
Review

ISSN 1993-890X

The Global Information Hub for Lighting Technologies and Design May/June 2022 | Issue

www.led-professional.com

91

 p 20

 p 44

 p 68

Bright Future for micro-Pixelated 
Light, Professor Martin DAWSON

Recommendations for Daytime, 
Evening, and Nighttime Indoor 
Light Exposure 

Living on the Moon with  
LED Technologies

Commentary: Mariana G. Figueiro & Mark S. Rea
Lighting Design: Humboldt Forum, Berlin
Technologies: UV-C, Lamination Process
CSA Group’s Lighting Center of Excellence

24 M
ay 2

022

w
w

w
.le

d-p
ro

fe
ssio

nal.c
om

/d
lt3!

https://www.led-professional.com/all/delighted-talks-the-right-light-at-the-right-time-2013-bright-days-dark-nights


https://cree-led.com


https://www.we-online.com/optocoupler


,+0;690(3

� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� c 3PNO[PUN ;LJOUVSVNPLZ 
 +LZPNU 0ZZ\L  ��4H`�1\UL�����

&ROM MICRO
,%$S TO
)NTEGRATIVE ,IGHTING

7\[[PUN [VNL[OLY [OL  �Z[ PZZ\L VM [OL 3,+ WYVMLZZPVUHS 9L]PL^ �3W9 ��
^HZ IV[O H^L�PUZWPYPUN HUK L_JP[PUN� -PYZ[ VM HSS� ^L ^LYL ]LY` NYH[LM\S MVY
[OL HTHaPUN PU[LY]PL^ ^P[O 7YVMLZZVY 4HY[PU +H^ZVU ^OV WVPU[LK V\[ [OL
WV[LU[PHS HUK VWWVY[\UP[PLZ VM TPJYV�3,+Z� 4` [OHURZ HSZV NV V\[ [V
7YVMLZZVYZ -PNL\PYV HUK 9LH MVY IYPUNPUN [OL ULLK MVY ¸JPYJHKPHU�LMMLJ[P]L
SPNO[PUN¹ [V V\Y H[[LU[PVU� 0U HKKP[PVU� [OL YLWVY[ VU [OL HTV\U[ VM SPNO[
ULLKLK K\YPUN [OL KH �̀ L]LUPUN HUK UPNO[[PTL� ^OPJO WYLZLU[Z ZJPLU[PÄJHSS`
Z\WWVY[LK SPTP[Z MVY PU[LNYH[P]L SPNO[PUN PZ ^LSS ^VY[O [OL YLHK�

;OPZ PZZ\L HSZV ZWHUZ [OL HUNSL IL[^LLU HWWSPJH[PVUZ ^P[O HY[PJSLZ HIV\[
[OL WYVQLJ[ H[ [OL /\TIVSK[ -VY\T PU )LYSPU� ZPT\SH[LK SPML VU [OL TVVU
WYVQLJ[� SPNO[PUN [LJOUVSVNPLZ JVUJLYUPUN <=*� HUK JPYJ\P[ WYV[LJ[PVU� ;V
[VW P[ VMM� [OL *:( .YV\W WYLZLU[Z [OL PTWVY[HUJL VM L_JLSSLU[ [LZ[
LU]PYVUTLU[Z MVY OVY[PJ\S[\YL HWWSPJH[PVUZ�

*\YYLU[S �̀ [OL [VWPJ VM LULYN` ZH]PUN PZ JVTPUN IHJR PU[V MVJ\Z� 0M `V\ OH]L
HU` L_JLW[PVUHS PUUV]H[PVUZ VU [OL [VWPJ VM Z\Z[HPUHIPSP[` HUK LULYN`
ZH]PUN ]PH SPNO[� ^YP[L [V V\Y LKP[VYZ H[ LKP[VYZ'SLK�WYVMLZZPVUHS�JVT�
>L OH]L HSZV W\[ [VNL[OLY ZVTL PKLHZ MVY `V\ PU [OL 3PNO[PUN 5L^Z�

0 OVWL `V\ LUQV` YLHKPUN [OPZ PZZ\L HZ T\JO HZ ^L KPK W\[[PUN P[ [VNL[OLY�

@V\YZ :PUJLYLS �̀

:PLNMYPLK 3\NLY

3\NLY 9LZLHYJO L�<�� -V\UKLY 
 *,6
3,+ WYVMLZZPVUHS� ;YLUKZ PU 3PNO[PUN� 3W: +PNP[HS 
 .SVIHS 3PNO[PUN +PYLJ[VY`
0U[LYUH[PVUHS :VSPK�:[H[L 3PNO[PUN (SSPHUJL �0:(�� 4LTILY VM [OL )VHYK VM (K]PZVYZ
4LTILY VM [OL .VVK 3PNO[ .YV\W HUK [OL ,\YVWLHU 7OV[VUPJZ 0UK\Z[Y` *VUZVY[P\T
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� -LHY VM -HSSPUN
I` 4HYPHUH .� -0.<,096 
 4HYR :� 9,(� 0JHOU
:JOVVS VM 4LKPJPUL H[ 4V\U[ :PUHP� 3PNO[ HUK
/LHS[O 9LZLHYJO *LU[LY �3/9*�� 5L^ @VYR

1(:6

�� 0U[LYUH[PVUHS 3PNO[PUN 5L^Z

0,&52�/('6 ,17(59,(:

�� 7YVM� 4HY[PU +(>:65� <UP]LYZP[` VM
:[YH[OJS`KL� .SHZNV �̂ <2
JVTWPSLK I` ,KP[VYZ� 3,+ WYVMLZZPVUHS

/36 ',*,7$/

�� 3W: +PNP[HS! 3PNO[PUN *VUMLYLUJL 

,_OPIP[PVU ����

/,*+7,1* '(6,*1 352-(&7

�� +H`SPNO[PUN 
 (Y[PÄJPHS 3PNO[PUN MVY
/\TIVSK[ -VY\T PU )LYSPU
I` 3PJO[]PZPVU +LZPNU

+257,&8/785( ò $'9(5725,$/

�� /V^ *:( .YV\W»Z 3PNO[PUN *LU[LY VM
,_JLSSLUJL PZ /LSWPUN [V ;LZ[ H )YPNO[LY
-\[\YL MVY /VY[PJ\S[\YL
I` 2* -SL[JOLY� *:( .YV\W
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�� 9LJVTTLUKH[PVUZ MVY +H`[PTL� ,]LUPUN�
HUK 5PNO[[PTL 0UKVVY 3PNO[ ,_WVZ\YL [V
)LZ[ :\WWVY[ 7O`ZPVSVN �̀ :SLLW� HUK
>HRLM\SULZZ PU /LHS[O` (K\S[Z
I` ;PTV[O` 4� )96>5� .LVYNL *� )9(05(9+�
*OYPZ[PHU *(16*/,5� L[ HS�

89&

�� >O` <=�* ;LJOUVSVN` 5LLKZ [V IL H
:[HUKHYK -LH[\YL PU )\PSKPUN HUK
9LUV]H[PVU +LZPNU
I` 4HYPVU ,),3� :LUPVY 7VSPJ` 4HUHNLY HUK
:VWOPH ,/42,� 7VSPJ` 6MÄJLY" 3PNO[PUN,\YVWL

&,5&8,7 3527(&7,21

�� 3HTPUH[PVU 7YVJLZZ MVY -SL_PISL
,SLJ[YVUPJZ HUK 3,+ ;LJOUVSVN`
I` =VSRLY 262<3(� 9
+ 4HUHNLY H[ 3\TP[YVUP_

/81$5.

�� 3P]PUN VU [OL 4VVU ^P[O 3,+
;LJOUVSVNPLZ
I` +HUPLS /(5� =7 )\ZPULZZ +L]LSVWTLU[ H[
)LPQPUN @\QP 0U[LYUH[PVUHS

�� ()6<; c 047905;
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� KL3PNO[LK ;HSRZ
� *YLL 3,+
� >�Y[O
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�� 3\TPSLKZ
�� 6:9(4
�� *YLL 3,+
�� 0UZ[Y\TLU[ :`Z[LTZ
�� /LS]HY

� 46:6
�� .SVIHS 3PNO[PUN +PYLJ[VY`
� 3W: +PNP[HS
�� 3,+ WYVMLZZPVUHS 9L]PL^
�� ;YLUKZ PU 3PNO[PUN
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0DULDQD *� ),*8(,52 	
0DUN 6� 5($
0DULDQD ),*8(,52 LV
3URIHVVRU RI 3RSXODWLRQ
+HDOWK 6FLHQFH DQG 3ROLF\
DW WKH ,FDKQ 6FKRRO RI
0HGLFLQH DW 0RXQW 6LQDL LQ
1HZ <RUN DQG 'LUHFWRU RI
WKH /LJKW DQG +HDOWK
5HVHDUFK &HQWHU �/+5&�� ,Q
DGGLWLRQ WR SHUIRUPLQJ
EDVLF UHVHDUFK LQYHVWLJDWLQJ
WKH LPSDFW RI OLJKW RQ
SK\VLRORJ\� 'U� )LJXHLUR
FRQGXFWV ¾HOG VWXGLHV
H[DPLQLQJ WKH LPSDFW RI
FLUFDGLDQ�HIIHFWLYH OLJKWLQJ
LQ YDULRXV SRSXODWLRQV�

0DUN 6� 5($ LV D 3URIHVVRU
LQ WKH 'HSDUWPHQW RI
3RSXODWLRQ +HDOWK 6FLHQFH
DQG 3ROLF\ DW WKH ,FDKQ
6FKRRO RI 0HGLFLQH DW
0RXQW 6LQDL� +H ZDV
IRUPHUO\ 3URIHVVRU RI
$UFKLWHFWXUH DQG &RJQLWLYH
6FLHQFHV DW WKH /LJKWLQJ
5HVHDUFK &HQWHU �/5&� DW
5HQVVHODHU 3RO\WHFKQLF
,QVWLWXWH DQG VHUYHG DV /5&
'LUHFWRU IURP ���� WR �����

&EAR OF &ALLING
7YVIHIS` LHJO VUL VM \Z JHU YLTLTILY
[OL ÄYZ[ [PTL ^L [YPLK [V YPKL H IPJ`JSL�
4HU` VM \Z YLI\MMLK V\Y WHYLU[Z»
LUJV\YHNLTLU[ [V [Y` ¸\U[PS ^L ^LYL
YLHK �̀¹ 0[ ^HZ KH\U[PUN ILJH\ZL P[ ^HZ H
JVTWSL[LS` UV]LS LUKLH]VY HUK
WV[LU[PHSS` KHUNLYV\Z� 6M JV\YZL� [OLYL
^HZ UV ^H` [V NL[ YLHK` · ^L ^LYL Q\Z[
THRPUN L_J\ZLZ HUK W\[[PUN VMM [OL
PUL]P[HISL� -PUHSS �̀ [OL [PTL JHTL� LP[OLY
[OYV\NO WHYLU[HS PUZPZ[LUJL VY WLLY
WYLZZ\YL� [V NL[ VU [OL IPJ`JSL · HUK
^L WYVTW[S` MLSS� (M[LY [OL )HUK�(PKZ
HUK JY`PUN LWPZVKLZ� ^L L]LU[\HSS` JV\SK
YPKL ^P[OV\[ [YHPUPUN ^OLLSZ VY WHYLU[HS
Z\WWVY[ ¶ I\[ ^L JV\SK YPKL� HUK P[ ^HZ
NSVYPV\Z� 6\Y IPJ`JSL [VVR \Z WSHJLZ ^L
JV\SK UL]LY YLHJO I` MVV[� HUK ^L L]LU
MVYTLK UL^ YLSH[PVUZOPWZ ^P[O RPKZ MYVT
V[OLY WHY[Z VM [V^U� <S[PTH[LS �̀ ^L JV\SK
UV[ PTHNPUL [OL ^VYSK ^P[OV\[ V\Y IPJ`JSL
· L]LU [OV\NO ^L VJJHZPVUHSS` MLSS�
>L Z[PSS ULLKLK )HUK�(PKZ I\[�
PTWVY[HU[S �̀ ^L KPKU»[ JY �̀

*PYJHKPHU SPNO[PUN �VY WLYOHWZ H IL[[LY
[LYT� JPYJHKPHU�LMMLJ[P]L SPNO[PUN� PZ SPRL
SLHYUPUN [V YPKL H IPJ`JSL� 0[»Z LHZ` VUJL
`V\ NL[ [OL OHUN VM P[� (UK Z\YL� `V\
TH` ULLK ZVTL )HUK�(PKZ HUK ZVTL
OLSW HSVUN [OL ^H` MYVT L_WLY[Z [V NL[
Z[HY[LK� @V\ TPNO[ L]LU JY �̀ I\[
L]LU[\HSS` JPYJHKPHU SPNO[PUN ^PSS [HRL `V\
WSHJLZ `V\ OH]L UL]LY ILLU ·
KLTVUZ[YHIS` OLSWPUN WLVWSL ZSLLW
IL[[LY HUK� HZ H YLZ\S[� OLSWPUN [OLT IL
TVYL WYVK\J[P]L� OHWWPLY� HUK OLHS[OPLY�
@V\»SS HSZV TLL[ ZVTL UL^ WLVWSL HSVUN
[OL ^H` · WLVWSL ^OV JHYL TVYL HIV\[
[OL ^LSS�ILPUN VM WLVWSL [OHU [OL` KV
HIV\[ ]HN\L [LYTZ SPRL ¸SPNO[PUN X\HSP[ �̀¹
^OH[L]LY [OH[ TH` IL�

¸>L HYL UV[ YLHK` `L[
BMVY JPYJHKPHU SPNO[PUND��� I\[�
KVN ^HSRLYZ ZSLLW IL[[LY�¹

9<::,3 -6:;,9� 5,<96:*0,5;0:;

9\ZZLSS -VZ[LY YLJLU[S` ZHPK [OH[ ¸>L HYL
UV[ YLHK` `L[ BMVY JPYJHKPHU SPNO[PUND�¹
)\[ OL HSZV Z[H[LK [OH[ KVN ^HSRLYZ
ZSLLW IL[[LY� >OH[ PZ P[ [OH[ KVN ^HSRLYZ

NL[ [OH[ THRLZ [OLT ZSLLW IL[[LY&
9LN\SHY IYPNO[ SPNO[ PU [OL TVYUPUN�
(UK [OPZ PZ JVUZPZ[LU[ ^P[O ^OH[ ^L OH]L
ILLU HK]VJH[PUN MVY H ML^ `LHYZ UV �̂
>L ULLK IYPNO[ KH`Z HUK KPT UPNO[Z�
>L KVU»[ ULJLZZHYPS` ULLK JVTWSPJH[LK
O\THU�JLU[YPJ SPNO[PUN Z`Z[LTZ [OH[ ^PSS
JVZ[ \Z HU HYT HUK H SLN�

¸>L HYL JH\ZPUN OHYT UV^
I` UV[ WYV]PKPUN JPYJHKPHU�
LMMLJ[P]L SPNO[PUN�¹

4(905( .� -0.<,096

5V VUL JHU YPKL H IPJ`JSL [OL ÄYZ[ [PTL
[OL` [Y �̀ I\[ [OL VUS` ^H` [V YPKL [OL
IPJ`JSL PZ [V ILNPU YPKPUN [OL IPJ`JSL�
;OL ZHTL [OPUN PZ [Y\L MVY JPYJHKPHU
SPNO[PUN · [OL VUS` ^H` [V KV P[ YPNO[ PZ [V
ILNPU KVPUN P[� PU [OL ZPTWSLZ[ ^H` ^L
JHU� 6UL TPNO[ ZH �̀ OV^L]LY� [OH[
MHSSPUN VMM [OL IPJ`JSL VUS` O\Y[Z [OL YPKLY�
^OLYLHZ MHPSPUN H[ JPYJHKPHU SPNO[PUN JHU
OHYT [OL WLVWSL ^L HYL [Y`PUN [V ZLY]L�

;OH[»Z UVUZLUZL�

>L HYL JH\ZPUN OHYT UV^ I` UV[
WYV]PKPUN JPYJHKPHU�LMMLJ[P]L SPNO[PUN PU
[OL I\PS[ LU]PYVUTLU[� LZWLJPHSS` PU
ZWHJLZ ^OLYL WLVWSL ZWLUK TVZ[ VM
[OLPY KH`Z PU KPT SPNO[� Z\JO HZ U\YZPUN
OVTLZ� 9LHSS �̀ WYV]PKPUN
JPYJHKPHU�LMMLJ[P]L SPNO[PUN PZ HZ ZPTWSL
HZ WYV]PKPUN I\PSKPUN VJJ\WHU[Z ^P[O
IYPNO[LY �PU [OL L`LZ� KH`Z HUK KPTTLY
UPNO[Z� 0U MHJ[� [OPZ PZ L_HJ[S` ^OH[ -VZ[LY
ZHPK� +LZWP[L ZVTL \URUV^UZ� [OPZ
ZPTWSL� UH[\YHS WYPUJPWSL PZ ^OH[ ^L OH]L
L]VS]LK [V MVSSV �̂

/V^ ^L Z\JJLZZM\SS` MVSSV^ [OH[ IHZPJ
WYPUJPWSL JVTLZ ^P[O L_WLYPLUJL · Q\Z[
SPRL YPKPUN H IPJ`JSL� @V\»SS THRL ZVTL
TPZ[HRLZ HSVUN [OL ^H` HZ `V\ SLHYU
OV^ [V KV P[ ^LSS� I\[ KVU»[ IL HMYHPK�

;Y` P[� @V\»SS SV]L P[� HUK `V\»SS [HRL WYPKL
PU ^OH[ `V\ HJJVTWSPZO� (UK [OLU `V\
^VU»[ IL HISL [V PTHNPUL [OL ^VYSK
^P[OV\[ P[� "

4�-�� 4�9�
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$ATA 2EPORTING� $IAGNOSTICS�
3ENSORS AND .,#S !DDED TO
!.3) #�����
���� 3TANDARD
FOR $IGITAL ,IGHTING #ONTROL

/HYTVUPaH[PVU VM PU[LYUH[PVUHS Z[HUKHYKZ
YLSH[LK [V +(30 SPNO[PUN JVU[YVS JVU[PU\LZ ^P[O
[OL W\ISPJH[PVU VM [OL \WKH[LK (5:0
*���������� Z[HUKHYK PU 5VY[O (TLYPJH�
(5:0 *���������� I\PSKZ VU [OL PU[LYUH[PVUHS
Z[HUKHYK 0,* ����� �^OPJO \UKLYWPUZ [OL
+(30 JVTT\UPJH[PVU WYV[VJVS� HUK OHZ
HKKP[PVUHS JOHYHJ[LYPZ[PJZ HUK MLH[\YLZ [OH[
HSPNU ]LY` JSVZLS` ^P[O [OL +�P MHTPS` VM
ZWLJPÄJH[PVUZ MYVT [OL +(30 (SSPHUJL� H NSVIHS
SPNO[PUN�PUK\Z[Y` VYNHUPaH[PVU�

¸>L ^LSJVTL [OL M\Y[OLY HSPNUTLU[ VM (5:0
*���������� HUK +�P� ^OPJO PZ L_WLJ[LK [V
SLHK [V TVYL H]HPSHIPSP[` VM +�P JLY[PÄLK HUK
PU[LYVWLYHISL KYP]LYZ� ZLUZVYZ� JVU[YVSSLYZ HUK
ZTHY[ S\TPUHPYLZ�¹ ZHPK 7H\S +YVZPOU� +(30
(SSPHUJL .LULYHS 4HUHNLY�

+�P HUK (5:0 *���������� ZWLJPM` [OL KPNP[HS
JVTT\UPJH[PVU PU[LYMHJL IL[^LLU S\TPUHPYLZ
HUK KL]PJLZ PUJS\KPUN ZLUZVYZ HUK UL[^VYR
SPNO[PUN JVU[YVSSLYZ �53*Z�� (Z ^LSS HZ PUJS\KPUN
WV^LY�Z\WWS` YLX\PYLTLU[Z� [OL Z[HUKHYKZ
KLÄUL KH[H TVKLSZ IHZLK VU TLTVY` IHURZ
[OH[ LUHISL [OL L_JOHUNL VM KH[H�
0TWSLTLU[H[PVU VM [OLZL Z[HUKHYKZ LUHISLZ
ZTHY[� JVUULJ[LK S\TPUHPYLZ� HZ ^LSS HZ
PU[LYVWLYHIPSP[` IL[^LLU 3,+ KYP]LYZ HUK
S\TPUHPYL�TV\U[LK JVU[YVS KL]PJLZ�

