_T_ ^Q d`aQW^V^YV SaV]V^Y5 b [^_`[_Z Dݷ;Xݷ `_b\V ^QWQcYp ^Q
[^_`[d `a_TaQ]]Q XQSVaiQVcbp7 6b\Y _hVaVU^do eaQXd `_\mX_SQcV\m
^QRaQ\ b _iYR[Q]Y5 `aY ^QWQcYY [\QSYiY N>D5B ^QRaQ^^lZ cV[bc
U_\WV^ YbhVX^dcm5 Q eaQXQ5 [_c_ado ^dW^_ ^QRaQcm ‑ _bcQcmbp c_Z
WV bQ]_Z5 hc_Rl Vݷ `aYi\_bm ^QRaQcm `_Sc_a^_5 Y cQ[ U_ cVf `_a5
`_[Q _^Q ^V RdUVc ^QRaQ^Q `aQSY\m^_7



; hQbcY ]pXlݷ BY445 ??@ Y 1C5ݷ BB

:97;<7 B [_^gQ aRa SV[Q f_a_i_ YXSVbc^Q YTaQݷ S 5ݷ<: _^Q WV cQ6ݷ
[V^7ݷ 3 [\QbbYhVb[_] SQaYQ^cV ncQ YTaQ `aVUbcQS\pVc b_R_Z [SQUaQc6
^do [_a_R[d5 S [_c_a_Z aQb`_\QTQocbp :> [SQUaQc^lf eYiV[ Y6\`ݷ1
c_[2ݷ aQX]Va_] ShVcSVa_ ]V^miV [_a_R[YD `aY nc_] _UY^ [SQUaQcY[
S [_a_R[V _bcQݷcbp `dbcl]7 @\Yc[Y Ybf_U^_ aQb`_\_WV^l S b\dhQZ6
^_Z `_b\VU_SQcV\m^_bcYD XQUQhQ YTal ‑ `VaV]VjQp XQ _UY^ f_U _U^d
`\Yc[d ^Q `dbc_V ]Vbc_5 aQbbcQSYcm SbV `\Yc[Y S `_apU[V S_XaQbcQ6
^Yp ^_]Va_S7 F_a_i_ YXSVbcV^ cQ[WV c_c eQ[c5 hc_ a_S^_ `_\_SY^Q
Ybf_U^lf `_XYgYZ ^VaQXaViY]QC Yf ]_W^_ `aYSVbcY [ `_XYgYY5 S
[_c_a_Z SbV `\Yc[Y bc_pc `_ `_apU[d5 ^_ `_b\VU^YV USV 1:= Y :>2
`_]V^V^l ]VbcQ]Y7

AYb[^ݷ] `aVU\_WYcm hYcQcV\o ]_UYeY[QgYo YTalݷ S 5ݷ<: [_c_6
ado ]_W^_ ^QXSQcm 7ݷ>:ݷ ?c [\QbbYhVb[_T_ SQaYQ^cQ _^Q _c\YhQVcbp
c_\m[_ ^d]VaQgYVZ `\Yc_[C _^Y XQ^d]Va_SQ^l _c 9 U_ :<5 `aYhݷ]
`\Yc_[ b ^d\ݷ] S [_a_R[V USV5 Y _^Y ^V _c\YhQocbp _U^Q _c Uad6
T_Z7 GV\VSQp `_XYgYp S nc_] b\dhQV ‑ b^QhQ\Q USQ 5ݷd\p^ݷ `_c_]
_bcQ\m^lV `\Yc[Y _c `VaS_Z U_ caY^QUgQc_Z7 @_b[_\m[d USV d\V6^ݷ
SlVݷ `\Yc[Y ^VaQX\YhY]Y5 Yf ]_W^_ `_bcQSYcm S \oR_] `_apU[V5 hc_
UV\QVc SbV S_X]_W^lV ^QhQ\m^lV `_XYgYY XQSVU_]_ aQXaViY]l]Y7

AVQ\YXdZcV `a_TaQ]]d5 `_XS_\pojdo `_\mX_SQcV\o YTaQcm S
7ݷ>:ݷ @a_TaQ]]Q U_\W^Q e_a]Ya_SQcm UYQ\_T_S_V _[^_ b :> [SQU6
aQc^l]Y [^_`[Q]Y5 Y]VojY]Y b__cSVcbcSdojYZ cV[bc 1aQX]Va_]
@9‑A95 _c aQX]Va_S [^_`[Y2 Y aQb`_\_WV^^l]Y ^Q `_\V aQX]Va_]
4 × 4 [^_`[YD f_U `a_YXS_UYcbp ^QWQcYV] ^Q _U^d YX [^_`_[ apU_]
b_ bS_R_U^l] ]Vbc_]5 `_b\V hVT_ b__cSVcbcSdojQp [^_`[Q `VaV]VjQ6
Vcbp S bS_R_U^do `_XYgYo 1]V^pocbp [__aUY^Qcl Vݷ SYUWVcQ27 @_b\V
U_bcYWV^Yp gV\VS_Z `_XYgYY b\VUdVc SlUQcm UYQ\_T b `_XUaQS\V^Y6
p]Y7

7V\QcV\m^_5 hc_Rl SQiQ `a_TaQ]]Q `_]^Y\Q ^QhQ\m^do `_XY6
gYo Y SbV bUV\Q^^lV `_\mX_SQcV\V] f_Ul5 `_XS_\p\Q S_XSaQjQcmbp [
^QhQ\d5 _c[QclSQcm \oR_V [_\YhVbcS_ f_U_S5 XQ`YblSQcm cV[djVV b_6
bc_p^YV 1`_XYgYo Y f_Ul2 S eQZ\ Y bhYclSQcm VT_ YX eQZ\Q5 Q cQ[WV
TV^VaYa_SQcm ^_Sdo ^QhQ\m^do `_XYgYo5 Yb`_\mXdp `bVSU_b\dhQZ6
^lV hYb\Q7 ;a_]V c_T_5 WV\QcV\m^_ `aVUdb]_caVcm U\p `_\mX_SQcV\p
S_X]_W^_bcm bQ]_bc_pcV\m^_ XQUQcm ^QhQ\m^do `_XYgYoD S`a_hV]5
Vb\Y eQZ\ U\p b_faQ^V^Yp b_bc_p^Yp RdUVc `a_bcl] cV[bc_Sl]5 ncd
S_X]_W^_bcm ]_W^_ _cUV\m^_ ^V aVQ\YX_SlSQcm5 `aVU\_WYS `_\mX_6
SQcV\o Sadh^do be_a]Ya_SQcm b__cSVcbcSdojYZ eQZ\7

:97;=*7 3Va^YcVbm [ XQUQhV ?7:A 1b]7 bca7 A:2 Y b^QRUYcV SQi bVa6
SVa TaQeYhVb[_Z [\YV^cb[_Z `a_TaQ]]_ZD YX_RaQWV^Yp YTaQ\m^lf
[Qac5 b_bcQS\pojYf aQX\Yh^lV [_\_Ul5 ]_W^_ \VT[_ _clb[Qcm S 9^6
cVa^VcV7



; hQbcY :: VaQXadiQojYV^ݷ
`QaQUYT]lݷ

<Yb` Y \385=5
5\p aViV^Yp XQUQh YX nc_T_ `QaQTaQeQ aV[_]V^UdVcbp S_b6
`_\mX_SQcmbp \oRl] YX Y^cVa`aVcQc_a_S L?==?> U9C@5 aQb6
b]QcaYSQV]lf S_ 3SVUV^YYݷ S `a_eVbbYoݷ ‑ \KLU5 PLU
Y\Y NLU5 Q cQ[WV Y^cVa`aVcQc_a_] L893;5> \385=5 1f_cp
^Q bQ]_] UV\V ]_W^_ Yb`_\mX_SQcm VUSQ \Y ^V \oR_Z Y^6
cVa`aVcQc_a27 3 XQUQhQf5 `aVU`_\QTQojYf ^Q`YbQ^YV `a_6
TaQ]]l 1S _c\YhYV _c _cUV\m^_Z ed^[gYY25 cQ[do `a_TaQ]6
]d b\VUdVc _RpXQcV\m^_ _e_a]Ycm [Q[ Yb`_\^pV]lZ b[aY`c
1b]7 5;7:7::ݷݷ ::7;7:25 \YR_ U\p b\dhQp L893;5> \385=5 ‑
_c[_]`Y\Ya_SQcm7 @_]^YcV5 hc_ XQ`db[ `a_TaQ]] YX Y^6
cVaQ[cYS^_T_ bVQ^bQ aQR_cl b Y^cVa`aVcQc_a_] ‑ nc_ QcQ6
SYX] UQS^_ diVUiVZ n`_fY5 [_TUQ ^V bdjVbcS_SQ\_ [_^Vh^lf
`_\mX_SQcV\VZD [_^Vh^_]d WV `_\mX_SQcV\o SQiQ `a_TaQ]6
]Q S__RjV ^V U_\W^Q `_[QXlSQcm5 ^Q hݷ] _^Q ^Q`YbQ^Q7

6b\Y Sl f_cYcV _bS_Ycm Y <Yb`5 Y \385=5 1hc_ S gV\_] `_6
\VX^_25 `aQSY\m^_ RdUVc `_^QhQ\d aViV^YV [QWU_Z XQUQhY
`YbQcm ^Q _R_Yf pXl[QfD ^Q R_\VV `_XU^Yf ncQ`Qf ]_W^_ hV6
aVU_SQcm pXl[Y 1_U^d XQUQhd ^Q _U^_]5 UadTdo ^Q UadT_]25
]_W^_ U\p [QWU_Z XQUQhY SlRYaQcm _UY^ YX USdf pXl[_S5
Ybf_Up YX \oRlf b__RaQWV^YZ S`\_cm U_ bVT_U^pi^VT_ ^Q6
bca_V^Yp5 cdc T\QS^_V ‑ ^V XQgY[\YSQcmbp ^Q _U^_] YX USdf
pXl[_S5 Y^QhV Sc_a_Z Sl cQ[ c_\[_] Y ^V `_`a_RdVcV7

::79:7 >Q`YiYcV ed^[gYo5 [_c_aQp `aY^Y]QVc `QaQ]Vca_] ^Q6
cdQ\m^_V hYb\_ 𝑁 Y S_XSaQjQVc b`Yb_[ ^QcdaQ\m^lf hYbV\ _c : U_
𝑁 5 ^Q`aY]Va5 1: ; < =27



; hQbcY VaQXadiQojYV^ݷ `QaQUYT]lݷ :9:

::79;7 >Q`YiYcV ed^[gYo5 [_c_aQp `aY^Y]QVc USQ `QaQ]VcaQ ‑
`a_YXS_\m^_V SlaQWV^YV 𝐸 Y gV\_V hYb\_ 𝑁 ‑ Y S_XSaQjQVc `_bca_6
V^^lZ b`Yb_[5 b_bc_pjYZ YX 𝑁 n\V]V^c_S 𝐸7

::79<7 >Q`YiYcV ed^[gYo5 [_c_aQp `aY^Y]QVc _UY^ `QaQ]Vca ‑
b`Yb_[ `a_YXS_\m^_Z U\Y^l5 n\V]V^cQ]Y [_c_a_T_ c_WV ]_Tdc Rlcm
b`Yb[Y ^Q `a_YXS_\m^do T\dRY^d S\_WV^^_bcY ‑ Y `_UbhYclSQVc
bd]]d Sf_UpjYf S nc_c b`Yb_[ 1^Q \oR_Z T\dRY^V S\_WV^^_bcY2 hYb6
\_Slf Qc_]_S5 Q SbV _bcQ\m^lV Qc_]l 1[Q[ Y bcad[cdad bQ]Yf b`Yb6
[_S2 YT^_aYadVc7

::79=7 >Q`YiYcV ed^[gYo5 [_c_aQp `_\dhQVc `QaQ]Vca_] b`Yb_[
`a_YXS_\m^_Z U\Y^l Y S\_WV^^_bcY5 Y S_XSaQjQVc b`Yb_[5 `_bca_V^6
^lZ YX Qc_]_S5 Sf_UpjYf S Ybf_U^lZ b`Yb_[ ^Q \oR_] da_S^V S\_6
WV^^_bcY7 >Q`aY]Va5 YX QaTd]V^cQ 1: ; 1< 1= >2 ? 11@ A22 B22
U_\WV^ `_\dhYcmbp b`Yb_[ 1: ; < = > ? @ A B27

::79>7 >Q`YiYcV ed^[gYo @B?@5B<9CD5 [_c_aQp `aY^Y]QVc _UY^
QaTd]V^c Y S_XSaQjQVc X^QhV^YV \_TYhVb[_Z YbcY^l5 Vb\Y QaTd]V^c
pS\pVcbp ݷ[aQSY\m^l`ݷ b`Yb[_]5 Y \_Wm S \oR_] UadT_] b\dhQV7 >Q6
`_]^Y]5 hc_ `aQSY\m^l] 1@B?@5B2 bhYcQVcbp \YR_ `dbc_Z b`Yb_[5 \Y6
R_ cQ[_Z5 S [_c_a_] `aQSlZ n\V]V^c 134B2 `_b\VU^VZ c_hVh^_Z `Qal
pS\pVcbp `dbcl] b`Yb[_]7 ?c]VcY]5 hc_ Sbca_V^^Qp ed^[gYp <9CD@
1<9CDH S \385=52 S_XSaQjQVc YbcY^d S c_] hYb\V Y U\p c_hVh^lf
b`Yb[_S5 cQ[Yf [Q[ 1: 7 ;2 Y\Y 11 2 3 7 427

::79?7 >V Yb`_\mXdp QaYe]VcYhVb[YV UVZbcSYp5 ^Q`YiYcV ed^[6
gYo5 [_c_aQp S_XSaQjQVc YbcY^d5 Vb\Y Vݷ 1VUY^bcSV^^lZ2 QaTd]V^c ‑
b`Yb_[ YX hݷc^_T_ hYb\Q n\V]V^c_S 1SVaf^VT_ da_S^p25 Q S_ SbVf
_bcQ\m^lf b\dhQpf S_XSaQjQVc \_Wm7

::79@7 >Q`YiYcV ed^[gYo5 [_c_aQp `_\dhQVc USQ QaTd]V^cQ ‑
b`Yb_[ 𝐿 Y gV\_V hYb\_ 𝑁 5 Y S_XSaQjQVc b`Yb_[5 b_bc_pjYZ YX 𝑁
`VaSlf n\V]V^c_S b`Yb[Q 𝐿D Vb\Y b`Yb_[ 𝐿 b_bc_Yc SbVT_ YX 𝑁 n\V]V^6
c_S Y\Y _[QWVcbp Vjݷ [_a_hV5 b\VUdVc SVa^dcm VT_ SVbm 1U_`db[QVcbp
SVa^dcm VT_ [_`Yo27

::79A7 >Q`YiYcV ed^[gYo <9CD69D5B5 [_c_aQp `aY^Y]QVc _UY^
`QaQ]Vca ‑ `a_YXS_\m^lZ b`Yb_[5 Q S_XSaQjQVc _RkV[c ^_S_Z ed^[6
gYY 1XQ]l[Q^YV2D `_a_WUݷ^^Qp ed^[gYp U_\W^Q5 ^V `aY^Y]Qp QaTd6
]V^c_S5 `aY [QWU_] SlX_SV S_XSaQjQcm _hVaVU^_Z n\V]V^c Ybf_U^_T_
b`Yb[Q5 `_[Q nc_c b`Yb_[ ^V [_^hYcbp5 `_b\V nc_T_ S b\dhQV UQ\m^VZ6
iYf SlX_S_S S_XSaQjQcm WRU 1Y\Y 3O U\p \385=527 >Q`aY]Va5 Vb\Y
aVXd\mcQc SlX_SQ 1<9CD69D5B ’1: ; <22 `aYbS_Ycm `VaV]V^^_Z 65 c_
_RaQjV^Yp [ 16E>31<< 62 1U\p \385=5 ‑ `a_bc_ 1622 U_\W^l `_b\V6
U_SQcV\m^_ SVa^dcm :5 ;5 <5 Q UQ\miV b__cSVcbcSV^^_ WRU Y\Y 367



:9; 8QUQhY

::79B7 9b`_\mXdp bS_ZbcSQ XQ]l[Q^YZ5 ^Q`YiYcV ed^[gYo5 [_c_6
aQp `_ XQUQ^^_]d b`Yb[d bca_Yc ݷa^dclZݷVaVS`ݷ b`Yb_[5 Yb`_\mXdp
U\p `a_b]_caQ b`Yb[Q ed^[gY_^Q\ =1@31B 1=1@ U\p pXl[Q \385=527

::7:97 3 L?==?> U9C@ dX^Qcm U\Y^d bca_[Y ]_W^_ b `_]_jmo
Sbca_V^^_Z ed^[gYY <5>7D85 YXS\Vhm YX bca_[Y bY]S_\ b XQUQ^^l]
^_]Va_] ‑ b `_]_jmo ed^[gYY 381BD S \385=5 Q^Q\_TYh^lV ed^[6
gYY ^QXlSQocbp CDB9>76<5>7D8 Y CDB9>76B567 >Q`YiYcV ^Q ncYf
pXl[Qf `a_TaQ]]l5 b__cSVcbcSdojYV db\_SYp] XQUQh ;7;;5 ;7;< Y
=7:;7

::7::7 >Q`YiYcV ^Q <Yb`V Y8Y\Y \385=5 `a_TaQ]]d5 b__cSVcbcSd6
ojdo [Q[_]d6^YRdUm YX `d^[c_S XQUQhY ;7:B 1b]7 bca7 ;7:B25 ^V `aY]V6
^pp gY[\l7 3^Y]QcV\m^_ `a_Q^Q\YXYadZcV `_\dhYSidobp aV[dabYoD
Vb\Y _^Q ^V pS\pVcbp _bcQc_h^_Z 1fS_bc_S_Z25 _RpXQcV\m^_ b[_aaV[6
cYadZcV bS_ݷ aViV^YV7 @_UQS bS_VZ `a_TaQ]]V ^Q bcQ^UQac^lZ SS_U
RVb[_^Vh^lZ `_c_[ bca_[ 1^Q`aY]Va5 b `_]_jmo [_]Q^Ul I5C25 dRV6
UYcVbm5 hc_ [_\YhVbcS_ XQ^Y]QV]_Z Vo `Q]pcY ^V dSV\YhYSQVcbp b_
SaV]V^V]7

::7:;7 >Q`YiYcV `a_TaQ]]d5 `aY^Y]Qojdo a_S^_ _UY^ QaTd]V^c
[_]Q^U^_Z bca_[Y5 S [_c_a_] U_\W^_ Rlcm XQ`YbQ^_ QaYe]VcYhVb[_V
SlaQWV^YV5 SlhYb\pVc nc_ SlaQWV^YV Y SlUQݷc aVXd\mcQc SlhYb\V6
^Yp ^Q bcQ^UQac^lZ SlS_U7 3laQWV^YV ]_WVc S[\ohQcm gV\lV hYb6
\Q5 [adT\lV b[_R[Y Y X^Q[Y `pcY _b^_S^lf UVZbcSYZ gV\_hYb\V^^_Z
QaYe]VcY[Y 145 65 35 8 Y 52D [a_]V c_T_5 ]VWUd \oRl]Y n\V]V^cQ]Y
SlaQWV^Yp 1^_5 [_^Vh^_5 ^V S^dcaY hYbV\2 U_`db[Qocbp 1^_ ^V pS\p6
ocbp _RpXQcV\m^l]Y2 `a_YXS_\m^lV Tad``l `a_RV\m^lf bY]S_\_S7
5\p d`a_jV^Yp [QacY^l ]_WVcV ^V _RaQRQclSQcm d^Qa^lV ]Y^dbl
Y `\obl5 f_cp Yf ^Q\YhYV Vb\Y Y db\_W^pVc aQXR_a SlaQWV^Yp5 c_
^V cQ[ hc_Rl _hV^m bY\m^_7

::7:<7 B_XUQZcV `a_TaQ]]d5 T\QS^Qp ed^[gYp [_c_a_Z ^Q`YbQ6
^Q ^Q BY5 `aY nc_] ^V[_c_alV YX _bcQ\m^lf ed^[gYZ ^Q`YbQ^l ^Q
L893;5> \385=5D ^Q`aY]Va5 ]_W^_ bUV\Qcm `a_TaQ]]d5 `VhQcQojdo
cV YX QaTd]V^c_S [_]Q^U^_Z bca_[Y5 [_c_alV pS\pocbp `Q\Y^Ua_6
]Q]Y 1RVX dhݷcQ `a_RV\_S25 Q `a_SVa[d bca_[Y ^Q `Q\Y^Ua_]Yh^_bcm
aVQ\YX_SQcm ^Q \385=57

B_XUQZcV `a_TaQ]]d5 _b^_S^Qp hQbcm [_c_a_Z ^Q`YbQ^Q ^Q \385=55
^_ `aY nc_] YX ^Vݷ SlXlSQocbp hQbcY5 ^Q`YbQ^^lV ^Q BYD ^Q`aY]Va5
nc_ ]_WVc Rlcm [Q[_Z6c_ UV]_^bcaQgY_^^lZ ]LY6bVaSVa5 hQbcm [_6
c_a_T_5 _cSVhQojQp XQ b_[Vcl5 ^Q`YbQ^Q ^Q BY5 Q `aY[\QU^Qp ed^[6
gY_^Q\m^_bcm ‑ ^Q \385=57

3bo ^V_Rf_UY]do Y^e_a]QgYo _ c_]5 [Q[ Y^cVTaYa_SQcm ]VWUd
b_R_Z ]_Ud\Y ^Q L893;5> \385=5 Y BY5 ^QZUYcV S 9^cVa^VcV7
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@a_\_T
3 XQUQhQf ^Q _RaQR_c[d b`Yb[_S ^V b\VUdVc `aY]V^pcm Sbca_6
V^^lV Y RYR\Y_cVh^lV `aVUY[Qcl5 Y^QhV Sl ^V `_\dhYcV ^Q6
Sl[_S5 ^Q e_a]Ya_SQ^YV [_c_alf UQ^l ncY XQUQhY7

::7:=7 2VX Yb`_\mX_SQ^Yp QaYe]VcY[Y ^Q`YiYcV _U^_]Vbc^lZ
`aVUY[Qc5 YbcY^^lZ ^Q b`Yb[Qf5 [_c_alVC

12 b_bc_pc YX hݷc^_T_ hYb\Q n\V]V^c_SD
22 b_bc_pc YX ^Vhݷc^_T_ hYb\Q n\V]V^c_SD
32 b_UVaWQc S `a_YXS_\m^_] ]VbcV USQ b_bVU^Yf _UY^Q[_Slf n\V]V^6

cQD
42 S [QWU_Z hݷc^_Z `_XYgYY 1Sc_al]5 hVcSݷacl]5 iVbcl] n\V]V^c_]

Y c7 U72 b_UVaWQc `dbc_Z b`Yb_[ 1df25

Y \_W^lZ ^Q \oRlf UadTYf QaTd]V^cQf7
::7:>7 >Q`YiYcV RVX Yb`_\mX_SQ^Yp QaYe]VcY[Y `aVUY[Qc

1D<51CD;1N5U25 SVa^lZ S b\dhQV5 Vb\Y n\V]V^c N SbcaVhQVcbp S b`Yb[V
U ^V ]V^VV USdf aQX7 @aQSY\m^_ ^Q`YbQ^^lZ `aVUY[Qc U_\WV^ aQR_6
cQcm S `a_c_cY`Qf 1+5+2 Y 1−5+2 c_ Vbcm [_TUQ `VaSlZ QaTd]V^c ^V
XQUQ^5 `aVUY[Qc U_\WV^ ^QZcY SbV cQ[YV n\V]V^cl5 [_c_alV Sf_Upc
S b`Yb_[ R_\miV _U^_T_ aQXQ7

::7:?7 >Q`YiYcV `aVUY[Qc C9=9<1B1U:5 U;25 YbcY^^lZ c_TUQ Y
c_\m[_ c_TUQ5 [_TUQ U: Y U; ‑ b`Yb[Y _UY^Q[_S_Z U\Y^l5 `aYhݷ] U;
\YR_ pS\pVcbp [_`YVZ U:5 \YR_ `_\dhV^ YX U: XQ]V^_Z _U^_T_ Y\Y
^Vb[_\m[Yf 1S_X]_W^_5 SbVf2 n\V]V^c_S5 pS\pojYfbp b`Yb[Q]Y5 ^Q
`dbc_Z b`Yb_[ df7 >Q`aY]Va5 cQ[_]d bS_ZbcSd dU_S\VcS_apoc b`Yb[Y
U:Fd61b25d;5<f5d1f5d352f5<f Y U;Fd61b25df5d1f5df5<f7 @a_SVam6
cV aQR_cd S `a_c_cY`Qf 1+5+2 Y 1+5−27

::7:@7 >Q`YiYcV `aVUY[Qc 9>Ch?>51U9CD5 N<5=5 [5C25 dbcQ^QS6
\YSQojYZ _c^_iV^YV 5C]ݷ Vbcm b`Yb_[5 `_\dhV^^lZ YX b`Yb[Q U9CD
U_RQS\V^YV] n\V]V^cQ N<5= S \oR_V VT_ ]Vbc_ ‑ `VaVU `VaSl] n\V6
]V^c_]5 ]VWUd \oRl]Y USd]p Y\Y `_b\V `_b\VU^VT_7ݷ @aY `aQSY\m6
^_] aViV^YY SQi `aVUY[Qc U_\WV^ aQR_cQcm S `a_c_cY`Qf 1+5+5+25
1+5+5−25 1+5−5+25 1−5+5+2 Y 1−5−5+2D ^Q`aY]Va5 S _cSVc ^Q
XQ`a_b 9>Ch?>51d:5;f5 95 [2 Sl `_\dhYcV caY _cSVcQC d95:5;f5
d:595;f Y d:5;59f5 XQ`a_b 9>Ch?>51U5 ;5 d:5;5<f2 UQݷc a_S^_ _U^_
aViV^YV 1d:5<f25 XQ`a_b 9>Ch?>51U5 a5 d:5;5<f2 UQbc caY aViV^Yp
1U_TQUQZcVbm5 [Q[YV27

::7:A7 >Q`YiYcV `aVUY[Qc C8B9>;1U5[25 YbcY^^lZ5 [_TUQ b`Yb_[
[ `_\dhV^ YX b`Yb[Q U Slhݷa[YSQ^YV]C

12 a_S^_ USdf `a_YXS_\m^lf n\V]V^c_SD
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22 ^V R_\VV hV] USdf n\V]V^c_SD
32 a_S^_ USdf n\V]V^c_S5 bc_pjYf S b`Yb[V `_UapU7

::7:B7 >Q`YiYcV `aVUY[Qc CDB9;51U5V25 [_c_alZ YbcY^V^ c_TUQ
Y c_\m[_ c_TUQ5 [_TUQ b`Yb_[ V `_\dhV^ `dcݷ] Slhݷa[YSQ^Yp YX b`Yb6
[Q U ^V[_c_a_T_ 1S_X]_W^_5 ^d\VS_T_2 [_\YhVbcSQ n\V]V^c_S5 bc_6
pjYf `_UapU5 Y SbcQS\V^Yp S]Vbc_ ^Yf _U^_T_ n\V]V^cQ df7 @aV6
UY[Qc U_\WV^ aQR_cQcm [Q[ S `a_c_cY`V 1+5+25 cQ[ Y S `a_c_cY6
`V 1+5−2D S hQbc^_bcY5 XQ`a_b CDB9;51d:5;5<f5V2 U_\WV^ SlUQcm
1S `a_YXS_\m^_] `_apU[V2 b\VUdojYV aViV^YpC ddff5 d:5dff5 ddf5<f5
ddf5;5<f5 d:5df5<f5 d:5;5dff5 ddf5:5;5<f5 d:5df5;5<f5 d:5;5df5<f5
d:5;5<5dff7

::7;97 >Q`YiYcV `aVUY[Qc @5B=ED51U5 V25 XQUQojYZ _c^_iV^YV
]_b`Ybݷ V pS\pVcbp `VaVbcQ^_S[_Z b`Yb[Q U5ݷ c7 V7 b`Yb[Y b_bc_pc YX
_UY^Q[_Slf n\V]V^c_S5 S_X]_W^_5 bc_pjYf S aQX^_] `_apU[V7 @a_6
SVamcV aQR_cd S `a_c_cY`Qf 1+5+2 Y 1+5−27

;Q[ ^Y bcaQ^^_5 nc_c `aVUY[Qc _Rlh^_ ^V WV\QVc aQR_cQcm S Y^SVacYa_6
SQ^^_] `a_c_cY`V5 c7 V7 Vb\Y Sl XQbcQSY\Y VT_ aQR_cQcm S `a_c_cY`V 1+5−25
c_5 b[_aVV SbVT_5 S `a_c_cY`V 1−5+2 _^ ^V XQaQR_cQVc 1S \dhiV] b\dhQV dZ6
Uݷc S RVb[_^Vh^do aV[dabYo `_b\V SlUQhY SbVf aVXd\mcQc_S27 @dbcm SQb nc_
^V RVb`_[_Yc5 ^V Sl `VaSlV5 ^V Sl `_b\VU^YV5 [c_ _R^QadWYSQVc cQ[_V bS_Z6
bcS_ d nc_Z XQUQhY7 3 RYR\Y_cV[V \`R6@a_\_TQ Vbcm `aVUY[Qc @5B=ED1D9?>5
aViQojYZ a_S^_ ncd XQUQhd Y [_aaV[c^_ aQR_cQojYZ S_ SbVf `a_c_cY`Qf5 ^_
VT_ aVQ\YXQgYp Yb`_\mXdVc `aY]YcYS F1B7

::7;:7 >Q`YiYcV USdf]Vbc^lZ `aVUY[Qc5 _RQ QaTd]V^cQ [_c_a_6
T_ ‑ b`Yb[Y5 `aYhݷ] Sc_a_Z QaTd]V^c `_\dhV^ YX `VaS_T_ Slhݷa[Y6
SQ^YV] `_Sc_aV^YZ n\V]V^c_S 1c7 V7 Vb\Y [Q[YV6c_ n\V]V^cl b`Yb[Q
_UY^Q[_Sl5 YX ^Yf U_\WV^ _bcQcmbp c_\m[_ `VaSlZ27

::7;;7 >Q`YiYcV ^Q @a_\_TV `a_TaQ]]l5 b__cSVcbcSdojYV db\_6
SYp] XQUQh ;7;;5 ;7;< Y =7:;7

