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(� *VHS +H[H HUK 7YVK\J[PVU 4LHZ\YLTLU[
(SS JVHS TPUL KH[H HYL JVSSLJ[LK MYVT LKP[PVUZ VM 4PULYHS 9LZV\YJLZ VM [OL <UP[LK :[H[LZ� ^OPJO
^HZ YLN\SHYS` W\ISPZOLK I` [OL <�:� .LVSVNPJHS :\Y]L` IL[^LLU ���� HUK � �� �HUU\HSS` IL[^LLU
� �� HUK � ��� HUK PZ UV^ H]HPSHISL [OYV\NO [OL /H[OP;Y\Z[ +PNP[HS 3PIYHY �̀ )LJH\ZL [OL X\HSP[`
VM [OLZL YLJVYKZ PZ UV[ Z\ɉJPLU[ MVY 6*9 [YHUZJYPW[PVU� 0 [YHUZJYPILK HSS KH[H THU\HSS �̀

;OLZL KVJ\TLU[Z JVU[HPU PUMVYTH[PVU VU [OL HTV\U[ VM JVHS WYVK\JLK� ]HS\L VM JVHS WYV�
K\JLK� TPUL LTWSV`TLU[� HUK TPUL ^VYRPUN KH`Z H[ [OL JV\U[`�`LHY SL]LS� 0 JVSSLJ[LK WYVK\J[PVU
KH[H MVY HSS H]HPSHISL `LHYZ IL[^LLU � �� HUK � � � 0U TVZ[ JHZLZ� [OL YLWVY[Z SPZ[ [OLZL KH[H MVY
PUKP]PK\HS JV\U[PLZ� )\[ [OLYL HYL ZVTL JHZLZ ^OLYL JV\U[PLZ HYL HNNYLNH[LK [VNL[OLY MVY WHY�
[PJ\SHY `LHYZ V^PUN [V YLSH[P]LS` SV^ SL]LSZ VM WYVK\J[PVU PU ZVTL VM [OLZL JV\U[PLZ� )LJH\ZL 0 KV
UV[ OH]L PUMVYTH[PVU VU [OL IYLHRKV^U VM WYVK\J[PVU HJYVZZ JVTIPULK JV\U[PLZ� 0 L_JS\KL [OLZL
VIZLY]H[PVUZ MYVT HSS HUHS`ZLZ� (Z UV[LK PU [OL THPU [L_[� 0 HSZV L_JS\KL VIZLY]H[PVUZ MVY JV\U�
[PLZ [OH[ JOHUNLK IVYKLYZ PU H NP]LU KLJHKL" 0 \ZL KH[H MYVT /VYHU HUK /HYNPZ� �  �� ¸*V\U[`
3VUNP[\KPUHS ;LTWSH[L� ����¶�  ��¹ 0*7:9�

;V TLHZ\YL PUK\Z[YPHS ZOVJRZ� 0 MVJ\Z VU [OL X\HU[P[` VM JVHS WYVK\JLK� ;OL WLY�\UP[ ]HS\L
VM JVHS WYVK\JLK VM[LU KPK UV[ JOHUNL T\JO `LHY [V `LHY� 0 KV UV[ \ZL LTWSV`TLU[ KH[H LP[OLY�
HZ JVHS TPULZ H[ [OPZ [PTL MLH[\YLK SHYNL U\TILYZ VM PUMVYTHS ^VYRLYZ UV[ PUJS\KLK PU VɉJPHS
LTWSV`TLU[ Z[H[PZ[PJZ� ;OV\NO KH[H VU ^VYRPUN KH`Z I`WHZZLZ [OPZ PZZ\L VM PUMVYTHS LTWSV`TLU[�
[OPZ ]HYPHISL KVLZ UV[ WYV]PKL PUMVYTH[PVU VU [OL HTV\U[ VM ^VYR ILPUN KVUL VU HU` NP]LU KH �̀

-VY JV\U[`�`LHYZ PU ^OPJO UV WYVK\J[PVU PUMVYTH[PVU PZ SPZ[LK� 0 HZZ\TL [OH[ [OLYL ^HZ UV
HJ[P]L WYVK\J[PVU �P�L�� WYVK\J[PVU YLJVYKLK HZ aLYV PU [OL KH[HZL[�� ;OL VUL L_JLW[PVU PZ MVY
HU[OYHJP[L TPULZ PU UVY[OLHZ[LYU 7LUUZ`S]HUPH� )L[^LLU � �� HUK � ��� [OLZL YLWVY[Z KPK UV[
PUJS\KL JV\U[`� SL]LS PUMVYTH[PVU VUTPUPUN PU [OLZL HYLHZ" KH[H ^HZ HNNYLNH[LK \W [V [OL JVHSÄLSK
SL]LS� ^OPJO JV]LYLK T\S[PWSL JV\U[PLZ� 0U [OLZL JHZLZ� WYVK\J[PVU PZ YLJVYKLK HZ TPZZPUN �5(�"
[OLZL VIZLY]H[PVUZ HYL [OLU L_JS\KLK�

¸:OVJR PU[LUZP[`¹ PZ [OL Z\T VM HSS `LHY�V]LY�`LHY WLYJLU[HNL KLJSPULZ PU H NP]LU JV\U[`�
KLJHKL �P�L�� [OL Z\T VM `LHY�V]LY�`LHY WLYJLU[HNL JOHUNLZ� SPTP[LK [V KLJSPUL `LHYZ�� +LJHKLZ
HYL KLÄULK HZ [OL `LHY VUL JLUZ\Z ^HZ LU\TLYH[LK \U[PS [OL `LHY ILMVYL [OL UL_[ JLUZ\Z ^HZ LU\�
TLYH[LK �L�N�� � �� [OYV\NO � � �" [OPZ PZ ILJH\ZL JLUZ\ZLZ ^LYL LU\TLYH[LK LHYS` PU [OL `LHY� 0
VW[ MVY [OPZ TLHZ\YL [V ZLWHYH[L JV\U[PLZ [OH[ ^P[ULZZLK ZL]LYL PU[YH�KLJHKL WYVK\J[PVU KLJSPULZ
MYVT JV\U[PLZ ^P[O JVUZPZ[LU[S` NYV^PUN JVHS TPULZ · [OL RL` JVUJLW[\HS KPZ[PUJ[PVU KLZJYPILK PU
[OL [OLVY �̀ (Z ZOV^U PU -PN\YL (�� JV\U[PLZ ^P[O SV^ ¸ZOVJR PU[LUZP[PLZ¹ L_WLYPLUJLK JVUZPZ[LU[
NYV^[O V]LY [OL JV\YZL VM H NP]LU KLJHKL� *V\U[PLZ ^P[O OPNO ¸ZOVJR PU[LUZP[PLZ¹ L_WLYPLUJLK
LP[OLY HIZVS\[L KLJSPULZ PU WYVK\J[PVU K\YPUN H KLJHKL VY ZOHYW ULNH[P]L ZOVJRZ�
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-PN\YL (�! /PZ[VNYHT VM `LHY�V]LY�`LHY WLYJLU[HNL JOHUNLZ PU JV\U[`�SL]LS JVHS WYVK\J[PVU� ;OL TLHU
HIZVS\[L ]HS\L @V@ JOHUNL ^HZ �����" [OL TLKPHU HIZVS\[L ]HS\L JOHUNL ^HZ ������ >OLU TPULZ
KLJSPULK @V@� [OL` [`WPJHSS` KPK ZV ZOHYWS` �TLHU @V@ KLJSPUL VM −������ TLKPHU −������� :SV^�HUK�
Z[LHK` KLJSPULZ ^LYL \UJVTTVU H[ [OPZ [PTL� HZ ^LYL ZSV^�HUK�Z[LHK` WLYPVKZ VM NYV^[O�

)� *LUZ\Z +H[H HUK .YV\W 4LHZ\YLTLU[
0KLU[PM`PUN L[OUPJ NYV\WZ \ZPUN <�:� JLUZ\Z KH[H PZ UV[ H Z[YHPNO[MVY^HYK [HZR� 0TTPNYHU[ NYV\WZ
TH` IL KLÄULK HJJVYKPUN [V PUKP]PK\HSZ» IPY[OWSHJLZ VY SHUN\HNL� )\[ ILJH\ZL VM JOHUNPUN UH�
[PVUHS IVYKLYZ PU ,\YVWL HUK YL]PZPVUZ [V LU\TLYH[VY PUZ[Y\J[PVUZ PU [OL LHYS` ��[O JLU[\Y �̀ JV\U�
[YPLZ VM IPY[O ^LYL VM[LU KLÄULK KPɈLYLU[S` `LHY [V `LHY� 9LS`PUN VU JV\U[Y` VM IPY[O PZ HSZV UV[
HWWYVWYPH[L MVY L[OUPJHSS` KP]LYZL JV\U[YPLZ� 9LSPHISL SHUN\HNL PUMVYTH[PVU PZ HKKP[PVUHSS` UV[ H]HPS�
HISL MVY HSS PTTPNYHU[Z�

;V SPTP[ [OLZL PZZ\LZ� 0 KLÄUL PTTPNYHU[ NYV\WZ HJJVYKPUN [V IV[O IPY[OWSHJL HUK SHUN\HNL�
0 WYPTHYPS` JSHZZPM` PTTPNYHU[Z HJJVYKPUN [V IPY[OWSHJL �%3/ HUK %3/' PU 07<4: <:( KH[H� I\[
\ZL PUMVYTH[PVU VU [OLPY TV[OLY [VUN\LZ �0721*8( HUK 0721*8('� [V KPZ[PUN\PZO IL[^LLU L[OUPJ
NYV\WZ MYVT TVYL KP]LYZL JV\U[YPLZ HUK JVYYLJ[ MVY JOHUNLZ PU IPY[OWSHJL KLÄUP[PVUZ V]LY [PTL
�L�N�� HSS PTTPNYHU[Z SPZ[PUN 7VSPZO HZ [OLPY TV[OLY [VUN\L HYL JSHZZPÄLK HZ 7VSPZO PTTPNYHU[Z YL�
NHYKSLZZ VM IPY[OWSHJL�� >OLU IPY[OWSHJL HUK SHUN\HNL PUMVYTH[PVU JVUÅPJ[� SHUN\HNL PZ WYPVYP[PaLK�
;OL MVSSV^PUN PZ H SPZ[ VM [OL PTTPNYHU[ NYV\WZ PUJS\KLK HUK [OL JVKPUN WYVJLZZ MVY LHJO� HZ ^LSS
HZ [OL U\TILY VM TH[JOLK PTTPNYHU[Z JSHZZPÄLK PU[V LHJO NYV\W�

�� +HUPZO! IPY[OWSHJL ������ TH[JOLK PTTP�
NYHU[Z�

�� -PUUPZO! IPY[OWSHJL �������
�� 0JLSHUKPJ! IPY[OWSHJL ���
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�� :^LKPZO! IPY[OWSHJL ��������
�� ,UNSPZO! IPY[OWSHJL ���������
�� :JV[[PZO! IPY[OWSHJL ��������
�� >LSZO! IPY[OWSHJL ���� ���
 � 0YPZO! IPY[OWSHJL ��������

��� )LSNPHU! IPY[OWSHJL ���� ��
��� -YLUJO! IPY[OWSHJL ��� ���
��� 3\_LTIV\YNPZO! IPY[OWSHJL ����

��� +\[JO! IPY[OWSHJL ���� ��
��� :^PZZ! IPY[OWSHJL VY TV[OLY [VUN\L SPZ[LK HZ

¸:^PZZ¹ ��������
��� .YLLR! IPY[OWSHJL �����
��� 0[HSPHU! IPY[OWSHJL ��������
��� 7VY[\N\LZL! IPY[OWSHJL �� ��
��� :WHUPZO! IPY[OWSHJL �����
� � (\Z[YPHU! IPY[OWSHJL VY TV[OLY [VUN\L SPZ[LK

HZ ¸(\Z[YPHU¹ ��������
��� )\SNHYPHU! IPY[OWSHJL VY TV[OLY [VUN\L SPZ[LK

HZ ¸)\SNHYPHU¹ ����
��� *aLJOVZSV]HR! IPY[OWSHJL" *aLJO PM TV[OLY

[VUN\L SPZ[LK HZ ¸*aLJO�¹ :SV]HR PM TV[OLY
[VUN\L SPZ[LK HZ ¸:SV]HR¹ �������
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��� .LYTHU! IPY[OWSHJL VY TV[OLY [VUN\L SPZ[LK
HZ ¸.LYTHU¹ ���������

��� /\UNHYPHU! IPY[OWSHJL VY TV[OLY [VUN\L SPZ[LK
HZ ¸4HN`HY� /\UNHYPHU¹ ��������

��� 7VSPZO! IPY[OWSHJL VY TV[OLY [VUN\L SPZ[LK HZ
¸7VSPZO¹ ����� �

��� 9\THUPHU! IPY[OWSHJL VY TV[OLY [VUN\L SPZ[LK
HZ ¸9\THUPHU¹ ��� �

��� *YVH[PHU! IPY[OWSHJL VY TV[OLY [VUN\L SPZ[LK
HZ ¸*YVH[PHU¹ ����

��� +HSTH[PHU� 4VU[LULNYPU! TV[OLY [VUN\L
SPZ[LK HZ LP[OLY ¸+HSTH[PHU¹ VY ¸4VU[LULNYPU¹
���

��� :LYIPHU! IPY[OWSHJL VY TV[OLY [VUN\L SPZ[LK
HZ ¸:LYIPHU¹ �� �

� � :SV]LUPHU! IPY[OWSHJL VY TV[OLY [VUN\L SPZ[LK
HZ ¸:SV]LUL¹ ����

��� ,Z[VUPHU! IPY[OWSHJL ���
��� 3H[]PHU! IPY[OWSHJL ���
��� 3P[O\HUPHU! IPY[OWSHJL VYTV[OLY [VUN\L SPZ[LK

HZ ¸3P[O\HUPHU¹ �����
��� 9\ZZPHU! IPY[OWSHJL �9\ZZPHU ,TWPYL� L_JS\K�

PUN )HS[PJ Z[H[LZ� (YTLUPH� <RYHPUL� VY TV[OLY
[VUN\L SPZ[LK HZ ¸9\ZZPHU¹ ��������

��� <RYHPUPHU! IPY[OWSHJL VY TV[OLY [VUN\L SPZ[LK
HZ ¸<RYHPUPHU¹ ���

��� (YTLUPHU! IPY[OWSHJL VY TV[OLY [VUN\L SPZ[LK
HZ ¸(YTLUPHU¹ ���

��� 1L^PZO! TV[OLY [VUN\L SPZ[LK HZ ¸@PKKPZO�
1L^PZO¹ VY ¸/LIYL �̂ 0ZYHLSP¹ ���

)��� (ZZVJPH[PVU IL[^LLU .YV\W *VUJLU[YH[PVU HUK -\[\YL *OHUNLZ PU *VHS 7YVK\J[PVU
4` PKLU[PM`PUN HZZ\TW[PVU PZ [OH[ NYV\WZ ^P[OPU [OL ZHTL JV\U[` KPK UV[ ]HY` PU [OLPY JVUJLU[YH[PVU
PU SVJHS TPULZ HJJVYKPUN [V M\[\YL WYVK\J[PVU JOHUNLZ PU [OVZLTPULZ� ;V [LZ[ [OPZ� 0 YLNYLZZ ZOVJRZ
[V JV\U[` JVHS TPULZ VU NYV\W�ZWLJPÄJ JVUJLU[YH[PVUZ PU [OVZL TPULZ �PU[LYHJ[PVU VM JV\U[`�SL]LS
NYV\W JVUJLU[YH[PVUZ ^P[O NYV\W Ä_LK LɈLJ[Z��

-PN\YL )�! 9LNYLZZPVU VM ZOVJRZ [V JV\U[` JVHS �ZOVJR PU[LUZP[` TLHZ\YL� VU NYV\W�ZWLJPÄJ JVUJLU[YH[PVUZ
PU [OVZL TPULZ� *VLɉJPLU[Z VU NYV\W JVUJLU[YH[PVU ]HYPHISL WSV[[LK ^P[O  �� JVUÄKLUJL PU[LY]HSZ�

-PN\YL )� PUKPJH[LZ [OH[ ^OPSL NYV\WZ ^LYL NLULYHSS` SLZZ JVUJLU[YH[LK PU JVHS TPULZ VU [OL
WYLJPWPJL VM KLJSPUL� [OPZ [LUKLUJ` ^HZ JVUZPZ[LU[ HJYVZZ NYV\WZ · UV[L [OL ZPTPSHY JVLɉJPLU[
THNUP[\KLZ HUK V]LYSHWWPUN JVUÄKLUJL PU[LY]HSZ� ;OLYL PZ SP[[SL L]PKLUJL [OH[ ZVTL NYV\WZ ZVY[LK
PU[V VY V\[ VM JVHS TVYL [OHU V[OLYZ HJJVYKPUN [V M\[\YL ZOVJR [V [OL SVJHS TPULZ� >P[OPU�JV\U[`
JVTWHYPZVUZ �YLNYLZZPVUZ ^P[O JV\U[` Ä_LK LɈLJ[Z� HJYVZZ NYV\WZ ZOV\SK HJJVYKPUNS` IL ]HSPK�
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-PN\YL )�! 5\TILY VM ,\YVWLHU L[OUPJ NYV\WZ PU [OL SPURLK KH[HZL[ I` JV\U[` HUK JLUZ\Z� +HZOLK ]LY[PJHS
SPUL PUKPJH[LZ [OL TLHU U\TILY VM NYV\WZ ������� (JYVZZ JLUZ\ZLZ�   ��� VM JV\U[PLZ PUJS\KL TVYL [OHU
VUL ,\YVWLHU L[OUPJ NYV\W PU [OL HUHS`ZPZ KH[HZL[�

*� (KKP[PVUHS *HSJ\SH[PVU +L[HPSZ
*��� ,Z[PTH[LK 0UJVTL MYVT >HNLZ
0UJVTL PUMVYTH[PVU ^HZ UV[ JVSSLJ[LK WYPVY [V [OL � �� JLUZ\Z� 0 HJJVYKPUNS` \ZL KH[H MYVT
[OH[ JLUZ\Z �,1&:$*( PU 07<4:� [V LZ[PTH[L PUKP]PK\HSZ» WYL�[H_ PUJVTL MYVT ^HNLZ HUK ZHSHY �̀
3PTP[PUN [OL � �� JLUZ\Z [V HSS UVU�HNYPJ\S[\YHS ^VYRLYZ� 0 JHSJ\SH[L [OL TLKPHU PUJVTL MVY L]LY`
WLYT\[H[PVU VM Z[H[L VM YLZPKLUJL� VJJ\WH[PVU� IPY[OWSHJL� YHJL� HUK ZL_� ^OPJO 0 [OLU HWWS` [V
PUKP]PK\HSZ PU LHYSPLY JLUZ\ZLZ� ;OPZ HWWYVHJO PZ IHZLK VU ^OH[ ZJOVSHYZ OH]L KVUL WYL]PV\ZS`
�L�N�� (IYHTP[aR` L[ HS�� ����� ¸0U[LYNLULYH[PVUHS 4VIPSP[` VM 0TTPNYHU[Z PU [OL <UP[LK :[H[LZ V]LY
;̂ V *LU[\YPLZ�¹ (TLYPJHU ,JVUVTPJ 9L]PL^���

*��� )HY[PR ,Z[PTH[L VM 5VU�*VHS :OVJRZ
0 YLJVYK MVY LHJO JV\U[ �̀ H[ [OL Z[HY[ VM LHJO KLJHKL� [OL WYVWVY[PVU VM ^VYRLYZ LTWSV`LK PU LHJO
VM ZP_ THQVY PUK\Z[Y` JH[LNVYPLZ! ��� K\YHISL NVVKZ THU\MHJ[\YPUN� ��� UVU�K\YHISL NVVKZ THU�
\MHJ[\YPUN� ��� HNYPJ\S[\YL� ��� WL[YVSL\T HUK UH[\YHS NHZ L_[YHJ[PVU� ��� TL[HSSPJ TPUPUN� HUK ���
UVU�TL[HSSPJ TPUPUN �UV[L [OL L_JS\ZPVU VM JVHS TPUPUN�� 0 PKLU[PÄLK ^VYRLYZ PU LHJO PUK\Z[Y` JH[L�
NVY` \ZPUN ,1'���� JSHZZPÄJH[PVUZ PU 07<4: KH[HZL[Z� 0 [OLU KYH^ VU HUU\HS UH[PVUHS WYVK\J[PVU
KH[H MVY LHJO PUK\Z[Y` JH[LNVY �̀ NH[OLYPUN [OPZ MYVT <�:� )\YLH\ VM [OL *LUZ\Z �� ���� +\L [V P[Z
H]HPSHIPSP[` LHJO `LHY� 0 \ZL KH[H VU [OL ]HS\L VM WYVK\J[PVU MVY LHJO PUK\Z[Y` JH[LNVY`" MVY HNYP�
J\S[\YL� 0 \ZL H ^OVSLZHSL WYPJL PUKL_� -VY LHJO PUK\Z[Y` JH[LNVY �̀ 0 JVTW\[L [OL ZHTL ¸ZOVJR
PU[LUZP[`¹ TLHZ\YL HZ 0 KPK MVY JVHS� 0 [OLU JHSJ\SH[L H ^LPNO[LK H]LYHNL HJYVZZ [OLZL JH[LNVYPLZ
\ZPUN JV\U[PLZ» PUP[PHS LTWSV`TLU[ ZOHYLZ� [HRPUN [OL ZX\HYL YVV[ K\L [V H YPNO[^HYK ZRL �̂