(5:0 :[HUKHYK
(5:0 *����������� HU (TLYPJHU 5H[PVUHS
:[HUKHYK MVY 3PNO[PUN :`Z[LTZ� PZ LU[P[SLK
¸0U[LYVWLYHIPSP[` VM 3,+ KYP]LYZ HUK V[OLY
JVUULJ[LK KL]PJLZ ]PH [OL +PNP[HS (KKYLZZHISL
3PNO[PUN 0U[LYMHJL¹� ;OL +(30 (SSPHUJL PZ H
TLTILY VM [OL (5:0 (JJYLKP[LK :[HUKHYKZ
*VTTP[[LL �(:*� *��� VU 3PNO[PUN :`Z[LTZ�
^OPJO KL]LSVWLK HUK \WKH[LK [OL Z[HUKHYK�
(WWYV]LK PU 5V]LTILY ����� [OL UL^ ]LYZPVU
OHZ UV^ ILLU W\ISPZOLK I` [OL 5H[PVUHS
,SLJ[YPJHS 4HU\MHJ[\YLYZ (ZZVJPH[PVU �5,4(��

;OL LHYSPLY (5:0 *��������� ZWLJPÄLK [OL
WV^LY JOHYHJ[LYPZ[PJZ VM [OL KPNP[HS PU[LYMHJL�
PUJS\KPUN IV[O HU PU[LNYH[LK I\Z WV^LY Z\WWS`
JHWHIPSP[` HUK HU VW[PVUHS H\_PSPHY` �(<?�
WV^LY Z\WWS �̀ ;OL Z[HUKHYK HSZV PUJS\KLK
S\TPUHPYL�ZWLJPÄJ KH[H Z[VYLK PU TLTVY` IHUR
�� WLY [OL +PP( :WLJPÄJH[PVU +(30 7HY[ ����

;OL L_WHUKLK (5:0 *���������� UV^
PUJS\KLZ LULYN` YLWVY[PUN KH[H �YLMLYLUJPUN
+(30 7HY[ ���� HUK KPHNUVZ[PJZ HUK
THPU[LUHUJL KH[H �MYVT +(30 7HY[ ����� (SZV
PUJS\KLK PZ +(30 7HY[ ���� ^OPJO ZWLJPÄLZ [OL
JOHYHJ[LYPZ[PJZ VM JVU[YVS KL]PJLZ [OH[ HYL \ZLK

PU VY TV\U[LK VU H S\TPUHPYL� -\Y[OLY [LJOUPJHS
KL[HPSZ JHU IL MV\UK ILSV �̂

+�P *LY[PÄJH[PVU
>P[O H MVJ\Z VU PU[LYVWLYHIPSP[ �̀ [OL +(30
(SSPHUJL VMMLYZ +�P JLY[PÄJH[PVU VM 3,+ KYP]LYZ
HUK JVU[YVS KL]PJLZ� *LY[PÄJH[PVU PU]VS]LZ
YPNVYV\Z [LZ[PUN� MVSSV^LK I` PUKLWLUKLU[
]LYPÄJH[PVU VM [OL [LZ[ YLZ\S[Z� HUK JLY[PÄLK +�P
WYVK\J[Z HYL SPZ[LK PU [OL +(30 (SSPHUJL»Z VUSPUL
7YVK\J[ +H[HIHZL� ;OLYL PZ UV ]LYPÄJH[PVU VY
JLY[PÄJH[PVU ZJOLTL MVY (5:0 *�����������
I\[ WYVK\J[Z [OH[ HYL JVTWSPHU[ ^P[O (5:0
*���������� TH` IL LSPNPISL [V HWWS` MVY +�P
JLY[PÄJH[PVU�

+�P�JLY[PÄLK JVU[YVS KL]PJLZ TLL[ [OL
YLX\PYLTLU[Z VM (5:0 *����������� ;OL
ZHTL HWWSPLZ MVY 3,+ KYP]LYZ� ^P[O [OL L_[YH
JVUKP[PVU [OH[ PM [OL KYP]LY OHZ HU PU[LNYH[LK
(<? WV^LY Z\WWS` [OLU P[ T\Z[ IL YH[LK
*SHZZ�� VY LX\P]HSLU[ PU JVTWSPHUJL ^P[O [OL
ZHML[` YLX\PYLTLU[Z VM 5-7(���� (5:0
*���������� OHZ ZVTL M\Y[OLY VW[PVUZ ¶ H
�> (<? WV^LY Z\WWS` PZ WVZZPISL� HUK HSZV H
3VNPJ :PNUHS 0UW\[ �3:0� ¶ ^OPJO PM PTWSLTLU[LK
OH]L HZZVJPH[LK YLX\PYLTLU[Z VU [VW VM +�P
JLY[PÄJH[PVU�

;LJOUPJHS +L[HPSZ
;OL KPNP[HS PU[LYMHJL ZWLJPÄLK I` +�P HUK (5:0
*����� PUJS\KLZ H I\Z WV^LY Z\WWS` �)7:�
PU[LNYH[LK PU [OL 3,+ KYP]LY� HZ KLZJYPILK PU
+(30 7HY[ ���� ;OLYL PZ HSZV WYV]PZPVU MVY HU
VW[PVUHS H\_PSPHY` WV^LY Z\WWS` �(<?� [V
WYV]PKL HU HKKP[PVUHS ZV\YJL VM WV^LY MVY
JVUULJ[LK KL]PJLZ� ( �>� ��= (<? Z\WWS` PZ
ZWLJPÄLK PU +(30 7HY[ ���� ^OPSL (5:0
*���������� HKKP[PVUHSS` HSSV^Z H �>� ��=
(<? Z\WWS` ^OPJO PZ VUS` Z\P[HISL MVY H ZPUNSL
JVUULJ[LK KL]PJL�

+(30 7HY[ ��� KLÄULZ S\TPUHPYL�ZWLJPÄJ KH[H
Z[VYLK PU TLTVY` IHUR �� 3\TPUHPYL 6,4Z
JHU WYVNYHT H YHUNL VM KH[H PU[V [OL
KYP]LY·Z\JO HZ S\TPUHPYL PKLU[PÄJH[PVU JVKLZ�
UVTPUHS SPNO[ V\[W\[ HUK L]LU OV\ZPUN
JVSV\Y·[OH[ JHU IL \ZLK MVY HZZL[
THUHNLTLU[ PU [OL ÄLSK�

+(30 7HY[Z ��� HUK ��� ZWLJPM` M\Y[OLY
PUMVYTH[PVU [OH[ PZ HJJLZZPISL [OYV\NO [OL 3,+
KYP]LY»Z TLTVY` IHURZ� HUK ZL[ YLX\PYLTLU[Z
[OH[ Z\WWVY[ KH[H L_JOHUNL� +(30 7HY[ ���
LUHISLZ YLHS�[PTL YLWVY[PUN VM LULYN` \ZHNL
KH[H� ^OPSL +(30 7HY[ ��� ZWLJPÄLZ KH[H MVY
KPHNUVZ[PJZ HUK THPU[LUHUJL� ^OPJO JHU IL
\ZLK MVY MH\S[ ÄUKPUN HUK WYL]LU[H[P]L
THPU[LUHUJL ZJOLK\SPUN�

+(30 7HY[ ��� JVU[HPUZ YLX\PYLTLU[Z MVY
S\TPUHPYL�TV\U[LK JVU[YVS KL]PJLZ� HUK
PUJS\KLZ ZWLJPÄJ YLX\PYLTLU[Z MVY WV^LY
JVUZ\TW[PVU� HZ ^LSS HZ H TLJOHUPZT [V
KLJPKL ^OPJO JVU[YVS KL]PJL [HRLZ WYPVYP[`
^OLU TVYL [OHU VUL PZ WYLZLU[�

(IV\[ [OL +(30 (SSPHUJL
;OL +(30 (SSPHUJL �HSZV RUV^U HZ [OL +PNP[HS
0SS\TPUH[PVU 0U[LYMHJL (SSPHUJL VY +PP(� PZ HU

VWLU� NSVIHS JVUZVY[P\T VM SPNO[PUN JVTWHUPLZ
[OH[ KYP]LZ [OL NYV^[O VM SPNO[PUN�JVU[YVS
ZVS\[PVUZ IHZLK VU PU[LYUH[PVUHSS`
Z[HUKHYKPaLK +PNP[HS (KKYLZZHISL 3PNO[PUN
0U[LYMHJL �+(30� [LJOUVSVN �̀ ;OL VYNHUPaH[PVU
VWLYH[LZ [OL +(30�� HUK +�P JLY[PÄJH[PVU
WYVNYHTZ [V IVVZ[ SL]LSZ VM JYVZZ�]LUKVY
PU[LYVWLYHIPSP[ �̀ (Z SPNO[PUN JVU[PU\LZ [V L]VS]L
HUK JVU]LYNL ^P[O [OL 0V;� [OL +(30 (SSPHUJL PZ
HSZV KYP]PUN [OL Z[HUKHYKPaH[PVU VM ^PYLSLZZ HUK
07�IHZLK JVUULJ[P]P[` ZVS\[PVUZ� -VY TVYL
PUMVYTH[PVU� ]PZP[ ^^ �̂KHSP�HSSPHUJL�VYN� "

4HE )LLUMINATING %NGINEERING
3OCIETY AND THE )NTERNATIONAL
5LTRAVIOLET !SSOCIATION
2ELEASE A .EW !MERICAN
.ATIONAL 3TANDARD FOR
-EASURING 5LTRAVIOLET ,%$S

;OL 0SS\TPUH[PUN ,UNPULLYPUN :VJPL[` �0,:� LZ[�
� ���� PU WHY[ULYZOPW ^P[O [OL 0U[LYUH[PVUHS
<S[YH]PVSL[ (ZZVJPH[PVU �0<=(� LZ[� �   �� OHZ
W\ISPZOLK P[Z ÄYZ[ PU H ZLYPLZ VM (TLYPJHU
5H[PVUHS :[HUKHYKZ MVY [OL TLHZ\YLTLU[ VM
\S[YH]PVSL[ WYVK\J[ LTPZZPVUZ� :PUJL P[Z
KPZJV]LY` PU ����� NLYTPJPKHS \S[YH]PVSL[
KPZPUMLJ[PVU OHZ ILLU KLWSV`LK NSVIHSS` [V
YLK\JL [OL YH[L VM [YHUZTPZZPVU VM [\ILYJ\SVZPZ
HUK V[OLY HPYIVYUL WH[OVNLUZ PU PUKVVY
ZWHJLZ� PUJS\KPUN :(9:�*V=��� [OL ]PY\Z [OH[
JH\ZLZ *6=0+�� � ;OL Z[HUKHYK W\ISPZOLK
[VKH �̀ (5:0�0,:�0<=( 34� ���� (WWYV]LK
4L[OVK! 6W[PJHS HUK ,SLJ[YPJHS 4LHZ\YLTLU[
VM <S[YH]PVSL[ 3,+Z� KL[HPSZ H YLWLH[HISL
TL[OVK MVY SHIVYH[VY` TLHZ\YLTLU[ VM VW[PJHS
HUK LSLJ[YPJHS WLYMVYTHUJL JOHYHJ[LYPZ[PJZ VM
<= SPNO[ LTP[[PUN KPVKLZ �3,+Z�� [OL KPZJYL[L
JVTWVULU[Z I\PS[ PU[V <= 3,+ WYVK\J[Z� ;OPZ
(TLYPJHU 5H[PVUHS :[HUKHYK PZ H]HPSHISL MVY
W\YJOHZL H[ Z[VYL�PLZ�VYN HUK PZ PTTLKPH[LS`
H]HPSHISL [V 0,: 3PNO[PUN 3PIYHY` Z\IZJYPILYZ�

¸>L HYL KLSPNO[LK [V OH]L WHY[ULYLK ^P[O [OL
0<=( [V KL]LSVW [OLZL ÄYZ[�L]LY Z[HUKHYKPaLK
TL[OVKZ VM TLHZ\YLTLU[ MVY \S[YH]PVSL[
LTPZZPVUZ�¹ ZHPK )YPHU 3PLILS� 0,: KPYLJ[VY VM
Z[HUKHYKZ HUK YLZLHYJO� ¸;OLZL Z[HUKHYKZ ^PSS
HK]HUJL [OL ZJPLUJL HUK HWWSPJH[PVU VM
NLYTPJPKHS \S[YH]PVSL[ KPZPUMLJ[PVU� PU Z\WWVY[ VM
V\Y :VJPL[`»Z TPZZPVU [V [YHUZSH[L SPNO[PUN
RUV^SLKNL PU[V HJ[PVUZ [OH[ ILULÄ[ [OL W\ISPJ�
;OL KLKPJH[PVU I` V\Y ;LZ[PUN 7YVJLK\YLZ
*VTTP[[LL HUK [OL 0<=( [V JVTWSL[PUN [OPZ
UL^ PUK\Z[Y` Z[HUKHYK OHZ ILLU V\[Z[HUKPUN�¹

¹<S[YH]PVSL[ TLHZ\YLTLU[ Z[HUKHYKZ WYV]PKL
[OL MV\UKH[PVU MVY ZJPLU[PÄJ [Y\Z[ VM [OPZ RL`
KPZPUMLJ[PVU [LJOUVSVN �̀ HUK ^P[O [OPZ MVYTHS
HWWYV]HS VM (5:0�0,:�0<=( 34� ����� ^L HYL
L_JP[LK H[ ^OH[ [OL M\[\YL OVSKZ MVY VW[PJHS HUK
LSLJ[YPJHS TLHZ\YLTLU[ VM <= 3,+Z HZ ^LSS HZ
M\[\YL Z[HUKHYKZ [V Z\WWVY[ V\Y PUK\Z[Y �̀¹ ZH`Z
1LUUPMLY 6ZNVVK� WYLZPKLU[ VM 0<=(" =7� *+4
:TP[O� ¹;OLZL Z[HUKHYKZ ^V\SK UV[ IL
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WVZZPISL ^P[OV\[ V\Y JVU[PU\LK WHY[ULYZOPW
^P[O 0,:� 6\Y JVSSHIVYH[PVU HUK JVVWLYH[PVU
HYL WHYHTV\U[ [V [OL Z\JJLZZ VM V\Y PUK\Z[Y`
HUK YLPUMVYJLZ V\Y ZOHYLK JVTTP[TLU[ [V
PTWYV]PUN W\ISPJ OLHS[O [OYV\NO \S[YH]PVSL[
KPZPUMLJ[PVU�¹

()6<; ;/, 033<405(;05. ,5.05,,905.
:6*0,;@ �0,:�
,Z[HISPZOLK PU � ��� [OL 0SS\TPUH[PUN
,UNPULLYPUN :VJPL[` PZ [OL YLJVNUPaLK
[LJOUPJHS HUK LK\JH[PVUHS H\[OVYP[` VU
PSS\TPUH[PVU� 6\Y TPZZPVU PZ [V PTWYV]L [OL
SPNO[LK LU]PYVUTLU[ I` IYPUNPUN [VNL[OLY [OVZL
^P[O SPNO[PUN RUV^SLKNL HUK I` [YHUZSH[PUN [OH[
RUV^SLKNL PU[V HJ[PVUZ [OH[ ILULÄ[ [OL W\ISPJ�
>L WYV]PKL H ]HYPL[` VM WYVMLZZPVUHS
KL]LSVWTLU[� W\ISPJH[PVUZ� UL[^VYRPUN HUK
LK\JH[PVUHS VWWVY[\UP[PLZ [V V\Y TLTILYZOPW
VM LUNPULLYZ� HYJOP[LJ[Z� KLZPNULYZ� LK\JH[VYZ�
Z[\KLU[Z� JVU[YHJ[VYZ� KPZ[YPI\[VYZ� \[PSP[`
WLYZVUULS� THU\MHJ[\YLYZ HUK ZJPLU[PZ[Z PU
ULHYS` �� JV\U[YPLZ� ;OYV\NO V\Y (TLYPJHU
5H[PVUHS :[HUKHYKZ 0UZ[P[\[L �(5:0� HJJYLKP[LK
WYVJLZZ� ^L W\ISPZO HUK THPU[HPU [OL 3PNO[PUN
3PIYHY`�� ^P[O V]LY ��� Z[HUKHYKZ ^YP[[LU I`
Z\IQLJ[ TH[[LY L_WLY[Z PU V\Y [LJOUPJHS
JVTTP[[LLZ� 0U HSS V\Y LMMVY[Z� ^L Z[YP]L [V
PTWYV]L SPML [OYV\NO X\HSP[` VM SPNO[� ;V SLHYU
TVYL HIV\[ \Z� ]PZP[ ^^ �̂PLZ�VYN�

()6<; ;/, 05;,95(;065(3 <3;9(=063,;
(::6*0(;065

;OL 0U[LYUH[PVUHS <S[YH]PVSL[ (ZZVJPH[PVU �0<=(�
^HZ MV\UKLK PU �   � 0<=( PZ KL]V[LK [V [OL
HK]HUJLTLU[ VM \S[YH]PVSL[ [LJOUVSVN` MVY
W\ISPJ OLHS[O HUK [OL LU]PYVUTLU[¶^P[O
HJ[P]P[PLZ PUJS\KPUN HK]VJHJ �̀ LK\JH[PVU�
JVSSHIVYH[PVUZ� YLZLHYJO HUK W\ISPJ WVSPJ`
LUNHNLTLU[� 0<=( PZ KL]V[LK [V WYVTV[PUN
ZJPLUJL� [LJOUVSVN �̀ HUK LUNPULLYPUN
^VYSK^PKL� MVY [OL NSVIHS HK]HUJLTLU[ VM
\S[YH]PVSL[ [LJOUVSVN �̀ "

',! 2ELEASES 'UIDELINES FOR
1UANTIlCATION OF !IRBORNE
0ATHOGEN )NACTIVATION BY
5LTRAVIOLET 'ERMICIDAL
)RRADIATION

;OL .SVIHS 3PNO[PUN (ZZVJPH[PVU OHZ PZZ\LK H
7VZP[PVU :[H[LTLU[ JVU[HPUPUN N\PKLSPULZ MVY
TLHZ\YPUN [OL PUHJ[P]H[PVU VM HPYIVYUL
WH[OVNLUZ I` \S[YH]PVSL[ NLYTPJPKHS PYYHKPH[PVU
�<=.0� [LJOUVSVNPLZ� ;OL N\PKLSPULZ HYL
WHY[PJ\SHYS` YLSL]HU[ PU [OL IH[[SL HNHPUZ[
*6=0+�� �

<=.0 HPY KPZPUMLJ[PVU [LJOUVSVN` PZ HU
LZ[HISPZOLK TL[OVK MVY YLK\JPUN PUMLJ[PVU YPZRZ
JH\ZLK I` H ^PKL YHUNL VM JVU[HNPV\Z
HPYIVYUL KPZLHZLZ Z\JO HZ TLHZSLZ� PUÅ\LUaH

HUK [\ILYJ\SVZPZ� 0[ MVSSV^Z [OH[ <=.0 PZ H RL`
[VVS PU YLK\JPUN [OL SL]LS VM PUKVVY HPY
JVU[HTPUH[PVU WVZLK I` [OL :(9:�*V=��
]PY\Z� 7H[OVNLU PUHJ[P]H[PVU [OLVY` HUK
TH[OLTH[PJHS TVKLSSPUN HYL ^LSS LZ[HISPZOLK
HUK KLZJYPILK PU L_PZ[PUN <=.0 SP[LYH[\YL�

;OL 7VZP[PVU :[H[LTLU[ V\[SPULZ H
TL[OVKVSVN` MVY X\HU[PM`PUN [OL TPJYVIPHS
JSLHUPUN JHWHIPSP[PLZ VM H <=.0 WYVK\J[ PU H
[LZ[ JOHTILY� ;OLZL YLZ\S[Z JHU [OLU IL \ZLK
[V KL[LYTPUL [OL WYVK\J[»Z KPZPUMLJ[PVU
JHWHIPSP[PLZ PU YLHS�SPML HWWSPJH[PVUZ Z\JO HZ
JSHZZ YVVTZ� VMÄJLZ� OVZWP[HS ^HYKZ�
YLZ[H\YHU[Z� L[J�

;OL .SVIHS 3PNO[PUN (ZZVJPH[PVU JHSSZ VU HU
HWWYVWYPH[L Z[HUKHYKZ KL]LSVWTLU[
VYNHUPZH[PVU [V M\Y[OLY YLÄUL [OL TL[OVKVSVN`
JVU[HPULK PU [OL 7VZP[PVU :[H[LTLU[�

.\PKLSPULZ MVY 8\HU[PÄJH[PVU VM (PYIVYUL
7H[OVNLU 0UHJ[P]H[PVU I` <=.0 ;LJOUVSVNPLZ
TH` IL KV^USVHKLK MYVT [OL .SVIHS 3PNO[PUN
(ZZVJPH[PVU»Z ^LIZP[L�

(IV\[ [OL .SVIHS 3PNO[PUN (ZZVJPH[PVU
;OL .SVIHS 3PNO[PUN (ZZVJPH[PVU PZ [OL ]VPJL VM
[OL SPNO[PUN PUK\Z[Y` VU H NSVIHS IHZPZ� .3(
ZOHYLZ PUMVYTH[PVU VU WVSP[PJHS� ZJPLU[PÄJ�
I\ZPULZZ� ZVJPHS HUK LU]PYVUTLU[HS PZZ\LZ VM
YLSL]HUJL [V [OL SPNO[PUN PUK\Z[Y` HUK
HK]VJH[LZ P[Z WVZP[PVU [V YLSL]HU[ Z[HRLOVSKLYZ
PU [OL PU[LYUH[PVUHS ZWOLYL� "

4RANSITION TO $ESIGN,IGHTS
#ONSORTIUM�S 3OLID
3TATE
,IGHTING 6���

>P[O [OL NYHJL WLYPVK MVY \WKH[PUN 3,+
WYVK\J[Z [V TLL[ P[Z SH[LZ[ ZVSPK�Z[H[L SPNO[PUN
�::3� [LJOUPJHS YLX\PYLTLU[Z ZL[ [V L_WPYL VU
1\UL ��� [OL +LZPNU3PNO[Z *VUZVY[P\T PZZ\LK
H YLTPUKLY [OH[ WYVK\J[Z UV[ \WKH[LK [V P[Z
=LYZPVU ��� ::3 ;LJOUPJHS 9LX\PYLTLU[Z ^PSS
IL KLSPZ[LK MYVT [OL +3* ::3 8\HSPÄLK
7YVK\J[Z 3PZ[ �873� HZ VM 1\S` �� HUK TH`
[OLYLMVYL ILJVTL PULSPNPISL MVY LULYN`
LMÄJPLUJ` PUJLU[P]LZ�

4HU\MHJ[\YLYZ T\Z[ Z\ITP[ HWWSPJH[PVUZ [V
\WKH[L [OLPY WYVK\J[Z [V =LYZPVU ��� VM [OL
::3 ;LJOUPJHS 9LX\PYLTLU[Z I` (WYPS �� [V
H]VPK KLSPZ[PUN VM UVU�=��� JVTWSPHU[
WYVK\J[Z MYVT [OL 873 ¶ H YLZV\YJL \[PSPaLK I`
TVYL [OHU ��� LULYN` LMÄJPLUJ` PUJLU[P]L
WYVNYHTZ HJYVZZ [OL <: HUK *HUHKH� ;OL
+3*»Z =��� ::3 ;LJOUPJHS 9LX\PYLTLU[Z [VVR
LMMLJ[ 1\S` �� ����� ^P[O H VUL�`LHY NYHJL
WLYPVK [V NP]L THU\MHJ[\YLYZ [PTL [V \WKH[L
WYVK\J[Z HUK THPU[HPU [OLPY 873 SPZ[PUN� -VY
KPZ[YPI\[VYZ� THU\MHJ[\YLYZ» YLWYLZLU[H[P]LZ�
LULYN` ZLY]PJLZ JVTWHUPLZ HUK V[OLYZ� UV^ PZ
[OL [PTL [V L]HS\H[L PU]LU[VY` [V LUZ\YL [OH[
[OL JVTTLYJPHS SPNO[PUN WYVK\J[Z [OL` Z[VJR
HUK W\YJOHZL HYL HSPNULK ^P[O [OPZ UL^ WVSPJ`
HUK ^PSS YLTHPU LSPNPISL MVY YLIH[LZ�

https://b2b.lumitronix.com/en/
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¸;OL SH[LZ[ [LJOUPJHS YLX\PYLTLU[Z HYL HPTLK
H[ PTWYV]PUN [OL SPNO[PUN X\HSP[` HUK
JVU[YVSSHIPSP[` VM 873�SPZ[LK Ä_[\YLZ�¹ +3*
,_LJ\[P]L +PYLJ[VY HUK *,6 *OYPZ[PUH
/HSMWLUU` ZHPK� ¸4HU` JVTTLYJPHS SPNO[PUN
LULYN` LMÄJPLUJ` WYVNYHTZ YLJVNUPaL [OL
PTWVY[HUJL VM MLH[\YLZ Z\JO HZ KPTTHIPSP[`
HUK PU[LNYHS JVU[YVSZ HUK YLS` VU ::3 =���
JVTWSPHUJL MVY PUJLU[P]L WYVNYHTZ�¹

;OL UL^ WVSPJ` YLX\PYLZ THU\MHJ[\YLYZ [V
YLWVY[ WLYMVYTHUJL KH[H VU H[[YPI\[LZ Z\JO HZ
JVSVY HUK KPZJVTMVY[ NSHYL IHZLK VU SPNO[
KPZ[YPI\[PVU� LUHISPUN 873 \ZLYZ [V IL[[LY
KPZ[PUN\PZO JOHYHJ[LYPZ[PJZ ULLKLK MVY ]HYPV\Z
W\YWVZLZ HUK PUZ[HSSH[PVUZ� =��� HSZV YLX\PYLZ
KPZJSVZ\YL VM PU[LNYH[LK JVU[YVSZ HUK LUZ\YLZ
[OH[ TVZ[ 873�SPZ[LK WYVK\J[Z JHU IL
KPTTLK� H JYP[PJHS JVTWVULU[ MVY JHW[\YPUN
ZH]PUNZ IL`VUK [OVZL WVZZPISL ^P[O 3,+Z
HSVUL HUK MVY PU[LNYH[PUN SPNO[PUN ^P[O V[OLY
I\PSKPUN Z`Z[LTZ� :PUJL 3,+ S\TPUHPYLZ
PUZ[HSSLK [VKH` TH` SHZ[ MVY H KLJHKL VY TVYL�
Z[YLUN[OLUPUN JVU[YVSSHIPSP[` YLX\PYLTLU[Z
SVJRZ PU WV[LU[PHS LULYN` HUK JVZ[ ZH]PUNZ MVY
`LHYZ [V JVTL� 5V[ KVPUN ZV JHU SLH]L [OLZL
ZH]PUNZ Z[YHUKLK�

0U[YVK\JPUN YPNVYV\Z� H[[HPUHISL JYP[LYPH MVY
X\HSP[` VM SPNO[ JOHYHJ[LYPZ[PJZ Z\WWVY[Z [OL
+3*»Z PU[LU[PVU [V RLLW WHJL ^P[O
[LJOUVSVNPJHS HK]HUJLZ [V JYLH[L ZVS\[PVUZ MVY
H IL[[LY M\[\YL [OYV\NO IL[[LY SPNO[PUN� ;OL
+3* WYV]PKLK H NYHJL WLYPVK MVY
THU\MHJ[\YLYZ [V \WKH[L [OLPY WYVK\J[Z [V

RLLW [OLT VU [OL ::3 873� (M[LY 1\UL ���
OV^L]LY� [OL +3* ^PSS KLSPZ[ HU` WYVK\J[Z UV[
\WKH[LK [V JVTWS` ^P[O =����

4VYL PUMVYTH[PVU VU [YHUZP[PVU [V [OL ::3
;LJOUPJHS 9LX\PYLTLU[Z� PUJS\KPUN PUK\Z[Y`
N\PKHUJL� PZ H]HPSHISL OLYL!
KLZPNUSPNO[Z�VYN�V\Y�^VYR�ZVSPK�Z[H[L�
SPNO[PUN�[YHUZP[PVU�[V�ZZS�]��YLX\PYLTLU[Z��

(IV\[ [OL +LZPNU3PNO[Z *VUZVY[P\T!
;OL +3* PZ H UVU�WYVÄ[ VYNHUPaH[PVU PTWYV]PUN
LULYN` LMÄJPLUJ �̀ SPNO[PUN X\HSP[ �̀ HUK [OL
O\THU L_WLYPLUJL PU [OL I\PS[ LU]PYVUTLU[�
>L JVSSHIVYH[L ^P[O \[PSP[PLZ� LULYN` LMÄJPLUJ`
WYVNYHTZ� THU\MHJ[\YLYZ� SPNO[PUN KLZPNULYZ�
I\PSKPUN V^ULYZ� HUK NV]LYUTLU[ LU[P[PLZ [V
JYLH[L YPNVYV\Z JYP[LYPH MVY SPNO[PUN WLYMVYTHUJL
[OH[ RLLWZ \W ^P[O [OL WHJL VM [LJOUVSVN �̀
;VNL[OLY� ^L»YL JYLH[PUN ZVS\[PVUZ MVY H IL[[LY
M\[\YL ^P[O IL[[LY SPNO[PUN� "

$/% &INALIZES 4WO .EW 2ULES
FOR 'ENERAL 3ERVICE ,AMPS

;OL <�:� +LWHY[TLU[ VM ,ULYN` �+6,� [VKH`
HKVW[LK [^V UL^ Y\SLZ MVY SPNO[ I\SIZ� HSZV
RUV^U HZ NLULYHS ZLY]PJL SHTWZ� [OH[ ^PSS
JVUZLY]L LULYN` HUK OLSW JVUZ\TLYZ ZH]L VU
[OLPY LULYN` IPSSZ� ;OL ÄYZ[ Y\SL LZ[HISPZOLZ H
YL]PZLK KLÄUP[PVU VM NLULYHS ZLY]PJL SHTWZ
^OPSL [OL ZLJVUK PTWSLTLU[Z [OL TPUPT\T
Z[HUKHYK VM �� S\TLUZ WLY ^H[[ MVY SPNO[ I\SIZ

[OH[ TLL[ [OL YL]PZLK KLÄUP[PVU� ;OLZL Y\SLZ
HYL WHY[ VM ��� LULYN` LMÄJPLUJ` HJ[PVUZ [OL
)PKLU (KTPUPZ[YH[PVU PZ JVTWSL[PUN [OPZ `LHY�
^OPJO [VNL[OLY ^PSS ZH]L MHTPSPLZ ���� L]LY`
`LHY�

6UJL [OLZL SPNO[ I\SI Y\SLZ HYL PU WSHJL� +6,
L_WLJ[Z JVUZ\TLYZ [V ZH]L ULHYS` �� IPSSPVU
WLY `LHY VU [OLPY \[PSP[` IPSSZ� 0U HKKP[PVU [V
KLSP]LYPUN ZPNUPÄJHU[ JVZ[ ZH]PUNZ MVY
OV\ZLOVSKZ� ZJOVVSZ� HUK I\ZPULZZLZ� [OLZL
LULYN` LMÄJPLUJ` HJ[PVUZ HSZV HK]HUJL
7YLZPKLU[ )PKLU»Z JSPTH[L NVHSZ� 6]LY [OL UL_[
�� `LHYZ� [OL Y\SLZ HYL WYVQLJ[LK [V J\[ JHYIVU
LTPZZPVUZ I` ��� TPSSPVU TL[YPJ [VUZ · HU
HTV\U[ LX\P]HSLU[ [V [OL LTPZZPVUZ NLULYH[LK
I` �� TPSSPVU OVTLZ PU VUL `LHY� 3,+
SPNO[I\SIZ HSZV SHZ[ �� [V �� [PTLZ SVUNLY [OHU
PUJHUKLZJLU[ I\SIZ�

(WWSPHUJL HUK ,X\PWTLU[ :[HUKHYKZ
9\SLTHRPUNZ HUK 5V[PJLZ
¸)` YHPZPUN LULYN` LMÄJPLUJ` Z[HUKHYKZ MVY
SPNO[I\SIZ� ^L»YL W\[[PUN �� IPSSPVU IHJR PU [OL
WVJRL[Z VM (TLYPJHU JVUZ\TLYZ L]LY` `LHY
HUK Z\IZ[HU[PHSS` YLK\JPUN KVTLZ[PJ JHYIVU
LTPZZPVUZ�¹ ZHPK <�:� :LJYL[HY` VM ,ULYN`
1LUUPMLY 4� .YHUOVST� ¸;OL SPNO[PUN PUK\Z[Y` PZ
HSYLHK` LTIYHJPUN TVYL LULYN` LMÄJPLU[
WYVK\J[Z� HUK [OPZ TLHZ\YL ^PSS HJJLSLYH[L
WYVNYLZZ [V KLSP]LY [OL ILZ[ WYVK\J[Z [V
(TLYPJHU JVUZ\TLYZ HUK I\PSK H IL[[LY HUK
IYPNO[LY M\[\YL�¹
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;OL UL^ KLÄUP[PVU PZZ\LK [VKH` ^PSS ILJVTL
LMMLJ[P]L �� KH`Z HM[LY W\ISPJH[PVU PU [OL
-LKLYHS 9LNPZ[LY� ^OPSL [OL PTWSLTLU[H[PVU VM
[OL *VUNYLZZPVUHS LMÄJHJ` Z[HUKHYK ^PSS
ILJVTL LMMLJ[P]L �� KH`Z HM[LY W\ISPJH[PVU PU
[OL -LKLYHS 9LNPZ[LY� +6, OHZ JVUJ\YYLU[S`
HUUV\UJLK HU LUMVYJLTLU[ WVSPJ` [OH[ HSSV^Z
MVY H THUHNLK [YHUZP[PVU OLSWPUN LU[P[PLZ HSS
HSVUN [OL KPZ[YPI\[PVU JOHPU� PUJS\KPUN
THU\MHJ[\YLYZ� PTWVY[LYZ� WYP]H[L SHILSLYZ�
KPZ[YPI\[VYZ� HUK YL[HPSLYZ HKQ\Z[ [OLPY
WYVK\J[PVU HUK PU]LU[VY �̀ ;OL LUMVYJLTLU[
WVSPJ` JVU[HPUZ [^V WHY[Z! H WLYPVK VM
LUMVYJLTLU[ SLUPLUJ` HUK H WLYPVK VM
WYVNYLZZP]L LUMVYJLTLU[ ^P[O HU LTWOHZPZ VU
[YHUZP[PVUPUN WYVK\J[PVU ÄYZ[�

(KKP[PVUHSS �̀ +6, ^PSS OVZ[ H ^LIPUHY VU 4H`
�� ���� H[ � WT ,; [V KPZJ\ZZ [OL
LUMVYJLTLU[ WVSPJ` HUK HUZ^LY X\LZ[PVUZ
MYVT YLN\SH[LK LU[P[PLZ� -VY TVYL KL[HPSZ� YLHK
[OL M\SS LUMVYJLTLU[ WVSPJ �̀

+6,»Z )\PSKPUN ;LJOUVSVNPLZ 6MÄJL
PTWSLTLU[Z TPUPT\T LULYN` JVUZLY]H[PVU
Z[HUKHYKZ MVY TVYL [OHU �� JH[LNVYPLZ VM
HWWSPHUJLZ HUK LX\PWTLU[� "

3IGNIFY 0UBLISHES ITS lRST
EVER
#LIMATE !CTION 2EPORT

:PNUPM` �,\YVUL_[! 30./;�� [OL ^VYSK SLHKLY PU
SPNO[PUN� OHZ W\ISPZOLK P[Z ÄYZ[�L]LY *SPTH[L
(J[PVU 9LWVY[� PSS\Z[YH[PUN [OL WYVNYLZZ ^L»YL
THRPUN PU [HRPUN JSPTH[L HJ[PVU HJYVZZ V\Y
LU[PYL ]HS\L JOHPU� 0U [OL ÄYZ[ `LHY VM V\Y
HTIP[PV\Z Ä]L�`LHY )YPNO[LY 3P]LZ� )L[[LY
>VYSK ���� Z\Z[HPUHIPSP[` WYVNYHT� ^L HYL VU
[YHJR [V KV\ISL [OL WHJL VM [OL 7HYPZ
(NYLLTLU[ ����* ZJLUHYPV HUK OH]L
NLULYH[LK IL[^LLU ��� HUK ��� VM *SPTH[L
HJ[PVU YL]LU\LZ� JVU[YPI\[PUN [V V\Y HTIP[PVU

[V KV\ISL V\Y WVZP[P]L PTWHJ[ VU ZVJPL[` HUK
[OL LU]PYVUTLU[ I` [OL LUK VM �����

� 9LTHPULK JHYIVU UL\[YHS PU HSS V\Y
VWLYH[PVUZ� H Z[H[\Z ^L HJOPL]LK PU
:LW[LTILY ����� \ZPUN ���� YLUL^HISL
LSLJ[YPJP[`

� 6U [YHJR [V KV\ISL [OL WHJL VM [OL 7HYPZ
(NYLLTLU[ ����* ZJLUHYPV

� .LULYH[LK IL[^LLU ��� HUK ��� *SPTH[L
HJ[PVU YL]LU\LZ� VU [YHJR ^P[O V\Y ���
[HYNL[ MVY ����

*SPTH[L JOHUNL PZ VUL VM [OL TVZ[ PTWVY[HU[
JOHSSLUNLZ ^L MHJL� 7VSS\[PVU HUK
V]LYJVUZ\TW[PVU YHWPKS` PUJYLHZL NYLLUOV\ZL
LTPZZPVUZ� ^HYTPUN [OL WSHUL[ H[ HU HSHYTPUN
YH[L� ;OL ���� 07** YLWVY[ HUUV\UJLK JVKL
YLK MVY O\THUP[` HUK SHPK V\[ [OL KPZHZ[YV\Z
LMMLJ[Z VM PUJYLHZLK [LTWLYH[\YLZ� 4LS[PUN PJL
JHWZ YHPZL V\Y ZLH SL]LSZ� LUKHUNLYPUN JVHZ[HS
O\THU ZL[[SLTLU[Z� >HYTLY VJLHU ^H[LYZ
SLHK [V HJPKPÄJH[PVU� KPTPUPZOPUN HUPTHS SPML HUK
]LNL[H[PVU� /PNOLY [LTWLYH[\YLZ JH\ZL TVYL
PU[LUZL Z[VYTZ� ÅVVKZ� OLH]` ZUV^MHSSZ� HUK
SVUNLY HUK TVYL MYLX\LU[ KYV\NO[Z� (UK
YLK\JLK MYLZO^H[LY H]HPSHIPSP[` SPTP[Z V\Y HIPSP[`
[V NYV^ MVVK HUK JYVWZ�

¸0U ����� [OL ^VYSK ^HZ Z[PSS ^HYTPUN MHZ[LY
[OHU L]LY� ;OLYL PZ H ^PKLZWYLHK ZLUZL VM
\UYLZ[ [OH[ JHSSZ MVY HJ[PVU� UV[ ^VYKZ� [V
TPUPTPaL HUK H]LY[ [OL KHTHNL ^L� O\THUZ�
OH]L JH\ZLK MVY [OL WSHUL[�¹ ZHPK ,YPJ
9VUKVSH[� *,6 VM :PNUPM` PU [OL *SPTH[L (J[PVU
9LWVY[� ¸-VY :PNUPM �̀ [OPZ TLHUZ ^L ULLK [V
HTWSPM` V\Y LMMVY[Z� UV[ VUS` PU V\Y VWLYH[PVUZ�
I\[ HJYVZZ V\Y LU[PYL ]HS\L JOHPU� HUK OLSW V\Y
Z[HRLOVSKLYZ WSH` [OLPY YVSL PU TPUPTPaPUN [OL
PTWHJ[Z VM JSPTH[L JOHUNL�¹ "

,UMILEDS� ���� 3USTAINABILITY
2EPORT

3\TPSLKZ� H NSVIHS SLHKLY PU PUUV]H[P]L SPNO[PUN
ZVS\[PVUZ� PZZ\LK P[Z ���� :\Z[HPUHIPSP[` 9LWVY[
KL[HPSPUN [OL JVTWHU`»Z WYVNYLZZ PU
Z\WWVY[PUN [OL [YHUZP[PVU [V H SV^�JHYIVU HUK
Z\Z[HPUHISL LJVUVT �̀ 0U [OL YLWVY[� 3\TPSLKZ
OPNOSPNO[Z OV^ P[Z SPNO[PUN ZVS\[PVUZ JVU[YPI\[L
[V WVZP[P]L JOHUNLZ PU LULYN` \ZHNL� ZHML[ �̀
HUK OLHS[O HUK ^LSS�ILPUN� 3\TPSLKZ MVSSV^Z H
MVYTHSPaLK Z\Z[HPUHIPSP[` HNLUKH [OH[ PKLU[PÄLZ
ZWLJPÄJ WYPVYP[PLZ HUK [YHJRZ WYVNYLZZ�

3\TPSLKZ Z\Z[HPUHIPSP[` LMMVY[Z HYL HSPNULK ^P[O
[OL <UP[LK 5H[PVUZ :\Z[HPUHISL +L]LSVWTLU[
.VHSZ �:+.Z� HUK [OL JVTWHU` OHZ PKLU[PÄLK
MV\Y :+.Z ^OLYL [OL TVZ[ ZPNUPÄJHU[
JVU[YPI\[PVU JHU IL THKL! .VVK /LHS[O HUK
>LSS�)LPUN� (MMVYKHISL HUK *SLHU ,ULYN �̀
9LZWVUZPISL *VUZ\TW[PVU HUK 7YVK\J[PVU�
HUK *SPTH[L (J[PVU�

3\TPSLKZ PZ JVTTP[[LK [V [HRPUN \YNLU[ HJ[PVU
[V JVTIH[ JSPTH[L JOHUNL I` KL]LSVWPUN
LULYN`�LMÄJPLU[ 3,+ SPNO[PUN ZVS\[PVUZ HUK
[OYV\NO P[Z VUNVPUN JVTTP[TLU[ [V YLK\JL
NYLLUOV\ZL NHZ �./.� LTPZZPVUZ PU P[Z
VWLYH[PVUZ� 0U ����� [OL JVTWHU` H]LY[LK
���� TPSSPVU TL[YPJ [VUZ VM \ZL�WOHZL *HYIVU
+PV_PKL �*6�� [OYV\NO P[Z 3,+ WYVK\J[Z�

3\TPSLKZ HSZV YLWVY[Z H ZPNUPÄJHU[ Z[LW
MVY^HYK [V^HYKZ M\SÄSSPUN P[Z Z[YH[LNPJ PUP[PH[P]L
[V JVTWSL[LS` [YHUZP[PVU [V LSLJ[YPJP[` MYVT
YLUL^HISL LULYN` ZV\YJLZ� 6WLYH[PVUZ PU
4HSH`ZPH M\SS` [YHUZP[PVULK [V ���� YLUL^HISL
LSLJ[YPJP[` HUK VWLYH[PVUZ PU [OL <UP[LK :[H[LZ
[YHUZP[PVULK [V H[ SLHZ[ ��� YLUL^HISL LULYN �̀
;OPZ HSSV^Z [OL JVTWHU` [V YLK\JL P[Z :JVWL
� HUK :JVWL � *HYIVU -VV[WYPU[ ^P[O TVYL
[OHU ����

:VKJMFET¥�.BUSJY�BJNT�UP�QSPWJEF�IJHI�EFOTJUZ�JMMVNJOBUJPO�XJUI�
IJHI�QFSGPSNBODF�XIJUF
�UVOBCMF�XIJUF�MJHIU�BOE�GVMM�DPMPS�MJHIUJOH
PQUJPOT�GPS�B�WBSJFUZ�PG�BQQMJDBUJPOT�UIBU�SFRVJSF�GPDVTJOH�MJHIU
�BDDVSBUF
DISPNBUJDJUJFT�BOE�FYDFMMFOU�DPMPS�SFOEJUJPO��5IF�.BUSJY�JT�EFWFMPQFE�
CBTFE�PO�UIF�QVSQPTF�PG�TJNQMJGZJOH�UIF�PQUJDBM�EFTJHO�XJUI�UIF�
TNBMM�-JHIU�&NJUUJOH�4VSGBDF�	-&4
�UP�BDDPNQMJTI�UIF�TQFDUSB�NJYJOH��

<XMLOHGV��+LJK�&5,�/('�0DWUL[�6ROXWLRQ

XXX�ZVKJJOUM�DPN

-VNJMFET��OFX�-69&0/�)-�;
�JT�BO�VO�EPNFE
�TJOHMF�TJEFE
�IJHI�
QPXFS�-&%�UIBU�EFMJWFST�IJHI�GMVY�EFOTJUZ
�BOE�QSFDJTF�CFBN�DPOUSPM�
XIJMF�MPXFSJOH�TZTUFN�DPTUT��*U�QSPWJEFT�NPSF�UIBO�����MVNFOT�BOE�NPSF
UIBO�����MVNFOT�QFS�8BUU�GSPN�B����NN�TRVBSF�QBDLBHF�UIBU�JT�KVTU�
����NN�IJHI��*U�T�UIF��QFSGFDU�TPMVUJPO�GPS�B�XJEF�SBOHF�PG�IJHI�MVNJOBODF
BQQMJDBUJPOT
�GSPN�BVUPNPUJWF�BVYJMJBSZ�MBNQT�UP�TUBEJVNT�BOE��TUSFFU�MJHIUT���

/XPLOHGV�,QWURGXFHV�/8;(21�+/�=��+LJK�)OX[��
7LJKW�%HDP�&RQWURO��/RZHU�6\VWHP�&RVWV

XXX�MVNJMFET�DPN

6HH�&RPSOHWH�
3URGXFW�6HOHFWLRQV�
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¸+LZWP[L VUNVPUN JOHSSLUNLZ HZZVJPH[LK ^P[O
*6=0+�� HUK V[OLY KPZY\W[P]L NSVIHS L]LU[Z�
[OL \YNLU[ ULLK [V HJJLSLYH[L KLJHYIVUPaH[PVU
HJYVZZ [OL ^VYSK OHZ ILLU [VW VM TPUK�¹ ZHPK
4H[[ 9VUL �̀ *,6� ¸(Z Z\JO� ^L HYL
\U^H]LYPUNS` JVTTP[[LK [V YLHJOPUN V\Y
Z\Z[HPUHIPSP[` NVHSZ� TV[P]H[LK I` [OL ���
KLNYLL ^HYTPUN ZJLUHYPV IV\UKHY �̀ 6\Y
ZJPLU[PZ[Z HUK LUNPULLYZ JVU[PU\L [V PUJYLHZL
WYVK\J[ WLYMVYTHUJL ^OPSL HJOPL]PUN
ZPNUPÄJHU[ YLK\J[PVUZ PU LULYN` \ZL� JHYIVU
LTPZZPVUZ� HUK ^H[LY JVUZ\TW[PVU�¹

3\TPSLKZ HSZV OPNOSPNO[Z OV^ UL^ TPJYV3,+
[LJOUVSVN` JHU M\Y[OLY Z\WWVY[ JHYIVU
MVV[WYPU[ YLK\J[PVU [OYV\NO LULYN` LMÄJPLU[
HWWSPJH[PVUZ HUK LUOHUJL ZHML[` PU H\[VTV[P]L
SPNO[PUN HWWSPJH[PVUZ� 0U [OL HYLH VM ]LOPJSL
ZHML[ �̀ [OL YLWVY[ JV]LYZ [OL YVHK�SLNHS
HWWYV]HS MVY 3,+ YL[YVÄ[ SPNO[ ZV\YJLZ PU 2VYLH�
.LYTHU �̀ (\Z[YPH� HUK -YHUJL� IYPUNPUN [OL
ZHML[` ILULÄ[Z VM 3,+ SPNO[PUN [V UL^ JHYZ
HUK� PTWVY[HU[S �̀ [V JHYZ HSYLHK` VU [OL YVHK�
*VTWSL[L KL[HPSZ VU 3\TPSLKZ Z\Z[HPUHIPSP[`
LMMVY[Z JHU IL MV\UK VU V\Y ^LIZP[L H[
O[[WZ!��S\TPSLKZ�JVT�Z\Z[HPUHIPSP[ �̀ "

"LUEGLASS TO !QUIRE 53 ,ASER
$IODE &ACILITY

(\Z[YHSPHU ZLTPJVUK\J[VY KL]LSVWLY )S\.SHZZ
3PTP[LK �(:?! )3.� PZ WSLHZLK [V HUUV\UJL
[OH[ P[ OHZ YLHJOLK HNYLLTLU[ [V HJX\PYL H
JVTTLYJPHS :PSPJVU =HSSL` SHZLY KPVKL

WYVK\J[PVU MHJPSP[` SLHZL HUK THU\MHJ[\YPUN
LX\PWTLU[ �[OL -HI� MVY <:���� TPSSPVU� ;OL
HJX\PZP[PVU ^PSS MHZ[�[YHJR )S\.SHZZ» NYV^[O
Z[YH[LN �̀ ZPNUPÄJHU[S` PUJYLHZPUN P[Z SHZLY KPVKL
THU\MHJ[\YPUN JHWHJP[` HUK IYPUNPUN MVY^HYK
OPNOLY�]HS\L WYVK\J[ KL]LSVWTLU[ [PTLSPULZ�

;V M\UK [OL HJX\PZP[PVU HUK VUNVPUN VWLYH[PVU
VM [OL WYVK\J[PVU MHJPSP[ �̀ )S\.SHZZ OHZ ZLJ\YLK
(���� TPSSPVU ]PH H 7SHJLTLU[ [V UL^ HUK
L_PZ[PUN PUZ[P[\[PVUHS HUK ZVWOPZ[PJH[LK
PU]LZ[VYZ� ;OL *VTWHU` PZ HSZV \UKLY[HRPUN H
UVU�YLUV\UJLHISL �!� ,U[P[SLTLU[ 6MMLY [V
YHPZL \W [V H M\Y[OLY (���� TPSSPVU [V LUHISL
ZOHYLOVSKLYZ [V WHY[PJPWH[L VU [OL ZHTL [LYTZ
HZ [OL 7SHJLTLU[�

*VTTLU[PUN VU [OL Z[YH[LNPJ HJX\PZP[PVU�
)S\.SHZZ» 7YLZPKLU[ 1PT /HKLU ZHPK!

¸>L WSHU [V [HRL HK]HU[HNL VM H \UPX\L
VWWVY[\UP[ �̀ [V HJX\PYL H M\SS�Z\P[L JVTTLYJPHS
SHZLY KPVKL MHI MVY H MYHJ[PVU VM [OL JPYJH
<:��� TPSSPVU P[ ^V\SK JVZ[ \Z [V I\PSK [VKH �̀
;OL HJX\PZP[PVU HSPNUZ HUK HJJLSLYH[LZ V\Y
SVUNLY�[LYT NYV^[O WSHUZ� IYPUNPUN JVYL
MHIYPJH[PVU WYVJLZZLZ PU�OV\ZL [V LSPTPUH[L
Z\WWS` JOHPU ]HYPHIPSP[` HUK PTWYV]L [OL X\HSP[`
HUK JVUZPZ[LUJ` VM V\Y SHZLY KPVKLZ�
0TWVY[HU[S �̀ P[ WYV]PKLZ \Z ^P[O NYLH[LY JVU[YVS
V]LY KL]LSVWTLU[ YVHKTHWZ� LUHISPUN \Z [V
SH\UJO OPNOLY�]HS\L WYVK\J[Z ZVVULY�

¸0U HKKP[PVU [V TVYL [OHU X\HKY\WSPUN
KL]LSVWTLU[� THU\MHJ[\YPUN [\YUZ HUK ^HMLY

JHWHJP[ �̀ V\Y V^U MHI LUHISLZ \Z [V OHS]L
WYVK\J[PVU JVZ[Z HUK OHZ [OL WV[LU[PHS [V
IYPUN MVY^HYK WVZP[P]L JHZOÅV^Z [V
���������� 0[ [YPWSLZ V\Y YL]LU\L NLULYH[PVU
JHWHJP[ �̀ HUK HSSV^Z \Z [V L_LJ\[L VU V\Y
Z[YH[LNPJ ]PZPVU VM ILJVTPUN [OL PUK\Z[Y`»Z
LHZPLZ[�[V�\ZL SHZLY SPNO[ I` VMMLYPUN [OL TVZ[
ÅL_PISL HUK HNPSL WYVK\J[ KL]LSVWTLU[ HUK
THU\MHJ[\YPUN� (Z VUL VM Q\Z[ MV\Y LUK�[V�LUK
NHSSP\T UP[YPKL SHZLY KPVKL THU\MHJ[\YLYZ
NSVIHSS �̀ ^L OH]L H ZPNUPÄJHU[ VWWVY[\UP[` [V
I\PSK ZOHYL ^P[OPU H MHZ[�NYV^PUN THYRL[
L_WLJ[LK [V YLHJO <:���� IPSSPVU I` �����

¸;OL HJX\PZP[PVU ^PSS MHZ[ [YHJR V\Y [YHUZP[PVU
MYVT H J\[[PUN�LKNL 9
+ JVTWHU` [V H
JVTTLYJPHS WYV]PKLY VM PUK\Z[Y`�SLHKPUN .H5
SHZLY KPVKLZ� 6]LY [OL WHZ[ `LHY� ^L OH]L
H[[YHJ[LK PUK\Z[Y` L_WLY[Z [V V\Y THUHNLTLU[
HUK )VHYK� HK]HUJLK V\Y WYVK\J[
KL]LSVWTLU[ VM T\S[PWSL SHZLY WYVK\J[Z HUK
HYL KLSP]LYPUN HNHPUZ[ H JSLHY
JVTTLYJPHSPZH[PVU HUK NYV^[O Z[YH[LN �̀ (
:PSPJVU =HSSL`�IHZLK MHI PUJYLHZLZ V\Y HJJLZZ
[V OPNOS` ZRPSSLK ZLTPJVUK\J[VY HUK .H5 [HSLU[
L]LU M\Y[OLY�

¸>L»YL LUJV\YHNLK I` [OL Z[YVUN VUNVPUN
Z\WWVY[ VM V\Y L_PZ[PUN PU]LZ[VYZ� HUK
^LSJVTL UL^ PUZ[P[\[PVUHS M\UKZ [V [OL YLNPZ[LY
H[ H WP]V[HS WLYPVK MVY [OL *VTWHU �̀ )S\.SHZZ
PZ MVJ\ZLK VU [OL JVTTLYJPHSPZH[PVU VM V\Y ÄYZ[
KPYLJ[�[V�THYRL[ SHZLY KPVKLZ� >L YLTHPU
JVUÄKLU[ HIV\[ V\Y M\[\YL� >L OH]L [OL YPNO[
[LHT HUK Z[YH[LN` PU WSHJL HUK HYL UV^ PU [OL
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WYVJLZZ VM ZLJ\YPUN [OL ÄUHS WPLJL VM [OL
W\aaSL� H THU\MHJ[\YPUN MHI [V M\Y[OLY L_WHUK
V\Y WYVK\J[ VMMLYPUN HUK ZJHSL V\Y VWLYH[PVUZ�¹

AMS /32!- 3IGNS
!GREEMENT TO 3ELL !-,3 n
4HE $EDICATED ,IGHTING
3YSTEMS 5NIT

HTZ 6:9(4 HUUV\UJLK [OL HNYLLTLU[ [V ZLSS
[OL PUKLWLUKLU[ HUK KLKPJH[LK (43:
�(\[VTV[P]L 3PNO[PUN :`Z[LTZ .TI/�
I\ZPULZZ [V 7SHZ[PJ 6TUP\T �,\YVUL_[! 764�
MVY H W\YJOHZL WYPJL VM ,<9 �� TPSSPVU� ;OL
[YHUZHJ[PVU YLWYLZLU[Z H M\Y[OLY Z[LW PU [OL
PTWSLTLU[H[PVU VM HTZ 6:9(4»Z WYL]PV\ZS`
JVTT\UPJH[LK Z[YH[LN` [V MVJ\Z VU KLKPJH[LK
Z[YH[LNPJ JVYL [LJOUVSVN` HUK KP]LZ[PUN
I\ZPULZZLZ [OH[ HYL UV[ ZLLU HZ JVYL [V [OL
JVYWVYH[L Z[YH[LN �̀ HTZ 6:9(4 ^PSS JVU[PU\L
[V IL H RL` Z\WWSPLY VM H\[VTV[P]L 3,+ HUK
VW[PJHS JVTWVULU[Z [V 7SHZ[PJ 6TUP\T� ;OPZ
[YHUZHJ[PVU KVLZ UV[ PUJS\KL V[OLY HTZ
6:9(4 [LJOUVSVNPLZ HUK WYVK\J[Z MVY
H\[VTV[P]L 6,4 HUK [OL H\[VTV[P]L
HM[LYTHYRL[�

HTZ 6:9(4 (\[VTV[P]L 3PNO[PUN :`Z[LTZ
.TI/ ^HZ LZ[HISPZOLK VU � 6J[VILY ����
MVSSV^PUN [OL KPZZVS\[PVU VM [OL 6:9(4
*VU[PULU[HS QVPU[ ]LU[\YL� /LHKX\HY[LYLK PU
4\UPJO� (43: JVTIPULZ SPNO[PUN [LJOUVSVN`
^P[O LSLJ[YVUPJZ HUK ZVM[^HYL [V KL]LSVW ZTHY[
HUK PUUV]H[P]L M\SS SPNO[PUN Z`Z[LTZ MVY [OL
H\[VTV[P]L PUK\Z[Y �̀

(Z HU PUK\Z[Y` SLHKLY PU H\[VTV[P]L VW[PJHS
ZVS\[PVUZ� HTZ 6:9(4 ^PSS JVU[PU\L [V
WYV]PKL [OL OPNO�[LJO PUUV]H[PVU PU
JVTWVULU[Z MVY H\[VTV[P]L� PUJS\KPUN
H\[VTV[P]L SPNO[PUN� JV]LYPUN [OL LU[PYL SPNO[

ZWLJ[Y\T ¶ MYVT ]PZPISL [V PU]PZPISL SPNO[ ¶ HUK
ZLUZPUN HWWSPJH[PVUZ MVY [OL H\[VTV[P]L
PUK\Z[Y �̀ ;OPZ PUJS\KLZ RL` H\[VTV[P]L
[LJOUVSVN` [V Z\WWVY[ VW[PJHS HWWSPJH[PVUZ
Z\JO HZ KYP]LY HUK PU[LYPVY TVUP[VYPUN�
K`UHTPJ HUK Z[H[PJ L_[LYPVY SPNO[PUN� 9.)
PU[LYPVY SPNO[PUN� 3P+(9 MVY H\[VUVTV\Z KYP]PUN
HUK HK]HUJLK KYP]LY�HZZPZ[HUJL Z`Z[LTZ
�(+(:�� OLHK�\W KPZWSH �̀ NLZ[\YL ZLUZPUN [V
UHTL I\[ H ML^ HYLHZ VM PUUV]H[PVU�

+Y� +PYR 3PUaTLPLY� .LULYHS 4HUHNLY VM (43:�
JVTTLU[Z VU [OL HJX\PZP[PVU! ¸;OL
JVTIPUH[PVU VM 7SHZ[PJ 6TUP\T HUK (43:
THRLZ WLYMLJ[ ZLUZL� 6\Y WVY[MVSPVZ HYL OPNOS`
JVTWSLTLU[HY �̀ [VNL[OLY ^L L_WLJ[ [V
L_WHUK V\Y THYRL[ HJJLZZ HUK ^L ZOHYL H
ZPTPSHY TPZZPVU HUK TPUKZL[� >L SVVR MVY^HYK
[V QVPUPUN 7SHZ[PJ 6TUP\T [V LZ[HISPZO H Z[YVUN
TVIPSP[` SPNO[PUN WSH`LY I\PS[ VU (43:» WVY[MVSPV
VM PUUV]H[P]L [LJOUVSVNPLZ�¹

¸;OL HJX\PZP[PVU VM (43: PZ H \UPX\L
VWWVY[\UP[` [V [HRL HU PTWVY[HU[ Z[LW PU[V [OL
NYV^PUN PUUV]H[P]L SPNO[PUN Z`Z[LTZ ZLNTLU[�
;OHURZ [V P[Z HK]HUJLK WYVK\J[ WVY[MVSPV�
Z[YVUN L_WLY[PZL� IHSHUJLK MVV[WYPU[� HUK [OL
X\HSP[` VM P[Z [LHT� [OPZ HJX\PZP[PVU ^PSS HSSV^
7SHZ[PJ 6TUP\T [V HJJLSLYH[L P[Z HTIP[PV\Z
Z[YH[LN` [V TLL[ NYV^PUN 6,4 J\Z[VTLY
KLTHUK MVY ZTHY[ IVK` JHY WHY[Z HUK VWLUZ
\W [OL WV[LU[PHS [V LU[LY UL^ THYRL[
ZLNTLU[Z� >L HYL L_JP[LK HIV\[ [OPZ SH[LZ[
HKKP[PVU [V [OL .YV\W�¹ ZHPK 3H\YLU[ -H]YL�
*,6 VM 7SHZ[PJ 6TUP\T�

;OL (43: I\ZPULZZ NLULYH[LK ,<9 ���
TPSSPVU PU YL]LU\LZ PU ����� OHZ HYV\UK ���
LTWSV`LLZ H[ UPUL SVJH[PVUZ ^VYSK^PKL�
PUJS\KPUN ��� LUNPULLYZ ^VYRPUN PU Ä]L
KLKPJH[LK 9
+ MHJPSP[PLZ� >P[O 7SHZ[PJ
6TUP\T� (43: ^PSS QVPU H ^VYSK�YLUV^ULK
HUK Z[YVUNS` NYV^PUN (\[VTV[P]L ;PLY �
Z\WWSPLY NYV\W ^P[O ������ LTWSV`LLZ ZLY]PUN