::7;< 1AE55>C27 3 [\QbbYhVb[_Z e_a]d\Ya_S[V XQUQhQ _ S_bm6
]Y eVaXpf SlT\pUYc b\VUdojY] _RaQX_]C ]Q]ݷ ^Q iQf]Qc^_Z U_b6
[V aQb`_\_WYcm S_bV]m eVaXVZ cQ[5 hc_Rl ^Y[Q[YV YX ^Yf ^V ]_T\Y
UadT UadTQ `_RYcm7ݷ 3`_\^V _hVSYU^_V _R_RjV^YV UQݷc XQUQhdݷ _R 𝑁
eVaXpfݷC [Q[ ^Q U_b[V aQX]Va_] 𝑁 ×𝑁 [\Vc_[ aQb`_\_WYcm 𝑁 eVa6
XVZ cQ[5 hc_Rl _^Y ^V ]_T\Y UadT UadTQ `_RYcmD YXSVbc^_5 hc_ `aY
𝑁 ∈ {2, 3} XQUQhQ aViV^YZ ^V Y]VVc5 ]Y^Y]Q\m^Qp U_b[Q5 ^Q [_c_a_Z
cQ[_V aQb`_\_WV^YV S_X]_W^_ ‑ 4× 47

>Q`YiYcV `a_TaQ]]d ^Q @a_\_TV5 `aY^Y]Qojdo a_S^_ _UY^ Qa6
Td]V^c [_]Q^U^_Z bca_[Y ‑ hYb\_ 𝑁 5 Y _clb[YSQojdo SbV S_X]_W6
^lV aViV^Yp XQUQhY _R 𝑁 eVaXpf7 @_b[_\m[d5 _hVSYU^_5 [QWUlZ
eVaXm U_\WV^ ^Qf_UYcmbp ^Q bS_VZ b_RbcSV^^_Z SVacY[Q\Y5 ^QZUV^^_V
aViV^YV ]_W^_ `aVUbcQSYcm S SYUV `_b\VU_SQcV\m^_bcY YX 𝑁 hYbV\5
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[QWU_V _c 1 U_ 𝑁 5 XQUQojYf ^_]VaQ T_aYX_^cQ\VZ5 TUV aQX]VjV^l
eVaXY ^Q [QWU_Z YX SVacY[Q\VZD SQiQ `a_TaQ]]Q U_\W^Q [QWU_V YX
aViV^YZ SlUQcm ^Q _cUV\m^_Z bca_[V S SYUV `_b\VU_SQcV\m^_bcY hY6
bV\ S UVbpcYh^_] `aVUbcQS\V^YY5 aQXUV\ݷ^^lf `a_RV\Q]Y7 CQ[5 `aY
𝑁 = 4 `a_TaQ]]Q U_\W^Q ^Q`VhQcQcmC

; = : <
< : = ;

1Y\Y ^Q_R_a_c27 5\p bQ]_`a_SVa[Y ]_WVcV Yb`_\mX_SQcm c_c eQ[c5
hc_ `aY 𝑁 = 8 U_\W^_ `_\dhYcmbp B; aViV^Yp ‑ VbcVbcSV^^_5 _c6
\Yh^lf UadT _c UadTQ7

::7;=* 1;>978D’C D?EB27 8QUQhQ f_Uݷ 5ݷ[ݷ^_] S`VaSlV 1S_ Sbp6
[_] b\dhQV5 S b_faQ^YSiVZbp U_ ^QiYf U^VZ _`dR\Y[_SQ^^_Z aQ6
R_cV2 Ybb\VU_SQ^^Qp <V_^QaU_] NZ\Va_] S a_RRR SV[V5 b_bc_Yc S
c_]5 [Q[5 Yb`_\mXdp f_U iQf]Qc^_T_ [_^p5 _R_ZcY SbV [\Vc[Y U_b6
[Y5 `_RlSQS S [QWU_Z [\Vc[V a_S^_ _UY^ aQX7 =Qaiadc [_^p ^QXl6
SQVcbp XQ][^dcl]5 Vb\Y `_b\V `_bVjV^Yp SbVf [\Vc_[ [_^m ]_WVc
SVa^dcmbp XQ _UY^ f_U S cd [\Vc[d5 b [_c_a_Z ^QhY^Q\ _Rf_U7 9X6
SVbc^_5 hc_ XQ][^dclV ]Qaiadcl bdjVbcSdoc ^Q [SQUaQc^lf U_b[Qf
𝑁 × 𝑁,𝑁 = 6, 8, 10, . . . 1c7 V7 hݷc^_T_ aQX]VaQ5 ^QhY^Qp b 625 hc_ [Q6
bQVcbp ]Qaiadc_S ^VXQ][^dclf5 c_ Yf ]_W^_ ^QZcY ^Q U_b[Qf 3× 45
3×𝑀,𝑀 > 75 4× 5 Y ^Q SbVf R_\VV [ad`^lf7

>Q`YiYcV ^Q @a_\_TV `a_TaQ]]d5 `aY^Y]Qojdo USQ QaTd]V^cQ
[_]Q^U^_Z bca_[Y ‑ hYb\Q 𝑁 Y 𝑀 5 XQUQojYV aQX]Va U_b[Y ‑ Y _clb6
[YSQojdo [Q[_Z6^YRdUm _UY^ XQ][^dclZ ]Qaiadc5 Vb\Y U\p XQUQ^6
^_Z U_b[Y cQ[_Z S_X]_WV^5 Vb\Y WV ^VS_X]_WV^ ‑ c_ [Q[_Z6^YRdUm
_UY^ ^VXQ][^dclZ ]Qaiadc7 >QZUV^^lZ ]Qaiadc b\VUdVc SlUQcm
^Q bcQ^UQac^lZ SlS_U S SYUV `_b\VU_SQcV\m^_bcY [\Vc_[5 XQUQ^^lf5
^Q`aY]Va5 Yf [__aUY^QcQ]Y hVaVX XQ`pcdo5 aQXUV\ݷ^^lf `a_RV\Q]Y
1hc_6c_ Sa_UV :5:ݷ ;5< 2ݷ5:777> Y\Y [Q[6c_ Y^QhV7

9b[Qcm SbV ]Qaiadcl ^Q U_b[V XQUQ^^_T_ aQX]VaQ ]l ^V `aVU\QTQV]5 Yf
]_WVc _[QXQcmbp ^V_WYUQ^^_ ]^_T_7 CQ[5 U\p U_b[Y 5 × 5 bdjVbcSdVc :@;A
]Qaiadc_S 1SbV ^VXQ][^dclV5 `_b[_\m[d U_b[Q f_cm Y [SQUaQc^Qp5 ^_ ^Vhݷc6
^_T_ aQX]VaQ25 Q ^Q U_b[V 8 × 8 RdUVc R_\miV ;? caY\\Y_^_S _U^Yf c_\m[_
XQ][^dclf ]Qaiadc_S5 SbVT_ WV Yf 1Y XQ][^dclf5 Y ^VXQ][^dclf2 _[QXlSQ6
Vcbp 19.5 [SQUaY\\Y_^_S7

::7;>*7 >Q`YiYcV ^Q @a_\_TV `a_TaQ]]d5 [_c_aQp `aY^Y]QVc
a_S^_ :? QaTd]V^c_S [_]Q^U^_Z bca_[Y5 XQUQojYf ^QhQ\m^_V aQb6
`_\_WV^YV eYiV[ 1`\Yc_[2 YTal ݷ<:ݷ Y\Y ݷ>:ݷ 1`aQSY\Q YTal ݷ>:ݷ
b]7 S db\_SYpf XQUQhY :97;<5 b]7 bca7 BB2 ‑ `VaSlV hVclaV QaTd]V^cQ
XQUQoc SVaf^YZ apU `\Yc_[5 b\VUdojYV hVclaV ‑ Sc_a_Z Y c7 U7 @d6
bcQp [\Vc[Q XQUQݷcbp bY]S_\_] 7ݷIݷ 6b\Y QaTd]V^c_S ^V :?5 b\VUdVc
SlUQcm b__RjV^YV _R _iYR[V Y XQSVaiYcmbp7 ;Q[Qp YTaQ Y]VVcbp S
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SYUd ‑ ݷ<:ݷ Y\Y ݷ>:ݷ ‑ `a_TaQ]]Q U_\W^Q XQ[\ohYcm `_ ^QR_ad
X^QhV^YZ QaTd]V^c_SC Vb\Y ^QR_a b_bc_Yc YX hYbV\ _c : U_ :>5 c_ nc_
5ݷ<:ݷ Vb\Y YX hYbV\ _c : U_ :< Y USdf ݷd\VZ^ݷ 1_R_X^QhQV]lf ݷ9ݷ
Y 2ݷ99ݷ ‑ c_ 5ݷ>:ݷ Vb\Y WV ^Y c_5 ^Y UadT_V ‑ nc_ _iYR[Q5 _ ^VZ
b\VUdVc b__RjYcm Y XQSVaiYcm aQR_cd7

@a_TaQ]]Q U_\W^Q ^QZcY aViV^YV T_\_S_\_][YD U\p YTal ݷ<:ݷ
XQUQhd b\VUdVc bhYcQcm aViݷ^^_Z5 [_TUQ \YR_ SbV `\Yc[Y aQb`_\_WV6
^l `_ `_apU[d5 \YR_ `_ `_apU[d aQb`_\_WV^l SbV `\Yc[Y5 [a_]V USdf
`_b\VU^Yf 1:> Y :=25 Q ncY USV `_]V^V^l ]VbcQ]YD U\p YTal ݷ>:ݷ XQ6
UQhQ aViV^Q5 Vb\Y `\Yc[Y aQb`_\_WV^l `_ `_apU[d5 ^QhY^Qp b USdf
5ݷd\VZ^ݷ SXQY]^_V aQb`_\_WV^YV [_c_alf ^VSQW^_7 3 _R_Yf b\dhQpf
`dbc_Z U_\W^Q Rlcm ^YW^pp `aQSQp [\Vc[Q7 AViV^YV `aVUbcQS\pVc
b_R_Z `_b\VU_SQcV\m^_bcm f_U_S5 `aY [_c_alf `\Yc[Q5 b_bVU^pp b `d6
bc_Z [\Vc[_Z5 `VaVUSYTQVcbp ^Q `dbc_V ]Vbc_5 Q Vݷ Ybf_U^Qp [\Vc[Q
bcQ^_SYcbp `dbc_ZD `aQSY\m^_V aViV^YV ^V b_UVaWYc `_Sc_apojYfbp
`_XYgYZ 1_c]VcY]5 hc_ Vb\Y nc_ ^V dhVbcm b bQ]_T_ ^QhQ\Q ‑ b[_aVV
SbVT_5 Sl ^V b]_WVcV b_XUQcm aQR_cQojYZ aViQcV\m5 `_b[_\m[d SQ6
iQ `a_TaQ]]Q RdUVc U_ RVb[_^Vh^_bcY aQbb]QcaYSQcm gY[\YhVb[YV
`_b\VU_SQcV\m^_bcY f_U_S Y ^Y[_TUQ ^V ^QZUݷc `dcm [ Yb[_]_Z eY6
^Q\m^_Z `_XYgYY27 F_U _R_X^QhQVcbp ^_]Va_] `\Yc[Y5 [_c_ado ^Q
nc_] f_Ud `VaVUSYTQoc7

AVXd\mcQc aQR_cl ‑ `_b\VU_SQcV\m^_bcm f_U_S ‑ b\VUdVc SlUQcm
^Q bcQ^UQac^lZ SlS_U7

F_d`

::7;?7 ;Q[_Z cY` Y]VVc S pXl[V F_d` SlaQWV^YV
1212325 ’1’5 DBE55 :2H

::7;@7 B Y^cVa`aVcQc_a_] 8?@5<5CC ]_W^_ `a_SVbcY b\VUdojYZ
UYQ\_T 1^Q`_]^Y]5 ݷGCݷ ‑ nc_ `aYT\QiV^YV Y^cVa`aVcQc_aQ5 c7 V7
bca_[Y5 `VaVU [_c_al]Y bc_Yc ncQ [_]RY^QgYp5 ^QRaQ^l `_\mX_6
SQcV\V]D bS_Y _cSVcl Y^cVa`aVcQc_a XQhV]6c_ `aVUSQapVc bY]S_\Q6
]Y 2CݷGGݷ

GC :5;5’1’5DBE5D
GG 1:5 ;5 ’1’5 DBE52 C >E= 3 >E= 3 381B 3 2??<
GC :5;51’1’5DBE52D
GG 1:5 ;5 ’1’5 DBE52 C >E= 3 >E= 3 381B 3 2??<
GC :51;5’1’25DBE5D
GG 1:5 1;5 ’1’25 DBE52 C >E= 3 1>E= 3 381B2 3 2??<

;Q[_Z `_\VX^lZ SlS_U ]_W^_ bUV\Qcm YX nc_T_ UYQ\_TQH
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::7;A7 @dbcm ^Q] `_caVR_SQ\Qbm ed^[gYp5 `aY^Y]QojQp caY hYb6
\_Slf `QaQ]VcaQ Y S_XSaQjQojQp b`Yb_[ hYbV\7 ;Q[_S RdUVc cY`
cQ[_Z ed^[gYYH

::7;B7 >Q`YiYcV ed^[gYo V1;5\5A5 [_c_aQp `aY^Y]QVc caY hYb6
\_Slf `QaQ]VcaQ 1^QX_Sݷ] Yf 𝑥5 𝑦 Y 𝑑2 Y bca_Yc b`Yb_[ YX h\V^_S
QaYe]VcYhVb[_Z `a_TaVbbYY b aQX^_bcmo 𝑑5 `VaSl] h\V^_] 𝑥5 ^V
`aVS_bf_UpjYf 𝑦7 >Q`aY]Va5 V1;5\5A1:5 =7:5 97?2 U_\W^Q SVa^dcm
b`Yb_[ d:5 :7?5 ;7;5 ;7A5 <7=5 =f7

::7<97 >Q`YiYcV ed^[gYo ]G9CD5 [_c_aQp `aY^Y]QVc USQ b`Yb6
[Q5 b_bc_pjYf YX n\V]V^c_S [Q[_T_6c_ _U^_T_ 1`a_YXS_\m^_T_2 cY`Q
Y S_XSaQjQVc b`Yb_[5 b_bc_pjYZ YX `VaSlf n\V]V^c_S _R_Yf b`Yb6
[_S5 Sc_alf n\V]V^c_S _R_Yf b`Yb[_S Y c7 U7D ^Q`aY]Va5 SlaQWV^YV
S?9>:1d:5;5<f5 d@5A5Bf22 U_\W^_ SVa^dcm b`Yb_[ d:5@5;5A5<5Bf7
6b\Y b`Yb[Y _[QXQ\Ybm aQX^_Z U\Y^l5 ݷYi^YV\ݷ n\V]V^cl R_\VV
U\Y^^_T_ b`Yb[Q `a_YT^_aYadZcV7

::7<:7 HV]d aQS^_ SlaQWV^YV

<5DB53 <CD FF : CC 1=1@ 114<25<CD22 9> O9BCDW1<CD5 :92D

‑ Vb\Y O9BCDW bca_Yc b`Yb_[ YX `VaSlf 𝑁 n\V]V^c_S bS_VT_ `VaS_6
T_ QaTd]V^cQ5 `_\dhYS hYb\_ 𝑁 Sc_al] QaTd]V^c_]H 1ncQ ed^[gYp
SbcaVhQVcbp S `aY]VaQf5 aQX_RaQ^^lf S [^YTV27 1 hc_ `aVUbcQS\pVc
b_R_Z b`Yb_[ <CD S `aQS_Z hQbcY5 Vb\Y [ ^V]d ^V `aY]V^pcm O9BCDWH

::7<;7 3 ?7<7::ݷ aQbb]_caV^Q ed^[gYp MB?@N<5=C U\p b`Yb[Q hY6
bV\5 S 7A<7::ݷ _^Q `VaV`YbQ^Q U\p `a_YXS_\m^lf b`Yb[_S7 >Q`YiYcV
Q^Q\_TYh^do ed^[gYo S [QaaYa_SQ^^_Z e_a]V7

::7<<7 3 ;:7<7::ݷ aQX_RaQ^l `aY]Val \95F5 1aViVc_ NaQc_beV^Q2
Y Y1C31<C]B91>7<5 1`_bca_V^YV caVdT_\m^Y[Q @Qb[Q\p27 @VaV`YiYcV
ncY `aY]Val5 ^V `aY]V^pp [_acVWVZ5 c7 V7 RVX Yb`_\mX_SQ^Yp bY]S_6
\Q 37 5\p nc_T_ SbV ed^[gYY `aYUݷcbp XQ`YbQcm S [QaaYa_SQ^^_Z
e_a]V7

::7<=7 >Q`YiYcV ^Q F_d`V USV6caY `a_TaQ]]l5 b__cSVcbcSdojYV
[Q[Y]6^YRdUm `d^[cQ] XQUQhY ;7:B 1b]7 bca7 ;7:B27 B\VUYcV XQ cV]5
hc_Rl _cSVc ^Q SSVUݷ^^do `_\mX_SQcV\V] bca_[d SQiQ `a_TaQ]]Q
UQSQ\Q ^V]VU\V^^_ `_b\V SS_UQ bca_[Y ‑ U\p nc_T_ `aYUݷcbp SbVamݷX
XQUVZbcS_SQcm S_X]_W^_bcY \V^YS_Z bV]Q^cY[Y7 @_UQS bS_VZ `a_6
TaQ]]V ^Q bcQ^UQac^lZ SS_U RVb[_^Vh^lZ `_c_[ bca_[ 1^Q`aY]Va5
b `_]_jmo [_]Q^Ul I5C25 dRVUYcVbm5 hc_ [_\YhVbcS_ XQ^Y]QV]_Z Vo
`Q]pcY ^V dSV\YhYSQVcbp b_ SaV]V^V]7



:9A 8QUQhY

8QUQhY U\p aViV^Yp ^Q SbVf pXl[Qf
;QWUdo YX XQUQh nc_T_ aQXUV\Q ]_W^_ aViYcm ^Q \oR_]
YX aQbb]_caV^^lf hVclaݷf ݷn[X_cYhVb[Yfݷ pXl[_S5 Y \oR_V
cQ[_V aViV^YV ]_W^_ bUV\Qcm U_bcQc_h^_ neeV[c^l]5 aQb6
[alS b ^_S_Z bc_a_^l S_X]_W^_bcY c_Z Y\Y Y^_Z `QaQUYT6
]l7 5_RYcmbp _c `aYSVUݷ^^lf XQUQh R_\miVZ5 Vb\Y ]_W^_
cQ[ SlaQXYcmbp5 dhVR^_Z neeV[cYS^_bcY ]_W^_5 Vb\Y [QW6
Udo YX ^Yf aViQcm ^Q caݷf pXl[QfC ^Q [Q[_]6c_ YX \Yb`_S
1L?==?> U9C@ Y\Y \385=525 ^Q @a_\_TV Y ^Q F_d`V7

3bV `a_TaQ]]l U_\W^l Rlcm _e_a]\V^l cQ[5 hc_Rl ^Y `aY
Yf XQ`db[V5 ^Y `aY aQR_cV b ^Y]Y5 S c_] hYb\V ^V[_aaV[c6
^_Z5 `_\mX_SQcV\m ^V SYUV\ ^Y[Q[Yf _b_RV^^_bcVZ5 _Rdb\_S6
\V^^lf Yb`_\mXdV]_Z aVQ\YXQgYVZ pXl[QD `a_TaQ]]Q U_\W6
^Q XQ`db[Qcmbp [Q[ _Rlh^lZ Yb`_\^pV]lZ eQZ\ 1S_X]_W6
^_5 `aVUbcQS\pojYZ b_R_Z b[aY`c ^Q Yb`_\mXdV]_] pXl6
[V5 c7 V7 Y]V^^_ Y^cVa`aVcQc_a Yb`_\mXdV]_T_ pXl[Q U_\WV^
Rlcm d[QXQ^ S VT_ `VaS_Z bca_[V25 Y ^V U_\W^Q SlUQSQcm
`aYT\QiV^YZ [ SS_Ud5 b__RjV^YZ _R _iYR[Qf Y UadTYf b_6
_RjV^YZ5 e_a]YadV]lf Y^cVa`aVcQc_aQ]Y 1Q ^V SQiVZ `a_6
TaQ]]_Z27

::7<>7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `aY^Y]QVc hVaVX QaTd]V^6
cl [_]Q^U^_Z bca_[Y `a_YXS_\m^_V [_\YhVbcS_ b\_S 1^V ]V^VV _U^_6
T_25 XQcV] hYcQVc YX bcQ^UQac^_T_ `_c_[Q SS_UQ `a_YXS_\m^lZ cV[bc
Y SlUQݷc ^Q `VhQcm cV bca_[Y YX ^VT_5 S [_c_alf b_UVaWYcbp f_cp
Rl _U^_ YX b\_S5 XQUQ^^lf S [_]Q^U^_Z bca_[V7 Bca_[Y b\VUdVc Sl6
UQSQcm 1Vb\Y bca_[Q U_\W^Q Rlcm SlUQ^Q2 ^V]VU\V^^_ `_b\V `a_hcV6
^YpD S `Q]pcY ^V\mXp faQ^Ycm SVbm cV[bc gV\Y[_]5 c_\m[_ cV[djdo
bca_[d7

::7<?7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc YX bcQ^UQac^_T_ `_6
c_[Q SS_UQ _`YbQ^YV _aYV^cYa_SQ^^_T_ TaQeQ S SYUV `_b\VU_SQcV\m6
^_bcY `aVU\_WV^YZ5 [QWU_V YX [_c_alf _`YblSQVc UdTY5 Ybf_UpjYV
YX _U^_Z SVaiY^l7 @aVU\_WV^YV ^QhY^QVcbp b Y]V^Y Ybf_U^_Z SVa6
iY^l5 `_b\V [_c_a_T_ bcQSYcbp US_Vc_hYV Y `VaVhYb\pocbp hVaVX XQ6
`pcdo SVaiY^l5 S [_c_alV `a_SVUV^l UdTY7 @aVU\_WV^Yp aQXUV\p6
ocbp bY]S_\_] c_h[Y b XQ`pc_Z5 S [_^gV `_b\VU^VT_ `aVU\_WV^Yp
bc_Yc c_h[Q7 BY]S_\l `a_RV\Q5 cQRd\pgYY Y `VaVS_UQ bca_[Y ]_Tdc
SbcaVhQcmbp TUV dT_U^_ 1[a_]V Y]V^Y SVaiY^l2 S \oRlf [_\YhVbcSQf
Y U_\W^l YT^_aYa_SQcmbp7 9]V^Q SVaiY^ b_bc_pc YX gYea Y \QcY^6
b[Yf Rd[S 1XQT\QS^lf Y bca_h^lf27 >Q`aY]VaC

U9F9>7C J>9=1<C5 Y<1>DC5 VEC8B??=C5 YB?D9CDC5 K13D5B91D



; hQbcY VaQXadiQojYV^ݷ `QaQUYT]lݷ :9B

J>9=1<CC L8?B41D15 JBD8B?@?415 V?<<EC31D
L8?B41D1C O9C85 K9B4C5 V1==1<C5 [5@D9<5C5 J=@89291>CD
JBD8B?@?41C R>C53DC5 \@945BC5 LBECD1351>C7

@a_TaQ]]Q U_\W^Q `a_hYcQcm `aVUbcQS\V^YV TaQeQ Y dbcQ^_SYcm5
pS\pVcbp \Y XQUQ^^lZ TaQe _aYV^cYa_SQ^^l] UVaVS_] 5 c7 V7 _a6
TaQe_]5 Y]VojY] a_S^_ _UY^ [_aV^m5 S [_c_a_] SbV SVaiY^l5 [a_]V
[_a^p5 Y]Voc a_S^_ _U^d Sf_Upjdo UdTd5 Q [_aV^m ^V Y]VVc ^Y _U^_Z
Sf_UpjVZ UdTY7 3 b\dhQV5 Vb\Y TaQe pS\pVcbp UVaVS_]5 ^Q`VhQcQcm b_6
_RjV^YV \QR[ݷ R\ J ][NN5ݷ Vb\Y WV ^V pS\pVcbp ‑ d[QXQcm `aYhY^l
1_cbdcbcSdVc [_aV^mD Y]VVcbp R_\VV _U^_T_ [_a^p ‑ `VaVhYb\Ycm YfD
Y]Vocbp SVaiY^l b R_\VV hV] _U^_Z Sf_UpjVZ UdT_Z ‑ `VaVhYb\Ycm
Yf27

3 b\dhQV _R^QadWV^Yp _iYR_[ S_ SS_UY]lf UQ^^lf b\VUdVc _Rp6
XQcV\m^_ SlUQcm _b]lb\V^^_V b__RjV^YV _R _iYR[V b d[QXQ^YV] ^_6
]VaQ bca_[Y SS_UY]_T_ cV[bcQ7

::7<@7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `aY^Y]QVc S [QhVbcSV `Va6
S_T_ QaTd]V^cQ [_]Q^U^_Z bca_[Y cV[bc_Sdo XQ`Ybm QaYe]VcYhV6
b[_T_ SlaQWV^Yp5 `aVUbcQS\V^^_T_ S `_\mb[_Z Y^SVab^_Z XQ`YbY7
3laQWV^YV ]_WVc b_UVaWQcm gV\_hYb\V^^lV [_^bcQ^cl 1_U^Q Y\Y
^Vb[_\m[_ UVbpcYh^lf gYea `_UapU25 `VaV]V^^lV 1_U^Q bca_h^Qp \Q6
cY^b[Qp Rd[SQC 15 25 3 Y c7 U72 Y bY]S_\l gV\_hYb\V^^lf _`VaQgYZC 45
65 85 3 Y 5 1Y]VojYf c_c WV b]lb\5 hc_ S pXl[V BY27 >Q`_]^Y] ^Q
Sbp[YZ b\dhQZ5 hc_ b[_R[Y S @?<98V ^V ^dW^l7 @VaV]V^^lV Y [_^6
bcQ^cl U_\W^l UadT _c UadTQ _cUV\pcmbp `a_RV\Q]Y5 X^Q[Y _`VaQgYZ
`_\mX_SQcV\m _cUV\pcm `a_RV\Q]Y ^V _RpXQ^ 1f_cp Y Y]VVc `aQS_27
?bcQ\m^lV QaTd]V^cl [_]Q^U^_Z bca_[Y `aVUbcQS\poc b_R_Z X^QhV6
^Yp `VaV]V^^lfC Sc_a_Z ‑ X^QhV^YV 15 caVcYZ ‑ X^QhV^YV 2 Y c7 U77
3QiQ `a_TaQ]]Q U_\W^Q SlhYb\Ycm SlaQWV^YV Y ^Q`VhQcQcm aVXd\m6
cQc 1gV\_V hYb\_27

::7<A7 3 db\_SYpf `aVUlUdjVZ XQUQhY XQ]V^YcV `_\mb[do Y^6
SVab^do ^_cQgYo ^Q `ap]do 1b^QhQ\Q _`VaQgYp5 XQcV] _`VaQ^UlD
`aY]Va^_ [Q[ S <Yb`V5 c_\m[_ RVX b[_R_[2 Y ^Q`YiYcV b__cSVcbcSd6
ojdo `a_TaQ]]d5 `_ S_X]_W^_bcY Yb`_\mXdp dWV ^Q`YbQ^^lV `_U6
`a_TaQ]]l7

::7<B7 9b`_\mXdp [_U `a_TaQ]]5 aViQojYf XQUQhY ::7<@ Y ::7<A5
^Q`YiYcV `a_TaQ]]d5 [_c_aQp ]_WVc aQR_cQcm [Q[ b `ap]_Z5 cQ[ Y
b Y^SVab^_Z `_\mb[_Z ^_cQgYVZD Vb\Y SlaQWV^YV 1`VaSlZ QaTd]V^c
[_]Q^U^_Z bca_[Y2 ^QhY^QVcbp b_ X^Q[Q _`VaQgYY5 bhYcQVcbp5 hc_ nc_
`ap]Qp ^_cQgYp5 Vb\Y b _`VaQ^UQ 1[_^bcQ^cl Y\Y `VaV]V^^_Z2 ‑ _R6
aQc^Qp ^_cQgYp7

::7=97 =_UYeYgYadZcV aViV^YV `aVUlUdjVZ XQUQhY cQ[5 hc_Rl
SlaQWV^YV 1S `ap]_Z Y\Y Y^SVab^_Z `_\mb[_Z XQ`YbY2 `a_TaQ]]Q



::9 8QUQhY

`_6`aVW^V]d YXS\V[Q\Q YX `VaS_T_ QaTd]V^cQ [_]Q^U^_Z bca_[Y5 Q
X^QhV^Yp `VaV]V^^lf hYcQ\Q YX `_c_[Q bcQ^UQac^_T_ SS_UQC S [QW6
U_Z SSVUݷ^^_Z bca_[V `VaS_V hYb\_ ‑ X^QhV^YV `VaV]V^^_Z 15 Sc_6
a_V ‑ X^QhV^YV `VaV]V^^_Z 2 Y cQ[ UQ\VV7 @_b\V `a_hcV^Yp Y Q^Q\YXQ
[QWU_Z bca_[Y SlhYb\pZcV Y `VhQcQZcV aVXd\mcQc 1\YR_ b__RjV^YV
_R _iYR[V5 ^Q`aY]Va5 Vb\Y [_\YhVbcS_ X^QhV^YZ ^V b_S`QUQVc b [_6
\YhVbcS_] `VaV]V^^lf5 \YR_ Vb\Y SSVUV^_ ^V hYb\_25 XQcV] hYcQZcV
b\VUdojdo bca_[d Y c7 U75 aQR_cQZcV U_ ^Qbcd`\V^Yp bYcdQgYY Vg^_]ݷ
eQZ\Q7ݷ

::7=:7 Db_SVaiV^bcSdZcV aViV^YV `aVUlUdjVZ XQUQhY cQ[5 hc_Rl
S a_\Y Y]ݷ^ `VaV]V^^lf S SlaQWV^YY ]_T\Y Yb`_\mX_SQcmbp `a_YX6
S_\m^lV `_b\VU_SQcV\m^_bcY \QcY^b[Yf Rd[S Y gYea5 ^QhY^QojYV6
bp b Rd[Sl7 8^QhV^Yp `VaV]V^^lf XQUQocbp S bca_[Qf5 SS_UY]lf YX
bcQ^UQac^_T_ `_c_[QC `VaS_V b\_S_ ‑ Y]p `VaV]V^^_Z5 Sc_a_V ‑ Vݷ
X^QhV^YV5 caVcmV ‑ Y]p UadT_Z `VaV]V^^_Z5 hVcSݷac_V ‑ Vݷ X^QhV^YV
Y c7 U7 3S_UY]Qp bca_[Q ]_WVc XQUQSQcm \oR_Z ^QR_a `VaV]V^^lf5
^V _RpXQcV\m^_ SbV5 [Q[YV Vbcm S SlaQWV^YYD X^QhV^Yp `VaV]V^^lf
b_faQ^pocbp `aY SS_UV `_b\VUdojYf bca_[5 XQ]V^pocbp c_\m[_ cV5
[_c_alV d[QXQ^l S c_\m[_ hc_ SSVUݷ^^_Z bca_[VD `VaS_V SlhYb\V6
^YV X^QhV^Yp `a_YXSVUYcV5 [_TUQ `_b\V Q^Q\YXQ _hVaVU^_Z SSVUݷ^^_Z
bca_[Y SbV `VaV]V^^lV5 d`_]Y^QV]lV S SlaQWV^YY5 _[QWdcbp XQUQ6
^l5 XQcV] SlhYb\pZcV ^_SlZ aVXd\mcQc `_b\V SS_UQ [QWU_Z bca_[Y
1nc_ ]_WVc Rlcm `_\VX^_5 ^Q`aY]Va5 hc_Rl SlhYb\Ycm ^V[do ed^[6
gYo S R_\mi_] [_\YhVbcSV aQX^lf c_hV[27