;OPZ JHSJ\SH[PVU TH` IL ^YP[[LU HZ

5VU�JVHS ZOVJR PU[LUZP[`J([→[+ ) =

√∑�
P
PUK\Z[Y` ^VYRLYZPJ[

HSS ^VYRLYZJ[ × ZOVJR PU[LUZP[`P([→[+ )
�

^OLYL P PUKL_LZ [OL ZP_ PUK\Z[Y` JH[LNVYPLZ SPZ[LK HIV]L� J PUKL_LZ JV\U[PLZ� HUK [ PUKL_LZ `LHYZ�

*��� *VUNYLZZPVUHS ,SLJ[PVU +H[H
0 JVSSLJ[LK +LTVJYH[PJ HUK 9LW\ISPJHU JVUNYLZZPVUHS ]V[L ZOHYL KH[H MYVT *S\II� -SHUPNHU� HUK
APUNHSL� ����� ¸,SLJ[VYHS +H[H MVY *V\U[PLZ PU [OL <UP[LK :[H[LZ! 7YLZPKLU[PHS HUK *VUNYLZZPVUHS
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9HJLZ� ����¶� ���¹ 0*7:9� 9LW\ISPJHU Z[YVUNOVSKZ HYL [OVZL ^OLYL [OL 9LW\ISPJHU ]V[L ZOHYL
L_JLLKLK [OL +LTVJYH[PJ ZOHYL I` H[ SLHZ[ ���� WVPU[Z �TLKPHU KPɈLYLUJL PU ZHTWSL��

*��� 6IZLY]H[PVU >LPNO[Z
0 LZ[PTH[L H WYVIP[ TVKLS [V WYLKPJ[ PUKP]PK\HSZ» WYVIHIPSP[PLZ VM ILPUN TH[JOLK HZ H M\UJ[PVU VM
[OLPY HNL� ZL_� SP[LYHJ �̀ \YIHU VY Y\YHS YLZPKLUJL� PTTPNYHU[ Z[H[\Z� HUK VJJ\WH[PVUHS WYLZ[PNL�
;OPZ MVSSV^Z [OL YLJVTTLUKH[PVU VM (IYHTP[aR �̀ )V\Z[HU� HUK 9HZOPK� ����� ¸*LUZ\Z 3PURPUN
7YVQLJ[! =LYZPVU ��� BKH[HZL[D�¹ 6JJ\WH[PVUHS WYLZ[PNL YLÅLJ[Z VJJ\WH[PVU�ZWLJPÄJ PUJVTLZ PU
� �� �2&&6&25( PU 07<4: <:( KH[H�� -VSSV^PUN (IYHTP[aR �̀ )V\Z[HU� HUK 9HZOPK� [OL HNL ]HYP�
HISL PZ JVSSHWZLK PU[V [LU IPUZ ��¶ � ��¶� � ����  �¶� HUK [OL VJJ\WH[PVU ]HYPHISL PZ JVSSHWZLK PU[V ZP_
IPUZ ��¶ � ��¶� � ���� ��¶�� >LPNO[Z HYL JHSJ\SH[LK HJJVYKPUN [V [OL ÄYZ[ `LHY VM H NP]LU YHUNL �L�N��
� �� MVY � ��¶���� ;OL MVSSV^PUN KLZJYPILZ [OL ^LPNO[ JHSJ\SH[PVU MVY PUKP]PK\HS P HUK TH[JOPUN
YHUNL [!

^LPNO[P[ =
�− WYLKPJ[LK WYVIHIPSP[` VM OH]PUN ILLU TH[JOLKP[
WYLKPJ[LK WYVIHIPSP[` VM OH]PUN ILLU TH[JOLKP[

× � TH[JOLK[
�−� TH[JOLK[

+� :\TTHY` :[H[PZ[PJZ HUK 0UMVYTH[PVU VU 4H[JOLK 0TTPNYHU[Z

:[H[PZ[PJ 5 4LHU :[� +L]� 4PU 7J[S���� 7J[S���� 4H_
.YV\W JVUJLU[YH[PVU � ����� ����� ����� ����� ����� ����� �����
*VHS ZOVJR PU[LUZP[` � ���� ����� ����� ����� ���� ����� �����
.LULYHS ZOVJR PU[LUZP[` �)HY[PR� � ���� ����� ����� ����� ����� ���� �����
5H[\YHSPaLK �V\[JVTL� � ���� ����� ����� � � � �
4HYYPHNL [V ^OP[L JP[PaLU �V\[JVTL� � ���� ����� ����� � � � �
4HYYPHNL [V UVU�JVL[OUPJ PTTPN� �V\[JVTL� � ���� ����� ���� � � � �
:WLHRZ ,UNSPZO �V\[JVTL� ������� �� �� ����� ����� ����� ����� �����
0TTPNYH[PVU `LHY � ���� ��������� ������ ����� ����� ��� � �� ��
0UJVTL MYVT LTWSV`TLU[ � ����� ������ �� � ���� ������ �� ���� ��������� ����������
4HSL � ���� ����� ��� � � � � �
3P]PUN ^P[O ZWV\ZL � ���� ����� ����� � � � �
3P]PUN ^P[O MHTPS` PU JVHS � ���� ����� ����� � � � �
*VL[OUPJ WVW� HZ � JV\U[` � ���� ����� ����� ������� ����� ����� �����
*V\U[` JVHS YLSPHUJL � ���� ����� ���� ������ ����� ����� ���  
9\YHS WVW� HZ � JV\U[` � ���� ��� � ���� ���� ���� ����� �����
)SHJR WVW� HZ � JV\U[` � ���� ����� ����� ����� ����� ����� �����

;HISL +�! :\TTHY` Z[H[PZ[PJZ MVY M\SS KH[HZL[� :[H[PZ[PJZ KV UV[ PUJS\KL ]HYPHISL [YHUZMVYTH[PVUZ �L�N��
ZX\HYL YVV[� \ZLK PU YLNYLZZPVU HUHS`ZLZ� +\L [V ZOHYW YPNO[^HYK ZRL^Z� [OL MVSSV^PUN ]HYPHISLZ HYL [YHUZ�
MVYTLK I` ZX\HYL YVV[ PU [OLZL HUHS`ZLZ! NYV\W JVUJLU[YH[PVU� JVHS ZOVJR PU[LUZP[ �̀ NLULYHS ZOVJR PU[LUZP[`
�)HY[PR�� JVL[OUPJ WVW� HZ � JV\U[ �̀ JV\U[` JVHS YLSPHUJL� HUK )SHJR WVW� HZ � JV\U[ �̀ ;OLZL HYL [YHUZ�
MVYTLK I` ZX\HYL YVV[ K\L [V ILPUN IV\UKLK IL[^LLU � HUK � �VY� PU [OL JHZL VM JVHS ZOVJRZ� SHYNLS`
KPZ[YPI\[LK PU [OH[ YHUNL�� ;OL PUJVTL MYVT LTWSV`TLU[ ]HYPHISL PZ SVN�[YHUZMVYTLK�

4H[JOLK PTTPNYHU[Z <UTH[JOLK PTTPNYHU[Z 0TTPNYHU[Z LSZL^OLYL

7LYJLU[HNL � ��� ��� � U�H
(NL ���� ���� ����
-LTHSL ����� ����� �����
*HU YLHK HUK ^YP[L � ��� ����� �����
9\YHS ��� � ����� � � �
6JJ\WH[PVUHS WYLZ[PNL ���� ���� ����

;HISL +�! 4LHU JOHYHJ[LYPZ[PJZ VM TH[JOLK HUK \UTH[JOLK ,\YVWLHU PTTPNYHU[Z PU JVHS JV\U[PLZ� JVT�
WHYLK [V ,\YVWLHU PTTPNYHU[Z LSZL^OLYL PU [OL JV\U[Y �̀
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-PN\YL +�! 4H[JO YH[LZ HTVUN ,\YVWLHU PTTPNYHU[Z I` JV\U[ �̀ PU HZJLUKPUN VYKLY�

0U -PN\YL +�� 0 JVUZPKLY [OL WVZZPIPSP[` VM PTTPNYHU[Z TV]PUN IHJR [V ,\YVWL� 6UL SPTP[H[PVU
[V JLUZ\Z SPURPUN HUHS`ZLZ PZ [OH[ PUZ[HUJLZ VM PU[LYUH[PVUHS YL[\YU TPNYH[PVU HYL UV[ KPYLJ[S` VI�
ZLY]LK" VUS` PUKP]PK\HSZ SP]PUN PU [OL <�:� K\YPUN [OL LU\TLYH[PVU VM [^V JLUZ\ZLZ JHU ILTH[JOLK�
;V L]HS\H[L [OPZ� 0 [LZ[ ^OL[OLY [OL PU[LYHJ[PVU VM NYV\W JVUJLU[YH[PVU HUK JVHS ZOVJRZ WYLKPJ[Z
^OL[OLY ,\YVWLHU PTTPNYHU[Z PU JVHS JV\U[PLZ ^LYL Z\JJLZZM\SS` TH[JOLK [V [OL UL_[ JLUZ\Z�
6UL YLHZVU ^O` PUKP]PK\HSZ HYL UV[ TH[JOLK PZ KLWHY[\YL MYVT [OL JV\U[Y �̀ THRPUN [OPZ HU HW�
WYV_PTH[L TLHZ\YL VM YL[\YU TPNYH[PVU� >OPSL TH[JO YH[LZ ^LYL NLULYHSS` SV^LY MVY NYV\WZ TVYL
JVUJLU[YH[LK PU JVHS� 0 ÄUK UV L]PKLUJL [OH[ [OPZ YLSH[PVUZOPW ]HYPLK ^P[O ZOVJRZ [V SVJHS JVHS
TPULZ�

-PN\YL +�! 9LNYLZZPVU VM NYV\W TH[JO YH[L �H[ JV\U[`�`LHY SL]LS� VU PU[LYHJ[PVU VM NYV\W JVUJLU[YH[PVU HUK
ZOVJR PU[LUZP[` �U $ ������� :[H[L�`LHY HUK JV\U[` Ä_LK LɈLJ[Z HYL PUJS\KLK" Z[HUKHYK LYYVYZ HYL JS\Z[LYLK
H[ NYV\W�JV\U[` SL]LS� 7VPU[Z PUKPJH[L YLZ\S[Z VM IPUULK LZ[PTH[PVU �/HPUT\LSSLY� 4\TTVSV� HUK ?\ ��� ��
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,� 9LNYLZZPVU ;HISLZ

;HISL ,�! 3LM[� -\SS YLNYLZZPVU [HISL� JVYYLZWVUKPUN [V -PN\YL � PU [OL THPU [L_[� 9PNO[� 9LWSPJH[PVU VM THPU
YLNYLZZPVU HUHS`ZPZ� PU[LYHJ[PUN ILNPUUPUN�VM�WLYPVK JV]HYPH[LZ ^P[O `LHY Ä_LK LɈLJ[Z�

5H[\YHSPaLK
/PNO L_WVZ\YL 3V^ L_WVZ\YL

*VHS ZOVJR PU[LUZP[` �����∗∗ �����
������� �������

.LULYHS ZOVJR PU[LUZP[` �)HY[PR� ����� −�����∗∗∗
������� �������

@LHY VM LTPNYH[PVU −�����∗∗∗ −�����∗∗∗
�������� �������

,Z[PTH[LK PUJVTL �SU� ��� �∗∗∗ �����∗∗∗
������� �������

3P]PUN ^P[O ZWV\ZL �����∗∗∗ �����∗∗∗
������� �������

*VL[OUPJZ HZ � JV\U[` −�����∗∗∗ −�����
���� �� �������

*V\U[` JVHS YLSPHUJL �����∗∗ �����
������� �������

9\YHS WVW\SH[PVU HZ � JV\U[` −�����∗∗∗ −�����
������� �������

)SHJR WVW\SH[PVU HZ � JV\U[` −����� −���� ∗∗
������� �������

5 ����� �� ��
(KQ� 9�ZX\HYLK ����� ��� �
∗∗∗W < ���" ∗∗W < ���" ∗W < ��

;HISL ,�! 4VKLSZ YLNYLZZPUN UH[\YHSPaH[PVU VU JVHS ZOVJR PU[LUZP[ �̀ KPɈLYLU[PH[PUN PTTPNYHU[Z ^P[O OPNO
NYV\W L_WVZ\YL �H[ SLHZ[ [OL TLKPHU VM ������ MYVT [OVZL ^P[O SV^ L_WVZ\YL �ILSV^ ������� :[H[L�`LHY
Ä_LK LɈLJ[Z� LYYVYZ JS\Z[LYLK I` JV\U[ �̀ 5V[L [OH[ [OL JVLɉJPLU[Z VU ¸JVHS ZOVJR PU[LUZP[`¹ HYL UV[ KPZ[PUJ[
H[ H Z[H[PZ[PJHSS` ZPNUPÄJHU[ SL]LS�

 



;HISL ,�! 3LM[� -\SS YLNYLZZPVU [HISL� JVYYLZWVUKPUN [V -PN\YL � PU [OL THPU [L_[� 9PNO[� -\SS YLNYLZZPVU
[HISL� JVYYLZWVUKPUN [V -PN\YL � PU [OL THPU [L_[�
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5H[\YHSPaLK
*LU[YHS (WWHSHJOPH � >LZ[ ,SZL^OLYL ,SZL^OLYL �TH[JOLK U�
4VKLS � 4VKLS � 4VKLS � 4VKLS � 4VKLS �

.YV\W JVUJLU[YH[PVU −����� −���  ∗ −�����∗∗∗ −�����∗∗∗ −�����∗∗∗
����  � ������� ������� ����� � �������

*VHS ZOVJR PU[LUZP[` ���� −���� −�� ��∗∗∗ ���� ∗ ������∗∗
������� ������� ���� �� ������� ��� ���

.LULYHS ZOVJR PU[LUZP[` �)HY[PR� ����� ����� −�����∗∗∗ ����� ����  
������� ������� ������� ���� �� �������

@LHY VM LTPNYH[PVU −�����∗∗∗ −�����∗∗∗ −�����
������� ������� �������

,Z[PTH[LK PUJVTL �SU� �����∗∗ �����∗∗∗ �����
������� ������� �������

3P]PUN ^P[O ZWV\ZL ����� �����∗∗∗ �����
������� ������� �������

*VL[OUPJZ HZ � JV\U[` −����� −����� −�����
������� ����� � �������

*V\U[` JVHS YLSPHUJL ����� �����∗∗∗ �����∗∗∗
������� ���� �� ���� ��

9\YHS WVW\SH[PVU HZ � JV\U[` ����� −����� −�����
������� ������� �������

)SHJR WVW\SH[PVU HZ � JV\U[` ����� −�����∗ −�����∗∗∗
������� ������� ����� �

*VHS ZOVJR × JVUJLU[YH[PVU −���� ��� � ��� �∗∗∗ �����∗∗∗ �����∗∗∗
������� ������� ������� ������� �������

*VHS ZOVJR × )HY[PR −����� ����� �����∗∗∗ −���� −������∗∗
������� ������� ����� � ������� �������

*VHS ZOVJR × PTTPN� `LHY ����� −����� −�����∗
������� ������� �������

*VHS ZOVJR × PUJVTL −����� −����� ���� 
������� ������� �������

*VHS ZOVJR × ZWV\ZL −����� −����� �����
������� ������� �������

*VHS ZOVJR × JVL[OUPJ WVW� −���� −��� � −�����
���� �� ������� �������

*VHS ZOVJR × JVHS YLSPHUJL ����� −��� �∗∗∗ −�����∗∗∗
������� ������� ����� �

*VHS ZOVJR × Y\YHS WVW� −����� ����� �����
������� ������� �������

*VHS ZOVJR × )SHJR WVW� ����� −����� −���� 
����� � ������� ���� ��

5 ���� �� � ����� ���� ����
(KQ� 9�ZX\HYLK ����� ����� ����� ���� �����
∗∗∗W < ���" ∗∗W < ���" ∗W < ��

;HISL ,�! -\SS YLNYLZZPVU [HISL� JVYYLZWVUKPUN [V -PN\YL � PU [OL THPU [L_[� 5)! 6UL JOHSSLUNL ^P[O [OLZL
HUHS`ZLZ PZ [OH[ [OL ZHTWSL ZPaL MVY [OL *LU[YHS (WWHSHJOPHU HUK >LZ[LYU JVHS HYLHZ PZ Z\IZ[HU[PHSS` ZTHSSLY
[OHU [OH[ MVY V[OLY HYLHZ� ;V L]HS\H[L ^OL[OLY [OL U\SS PZ K\L [V H SHJR VM Z[H[PZ[PJHS WV^LY� 0 KYH^ H YHU�
KVT ZHTWSL VM [OL UVU�(WWHSHJOPHU�>LZ[LYU VIZLY]H[PVUZ [V HWWYV_PTH[L [OL ZHTWSL ZPaL VM [OL (W�
WHSHJOPHU�>LZ[LYU [LZ[Z �4VKLS ��� :PNUPÄJHU[ YLZ\S[Z HYL Z[PSS MV\UK MVY UVU�(WWHSHJOPHU�>LZ[LYU HYLHZ
^P[O [OPZ KLÅH[LK ZHTWSL� PUKPJH[PUN [OH[ [OL U\SS MVY *LU[YHS (WWHSHJOPH�>LZ[ PZ UV[ ZPTWS` K\L [V H SHJR VM
Z[H[PZ[PJHS WV^LY�
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5H[\YHSPaLK
4VYL JVL[OUPJ JV^VYRLYZ -L^LY JVL[OUPJ JV^VYRLYZ
4VKLS � 4VKLS � 4VKLS � 4VKLS �

.YV\W JVUJLU[YH[PVU −�����∗∗∗ −�����∗∗∗ −�����∗∗ −���� 
���� �� ����� � ����� � ����� �

*VHS ZOVJR PU[LUZP[` −���� ∗∗∗ ����� −�����∗∗∗ ��� �
������� ������� ����  � �������

.LULYHS ZOVJR PU[LUZP[` �)HY[PR� −��� ��∗∗∗ ���  −�����∗∗ −������∗
������� ������� ������� �������

@LHY VM LTPNYH[PVU ��� � −�����
������� �������

,Z[PTH[LK PUJVTL �SU� �� ��∗∗∗ �����
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3P]PUN ^P[O ZWV\ZL −����� �����
����� � �������

*VL[OUPJZ HZ � JV\U[` −����� −�����
����� � ��� ���

*V\U[` JVHS YLSPHUJL −�����∗∗∗ −�����∗∗∗
������� �������

9\YHS WVW\SH[PVU HZ � JV\U[` �����∗∗∗ �����∗∗∗
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)SHJR WVW\SH[PVU HZ � JV\U[` �����∗∗ �����
����� � �������
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������� ���� �� ������� �������

*VHS ZOVJR × )HY[PR ������∗∗∗ −�� �� ��� �∗∗∗ �����
������� ������� ��� ��� �������

*VHS ZOVJR × PTTPN� `LHY −�����∗ −���� 
������� ���� ��

*VHS ZOVJR × PUJVTL −�����∗∗∗ �����
������� �������

*VHS ZOVJR × ZWV\ZL ����� −�����
������� ���� ��

*VHS ZOVJR × JVL[OUPJ WVW� ����� −�����
��� ��� �������

*VHS ZOVJR × JVHS YLSPHUJL ������ −�����
������� �������

*VHS ZOVJR × Y\YHS WVW� −�����∗∗ −�����
������� �������

*VHS ZOVJR × )SHJR WVW� ���� �����
������� �������
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Marriage to Native−Born White Citizens
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Marriage to Non−Coethnic Immigrants
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Learning English

-PN\YL -�! 0U[LYHJ[PVU WSV[Z MVY THYYPHNL [V UH[P]L�IVYU ^OP[L JP[PaLU �SLM[�� THYYPHNL [V H UVU�JVL[OUPJ
PTTPNYHU[ �JLU[LY�� HUK SLHYUPUN ,UNSPZO �YPNO[� V\[JVTLZ� 5V[L [OH[ [OL PUJVTL JV]HYPH[L PZ L_JS\KLK MYVT
[OLZL [LZ[Z K\L [V SPTP[LK H]HPSHIPSP[` MVY PTTPNYHU[ ^VTLU�

.� (KKP[PVUHS ;LZ[Z

.��� 3VUN�;LYT ]Z� 9LJLU[ 0TTPNYHU[Z
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Long−term immigrants
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Recent immigrants

-PN\YL .�! 0U[LYHJ[PVU VM NYV\W JVUJLU[YH[PVU HUK ZOVJR PU[LUZP[` VU UH[\YHSPaH[PVU� 9LJLU[ PTTPNYHU[Z
ÄYZ[ HYYP]LK PU [OL <�:� ^P[OPU Ä]L `LHYZ VM JLUZ\Z LU\TLYH[PVU" SVUN�[LYT PTTPNYHU[Z HYYP]LK LHYSPLY�
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.��� ,U[Y` VM *VHS�(KQHJLU[ 0TTPNYHU[Z PU[V *VHS
0U [OLZL [LZ[Z� 0 JVUZPKLY [OL WVZZPIPSP[` VM JVHS�HKQHJLU[ PTTPNYHU[Z LU[LYPUN [OL JVHS PUK\Z[Y`
K\YPUN H NP]LU KLJHKL� 0 ÄYZ[ SPTP[ [OL ZHTWSL VM JVHS�HKQHJLU[ PTTPNYHU[Z [V [OVZL VM H[ SLHZ[ ��
`LHYZ VM HNL� ^OV ^V\SK OH]L ILLU VSKLY [OHU ��� VM HSS JVHS TPULYZ \WVU LU[LYPUN [OL PUK\Z[Y �̀ 0
[OLU SPTP[ [OL ZHTWSL [V JVHS�HKQHJLU[ PTTPNYHU[Z Z[PSS UV[ ^VYRPUN PU JVHS H[ [OL LUK VM H KLJHKL�
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