H NSVIHS J\Z[VTLY IHZL� /LHKX\HY[LYLK PU
-YHUJL� [OL JVTWHU` WVZ[LK HU HUU\HS
YL]LU\L VM ,<9 LPNO[ IPSSPVU MVY �����

;OL JSVZPUN VM [OL [YHUZHJ[PVU PZ L_WLJ[LK PU
[OL [OPYK X\HY[LY ���� Z\IQLJ[ [V J\Z[VTHY`
JSVZPUN JVUKP[PVUZ� "

"RIDGELUX !PPOINTS $R� 9I
1UN
,I AS #HIEF %XECUTIVE /FlCER

7YPVY [V ILPUN HWWVPU[LK HZ [OL *,6 VM
)YPKNLS\_� +Y� 3P ^HZ [OL JV�MV\UKLY VM
0U[LTH[P_ *VYWVYH[PVU� HUK ZLY]LK HZ P[Z *,6
HUK :LUPVY =PJL 7YLZPKLU[ VM :HSLZ HUK
4HYRL[PUN� +Y� 3P PZ OPNOS` YLNHYKLK PU [OL
SPNO[PUN PUK\Z[Y`·JVUZPKLYLK I` THU` [V IL H
WPVULLY PU 3,+ [LJOUVSVN` HUK P[Z
HWWSPJH[PVUZ� 6]LY [OL WHZ[ �� `LHYZ OL SLK
T\S[PWSL PUUV]H[PVU PUP[PH[P]LZ PU WOVZWOVY
[LJOUVSVN` PUJS\KPUN ZPSPJH[LZ� S\[L[P\T
NHYUL[Z� JVH[LK UHYYV^�IHUK YLK HUK
UHYYV^�IHUK NYLLU Z\SWOH[LZ�

0U YLJLU[ `LHYZ� [^V VM +Y� 3P»Z WHZZPVU
WYVQLJ[Z� - � HUK ;OYP]L� OH]L OHK [OL TVZ[
^PKL�YHUNPUN JVTTLYJPHS PTWHJ[ VU [OL
PUK\Z[Y �̀ - �� ^OPJO \ZLZ [OL UV]LS 2:-
WOVZWOVYZ� OHZ MHJPSP[H[LK [OL JVUÅ\LUJL VM
OPNO LMÄJHJ` WLYMVYTHUJL HUK OPNO JVSVY
YLUKLYPUN PU [OL ZHTL WHJRHNL� ;OYP]L� ^OPJO
\ZLZ T\S[PWSL IYVHK�IS\L JOPWZ PU [OL ZHTL
WHJRHNL� JYLH[LZ M\SS�ZWLJ[Y\T LTPZZPVU [OH[
TH[JOLZ [OL ZWLJ[Y\T VM UH[\YHS SPNO[� <UKLY
OPZ N\PKHUJL� )YPKNLS\_ OHZ L_WHUKLK IV[O
WYVNYHTZ PU[V T\S[PWSL :4+ HUK *6)
WYVK\J[Z MVY IV[O JVTTLYJPHS HUK YLZPKLU[PHS
HWWSPJH[PVUZ�

+Y� 3P OVSKZ +VJ[VYH[L HUK 4HZ[LY VM :JPLUJL
KLNYLLZ MYVT :[L]LUZ 0UZ[P[\[L VM ;LJOUVSVN`
HUK H )HJOLSVY VM :JPLUJL KLNYLL MYVT

9-BNQ¥�9%���1SFNJVN�8IJUF�JT�$SFF�-&%�T�OFXFTU�
&YUSFNF�%FOTJUZ�-&%��5IF�DFSBNJD�CBTFE�9%���-&%�BEESFTTFT
DIBMMFOHFT�JO�MVNJOBJSF�NBOVGBDUVSJOH�JODMVEJOH�UIFSNBM�EFTJHO

PQUJDBM�EFTJHO�BOE�SFMJBCJMJUZ�BT�DPNQBSFE�UP�DPNQFUJOH�-&%T��
9-BNQ�9%���-&%T�BSF�JEFBM�GPS�FYUSFNF�MVNFO�EFOTJUZ�BQQMJDBUJPOT
MJLF�JOEPPS�EJSFDUJPOBM
�QPSUBCMF�BOE�BGUFSNBSLFU�BVUPNPUJWF�

,PSURYHG�2SWLFDO�3HUIRUPDQFH�ZLWK�WKH�
QHZ�;/DPS��;'���3UHPLXP�:KLWH�/('V�

DSFF�MFE�DPN

5IF�OFX�$"4����%�*3�TQFDUSPSBEJPNFUFS�PGGFST�IJHIFS�QSPEVDUJWJUZ
EVF�UP�TIPSUFS�NFBTVSJOH�UJNFT�JO�UIF�TIPSU�XBWF�JOGSBSFE�	48*3
��
$PNQBSFE�UP�JUT�QSFEFDFTTPS
�JU�IBT�B�TJHOJGJDBOUMZ�CFUUFS�QFSGPSNBODF
JO�TJHOBM�TFOTJUJWJUZ
�TUSBZ�MJHIU�TVQQSFTTJPO�BOE�FMFDUSPOJDT��
%JGGFSFOU�$"4�NPEFMT�DBO�CF�DPNCJOFE�UP�B�.VMUJ$"4�TZTUFN�GPS�
DPNQMFY�TQFDUSBM�NFBTVSFNFOUT�PWFS�BO�FYUSFNFMZ�XJEF�XBWFMFOHUI�SBOHF�

+LJK�SHUIRUPDQFH�IRU�:DYHOHQJWKV�LQ�,QIUDUHG�ZLWK
WKH�1HZ�&$6����'�,5�6SHFWURUDGLRPHWHU

XXX�JOTUSVNFOUTZTUFNT�DPN

https://bit.ly/3wgu6EJ
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5VY[OLHZ[LYU <UP]LYZP[` PU *OPUH� ;V KH[L� +Y�
3P OHZ W\ISPZOLK TVYL [OHU �� ZJPLU[PÄJ
WHWLYZ HUK OVSKZ V]LY ��� PZZ\LK <: WH[LU[Z
VU H ^PKL ]HYPL[` VM [LJOUVSVN` PUJS\KPUN 3,+
WOVZWOVY JVTWVZP[PVUZ� YLTV[L WOVZWOVY
Z[Y\J[\YLZ� HUK 3,+ KL]PJLZ� +Y� 3P OHZ HSZV
ZLY]LK HZ 9LZLHYJO 7YVMLZZVY H[ :[L]LUZ
0UZ[P[\[L VM ;LJOUVSVN �̀ 9LZLHYJO ,UNPULLY H[
ZLTPJVUK\J[VY JVTWHUPLZ ,4*69, HUK
(;40� HUK OLSK L_LJ\[P]L WVZP[PVUZ H[ Z[HY[�\W
JVTWHUPLZ 5A (WWSPLK ;LJOUVSVNPLZ HUK
:WPUP_ *VYWVYH[PVU�

¸>OLU `V\ [OPUR HIV\[ [OL LUHISPUN
[LJOUVSVNPLZ [OH[ OH]L HSSV^LK 3,+Z [V
KVTPUH[L� UV[OPUN OHZ OHK TVYL PTWHJ[ VU
WLYMVYTHUJL� JVZ[ HUK X\HSP[` VM 3,+Z HZ [OL
PTWYV]LTLU[Z PU WOVZWOVY [LJOUVSVN �̀¹ ZH`Z
+VU 7LPMLY� MV\UKLY VM :THZO [OL )\SI� ^OV
HSVUN ^P[O )YPKNLS\_ ^HZ YLJLU[S` YLJVNUPaLK
I` [OL +6, HZ H JVUJLW[ WOHZL ^PUULY MVY [OL
WYLZ[PNPV\Z 3�7YPaL� ¸+Y� 3P HUK )YPKNLS\_ HYL
JYP[PJHS JVU[YPI\[VYZ [V [OL Z[H[L VM [OL HY[ ^L HSS
LUQV` HZ IV[O HU PUK\Z[Y` HUK HZ JVUZ\TLYZ�¹

(IV\[ )YPKNLS\_
)YPKNLS\_ PZ H SLHKPUN KL]LSVWLY HUK
THU\MHJ[\YLY VM SPNO[PUN [LJOUVSVNPLZ HUK
ZVS\[PVUZ [OH[ PU]P[LZ JVTWHUPLZ� PUK\Z[YPLZ�
HUK WLVWSL [V L_WLYPLUJL [OL WV^LY�
WVZZPIPSP[ �̀ HUK ÄUHUJPHS WV[LU[PHS VM 3,+
SPNO[PUN� )VYU VM ^VYSK�JSHZZ LUNPULLYPUN HUK
PUMVYTLK I` O\THU PU[\P[PVU� [OL JVTWHU`»Z
WYVK\J[Z HUK ZVS\[PVUZ THRL P[ WVZZPISL MVY P[Z
J\Z[VTLYZ [V WYV]PKL OPNO WLYMVYTHUJL�

O\THU�JLU[YPJ PUÅ\LUJLK SPNO[ MVY [OL
JVTTLYJPHS� PUK\Z[YPHS� HUK V\[KVVY THYRL[Z�
-VY TVYL PUMVYTH[PVU HIV\[ [OL JVTWHU �̀
WSLHZL ]PZP[ IYPKNLS\_�JVT� )YPKNLS\_� [OL
)YPKNLS\_ Z[`SPaLK SVNV KLZPNU� =LZ[H� HUK =LYV
HYL YLNPZ[LYLK [YHKLTHYRZ VM )YPKNLS\_� 0UJ�
)YPKNPUN 3PNO[ HUK 3PML� ;OYP]L� HUK = :LYPLZ
HYL [YHKLTHYRZ VM )YPKNLS\_� 0UJ� (SS V[OLY
[YHKLTHYRZ HYL [OL WYVWLY[` VM [OLPY YLZWLJ[P]L
V^ULYZ� "

7(&+12/2*,(6

,58%/. ���� (% ,%$S WITH
(IGHER #2) AND %FlCACY

3\TPSLKZ PZ YLZWVUKPUN [V THYRL[ KLTHUKZ MVY
IL[[LY V\[KVVY HUK PUK\Z[YPHS SPNO[ HUK ]LY`
OPNO LMÄJHJ` I` L_WHUKPUN P[Z 3<?,65 ����
/, 3,+Z ^P[O UL^ �� HUK  � *90 WHY[Z ^OPSL
ZPT\S[HULV\ZS` PUJYLHZPUN [OL LMÄJHJ` VM [OL
WHY[Z [OH[ HYL H]HPSHISL PU IV[O �= HUK ��=
JVUÄN\YH[PVUZ�

¸>OLU NP]LU [OL JOVPJL� 6,4Z HUK
LUK�J\Z[VTLYZ ^HU[ OPNOLY X\HSP[` SPNO[� PUZPKL
VY V\[ZPKL� HUK [OL` ^HU[ P[ [V IL HZ LMÄJPLU[
HZ WVZZPISL�¹ ZHPK 4LP @P 7YVK\J[ 3PUL
4HUHNLY H[ 3\TPSLKZ� ¸>OPSL V[OLYZ JOVZL UV[
[V VMMLY JVTWSL[L WVY[MVSPVZ� ^L ILSPL]L [OH[
Z\WWVY[PUN [OL IYVHK YHUNL VM HWWSPJH[PVUZ�
YLNPVUHS WYLMLYLUJLZ� HUK YLX\PYLTLU[Z MVY

SPNO[ PZ [OL JVYYLJ[ HWWYVHJO� ;OHURZ [V V\Y
WOVZWOVY� JOPW HUK WHJRHNL L_WLY[PZL� ^L HYL
HISL [V WYV]PKL [OL YHUNL� X\HSP[ �̀ HUK
YVI\Z[ULZZ [V Z\WWVY[ [OL TVZ[ KLTHUKPUN
HWWSPJH[PVUZ�¹

3<?,65 ���� /, KLSP]LYZ PUK\Z[Y`�SLHKPUN
ST�> WLYMVYTHUJL PU OPNO Z\SWO\Y
LU]PYVUTLU[Z� 0[Z MVV[WYPU[ JVTWH[PIPSP[`
THRLZ P[ LHZ` [V KLZPNU PU[V L_PZ[PUN HUK UL^
WSH[MVYTZ� -VY V\[KVVY� PUK\Z[YPHS� HUK
OVY[PJ\S[\YL HWWSPJH[PVUZ ^OLYL YVI\Z[ULZZ�
SVUNL]P[ �̀ HUK LMÄJHJ` HYL [OL KYP]PUN
H[[YPI\[LZ� 3<?,65 ���� /, PZ [OL JSLHY 3,+
JOVPJL�

3<?,65 ���� /, PZ PTTLKPH[LS` H]HPSHISL PU
����2 ¶ ����2 **; ^P[O *90 VM ��� ��� HUK
����2 ¶ ����2 PU  � *90� 0[ PZ JOHYHJ[LYPaLK
MVY IV[O PSS\TPUH[PVU HUK OVY[PJ\S[\YL ^P[O
S\TLU HUK LMÄJHJ` YH[PUNZ HZ ^LSS HZ 77-
��TVS�Z� HUK 77-�> ��TVS�1�� *VTWSL[L
ZWLJPÄJH[PVUZ HUK PUMVYTH[PVU MVY 3<?,65
���� /, JHU IL MV\UK H[
O[[WZ!��S\TPSLKZ�JVT�3<?,65����/,�

7YVK\J[PVU VYKLYZ JHU IL WSHJL UV^ MVY ZOVY[
SLHK�[PTL KLSP]LY` [OYV\NO 3\TPSLKZ»
KPZ[YPI\[PVU UL[^VYR�

(IV\[ 3\TPSLKZ
3\TPSLKZ PZ H NSVIHS SLHKLY PU 6,4 HUK
HM[LYTHYRL[ H\[VTV[P]L SPNO[PUN HUK
HJJLZZVYPLZ� JHTLYH ÅHZO MVY TVIPSL KL]PJLZ�
4PJYV3,+� HUK SPNO[ ZV\YJLZ MVY NLULYHS

https://helvar.com
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PSS\TPUH[PVU� OVY[PJ\S[\YL� HUK O\THU�JLU[YPJ
SPNO[PUN� 6\Y HWWYV_PTH[LS` ����� LTWSV`LLZ
VWLYH[L PU V]LY �� JV\U[YPLZ HUK WHY[ULY ^P[O
V\Y J\Z[VTLYZ [V KLSP]LY UL]LY ILMVYL WVZZPISL
ZVS\[PVUZ MVY SPNO[PUN� ZHML[ �̀ HUK ^LSS�ILPUN� ;V
SLHYU TVYL HIV\[ V\Y JVTWHU` HUK ZVS\[PVU
WVY[MVSPVZ� WSLHZL ]PZP[ O[[WZ!��S\TPSLKZ�JVT� "

(IGH 4,#) )LLUMINATION FOR
!CCURATE #OLOR IN 4ELEWORK �
)NDOOR 6IDEO 2ECORDING

5PJOPH� [OL ^VYSK»Z SHYNLZ[ 3,+ THU\MHJ[\YLY
HUK PU]LU[VY VM [OL OPNO�IYPNO[ULZZ IS\L HUK
^OP[L 3,+Z� HUUV\UJLZ [OL HKKP[PVU VM [OL ÄYZ[
TPK WV^LY 3,+ JHWHISL VM KLSP]LYPUN [OL
OPNO�X\HSP[` SPNO[ ULJLZZHY` [V TLL[ [OL
KLTHUKZ VM [LSL^VYR HUK PUKVVY ]PKLV
YLJVYKPUN�

6]LY [OL WHZ[ �� `LHYZ� 5PJOPH OHZ
KLTVUZ[YH[LK P[Z JVTTP[TLU[ [V PTWYV]PUN
[OL V]LYHSS WLYMVYTHUJL HUK X\HSP[` VM SPNO[
[OYV\NO P[Z 9
+ HUK WYVK\J[PVU MVY WOVZWOVYZ
HUK 3,+Z� :PUJL P[Z PU]LU[PVU VM [OL OPNO
IYPNO[ULZZ IS\L 3,+ HUK Z\IZLX\LU[ ^OP[L
3,+� ZPTWS` YLWSHJPUN [YHKP[PVUHS SPNO[PUN
[LJOUVSVNPLZ ^P[O TVYL LMÄJPLU[ 3,+Z OHZ
UL]LY ILLU 5PJOPH»Z NVHS� ;OL PUK\Z[Y`
KLZLY]LZ� HUK JHU OH]L TVYL� 6]LY [OL WHZ[
ZL]LYHS `LHYZ� 5PJOPH OHZ HNNYLZZP]LS`
YLHMÄYTLK [OL PTWVY[HUJL VM ¸X\HSP[` VM SPNO[¹�
/V^ HU VIQLJ[ JHU IL ZLLU KPMMLYLU[S` PU SPNO[�
VY [OL SL]LS VM WLYZVUHS JVTMVY[ VY ^LSSILPUN
[OH[ Z\JO SPNO[PUN WYV]PKLZ� JHU ZVTL[PTLZ IL
KPMÄJ\S[ [V KLTVUZ[YH[L [OYV\NO OHYK
WLYMVYTHUJL TL[YPJZ� /V^L]LY� 5PJOPH OHZ
ILLU KLSP]LYPUN UL^ WYVK\J[Z IHZLK VU [OPZ
JVUJLW[ [V ZOV^ [OL ]HS\L HUK PTWVY[HUJL VM
¸X\HSP[` VM SPNO[¹� Z\JO HZ 6W[PZVSPZ� ^OPJO
YLWYVK\JLZ UH[\YHS SPNO[� HUK [OL /� :LYPLZ
^OPJO KLSP]LYZ ]P]PK HUK ILH\[PM\S JVSVYZ ^OPSL
THPU[HPUPUN OPNO LMÄJHJ �̀

;OL ,\YVWLHU )YVHKJHZ[PUN <UPVU �,)<�
;LJOUPJHS *VTTP[[LL OHZ KLÄULK VUL
PUKPJH[VY [V L_WYLZZ X\HSP[` VM SPNO[� [OL
;LSL]PZPVU 3PNO[PUN *VUZPZ[LUJ` 0UKL_ �;3*0��
;3*0 X\HU[PÄLZ [OL JVSVY YLWYVK\J[PVU VM
PSS\TPUH[LK VIQLJ[Z ^OLU [OL` HYL WYVQLJ[LK VU
H KPZWSH` [OYV\NO H JHTLYH� =PKLV HUK PTHNLZ
[HRLU \UKLY OPNO ;3*0 SPNO[PUN OH]L OPNOLY
JVSVY YLWYVK\JPIPSP[` [OHU [OVZL [HRLU \UKLY
VYKPUHY` 3,+ SPNO[PUN� HSSV^PUN \ZLYZ [V LUQV`
UH[\YHS� ]P]PK� HUK ILH\[PM\S PTHNLZ VU ;=Z�
7*Z� HUK ZTHY[WOVUL ZJYLLUZ� ;OL OPNOLY
JVSVY YLWYVK\JPIPSP[` HSZV THRLZ P[ WVZZPISL [V
YLK\JL [OL [PTL HUK JVZ[ WYL]PV\ZS` ZWLU[ VU
JVSVY LKP[PUN�

;YHKP[PVUHSS �̀ ;3*0 OHZ ILLU HU PUKL_ [OH[ PZ
VM[LU YLX\PYLK MVY ;= YLJVYKPUN HUK
IYVHKJHZ[PUN HWWSPJH[PVUZ Z\JO HZ SPNO[PUN PU
Z[HKP\TZ HUK PUKVVY HYLUHZ� 5PJOPH OHZ OHK H
OPNO�WV^LY 3,+ SPUL\W ^P[O NYLH[ ;3*0
TL[YPJZ� ZWLJPÄJHSS` [HYNL[PUN Z[HKP\T SPNO[PUN�
PUJS\KPUN [OL 5=�>)��(4� 5=�>)��(9

HUK 5=:>�� ( ZLYPLZ� /V^L]LY� ^P[O [OL
JVU[PU\LK HKVW[PVU VM YLTV[L ^VYR HZ ^LSS HZ
V[OLY UL^ VUSPUL HJ[P]P[PLZ� [OLYL PZ HU
PUJYLHZPUN KLTHUK MVY PUKVVY SPNO[PUN ^P[O OPNO
JVSVY YLWYVK\JPIPSP[` [OYV\NO H JHTLYH� Z\JO
HZ ]PY[\HS TLL[PUNZ� ]PKLV YLJVYKPUNZ HUK
TVYL� ;V YLZWVUK [V [OPZ KLTHUK� 5PJOPH OHZ
KL]LSVWLK HUK SH\UJOLK H ;3*0 VW[PVU ^P[O
[OL 5-:>���.�7�/��9 ���Q��[ �� ^OPJO
HJOPL]LZ OPNO ;3*0 TL[YPJZ MVY SPNO[PUN PU
PUKVVY ]PKLV WYVK\J[PVU�

)` JVTIPUPUN 5PJOPH»Z \UPX\L WOVZWOVY
[LJOUVSVN` HUK [OL ;YP.HPU� ;LJOUVSVN` VM
., *\YYLU[� H +HPU[YLL *VTWHU �̀ [OPZ 3,+
HJOPL]LZ OPNO ;3*0� OPNO JVSVY YLUKLYPUN �
;4��� HUK OPNO LMÄJPLUJ` H[ [OL ZHTL [PTL�
ZVTL[OPUN UV[ WVZZPISL ^P[O L_PZ[PUN OPNO
JVSVY YLUKLYPUN 3,+Z� ;OPZ 3,+ LUHISLZ [OL
KLZPNU VM S\TPUHPYLZ HWWYVWYPH[L MVY [LSL^VYR�
VUSPUL TLL[PUNZ� PUKVVY ]PKLV YLJVYKPUNZ HUK
WOV[VNYHWO` ^P[O ZTHY[WOVULZ� 5PJOPH
ILSPL]LZ [OH[ [OPZ ^PSS NYLH[S` JVU[YPI\[L [V
PTWYV]PUN WLVWSL»Z X\HSP[` VM ^VYR HUK SPML�

5PJOPH JVU[PU\V\ZS` L_WSVYLZ OV^ SPNO[ IYPUNZ
]HS\L HUK LUOHUJLZ WLVWSL»Z SP]LZ HUK ^PSS
LUKSLZZS` W\YZ\L [OL PKLHS SPNO[ ZV\YJL� "

.)#()!�S (ORTISOLIS� ,%$S
0ROVIDE AN /PTIMIZED
3PECTRUM FOR 0LANT 'ROWTH

5PJOPH� [OL ^VYSK»Z SHYNLZ[ 3,+ THU\MHJ[\YLY
HUK PU]LU[VY VM OPNO�IYPNO[ULZZ IS\L HUK ^OP[L
3,+Z� HUUV\UJLZ [OL SH\UJO VM [OL
/VY[PZVSPZ� :LYPLZ VM ^OP[L 3,+Z� )`
PUJVYWVYH[PUN VUS` [OL SPNO[ ULJLZZHY` MVY WSHU[
NYV^[O PU VUL WHJRHNL [OYV\NO [OL KLSPJH[L
JVTIPUH[PVU VM WOVZWOVYZ� /VY[PZVSPZ� THRLZ
P[ WVZZPISL [V TH_PTPaL [OL WYVK\J[PVU
LMÄJPLUJ` WLY HYLH VM [OL ]LY[PJHS MHYT ^OPSL
WYV]PKPUN H NVVK ^VYRPUN LU]PYVUTLU[ ^P[OPU
[OL JSVZLK LU]PYVUTLU[Z�

;OLYL OHZ ILLU H Z[LHK` PUJYLHZL NSVIHSS` PU
[OL U\TILY VM HY[PÄJPHS MHYTZ [OH[ WYVK\JL
]LNL[HISLZ HUK MY\P[Z Z[HIS` HUK Z`Z[LTH[PJHSS`
[OYV\NOV\[ [OL `LHY ^P[OV\[ ILPUN HMMLJ[LK I`
HIUVYTHS ^LH[OLY VY UH[\YHS KPZHZ[LYZ� ;OLYL
HYL [^V [`WLZ VM HY[PÄJPHS MHYTZ! H JSVZLK VUL
^OPJO ZVSLS` \ZLZ HY[PÄJPHS SPNO[ ^P[OV\[ HU`
UH[\YHS Z\USPNO[� Z\JO HZ H ]LY[PJHS MHYT ^P[OPU
H I\PSKPUN� ;OL V[OLY [`WL PZ H ZVSHY�IHZLK
NYLLU OV\ZL [OH[ \ZLZ HY[PÄJPHS SPNO[ HZ H
Z\WWSLTLU[ [V UH[\YHS Z\USPNO[� 0U HU` JHZL�
^OPSL Z\USPNO[ PZ MYLL VM JOHYNL� HY[PÄJPHS SPNO[
NLULYH[LZ JVZ[Z PU LX\PWTLU[ HUK LULYN �̀
;OLYLMVYL P[ PZ PTWVY[HU[ [V PKLU[PM` [OL
ULJLZZHY` ^H]LSLUN[OZ MVY WSHU[ NYV^[O� HUK
JVUJLU[YH[L VU [OVZL ZWLJPÄJ ^H]LSLUN[OZ [V
WYV]PKL [OL SPNO[ [OH[ JHU LMÄJPLU[S` NYV^
WSHU[Z ^P[O HZ ML^ SPNO[PUN Ä_[\YLZ HUK LULYN`
HZ WVZZPISL�

0U :OHUNOHP� *OPUH 5PJOPH LZ[HISPZOLK P[Z V^U
]LY[PJHS MHYT [V M\Y[OLY WYV]L V\[ YLZLHYJO HUK

PTWSLTLU[H[PVU MVY LHJO HWWSPJH[PVU� PUJS\KPUN
WSHU[ NYV^[O� <[PSPaPUN P[Z JVTWL[LUJPLZ PU
3,+Z HUK WOVZWOVYZ� 5PJOPH WLYMVYTLK THU`
L_WLYPTLU[Z PU [OL ]LY[PJHS MHYT� Z[\K`PUN [OL
[OYLL [`WLZ VM WOV[VYLJLW[VYZ ^P[OPU [OL WSHU[
HUK [OLPY ZOHKL H]VPKHUJL YLZWVUZL
ILOH]PVYZ� >OLU WSHU[Z KL[LYTPUL [OL` HYL PU
[OL ZOHKL VM HUV[OLY WSHU[� [OL` YLZWVUK I`
L_[LUKPUN [OLPY Z[LTZ [V VI[HPU H IL[[LY SPNO[
LU]PYVUTLU[� :\IZLX\LU[S �̀ 5PJOPH ÄUHSS`
Z\JJLLKLK PU KL]LSVWPUN HUK JVTTLYJPHSPaPUN
[OL /VY[PZVSPZ� :LYPLZ VM ^OP[L 3,+Z ^OPJO
ZPT\S[HULV\ZS` HJOPL]LZ [OL TH_PT\T
WYVK\J[PVU LMÄJPLUJ` WLY HYLH HUK HSZV [OL
JVTMVY[ HUK LMÄJPLUJ` VM [OL ^VYRLYZ�

5PJOPH ILSPL]L [OL /VY[PZVSPZ� :LYPLZ VM ^OP[L
3,+Z JV\SK JVU[YPI\[L [V ZVS]L [OL PZZ\LZ VM
MVVK ZOVY[HNL NLULYH[LK I` HIUVYTHS ^LH[OLY
VY UH[\YHS KPZHZ[LYZ NSVIHSS �̀

5PJOPH JVU[PU\V\ZS` L_WSVYLZ OV^ SPNO[ IYPUNZ
]HS\L HUK LUOHUJLZ WLVWSL»Z SPML� HUK ^PSS
LUKSLZZS` W\YZ\L [OL PKLHS SPNO[ ZV\YJL� "
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3\TPSLKZ HUUV\UJLK P[Z UL^ 3<?,65
:\U7S\Z /7,� H OPNO WV^LY� KLLW�YLK
����UT� 3,+ KLZPNULK ZWLJPÄJHSS` MVY [OL
OVY[PJ\S[\YL SPNO[PUN PUK\Z[Y �̀ 3<?,65 :\U7S\Z
/7, HJOPL]LZ [OL OPNOLZ[ 77- HUK 77, MYVT
P[Z PUK\Z[Y` Z[HUKHYK ���TT ZX\HYL JLYHTPJ
WHJRHNL� ;OL UL^ KLLW�YLK 3,+ PZ WHY[ VM [OL
:\U7S\Z OVY[PJ\S[\YL WVY[MVSPV [OH[ JV]LYZ H
IYVHK YHUNL VM ^H]LSLUN[OZ HUK JVSVYZ�
PUJS\KPUN ^OP[L� W\YWSL� HUK SPTL� PU H ]HYPL[` VM
TPK�WV^LY� OPNO�WV^LY� HUK *V) WHJRHNLZ
^OPJO VMMLYZ ÅL_PIPSP[` [V NYV^LYZ [V JYLH[L H
ZWLJPÄJ 3PNO[PUN TP_ YLX\PYLK MVY ]HYPV\Z [`WLZ
VM JYVWZ [V NP]L NYV^LYZ [OL LKNL�

¸4\JO VM [OL OVY[PJ\S[\YL THYRL[ PZ HKVW[PUN
ZVS\[PVUZ [OH[ \ZL H TP_ VM ^OP[L HUK KLLW�YLK
3,+Z�¹ ZHPK 37 3PL �̂ :LUPVY 7YVK\J[
4HYRL[PUN 4HUHNLY H[ 3\TPSLKZ� ¸;OL UL^
3<?,65 :\U7S\Z KLSP]LYZ [VW UV[JO
WLYMVYTHUJL� (UK P[»Z H]HPSHISL ^P[O L_[YLTLS`
ZOVY[ SLHK�[PTLZ� ([ [OL LUK VM [OL KH �̀ P[»Z [OL
OPNOLZ[ WLYMVYTPUN 3,+ HUK P[Z ZOPWWPUN�¹

3<?,65 :\U7S\Z /7, OHZ [OL YVI\Z[ULZZ [V
Z[HUK \W [V OHYZO OVY[PJ\S[\YL LU]PYVUTLU[Z
HUK KLSP]LY [OL SVUNL]P[` L_WLJ[LK VM HSS
3<?,65 3,+Z� 0[ WHPYZ L_JLW[PVUHSS` ^LSS ^P[O
V\Y /PNO LMÄJHJ` 3<?,65 :\U7S\Z ���� HUK
���� 3,+Z� [OL [^V TVZ[ JVTTVUS` KLWSV`LK
^OP[L 3,+Z� ;OPZ ^OP[L HUK KLLW�YLK
OVY[PJ\S[\YL JVTIPUH[PVU JHU ZPNUPÄJHU[S` KYP]L
KV^U [OL Z`Z[LT JVZ[ HUK YLK\JL VWLYH[PUN
JVZ[Z K\L [V [OL ZVS\[PVU»Z Z\WLYPVY LMÄJHJ �̀
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;OL 3<?,65 :\U7S\Z /7, ^P[O P[Z PUK\Z[Y`
Z[HUKHYK WHJRHNL OHZ ]HYPV\Z VMM�[OL�ZOLSM
VW[PJHS ZVS\[PVUZ H]HPSHISL [V LUHISL KLZPNULYZ
[V ZLSLJ[ [OL YPNO[ ]PL^PUN HUNSLZ [V HJOPL]L
[OL HWWYVWYPH[L PU[LUZP[` VM 3PNO[ MVY [OL JYVWZ�
3<?,65 :\U7S\Z PZ H ZPUNSL WVY[MVSPV
LUNPULLYLK [V HKKYLZZ [OL M\SS IYLHK[O VM
OVY[PJ\S[\YL SPNO[PUN HWWSPJH[PVUZ�

-VY TVYL PUMVYTH[PVU HIV\[ 3<?,65 :\U7S\Z
/7, HUK [V HJJLZZ [OL KH[HZOLL[� JSPJR OLYL�
;V ]PL^ [OL LU[PYL 3<?,65 :\U7S\Z
OVY[PJ\S[\YL WVY[MVSPV ]PZP[
O[[WZ!��S\TPSLKZ�JVT�WYVK\J[Z�OVY[PJ\S[\YL�
SLKZ� "

#IRCULAR %CONOMY ,%$ $RIVER

3HYNLY VWLYH[PUN ^PUKV^Z HUK ZSPT OV\ZPUNZ
L]LU H[ OPNO ^H[[HNLZ HYL [OL Z[HUK�V\[
MLH[\YLZ VM ;YPKVUPJ»Z UL^ .,5� 3,+ KYP]LY
WSH[MVYT� ;OL ÄYZ[ [^V ]LYZPVUZ HYL UV^ ILPUN
SH\UJOLK� ;OLZL KYP]LYZ HYL HSZV [OL ÄYZ[ 3,+
KYP]LYZ [V OH]L [OL ,4* �,_[LYUHSS` 4HUHNLK
*VTWVULU[Z� Z\Z[HPUHIPSP[` KLJSHYH[PVU�

,?*� ÅL_* SW 3,+ KYP]LYZ PU KPTTPUN HUK
UVU�KPTTPUN ]LYZPVUZ HYL Z\P[HISL� PU
WHY[PJ\SHY� MVY \ZL PU 3,+ HYLH S\TPUHPYLZ�
;OHURZ [V SHYNL VWLYH[PUN ^PUKV^Z H ZPUNSL
KYP]LY JHU JV]LY H SHYNL U\TILY VM WVZZPISL
HWWSPJH[PVUZ� (Z H YLZ\S[� S\TPUHPYL
THU\MHJ[\YLYZ JHU YLK\JL [OL U\TILY VM
WYVK\J[Z [OL` OVSK PU Z[VJR ^P[OV\[ Z\MMLYPUN

HU` NHWZ PU V\[W\[ YHUNLZ MVY [OLPY S\TPUHPYLZ�
L]LU MVY OPNO ^H[[HNL [`WLZ�

;OL UHYYV �̂ SV^�WYVÄSL OV\ZPUN NP]LZ
KLZPNULYZ LUVYTV\Z MYLLKVT [V JYLH[L ZSPT
S\TPUHPYLZ� (SS [OL KYP]LY [`WLZ VM [OL .,5�
WSH[MVYT OH]L H OLPNO[ VM �� TPSSPTL[YLZ [V
Z\WWVY[ [OL VUNVPUN [YLUK MVY TPUPH[\YPaLK
S\TPUHPYLZ�

6U [OL KPTTHISL ]LYZPVU [OL VUL�HSS PU[LYMHJL
WYV]PKLZ H U\TILY VM KPMMLYLU[ KPTTPUN
VW[PVUZ� ;OL ZVM[^HYL LUHISLZ LULYN �̀ SPNO[PUN
HUK KPHNUVZ[PJ KH[H [V IL YLHK� [OHURZ [V [OL
;YPKVUPJ S\T+(;( MLH[\YLZ�

(SS [OL .,5� KYP]LYZ MLH[\YL HU 5-* PU[LYMHJL
ZV [OL` JHU IL X\PJRS` WYVNYHTTLK PU
WYVK\J[PVU� HUK LHZPS` HKHW[LK ^PYLSLZZS` L]LU
PM [OL` OH]L HSYLHK` ILLU PUZ[HSSLK� 0M H JOHUNL
PZ YLX\PYLK [OL KL]PJLZ JHU IL YLWYVNYHTTLK
H[ HU` [PTL ]PH [OPZ ^PYLSLZZ PU[LYMHJL� 0M H
KL]PJL PZ YLWSHJLK [OL KH[H JHU IL X\PJRS` HUK
LHZPS` [YHUZMLYYLK [V [OL UL^ KL]PJL� 6Y [OL
S\TPUHPYL WYVWLY[PLZ JHU IL YLWYVNYHTTLK VU
ZP[L ^P[OV\[ OH]PUN [V YLWSHJL [OL S\TPUHPYL�
>P[O 5-* T\S[P�WYVNYHTTPUN� \W [V [LU
KL]PJLZ JHU IL WYVNYHTTLK PU H ZPUNSL Z[LW�

-VY H Z\Z[HPUHISL JPYJ\SHY LJVUVT`
;OL UL^ KYP]LYZ Z\WWVY[ [OL [YHUZP[PVU [V H
JPYJ\SHY LJVUVT` IHZLK VU [OL *YHKSL [V
*YHKSL WYPUJPWSL� ,?*� ÅL_* SW KYP]LYZ OH]L HU
,4* �,_[LYUHSS` 4HUHNLK *VTWVULU[Z�
KLJSHYH[PVU ZV S\TPUHPYL THU\MHJ[\YLYZ JHU

\ZL [OPZ JVTWVULU[ PU [OLPY WYVK\J[Z ^P[OV\[
[OL ULLK MVY HU` M\Y[OLY HJ[PVU MVY [OLPY *YHKSL
[V *YHKSL JLY[PÄJH[PVU WYVQLJ[� ,4* TLHUZ
[OH[ [OL JVTWVULU[ KVLZ UV[ OH]L HU`
OHYTM\S LMMLJ[Z VU O\THUZ VY UH[\YL K\YPUN
UVYTHS \ZL� 0U ]PL^ VM [OL TH[LYPHSZ ZLSLJ[LK
MVY [OLZL KYP]LYZ� ;YPKVUPJ HZ [OL ÄYZ[ Z\WWSPLY
JHU [HRL YLZWVUZPIPSP[` MVY [OL *YHKSL [V *YHKSL
Z\P[HIPSP[` VM [OL KYP]LYZ�

,4* PZ H JYP[PJHS Z[LW [V^HYKZ *YHKSL [V *YHKSL
JLY[PÄJH[PVU HUK WHY[ VM [OL ¸:\Z[HPUHISL
;YPKVUPJ¹ WYVNYHTTL� ;OYV\NO [OPZ PUP[PH[P]L�
[OL JVTWHU` PZ KL]LSVWPUN WYVK\J[Z HUK
ZVS\[PVUZ [OH[ JVTWS` ^P[O [OL JVUJLW[ VM [OL
JPYJ\SHY LJVUVT �̀ (UV[OLY MHJ[VY PZ [OH[ [OL
UL^�NLULYH[PVU 3,+ KYP]LYZ VMMLY H NYLH[LY
U\TILY VM WVZZPISL HWWSPJH[PVUZ ^OPSL YLK\JPUN
YLZV\YJLZ� [OHURZ MVY L_HTWSL [V [OL SHYNLY
VWLYH[PUN ^PUKV^Z� ;YPKVUPJ ^HU[Z [V Z\WWVY[
J\Z[VTLYZ PU KL]LSVWPUN Z\Z[HPUHISL WYVK\J[Z�

*YHKSL [V *YHKSL JLY[PÄJH[PVU PZ [OL NSVIHS
Z[HUKHYK MVY WYVK\J[Z [OH[ HYL THU\MHJ[\YLK
MVY YLJ`JSHIPSP[` HUK PUJS\KLZ YLX\PYLTLU[Z
IHZLK VU [OL JYP[LYPH MVY Z\Z[HPUHISL WYVK\J[
SPML J`JSLZ� UHTLS` WYL]LU[PVU VM ^HZ[L�
TH[LYPHS ZH]PUNZ� YLZWVUZPISL \ZL VM YLZV\YJLZ
HUK YLK\JLK JVUZ\TW[PVU VM YHYL TH[LYPHSZ� "
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3URIHVVRU 0DUWLQ '$:621
7YVM� +(>:65 PZ VUL VM [OL
^VYSK»Z SLHKPUN YLZLHYJOLYZ PU [OL
ÄLSK VM TPJYV�3,+Z� 0U ����� 7YVM�
+(>:65 ^HZ H^HYKLK [OL
6W[PJH�6:(»Z 5PJR /VSVU`HR 1Y
(^HYK HUK 0:(»Z .SVIHS :VSPK :[H[L
3PNO[PUN (^HYK VM 6\[Z[HUKPUN
(JOPL]LTLU[ �[OL SH[[LY ZOHYLK
^P[O 7YVMLZZVY /VUN_PUN 1PHUN VM
;L_HZ ;LJO <UP]LYZP[`��



7YVMLZZVY 4HY[PU +(>:65 VM [OL <UP]LYZP[` VM :[YH[OJS`KL� PU .SHZNV^
<2� PZ HU PU[LYUH[PVUHSS` HJRUV^SLKNLK WPVULLY VM [OL ÄLSK VM TPJYV�3,+Z�
H [LJOUVSVN` VM NYLH[ PU[LYLZ[ ^VYSK^PKL MVY UL^ MVYTZ VM ]LYZH[PSL HUK
OPNO�WLYMVYTHUJL LSLJ[YVUPJ ]PZ\HS KPZWSH`Z� /L OHZ W\YZ\LK H
���`LHY�WS\Z ]PZPVU VM [OPZ [LJOUVSVN` PU]VS]PUN L_[LUZP]L MV\UKH[PVUHS
HUK SHUKTHYR KL]PJL HUK Z`Z[LTZ» KLTVUZ[YH[PVUZ� PU WHY[PJ\SHY IHZLK
VU JHWHIPSP[PLZ VMMLYLK I` PU�OV\ZL MHIYPJH[PVU VM TPJYV�3,+Z HUK [OLPY
PU[LNYH[PVU ^P[O J\Z[VT�KLZPNULK *46:� 7YVM� +(>:65»Z JVU[YPI\[PVUZ
[V TPJYV�3,+Z OH]L ILLU YLJVNUPaLK I` H U\TILY VM THQVY PU[LYUH[PVUHS
H^HYKZ PUJS\KPUN� PU ����� IV[O 6W[PJH�6:(»Z 5PJR /VSVU`HR 1Y (^HYK
HUK 0:(»Z .SVIHS :VSPK :[H[L 3PNO[PUN (^HYK VM 6\[Z[HUKPUN (JOPL]LTLU[
�[OL SH[[LY ZOHYLK ^P[O 7YVMLZZVY /VUN_PUN 1PHUN VM ;L_HZ ;LJO <UP]LYZP[`��
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/(' SURIHVVLRQDO� 7KDQN \RX IRU
DJUHHLQJ WR WKLV LQWHUYLHZ 3URIHVVRU
'DZVRQ� 3HUKDSV ZH FRXOG VWDUW RII
ZLWK VRPH SHUVRQDO DQG SURIHVVLRQDO
EDFNJURXQG�

3URI� 0DUWLQ '$:621� 0 OH]L ILLU
MVY[\UH[L [V OH]L OHK H JHYLLY [OH[ OHZ
L_WVZLK TL [V H ^PKL YHUNL VM �THPUS`
ZVSPK�Z[H[L HUK ZLTPJVUK\J[VY IHZLK�
WOV[VUPJZ [LJOUVSVNPLZ HUK [OL HW�
WSPJH[PVUZ VM [OVZL [LJOUVSVNPLZ� ;OPZ
OHZ WYVK\JLK H IYLHK[O VM WLYZWLJ�
[P]L� MYVT TH[LYPHSZ [OYV\NO KL]PJLZ [V
Z`Z[LTZ KLTVUZ[YH[VYZ� ^OPJO PZ ]LY`
OLSWM\S ZJPLU[PÄJHSS` HUK VM WHY[PJ\SHY
]HS\L PU PKLU[PM`PUN [LJOUVSVNPJHS JVU�
ULJ[PVUZ HJYVZZ KPZJPWSPUL IV\UKHYPLZ�
( RL` [OLTL [OYV\NOV\[ OHZ ILLU KVPUN
M\UKHTLU[HS YLZLHYJO ^VYR ^P[O WV[LU�
[PHS HWWSPJH[PVUZ PU TPUK MYVT [OL V\[ZL[�
^OH[ ZVTL ^V\SK JHSS º\ZL�PUZWPYLK IHZPJ
YLZLHYJO»�

0 Z[HY[LK V\[ PU [OL LHYS` � ��Z HZ H 7O+
Z[\KLU[ H[ 0TWLYPHS *VSSLNL PU 3VUKVU�
^VYRPUN VU \S[YHMHZ[ SHZLYZ� UVUSPULHY
VW[PJZ HUK Z[YLHR JHTLYHZ� ;OPZ HSZV
PU[YVK\JLK TL [V VW[PJHS ZWLJ[YVZJVW`
VM ZLTPJVUK\J[VYZ HUK ZLTPJVUK\J[VY
SHZLYZ IHZLK VU LHYS`�Z[HNL 000�= LWP[H_`
H[ 7OPSPWZ 9LZLHYJO 3HIZ� 9LKOPSS� <2�
4` YLZLHYJO Z\WLY]PZVYZ MYVT [OH[ [PTL
�>PSZVU :PIIL[[ HUK 9V` ;H`SVY� OH]L
WYV]PKLK T\JO�]HS\LK TLU[VYZOPW HUK
LUJV\YHNLTLU[ [OYV\NOV\[ T` Z\IZL�
X\LU[ JHYLLY�

0 [OLU ZWLU[ Ä]L `LHYZ HZ H WVZ[�KVJ[VYHS
YLZLHYJOLY �HUK Z\IZLX\LU[S` ]PZP[PUN
HZZPZ[HU[ WYVMLZZVY� PU [OL <:( � ÄYZ[ PU
;L_HZ HUK [OLU PU 0V^H � JVU[PU\PUN [V

KL]LSVW UV]LS \S[YHMHZ[ SHZLY [LJOUVS�
VN` ^OPJO ^HZ JVTTLYJPHSPaLK I\[ HSZV
IYVHKLUPUN HUK KLLWLUPUN T` RUV^S�
LKNL VM UVUSPULHY VW[PJZ HUK JHYYPLY K`�
UHTPJZ PU ZLTPJVUK\J[VYZ� PU WHY[PJ\SHY
\ZPUN 000�= Z[Y\J[\YLZ WYV]PKLK I` /\NOLZ
9LZLHYJO 3HIZ�� 4HSPI\� *HSPMVYUPH�

0 YL[\YULK [V [OL <2 PU �  � [V QVPU [OL
[OLU UL^S`�MVYTLK :OHYW 3HIVYH[VYPLZ
VM ,\YVWL 3[K� PU 6_MVYK� ;OPZ ^HZ L_�
JP[PUN HZ ^L ^LYL Z[HY[PUN [OPZ PUK\Z[YPHS
YLZLHYJO SHIVYH[VY` LU[PYLS` MYVT ZJYH[JO�
;OL JOHSSLUNL ^HZ [V LZ[HISPZO H UV]LS
9
+ WYVNYHT [OH[ Ä[[LK [OL JVTWHU`»Z
JVTTLYJPHSPaH[PVU [PTLZJHSLZ HUK Z[YH[�
LN` HUK ^L THUHNLK [V KV [OPZ I` MV�
J\ZZPUN VU YLK�LTP[[PUN (S0U.H7�.H(Z
ZLTPJVUK\J[VYZ MVY 3,+Z HUK SHZLYZ�
PTWVY[HU[ H[ [OH[ [PTL MVY LTLYNPUN HWWSP�
JH[PVUZ PU L�N� KPNP[HS ]LYZH[PSL KPZR �+=+�
VW[PJHS KH[H Z[VYHNL� 0UP[PHSS` ^L ^VYRLK
^P[O TH[LYPHS NYV^U [V V\Y ZWLJPÄJH[PVUZ
I` ,70 �Z\IZLX\LU[S` YLUHTLK 08,� 3[K��
*HYKPMM� <2� SH[LY Z\WWSLTLU[LK I` PU�
OV\ZL�NYV^U NHZ ZV\YJL 4), ^HMLYZ�
>L HSZV PUP[PH[LK JVSSHIVYH[P]L ^VYR ^P[O
5V[[PUNOHT <UP]LYZP[` �;VT -V_VU HUK
1VOU 6Y[VU� IV[O L_�7OPSPWZ� VU NHSSP\T
UP[YPKL ZLTPJVUK\J[VYZ� ;OPZ ^HZ T` ÄYZ[
L_WVZ\YL [V NHSSP\T UP[YPKL HUK ^L OHK
HJJLZZ UV[ VUS` [V 5V[[PUNOHT�NYV^U
TH[LYPHS I\[ HSZV [V LHYS` NHSSP\T UP[YPKL
3,+ KL]PJLZ MYVT 5PJOPH" ^VYR JVT�
TLUJLK HYV\UK �  � HUK QVPU[ WHWLYZ
VU NHSSP\T UP[YPKL ^P[O 5V[[PUNOHT HW�
WLHYLK MYVT HYV\UK �  �� ^OLU [OPZ ^HZ
Z[PSS H ]LY` UL^ ÄLSK�

0U �  �� 0 TV]LK [V [OL <UP]LYZP[` VM
:[YH[OJS`KL [V QVPU P[Z UL^S` LZ[HISPZOLK
0UZ[P[\[L VM 7OV[VUPJZ ^OPJO MVJ\ZZLZ

VU HWWSPJH[PVUZ�VYPLU[LK 9
+ VM WV[LU�
[PHS YLSL]HUJL [V PUK\Z[Y �̀ ( YL[\YU [V
HJHKLTPH PU [OPZ ZWLJPHS LU]PYVUTLU[
^HZ H[[YHJ[P]L [V TL HUK 0 ^HZ [OL 0U�
Z[P[\[L»Z ÄYZ[ [LJOUPJHS LTWSV`LL� 0 OH]L
ILLU [OLYL L]LY ZPUJL� ILPUN WYVTV[LK
[V 7YVMLZZVY PU ����� +PZ[PUN\PZOLK 7YV�
MLZZVY PU ��� �^OLU [OL KLZPNUH[PVU
^HZ ÄYZ[ JYLH[LK H[ [OL <UP]LYZP[`� HUK
OVSKPUN [OL YVSL VM +PYLJ[VY VM 9LZLHYJO�
YLZWVUZPISL MVY PU[YVK\JPUN� V]LYZLLPUN
HUK Z\WWVY[PUN TVZ[ VM [OL YLZLHYJO
HJ[P]P[ �̀ (NHPU ^L OHK HU HSTVZ[ ISHUR
ZOLL[ [V Z[HY[ MYVT� I\[ PU ^OH[ PZ PU OPUK�
ZPNO[ HU HTHaPUNS` ZOVY[ WLYPVK VM [PTL
HUK KYH^PUN VU [OL IHJRNYV\UK HIV]L�
^L OHK MV\UK PUP[PHS VWWVY[\UP[PLZ PU \S�
[YHMHZ[ SHZLYZ \[PSPZPUN ZLTPJVUK\J[VY ZH[�
\YHISL HIZVYILY TPYYVYZ �:,:(4Z�" NHS�
SP\T UP[YPKL LWP[H_` HUK KL]PJL YLZLHYJO
�PUJS\KPUN TPJYV�3,+Z�" .H(Z�IHZLK
ºKPS\[L UP[YPKLZ»" VW[PJHSS` W\TWLK ZLTP�
JVUK\J[VY SHZLYZ" HUK �ZPUNSL�JY`Z[HS�
KPHTVUK WOV[VUPJZ" HUK ^L HSZV THU�
HNLK [V LZ[HISPZO H UL^ JSLHUYVVT HUK
TPJYVMHIYPJH[PVU JHWHIPSP[` [V Z\WWVY[ [OPZ
YLZLHYJO� ;OL 0UZ[P[\[L OHZ ZPUJL NYV^U
[V HYV\UK �� Z[HMM HUK 7O+�,UN+ Z[\�
KLU[Z HUK JVU[PU\LZ [V [OYP]L� IYVHKLU�
PUN P[Z PU[LYLZ[Z MYVT [OL IHZLSPUL [OLTLZ
HIV]L� 0»T Z\YL ^L»SS IL L_WSVYPUN ZVTL
VM [OLZL [VWPJZ PU TVYL KL[HPS PU `V\Y M\Y�
[OLY X\LZ[PVUZ�

;OLU� PU ����� ^L OHK [OL VWWVY[\UP[`
[V LZ[HISPZO [OL ÄYZ[ -YH\UOVMLY YLZLHYJO
JLU[YL PU [OL <2� [OL -YH\UOVMLY *LU[YL
MVY (WWSPLK 7OV[VUPJZ �-O�*(7�� VWLY�
H[LK HZ H SLNHSS` PUKLWLUKLU[ HMÄSPH[L VM
[OL -YH\UOVMLY .LZLSSZJOHM[ PU .LYTHU �̀
0 OVSK [OL /LHKZOPW �:JPLU[PÄJ +PYLJ[VY�
ZOPW� VM -O�*(7 PU WHYHSSLS [V T` JVU[PU�
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\PUN <UP]LYZP[` WVZP[PVU PU [OL 0UZ[P[\[L VM
7OV[VUPJZ HUK P[ PZ H RL` WHY[ VM [OL QVPU[
YVSL [V Z[PT\SH[L HUK THUHNL [OL 9
+ PU�
[LYHJ[PVUZ IL[^LLU [OLZL [^V VYNHUPZH�
[PVUZ� (NHPU� ^L ^LYL JOHSSLUNLK [V Z[HY[
[OPZ -YH\UOVMLY 9
+ JLU[YL MYVT ZJYH[JO�
HS[OV\NO VM JV\YZL ^P[O PTWVY[HU[ Z\W�
WVY[ HUK HK]PJL MYVT V\Y JVSSLHN\LZ PU
.LYTHU �̀ -O�*(7 [VVR HU PUP[PHS [LJOUP�
JHS WVZP[PVUPUN PU ZJPLU[PÄJ SHZLY Z`Z[LTZ
MVY TL[YVSVN` HUK PUZ[Y\TLU[H[PVU HW�
WSPJH[PVUZ� SPURPUN [V HU HYLH VM OPZ[VYPJHS
JVYL HJHKLTPJ HUK PUK\Z[YPHS Z[YLUN[O PU
[OL *LU[YHS )LS[ VM :JV[SHUK �.SHZNV^�
,KPUI\YNO JVYYPKVY�� (SPNULK [V [OPZ� -O�
*(7 ^HZ� HUK PZ� LZWLJPHSS` ^LSS WSHJLK
[V W\YZ\L HU HNLUKH PU X\HU[\T [LJO�
UVSVN` � ^L YLHSPaLK [OH[ ]LY` LHYS` VU�
0[ PZ UV^ WYVTPULU[ PU [OL <2»Z 5H[PVUHS
8\HU[\T ;LJOUVSVN` 7YVNYHT HJYVZZ
HSS THPU [OLTLZ VM X\HU[\T PTHNPUN�
ZLUZPUN� [PTPUN� JVTT\UPJH[PVUZ HUK
�PUJYLHZPUNS`� JVTW\[H[PVU� ;OPZ *LU[YL
J\YYLU[S` ZP[Z H[ HYV\UK �� Z[HMM HUK Z[\�
KLU[Z� HUK [V KH[L OHZ OHK M\UKLK 9
+
JVSSHIVYH[PVUZ PU V]LY ��� WYVNYHTZ ^P[O
V]LY ��� JVTWHUPLZ�

/(' SURIHVVLRQDO� &RXOG \RX H[SODLQ
ZKDW PLFUR�/('V DUH DQG KRZ WKH\
GLIIHU IURP QRUPDO /('V"

3URI� 0DUWLQ '$:621� ;OL UHTL
TPJYV�3,+Z OHZ YLHSS` JVTL [V Z`TIVS�

PaL WP_LSH[LK 3,+ [LJOUVSVN` ^OLYL [OL
WP_LS ZPaL PZ PU [OL YHUNL � [V ZL]LYHS ��»Z
VM TPJYVUZ PU LKNL KPTLUZPVU VY KPHTL�
[LY� >L [LUK �PU V\Y 0UZ[P[\[L� [V \ZL P[ H
SP[[SL IP[ TVYL IYVHKS` [OHU [OH[ MVY WP_LS
ZPaLZ SLZZ [OHU HIV\[ ��� TPJYVUZ� ;OL
PKLH PZ [OH[ [`WPJHSS` [OLZL Z[Y\J[\YLZ HYL
MHIYPJH[LK MYVT JVU]LU[PVUHS NHSSP\T UP�
[YPKL 3,+ LWP[H_PHS ^HMLYZ HS[OV\NO [OL`
JHU IL Z\IQLJ[ [V ZWLJPHSPaLK NYV^[O [V
[Y` [V VW[PTPaL [OLPY JOHYHJ[LYPZ[PJZ� )\[
ILJH\ZL VM [OLPY TPJYVU ZPaL [OL` OH]L
H U\TILY VM WLYMVYTHUJL HK]HU[HNLZ
HUK KPZ[PUJ[P]L WO`ZPJHS WYVWLY[PLZ� HUK 0
[OPUR [OPZ PZ ZVTL[OPUN [OH[»Z UV[ HS^H`Z
^LSS HWWYLJPH[LK� 7LVWSL JHU [OPUR [OH[
P[»Z X\P[L H ZPTWSL [OPUN Q\Z[ [V [HRL H ���
TPJYVU KPHTL[LY VY H �TT ZX\HYL JVU�
]LU[PVUHS JOPW ZPaLK 3,+ HUK Q\Z[ ZOYPUR
P[ KV^U� HUK L]LY`[OPUN Z[H`Z [OL ZHTL �
I\[ P[ KVLZU»[� ;OLYL HYL WHY[PJ\SHY JOHY�
HJ[LYPZ[PJZ VM OV^ `V\ JHU L_[YHJ[ SPNO[
MYVT HUK PTHNL [OL V\[W\[ VM [OVZL ZTHSS
WP_LSZ� OV^ `V\ JHU JVU[YVS [OLT LSLJ�
[YVUPJHSS �̀ HUK OV^ `V\ JHU TVK\SH[L
[OLT � HUK [OLYL»Z H SV[ VM WO`ZPJZ [OH[ PZ
KPMMLYLU[� Z\JO HZ J\YYLU[ KLUZP[` KLWLU�
KLUJL� Q\UJ[PVU [LTWLYH[\YL ILOH]PVY�
TVK\SH[PVU IHUK^PK[O� JHYYPLY SPML[PTL
LMMLJ[Z HUK HSZV ÄLSK ZJYLLUPUN LMMLJ[Z
PUZPKL [OL KL]PJLZ�

>P[O TPJYV�3,+Z `V\ HWWS` J\YYLU[Z
[OYV\NO H ZTHSS KL]PJL HUK `V\ NL[ ]LY`

OPNO J\YYLU[ KLUZP[PLZ� @V\ JHU KYP]L TPS�
SPHTWZ [OYV\NO H ZPUNSL WP_LS HUK LUK \W
^P[O J\YYLU[ KLUZP[PLZ +* VM RPSVHTWZ WLY
ZX\HYL JT� ;OPZ PZ VUL VM [OL YLTHYRHISL
MLH[\YLZ VM NHSSP\T UP[YPKL� [OH[ `V\ JHU
Z\Z[HPU [OLZL ]LY` OPNO J\YYLU[ KLUZP[PLZ
PU H YVI\Z[ KL]PJL� 0[ JHU HMMLJ[ [OL KPM�
MLYLU[PHS JHYYPLY SPML[PTL HUK ZV HMMLJ[ [OL
TVK\SH[PVU YLZWVUZL VM [OL KL]PJLZ HUK
P[ JHU HSSV^ LUOHUJLK ÄLSK ZJYLLUPUN�
;OLYL HYL HSZV KPZ[PUJ[P]L YLSH[PVUZOPWZ
[V [OH[ OPNO JHYYPLY KLUZP[` [V [OPUNZ SPRL
OV^ [OL LMÄJPLUJ` KYVVW JOHYHJ[LYPZ�
[PJ VM [OL KL]PJLZ SVVRZ� 0 ZOV\SK HSZV
ZH �̀ HZZVJPH[LK ^P[O [OL ZTHSS WP_LS ZPaL
HUK OPNO J\YYLU[ KLUZP[ �̀ [OH[ `V\»YL L_�
[YHJ[PUN [OL SPNO[ MYVT H ZTHSS HYLH ZV
[OL VW[PJHS WV^LY KLUZP[` [OH[ PZ LTP[[LK
MYVT [OL KL]PJLZ JHU IL ]LY` OPNO HZ ^LSS
¶ ^H[[Z WLY JT�� ;OH[»Z HSZV HU LUHISLY
VM [OL HWWSPJH[PVUZ [OH[ `V\ JHU OH]L MVY
TPJYV�3,+ [LJOUVSVN �̀ 6M JV\YZL ^OLU
`V\ OH]L Z\JO H ZTHSS KL]PJL `V\»]L NV[
H SV[ VM Z\YMHJL HYLH [V [OL HJ[P]L HYLH
HUK [OPZ OHZ YLHSS` IYV\NO[ [V [OL MVYL
[OL PZZ\L VM Z\YMHJL YLJVTIPUH[PVU HUK
LMMLJ[Z VU [OL PU[LYUHS HUK L_[LYUHS X\HU�
[\T LMÄJPLUJ` VM [OLZL KL]PJLZ� :V ^OLU
`V\ W\ZO KV^U ]LY` ZTHSS `V\ RUV^
[OLYL PZ HU L_[YH JOHSSLUNL PU OV^ `V\
THPU[HPU [OL LMÄJPLUJ` VM [OL KL]PJLZ�
/LUJL [OLYL HYL NVVK [OPUNZ HUK IHK
[OPUNZ PU [OL WO`ZPJZ� I\[ [OL RL` WVPU[ H[
[OL LUK VM [OL KH` PZ [OH[ `V\ OH]L H KL�
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]PJL [LJOUVSVN` [OH[ JHU IL WYVK\JLK PU
]LY` OPNO KLUZP[` �+ HUK �+ HYYH`Z HUK
LP[OLY KPYLJ[S` ]PL^LK VY PTHNLK� ;OH[
PZ YLHSS` H RL` LUHISLY� [VNL[OLY ^P[O [OL
IYPNO[ULZZ� [OL ZWLJ[YHS ZLSLJ[P]P[` HUK
[OL MHZ[ YLZWVUZL VM TPJYV�3,+Z� (SS [OPZ
YLHSS` VWLUZ \W [OL YHUNL VM HWWSPJH[PVUZ
MVY [OPZ [LJOUVSVN �̀