::7=;7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp hYcQVc YX `_c_[Q bcQ^6
UQac^_T_ SS_UQ `_b\VU_SQcV\m^_bcm SlaQWV^YZ5 XQ`YbQ^^lf S
`_\mb[_Z Y^SVab^_Z XQ`YbY 1b^QhQ\Q _`VaQ^Ul5 `_c_] _`VaQgYp25
Y SlhYb\pVc 1Sl`_\^pVc2 _`VaQgYY `_ ]VaV Yf hcV^Yp7 3S_UY]lZ
cV[bc ]_WVc b_UVaWQcm gV\_hYb\V^^lV [_^bcQ^cl 1_U^Q Y\Y ^Vb[_\m6
[_ UVbpcYh^lf gYea `_UapU25 `VaV]V^^lV 1_U^Q Y\Y R_\miV bca_h6
^lf \QcY^b[Yf Rd[S `_UapUC 15 HIJ5 ;1412B1 Y c7 U725 bY]S_\l gV\_6
hYb\V^^lf _`VaQgYZC 45 65 85 3 Y 5 1Y]VojYf c_c WV b]lb\5 hc_ S
pXl[V BY5 SbV _`VaQgYY RY^Qa^lV25 bY]S_\l b\dWVR^lf _`VaQgYZC
ݷFݷ ‑ `aYbSQYSQ^YV5 `aYhݷ] `VaV]V^^Qp S XQ`YbY `aYbSQYSQ^Yp bcQ6
SYcbp `_b\V SlaQWV^Yp 1^Q`aY]Va5 <;ݷ H Fݷ _X^QhQVc aYbS_Ycm`ݷ ;>
`VaV]V^^_Z HݷD ݷHݷ ‑ ^Q`VhQcQcm X^QhV^YV5 ^Qf_UpjVVbp ^Q SVaiY^V
bcV[Q5 ^V dUQ\pp YX bcV[QD ݷ1ݷ ‑ YXS\Vhm YX bcV[Q X^QhV^YV Y ^Q`VhQ6
cQcm VT_D ݷ3ݷ ‑ ^Q`VhQcQcm ^Q _cUV\m^_Z bca_[V cV[djVV b_UVaWY]_V
bcV[Q 1S dT\_Slf b[_R[Qf hVaVX `a_RV\2 Y X^QhV^Yp SbVf `VaV]V^^lf
1`QaQ]Y Y]p6X^QhV^YV5 hVaVX `a_RV\27 @aY Sl`_\^V^YY [_]Q^U ݷHݷ Y
ݷ1ݷ SlUQSQZcV `a_RV\ `_b\V hYb\Q7 @VaV]V^^lV Y [_^bcQ^cl U_\W6
^l UadT _c UadTQ `aY SS_UV _cUV\pcmbp `a_RV\Q]Y5 X^Q[Y _`VaQgYZ



; hQbcY VaQXadiQojYV^ݷ `QaQUYT]lݷ :::

`_\mX_SQcV\m _cUV\pcm `a_RV\Q]Y ^V _RpXQ^ 1f_cp Y Y]VVc `aQS_27
3lhYb\V^Yp U_\W^l `a_YXS_UYcmbp5 [_TUQ `_\dhV^ bY]S_\ `VaVS_6
UQ bca_[Y 1\YR_ aQ^miV2D Vb\Y XQ SaV]p _RaQR_c[Y SSVUݷ^^_Z bca_[Y
f_cm hc_6c_ Rl\_ ^Q`VhQcQ^_5 SlUQcm bY]S_\ `VaVS_UQ bca_[Y7 @a_6
TaQ]]Q U_\W^Q `a_U_\WQcm aQR_cd U_ ^Qbcd`\V^Yp bYcdQgYY Vg^_]ݷ
eQZ\Q7ݷ >Q`aY]Va5 S _cSVc ^Q SSVUݷ^^do bca_[d
:> :>3H HF H >8H ;9 6?? F :; :<1 6??3

U_\W^_ Rlcm ^Q`VhQcQ^_
;;> => :<
E=> :; ;9G H ;;> 6?? ;9

1U_`db[QVcbp bcV[ ^Q`VhQcQcm S SYUV <=Eݷ :; 6??G27ݷ @aVUdb]_c6
aYcV _RaQR_c[d _iYR_[1 1^V[_aaV[c^_V SlaQWV^YV5 ^VbdjVbcSd6
ojQp `VaV]V^^Qp5 UV\V^YV ^Q ^_\m Y c7 `72

::7=<7 Db_SVaiV^bcSdZcV `a_TaQ]]d5 ^Q`YbQ^^do U\p aViV^Yp
`aVUlUdjVZ XQUQhY5 cQ[5 hc_Rl _^Q U_`db[Q\Q a_S^_ _UY^ QaTd]V^c5
XQUQojYZ 1S SYUV hYb\Q _c ; U_ <?2 _b^_SQ^YV bYbcV]l bhYb\V^Yp5
S [_c_a_Z `_c_] RdUdc `a_S_UYcmbp SlhYb\V^Yp7 >Q SS_UV 5ݷgYealݷ
`aVSliQojYV B5 _R_X^QhQocbp \QcY^b[Y]Y Rd[SQ]Y J 1:925 K 1::2
Y c7 U75 S`\_cm U_ c5 [_c_aQp S bYbcV]V `_ _b^_SQ^Yo <? _X^QhQVc
gYead <>7 2d[Sl SVaf^VT_ Y ^YW^VT_ aVTYbcaQ ^V aQX\YhQZcV 1^Y
S Y]V^Qf5 ^Y S \YcVaQ\Qf27 ?`VaQ^Ul5 XQ`Ybm [_c_alf ^QhY^QVcbp
b UVbpcYh^_Z gYeal5 SQi [Q\m[d\pc_a U_\WV^ aQbb]QcaYSQcm [Q[
hYb\Q 1[_^bcQ^cl25 Q ^QhY^QojYVbp b Rd[Sl ‑ [Q[ YUV^cYeY[Qc_al
`VaV]V^^lfD Vb\Y `VaSQp gYeaQ hYb\Q _R_X^QhV^Q Rd[S_Z5 [ ^V]d b\V6
UdVc U_RQSYcm ^VX^QhQjYZ ^_\m5 hc_Rl `a_TaQ]]Q ^V S_b`aY^Y]Q\Q
VT_ [Q[ YUV^cYeY[Qc_a 1^Q`aY]Va5 J;> ‑ nc_ YUV^cYeY[Qc_a `VaV6
]V^^_Z5 Q 9J;> ‑ XQ`Ybm ^V[_c_a_T_ hYb\Q5 `aY db\_SYY5 hc_ bYbcV]Q
XQUQ^Q [Q[ ]Y^Y]d] ::6aYh^Qp5 S `a_cYS^_] b\dhQV ‑ _iYR[Q27

::7==7 =_UYeYgYadZcV `a_TaQ]]d5 ^Q`YbQ^^do `_ db\_SYp] XQ6
UQhY ::7=;5 hc_Rl _^Q `a_YXS_UY\Q SlhYb\V^Yp ^V S gV\lf hYb\Qf5 Q
S hYb\Qf b `\QSQojVZ c_h[_Z7 5_RQSmcV _U^_]Vbc^lV _`VaQgYY U\p
_[adT\V^Yp [ R\YWQZiV]d gV\_]d Y _cRaQblSQ^Yp Ua_R^_Z hQbcY7
@_bcQaQZcVbm bUV\Qcm cQ[5 hc_Rl hYb\Q5 Y]VojYV ^d\VSdo Ua_R^do
hQbcm5 `VhQcQ\Ybm [Q[ gV\lV7

::7=>*7 >Q`YiYcV `a_TaQ]]d5 [_c_aQp `aY^Y]QVc USQ QaTd]V^cQ
[_]Q^U^_Z bca_[YD `VaSlZ YX ^Yf XQUQݷc SlaQWV^YV S _Rlh^_Z Y^6
eY[b^_Z 1^V `_\mb[_Z12 ^_cQgYY5 S[\ohQojVV [_^bcQ^cl5 XQ`YbQ^6
^lV S SYUV gV\lf hYbV\ Y UVbpcYh^lf Ua_RVZ5 bY]S_\l hVclaݷf UVZ6
bcSYZ QaYe]VcY[Y5 bY]S_\ g U\p _R_X^QhV^Yp S_XSVUV^Yp S bcV`V^m5
Y]V^Q `VaV]V^^lf5 b_bc_pjYV YX _U^_Z bca_h^_Z \QcY^b[_Z Rd[Sl5
_c\Yh^_Z _c Dݷ5ݷ Rd[SQ 5 bhYcQVcbp _R_X^QhV^YV] hYb\Q 𝑒 1_b^_SQ6
^Yp ^QcdaQ\m^lf \_TQaYe]_S25 YUV^cYeY[Qc_a @9 Yb`_\mXdVcbp U\p



::; 8QUQhY

_R_X^QhV^Yp hYb\Q 𝜋5 cQ[WV SlaQWV^YV ]_WVc S[\ohQcm _R_X^QhV6
^Yp caYT_^_]VcaYhVb[Yf ed^[gYZ Y _RaQc^lf [ ^Y] 1C9>5 3?C5 D75
1B3C9> Y c7 `725 ^QcdaQ\m^_T_ \_TQaYe]Q <>5 UVbpcYh^_T_ \_TQaYe]Q
<7D _Rlh^lZ \_TQaYe] S bYbcV]d \dhiV ^V S[\ohQcm YX6XQ b\_W6
^_bcVZ b _R_X^QhV^YV] VT_ _b^_SQ^Yp7 3c_a_Z QaTd]V^c [_]Q^U^_Z
bca_[Y U_\WV^ b_bc_pcm a_S^_ YX _U^_Z \QcY^b[_Z Rd[Sl5 _R_X^QhQ6
ojVZ _U^d YX Yb`_\mXdV]lf S XQUQ^^_] SlaQWV^YY `VaV]V^^lf7

3QiQ `a_TaQ]]Q U_\W^Q5 aQbb]QcaYSQp SlaQWV^YV [Q[ ed^[gYo
_c 1S_X]_W^_2 ^Vb[_\m[Yf `VaV]V^^lf5 SXpcm Vݷ `a_YXS_U^do `_ XQ6
UQ^^_Z `VaV]V^^_Z7 ?RpXQcV\m^_ Sl`_\^YcV caYSYQ\m^lV _`cY]YXQ6
gYY5 cQ[YV [Q[ XQ]V^Q SlaQWV^Yp 0+𝑥 SlaQWV^YV] 𝑥5 XQ]V^Q 0 ·𝑥 ^Q
05 1 · 𝑥 ^Q 𝑥D `_XQR_cmcVbm5 hc_Rl Yc_T_S_V SlaQWV^YV ^V b_UVaWQ\_
\Yi^Yf [adT\lf b[_R_[7



; hQbcY :; Y\pgYp5`[_]ݷ
Y^cVa`aVcQgYp5 b[aY`cY^Tݷ

PXl[ ]3<

:;79:7 3lRVaYcV USQ6caY `aY]VaQ YX db\_SYZ XQUQh ;7:B‑;7;:
1b]7 bca7 ;;2 Y ^Q`YiYcV b[aY`cl ^Q pXl[V ]3<5 aViQojYV cV WV XQ6
UQhY7 5\p `_bY]S_\m^_T_ SS_UQ Yb`_\mXdZcV [_]Q^Ud B514 CD49> :5
U\p _R^QadWV^Yp bYcdQgYY Vg^_]ݷ eQZ\Qݷ ‑ [_]Q^Ud 5?6 CD49>D
`_]^YcV5 hc_ 5?6 `a_SVapVc5 ^V ^QbcQ\ \Y [_^Vg eQZ\Q S f_UV `_6
b\VU^VZ _`VaQgYY SS_UQ5 cQ[ hc_ `aY]V^pcm Vݷ b\VUdVc `_b\V B5147

:;79;7 @VaV`YiYcV b[aY`cl5 b_XUQ^^lV `aY aViV^YY `aVUlUd6
jVZ XQUQhY5 Yb`_\mXdp S nc_c aQX [_]Q^Ud 75DC Y `_b\VUdojYZ Q^Q6
\YX `a_hYcQ^^_Z bca_[Y7 5\p Q^Q\YXQ bca_[ U_bcQc_h^_ X^Qcm5 hc_
[_]Q^UQ CDB9>7 <5>7D8 Ebca_[QG SlUQݷc U\Y^d d[QXQ^^_Z bca_6
[Y5 Q CDB9>7 9>45H Ebca_[QG E^_]VaG S_XSaQjQVc bY]S_\ XQUQ^6
^_Z bca_[Y 1^d]VaQgYp YUݷc b ^d\p27 BaQS^YcV `_\dhYSiYVbp aViV6
^Yp b cV]Y5 hc_ Yb`_\mX_SQ\Y `_bY]S_\m^_V hcV^YV7

:;79<7 3lRVaYcV USQ6caY `aY]VaQ YX db\_SYZ XQUQh ;7;;5 ;7;<
1b]7 bca7 ;=2 Y ^Q`YiYcV b__cSVcbcSdojYV b[aY`cl ^Q ]3<7 5\p Q^Q6
\YXQ bca_[ Yb`_\mXdZcV CDB9>7 <5>7D8 Y CDB9>7 9>45H 1b]7 db\_SYp
`aVUlUdjVZ XQUQhY27

:;79=7 >Q`YiYcV ^Q ]3< b[aY`c5 aViQojYZ XQUQhd ;7>; 1bca7 <:27

2YR\Y_cV[Q ]3<8];

:;79>7 5\p _X^Q[_]\V^Yp b S_X]_W^_bcp]Y ]3<8]; ^Q`YiYcV
1S e_a]V b[aY`c_S U\p Y^cVa`aVcQc_aQ G9C82 `a_TaQ]]l5 b__cSVc6
bcSdojYV db\_SYp] XQUQh :97:B Y :97;: 1b]7 bca7 BA27

:;79?7 9b`_\mXdp TV_]VcaYhVb[YZ ]V^VUWVa 7B945 ^Q`YiYcV ^Q
]3;8]; `a_TaQ]]d U\p YTal S ݷ<:ݷ Y ݷ>:ݷ 1b]7 XQUQhd :97;<27



::= 8QUQhY

:;79@*7 3Va^YcVbm [ XQUQhV ::7;= 1bca7 :9>2 Y ]_UYeYgYadZcV bS_ݷ
aViV^YV cQ[5 hc_Rl S f_UV `_Yb[Q `a_TaQ]]Q SlUQSQ\Q [__aUY^Qcl
[\Vc_[5 YX [_c_alf b_bc_pc aQbb]QcaYSQV]lV ^VU_bca_V^^lV ]Qai6
adcl7 >Q`YiYcV ^Q ]3<8]; `a_TaQ]]d5 [_c_aQp `aY^Y]QVc cV WV `Q6
aQ]Vcal5 hc_ Y SQiQ `a_TaQ]]Q ^Q @a_\_TV5 aYbdVc iQf]Qc^do U_b6
[d5 XQ`db[QVc `a_\_T6`a_TaQ]]d [Q[ S^Vi^oo Y S f_UV Vݷ aQR_cl
SYXdQ\YXYadVc `a_Ybf_UpjYZ `_Yb[ b S_XSaQcQ]Y7

B XQUQhVZ :;79@ d QSc_aQ XQUQh^Y[Q bSpXQ^l Y^cVaVb^lV S_b6
`_]Y^Q^Yp7 8QUQhQ f_Uݷ ݷ[ݷ^_] U\p aViV^Yp ^Q @a_\_TV
`aVU\QTQ\Qbm b\diQcV\p] b`Vg[dabQ QaQUYT]l@ݷ `a_TaQ]6
]Ya_SQ^Ypݷ 1UQ5 [_TUQ6c_ _hV^m UQS^_ nc_ Rl\ Y]V^^_ b`Vg6
[dab27 8QbcQSYcm `a_TaQ]]d5 ^Q`YbQ^^do ^Q @a_\_TV5 aQR_6
cQcm S bSpX[V b ]3<8]; U\p SYXdQ\YXQgYY `_Yb[Q `aYUd]Q\Y
bQ]Y bcdUV^cl5 b\diQSiYV [dab5 QSc_a Yf ^Y[Q[ [ cQ[_]d
aViV^Yo ^V `_UcQ\[YSQ\D `_ `aQSUV T_S_ap5 S c_Z SVabYY
bSpX[Q Rl\Q dbca_V^Q `a_jVC `a_\_T_Sb[Qp `a_TaQ]]Q Sl6
UQSQ\Q [_]Q^Ul U\p G9C85 Q XQ`db[Qcm Vݷ 1Y G9C82 ^dW^_
Rl\_ [_^SVZVa_]7

;_TUQ bcdUV^c5 `_\dhYSiYZ XQUQ^YV5 `_Uf_UYc [ ^V]d ^Q6
bc_\m[_ cS_ahVb[Y ‑ nc_5 `_WQ\dZ5 bQ]_V SU_f^_S\pojVV5
hc_ ]_WVc `a_YX_ZcY S `aQ[cY[V `aV`_UQSQcV\p7 1Sc_ad
_bcQݷcbp \Yim b_WQ\Vcm5 hc_ XQ USQUgQcm b \Yi^Y] \Vc aQ6
R_cl SbV SbcaVcYSiYVbp V]d b\dhQY cQ[_T_ a_UQ ]_W^_ `V6
aVbhYcQcm `_ `Q\mgQ] 1Y5 [QWVcbp5 UQWV _U^_Z ad[Y25 Q S
`_b\VU^YV \Vc bV]m cQ[_T_ S__RjV ^V SbcaVhQ\_bm7



D ; 1 8 1 > 9 P



::? D[QXQ^Yp

:79?‑:79B7 @aQSQ U_bcd`Q [ eQZ\Q] `_Ua_R^_ aQbb]_caV^l S
c7 :5 7>:7;7:ݷ

:7:?7 8UVbm `aYUݷcbp [_]RY^QgYY YX _U^_T_5 USdf Y caݷf iQaY6
[_S aQbb]_caVcm _cUV\m^_7 B _U^Y] iQaY[_] Sbݷ `_^pc^_7 B USd]p
hdcm b\_W^VVC [Q[ `VaSlZ5 cQ[ Y Sc_a_Z iQaY[ ]_W^_ SlRaQcm hV6
clam]p b`_b_RQ]Y5 c_\m[_ `aY nc_] ]l SbV [_]RY^QgYY5 [a_]V cVf5
[_c_alV b_bc_pc YX _UY^Q[_Slf iQaY[_S5 `_bhYcQV] USQWUl5 SVUm
db\_SYp XQUQhY ^V `aVU`_\QTQoc d`_apU_hV^^_bcY SlRaQ^^lf iQ6
aY[_S 1[aQb^lZ `\ob bY^YZ ‑ nc_ c_ WV bQ]_V5 hc_ Y bY^YZ `\ob
[aQb^lZ27 6jݷ fdWV _Rbc_pc UV\Q b caV]p iQaY[Q]YC [QWUlZ YX
^Yf `_6`aVW^V]d ]_W^_ SlRaQcm hVclam]p b`_b_RQ]Y5 ^_ [_]RY^Q6
gYY5 b_bc_pjYV YX caݷf aQX^lf iQaY[_S5 ]l `_bhYcQV] `_ ]^_T_ aQX
[QWUdo 1[bcQcY5 `_ b[_\m[_ aQXH Vb\Y Sl ^V X^QVcV5 hc_ _cSVcYcm ^Q
nc_c S_`a_b5 `VaVhYcQZcV 7:2D>7:ݷ b [_]RY^QgYp]Y5 S [_c_alf USQ iQ6
aY[Q _UY^[_Sl5 Q caVcYZ Y]VVc UadT_Z gSVc5 UV\Q _Rbc_pc `a_jV ‑
USQ _UY^Q[_Slf iQaY[Q SlRYaQocbp hVclam]p b`_b_RQ]Y5 Q caVcYZ
[ ^Y] ‑ caV]p5 cQ[ ]l YX^QhQ\m^_ YT^_aYadV] `_apU_[5 hc_ Y caV6
RdVcbp7 >Q[_^Vg5 [_]RY^QgYY5 gV\Y[_] b_bc_pjYV YX iQaY[_S _U^_T_
gSVcQ5 ^Q] SbcaVcY\Ybm a_S^_ `_ _U^_]d aQXd [QWUQp7 3bV ncY b\dhQY
`aYUݷcbp aQbb]_caVcm _cUV\m^_ Y `a_bd]]Ya_SQcm7

:7;97 ;QWUQp YTadi[Q ]_WVc _[QXQcmbp d =QiY5 d @VcY5 d 3QbY
Y\Y _bcQcmbp ^Q bc_\VD Ybf_UYcV YX nc_T_7

:7;:7 @a_jV SbVT_ aQbb]_caVcm _RjVV [_\YhVbcS_ S_X]_W^lf
`_U]^_WVbcS YX SbVf Y]VojYfbp [d\_^_S5 S[\ohQp `dbc_V ]^_WV6
bcS_ 1SbV [d\_^l _bcQ\Ybm S i[Qcd\[V2 Y ]^_WVbcS_ YX SbVf [d\_^_S
1S i[Qcd\[V ^V _bcQ\_bm ^YhVT_2D ^Q`_]^Y]5 hc_ [QWUlZ n\V]V^c Yb6
f_U^_T_ ]^_WVbcSQ ]_WVc S `_U]^_WVbcS_ Sf_UYcm Y\Y ^V Sf_UYcm5
cQ[ hc_ [_\YhVbcS_ SbVS_X]_W^lf `_U]^_WVbcS SlhYb\pVcbp _hV^m
`a_bc_7 9X nc_T_ [_\YhVbcSQ b\VUdVc Sl[Y^dcm SbV ݷlV^^ݷXQ`aVjݷ
SQaYQ^cl ‑ [_TUQ ^V SXpc_ ^Y _U^_T_ [d\_^Q5 [_TUQ SXpc c_\m[_ _UY^
Y\Y [_TUQ SXpcl S__RjV SbV7 8QUQhd ]_W^_ aViYcm Y UadTY] b`_b_6
R_]C b b_R_Z ^dW^_ SXpcm USQ5 caY Y\Y hVclaV [d\_^Q YX `pcY5 hc_
b__cSVcbcSdVc 𝐶2

5 5 𝐶3
5 Y 𝐶4

5 5 _bcQݷcbp Yf SlhYb\Ycm b `_]_jmo caV6
dT_\m^Y[Q @Qb[Q\p Y b\_WYcm7

:7;;7 @VaSdo YX USdf \QUVZ ]_W^_ `_bcQSYcm ^Q \oRdo [\Vc[d
U_b[Y5 Q Yf5 [Q[ YXSVbc^_5 ?=7 5\p Sc_a_Z \QUmY5 TUV Rl ^Y bc_p\Q
`VaSQp5 ]_W^_ SlRaQcm _U^d YX bV]Y _bcQSiYfbp [\Vc_[ T_aYX_^6
cQ\m^_T_ apUQ5 S [_c_a_] bc_Yc `VaSQp \QUmp5 \YR_ _U^d YX bV]Y
[\Vc_[ b__cSVcbcSdojVT_ SVacY[Q\m^_T_ apUQ5 c7 V7 SbVT_ [\Vc_[ U\p
Vݷ aQX]VjV^Yp _[QXlSQVcbp :=7 ;a_]V c_T_5 ^dW^_ dhVbcm5 hc_ \QUmY
`_ db\_SYo _UY^Q[_SlV5 cQ[ hc_ [QWUlV USV [_]RY^QgYY5 `_\dhQo6
jYVbp UadT YX UadTQ5 Vb\Y \QUmY `_]V^pcm ]VbcQ]Y5 ^VaQX\YhY]lD
b\VU_SQcV\m^_5 ^dW^_ Vjݷ aQXUV\Ycm `_\dhV^^_V hYb\_ `_`_\Q]7



; hQbcY : ::@

:7;<7 >Qh^YcV b _RadhQ5 XQeY[bYa_SQ^^_T_ S `a_bcaQ^bcSV5 bV[6
c_aQ [_c_a_T_ XQ[aQiYSQocbp S _`aVUV\ݷ^^_] `_apU[V ‑ ^Q`aY]Va5
`_ hQb_S_Z bcaV\[V7 @VaSlZ bV[c_a ]_W^_ XQ[aQbYcm _U^Y] YX `pcY
gSVc_S5 Sc_a_Z ‑ _U^Y] YX _bcQSiYfbp hVclaݷf5 U\p caVcmVT_ gSV6
c_S _bcQ^Vcbp caY7 8Q]VcY] cV`Vam5 hc_5 ݷbUSY^dSݷ SlRaQ^^lV gSVcQ
^Q _UY^ Y\Y USQ bV[c_aQ5 ]l `_\dhY] c_h^_ cQ[do WV [_]RY^QgYo5
`_b[_\m[d bV[c_aQ _UY^Q[_SlV Y ^Y[c_ ^V ]ViQVc `_SVa^dcm _Radh7
B\VU_SQcV\m^_5 [QWUlV caY YX aQbb]_caV^^lf ^Q]Y _cUV\m^lf b_6
hVcQ^YZ gSVc_S S UVZbcSYcV\m^_bcY ^VaQX\YhY]l7 ;a_]V c_T_5 _Radh
]_W^_ `VaVSVa^dcm5 Y nc_ bUV\QVc ^VaQX\YhY]l]Y [QWUlV USQ YX
_bcQSiYfbp b_hVcQ^YZ7

:7;@7 ?RaQcYcV S^Y]Q^YV5 hc_ b^QhQ\Q ]QbcVad `aYUݷcbp SlRaQcm
gV^caQ\m^do RdbY^d5 `_c_] USQ U_`_\^YcV\m^lf SYUQ RdbY^5 Y `_b\V
nc_T_5 `_SVbYS ^Q ^Ycm gV^caQ\m^do RdbY^d5 ]QbcVa [QWUdo b\VUdo6
jdo `Qad bY]]VcaYh^lf RdbY^ b]_WVc SlRaQcm SbVT_ USd]p b`_b_6
RQ]Y7 3bV Rdbl5 b_bc_pjYV YX RdbY^ a_S^_ caݷf aQX^lf SYU_S5 S nc_]
hYb\V RdUdc dhcV^l `_ _U^_]d aQXdD Vbcm Vjݷ [_]RY^QgYY5 TUV caVcYZ
cY` RdbY^l S__RjV ^V `aY]V^p\bp ‑ cQ[YV _[QWdcbp dhcV^l `_ `pcm
aQX [QWUQp5 `_b[_\m[d Yf bhYcQ\Y _cUV\m^_ U\p [QWU_T_ YX `pcY
S_X]_W^lf SQaYQ^c_S caVcmVT_ cY`Q RdbY^l5 ^_ ncY `pcm SQaYQ^c_S
S Yc_TV ^VaQX\YhY]l5 cQ[ hc_ `_ hVclaV YX ^Yf ^dW^_ SlhVbcm7

:7;A7 @_`a_RdZcV Sl`YbQcm caY \VSlf [_\_^[Y caVdT_\m^Y[Q @Qb6
[Q\p ‑ ^Qh^YcV b `VaSlf caݷf bca_[5 U\p `_b\VUdojYf bca_[ Sl`Y6
blSQZcV c_\m[_ caY `VaSlf hYb\Q7 ?hV^m \VT[_ XQ]VcYcm5 hc_ 𝐶1

𝑛 ≡ 𝑛5
hc_ Y `_^pc^_5 Vb\Y Sb`_]^Ycm b]lb\ hYbV\ 𝐶𝑘

𝑛D XQ]VcYcm XQ[_^_]Va6
^_bcm U\p 𝐶2

𝑛 1U\p `a_YXS_\m^lf ^QcdaQ\m^lf 𝑛2 \Yim ^V]^_TY]
b\_W^VV7

:7<;7 >V XQRlSQZcV5 hc_ d]^_WV^YV ^Q _b^_SQ^YV bYbcV]l bhYb6
\V^Yp 1[Q[_S_ Rl _^_ ^Y Rl\_2 cVf^YhVb[Y SlT\pUYc [Q[ U_`Y6ݷ
blSQ^YV ^_\Y[QݷD cQ[WV `aY]YcV S_ S^Y]Q^YV5 hc_ 310 = 1125 Q
3510 = 3210 + 310 = 1000002 + 112 = 10001127

:7<<7 9b[_]_V [_\YhVbcS_ ^d\VZ aQS^_ ]Q[bY]Q\m^_Z bcV`V^Y
US_Z[Y5 ^Q [_c_ado UV\Ycbp hYb\_ 30!D ncQ bcV`V^m US_Z[Y5 S bS_o
_hVaVUm5 b__cSVcbcSdVc _RjV]d [_\YhVbcSd US_V[5 [_c_alV `_\dhQc6
bp `aY aQX\_WV^YY hYbV\ _c 1 U_ 30 ^Q `a_bclV ]^_WYcV\Y7 Hc_Rl
^V `aYi\_bm UVZbcSYcV\m^_ aQb[\QUlSQcm ^Q `a_bclV ]^_WYcV\Y SbV
caYUgQcm hYbV\5 XQUQZcV bQ]Y bVRV S_`a_b5 b[_\m[_ YX ncYf hYbV\ UV6
\pcbp ^Q USQ5 b[_\m[_ ‑ ^Q hVclaV5 b[_\m[_ ^Q S_bV]m Y ^Q iVbc^Q6
UgQcm7

:7<A7 ;Q[ nc_ UV\QVcbp5 `_Ua_R^_ aQbb[QXQ^_ S 7;7>7:ݷ
:7=97 @aY^gY` `VaVS_UQ c_c WV5 hc_ Y U\p UVbpcYh^lf Ua_RVZC

d]^_WQV] ^Q USQ5 Vb\Y `_\dhY\_bm R_\miV VUY^Ygl ‑ VUY^Ygd dRY6



::A D[QXQ^Yp

aQV]D `_b\V [QWU_T_ d]^_WV^Yp Sl`YblSQV] _hVaVU^do US_Yh^do
gYead ‑ VUY^Ygd5 Vb\Y `aYi\_bm Vݷ dRYaQcm YX `_\dhYSiVT_bp hYb6
\Q5 ^_\m S `a_cYS^_] b\dhQV7

:7=:5 :7=;7 3_b`_\mXdZcVbm US_Yh^l] `aVUbcQS\V^YV] U\Y^l SV6
aݷS[Y S ]VcaQf7

:7=?5 :7=@7 3 _RVYf XQUQhQf ^Qh^YcV b _caYgQ^Yp 𝑥D Y]Vp VT_ S bS_6
[ݷ aQb`_apWV^YY5 hVaVX bcaV\[d @YabQ ]_W^_ _hVSYU^l] _RaQX_]
SlaQXYcm UYXko^[gYo5 Q hVaVX icaYf IVeeVaQ ‑ [_^ko^[gYoD
`_b\V nc_T_ `_`a_RdZcV SlaQXYcm [_^bcQ^cl 0 Y 17 B _bcQ\m^l]Y
ed^[gYp]Y RdUVc `a_jV7 B`Yb_[ SbVf :? bdjVbcSdojYf ed^[gYZ
USdf `VaV]V^^lf b]7 S 7>7>7:ݷ

:7>:7 @a_jV SbVT_ b^QhQ\Q `VaVhYb\Ycm ed^[gYY USdf `VaV]V^6
^lf5 [_c_alV ^V _R\QUQoc ^dW^l] bS_ZbcS_]5 c_ Vbcm cQ[YV5 [_c_6
alV _c _U^_T_ YX bS_Yf QaTd]V^c_S ^V XQSYbpc7 CQ[Yf ed^[gYZ SbVT_
iVbcmC [_^bcQ^cl 0 Y 15 Q cQ[WV ed^[gYY5 aQS^lV _U^_]d YX bS_6
Yf QaTd]V^c_S Y\Y VT_ _caYgQ^YoC 𝑥5 𝑥5 𝑦 Y 𝑦 1b]7 5>7>7:ݷ Q S [ݷ^ ‑
cQR\Ygd :7A Y `_pb^V^Yp [ ^VZ27 9X nc_T_ b__RaQWV^Yp ^V]VU\V^6
^_ SlcV[QVc _cSVc U\p ed^[gYZ USdf `VaV]V^^lf7 B caݷf]Vbc^l]Y
ed^[gYp]Y ^Vb[_\m[_ b\_W^VV5 ^_ `aY^gY` c_c WVC ^V Y]VojYf bd6
jVbcSV^^_Z XQSYbY]_bcY ^Y _c _U^_T_ QaTd]V^cQ ‑ USV 1[_^bcQ^cl 0
Y 125 bdjVbcSV^^_ XQSYbpjYf _c _U^_Z `VaV]V^^_Z ‑ iVbcm 1𝑥5 𝑥5 𝑦5 𝑦5
𝑧5 𝑧25 bdjVbcSV^^_ XQSYbpjYV _c USdf `VaV]V^^lf `a_jV `_bhYcQcm
_cUV\m^_ U\p [QWU_Z YX caݷf `VaV]V^^lf5 ^V Sf_UpjYf S hYb\_ bdjV6
bcSV^^lf XQSYbY]_bcVZ5 Y U\p nc_T_ S_b`_\mX_SQcmbp dWV YXSVbc^l]
[_\YhVbcS_] ed^[gYZ USdf `VaV]V^^lf5 bdjVbcSV^^_ XQSYbpjYf _c
_RVYf7

;79@7 @_`a_RdZcV `_U_ZcY [ S_`a_bd b UadT_Z bc_a_^lC hc_ [_^6
[aVc^_ bhYcQVc `VaV]V^^Qp 9 S [QWU_] YX `aY]Va_S5 Y\Y5 Y^QhV T_6
S_ap5 hV]d5 [Q[_Z SV\YhY^V _^Q aQS^Q S [QWUlZ ]_]V^cH

;7:>7 3_b`_\mXdZcVbm b\VUdojY]Y b__RaQWV^Yp]Y7 ?R_X^QhY]
aQX]Va _U^_Z eYTdal 1`VaS_V hYb\_5 SSVUݷ^^_V `_\mX_SQcV\V]2 Rd[6
S_Z 𝐻5 Q [_\YhVbcS_ eYTda 1Sc_a_V hYb\_2 ‑ Rd[S_Z 𝑁 7 3Vbm SQi Sl6
S_U b_bc_Yc YX 𝑁 _cUV\m^lf [_\_^_[5 Y]VojYf iYaY^d 𝐻+1 bY]S_\5
`aYhݷ] S [QWU_Z [_\_^[V 1b ^_]Va_] 𝑘2 `VaSlV 𝑠𝑘 bca_[ ‑ 5ݷdbclV`ݷ
c7 V7 b_bc_pjYV YX 𝐻 + 1 `a_RV\_S5 XQcV] 𝐻 bca_[ b_bcQS\poc Yb[_6
]do eYTdad5 Y `_b\VUdojYV bca_[Y 1b ^_]VaQ]Y5 `aVSliQojY]Y
𝑠𝑘 +𝐻2 ‑ _`pcm 7ݷdbclV`ݷ @dbcm ℎ = (𝐻 − 1)/2 1cQ bQ]Qp SY6_\_`ݷ
^Q Slb_clݷ eYTdal2D c_TUQ 1Vb\Y [_\_^[Y ^d]Vadocbp b VUY^Ygl2
𝑠1 = 05 𝑠2 = ℎ Y c7 U7D _RjQp Slb_cQ SbVT_ YX_RaQWV^Yp `aY 𝑁 = 1
b_bcQS\pVc 𝐻5 Q `aY dSV\YhV^YY 𝑁 ^Q VUY^Ygd ncQ _RjQp Slb_cQ
dSV\YhYSQVcbp ^Q ℎD _RjYV e_a]d\l U\p 𝑠𝑘 Y Slb_cl YX_RaQWV^Yp
`_\dhYcV bQ]Y7 @_b\V nc_T_ _bcQ^Vcbp b__RaQXYcm5 hc_ S^dcaY Rd[6ݷ
Sl cݷ 1Vb\Y Vݷ bca_[Y XQ^d]Va_SQcm b VUY^Ygl2 bca_[Y b ^_]VaQ]Y



; hQbcY ; ::B

15 ℎ+1 Y 𝐻 b_bc_pc YX 𝐻 XSݷXU_hV[ Y `a_RV\Q 1_cUV\pojVT_ b\VUdo6
jdo eYTdad _c `aVUlUdjVZ25 SbV _bcQ\m^lV ‑ YX _U^_Z XSݷXU_h[Y5
`VaVU Y `_b\V [_c_a_Z ^dW^_ ^Q`VhQcQcm _`aVUV\ݷ^^_V hYb\_ `a_RV6
\_S 1[Q[ _^_ SlhYb\pVcbp ‑ `_`a_RdZcV b__RaQXYcm bQ]_bc_pcV\m^_27

@a_gVUdaQ5 `VhQcQojQp 𝑛6o bca_[d 𝑘6Z [_\_^[Y YX_RaQWV^Yp ‑
b_bc_pjdo YX _U^Yf `a_RV\_S5 YX _U^Yf XSݷXU_hV[ Y\Y YX _U^_Z XSݷX6
U_h[Y b `a_RV\Q]Y b`VaVUY Y bXQUY5 ‑ U_\W^Q X^Qcm c_\m[_ hYb\_ 𝐻
Y5 [_^Vh^_5 hYb\Q 𝑛 Y 𝑘5 c_ Vbcm d ^Vݷ RdUVc caY gV\_hYb\V^^lf `Q6
aQ]VcaQD Sbݷ _bcQ\m^_V _^Q `a_bc_ SlhYb\Yc7 ?RpXQcV\m^_ ^Q`YiYcV
ncd `a_gVUdad1 Nc_ [\oh [ aViV^Yo SbVZ XQUQhY7 4\QS^Qp `a_TaQ]6
]Q RdUVc b_bc_pcm YX `a_bclf S\_WV^^lf gY[\_S 6?BC S^Vi^YZ ‑
U\p `VhQcY bca_[ _c `VaS_Z U_ c_\m[_ hc_ SlhYb\V^^_Z _RjVZ Slb_6
cl eYTdal5 S^dcaV^^YZ ‑ U\p `VhQcY ^dW^_Z bca_[Y _c [QWU_Z YX
𝑁 [_\_^_[ 1`dcݷ] SlX_SQ SliVd`_]p^dc_Z `a_gVUdal27 >V XQRdUmcV
`a_ `VaVS_U bca_[Y `_b\V `VhQcY SbVf [_\_^_[5 _c^_bpjYfbp [ _U^_Z
bca_[V1

AViV^YV ]_W^_ bUV\Qcm Vjݷ Y^cVaVb^VV5 Vb\Y S]Vbc_ `a_gVUd6
al ^Q`YbQcm ed^[gYo5 S_XSaQjQojdo bca_[d 1c7 V7 Y]Vojdo cY`
CDB9>727

;7:?7 @a_jV SbVT_ aViYcm XQUQhd b\VUdojY] _RaQX_]C `a_b]Qc6
aYSQcm SSVUݷ^^do bca_[d b\VSQ ^Q`aQS_ Y5 XQeY[bYa_SQS cV[djYZ
bY]S_\ Y dRVUYSiYbm5 hc_ nc_ ^V `a_RV\ Y ^V cQRd\pgYp5 S\_WV^^l]
gY[\_] `a_b]QcaYSQcm _bcQc_[ bca_[Y 1_c bY]S_\Q5 b\VUdojVT_
XQ cV[djY]2 S `_Yb[Qf bY]S_\_S5 b_S`QUQojYf b cV[djY]D `aY _R^Q6
adWV^YY cQ[Yf bY]S_\_S SXS_UYcm [Q[_Z6^YRdUm e\QT5 _X^QhQojYZ5
hc_ bY]S_\ ^dW^_ RdUVc ^Q`VhQcQcm5 Q bQ] bY]S_\ S bca_[V XQ]V6
^pcm `a_RV\_]5 hc_Rl5 U_ZUp U_ ^VT_5 `a_TaQ]]Q ^V ^Q`VhQcQ\Q VT_
b^_SQ7 BY]S_\ `VhQcQcm 1Y\Y ^V `VhQcQcm2 `_b\V _[_^hQ^Yp aQR_cl
S\_WV^^_T_ gY[\Q7

=^_TY] `a_TaQ]]YbcQ] ]_WVc ^V `_^aQSYcmbp `aVU\_WV^YV ]_6
UYeYgYa_SQcm Ybf_U^do bca_[dD S bQ]_] UV\V5 cQ[_V aViV^YV ^Qad6
iQVc _UY^ YX RQX_Slf `aY^gY`_S `a_TaQ]]Ya_SQ^YpC Vb\Y `_ b]lb\d
Sl`_\^pV]_T_ b UQ^^l]Y UVZbcSYp Yf ^V caVRdVcbp ]V^pcm5 c_ ]V^pcm
Yf ^V b\VUdVc7 AViYcm ncd `a_R\V]d _hV^m `a_bc_C U_bcQc_h^_ b_XUQcm
[_`Yo bca_[Y Y aQR_cQcm b ^VZ5 Q ^V b _b^_S^_Z bca_[_Z7 3_X]_W^l
Y UadTYV aViV^Yp7

;7:B7 NcY XQUQhY ]_W^_ 1cV_aVcYhVb[Y2 aViYcm aQX^l]Y b`_6
b_RQ]Y5 ^_ ^QYR_\VV `aQSY\m^lZ ‑ Yb`_\mX_SQcm a_S^_ _UY^ gY[\
G89<55 _U^d `a_SVa[d ^Q [_^Vg eQZ\Q Y _UY^ _`VaQc_a hcV^Yp5 [Q[
nc_ UV\QVcbp S `aY]VaQf >7<7;ݷ 1_RaQcYcV S^Y]Q^YV ^Q `a_TaQ]]l
O9<D5BU5>7D8 Y \;9@R>45>D5427 5adTYV `_Uf_Ul haVSQcl _iYR[Q]Y
b _cb\VWYSQ^YV] [_^gQ eQZ\Q7 ݷZ]Qcm_@ݷ bYcdQgYY ^QhQ\Q b\_SQ
Y [_^gQ b\_SQ _hV^m \VT[_5 Vb\Y S b`VgYQ\m^_ U\p nc_T_ b_XUQ^^_Z



:;9 D[QXQ^Yp

`VaV]V^^_Z XQ`_]Y^Qcm bY]S_\5 `a_hYcQ^^lZ ^Q `aVUlUdjV] iQTVC
c_TUQ `VaVf_U _c `a_RV\m^_T_ bY]S_\Q [ ^V`a_RV\m^_]d RdUVc _X^Q6
hQcm ^QhQ\_ b\_SQ5 _RaQc^lZ `VaVf_U ‑ [_^Vg b\_SQD `_bcQaQZcVbm
c_\m[_ ^V XQ`dcQcmbp b `a_Ybf_UpjY] S ^QhQ\V Y [_^gV bca_[Y7

;7;97 @a_jV SbVT_ ^Q [QWU_] iQTV `VhQcQcm `a_hYcQ^6
^lZ bY]S_\5 ^_ Vb\Y ^Q nc_] iQTV ^QR\oUQVcbp ^QhQ\_ b\_SQ
1b]7 [_]]V^cQaYZ [ XQUQhV ;7:B25 c_ `VaVU SlS_U_] cV[djVT_ bY]6
S_\Q `VhQcQcm Vjݷ _c[alSQojdo b[_R[d5 Vb\Y WV Y]VVc ]Vbc_ [_^Vg
b\_SQ5 c_ 1_`pcm6cQ[Y `VaVU SlS_U_] cV[djVT_ bY]S_\Q2 `VhQcQcm XQ6
[alSQojdo b[_R[d7

;7;=7 5\p nc_T_ `aYUݷcbp UVbpcYh^_V `aVUbcQS\V^YV hYb\Q
1`_ [aQZ^VZ ]VaV VT_ Ua_R^_Z hQbcY2 bTV^VaYa_SQcm Sadh^do5 RVX
`aY]V^V^Yp `bVSU_ed^[gYY CDB Y\Y e_a]QcYadojYf S_X]_W^_bcVZ
_`VaQc_aQ GB9D57

;7=95 ;7=:7 3 ncYf XQUQhQf ^dWV^ b`Yb_[5 S [QWU_] n\V]V^cV [_6
c_a_T_ faQ^Ycbp hYb\_ Y c_5 b[_\m[_ aQX hYb\_ Rl\_ SSVUV^_ 1bhݷchY[
Sf_WUV^YZ27 >V XQRdUmcV5 hc_ `aY hcV^YY hYbV\ _cb\VWYSQcm bYcdQ6
gYo Vg^_]ݷ eQZ\Qݷ b\VUdVc b `_]_jmo ed^[gYY \55;N?6 1b]7 27=7<7;ݷ

;7=;‑;7==7 8UVbm ^dW^_ Yb`_\mX_SQcm b`Yb[Y bY]S_\_SD hcV^YV5
VbcVbcSV^^_5 Sl`_\^pcm `_bY]S_\m^_7

<79:7 5\p aViV^Yp `aY]Va_S YX nc_Z XQUQhY ^dW^_ `_]^Ycm
bcad[cdad aVTYbca_S _RjVT_ ^QX^QhV^Yp5 _ [_c_a_Z aQbb[QXlSQVc6
bp S D:7;7>ݷ [a_]V c_T_5 bc_Yc _bSVWYcm S `Q]pcY `aQSY\Q XQ`YbY
gV\_hYb\V^^lf [_^bcQ^c S aQX^lf bYbcV]Qf bhYb\V^Yp 1b]7 27>7;7>ݷ
>QYR_\VV dU_R^_ RdUVc `VaVSVbcY SbV hYb\Q S iVbc^QUgQcVaYh^do
bYbcV]d bhYb\V^Yp5 `_b\V hVT_ Sb`_]^Ycm5 hc_ [QWUlZ RQZc ‑ nc_
a_S^_ USV iVbc^QUgQcVaYh^lV gYeal7

<7:;7 ?aTQ^YXdZcV gY[\5 S [_c_a_] SlXlSQZcV PN]LQJ[5 Vb\Y S NJa
_[QXQ\Qbm 6:5 XQSVaiQZcV aQR_cd5 Vb\Y cQ] WV hYb\_ :9 ‑ `VhQcQZcV
XT 1^V XQRdUmcV `a_ `VaVS_U bca_[Y125 Vb\Y WV ^Y c_5 ^Y UadT_V ‑
`a_bc_ `a_U_\WQZcV Sl`_\^V^YV gY[\Q7

<7:A7 =Q[a_bl5 `aVUbcQS\V^^lV S eQZ\V CDE4h9?79>35 b_faQ^poc
X^QhV^Yp aVTYbca_S5 XQ Yb[\ohV^YV] NJa5 [_c_alZ Yb`_\mXdVcbp U\p
S_XSaQcQ aVXd\mcQcQD Sl ]_WVcV Yb`_\mX_SQcm _bcQ\m^lV aVTYbcal
`a_gVbb_aQ cQ[5 [Q[ SQ] dU_R^_7 ?UY^ YX aVTYbca_S b\VUdVc SlUV6
\Ycm U\p faQ^V^Yp `_bcV`V^^_ ^Q[Q`\YSQV]_T_ hYb\Q7 DhcYcV5 hc_
aVTYbcal NJa Y NMa caVRdocbp U\p Sl`_\^V^Yp [_]Q^Ul =E<5 cQ[
hc_ `aY [QWU_] d]^_WV^YY _^Y RdUdc `_acYcmbpD U\p ^Q[Q`\YSQV6
]_T_ hYb\Q `aQSY\m^VV RdUVc Yb`_\mX_SQcm5 ^Q`aY]Va5 NKa Y\Y N\R7
9bf_U^_ nc_c aVTYbca b\VUdVc _R^d\Ycm7

@_b\V `a_hcV^Yp _hVaVU^_T_ bY]S_\Q 1_RaQjV^Yp [ ]Q[a_bd
PN]LQJ[2 b\VUdVc `aVWUV SbVT_ dRVUYcmbp5 hc_ bY]S_\5 S_6`VaSlf5



; hQbcY < :;:

`a_hYcQ^ 1c_ Vbcm bYcdQgYp Vg^_]ݷ eQZ\Qݷ `_[Q ^V S_X^Y[\Q2 Y5
S_6Sc_alf5 hc_ _^ pS\pVcbp gYea_ZD Vb\Y ^Qbcd`Y\ [_^Vg eQZ\Q Y\Y
`a_hYcQ^Q ^V gYeaQ5 Slf_UY] YX gY[\Q hcV^Yp Y YUݷ] `VhQcQcm XSݷX6
U_h[Y7 6b\Y WV `a_hYcQ^Q gYeaQ5 b\VUdVc `_\dhYcm Vݷ hYb\V^^_V
X^QhV^YV5 Slhcp YX `a_hYcQ^^_T_ [_UQ [_U bY]S_\Q ’9’ 1Sl5 S_X]_W6
^_5 `_]^YcV5 hc_ nc_ hYb\_ =A5 ^_ `_\mX_SQcmbp bY] cQZ^l] X^Q^YV]
^V ^QU_C ^Qi QbbV]R\Va `_XS_\pVc ^Q`YbQcm `a_bc_ ’9’5 nc_ ^Q]^_T_
`_^pc^VV2D UQ\VV b\VUdVc hYb\_5 ^Q[_`\V^^_V [ ^Qbc_pjV]d ]_]V^6
cd S aVTYbcaV5 d]^_WYcm ^Q UVbpcm Y [ aVXd\mcQcd `aYRQSYcm hYb6
\V^^_V X^QhV^YV `a_hYcQ^^_Z gYeal7 >Q`aY]Va5 Vb\Y `_\mX_SQcV\m
SSݷ\ hYb\_ :=<@5 c_ ^Q[_`\V^^_V hYb\_ RdUVc ]V^pcmbp b\VUdojY]
_RaQX_]C b^QhQ\Q nc_ RdUVc ^_\m5 `_b\V `a_hcV^Yp VUY^Ygl ‑ hYb\_
0 · 10 + 1 = 15 `_b\V `a_hcV^Yp hVcSݷa[Y ‑ 1 · 10 + 4 = 145 `_b\V
`a_hcV^Yp ca_Z[Y ‑ 14 · 10 + 3 = 1435 `_b\V `a_hcV^Yp bV]ݷa[Y ‑
143 · 10 + 7 = 14375 hc_ ^Q] Y caVRdVcbp7

8Q`dbcYS `a_TaQ]]d5 SSVUYcV [Q[_V6^YRdUm ^VR_\mi_V hYb\_ Y
dRVUYcVbm5 hc_ `a_TaQ]]Q UVZbcSYcV\m^_ `VhQcQVc XSݷXU_h[Y Y `V6
aVS_UYc bca_[dD `_Ubhݷc XSݷXU_hV[ U_SVamcV `a_TaQ]]V G3C

EC5BI8?CDN4 538? <;> L 78@B?7 L G3 63
<;?

?RaQcYcV S^Y]Q^YV5 hc_ [_\YhVbcS_ bY]S_\_S5 [_c_alV ^QbhYcQVc
G3 635 `aY [_aaV[c^_Z aQR_cV SQiVZ `a_TaQ]]l RdUVc ^Q VUY^Ygd
R_\miV SSVUݷ^^_T_ hYb\Q ‑ XQ bhݷc U_RQS\V^^_T_ S [_^gV bY]S_\Q
`VaVS_UQ bca_[Y7

<7:B7 GY[\ hcV^Yp Y `_UbhݷcQ bY]S_\_S UV\QVcbp baQS^YcV\m^_
`a_bc_5 ]l ^V RdUV] ^Q nc_] _bcQ^QS\YSQcmbp7 9b[_]lV gYeal5 b_6
bcQS\pojYV hYb\_5 ]_W^_ `_\dhYcm [Q[ `_b\VU_SQcV\m^_bcm _bcQc6
[_S _c UV\V^Yp hYb\Q ^Q 10D _b^_S^Qp b\_W^_bcm S aViV^YY nc_Z XQ6
UQhY b_bc_Yc S c_]5 hc_ `VhQcQcm ncY gYeal `_ ]VaV Yf SlhYb\V^Yp
^Y[Q[ ^V\mXp ‑ _^Y U_\W^l Rlcm ^Q`VhQcQ^l S _RaQc^_] `_apU[V7
?U^_ YX `a_bcVZiYf aViV^YZ ‑ b_XUQcm S `Q]pcY ]QbbYS U\p faQ6
^V^Yp ncYf bY]S_\_SD `_b[_\m[d hYb\Q d ^Qb `_ db\_SYo <;6RYc^lV5
SQ] XQSVU_]_ fSQcYc UVbpcY RQZc7 8Q`_\^pcm ]QbbYS ]_W^_ b ^QhQ\Q
[ [_^gd5 Q `VhQcQcm _c [_^gQ [ ^QhQ\d5 ^_ \dhiV RdUVc `_bcd`Ycm ^Q6
_R_a_cD `_hV]d nc_ \dhiV ‑ Sl `_Z]ݷcV `aY aViV^YY _U^_Z YX R_\VV
`_XU^Yf XQUQh7

<7;;7 9b`_\mXdZcV bcV[7 ;Q[ YXSVbc^_5 S bcV[ UQ^^lV b\VUdVc `_6
]VjQcm `_agYp]Y `_ hVclaV RQZcQD `a_jV RdUVc Yb`_\mX_SQcm YX
[QWU_Z cQ[_Z `_agYY c_\m[_ _UY^ RQZc U\p faQ^V^Yp _U^_T_ bY]6
S_\Q ‑ ^Q`aY]Va5 ]\QUiYZD U\p nc_T_ ]_W^_ XQ^VbcY `a_hYcQ^^lZ
RQZc S aVTYbca KU5 Q XQcV] XQ^VbcY S bcV[ SVbm NKa gV\Y[_]7



:;; D[QXQ^Yp

<7;<7 5\p aViV^Yp nc_Z XQUQhY b\VUdVc `a_hYcQ^^lV bY]S_\l
XQ^VbcY S bcV[5 Q XQcV] U\p SlUQhY Yb`_\mX_SQcm XQ`_\^V^^_V bY]S_6
\Q]Y `a_bcaQ^bcS_ bcV[Q [Q[ _Rlh^lZ ]QbbYS S `Q]pcY5 ^V YXS\V[Qp
YX ^VT_ bY]S_\l7 ;_^[aVcY[d `aYUd]QZcV bQ]Y7

<7;@7 @aYX^QV] baQXd WV5 hc_ nc_c ncoU U_S_\m^_ b\_WV^7 3 =7A7>ݷ
Sl ^QZUݷcV _`YbQ^YV cQ[ ^QXlSQV]_Z `_\mb[_Z Y^SVab^_Z XQ`YbY Sl6
aQWV^YZ 1@?<9825 Q cQ[WV Q\T_aYc]Q 5VZ[bcal5 b `_]_jmo [_c_6
a_T_ ]_W^_ `VaVSVbcY S @?<98 `a_YXS_\m^_V SlaQWV^YV5 XQ`YbQ^6
^_V S caQUYgY_^^_Z Y^eY[b^_Z ^_cQgYY7 BQ] @?<98 Y^cVa`aVcY6
adVcbp 1SlhYb\pVcbp2 XQ _UY^ `a_f_U b\VSQ ^Q`aQS_5 hc_ `_XS_\pVc
^V faQ^Ycm VT_5 Q SlhYb\pcm `_ ]VaV `_bca_V^YpD U\p nc_T_ ^dW^_
_RkVUY^Ycm aVQ\YXQgYo Q\T_aYc]Q 5VZ[bcal b aVQ\YXQgYVZ SlhYb6
\YcV\p @?<98Q7 ?c]VcY]5 hc_ Q\T_aYc] 5VZ[bcal `_UaQXd]VSQVc
Yb`_\mX_SQ^YV bcV[Q U\p SaV]V^^_T_ faQ^V^Yp bY]S_\_S _`VaQgYZ5
c_TUQ [Q[ SlhYb\V^YV @?<98Q caVRdVc bS_VT_ b_RbcSV^^_T_ bcV[Q5
^_ dWV U\p faQ^V^Yp _`VaQ^U_S Y `a_]VWdc_h^lf aVXd\mcQc_S7 1`6
`QaQc^lZ bcV[ SQ] `_^QU_RYcbp U\p aQR_cl b `_U`a_TaQ]]Q]Y5 cQ[
hc_ Y bcV[ _`VaQgYZ5 Y bcV[ aVXd\mcQc_S `aYUݷcbp aVQ\YX_SQcm [Q[
_Rlh^lV ]QbbYSl S `Q]pcYD XUVbm ]_W^_ Yb`_\mX_SQcm U\p b\_W6
^_bcY SlhYb\pV]_T_ SlaQWV^Yp [Q[do6c_ aQXd]^do _gV^[d bSVafd5
^Q`aY]Va5 bhYcQcm5 hc_ S _RQ bcV[Q ^Y[_TUQ ^V RdUVc caVR_SQcmbp XQ6
^VbcY R_\miV :9;= n\V]V^c_S 1hc_Rl `aVSlbYcm nc_c \Y]Yc5 `aYUݷcbp
`_bca_Ycm SlaQWV^YV5 b_UVaWQjVV `_ ]V^miVZ ]VaV >:; S\_WV^^lf
UadT S UadTQ `Qa [adT\lf b[_R_[27

3_X]_W^_5 Vbcm b]lb\ b^QhQ\Q ^Q`YbQcm aViV^YV nc_Z XQUQhY ^Q
@Qb[Q\V5 hc_Rl `_^pcm5 [Q[ nc_ Sbݷ S__RjV UV\QVcbp5 Y \Yim `_b\V
nc_T_ `lcQcmbp aVQ\YX_SQcm c_ WV bQ]_V ^Q pXl[V QbbV]R\VaQ7

<7;A7 9b`_\mXdZcV ]Q[a_`_Sc_aV^YV Y ]Q[a_`VaV]V^^do U\p faQ6
^V^Yp cV[djVT_ hYb\Q7 @aY `a_SVa[V ^V XQRdUmcV5 hc_ `QaQ]Vcal
]Q[a_bQ `VaVhYb\pocbp hVaVX XQ`pcdo7

<7;B7 Ncd XQUQhd ]_W^_ aViYcm USd]p b`_b_RQ]Y7 @VaSlZ `aVU6
`_\QTQVc TV^VaQgYo `_b\VU_SQcV\m^_bcY bSpX_[ YX [_]Q^U 3=@8:55
U\p hVT_ ]_W^_ `aY]V^Ycm ]Q[a_`_Sc_aV^YV7 3c_a_Z b`_b_R YXpj6
^VVC _^ `aVU`_\QTQVc `_bca_V^YV cQR\Ygl ]Vc_[ ‑ _Rl[^_SV^^_T_
]QbbYSQ5 n\V]V^cQ]Y [_c_a_]d b\dWQc [Q[ aQX `VaVUQ^^lV ]Q[a_bd
]Vc[Y7 3 nc_] b\dhQV b\VUdVc dRVUYcmbp5 hc_ hYb\_ S NJa U_`dbcY6
]_V 1^V ]V^miV VUY^Ygl Y ^V R_\miV [_\YhVbcSQ ]Vc_[25 `_b\V hVT_
bUV\Qcm [_bSV^^lZ RVXdb\_S^lZ `VaVf_U5 Yb`_\mXdp S [QhVbcSV _`V6
aQ^UQ n\V]V^c ]QbbYSQ7 =Q[a_`_Sc_aV^YV5 S`a_hV]5 Sbݷ aQS^_ `aY6
Uݷcbp `aY]V^Ycm5 c_\m[_ ^Q nc_c aQX ‑ U\p `_bca_V^Yp ]QbbYSQ7 BQ]
]QbbYS b\VUdVc bca_Ycm `ap]_ S bV[gYY [_UQ5 c_\m[_ ^V XQRdUmcV5 hc_
hVaVX ^VT_ `_caVRdVcbp 5ݷVaV`alT^dcm`ݷ Y XUVbm _RpXQcV\m^_ ^QU_
Yb`_\mX_SQcm ]Vc[d5 \_[Q\m^do U\p ]Q[a_bQ 1b]7 27?7<7>ݷ
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<7<=7 3 f_UV aViV^Yp XQUQhY <7<< d SQb U_\W^l Rl\Y `_pSYcmbp
`_U`a_TaQ]]l U\p `_UbhݷcQ U\Y^l bca_[Y Y SlUV\V^Yp `_b\VU^V6
T_ bY]S_\Q YX bca_[Y7 6b\Y nc_ cQ[5 U_bcQc_h^_ Sl^VbcY [QWUdo
YX ^Yf S _cUV\m^lZ ]_Ud\mD caVcmVZ VUY^YgVZ caQ^b\pgYY RdUVc T_6
\_S^Qp `a_TaQ]]Q7 6b\Y Sl aViY\Y XQUQhd <7<<5 ^_ `a_gVUda
`aY nc_] ^V ^Q`YbQ\Y5 SQ] ^V_Rf_UY]_ ba_h^_ `VaV_b]lb6
\Ycm bS_ݷ _c^_iV^YV [ `a_Ybf_UpjV]d1 8QUQhQ Y^cVaVb^Q Y]V^6
^_ cV]5 hc_ SlUV\V^YV `_UXQUQh S ^VZ _hVSYU^_D ^Q `aQ[cY[V _bca_
^V_Rf_UY]_ Q^ݷ QSc_`Y\_cVݷ SlUV\pcm S `_U`a_TaQ]]l \oRlV `_U6
XQUQhY5 [_c_alV S__RjV S_X]_W^_ SlUV\Ycm5 S c_] hYb\V S ^Q]^_T_
]V^VV _hVSYU^lf b\dhQpf7

<7=<7 3_b`_\mXdZcVbm `aYX^Q[_] UV\Y]_bcY ^Q caY5 nc_ d`a_bcYc
XQUQhd7 3bݷ hYb\_ gV\Y[_] SQ] `aY nc_] ^Y S [Q[_Z ]_]V^c ^V `_6
caVRdVcbp7

=79>7 ?RaQcYcV S^Y]Q^YV ^Q aQbbdWUV^Yp S ;:7>7=ݷ Y ^Q c_5 [Q[
cQ] _`YbQ^Q ed^[gYp CG1@5 \YR_ f_cp Rl `aY`_]^YcV5 hc_ VaVUQhQ`ݷ
`VaV]V^^_Zݷ S pXl[V BY `a_YXS_UYcbp hVaVX `VaVUQhd Vݷ QUaVbQ7

=79@7 Nc_ U_\W^Q Rlcm ed^[gYp5 S_XSaQjQojQp 9>D5 b _U^Y]
`QaQ]Vca_]5 Y]VojY] cY` 3?>CD 381B 37 >V XQRlSQZcV S cQ[Yf b\d6
hQpf `a_ b\_S_ 3?>CD1

=79B7 @_]^YcV5 hc_ aVXd\mcQc ed^[gYY 75D381B ^V\mXp ^Q`ap]do
`aYbSQYSQcm `VaV]V^^_Z cY`Q 381B5 `_b[_\m[d `aY nc_] Sl ^V b]_WV6
cV _c\YhYcm UadT _c UadTQ bYcdQgYo Vg^_]ݷ eQZ\Qݷ Y `a_hYcQ^^lZ
RQZc b_ X^QhV^YV] ;>>7 ;Q[ b\VUbcSYV5 `VaV]V^^Qp 3 U_\W^Q Y]Vcm
cY` 9>D7

=7:;7 AViV^YV `VaS_T_ `d^[cQ _hVSYU^_5 hc_ [QbQVcbp Sc_a_6
T_5 c_ `_Ubhݷc [_\YhVbcSQ Sf_WUV^YZ `a_SVbcY _hV^m `a_bc_C _R6
^QadWYS _hVaVU^_V Sf_WUV^YV5 dhVbcm VT_ 1^Q`aY]Va5 dSV\YhYcm
`VaV]V^^do6bhݷchY[25 `_b\V hVT_5 Y]Vp QUaVb5 S_XSaQjݷ^^lZ SQiVZ
ed^[gYVZ5 `aY]V^Ycm ncd ed^[gYo [ bca_[V5 ^QhY^Qp b_ b\VUdojVZ
`_XYgYY7 >Q`aY]Va5 Vb\Y X^QhV^YV5 S_XSaQjݷ^^_V ed^[gYVZ5 Sl aQX6
]VbcY\Y S d[QXQcV\V C5 c_ ^dW^_ RdUVc `aY]V^Ycm ed^[gYo [ c_Z WV
`_Ubca_[V5 hc_ Y aQ^miV5 Y SlaQWV^Yo C4: S [QhVbcSV bca_[Y7 @_6
b\V nc_T_ ed^[gYp \YR_ ^QZUݷc5 \YR_ ^V ^QZUݷc _hVaVU^_V Sf_WUV^YV
`_Ubca_[Y7

=7:=7 >dW^_ XQSVbcY USQ d[QXQcV\pD _UY^ RdUVc d[QXlSQcm ^Q c_
]Vbc_5 [dUQ [_`Yadocbp bY]S_\l5 Sc_a_Z ‑ ^Q c_ ]Vbc_5 _c[dUQ [_6
`Yadocbp bY]S_\l7 9bf_U^_ _RQ d[QXQcV\p dbcQ^QS\YSQocbp ^Q ^Q6
hQ\_ bca_[Y7 >Q [QWU_] iQTV5 Vb\Y _hVaVU^_Z bY]S_\5 ^Q [_c_alZ
d[QXlSQVc d[QXQcV\m 5ݷc[dUQ_ݷ pS\pVcbp `a_RV\_]5 c_ `a_bc_ nc_c
d[QXQcV\m bUSYTQVcbp ^Q b\VUdojYZ bY]S_\D S `a_cYS^_] b\dhQV Sl6
`_\^pVcbp [_`Ya_SQ^YV bY]S_\Q5 Vb\Y Rl\ b[_`Ya_SQ^ ^_\m ‑ aQR_6
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cQ XQSVaiQVcbp5 Y^QhV bUSYTQocbp dWV _RQ d[QXQcV\p Y aQR_cQ gY[\Q
`a_U_\WQVcbp7

=7:@7 5\p aV[dabYS^_T_ aViV^Yp S `d^[cV 22 `_caVRdVcbp Sb`_]_6
TQcV\m^Qp ed^[gYp5 Y]VojQp U_`_\^YcV\m^lZ 2ݷQ[Q`\YSQojYZ^ݷ1
`QaQ]Vca ‑ cV[djYZ ^_]Va n\V]V^cQ `a_b]QcaYSQV]_T_ b`Yb[Q5 Y\Y5
Vb\Y dT_U^_5 [_\YhVbcS_ n\V]V^c_S5 `a_b]_caV^^lf U_ UQ^^_T_ Sl6
X_SQ ed^[gYY7

=7:B7 @aQSY\m^VV RdUVc faQ^Ycm ^V SbV hYb\Q5 Q c_\m[_ cV5 [_6
c_alV dU_S\VcS_apoc db\_SYo 1c_ Vbcm [_c_alV `_c_] ^dW^_ RdUVc
^Q`VhQcQcm27

=7<?7 HcV^YV5 [Q[ _Rlh^_ S cQ[Yf b\dhQpf5 b\VUdVc Sl`_\^pcm
`_bY]S_\m^_ _U^Y] gY[\_]7 6b\Y U_`dbcYcm S\_WV^^lV gY[\l `aY
aVQ\YXQgYY hcV^Yp5 Sl5 b[_aVV SbVT_5 TUV6^YRdUm XQ`dcQVcVbmD hQjV
SbVT_ aVXd\mcQc_] cQ[_Z `dcQ^Ygl bcQ^_SYcbp ^V[_aaV[c^Qp aVQ[6
gYp `a_TaQ]]l ^Q ^V[_c_alV b\dhQY S_X^Y[^_SV^Yp bYcdQgYY 6_]ݷ
^Vg eQZ\Q7ݷ

@_b[_\m[d ^Q`VaݷU ^VYXSVbc^l ^Y [_\YhVbcS_ b\_S5 ^Y U\Y^Q [QW6
U_T_ YX ^Yf5 `aY aQR_cV ^QU nc_Z XQUQhVZ `aYf_UYcbp cV] Y\Y Y^l]
b`_b_R_] aViQcm S_`a_b b UY^Q]YhVb[Y] faQ^Y\YjV] U\p `a_hYcQ^6
^_T_7 ?b^_S^lf `_Uf_U_S [ nc_]d ]_W^_ SlUV\Ycm USQC `_bca_V^YV
SaV]V^^_T_ b`Yb[Q bY]S_\_S Y Yb`_\mX_SQ^YV U\p faQ^V^Yp bY]S_\_S
SaV]V^^_T_ `a_]VWdc_h^_T_ ]QbbYSQ5 [_c_alZ `_ ]VaV ^V_Rf_UY]_6
bcY ]_W^_ dSV\YhYSQcm S aQX]VaQf7 @a_eVbbY_^Q\m^lV `a_TaQ]]Y6
bcl _Rlh^_ YXRVTQoc b`Yb[_S bY]S_\_S5 `_b[_\m[d Yf `aY]V^V^YV
`aYS_UYc [ ^V`a_YXS_UYcV\m^_]d aQbf_Ud _`VaQcYS^_Z `Q]pcY 1]V6
^VUWVa [dhY _Rlh^_ aQR_cQVc b_ ݷb[SQW^_bcmoݷ S ?=5 Q c_ Y :;A
RQZc5 cQ[ hc_ Y]V^^_ bc_\m[_ `Q]pcY S UVZbcSYcV\m^_bcY SlUV\pVc6
bp ^Q [QWUlZ n\V]V^c b`Yb[Q5 c_ Vbcm U\p faQ^V^Yp _U^_T_ RQZcQ
`_\VX^_Z Y^e_a]QgYY2D cV] ^V ]V^VV5 Vb\Y cQ[_V aViV^YV [QWVcbp
SQ] `a_jV5 S_b`_\mXdZcVbm Y]7

6b\Y Sbݷ WV Sl aViYcV Yb`_\mX_SQcm `a_]VWdc_h^lZ ]QbbYS5 c_
U\p VT_ _aTQ^YXQgYY `_caVRdocbp caY `VaV]V^^lVC d[QXQcV\m ^Q ]Qb6
bYS5 Y]VojYZ cY` 381B35 Y USV gV\_hYb\V^^lV `VaV]V^^lV5 faQ^p6
jYV cV[djYZ aQX]Va bQ]_T_ ]QbbYSQ Y c_5 b[_\m[_ S [ݷ^ S ^Qbc_6
pjYZ ]_]V^c XQ^pc_ n\V]V^c_S7 @aQSY\m^VV RdUVc _RkVUY^Ycm SbV
caY `VaV]V^^lV S _U^d bcad[cdad ‑ b cV]5 hc_Rl SQiY ed^[gYY5
_RVb`VhYSQojYV aQR_cd b ]QbbYS_]5 `_\dhQ\Y _U^Y] YX bS_Yf `QaQ6
]Vca_S 1_Rlh^_ `VaSl]2 d[QXQcV\m ^Q ncd bcad[cdad7 8Q^VbV^YV S
]QbbYS _hVaVU^_T_ bY]S_\Q b\VUdVc _RpXQcV\m^_ aVQ\YX_SQcm _cUV\m6
^_Z ed^[gYVZ5 [_c_aQp RdUVc `aY ^V_Rf_UY]_bcY YX]V^pcm aQX]Va
]QbbYSQ5 ^Q`aY]Va5 dSV\YhYSQp VT_ SUS_VD U\p nc_T_ ^dW^_ b_XUQcm
^_SlZ ]QbbYS5 `VaV`YbQcm S ^VT_ Y^e_a]QgYo YX bcQa_T_5 bcQalZ
dUQ\Ycm7
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Ed^[gYp B51<<?3 YX bcQ^UQac^_Z RYR\Y_cV[Y `_XS_\pVc ^Vb[_\m[_ b_[aQ6
cYcm _Rkݷ] [_UQ `aY YX]V^V^YY aQX]VaQ ]QbbYSQD ^V `aY]V^pZcV ncd ed^[gYo
S dhVR^lf XQUQhQf5 Y^QhV cQ[ Y ^V ^QdhYcVbm dSVaV^^_ aQR_cQcm b ]QbbYSQ]Y5
`aVU`_\QTQojY]Y `VaV]V^^do U\Y^d1

3c_a_V `aY^gY`YQ\m^_V aViV^YV5 [_c_a_V SQ] ^QU\VWYc `aY6
^pcm ‑ nc_ b\VUdVc \Y `a_hYcQ^^lV b\_SQ XQ^_bYcm S Yc_T_SlZ b`Y6
b_[ `_ ]VaV Yf `a_hcV^Yp5 Y\Y WV \dhiV RdUVc b^QhQ\Q `a_hYcQcm Y
aQX]VbcYcm S_ SaV]V^^_] faQ^Y\YjV 1RdUm c_ b`Yb_[ bY]S_\_S Y\Y
`a_]VWdc_h^lZ ]QbbYS2 Sbo bca_[d gV\Y[_]5 Y dWV `_c_] aQXRYcm
Vݷ ^Q _cUV\m^lV b\_SQ7

3 _R_Yf b\dhQpf ^Q ]_]V^c e_a]Ya_SQ^Yp _hVaVU^_T_ b\_SQ dWV
YXSVbc^Q VT_ U\Y^Q5 `_nc_]d b\VUdVc SlUV\Ycm a_S^_ bc_\m[_ `Q]pcY5
b[_\m[_ `_U ncd bca_[d ^dW^_ 1^Q _UY^ RQZc R_\miV5 hV] Rd[S S
b\_SV25 b[_`Ya_SQcm S ncd `Q]pcm Rd[Sl YX SaV]V^^_T_ faQ^Y\YjQ5
^V XQRlSQp `aY nc_] `a_ _TaQ^YhYcV\m^lZ ^_\m S [_^gV bca_[Y5 Q
bQ]d be_a]Ya_SQ^^do bca_[d S[\ohYcm S Yc_T_SlZ b`Yb_[ b\_S7

6b\Y Sl Yb`_\mXdVcV U\p SaV]V^^_T_ faQ^V^Yp b`Yb_[ bY]S_\_S5
VT_ n\V]V^cl b\VUdVc dUQ\Ycm5 [Q[ c_\m[_ Sbp Y^e_a]QgYp YX ^Yf `V6
aV`YbQ^Q S Yc_T_SlV bca_[Y7 6b\Y WV Sl `aVU`_h\Y `a_]VWdc_h^lZ
]QbbYS5 c_ dUQ\pcm VT_ [QWUlZ aQX ^V bc_YcC U_bcQc_h^_ XQ^VbcY ^_\m
S `VaV]V^^do5 b_UVaWQjdo cV[djVV [_\YhVbcS_ faQ^Y]lf bY]S_\_S5
Y `a_U_\WYcm Yb`_\mX_SQ^YV ]QbbYSQ 1^l^V 2ݷ_dbc_T`ݷ `aY Q^Q\YXV
`_b\VUdojYf bca_[7

2_\miY^bcS_ ^_SYh[_S `aY `_`lc[V aViV^Yp _RbdWUQV]_Z XQUQ6
hY UV\QVc _U^d Y cd WV cQ[cYhVb[do _iYR[dC ^V SYUp c_\[_]5 hc_
cdc ]_W^_ Sl^VbcY S _cUV\m^lV `_UXQUQhY5 _^Y `lcQocbp SVbm gY[\
hcV^Yp aVQ\YX_SQcm S _U^_Z ed^[gYY 1_Rlh^_ =19>5 f_cp ^V SbVTUQ25
Y ncQ ed^[gYp S ]_]V^c cRYSQVcbp_ݷ _c ad[ݷ ‑ U_bcYTQVc S U\Y^d bcQ
Y R_\VV bca_[7 ;Q[ `aQSY\_5 [_TUQ nc_ dWV `a_YX_i\_5 UV[_]`_XYgYo
`a_S_UYcm `_XU^_5 Y Sbݷ `aYf_UYcbp `VaV`YblSQcm b ^d\p7 6b\Y nc_
`a_YX_i\_ b SQ]Y5 `_]^YcVC ed^[gYY U\Y^^VV >9 bca_[ ‑ nc_
_hV^m `\_f_5 Q ed^[gYY U\Y^^VV @9 bca_[ ‑ nc_ dWV [aY6
]Y^Q\5 Y cQ[YV ed^[gYY ]_W^_ bhYcQcm ^V^Q`YbQ^^l]Y S^V Sbp[_Z
XQSYbY]_bcY _c _Rbc_pcV\mbcS7 8QUQ^YV5 _ [_c_a_] YUݷc aVhm5 S nc_]
`\Q^V _hV^m Y^cVaVb^_C _^_ `_XS_\pVc `_^pcm5 T_c_Sl \Y Sl [ bVamݷX6
^l] `a_TaQ]]Q] S `\Q^V UV[_]`_XYgYY XQUQh ^Q `_UXQUQhY7 9cQ[5
Vb\Y d SQb `_\dhY\Qbm Ta_]_XU[Qp ed^[gYp5 `aVS_bf_UpjQp
>9 bca_[5 _RpXQcV\m^_ b_caYcV Vݷ Y `VaV`YiYcV SQiV aViV6
^YV b ^d\p ‑ cQ[5 hc_Rl ]_^bca_S S nc_c aQX ^V S_X^Y[Q\_7 5\p
nc_T_ XQaQ^VV `a_Ud]QZcV5 [Q[YV `_UXQUQhY bc_Yc aVQ\YX_SQcm U_ c_6
T_5 [Q[ Sl `aYbcd`YcV [ ^Q`YbQ^Yo T\QS^_Z ed^[gYY7

6b\Y ^Yhc_ Y^_V ^V `_]_TQVc5 XUVbm ]_W^_ `_b_SVc_SQcm _UY^ U_6
bcQc_h^_ d^YSVabQ\m^lZ `_Uf_U7 3l ]_WVcV _RkVUY^Ycm S aQ][Qf
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_U^_Z bcad[cdal Sbo Y^e_a]QgYo5 bSpXQ^^do b hcV^YV] Y Q^Q\YX_]
bca_[Y7 >Q`aY]Va5 S cQ[do bcad[cdad ]_Tdc S_ZcY cV[djVV b_bc_p6
^YV Q^Q\YXQc_aQ 1^Qf_UYcVbm Sl S^dcaY [QSlhV[ Y\Y ^Vc25 d[QXQcV\Y
^Q ^QhQ\_ Y [_^Vg be_a]Ya_SQ^^_Z hQbcY b`Yb[Q b\_S5 Q cQ[WV Sb5ݷ
hc_ ^dW^_ U\p SaV]V^^_T_ faQ^V^Yp c_T_ b\_SQ5 [_c_a_V ^Qf_UYcbp
S `a_gVbbV bhYclSQ^Yp 1RdUm c_ `a_]VWdc_h^lZ ]QbbYS Y\Y b`Yb_[
bY]S_\_S27 6b\Y cQ[ bUV\Qcm5 XQUQhQ U_S_\m^_ VbcVbcSV^^l] _RaQX_]
aQb`QUݷcbp ^Q `_UXQUQhY7 GY[\ hcV^Yp bY]S_\_S bS_UYcbp [ c_]d5
hc_Rl `_b\V `a_SVa[Y5 ^V ^QbcQ\ \Y [_^Vg eQZ\Q5 ݷcUQcm_ݷ _hVaVU6
^_Z bY]S_\ S _RaQR_c[d5 SlXSQS b__cSVcbcSdojdo ed^[gYo5 `_b\V
hVT_ `a_SVaYcm5 ^V _[_^hV^_ \Y hcV^YV bca_[Y Y ^V `_aQ \Y Sl`_\6ݷ
^pcm [_]Q^Udݷ 1^Q `VaS_] ncQ`V S]Vbc_ Sl`_\^V^Yp [_]Q^Ul d ^Qb
RdUVc `VhQcm b\_S27 6b\Y SaV]p U\p nc_T_ `aYi\_5 c_ ^dW^_ SlXSQcm
Vjݷ USV ed^[gYYC `VaSQp YX ^Yf Sl`_\^Ycݷ [_]Q^Udݷ 1^Q`VhQcQVc
b\_SQ25 Sc_aQp ‑ _hYbcYc bcad[cdal UQ^^lf5 _bS_R_UYS Sbo XQ^pcdo
UY^Q]YhVb[do `Q]pcm 1[a_]V5 S_X]_W^_5 `a_]VWdc_h^_T_ ]QbbYSQ5
Vb\Y Sl VT_ Yb`_\mXdVcV2 Y `_UT_c_SYc Sbݷ U\p hcV^Yp Y Q^Q\YXQ b\V6
UdojVZ bca_[Y7

2_\miQp hQbcm _bcQSiVZbp ݷb\_W^_bcYݷ `aY cQ[_] `_Uf_UV `V6
aV[_hdVc S ed^[gYo _RaQR_c[Y _cUV\m^_T_ bY]S_\Q5 [_c_aQp RdUVc
Sl^dWUV^Q `a_SVapcm5 `a_RV\m^lZ nc_ bY]S_\ Y\Y ^Vc5 Vb\Y `a_RV\m6
^lZ ‑ c_ Y]VVcbp \Y [Q[_V6c_ ^V`dbc_V ^Q[_`\V^^_V b\_S_5 Vb\Y Y]V6
Vcbp ‑ b_XUQSQcm b\VUdojYZ n\V]V^c S b`Yb[V b\_S5 Q ^Q[_`\V^^_V
S_ SaV]V^^_] faQ^Y\YjV bRaQblSQcmD Vb\Y bY]S_\ ^V `a_bc_ `a_6
RV\m^lZ5 Q Vjݷ Y `VaVS_U bca_[Y5 ^dW^_ SXSVbcY [Q[_Z6c_ e\QW_[5
hc_Rl UadTQp ed^[gYp ]_T\Q _caQ`_ac_SQcm _ T_c_S^_bcY bca_[Y [
Sl`_\^V^Yoݷ [_]Q^UlݷD Vb\Y bY]S_\ ^V `a_RV\m^lZ5 VT_ ^dW^_ U_6
RQSYcm S_ SaV]V^^_V faQ^Y\YjV5 Y c7 U7 >_5 S_6`VaSlf5 b\_W^_bcVZ
^Q U_\o nc_Z ed^[gYY _bcQݷcbp YXapU^_ ]V^miV5 Q S_6Sc_alf5 _^Q
c_WV `aV[aQb^_ Rmݷcbp ^Q `_UXQUQhY7

8QRVTQp S`VaݷU ^Q gV\lZ c_]5 ]_W^_ _c]VcYcm5 hc_ cQ[_Z `_Uf_U [ R_amRV
b_ b\_W^_bcmo b__cSVcbcSdVc ^VRVXlXSVbc^_]d _RkV[c^_6_aYV^cYa_SQ^^_]d
`a_TaQ]]Ya_SQ^YoD S a_\Y _RkV[cQ cdc Slbcd`QVc bcad[cdaQ5 _RkVUY^po6
jQp Sb5ݷ hc_ ^dW^_ S f_UV hcV^Yp5 ^d Q ed^[gYY5 [_c_alV ^Q`YbQ^l U\p
aQR_cl b nc_Z bcad[cda_Z5 ]_W^_ aQbb]QcaYSQcm [Q[ ]Vc_Ul7 6b\Y Sl ^V
X^QVcV5 _ hݷ] cdc YUݷc aVhm5 ^V _RaQjQZcV S^Y]Q^Yp ‑ SbV]d bS_ݷ SaV]pD
_RkV[c^_6_aYV^cYa_SQ^^lZ `_Uf_U [ `a_TaQ]]Ya_SQ^Yo `_Ua_R^_ aQXRYaQ6
Vcbp S caVcmV] c_]V 3SVUV^Ypݷ S `a_eVbbYo7ݷ

=7<:5 =7<;7 PXl[ BY `_XS_\pVc `a_SVaYcm n[SYSQ\V^c^_bcm USdf
b`_b_R_S SSVUV^Yp _U^_T_ Y c_T_ WV Y]V^Y `VaV]V^^_Z Y\Y ed^[gYYD
U\p nc_T_ U_bcQc_h^_ S _U^_Z VUY^YgV caQ^b\pgYY \YR_ _RkpSYcm
nc_c YUV^cYeY[Qc_a USQWUl 1_U^Y] b`_b_R_] Y UadTY]25 \YR_ b^Q6
hQ\Q _RkpSYcm VT_ _U^Y] b`_b_R_]5 Q `_c_] _`YbQcm UadTY]7 5\p
`VaV]V^^lf nc_ _X^QhQVc5 hc_ ^dW^_ `aVUkpSYcm [_]`Y\pc_ad b^QhQ6



; hQbcY > :;@

\Q _RkpS\V^YV b_ b\_S_] 5HD5B>5 bUV\Q^^_V _U^Y] b`_b_R_]5 Q XQcV]
SSVbcY c_c WV YUV^cYeY[Qc_a Sc_al] b`_b_R_] 15HD5B> S nc_] b\d6
hQV ]_W^_ bcQSYcm5 Q ]_W^_ Y ^V bcQSYcm5 c_TUQ nc_ RdUVc _`YbQ^YV27
5\p ed^[gYZ _RkpS\V^YV] bhYcQVcbp XQT_\_S_[ RVX cV\Q5 cQ[ hc_
`VaSlZ b`_b_R SSVUV^Yp Y]V^Y ed^[gYY U_\WV^ Y]Vcm SYU XQT_\_S6
[Q5 Q Sc_a_Z ]_WVc Rlcm [Q[ XQT_\_S[_]5 cQ[ Y _`YbQ^YV] ed^[gYY
1c7 V7 ]_W^_ b^QRUYcm Sc_a_Z SQaYQ^c XQT_\_S[Q cV\_]27

>Q`aY]Va5 b\VUdojYZ eaQT]V^c

DI@5456 F?94 1384<6E>219>D2D
84<6E> C5Dh81>4<5B19>D >E=5 84<6E> 84<2D

F?94 13C5Dh81>4<5B19>D >E=5 F?94 1384<219>D22219>D2
K

B5DEB> >E= H 84< C 1F?94329D
M

^V SlX_SVc S_XaQWV^YZ d [_]`Y\pc_aQD nc_ _X^QhQVc5 hc_ Y]p ed^[6
gYY C5Dh81>4<5B S _R_Yf b\dhQpf Y]VVc bca_T_ _UY^ Y c_c WV cY`7

>7:97 ?RaQcYcV S^Y]Q^YV5 hc_ `a_TaQ]]Q b^QhQ\Q ^Q`VhQcQVc
bca_[d CD1BD5 `_b\V hVT_ `_a_UYc Sc_a_Z `a_gVbb SlX_S_] 6?B; ‑
7ݷaQXUS_Ycbpݷ @a_gVbbl RdUdc Sl`_\^pcmbp RVX bY^fa_^YXQgYY5 cQ[
hc_ ^VYXSVbc^_5 `_pSYcbp \Y `VaS_Z bca_[Q 389<4 Y\Y @1B5>DD e_a6
]Q\m^_ T_S_ap5 ^VYXSVbc^_ Y c_5 db`VVc \Y `a_gVbb5 ^Q`VhQcQSiYZ ncd
bca_[d5 ^Q`VhQcQcm cQ[WV Y bS_Z n[XV]`\pa bca_[Y 69>9C8 1[Q[ \VT[_
XQ]VcYcm5 ncd bca_[d _^Y ^Q`VhQcQoc _RQ27

>7:=7 B\VUdVc S_b`_\mX_SQcmbp _U^Y] YX bYbcV]^lf SlX_S_S
G19D@945 G19D< Y\Y G19D=5 d[QXQS _`gYo `WXQJWPD _RaQjV^Yp [ bY6
bcV]^_]d SlX_Sd `_Sc_apcm S gY[\V5 `_[Q S_XSaQjQV]_V X^QhV^YV
bca_T_ `_\_WYcV\m^_D [_TUQ RdUVc S_XSaQjݷ^ 9 1Vbcm `_a_WUݷ^^lV
`a_gVbbl5 ^_ baVUY ^Yf ^Vc ^Y _U^_T_ X_]RY2 Y\Y 6: 1`a_gVbb_S R_\m6
iV ^Vc2 ‑ gY[\ XQSVaiYcm7

>7:;7 3Q] `_caVRdocbp SlX_S 6?B;5 ed^[gYp 5H53F@5 SlX_S G19D
Y ]Q[a_bl U\p Q^Q\YXQ VT_ aVXd\mcQc_S 1b]7 27@7>7<‑=7>7<ݷݷ 3 [QhVbcSV
QaTd]V^c_S 5H53F@ db\_SYp XQUQhY `_XS_\poc Yb`_\mX_SQcm hQbcY SQ6
iVZ b_RbcSV^^_Z [_]Q^U^_Z bca_[Y ‑ SlaQWV^Yp 1B7Fd:f 1Y]p XQ6
`db[QV]_Z `a_TaQ]]l2 Y 1B7F4: 1[_]Q^U^Qp bca_[Q U\p ^V25ݷ ^_Slf
]QbbYS_S ]_W^_ ^V b_XUQSQcm7

>7:>7 B_T\Qb^_ db\_SYp] XQUQhY =7<? d SQb U_\WV^ Rl\ `_\d6
hYcmbp b`Yb_[ bca_[5 b_UVaWQjYf b\_SQ SSVUݷ^^_Z `_\mX_SQcV\V] [_6
]Q^U^_Z bca_[Y5 c_ Vbcm eQ[cYhVb[Y b`Yb_[ d[QXQcV\VZ cY`Q 381B37
5\p Sl`_\^V^Yp [_]Q^Ul5 SSVUݷ^^_Z `_\mX_SQcV\V] 1c7ȑ5V7 U\p XQ6
`db[Q S^Vi^VZ `a_TaQ]]l25 SQ] `_caVRdVcbp _RaQcYcmbp [ ed^[gYY



:;A D[QXQ^Yp

5H53F@5 [_c_aQp _WYUQVc bS_Y] Sc_al] `QaQ]Vca_] cV WV bQ]lV
d[QXQcV\Y5 c_\m[_ b_RaQ^^lV ^V S b`Yb_[5 Q S ]QbbYS7 Be_a]Ya_6
SQcm ^dW^lZ ]QbbYS _hV^m `a_bc_C U_bcQc_h^_ _`YbQcm d[QXQcV\m
^dW^_T_ cY`Q 1381B335 SVUm _^ U_\WV^ d[QXlSQcm ^Q n\V]V^cl cY6
`Q 381B32 `_bhYcQcm [_\YhVbcS_ n\V]V^c_S SQiVT_ b`Yb[Q5 `aYRQSYcm
VUY^Ygd5 SlUV\Ycm `Q]pcm `_U ]QbbYS ^dW^_T_ aQX]VaQ5 b_bc_pjYZ
YX n\V]V^c_S cY`Q 381B3 1^Q`aY]Va5 Vb\Y `_UbhYcQ^^_V [_\YhVbcS_
b\_S b_UVaWYcbp S `VaV]V^^_Z G3>D5 c_ `_caVRdVcbp hc_6c_ Sa_UV
=1<<?311G3>D4:23C9J5?61381B32225 Q XQcV] gY[\_] `VaV^VbcY QUaV6
bQ YX d[QXQcV\VZ5 b_UVaWQjYfbp S b`Yb[V5 S n\V]V^cl `_\dhV^^_T_
]QbbYSQD ^dW^_ c_\m[_ ^V XQRlcm XQ^VbcY S `_b\VU^YZ n\V]V^c ]Qb6
bYSQ X^QhV^YV W^UU7 6b\Y SQi d[QXQcV\m ^Q ^QhQ\_ ]QbbYSQ ^QXlSQ\6
bp G?B4C5 c_ `VaSl] QaTd]V^c_] U\p 5H53F@ `_b\dWYc G?B4Cd9f5 Q
Sc_al] ‑ bQ] d[QXQcV\m G?B4C7 N\V]V^cl b`Yb[Q ]_W^_ `_b\V nc_T_
dUQ\Ycm5 ^_ c_\m[_ bQ]Y n\V]V^cl 1bcad[cdal25 Q ^V bca_[Y5 QUaVbQ
[_c_alf cQ] faQ^Y\Ybm ‑ ncY bca_[Y cV`Vam b\VUdVc bhYcQcm `aY6
^QU\VWQjY]Y be_a]Ya_SQ^^_Z [_]Q^U^_Z bca_[V7

;_TUQ ]QbbYS T_c_S5 b\VUdVc `a_SVaYcm5 ^V pS\pVcbp \Y `VaS_V
b\_S_ 1Y]p [_]Q^Ul2 bca_[_Z 5ݷ34ݷ Vb\Y UQ ‑ _RaQR_cQcm nc_c _b_RlZ
b\dhQZ5 Vb\Y WV ^Vc ‑ Yb`_\^Ycm _Rlh^do bSpX[d 6?B;45H53F@D ^V
XQRdUmcV `a_ @5BB?B85H9D 1Y\Y @5BB?B866<EC88h5H9D2 `_b\V 5H53 ‑
Y] `aVUbc_Yc baQR_cQcm5 [_TUQ `_\mX_SQcV\m S]Vbc_ [_]Q^Ul SSVUݷc
RV\YRVaUd 1Y\Y `a_bc_ _iYRݷcbp S Y]V^Y [_]Q^Ul27

5\p b\dhQp [_]Q^Ul 34 b\VUdVc S _RpXQcV\m^_] `_apU[V _R6
aQR_cQcm X^QhV^YV5 S_XSaQjݷ^^_V SlX_S_] 34D Vb\Y _^ SVa^d\ `aV6
b\_Sdcdo ]Y^db6VUY^Ygd ‑ b[_aVV SbVT_5 `_\mX_SQcV\m _iYRbp `aY
SS_UV Y]V^Y UYaV[c_aYY7 FdUiVV5 hc_ ]_W^_ XUVbm bUV\Qcm ‑ nc_
_cYfݷ `a_YT^_aYa_SQcmݷ _iYR[d5 SVUm `_\mX_SQcV\m c_TUQ RdUVc dSV6
aV^5 hc_ UYaV[c_aYp R\QT_`_\dh^_ YX]V^Y\Qbm7 BQ]_V `aQSY\m^_V
1Y5 XQ]VcY]5 bQ]_V `a_bc_V2 aViV^YV ‑ SlXSQcm ed^[gYo @5BB?B5
`_UQS VZ `QaQ]Vca_] Y]p UYaV[c_aYY5 b [_c_al] S_X^Y[\Y `a_6
R\V]l 1Q ^V hc_6c_ UadT_V27

DhcYcV5 hc_ S nc_Z `a_TaQ]]V _hV^m \VT[_ `a_`dbcYcm TUV6^YRdUm
dcVh[d `Q]pcY5 c_ Vbcm XQRlcm TUV6c_ hc_6c_ _hYbcYcm7 2dUmcV S^Y6
]QcV\m^l ^Q nc_c bhݷc1 =_W^_ hdcm6hdcm _R\VThYcm bVRV WYX^m5 Vb6
\Y ]QbbYS U\p 5H53F@ e_a]Ya_SQcm dWV S `_a_WUݷ^^_] `a_gVbbV5
^V`_baVUbcSV^^_ `VaVU _RaQjV^YV] [ 5H53F@D S nc_] b\dhQV Sb5ݷ hc_
[QbQVcbp nc_T_ ]QbbYSQ5 ]_W^_ RdUVc ^V dUQ\pcm5 SVUm S`VaVUY \YR_
XQ]V^Q Sl`_\^pojVZbp `a_TaQ]]l5 \YR_ 1S b\dhQV _iYR[Y2 XQSVa6
iV^YV `a_gVbbQ5 Y S _R_Yf b\dhQpf SQi bVT]V^c UQ^^lf `VaVbcQ^Vc
bdjVbcS_SQcm SVbm gV\Y[_]7 3`a_hV]5 nc_ ^Y[Q[ ^V _c]V^pVc dUQ6
\V^Yp b`Yb[Q bca_[ 1Y S nc_c aQX ‑ S]VbcV b bQ]Y]Y bca_[Q]Y2 S



; hQbcY > :;B

T\QS^_] `a_gVbbV5 Q Vjݷ `aY nc_] RdUVc ^Vb[_\m[_ b\_W^VV 1f_cp Y
^V ^Q]^_T_2 `a_SVapcm _b_RlV b\dhQY5 bSpXQ^^lV b 347

>7:?7 DX^Qcm U_]Qi^oo UYaV[c_aYo `_\mX_SQcV\p ]_W^_ YX
`VaV]V^^_Z _[adWV^Yp QXVND b__cSVcbcSdojdo bca_[d SQ] SVa^ݷc
75D5>F12QXVN225 c_\m[_ ^V XQRdUmcV5 hc_ `VaV]V^^_Z QXVN S _[ad6
WV^YY ]_WVc S__RjV6c_ Y ^V Rlcm5 Y nc_ b_SVaiV^^_ ^V `_S_U U\p
QSQaYZ^_T_ XQSVaiV^Yp7 6b\Y `_\mX_SQcV\m UQ\ [_]Q^Ud 34 RVX `Q6
aQ]Vca_S5 Q 75D5>F12QXVN22 SVa^d\ SQ] W^UU5 ]_W^_ ^Q`VhQcQcm UY6
QT^_bcY[d Sa_UV R 4?>’D ;>?G G85B5’C I?EB 8?=5 C61

>7:@7 6b\Y Sݷ e_^Vݷ dWV Sl`_\^pocbp [Q[YV6c_ `a_TaQ]]l5 Q
`_\mX_SQcV\m `aY nc_] caVRdVc _hVaVU^do [_]Q^Ud Sl`_\^Ycm S
_Rlh^_] aVWY]V5 c_ SQi SlX_S G19D ]_WVc U_WUQcmbpݷ ^V c_T_7ݷ
3 bQ]_] UV\V5 [_]Q^UQ5 [_c_ado `_\mX_SQcV\m SSݷ\ `_b\VU^VZ5 ]_6
WVc Sl`_\^pcmbp U_bcQc_h^_ U_\T_5 hc_Rl [Q[_Z6c_ YX `a_gVbb_S5
XQ`djV^^lf aQ^VV S e_^_S_] aVWY]V5 XQ nc_ SaV]p XQSVaiY\bp5 _`V6
aVUYS `a_gVbb5 Sl`_\^pojYZ `_b\VU^oo [_]Q^Ud7 @a_SVaYcm nc_ U_6
bcQc_h^_ `a_bc_C b^QhQ\Q XQ`dbcYcV S e_^V 1b Q]`VabQ^U_]2 [_]Q^Ud
C<55@ :>5 Q `_c_] 1dWV RVX Q]`VabQ^UQ2 [_]Q^Ud C<55@ :999D Vb\Y
S SQiVZ `a_TaQ]]V RdUVc c_\m[_ _UY^ G19D5 _^Q _hVaVU^_V `aYT\Q6
iV^YV [_]Q^U^_Z bca_[Y SlUQbc `_b\V XQSVaiV^Yp C<55@ :>5 Y Sl
b]_WVcV \VT[_ dRVUYcmbp5 hc_ C<55@ :999 Sbݷ Vjݷ 5ݷSYbYcݷ ^_ SQi
Y^cVa`aVcQc_a Vݷ XQSVaiV^Yp dWV ^V WUݷc5 f_cp Sa_UV Rl U_\WV^7

;_^Vh^_5 aViQVcbp ncQ `a_R\V]Q _hV^m `a_bc_5 V5ݷ `_WQ\dZ5 cadU6
^VV _b_X^Qcm5 hV] aViYcm7 5_bcQc_h^_ Sb`_]^Ycm5 hc_ SlX_S G19D S_X6
SaQjQVc @94 c_T_ `a_gVbbQ5 [_c_a_T_ _^ U_WUQ\bp5 Q ed^[gYp 6?B;
S a_UYcV\mb[_] `a_gVbbV S_XSaQjQVc @94 `a_gVbbQ5 [_c_alZ _^Q XQ6
`dbcY\Q7 ?bcQ\_bm c_\m[_ `aY XQ`db[V [_]Q^Ul XQ`_]^Ycm @94 `_\d6
hYSiVT_bp `a_gVbbQ5 Q `_b\V5 Vb\Y Vݷ XQSVaiV^Yp ^dW^_ U_WYUQcmbp
1c_ Vbcm Vb\Y _^Q ^V e_^_SQp2 ‑ bUV\Qcm ^V _U^_ _RaQjV^YV [ SlX_6
Sd G19D5 Q gY[\ cQ[Yf _RaQjV^YZ5 aQR_cQojYZ U_ cVf `_a5 `_[Q ^V
U_WUݷcbp5 [_T_ ^QU_7 >Q`aY]Va5 Vb\Y YUV^cYeY[Qc_a ^dW^_T_ `a_6
gVbbQ ^Qf_UYcbp S `VaV]V^^_Z @945 gY[\ ]_WVc SlT\pUVcm `aY]Va^_
cQ[C

4? K
@ F G19D1W^UU2D

M G89<51@ 1F @942D

;a_]V nc_T_5 ^Q\YhYV e_^_Slf XQUQh _X^QhQVc5 hc_ SaV]p _c SaV6
]V^Y bc_Yc hYbcYcm bYbcV]d _c `_\dhQojYfbp X_]RYD ^Q ncd cV]d
b]7 d[QXQ^Yp Y _cSVc [ XQUQhV >7:=7 >Q UQ^^_] ncQ`V ]_W^_ _TaQ^Y6
hYcmbp `a_SVUV^YV] cQ[_Z _hYbc[Y5 b[QWV]5 ^V`_baVUbcSV^^_ `VaVU



:<9 D[QXQ^Yp

SS_U_] _hVaVU^_Z [_]Q^Ul5 Q cQ[WV `VaVU XQ`db[_] e_^_S_Z [_]Q^6
Ul 1`VaVU XQ`db[_] ^Ve_^_Slf [_]Q^U nc_ UV\Qcm RVbb]lb\V^^_5 `_6
b[_\m[d b dRYaQ^YV] YX bYbcV]l X_]RY6`a_gVbb_S `aV[aQb^_ b`aQ6
SYcbp gY[\ _Rlh^lf G19D’_S5 [_c_alZ Sl ^Qh^ݷcV Sl`_\^pcm baQXd
`_b\V `_a_WUV^Yp `a_gVbbQ27

5\p cVbcYa_SQ^Yp ^Q`YbQ^^_T_ aViV^Yp nc_Z XQUQhY dU_R^_ `aY6
]V^pcm [Q[_Z6^YRdUm YX n]d\pc_a_S cVa]Y^Q\Q5 ^Q`aY]Va5 `a_bc_Z
HD5B=7 6T_ n[XV]`\pal ]_W^_ XQ`db[Qcm S [QhVbcSV cVbc_Slf e_6
^_Slf XQUQh5 S c_] hYb\V b `QaQ]VcaQ]Y ‑ ^Q`aY]Va5 [_]Q^UQ
HD5B= 65 D?@ `_XS_\pVc `_\dhYcm _[_i[_ HD5B=’Q5 S [_c_a_] baQXd
WV XQ`djV^Q `a_TaQ]]Q D?@ 1^Q`_]^Y]5 hc_ Slf_U YX ^Vݷ `a_YXS_6
UYcbp Rd[S_Z A27

@aY cVbcYa_SQ^YY _RaQcYcV S^Y]Q^YV Vjݷ ^Q _UY^ ]_]V^c5 [_6
c_alZ ]^_TYV `aY aViV^YY nc_Z XQUQhY d`db[Qoc ‑ S^dcaY [QSl6
hV[ Q]`VabQ^U U_\WV^ Rlcm _Rlh^l] bY]S_\_] RVX [Q[_Z6\YR_ b`V6
gYQ\m^_Z a_\Y7 >Q`aY]Va5 [_]Q^UQ ?538ݷ ݷ262 U_\W^Q `a_bc_ `V6
hQcQcm bY]S_\ ݷ6ݷ Y `VaVS_UYcm bca_[d5 XUVbm Q]`VabQ^U ^V Y]VVc
^Y[Q[_T_ _c^_iV^Yp [ e_^_S_]d aVWY]d5 `_b[_\m[d SbcaVhV^ S^dc6
aY [QSlhV[7 3 db\_SYY XQUQhY b`VgYQ\m^_ `_Uhݷa[^dc_5 hc_ S a_\Y
aQXUV\YcV\m^_Z \V[bV]l5 _R_X^QhQojVZ e_^_SlZ aVWY]5 Slbcd`Q6
Vc Q]`VabQ^U S^V [QSlhV[5 ^_ ^Q nc_ `_hV]d6c_ hQbc_ ^V _RaQjQoc
S^Y]Q^Yp7

>7;97 @aVWUV SbVT_ ^Q`_]^Y]5 hc_ `aY ^QWQcYY LDB<6L Q[cYS^Qp
Tad``Q `a_gVbb_S 1S UQ^^_] b\dhQV ‑ SQiQ `a_TaQ]]Q2 `_\dhQVc
bYT^Q\ \RPRW]7 3 nc_Z XQUQhV SQ] ^dW^_ `_Z]Qcm SbVT_ _UY^ bYT^Q\5
cQ[ hc_ ^Q S_X]_W^lV SQaYQgYY bV]Q^cY[Y SlX_SQ C97>1< ]_W^_ ^V
_RaQjQcm S^Y]Q^Yp7

@_caVRdVcbp _U^Q T\_RQ\m^Qp `VaV]V^^Qp5 `_[QXlSQojQp5 `aYf_6
UY\ bYT^Q\ Y\Y ^VcD ]_W^_ Yb`_\mX_SQcm `a_bc_Z 9>D5 ^_ WV\QcV\m^_
^V XQRlSQcm `a_ b\_S_ F?<1D9<57 4\_RQ\m^lV `VaV]V^^lV Y^YgYQ\Y6
XYadocbp ^d\p]Y `_ d]_\hQ^Yo5 ^_ nc_ c_c b\dhQZ5 [_TUQ `aQSY\m^VV
RdUVc ^Q`YbQcm Y^YgYQ\YXQc_a pS^_5 hc_Rl YXRQSYcm hYcQcV\p `a_6
TaQ]]l _c ^V_Rf_UY]_bcY `a_ nc_ Sb`_]Y^Qcm7 3 _RaQR_chY[V bYT^Q6
\Q b\VUdVc `aYbS_Ycm nc_Z `VaV]V^^_Z5 ^Q`aY]Va5 VUY^YgdD nc_ Sb5ݷ
hc_ U_\WV^ bUV\Qcm _RaQR_chY[ S nc_Z XQUQhV7

3 ed^[gYY =19> b^QhQ\Q SlXlSQV] C97>1< U\p dbcQ^_S\V^Yp ^_6
S_Z UYb`_XYgYY U\p \RPRW]5 XQcV] SlUQݷ] `VaS_V b__RjV^YV5 XQ`db6
[QV] gY[\ SYUQ

G89<511C97h31E78D2
C<55@1:2D

1TUV C97h31E78D ‑ Y]p SQiVZ T\_RQ\m^_Z `VaV]V^^_Z27 @_b\V nc_6
T_ gY[\Q SlUQݷ] Sc_a_V b__RjV^YV7 B_RbcSV^^_ T_S_ap5 Sb7ݷ 3]Vbc_



; hQbcY > :<:

C<55@1:2 ]_W^_ SlXSQcm @1EC5127 3 `aY^gY`V b @1EC5 S UQ^^_] b\d6
hQV ]_W^_ UQWV _R_ZcYbm RVX gY[\Q Y RVX `VaV]V^^_Z 1Q cV\_ _RaQ6
R_chY[Q _bcQSYcm `dbcl]25 `_b[_\m[d ^Y[Q[Yf UadTYf bYT^Q\_S `a_6
TaQ]]Q ^V _RaQRQclSQVc5 ^_ \dhiV cQ[ ^V `YbQcm ‑ `a_TaQ]]Q bY\m^_
`a_YTaQVc S pb^_bcY Y [ c_]d WV nc_c SQaYQ^c `VaVbcQ^Vc aQR_cQcm5
[Q[ c_\m[_ `_caVRdVcbp [Q[_Z6^YRdUm Vjݷ bYT^Q\7

>7;:7 >V XQRlSQZcV5 hc_ @B9>D6 Yb`_\mX_SQcm S^dcaY _RaQR_chY[Q
bYT^Q\Q ^V\mXp5 cQ[ hc_ SlS_UYcm hYb\_ `aYUݷcbp YX T\QS^_Z `a_6
TaQ]]l7 3 ed^[gYY =19> `_b\V dbcQ^_S[Y UYb`_XYgYZ U\p \RPRW] Y
\RP^\[: b\VUdVc bUV\Qcm RVb[_^Vh^lZ gY[\5 S cV\V [_c_a_T_ b^QhQ6
\Q SlXlSQVcbp C<55@ Y\Y @1EC55 `_c_] `a_SVapVcbp e\QW_[5 _cSV6
hQojYZ XQ `_\dhV^YV \RP^\[: 1S nc_Z a_\Y S`_\^V b_ZUݷc _Rlh^Qp
T\_RQ\m^Qp `VaV]V^^Qp cY`Q 9>D25 Y Vb\Y _^ `_U^pc5 c_ `VhQcQVcbp
cV[djVV X^QhV^YV bhݷchY[Q5 Q bQ] e\QW_[ bRaQblSQVcbp _RaQc^_7

?RaQcYcV S^Y]Q^YV5 hc_ [QWUlZ YX bYT^Q\_S XUVbm `_ db\_SYo
ݷSYcbp_\ݷ R_\miV _U^_T_ aQXQ5 cQ[ hc_ ^dW^_ `_XQR_cYcmbp _ aQX6
^YgV bV]Q^cY[Y ed^[gYY C97>1< ‑ S _R_Yf _RaQR_chY[Qf `VaSl]
UVZbcSYV] `VaVdbcQ^QS\YSQcm UYb`_XYgYo bYT^Q\Q ^Q b\dhQZ5 Vb\Y
bV]Q^cY[Q `_`Q\Qbm 7ݷU^_aQX_SQp_ݷ

>7;;7 3 nc_Z XQUQhV SQ] `_caVRdVcbp caY ed^[gYY6_RaQR_chY[Q
1U\p bYT^Q\_S \RPRW]5 \RPZ^R] Y \RPJU[V2 Y USV T\_RQ\m^lV `VaV]V^6
^lVC _U^Q U\p `a_bc_cl [QacY^l ]_WVc Rlcm cY`Q 381B Y faQ^Ycm
`VhQcQV]lZ bY]S_\5 UadTQp ‑ \oR_T_ gV\_T_ cY`Q 1f_cp Rl Y `a_bc_
9>D25 _^Q RdUVc Yb`_\mX_SQcmbp [Q[ e\QW_[5 aQXaViQojYZ Slf_U `_
LDB<6L7 ?RV `VaV]V^^lV b\VUdVc b^QRUYcm Y^YgYQ\YXQc_aQ]Y7

3 ed^[gYY =19>5 dbcQ^_SYS UYb`_XYgYo SbVf caݷf bYT^Q\_S Y
SXSVUpݷ RdUY\m^Y[ݷ 1c7 V7 SlXSQS 1<1B=1:225 _aTQ^YXdZcV RVb[_^Vh6
^lZ gY[\5 S cV\V [_c_a_T_ SlXlSQVcbp C<55@ Y\Y @1EC57 2_\miV =19>
^YhVT_ UV\Qcm ^V RdUVc5 Sbo ed^[gY_^Q\m^_bcm S_Xm]dc ^Q bVRp _R6
aQR_chY[Y7

@_b[_\m[d `VhQcm bY]S_\Q RdUVc `a_Ybf_UYcm YX^dcaY _RaQR_c6
hY[_S5 Vݷ `aYUݷcbp Sl`_\^pcm `ap]l] _RaQjV^YV] [ SlX_Sd GB9D55
ed^[gYY Slb_[_T_ da_S^p 1c_c WV @ED381B2 cdc ^V `_Uf_Upc7 3`a_6
hV]5 _c ^Yf Sbݷ aQS^_ S UQ^^_] b\dhQV ^V Rl\_ Rl ^Y[Q[_Z `_\mXl ‑
RdeVaYXQgYVZ ]l S nc_Z XQUQhV S_b`_\mX_SQcmbp ^V ]_WV]5 SVUm bY]6
S_\l U_\W^l `_pS\pcmbp ^Q n[aQ^V baQXd5 Q ^V `_b\V `VaVS_UQ bca_6
[Y7 @VhQcm bY]S_\Q5 ^Qf_UpjVT_bp S b__cSVcbcSdojVZ T\_RQ\m^_Z
`VaV]V^^_Z5 `aYUݷcbp `a_YXS_UYcm YX SbVf caݷf _RaQR_chY[_S5 cQ[
hc_ `aQSY\m^VV RdUVc b__cSVcbcSdojYZ SlX_S GB9D5 Sl^VbcY S _c6
UV\m^do ed^[gYo5 ^QXSQS V5ݷ ^Q`aY]Va5 GB9D5hD85h381B 1RVX `QaQ6
]Vca_S27

3 _RaQR_chY[V bYT^Q\_S \RPRW] Y \RPZ^R] b\VUdVc `aYbS_Ycm b_6
_cSVcbcSdojVV X^QhV^YV `VaV]V^^_Z5 faQ^pjVZ bY]S_\5 ^Q`VhQcQcm



:<; D[QXQ^Yp

nc_c bY]S_\ Y `VaVSXSVbcY RdUY\m^Y[ 1`_Sc_a^_ SlXSQcm 1<1B=1:22D
S _RaQR_chY[V \RPRW]5 [a_]V c_T_5 ^dW^_ `a_SVaYcm e\QW_[5 aQX6
aViQojYZ Slf_U `_ LDB<6L5 Vb\Y _^ SXSVUݷ^ ‑ XQSVaiYcm aQR_cd
b `_]_jmo 5H9D5 Q Vb\Y ^V SXSVUݷ^ ‑ c_ SXSVbcY VT_7 3 _RaQR_chY6
[V \RPJU[V ‑ `VaVSXSVbcY RdUY\m^Y[5 bRa_bYcm e\QW_[ Y SlSVbcY
bY]S_\7

>V XQRlSQZcV `a_ aQX\YhYp S bV]Q^cY[V C97>1<1
>7;<7 6b\Y ncQ XQUQhQ SlXlSQVc b\_W^_bcY5 `_`a_RdZcV b^QhQ\Q

aViYcm XQUQhd >7;;5 `_\mXdpbm `aYSVUݷ^^l]Y SliV d[QXQ^Yp]Y7
>7;>7 3 nc_Z XQUQhV5 [Q[ Y `aY \oR_Z aQR_cV b [Q^Q\Q]Y5 b\VUdVc

_RaQcYcm _b_R_V S^Y]Q^YV ^Q XQ[alcYV SbVf ^V^dW^lf UVb[aY`c_6
a_S5 bSpXQ^^lf b [Q^Q\_]C S `_a_WUݷ^^_] `a_gVbbV ^dWV^ c_\m[_
UVb[aY`c_a ^Q XQ`Ybm5 S a_UYcV\mb[_] ‑ c_\m[_ UVb[aY`c_a ^Q hcV6
^YV5 _bcQ\m^lV ^dW^_ XQ[alcm baQXd `_b\V `_a_WUV^Yp `a_gVbbQ7
CQ[5 Vb\Y ]QbbYS UVb[aY`c_a_S S SQiVZ `a_TaQ]]V ^QXlSQVcbp 645 c_
`_a_WUݷ^^lZ `a_gVbb U_\WV^ ^QhQcm bS_o aQR_cd b XQ[alcYp 64d9f5
SVUm _^ RdUVc c_\m[_ XQ`YblSQcm UQ^^lV S [Q^Q\5 Yb`_\mXdp 64d:fD
a_UYcV\mb[YZ `a_gVbb5 ^Q`a_cYS5 U_\WV^ baQXd WV XQ[alcm 64d:f5
`_b[_\m[d _^ RdUVc c_\m[_ hYcQcm UQ^^lV YX 64d9f7

5\p hcV^Yp YX [Q^Q\Q Y XQ`YbY S [Q^Q\ Yb`_\mXdZcV SlX_Sl B514
Y GB9D5D bca_[Y5 `aVU^QX^QhV^^lV [ `VaVUQhV5 \dhiV SbVT_ _e_a]Ycm
[Q[ [_^bcQ^c^lV ]QbbYSl cY`Q 381BD ^Q`aY]Va5 bca_[d5 SSVUݷ^^do
[Q[

3?>CD 381B =5CC175:df F 2]1;5 1 C14 C?>75 1>4 =1;5 9D 25DD5B2D

]_W^_ _c`aQSYcm S [Q^Q\ `aY]Va^_ cQ[C

GB9D5164d:f5 =5CC175:5 C9J5?61=5CC175:26:2D

1_RaQcYcV S^Y]Q^YV ^Q SlhYcQ^YV VUY^Ygl ‑ _c`aQS\pcm ^d\VS_Z
RQZc5 _R_X^QhQojYZ [_^Vg bca_[Y5 ^Q] ^V ^QU_27 6b\Y WV d SQb ^Vc
Y]V^Y ]QbbYSQ5 Q Vbcm `a_bc_Z d[QXQcV\m ^Q bca_[d5 Y]VojYZ cY`
381B35 _c`aQS[Q cQ[_Z bca_[Y RdUVc SlT\pUVcm cQ[ 1S nc_c aQX ^YhVT_
SlhYcQcm ^V ^QU_2C

GB9D5164d:f5 CDB5 CDB<5>1CDB22D

@aY^YgY`YQ\m^Qp aQX^YgQ cdc S c_]5 hc_ C9J5?6 SlhYb\pVcbp 1c_h6
^VV5 `a_bc_ `_UbcQS\pVcbp2 [_]`Y\pc_a_] S_ SaV]p [_]`Y\pgYY5 Y S
]QiY^^_] [_UV eYTdaYadVc _Rl[^_SV^^_V hYb\_5 c_TUQ [Q[ CDB<5>
SlhYb\pVcbp S_ SaV]p aQR_cl `a_TaQ]]l `dcݷ] `a_b]_caQ bca_[Y S
`_Yb[Qf ^d\VS_T_ RQZcQ5 Y ^Q nc_ caQcYcbp SaV]p7

GY[\ hcV^Yp Y SlS_UQ S a_UYcV\mb[_] `a_gVbbV b\VUdVc _aTQ^Y6
X_SQcm R\_[Q]Y5 ^Q`aY]Va5 cQ[C
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9>D B3D
381B 2E6d:9;=fD
83 777 38
G89<511B3 F B514164d9f5 2E65 C9J5?612E6222 G 92

GB9D51:5 2E65 B32D

?RaQcYcV S^Y]Q^YV5 hc_ nc_ [Q[ aQX c_c aVU[YZ b\dhQZ5 [_TUQ `_R_h6
^lZ neeV[c S XQT_\_S[V gY[\Q S`_\^V _`aQSUQ^ 1b]7 7A7<27=ݷ

>7;?7 ;Q[ \VT[_ U_TQUQcmbp5 XUVbm ^dWV^ ^VY]V^_SQ^^lZ [Q^Q\
1@9@52D b_RbcSV^^_ T_S_ap5 U\p nc_T_ _^Y Y `aYUd]Q^l7 @VaV^Q`aQS6
\V^YV SlS_UQ `VaS_Z `a_TaQ]]l Y SS_UQ Sc_a_Z b\VUdVc Sl`_\^Ycm
b `_]_jmo 4E@;D Vb\Y SQi ]QbbYS UVb[aY`c_a_S ^QXlSQVcbp 645 c_
`VaSlZ `_a_WUݷ^^lZ `a_gVbb U_\WV^ bUV\Qcm 4E@;164d:f5 :25 Sc_6
a_Z ‑ 4E@;164d9f5 927 9^cVaVb^_5 hc_ `_b\V nc_T_ S_ SbVf caݷf `a_6
gVbbQf ‑ Y S a_UYcV\mb[_]5 Y S _R_Yf `_a_WUݷ^^lf ‑ _RQ UVb[aY`6
c_aQ 64d9f Y 64d:f _[QXlSQocbp \Yi^Y]Y Y U_\W^l Rlcm XQ[alcl7
>V XQRdUmcV S a_UYcV\mb[_] `a_gVbbV U_WUQcmbp XQSVaiV^Yp _R_Yf
`_a_WUݷ^^lf7

5\p cVbcYa_SQ^Yp `_U_R^lf `a_TaQ]] dU_R^l [_]Q^Ul 31D5
7B5@5 G35 85145 D19< Y c7 `75 Q ݷ[_\QcVaYQ[ݷ U\p Yf aQR_cl ]_Tdc
`_b\dWYcm SbVS_X]_W^lV cV[bc_SlV eQZ\l ‑ ^Q`aY]Va5 SQiY Yb6
f_U^lV cV[bcl aQX^__RaQX^lf `a_TaQ]] S`_\^V `_U_ZUdc7

>7;@7 @_b[_\m[d XUVbm ^dWV^ SlS_U cV[bc_Slf UQ^^lf5 Rd6
UVc dU_R^_ S_b`_\mX_SQcmbp Slb_[_da_S^VSl]Y baVUbcSQ]Y SlS_UQ
1S UQ^^_] b\dhQV ‑ ed^[gYVZ 6@B9>D625 [_c_alV XQ_U^_ _RVb`VhQc
`aQSY\m^_ _aTQ^YX_SQ^^do RdeVaYXQgYo SlS_UQ7 ?aTQ^YX_SQcm `_6
c_[ SlS_UQ5 Y]VojYZ cY` ORUN35 ^Q _b^_SV Y]VojVT_bp eQZ\_S_6
T_ UVb[aY`c_aQ `_XS_\pVc RYR\Y_cVh^Qp ed^[gYp 64?@5>7 BcdUV^cl
S cQ[Yf b\dhQpf hQbc_ `aVU`_hYcQoc `VaV^Q`aQSYcm S [Q^Q\ `_c_[
bcQ^UQac^_T_ SlS_UQ Y Yb`_\mX_SQcm _Rlh^lZ @B9>D65 ^_ UV\Qcm cQ[
^V ^QU_ ‑ S ݷR_VSlfݷ b\dhQpf 1S _c\YhYV _c UV]_^bcaQgY_^^_Z XQ6
UQhY YX XQUQh^Y[Q2 `_c_[ bcQ^UQac^_T_ SlS_UQ SQ] ^QSVa^p[Q Vjݷ
`aYT_UYcbp7

?cUV\m^_V `a_YbiVbcSYV XUVbm ‑ bS_VSaV]V^^_ _R^QadWYcm5 hc_
S^Vi^pp `a_TaQ]]Q XQSVaiY\Qbm U_ba_h^_7 6b\Y Yb`_\mX_SQcm _Rlh6
^lZ GB9D55 `a_jV SbVT_ RdUVc dbcQ^_SYcm bYT^Q\d \RPYRYN UYb`_XY6
gYo \RPhRPW5 S nc_] b\dhQV SQiQ `a_TaQ]]Q ^V RdUVc dRYcQ5 S]V6
bc_ nc_T_ GB9D5 SVa^ݷc 6:5 Q 5BB>? `aY]Vc X^QhV^YV NYRYN7 =_W^_
cQ[ `_bcd`Ycm Y b SlS_U_] Slb_[_T_ da_S^p5 ^dW^_ c_\m[_ ^V XQRl6
SQcm Q^Q\YXYa_SQcm X^QhV^YV5 S_XSaQjQV]_V ed^[gYVZ 6@B9>D67 ;a_6
]V c_T_5 bYT^Q\ \RPYRYN ]_W^_ `VaVfSQcYcm Y S _RaQR_chY[V SXS_UYcm
^V[YZ e\QW_[5 Q S gY[\V `VhQcY VT_ `a_SVapcm7 =_W^_ `VaVfSQcYcm
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Y \RPLQUM5 ^_ b \RPYRYN Sbݷ aQS^_ `aYUݷcbp hc_6c_ bUV\Qcm5 SVUm Y^Q6
hV _^ `aYRmݷc SQi T\QS^lZ `a_gVbb5 b[_aVV SbVT_5 Vjݷ U_ c_T_5 [Q[
\RPLQUM RdUVc _c`aQS\V^7

>7;A7 BcQ^UQac^lZ SlS_U S^Vi^VZ `a_TaQ]]l `VaV^Q`aQS\pV] S
[Q^Q\ b `_]_jmo 4E@; 1hc_6c_ Sa_UV 4E@;164d:f5 :225 `_b\V nc_T_
S `_a_WUݷ^^_] `a_gVbbV XQ[alSQV] _RQ Ybf_U^lf UVb[aY`c_aQ [Q6
^Q\Q Y UV\QV] 5H53F@7 3 a_UYcV\mb[_] `a_gVbbV hcV^YV \dhiV SbVT_
_aTQ^YX_SQcm `_bY]S_\m^_5 ^_5 [_^Vh^_5 ^Y S [_V] b\dhQV ^V b\VUd6
Vc hYcQcm `_ _U^_]d bY]S_\d b `_]_jmo B5145 nc_ RdUVc b\Yi[_]
^VneeV[cYS^_D hc_Rl S_b`_\mX_SQcmbp RdeVaYXQgYVZ5 aVQ\YX_SQ^^_Z
S bcQ^UQac^_Z RYR\Y_cV[V5 b_XUQZcV Slb_[_da_S^VSlZ `_c_[ SS_UQ
1ORUN325 bSpXQ^^lZ b ^dW^l] [_^g_] [Q^Q\Q5 b `_]_jo ed^[gYY
64?@5>5 Q Sc_a_Z [_^Vg [Q^Q\Q XQ[a_ZcV7 5\p hcV^Yp `_b\V nc_T_
]_W^_ RdUVc Yb`_\mX_SQcm ed^[gYo 675D37

>7;B7 8UVbm `_caVRdVcbp Vjݷ _UY^ `a_gVbb5 [_c_alZ RdUVc Q^Q\Y6
XYa_SQcm SlS_U S^Vi^VZ `a_TaQ]]l Y `VhQcQcm aVXd\mcQcl `_UbhݷcQ7
?R_ZcYbm _U^Y] `_a_WUQV]l] `a_gVbb_] S nc_Z XQUQhV cV_aVcYhVb[Y
S_X]_W^_5 ^_ U\p nc_T_ ^dW^_ S\QUVcm ]VfQ^YX]Q]Y ]d\mcY`\V[bY6
a_SQ^Yp SS_UQ6SlS_UQ5 U_ [_c_alf Sl5 b[_aVV SbVT_5 Vjݷ ^V U_i\Y5
_^Y aQbb]QcaYSQocbp S hQbcY5 `_bSpjݷ^^_Z [_]`mocVa^l] bVcp]D
Vb\Y WV `a_ ^Yf ^V X^Qcm5 b[_aVV SbVT_5 SQiQ `a_TaQ]]Q5 `lcQpbm
^QZcY RQ\Q^b ]VWUd _c`aQS[_Z Y^e_a]QgYY `_ _U^_]d [Q^Q\d Y `_6
\dhV^YV] Vݷ `_ UadT_]d5 XQT_^Yc bVRp S bQ]_R\_[Ya_S[d ‑ c_h^VV
T_S_ap5 [Q[ Rl Sl ^Y ^Q`YbQ\Y SQid `a_TaQ]]d5 ]_W^_ RdUVc b_6
XUQcm cQ[do S^Vi^oo `a_TaQ]]d5 [_c_aQp SQid 7ݷSVbYc_`ݷ

;Q^Q\_S5 VbcVbcSV^^_5 c_WV `_caVRdVcbp USQ5 Y XUVbm \oR_Z XQRl6
clZ UVb[aY`c_a ]_WVc `aYSVbcY [ SVh^_Zݷ R\_[Ya_S[VݷD nc_ _X^QhQ6
Vc5 hc_ `_b\V b_XUQ^Yp [Q^Q\_S Y `_a_WV^Yp _R_Yf U_`_\^YcV\m^lf
`a_gVbb_S SQi a_UYcV\mb[YZ `a_gVbb U_\WV^ XQ[alcm caY UVb[aY`c_6
aQ [_^g_S [Q^Q\_S 1YX hVclaݷf Y]VojYfbp25 `a_gVbb5 S [_c_a_] RdUVc
Yb`_\^pcmbp S^Vi^pp `a_TaQ]]Q5 U_\WV^ XQ[alcm USQ UVb[aY`c_aQ5
`a_gVbb5 `aVU^QX^QhV^^lZ U\p Q^Q\YXQ SlS_UQ ‑ caY UVb[aY`c_aQ7

>V XQRdUmcV S a_UYcV\mb[_] `a_gVbbV ݷU_WUQcmbpݷ _R_Yf `_c_]6
[_S7 ;a_]V c_T_5 ^dW^_ `aVUdb]_caVcm [_aaV[c^do _RaQR_c[d U\p
b\dhQp U_ba_h^_T_ XQSVaiV^Yp S^Vi^VZ `a_TaQ]]l 1b]7 d[QXQ^Yp [
`aVUlUdjVZ XQUQhV27

>7<97 3 nc_Z XQUQhV ^dWV^ caVcYZ `_a_WUQV]lZ `a_gVbb5 [_c_6
alZ XQZ]ݷc S [_^SVZVaV ]Vbc_ ݷU[VݷbVa_`ݷ ]VWUd `VaS_Z Y Sc_a_Z
`a_TaQ]]_Z7 @a_jV SbVT_ RdUVc S nc_] `a_gVbbV `VaV^Q`aQSYcm bcQ^6
UQac^lV `_c_[Y Y SlRYaQcm YX `_c_[Q SS_UQ ^dW^do hQbcm Y^e_a]Q6
gYY5 Yb`_\mXdp _Rlh^lZ gY[\ `_bY]S_\m^_T_ hcV^Yp b `_bY]S_\m^_Z
WV XQ`Ybmo5 `aY]Va^_ [Q[ S XQUQhV =79B7
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>7<:7 ?b^_S^Qp `a_R\V]Q `aY Sl`_\^V^YY [_]Q^Ul5 b_UVaWQjVZ
X^Q[ [_^SVZVaQ ‑ be_a]Ya_SQcm USV [_]Q^U^lV bca_[Y5 c7 V7 USQ ]Qb6
bYSQ d[QXQcV\VZ ^Q bca_[Y5 Y ^V `_cVapcm `aY nc_] Y^e_a]QgYo _ `V6
aV^Q`aQS\V^Ypf Y e_^_S_] aVWY]V7 D^YSVabQ\m^_Z aV[_]V^UQgYY5
[Q[ [_^[aVc^_ nc_ UV\Qcm5 UQcm ^VS_X]_W^_5 SQiQ `a_TaQ]]Q dWV
U_bcQc_h^_ b\_W^Q ‑ _aYV^cYadZcVbm `_ _Rbc_pcV\mbcSQ]7

;_^SVZVa bhYcQVcbp XQSVaiݷ^^l]5 [_TUQ XQSVaiY\Ybm SbV VT_ n\V6
]V^cl 1S UQ^^_] b\dhQV ‑ _RQ27 ;Q[ dWV T_S_aY\_bm 1b]7 d[QXQ^Yp [
XQUQhV >7:@ ^Q bca7 ?<25 _WYUQcm _[_^hQ^Yp ^Ve_^_S_Z XQUQhY ^dW6
^_ gY[\_] _Rlh^lf G19D’_S b `a_SVa[_Z5 _c_Tݷ \Yݷ ]l U_WUQ\YbmD
XUVbm UV\_ _b\_W^pVcbp cV]5 hc_ `a_gVbb_S5 [_c_alf ^dW^_ U_WUQcm6
bp5 bcQ\_ USQ5 c7 V7 ^dW^_ faQ^Ycm Y^e_a]QgYo _ c_]5 ^V XQSVaiY\bp
\Y dWV [QWUlZ YX ^Yf5 Y `aV[aQjQcm _WYUQ^YV5 [_TUQ RdUVc dbcQ6
^_S\V^_5 hc_ XQSVaiY\Ybm _RQ `a_gVbbQ7

E_^_SlZ [_^SVZVa dU_R^_ cVbcYa_SQcm ^Q bSpX[V [_]Q^U I5C Y G35
^Q`aY]Va5 cQ[_Z [_]Q^U_ZC

I5C 212B1;1412B12 L G3 6< G 3?E>D7DHD 6

?RpXQcV\m^_ `_`a_RdZcV5 hc_ `a_YX_ZUݷc5 Vb\Y b `_]_jmo [_]Q^Ul
;9<< ݷaYbcaV\Ycm`ݷ \oR_Z YX n\V]V^c_S [_^SVZVaQ7 6b\Y Sl b^QhQ6
\Q dRmݷcV [_]Q^Ud I5C5 Sc_a_Z n\V]V^c U_\WV^ XQSVaiYcmbp5 `aYhݷ]
db`Vi^_ ‑ d ^VT_ ^Q bcQ^UQac^_] SS_UV S_X^Y[^Vc bYcdQgYp 6_]ݷ
^Vg eQZ\QݷD Vb\Y nc_T_ ^V `a_YX_i\_ ‑ Sl TUV6c_ XQRl\Y XQ[alcm
ݷYi^YZ\ݷ UVb[aY`c_a [Q^Q\Q5 `aVU^QX^QhV^^lZ U\p XQ`YbY7 6b\Y WV
`aYbcaV\Ycm [_]Q^Ud G35 c_ `VaSlZ n\V]V^c [_^SVZVaQ 1I5C2 c_WV
U_\WV^ XQSVaiYcmbp5 ^_ dWV `_ bYT^Q\d \RPYRYN7 6b\Y5 _`pcm6cQ[Y5
nc_T_ ^V `a_YX_i\_ ‑ X^QhYc5 TUV6c_ _bcQ\bp ^VXQ[alcl] UVb[aY`c_a
[Q^Q\Q U\p hcV^Yp7

6jݷ aV[_]V^UdVcbp `_`a_R_SQcm b\VUdojYV USV [_]Q^UlC

C<55@ :> L C<55@ :
C<55@ : L C<55@ :>

3l`_\^V^YV [QWU_Z YX USdf [_]Q^U U_\W^_ U\Ycmbp `pc^QUgQcm bV6
[d^U5 \Yim `_b\V nc_T_ SQi Y^cVa`aVcQc_a U_\WV^ SlUQcm `aYT\Q6
iV^YV [ SS_Ud b\VUdojVZ [_]Q^Ul7 @_[Q WUݷcV5 `_b]_caYcV S b_bVU6
^V] cVa]Y^Q\V5 ^V SYbYc \Y XQSVaiYSiYZbp C<55@ S SYUV DݷX_]RYݷ
Vb\Y SYbYc ‑ Sl [Q[6c_ ^V cQ[ _aTQ^YX_SQ\Y gY[\ _WYUQ^Yp7

>7<;7 BQ]_V b\_W^_V cdc ‑ ^V XQ`dcQcmbp b UVb[aY`c_aQ]Y [Q^Q6
\_S S gY[\V5 S [_c_a_] RdUdc XQ`db[Qcmbp n\V]V^cl SQiVT_ [_^SVZV6
aQ7 6b\Y b `VaS_T_ aQXQ ^V `_\dhQVcbp ‑ ^V RVb`_[_ZcVbm5 nc_ d SbVf
cQ[7

;_TUQ `a_TaQ]]Q XQaQR_cQVc5 U\p ^QhQ\Q `a_cVbcYadZcV Vݷ ^Q
h6[ݷ^YRdUm Sa_UV



:<? D[QXQ^Yp

31D =I@B?7B1=73 L 7B5@ 9>D L 7B5@ 6F =19>

3l U_\W^l dSYUVcm SbV bca_h[Y SQiVZ `a_TaQ]]l =I@B?7B1=735 S
[_c_alf Vbcm b\_S_ 9>D5 [a_]V bca_[Y5 b_UVaWQjVZ XQT_\_S_[ ed^[6
gYY =19> 1_`gYp 6F U\p [_]Q^Ul 7B5@ _X^QhQVc Y^SVabYo aVXd\m6
cQc_S27 DSV\YhYcm [_\YhVbcS_ n\V]V^c_S \oR_T_ [_^SVZVaQ ]_W^_5
U_RQS\pp S ^VT_ [_]Q^Ul 31D5 ^Q`aY]VaC

31D =I@B?7B1=73 L 31D L 31D L 7B5@ 9>D L 31D L 7B5@ 6F =19> L 31D

@a_SVamcV5 hc_ [_aaV[c^_ aQR_cQVc `VaV^Q`aQS\V^YV SS_UQ5 ^Q`aY6
]VaC

31D L 7B5@ 9>D L 7B5@ 6F =19> E =I@B?7B1=73

6b\Y SQi Y^cVa`aVcQc_a ^V adTQVcbp ^Q ncd [_]Q^Ud5 [Q[ _iYR_h6
^do5 c_ `VaV^Q`aQS\V^ `aY nc_] U_\WV^ Rlcm `_c_[ SS_UQ `VaS_Z
`a_TaQ]]lD Vb\Y Sl aViY\Y cQ[_T_ SQaYQ^cQ ^V U_`db[Qcm5 c_ S_c
cQ[_Z dW c_h^_ U_\WV^ aQR_cQcmC

31D E =I@B?7B1=73 L 7B5@ 9>D L 7B5@ 6F =19>

1_c]VcY]5 hc_ S ^Qbc_pjV] Y^cVa`aVcQc_aV cQ[_Z SQaYQ^c aQR_cQVc5
Q `VaSlZ SQaYQ^c cQ] `VaV^Q`aQS\pVc `_c_[ SS_UQ U\p `_b\VU^VT_
n\V]V^cQ [_^SVZVaQ5 UV\Qp SVbm [_^SVZVa ^VaQR_c_b`_b_R^l]D cQ[ UV6
\Qcm ^V ^QU_27

>Q[_^Vg5 `a_SVamcV5 Sbݷ \Y d SQb S `_apU[V b UVb[aY`c_aQ]Y7 5\p
nc_T_ `_U_ZUݷc5 ^Q`aY]Va5 cQ[_VC

I5C L 31D L 31D L 31D L 31D L 31D L 31D G 845F8>E<< 6

@_b\V XQ`db[Q nc_T_ [_^SVZVaQ `_b]_caYcV b`Yb_[ `a_gVbb_S 1WV\Q6
cV\m^_ [_]Q^Ud @C 1H UQcm `ap]_ YX SQiVT_ WV Y^cVa`aVcQc_aQ5
S [_^gV [_^g_S5 _^ [_]Q^U^lZ Y^cVa`aVcQc_a Y\Y hc_H2 Y _cbcaV6
\YcV [_]Q^U_Z ;9<< `a_gVbb 31D S bVaVUY^V [_^SVZVaQ7 6b\Y SQiQ
`a_TaQ]]Q ^Q`YbQ^Q `aQSY\m^_5 `_b\V nc_T_ SbV _bcQ\m^lV n\V]V^6
cl [_^SVZVaQ U_\W^l ^V]VU\V^^_ XQSVaiYcmbpC cV5 hc_ b\VSQ ‑ `_
bYT^Q\d \RPYRYN5 cV5 hc_ b`aQSQ ‑ `_ [_^gd eQZ\Q7 6b\Y nc_T_ ^V
`a_Ybf_UYc ‑ YjYcV ^VU_XQ[alclV [_^gl [Q^Q\_S7

;bcQcY5 Vbcm Vjݷ _UY^ ]_]V^c5 U_bc_Z^lZ cVbcYa_SQ^Yp7 3_ SbVf
^QiYf `aY]VaQf ]l aQbbcQSY\Y U\p [aQb_cl ݷUV[_aQcYS^lVݷ `a_RV6
\l5 cQ[ hc_ aQXUV\YcV\Y eQ[cYhVb[Y ^V Sl`_\^poc bS_o ed^[gYo7
Hc_Rl dRVUYcmbp5 hc_ `a_TaQ]]Q S nc_] Qb`V[cV b__cSVcbcSdVc be_a6
]d\Ya_SQ^^_]d XQUQ^Yo5 `_`a_RdZcV S_c cQ[C

I5CL31DL31DL31DL31DL31DL31DG845F8>E<<6



; hQbcY > :<@

>7<<7 6b\Y ^V`_^pc^_5 [Q[ `VaV[\ohYcm cVa]Y^Q\ S ݷb\V`_Zݷ aV6
WY]5 `VaVhYcQZcV >7=7<ݷ Y _RaQcYcV S^Y]Q^YV ^Q aQX_RaQ^^lZ cQ]
`aY]Va7

>7<=7 5\p aViV^Yp nc_Z XQUQhY `aYUݷcbp SlSVbcY cVa]Y^Q\ YX [Q6
^_^YhVb[_T_ aVWY]Q5 _c[\ohYcm QSc_]QcYhVb[_V _c_RaQWV^YV SS_UY6
]lf bY]S_\_S 1NLQX2 Y Sbo aQR_cd5 [_c_ado S [Q^_^YhVb[_] aVWY]V
UV\QVc cVa]Y^Q\5 SXpcm ^Q bVRp7 E\QT R\RP \dhiV _bcQSmcV dbcQ^_S6
\V^^l]5 Y^QhV SQid `a_TaQ]]d RdUVc U_S_\m^_ b\_W^_ `aVaSQcmC
ݷb`QbYcV\m^lVݷ [_]RY^QgYY LDB<6M5 LDB<6L Y LDB<6e `_cVapoc bS_Z
]QTYhVb[YZ neeV[c Y RdUdc TV^VaYa_SQcm _Rlh^lV bY]S_\l 1RQZcl
b_ X^QhV^Yp]Y =5 < Y ;A b__cSVcbcSV^^_27 3`a_hV]5 Sl ]_WVcV bQ]Y
`aVUdb]_caVcm S_X]_W^_bcm [_aaV[c^_T_ Slf_UQ7

HYcQcm YX `_c_[Q SS_UQ `aYUݷcbp SlX_S_] B5145 Y \dhiV nc_ UV6
\Qcm R\_[Q]Y5 ^_ [QWUlZ SSVUݷ^^lZ bY]S_\ _RaQRQclSQcm _cUV\m^_
1S gY[\V `_b\V B51427 6b\Y nc_c bY]S_\ ^V Y]VVc b`VgYQ\m^_T_ b]lb6
\Q b c_h[Y XaV^Yp SQiVZ `a_TaQ]]l5 VT_ b\VUdVc SlUQcm Q^ݷ n[aQ^ݷ
1S bcQ^UQac^lZ `_c_[ SlS_UQ25 `_b[_\m[d cVa]Y^Q\ cV`Vam XQ SQb
nc_T_ ^V bUV\QVc5 Sl SVUm _c[\ohY\Y NLQXD c_\m[_ `aY nc_] ^V XQ6
RdUmcV `a_ RdeVaYXQgYoC \YR_ `a_YXS_UYcV SlS_U ^V`_baVUbcSV^^_
SlX_S_] GB9D55 \YR_ ]_W^_ S_b`_\mX_SQcmbp ed^[gYVZ @ED381B5 `aY
nc_] SlXlSQcm 66<EC8 U\p SlcVb^V^Yp RdeVaQ7 @aVY]djVbcS_ cQ[_6
T_ SQaYQ^cQ S c_]5 hc_ 66<EC8 ]_W^_ SlXlSQcm ^V `_b\V [QWU_T_
bY]S_\Q5 Q `_b\V5 ^Q`aY]Va5 XQSVaiV^Yp _RaQR_c[Y Tad``l bY]S_6
\_S5 SSVUݷ^^lf _U^Y] SlX_S_] B5147

;a_]V [_U_S `VaVS_UQ bca_[Y Y cQRd\pgYY5 _RpXQcV\m^_ _RaQR_6
cQZcV [_Ul A 1K13;C@1355 ’e2’2 Y :;@ 1M5<25 ]_W^_ _RaQRQclSQcm Yf
_UY^Q[_S_ ‑ dUQ\V^YV] `_b\VU^VT_ SSVUݷ^^_T_ bY]S_\Q7 5\p S_XSaQ6
cQ [dab_aQ ^Q `_XYgYo ^QXQU ]_W^_ SlSVbcY [_U K13;C@135 1`a_bc_
SlSVbcY bY]S_\ ’2’ _Rlh^l] `dc25[ݷ ^_ nc_T_ _U^_T_ RdUVc ^VU_bcQ6
c_h^_5 `_b[_\m[d SlSVUV^^lZ bY]S_\ ^V YbhVX^VcD hc_Rl Sbݷ `_\d6
hY\_bm [Q[ ^QU_5 ^dW^_ SlSVbcY S]Vbc_ ^VT_ `a_RV\ Y b^_SQ SVa^dcm
[dab_a _RaQc^_5 nc_ UV\QVcbp SlUQhVZ bca_[Y 2e2 e227

@aY `a_SVa[V aQR_c_b`_b_R^_bcY `a_TaQ]]l _RpXQcV\m^_ `a_6
b]_caYcV `_\dhYSiYZbp eQZ\ b `_]_jmo 85H4E=@ 6L5 ^V XQcVbQ\Ybm
\Y S Yc_T_SlV UQ^^lV [Q[YV6^YRdUm b\dWVR^lV bY]S_\l7 DhcYcV5
hc_5 ^Q`aY]Va5 bca_[Q 2Q5<L[JYe2e2e2e2<?25 RdUdhY ^Q`VhQcQ^^_Z
^Q cVa]Y^Q\V5 SlT\pUYc `a_bc_ [Q[ b\_S_ Q5<<?D XQ]VcYcm aQX^Ygd
]_W^_ c_\m[_ b `_]_jmo 85H4E=@ Y\Y UadTYf Q^Q\_TYh^lf baVUbcS7

>7<>7 3b5ݷ hc_ ^dW^_ XUVbm X^Qcm ‑ nc_ hc_ ^V[_c_alV [\QSYiY5
S[\ohQp 5ݷbcaV\[Yݷ `aY aQR_cV S cVa]Y^Q\V ?B ^>9H caQUYgY_^^_
TV^VaYadoc 5C31@56`_b\VU_SQcV\m^_bcY5 `aYhݷ] `_b\V b_RbcSV^^_ [_6
UQ NC31@5 1;@2 S nc_Z Tad``V `_b\VU_SQcV\m^_bcVZ SbVTUQ YUݷc bY]6
S_\ d 1[_U B:5 9H>K27 6b\Y cQ[do `_b\VU_SQcV\m^_bcm `_\dhQVc `a_6



:<A D[QXQ^Yp

TaQ]]Q5 ^V d]VojQp Vݷ _RaQRQclSQcm5 Q bQ]Q `_b\VU_SQcV\m^_bcm `aY
nc_] _[QXlSQVcbp ^Q`VhQcQ^Q ‑ SlT\pUYc nc_ U_S_\m^_ XQRQS^_D hY6
cQcV\m ^QSVa^p[Q dWV ^V aQX ^QR\oUQ\ ^Q n[aQ^V hc_6c_ Sa_UV gddJ ‑
Y]V^^_ nc_ ]l dSYUY]5 ^Q`aY]Va5 Vb\Y XQ`dbcY] [Q[do6^YRdUm YX
^QiYf `a_TaQ]]5 hYcQojYf b [\QSYQcdal 1^V ]V^pojYf aVWY]
cVa]Y^Q\Q5 c7 V7 nc_ ^V _c^_bYcbp [ `a_TaQ]]Q] ^Q @Qb[Q\V5 Yb`_\m6
XdojY] ]_Ud\m 3BD5 Y `a_TaQ]]Q] ^Q BY b `aY]V^V^YV] RYR\Y_cV[Y
>3EBC5C5 Q aQS^_ Y [ cV]5 [_c_alV ]l `YiV] bVZhQb b Yb`_\mX_SQ^Y6
V] D5B=9?C7825 Q `_c_] b\dhQZ^_ ^QW]ݷ] bcaV\[d SSVaf7 8UVbm gd ‑
nc_ YX_RaQWV^YV [_UQ ;@ 1c_c bQ]lZ NC31@525 Q _bcQ\m^lV USQ bY]6
S_\Q ‑ d Y J ‑ YX_RaQWQoc5 b_RbcSV^^_ T_S_ap5 bQ]Y bVRp5 c_ Vbcm
nc_ Rd[SQ\m^_ bY]S_\ _c[alSQojVZ [SQUaQc^_Z b[_R[Y Y \QcY^b[Qp
Rd[SQ J7

=l ]_T\Y Rl XUVbm `aYSVbcY cQR\Ygd `_b\VU_SQcV\m^_bcVZ U\p
SbVf ݷfYcalfݷ [\QSYi5 ^_ ^V RdUV] \YiQcm hYcQcV\p dU_S_\mbcSYp
Slpb^Ycm Yf SbV bQ]_bc_pcV\m^_ n[b`VaY]V^cQ\m^l] `dc7[ݷ 5_S_\m6
^_ ^V_WYUQ^^l] _[QXlSQVcbp c_c eQ[c5 hc_ `_b\VU_SQcV\m^_bcY5 TV6
^VaYadV]lV aQX^l]Y [\QSYiQ]Y5 Y]Voc aQX\Yh^do U\Y^d ‑ cQ[5
ݷbcaV\[Yݷ SlUQoc caY bY]S_\Q5 Q5 b[QWV]5 [\QSYiQ R>C ‑ hVclaV7
3`a_hV]5 cQ] Vbcm _`aVUV\ݷ^^Qp \_TY[Q5 `_`a_RdZcV ݷZ]Qcm_`ݷ Vݷ
bQ]Y5 Q^Q\YXYadp `_b\VU_SQcV\m^_bcY _c aQX^lf [\QSYi:7 6b\Y Sl
f_cYcV5 hc_Rl SQiQ `a_TaQ]]Q R_\VV6]V^VV b^_b^_ aQR_cQ\Q5 XQ ncY]
`aYUݷcbp b\VUYcm5 `_c_]d hc_ Vb\Y Sl ^Qh^ݷcV `dcQcm bY]S_\l YX
`_b\VU_SQcV\m^_bcVZ b aVQ\m^_ SS_UY]l]Y `_\mX_SQcV\V]5 c_ `_\m6
X_SQcV\m ^Q SQb _RYUYcbp7

3 aVUQ[cYa_SQ^YY bca_[Y _UY^ YX fYcalf ]_]V^c_S ^Qbcd`Q6
Vc5 [_TUQ `_\mX_SQcV\m U_RQS\pVc Y dUQ\pVc bY]S_\l ^V S [_^gV5 Q
TUV6^YRdUm S bVaVUY^VD c_TUQ _bcQc_[ bca_[Y `aYf_UYcbp VaVaYb_6`ݷ
SlSQcm5ݷ Q `aY dUQ\V^YY bY]S_\_S Vjݷ Y b\VUYcm5 hc_Rl `_b\V bca_[Y
Rl\_ SlUQ^_ ^dW^_V [_\YhVbcS_ `a_RV\_S5 hc_Rl XQcVaVcm bY]S_6
\l5 ݷdVfQSiYVݷ S\VS_7 @a_bc_ RdUmcV [ nc_]d T_c_Sl5 Sbݷ nc_ ^V cQ[
b\_W^_7

>7<@7 @a_gVUdaQ ݷUV]_^YXQgYYݷ `_Ua_R^_ _`YbQ^Q S 5<7=7<ݷ ^_ ^Q
Sbp[YZ b\dhQZ ^Q`_]^Y]5 hc_ `_\^_gV^^lZ UV]_^ _RpXQ^ XQ[alcm
bS_Y bcQ^UQac^lV `_c_[Y5 _c[alS S]Vbc_ ^Yf 845F8>E<<5 dZcY S _c6
UV\m^lZ bVQ^b5 _c[QXQSiYbm _c d`aQS\pojVT_ cVa]Y^Q\Q5 XQcV] `V6
aVbcQcm Rlcm \YUVa_] nc_T_ bVQ^bQ5 Y _RpXQcV\m^_ b]V^Ycm cV[djYZ
[QcQ\_T ^Q [_a^VS_Z7

?79;7 E_a]Q\m^_ T_S_ap5 U\p nc_T_ ^dW^_ ^Q`YbQcm bc_\m[_ VUY6
^Yg5 [Q[_SQ U\Y^Q `aVeY[bQ5 XQcV] U_`YbQcm bc_\m[_ ^d\VZ5 hc_Rl
SbVT_ aQXapU_S bcQ\_ <;5 `_UV\Ycm Yf ^Q RQZcl `_ A RYc Y [QWUlZ

:6b\Y ^Y[Q[ ^V ]_WVcV `_^pcm5 _ hݷ] YUݷc aVhm5 _RaQcYcV S^Y]Q^YV ^Q c_5
[Q[_S caVcYZ bY]S_\ `_b\VU_SQcV\m^_bcY ‑ Rd[SQ nc_ Y\Y gYeaQ7



; hQbcY ? :<B

RQZc `VaVSVbcY S UVbpcYh^_V `aVUbcQS\V^YV7 3 UVZbcSYcV\m^_bcY bY6
bQU]Y^l cQ[ ^Y[_TUQ ^V UV\Qoc5 _^Y `a_bc_ `_]^pc5 S_6`VaSlf5 hc_
`aVeY[bl 8A5 8:? Y 8;= XQ[Q^hYSQocbp ^Q TaQ^YgV RQZcQ 1cQ[ hc_
XQ`Ybm ]Qb[Y b_bc_Yc YX hYbV\ ;>> Y 925 Q S_6Sc_alf5 [Q[ `aQSY\_5
`_]^pc hYb\Q5 `_\dhQojYVbp `aY SlhYcQ^YY bcV`V^Y US_Z[Y YX ;>?C
;>=5 ;>;5 ;=A5 ;=95 ;;=5 :B; Y :;A7 Nc_ `_XS_\pVc `VaVS_UYcm U\Y^d
`aVeY[bQ S e_a]d ]Qb[Y `_UbVcY Y _RaQc^_ S d]V5 ^V `aYRVTQp [
aQX\_WV^Yo ^Q RYcl7

?79=7 6b\Y ^V `_\dhQVcbp Y^QhV5 ]_W^_ ^QhQcm b ݷUbVcY_`ݷ YX _U6
^_T_ f_bcQ 1`aVeY[b 8<;25 QUaVb bVcY RdUVc b_S`QUQcm b Ybf_U^l]D
XQcV] XQ`YbQcm SbV RYcl QUaVbQ S US_Yh^_Z e_a]V Y `_ ]VaV d]V^m6
iV^Yp U\Y^l `aVeY[bQ `aY^dUYcV\m^_ bRaQblSQcm S ^_\m `_ _U^_]d
RYcd b`aQSQ5 Q aVXd\mcQc `VaVS_UYcm _RaQc^_ S UVbpcYh^do bYbcV]d7
?RaQcYcV S^Y]Q^YV5 hc_ ^Q [QWU_] iQTV ]V^pVcbp c_\m[_ _UY^ RQZc5
cQ[ hc_ `VaVS_UYcm S UVbpcYh[d ^dW^_ c_\m[_ VT_5 _bcQ\m^lV RQZcl
]_W^_ [QWUlZ aQX RaQcm YX `aVUlUdjVT_ QUaVbQ7

?79B7 5_bcQc_h^_ Sb`_]^Ycm5 hc_ bcQ^UQac^lZ SS_U Y]VVc UV6
b[aY`c_a :D UQ\VV SlXlSQV] C5<53D Y b]_caY]5 hc_ `a_YX_ZUݷc aQ^m6
iV ‑ `_\mX_SQcV\mb[YZ SS_U Y\Y YbcVhV^YV _cSVUݷ^^_T_ SaV]V^Y7
@a_hYcQcm Y]p ]_W^_ _Rlh^l] 675DC7 E_a]Q\m^_ nc_ ^V _hV^m f_a_6
i_5 SVUm `_\mX_SQcV\m `aY WV\Q^YY ]_WVc SSVbcY c_\m[_ hQbcm Y]V6
^Y5 ^QWQS LDB<6M `_baVUY bca_[Y5 Y UQ\miV dWV Ud]Qcm ^QU _bcQc[_]
Y]V^Y b[_\m[_ V]d S T_\_Sd SXRaVUݷc ‑ ^Qi 675DC RdUVc VT_ `aY\VW6
^_ WUQcmD ^_ S aVQ\m^_Z WYX^Y `_\mX_SQcV\Y cQ[ ^V UV\Qoc5 Vb\Y WV
[c_ Y bUV\QVc ‑ RdUVc bQ] SY^_SQcD XQjYcYcmbp _c UVZbcSYZ `_\mX_6
SQcV\p XUVbm Sbݷ aQS^_ ^V\mXp5 _^ SVUm ]_WVc S__RjV `aY_bcQ^_SYcm
`a_TaQ]]d5 ^QWQS LDB<6c7

?7:97 5\p ^QhQ\Q bc_Yc _c[QXQcmbp _c SS_UQ baVUbcSQ]Y RYR6
\Y_cV[Y Y hYcQcm bcQ^UQac^lZ `_c_[ SlX_S_] B514D `_b\V nc_T_
dWV ^Yhc_ ^V `_]ViQVc aQbb]QcaYSQcm `_bcd`\V^YV `_\mX_SQcV\m6
b[_T_ SS_UQ5 bYT^Q\l Y YbcVhV^YV SaV]V^^�_T_ Y^cVaSQ\Q [Q[ caY SY6
UQ b_RlcYZ ‑ Y]V^^_ cQ[5 [Q[ nc_ `aVU`_\QTQVcbp `aY `_bca_V^YY
b_RlcYZ^_6_aYV^cYa_SQ^^lf `a_TaQ]] b `_]_jmo C5<53D7

?c]VcY]5 hc_ ^Q bQ]_] UV\V SS_U ]_W^_ `a_YXS_UYcm Y Slb_[_6
da_S^VSlZ5 ^_ cdc dWV `_pS\pocbp _`aVUV\ݷ^^lV c_^[_bcY5 R_a_cmbp
b [_c_al]Y ‑ UV\_ ^VR\QT_UQa^_V5 _b_RV^^_ S nc_Z XQUQhV7

?7::7 >Q`_]^Y]5 hc_ `aY `_`lc[V _c[alcm [Q^Q\ OROX b \oR_T_
[_^gQ5 Vb\Y ^Q Sc_a_] [_^gV Vjݷ ^Y[_T_ ^Vc5 SlX_S ?@5> R\_[Yad6
Vcbp S _WYUQ^YY `_pS\V^Yp `Qac^ݷaQ7 >Vb\_W^_ b__RaQXYcm5 hc_ ‑
Vb\Y5 [_^Vh^_5 ^V `aY^pcm ]Va `a_cYS nc_T_ ‑ USQ n[XV]`\paQ ^Q6
iVZ `a_TaQ]]l R\QT_`_\dh^_ XQR\_[Yadocbp ^Q `_`lc[Qf _c[alcm
`VaSlZ YX USdf [Q^Q\_S7 AViYcm `a_R\V]d _hV^m `a_bc_C `VaSlZ YX



:=9 D[QXQ^Yp

USdf SlX_S_S ?@5> 1^_ ^V _RQ12 UV\Qcm b e\QT_] XhWXWKUXLT7 <dh6
iV5 Vb\Y nc_ RdUVc c_c eQZ\5 [_c_alZ _c[alSQVcbp ^Q XQ`Ybm7 @_b\V
_c[alcYp _R_Yf eQZ\_S b\VUdVc _aTQ^YX_SQcm RVb[_^Vh^lZ gY[\ b
C5<53D’_]5 Ybb\VUdp T_c_S^_bcm [ hcV^Yo cVf USdf `_c_[_S5 YX [_6
c_alf S `a_TaQ]]V hYcQocbp UQ^^lV5 c_ Vbcm bcQ^UQac^_T_ `_c_[Q
SS_UQ 1UVb[aY`c_a :2 Y c_T_ eQZ\Q5 [_c_alZ S [_]Q^U^_Z bca_[V d[Q6
XQ^ `VaSl] 1^_ _c[alSQ\bp5 `_6SYUY]_]d5 Sbݷ WV Sc_al]27

?7:;7 ?aTQ^YXQgYp aQR_cl b ]LY6[\YV^cQ]Y ^Q _b^_SV SlX_SQ
C5<53D `_Ua_R^_ _`YbQ^Q S 7=7=7?ݷ @aY ^Qbcd`\V^YY T_c_S^_bcY `_
hcV^Yo ^Q _U^_] YX [\YV^cb[Yf b_[Vc_S b\VUdVc Sl`_\^Ycm hcV^YV
R\_[Q UQ^^lf SlX_S_] B514 Y\Y B53F5 _RpXQcV\m^_ b_faQ^YS U\Y6
^d `a_hYcQ^^_T_ R\_[Q 1X^QhV^YV5 S_XSaQjݷ^^_V SlX_S_] hcV^Yp2 S
gV\_hYb\V^^_Z `VaV]V^^_ZD Vb\Y nc_ X^QhV^YV ‑ 95 b_[Vc b\VUdVc XQ6
[alcm5 Q bVQ^b aQR_cl b UQ^^l] [\YV^c_] bhYcQcm XQSVaiݷ^^l] Y
Yb[\ohYcm YX b`Yb[Q Q[cYS^lf7 6b\Y `a_hYcQ^ R\_[ ^V^d\VS_Z U\Y6
^l5 VT_ 1aQXd]VVcbp5 c_\m[_ cd hQbcm RdeVaQ5 [_c_aQp `a_hYcQ^Q2
b\VUdVc `a_b]_caVcm S gY[\V Y ^Q [QWUlZ RQZc5 aQS^lZ bY]S_\d
`VaVS_UQ bca_[Y ’e>’5 _caVQTYa_SQcm _c`aQS[_Z [\YV^cd b__RjV^Yp
2X;e>2 U\Y^_Z caY bY]S_\Q7 4_c_S^_bcm b_[VcQ ^Q XQ`Ybm S nc_Z XQ6
UQhV ]_W^_ ^V _cb\VWYSQcm7

?7:<7 3_ SbVf `_U_R^lf XQUQhQf ^V_Rf_UY]_ `_]^Ycm5 hc_ `_c_[_6
SlV b_[Vcl TQaQ^cYadoc b_faQ^V^YV `_b\VU_SQcV\m^_bcY `VaVUQSQ6
V]lf UQ^^lf5 ^_ ^Y[_Y] _RaQX_] ^V TaQ^Yg _cUV\m^lf 7ݷ]_\bl_`ݷ
5Q^^lV5 _c`aQS\V^^lV S b_[Vc5 ^Q UadT_Z VT_ [_^Vg ]_Tdc `aYZcY
^QaVXQ^^l]Y S `a_YXS_\m^do 5ݷQ`id\ݷ Q ]_Tdc5 ^Q`a_cYS5 b[\V6ݷ
YcmbpݷD cQ[5 Vb\Y ^Q _U^_] [_^gV S b_[Vc Rl\Y XQ`YbQ^l bca_[Y
2::::::::e>25 2;;;;;;;;e>2 Y 2<<<<<<<<e>25 [QWUQp _cUV\m^l] Sl6
X_S_] GB9D5 Y\Y C5>45 c_ ^Q `a_cYS_`_\_W^_] [_^gV5 S_X]_W^_5 `Va6
SlZ SlX_S B514 SVa^ݷc bca_[d 2:::25 Sc_a_Z ‑ hc_6^YRdUm Sa_UV
2:::::e>;;25 caVcYZ ‑ 2;;;;25 Q hVcSݷaclZ ‑6 2;;e><<<<<<<<e>2
3`a_hV]5 b cV] WV db`Vf_] SbV _c`aQS\V^^lV UQ^^lV 1S UQ^^_]
b\dhQV ‑ SbV ;@ RQZc2 ]_Tdc `a_hYcQcmbp YX b_[VcQ XQ _UY^ B5145
Vb\Y5 [_^Vh^_5 fSQcYc aQX]VaQ `VaVUQ^^_Z SlX_Sd _R\QbcY `Q]pcY7
5V\_ _b\_W^pVcbp Vjݷ Y cV]5 hc_ S ݷcV`\Yh^lfݷ db\_SYpf5 S [_6
c_alf _Rlh^_ cVbcYadocbp `a_TaQ]]l5 bca_[Y5 ^QRaQ^^lV `_\mX_6
SQcV\V] S [\YV^cb[_Z `a_TaQ]]V 1RdUm c_ D5<>5D Y\Y \oR_Z UadT_Z
]LY6[\YV^c25 _Rlh^_ `a_hYclSQocbp [QWUQp XQ _UY^ SlX_S5 YXaVU[Q
5ݷb[\VYSQocbpݷ ^_ `aQ[cYhVb[Y ^Y[_TUQ ^V aQXaVXQocbpD nc_ b_SVa6
iV^^_ ^V `_S_U aQbb\QR\pcmbp5 S R_VSlf db\_SYpf bca_[Q _[QWVcbp
aQX_aSQ^^_Z ^Q USV `_agYY hYcQV]lf UQ^^lf S bQ]lZ ^V`_Uf_UpjYZ
]_]V^c7

6b\Y ]l aQbb]QcaYSQV] UQ^^lV5 `aYf_UpjYV YX b_[VcQ5 [Q[ `_6
b\VU_SQcV\m^_bcm ^V[Yf [_]Q^U5 ]l Sl^dWUV^l `aVU`_\QTQcm5 hc_



; hQbcY ? :=:

`aY _hVaVU^_] hcV^YY YX b_[VcQ ]l S \oR_Z ]_]V^c ]_WV] `_\dhYcm
^V Sbo [_]Q^Ud5 Q c_\m[_ ^V[_V Vݷ ^QhQ\_5 Q S R_\VV _RjV] b\dhQV `a_6
hYcQ^^lZ YX b_[VcQ R\_[ ]_WVc b_UVaWQcm _bcQc[Y [_]Q^Ul5 [_c_6
ado ]l ^QhQ\Y hYcQcm aQ^VV5 `\ob [ nc_]d ^Vb[_\m[_ ^_Slf [_]Q^U
Y ^QhQ\_ b\VUdojVZ XQ ^Y]Y7 B\VU_SQcV\m^_5 ^V_Rf_UY] ^Q[_`Y6
cV\m^lZ RdeVa5 bS_Z U\p [QWU_T_ bVQ^bQ aQR_cl b [\YV^c_] ‑
`_`a_bcd T_S_ap5 b[_\m[_ Vbcm [\YV^cb[Yf b_[Vc_S5 bc_\m[_ U_\W^_
Rlcm Y ^Q[_`YcV\m^lf RdeVa_S5 b_[Vc b RdeVa_] ]_W^_ _RkVUY^Ycm
S _U^d bcad[cdad7 EYXYhVb[Y ^Q[_`YcV\m^lZ RdeVa _Rlh^_ `aVU6
bcQS\pVc b_R_Z ]QbbYS cY`Q 381B [Q[_T_6c_ eY[bYa_SQ^^_T_ aQX]VaQ5
^Q`aY]Va5 = TK ‑ ^_ S_ Sbp[_] b\dhQV ^V ]V^miV5 hV] `aVU`_\QTQV6
]lZ aQX]Va _U^_T_ XQ`a_bQ Y\Y [_]Q^UlD \dhiV RdUVc5 hc_Rl S Rd6
eVa d SQb ]_T\_ `_]VbcYcmbp ^Vb[_\m[_ XQ`a_b_S7 ; ]QbbYSd U_\W^Q
`aY\QTQcmbp gV\_hYb\V^^Qp `VaV]V^^Qp5 faQ^pjQp _Rkݷ] `aY^pclf
UQ^^lf5 S ^Qbc_pjVV SaV]p ^Qf_UpjYfbp S RdeVaV ‑ `a_jV T_S_ap5
aQX]Va XQ^pc_Z hQbcY SQiVT_ ]QbbYSQ7 >Q`aY]Va5 Vb\Y S nc_Z `VaV6
]V^^_Z ^_\m ‑ X^QhYc5 RdeVa `dbc7 HcV^YV ]_W^_ Sl`_\^pcm `ap]_
S bS_R_U^do hQbcm RdeVaQD ^Q`aY]Va5 Vb\Y S SQiVZ `a_TaQ]]V [QW6
U_]d Q[cYS^_]d bVQ^bd b__cSVcbcSdVc bcad[cda[Q Sa_UV b\VUdojVZC

5>E= K 2E665BhC9J5 F =9B? MD
CDBE3D 3<95>DhC5CC9?> K

9>D C4D 83 UVb[aY`c_a b_[VcQ 38
381B 2E6d2E665BhC9J5fD 83 RdeVa 38
9>D 24D 83 [_\6S_ UQ^^lf S RdeVaV 38

MD

‑ Y SlX_S C5<53D b__RjY\ SQ] _ T_c_S^_bcY [\YV^cQ5 ^Q bcad[cd6
ad [_c_a_T_ d[QXlSQVc d[QXQcV\m @5 c_ Sl`_\^Ycm hcV^YV YX b_[VcQ
]_W^_ `aY]Va^_ cQ[C

B5C F B5141@6GC45 @6G2E6 4 @6G245 2E665BhC9J5 6 @6G242D
961B5C FF 92 K

83 [_^Vg eQZ\QD _RaQR_c[Q XQSVaiV^Yp bVQ^bQ 38
M 5<C5 K

@6G24 4F B5CD
83 _RaQR_c[Q [_]Q^U YX RdeVaQ 38

M

@_b\V hcV^Yp5 dRVUYSiYbm5 hc_ bYcdQgYp Vg^_]ݷ eQZ\Qݷ `_[Q ^V S_X6
^Y[\Q5 ^dW^_ _caQXYcm eQ[c db`Vi^_T_ hcV^Yp UQ^^lf S `_\V5 faQ6
^pjV] cV[djVV [_\YhVbcS_ UQ^^lf S RdeVaV5 Y `a_Q^Q\YXYa_SQcm b_6
UVaWY]_V RdeVaQ ^Q `aVU]Vc ^Q\YhYp S [ݷ^ XQ[_^hV^^_Z [_]Q^Ul7
3 ^QiV] b\dhQV U_bcQc_h^_ `a_b]_caVcm `VaSlV 24 n\V]V^c_S RdeV6
aQ S `_Yb[Qf bY]S_\Q `VaVS_UQ bca_[Y7 6b\Y XQ[_^hV^^Qp [_]Q^UQ S



:=; D[QXQ^Yp

RdeVaV Vbcm5 Vݷ b\VUdVc _RaQR_cQcm Y YXkpcm YX RdeVaQ5 U\p hVT_ `aY6
Uݷcbp _bcQSiYVbp 1`_b\V nc_Z [_]Q^Ul2 RQZcl RdeVaQ5 Vb\Y cQ[_SlV
Vbcm5 bUSY^dcm S VT_ ^QhQ\_ 1Vb\Y \V^m `YbQcm nc_ Sadh^do5 ]_W6
^_ S_b`_\mX_SQcmbp ed^[gYVZ =5==?F525 Q `_\V [_\YhVbcSQ UQ^^lf
1S ^QiV] b\dhQV 242 ^Q U\Y^d YXkpc_Z [_]Q^Ul d]V^miYcm7 DhcYcV5
hc_ [_]Q^U S RdeVaV ]_WVc Rlcm ^Vb[_\m[_5 cQ[ hc_ `_b\VU_SQcV\m6
^_bcm Q^Q\YXQ5 Sl`_\^V^Yp Y YXkpcYp [_]Q^Ul b\VUdVc Sl`_\^pcm
S gY[\V5 YX [_c_a_T_ ]_W^_ SlZcY5 [_TUQ _hVaVU^_Z XQ[_^hV^^_Z
[_]Q^Ul S RdeVaV ^V _[QWVcbp 1S ^QiV] b\dhQV ‑ ^V ^QZUݷcbp ^Y
_U^_T_ `VaVS_UQ bca_[Y2D boUQ Sf_UYc Y b\dhQZ5 [_TUQ RdeVa `dbc7

5\p e_a]Ya_SQ^Yp cV[bc_Slf _cSVc_S5 _c`aQS\pV]lf [\YV^cd5
_hV^m dU_R^Q ed^[gYp C@B9>D65 b]7 7?7=7=ݷ

@79<7 ?hVSYU^_5 hc_5 Vb\Y [Q[_V6c_ aQX\YhYV ]VWUd SVabYp]Y Y
S_X^Y[^Vc5 c_ c_\m[_ R\QT_UQap c_]d5 hc_ _UY^ YX `a_gVbb_S RdUVc
`aVaSQ^ ]VWUd ncY]Y USd]p bca_[Q]Y 1S `a_cYS^_] b\dhQV Yf `V6
aVbcQ^_S[Q ^V `_]V^p\Q Rl Rd[SQ\m^_ ^YhVT_5 Yf S__RjV ]_W^_ Rl6
\_ Rl aQbb]QcaYSQcm [Q[ _U^_ UVZbcSYV27 @_`lcQZcVbm ^QZcY cQ[do
`_b\VU_SQcV\m^_bcm Sl`_\^V^Yp bca_[ YX `a_gVUda 5>D5BhC53D9?>
_R_Yf `a_gVbb_S5 hc_ S Yc_TV _^Y _[QWdcbp S [aYcYhVb[Yf bV[gYpf
_U^_SaV]V^^_7

A79<7 8UVbm bc_Yc `aY`_]^Ycm5 hc_ `Q]pcm5 XQcaVR_SQ^^Qp `_U [d6
hd5 ^Y[_TUQ ^V S_XSaQjQVcbp _`VaQgY_^^_Z bYbcV]V 1U_ XQSVaiV^Yp
`a_TaQ]]l27

:979:7 FaQ^Ycm S _RkV[cV ^dW^_ c_\m[_ hYb\_ 𝑁 D S_b`_\mXdZcVbm
`VaVTadX[_Z _`VaQgYY Y^UV[bYa_SQ^Yp7

:979;7 FaQ^YcV S _RkV[cV gV\_V hYb\_5 ^QhQ\m^_V X^QhV^YV XQ6
UQSQZcV `QaQ]Vca_] [_^bcad[c_aQ5 _`VaQgYp 4F U_\W^Q Y]Vcm VbcV6
bcSV^^lZ b]lb\7

:979<7 FaQ^YcV S _RkV[cV gV\_V hYb\_5 `_ d]_\hQ^Yo aQS^_V ^d6
\o5 Q `aY [_`Ya_SQ^YY dbcQ^QS\YSQV]_V ^Q VUY^Ygd R_\miV5 hV] S
_aYTY^Q\m^_] _RkV[cV7

:979=7 8UVbm U_bcQc_h^_ _`YbQcm S `aYSQc^_Z hQbcY [\QbbQ ^Qbc_6
pjYZ ]QbbYSD _`VaQgYp Y^UV[bYa_SQ^Yp U_\W^Q YXS\V[Qcm _RQ hYb\Q
YX `VaVUQ^^_T_ VZ _RkV[cQ [\QbbQ R5 d]V^miQcm Yf _RQ ^Q VUY^Ygd Y
S_XSaQjQcm bbl\[d ^Q n\V]V^c S^dcaV^^VT_ ]QbbYSQ b `_\dhV^^l]Y
Y^UV[bQ]Y7

:979>7 8UVbm `VaSQp _`VaQgYp Y^UV[bYa_SQ^Yp U_\W^Q e_a]Ya_6
SQcm Y S_XSaQjQcm _RkV[c ^V[_c_a_T_ `a_]VWdc_h^_T_ [\QbbQ5 faQ6
^pjVT_ 1S bS_Yf `_\pf2 d[QXQcV\m ^Q _RkV[c [\QbbQ V Y X^QhV^YV
`VaS_T_ Y^UV[bQD U\p ^VT_ U_\W^Q Rlcm `VaVTadWV^Q _`VaQgYp Y^6
UV[bYa_SQ^Yp5 S_XSaQjQojQp bbl\[d ^Q ^dW^lZ n\V]V^c ]QbbYSQ



; hQbcY :: :=<

S aVQ\YXQgYY [\QbbQ V 1c_T_ _RkV[cQ5 ^Q [_c_alZ d[QXlSQVc b_faQ6
lZ^^ݷ^ d[QXQcV\m27 1^Q\_TYh^Qp cVf^Y[Q `aY]V^pVcbp S `aY]VaV5
aQX_RaQ^^_] S 7<;7=97:ݷ

:979?7 B]7 d[QXQ^Yp [ XQUQhV :979>D XUVbm S `a_]VWdc_h^_] _Rk6
V[cV U_bcQc_h^_ faQ^Ycm c_\m[_ hYb\_5 `_b\dWYSiVV QaTd]V^c_] U\p
`VaS_Z _`VaQgYY Y^UV[bYa_SQ^Yp7

:97:>7 @_b[_\m[d cY` `VaV]V^^lf ^V XQUQ^5 YUV^cYeY[Qc_a
CG1@< U_\WV^ SS_UYcmbp [Q[ Y]p iQR\_^Q ed^[gYYD `aY Yb`_\m6
X_SQ^YY cQ[_T_ iQR\_^Q5 [Q[ YXSVbc^_5 d[QXQ^YV [_^[aVc^_T_ cY`Q
^V _RpXQcV\m^_5 `_b[_\m[d [_]`Y\pc_a SlSVUVc VT_ YX cY`_S eQ[6
cYhVb[Yf `QaQ]Vca_S7 BQ]Y `QaQ]Vcal U_\W^l5 VbcVbcSV^^_5 Y]Vcm
bbl\_h^lZ cY`7

::79:7 AViYcm ncd XQUQhd RdUVc `a_jV5 Vb\Y baQXd WV ^Q`YbQcm
Sb`_]_TQcV\m^do ed^[gYo5 `_\dhQojdo USQ `QaQ]VcaQ ‑ 𝐾 Y 𝑁 5
Y bca_ojdo b`Yb_[ hYbV\ _c 𝐾 U_ 𝑁 7

::79A7 AViV^YV nc_Z XQUQhY S_X]_W^_ R\QT_UQap XQ]l[Q^Yp] 5
[_c_alV `_Ua_R^_ aQbb]_caV^l S 7:7B7::ݷ ?RaQcYcV S^Y]Q^YV ^Q `aY6
]Va5 S [_c_a_] b_XUQocbp ed^[gYY C5A6>5HD Y C5A6B5C5DD `aY^gY`
aViV^Yp nc_Z XQUQhY c_c WV5 c_\m[_ ^dW^_ ^V _`aVUV\pcm Y]V^_SQ^6
^do ed^[gYo e_a]_Z 456E>5 [Q[ S `aY]VaV5 Q b_XUQSQcm RVXl]p^6
^do ed^[gYo ‑ b `_]_jmo 3’1<1=241 S L?==?> U9C@5 Q S \385=5 ‑
SlhYb\V^YV] <1=2416e_a]l7

::79B7 B_XUQZcV \_[Q\m^do `VaV]V^^do b `_]_jmo <5D5 XQUQS VZ
S [QhVbcSV ^QhQ\m^_T_ X^QhV^Yp `dbc_Z b`Yb_[7 2VXl]p^^Qp ed^[6
gYp5 [_c_ado Sl `VaVUQUYcV ed^[gY_^Q\d =1@31B 1Y\Y =1@25 U_\W6
^Q5 Yb`_\mXdp C5DA 1b__cSVcbcSV^^_ C5D1 U\p \385=525 U_RQSYcm bS_Z
QaTd]V^c [ b`Yb[d5 bSpXQ^^_]d b SQiVZ \_[Q\m^_Z `VaV]V^^_Z7

::7:;7 @a_jV SbVT_ RdUVc S_b`_\mX_SQcmbp Q\T_aYc]_] 5VZ[bcal
U\p `VaVS_UQ SlaQWV^Yp S `_\mb[do Y^SVab^do XQ`Ybm5 `_\dhV^^do
XQ`Ybm `a_Y^cVa`aVcYa_SQcm7 1\T_aYc] 5VZ[bcal _`YbQ^ S hQbcY5
`_bSpjݷ^^_Z QbbV]R\Vad5 b]7 c7 :5 7A7=7>ݷ

::7:@7 @a_jV SbVT_ SlRaQcm S [QhVbcSV RQXYbQ aV[dabYY b\dhQZ5
[_TUQ N<5= pS\pVcbp `VaSl] n\V]V^c_] [5C7 AV[dabYS^lZ `VaVf_U
XUVbm ‑ b\dhQZ5 [_TUQ `VaSlV n\V]V^cl U9CD Y N<5= b_S`QUQoc5 Q
ݷfS_bcݷ [5C `_\dhV^ U_RQS\V^YV] N<5= S ݷfS_bcݷ b`Yb[Q U9CD7

::7;97 3 a_\Y RQXYbQ b\VUdVc SlRaQcm `dbc_Z b`Yb_[5 VT_ VUY^6
bcSV^^Qp `VaVbcQ^_S[Q ‑ nc_ _^ bQ]7 5\p b\dhQp5 [_TUQ b`Yb_[ ^V
`dbc5 _UY^ YX `a_bcVZiYf SQaYQ^c_S ‑ `_\dhYcm `VaVbcQ^_S[d VT_
fS_bcQ Y S ^Vݷ 1S `a_YXS_\m^do `_XYgYo2 SbcQSYcm T_\_Sd5 ^Q`aY6
]Va5 b `_]_jmo 9>Ch?>5 1b]7 XQUQhd ::7:@27

::7;@7 8UVbm bc_Yc `aY`_]^Ycm5 hc_ XQ`pcQp ‑ nc_ [_^bcad[c_a
[_acVWVZ5 `aYhݷ] [_acVW YX _U^_T_ n\V]V^cQ ‑ nc_ c_ WV bQ]_V5



:== D[QXQ^Yp

hc_ Y `a_bc_ bQ] nc_c n\V]V^c5 Q b[_R[Y `aY e_a]Ya_SQ^YY [_acV6
WVZ Sl`_\^poc cd WV a_\m5 hc_ Y S UadTYf SlaQWV^Ypf ‑ ]V^poc
`_b\VU_SQcV\m^_bcm `aY]V^V^Yp _`VaQgYZ7

::7<;7 @_]^YcV5 hc_ SQiQ ed^[gYp U_\W^Q Rlcm ed^[gYVZ _U^_6
T_ QaTd]V^cQ 1S UQ^^_] b\dhQV nc_ RdUVc [_\YhVbcS_ n\V]V^c_S5 [_c_6
alV ^dW^_ _cRa_bYcm25 Q S_XSaQjQcm _^Q U_\W^Q ed^[gYo5 `aY^Y]Q6
ojdo b`Yb_[ 1Ybf_U^lZ2 Y S_XSaQjQojdo b`Yb_[ 1dWV RVX b__cSVc6
bcSdojVT_ [_\YhVbcSQ `VaSlf n\V]V^c_S27 5\p `_bca_V^Yp _RkV[cQ
ed^[gYp5ݷ [_c_aQp777ݷ b\VUdVc Yb`_\mX_SQcm \p]RUQ6SlaQWV^Yp7

:;79@7 @aY aViV^YY `_U_R^lf XQUQh ]_W^_ db]_caVcm _`aVUV6
V_^^ݷ\ ^VdU_RbcS_ S c_]5 hc_ @a_\_T ^VS_X]_W^_ XQbcQSYcm hc_6c_
`VhQcQcm ^Q _RaQc^_] f_UV `_Yb[Q b S_XSaQcQ]YC SlS_U `aVUbcQS\pVc
b_R_Z `_R_h^lZ neeV[c Sbca_V^^lf `aVUY[Qc_S 1`a_gVUda25 Y nc_c
`_R_h^lZ neeV[c `a_pS\pVcbp5 [_TUQ `a_gVUdaQ SlXlSQVcbp _Rlh6
^l] b`_b_R_]5 c_ Vbcm S f_UV `_b\VU_SQcV\m^_T_ SlhYb\V^Yp gV\VZ
S `aVU\_WV^YY7 Nc_5 ^Q `VaSlZ SXT\pU5 ]ViQVc SlUQSQcm Y^e_a]Q6
gYo _R _c]V^V `_b\VU^Yf aQbb]QcaYSQV]lf `_XYgYZ Y S_XSaQcV [
aQbb]_caV^Yo UadTYf SQaYQ^c_S5 ^QhY^QojYfbp b R_\VV [_a_c[_T_
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