>L»]L [HRLU [OL ]PL^ MYVT [OL ILNPU�
UPUN [OH[ TPJYV�3,+Z ^V\SK VUS` IL�
JVTL H THZZ THYRL[ [LJOUVSVN` PM P[
^HZ PTWSLTLU[LK PU JVU]LU[PVUHS LWP�
[H_PHS Z[Y\J[\YLZ� ;OH[»Z V\Y ]PL^" V[OLYZ
TH` ZLL P[ KPMMLYLU[S �̀ ;OL ^VYR ^Lº]L
KVUL PZ [OLYLMVYL HSTVZ[ L_JS\ZP]LS` VU
J�WSHUL ZHWWOPYL PU [OL JHZL VM .H5 VU
ZHWWOPYL \ZPUN JVU]LU[PVUHS LWP[H_PHS
3,+ Z[Y\J[\YLZ VY ZPTPSHY JVU]LU[PVUHS
[`WL Z[Y\J[\YLZ VU ZPSPJVU� 6M JV\YZL P[»Z
PTWVY[HU[ [V PU]LZ[PNH[L JOHYHJ[LYPZ[PJZ
Z\JO HZ [OL U\TILY VM X\HU[\T ^LSSZ
PU H KL]PJL MVY H WHY[PJ\SHY [`WL VM HWWSP�
JH[PVU� >OLU `V\ VWLYH[L \UKLY [OLZL
OPNO J\YYLU[ KLUZP[` JVUKP[PVUZ HUK `V\
HYL [Y`PUN [V VW[PTPaL MVY KH[HJVT VY
ZVTL[OPUN SPRL [OH[ [OLYL PZ H ULLK [V
KV Z`Z[LTH[PJ PU]LZ[PNH[PVUZ VU JVU]LU�
[PVUHS JOPW Z\IZ[YH[L NYV^[O� 0[ PZ HSZV
WVZZPISL [V MHIYPJH[L TPJYV�3,+Z \[PSPaPUN
^OH[ TPNO[ IL [LYTLK ZWLJPHSPaLK Z\I�
Z[YH[LZ [V NP]L L�N� ZLTP� VY UVU�WVSHY
KL]PJLZ� ;OPZ JHU TP[PNH[L [OL LMMLJ[Z VM
YLK\JLK LSLJ[YVU HUK OVSL ^H]LM\UJ[PVU
V]LYSHW K\L [V PU[LYUHS LSLJ[YPJ ÄLSKZ PU
TVYL JVU]LU[PVUHS Z[Y\J[\YLZ ^OPJO JHU
HMMLJ[ [OL YLJVTIPUH[PVU� LMÄJPLUJ �̀ JHY�
YPLY SPML[PTL HUK ZV VU� 0U WYPUJPWSL� `V\
JHU NL[ HYV\UK [OVZL [`WLZ VM SPTP[H[PVUZ
^P[O UVU�Z[HUKHYK NYV^[O Z\IZ[YH[LZ
HUK [OH[»Z H ]LY` MHZJPUH[PUN HYLH VM PU�
]LZ[PNH[PVU� :VTL NYV\WZ HYL SVVRPUN H[
[OLZL ZVY[Z VM [OPUNZ� SPRL H[ [OL <UP]LY�
ZP[` VM 5L^ 4L_PJV VY [OL <UP]LYZP[` VM
*HSPMVYUPH :HU[H )HYIHYH� ( RL` X\LZ�
[PVU PZ PM [OLYL PZ LUV\NO KLTHUK PU [OL
THYRL[ [V THRL HU HMMVYKHISL HUK ZJHS�
HISL JVTTLYJPHS TPJYV�3,+ [LJOUVSVN`
V\[ VM NYV^[O VU [OLZL UVU�Z[HUKHYK
Z\IZ[YH[LZ� 4H`IL TPJYV�3,+ PZ [OL \ZL
JHZL [OH[ ^PSS LUHISL [OH[�
;OL IPN JVTTLYJPHS KYP]LY H[ [OL TVTLU[
PZ VI]PV\ZS` VU [OL SHYNL HYLH KPZWSH`Z
HUK ^LHYHISL KPZWSH`Z� ( O\NL HTV\U[
VM LMMVY[ OHZ ILLU W\[ PU I` [OL JVT�
TLYJPHS THU\MHJ[\YLYZ [V LZ[HISPZO ]P�
HISL TL[OVKZ [V HZZLTISL [OL YLX\PYLK
TPSSPVUZ VM TPJYV�3,+ WP_LSZ VU[V LSLJ�
[YVUPJ IHJRWSHULZ HUK PU[LYMHJLZ� ;OLZL
PUJS\KL THZZ [YHUZMLY� TLJOHUPJHS ZLSM�
HZZLTIS` HUK ZV VU� ;OLYL»Z H YHUNL VM
KPMMLYLU[ [OPUNZ [OH[ JVTTLYJPHS Z\WWSPLYZ
HYL YLHSS` MVJ\ZPUN VU UV^ HUK `V\ JHU

ZLL [OL HTHaPUN Z\JJLZZ VM [OL WYVK\J[Z
[OH[ [OL` HYL HJOPL]PUN� >OH[ ^L [LUK
[V SVVR TVYL [V^HYKZ PZ [OL KPNP[HS SPNO[
WYVQLJ[PVU [`WL VM HWWSPJH[PVUZ VM TPJYV�
3,+Z� ;OLYL `V\ TH` UV[ ULLK [OL HYLH
ZJHSPUN [OH[ H KPZWSH` OHZ� ;OL TVZ[ [`W�
PJHS HWWYVHJO PU [OH[ JHZL� WHY[PJ\SHYS`
PU [OL JHZL VM [OL LWP�Z[Y\J[\YLZ VU ZHW�
WOPYL� PZ [V ÅPW�JOPW IVUK [OL TPJYV�3,+
HYYH` VU[V H *46: JOPW� 6\Y UL^ TLNH
WYVQLJ[VY JOPW [OH[»Z H JV\WSL VM ��Z VM
[OV\ZHUKZ VM TPJYV�3,+ WP_LSZ VU HIV\[
H �� TPJYVU WP_LS ZPaL� LHJO TPJYV�3,+
^P[O �� TPJYVU WP[JO� PZ VU H *46: JOPW

^OLYL LHJO VM [OVZL PUKP]PK\HS WP_LSZ OHZ
HU PUKP]PK\HS *46: KYP]LY � HUK [OH[»Z
KVUL I` IVUKPUN� ;OL V[OLY HWWYVHJO
[OH[ ^L»]L SVVRLK H[ PZ ^OLYL [OL NHS�
SP\T UP[YPKL PZ NYV^U VU ZPSPJVU HUK [OLU
[OLYL»Z H ]HYPL[` VM ^H`Z PU ^OPJO `V\
JHU KL[HJO [OH[ TH[LYPHS MYVT P[Z NYV^[O
Z\IZ[YH[L HUK [YHUZMLY P[ V]LY VU[V [OL
LSLJ[YVUPJZ�

0[»Z ]LY` Z[YHPNO[MVY^HYK [V VI[HPU NYLLU
LTPZZPVU HUK IS\L LTPZZPVU MVY TPJYV�
3,+Z \ZPUN NHSSP\T UP[YPKL� I\[ P[»Z T\JO
TVYL KPMÄJ\S[ [V NL[ LMÄJPLU[ YLK� ;OLYL
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HYL ]HYPV\Z ^H`Z PU ^OPJO `V\ JHU [Y`
[V KV [OH[ PU UP[YPKL TH[LYPHS� MVY L_HT�
WSL OH]PUN UHUV^PYL Z\IZ[Y\J[\YL ^P[OPU
`V\Y TPJYV�3,+ WP_LS� VY `V\ JHU PUJVY�
WVYH[L YHYL LHY[O TH[LYPHSZ PU[V [OL UP[YPKL
TH[YP_� (S[LYUH[P]LS` `V\ JHU KV^U JVU�
]LY[ [OL IS\L VY NYLLU LTPZZPVU \ZPUN H
WOV[V�W\TWPUN [LJOUPX\L ^P[O ZVTL
ZVY[ VM JVSVY JVU]LY[PUN V]LYSH`LY [OH[
TPNO[� MVY L_HTWSL� IL X\HU[\T KV[Z
VY VYNHUPJ ZLTPJVUK\J[VYZ� ;OLZL HYL
WYVTPZPUN HWWYVHJOLZ [OH[ SPUR [V V[OLY
[`WLZ VM KPZWSH` [LJOUVSVN` HUK [OL` HK�
KYLZZ JOHSSLUNLZ VM \ZPUN JVU]LU[PVUHS
YHYL LHY[O [`WL WOVZWOVYZ ^P[O TPJYV�
3,+Z� Z\JO HZ [OL PUJVTWH[PIPSP[` VM [OLPY
NYHPU ZPaL ^P[O [OL TPJYV�ZPaLK WP_LSZ
VY ILPUN [VV ZSV^ PU YLZWVUZL [PTL [V
TH[JO [OL MHZ[ YLZWVUZL VM [OL TPJYV�
3,+ ILPUN JVSVY JVU]LY[LK� 6]LYHSS� [OL
JVTTLYJPHS YV\[L [OH[ ZLLTZ PU MH]V\Y
MVY [OL LTLYNPUN TPJYV�3,+ KPZWSH` THY�
RL[ H[ [OL TVTLU[ PZ [V \ZL [OL HS[LYUH�
[P]L (S0U.H7 VU .H(Z TH[LYPHS Z`Z[LT MVY
[OL YLK LTPZZPVU JVTWVULU[� (UK [OLU
`V\ ULLK [V OH]L ZVTL ZVY[ VM HZZLTIS`
[LJOUPX\L [OH[ HSSV^Z UP[YPKL IHZLK IS\L
HUK NYLLU KL]PJLZ [V IL JVTIPULK [V�
NL[OLY ^P[O [OL YLK (S0U.H7�.H(Z LTP[�
[LYZ�

/(' SURIHVVLRQDO� $QRWKHU SRLQW ZKLFK
VHHPV WR EH GLIIHUHQW EHWZHHQ PLFUR�
/('V DQG VWDQGDUG /('V LV WKH WLPH�
OLQH RI WKH UHVHDUFK DQG GHYHORSPHQW
SKDVHV� %RWK UHVHDUFK VWDUWLQJ SRLQWV
ZHUH TXLWH VLPLODU � LQ WKH ODWH ����V
DQG HDUO\ ����V � EXW WKH VWDQGDUG
/('V DUH TXLWH PDWXUH QRZ� ZKHUHE\
WKH PLFUR�/('V DUH VWLOO DW D YHU\ HDUO\
VWDJH� :K\ LV WKLV"

3URI� 0DUWLQ '$:621� 0 [OPUR H SV[ KL�
WLUKZ VU ^OH[ [OL YLHS MVJ\Z HYLH MVY PU�
K\Z[Y` PZ H[ HU` WHY[PJ\SHY [PTL� -YVT [OL
ILNPUUPUN VM [OL UP[YPKL ÄLSK� [OL [LJOUVS�
VN` OHZ ILLU WYPUJPWHSS` PUK\Z[Y` KYP]LU�
0 ^V\SK ZH` [OL \UP]LYZP[PLZ OH]L WYV�
]PKLK �HUK JVU[PU\L [V WYV]PKL� H SV[ VM
[OL PTWVY[HU[ IHJRNYV\UK M\UKHTLU�
[HS PU]LZ[PNH[PVUZ I\[ P[ PZ [OL JVTWHUPLZ
[OH[ OH]L KYP]LU [OL LTLYNLUJL VM UP�
[YPKLZ [V JVTTLYJPHS WYVK\J[Z� 0 N\LZZ
P[ ^HZ YLHSS` H TH[[LY VM ^OH[ WYVK\J[Z
^LYL [OL WYPVYP[PLZ VU [OLPY YVHKTHW�
,HYS` VU� [OL RL` KYP]LYZ ^LYL [OPUNZ SPRL
OV^ KV `V\ THRL OPNO�WV^LY� OPNO�
IYPNO[ULZZ JVU]LU[PVUHS JOPW�ZPaLK 3,+Z�
HUK OV^ KV `V\ THRL ^OP[L 3,+Z MVY
SPNO[PUN� 0UK\Z[Y`»Z H[[LU[PVU ^HZ [O\Z
LSZL^OLYL [OHU VU TPJYV�3,+Z� ;OL`
^LYL UV[ [OPURPUN HIV\[ [OL WVZZPIPSP[`
VM UP[YPKL TH[LYPHSZ JVTWYPZPUN H TPJYV�

KPZWSH` [LJOUVSVN` VY H OPNO�YLZVS\[PVU
KPZWSH` [LJOUVSVN �̀ :V ^OLU NYV\WZ
SPRL V\YZ Z[HY[LK [OPUNZ VMM PU [OL TPJYV�
3,+ ÄLSK� HYV\UK ����� ^L ^LYL ]LY`

S\JR` ILJH\ZL ^L OHK �� `LHYZ VY ZV [V
L_WSVYL [OL WV[LU[PHS VM [OL [LJOUVSVN`
HUK I\PSK�\W [OL \ZL JHZLZ HUK NLU�
LYH[L [OL PU[LYLZ[ ILMVYL V\Y PUK\Z[YPHS



-PN\YL �! ;OL 4LNHWYVQLJ[VY TPJYV�3,+ IHZLK KPNP[HS SPNO[ WYVQLJ[PVU Z`Z[LT KL]LSVWLK \UKLY [OL ,7:9*»Z
º8\HU[PJ» WYVNYHT�

-PN\YL �! 7YVQLJ[LK SPNO[ V\[W\[ VM [OL <UP]LYZP[` VM :[YH[OJS`KL SVNV� PTHNLK H[ HYV\UK [^V TL[LYZ�

40*96�3,+: 05;,9=0,>796-� 4(9;05 +(>:65! " #

0ZZ\L  ��4H`�1\UL����� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� c 3PNO[PUN ;LJOUVSVNPLZ 
 +LZPNU ��

JVSSLHN\LZ WYVWLYS` ZH^ [OL WV[LU[PHS�
)\[ UV^ PUK\Z[Y` PZ M\SS` PU]VS]LK HUK
YLHSS` VUS` P[ JHU ZVS]L [OL PZZ\LZ VM HZ�
ZLTISPUN SP[LYHSS` TPSSPVUZ VM [OLZL KL]PJLZ
PU[V KPZWSH`Z ^P[O OPNO \UPMVYTP[` HUK
OPNO�WLYMVYTHUJL � [OH[ JHU»[ IL KVUL
PU HJHKLTPH� 6]LYHSS� [OLU� 0 ^V\SK ZH`
[OH[ P[ ^HZU»[ [OH[ [OL WV[LU[PHS THYRL[ MVY
TPJYV�3,+Z KPKU»[ L_PZ[ LHYS` VU� P[ ^HZ
Q\Z[ [OH[ UVIVK` OHK YLHSS` [OV\NO[ VM P[�

/(' SURIHVVLRQDO� <RX KDYH PHQ�
WLRQHG \RXU LQWURGXFWLRQ WR JDOOLXP
QLWULGH LQ WKH HDUO\ ����V� &DQ \RX
H[SODLQ ZKDW DSSURDFK \RX WRRN LQ
HVWDEOLVKLQJ JDOOLXP QLWULGH UHVHDUFK
ZKHQ \RX MRLQHG WKH ,QVWLWXWH RI 3KR�
WRQLFV DW WKH 8QLYHUVLW\ RI 6WUDWK�
FO\GH"

3URI� 0DUWLQ '$:621� >VYR VU [OL
ZWLJ[YVZJVW` HUK TPJYVZJVW` VM NHSSP\T
UP[YPKL� MYVT [OL WLYZWLJ[P]L VM TH[LYP�
HSZ ZJPLUJL HUK M\UKHTLU[HS SPNO[�TH[[LY
PU[LYHJ[PVUZ� ^HZ HSYLHK` \UKLY^H` PU
[OL +LWHY[TLU[ VM 7O`ZPJZ ^OLU 0 QVPULK
:[YH[OJS`KL PU LHYS` �  �� 4` PU[LYLZ[�
HSPNULK ^P[O [OL KPZ[PUJ[P]L TPZZPVU VM [OL
0UZ[P[\[L VM 7OV[VUPJZ� ^HZ KPMMLYLU[! [V
KV KL]PJL YLZLHYJO HUK KL]LSVWTLU[�
]PH LZ[HISPZOPUN JHWHIPSP[` MVY NYV^PUN
HUK WYVJLZZPUN NHSSP\T UP[YPKL� ;OPZ ^HZ
JSLHYS` KLWLUKLU[ \WVU ZLJ\YPUN THQVY
JHWP[HS LX\PWTLU[ YLZV\YJLZ MVY LWP[H_`
HUK TPJYV�MHIYPJH[PVU� >L ^LYL Z\J�
JLZZM\S PU [OPZ� ^PUUPUN NYHU[ M\UKPUN HUK
I\PSKPUN YLSH[PVUZOPWZ ^P[O [OL JVTWHUPLZ
(P_[YVU HUK :;: �Z\IZLX\LU[S` :7;:��
YLZWLJ[P]LS �̀ [V LZ[HISPZO 46=7, NYV^[O
HUK PUK\J[P]LS`�JV\WSLK WSHZTH �0*7�
KY` L[JOPUN JHWHIPSP[ �̀ HUK Z\IZLX\LU[S`
YLJLP]PUN Z\WWVY[ MYVT 08, [V HZZPZ[ PU
YLJY\P[PUN H JY`Z[HS NYV^LY �T` SVUN�[PTL
JVSSLHN\L +Y 0HU >H[ZVU�� (SS VM [OPZ ^HZ
PU WSHJL I` HYV\UK �   � -\Y[OLYTVYL�
LUNHNLTLU[ ^P[O :JV[SHUK»Z UH[PVUHS
LU[LYWYPZL HNLUJ` �:JV[[PZO ,U[LYWYPZL�
WLYTP[[LK H W\ISPJS`�V^ULK� PUK\Z[Y`�
Z\WWVY[PUN VMM�JHTW\Z MHI HUK JSLHU�
YVVT MHJPSP[` [V IL ZWLJPÄLK HUK I\PS[�
[V OV\ZL [OPZ \UP]LYZP[`�V^ULK LX\PW�
TLU[ HSVUNZPKL V[OLY JHWHIPSP[ �̀ ;OPZ
^HZ UHTLK *VTWV\UK :LTPJVUK\J�
[VY ;LJOUVSVNPLZ �MYVT ^OPJO LTLYNLK
*VTWV\UK :LTPJVUK\J[VY ;LJOUVSVNPLZ
.SVIHS� UV^ :P]LYZ 7OV[VUPJZ��

;V T` RUV^SLKNL [OL HIV]L ^HZ [OL
ÄYZ[ UL^ 46=7, Z`Z[LT PU [OL <2 KLK�
PJH[LK [V NHSSP\T UP[YPKL NYV^[O HUK [OL
<2»Z ÄYZ[ 0*7 KY` L[JOPUN Z`Z[LT ZV KLK�
PJH[LK� HUK ZP[[PUN [OLZL [VVSZ HSVUNZPKL
LHJO V[OLY ^HZ H JY\JPHS WHY[ VM [OL ]P�

ZPVU MVY V\Y YLZLHYJO� ;OL 0*7 L[JOPUN�
LZWLJPHSS �̀ OHZ ILLU H THPUZ[H` PU V\Y YL�
ZLHYJO V]LY [OL WHZ[ �� `LHYZ� WLYTP[[PUN
WYVJLZZPUN VM H YHUNL VM [LJOUVSVNPJHSS`
PU[LYLZ[PUN OHYK VW[PJHS TH[LYPHSZ� PUJS\K�
PUN ZHWWOPYL� ZPSPJVU JHYIPKL HUK KPH�
TVUK HZ ^LSS HZ NHSSP\T UP[YPKL� TH[LYPHSZ
^OVZL JOHYHJ[LYPZ[PJZ ^L OH]L L_WSVYLK
PUKP]PK\HSS �̀ I\[ HSZV PU JVTIPUH[PVU! MVY
L_HTWSL WLYTP[[PUN Z\IZ[YH[L�IHZLK
TPJYV�VW[PJZ �PU ZHWWOPYL VY :P*� [V IL
MHIYPJH[LK PU YLNPZ[Y` ^P[O NHSSP\T UP[YPKL
SPNO[�LTP[[PUN TPJYV�KL]PJLZ�

( JV\WSL VM LHYS` PU[LYHJ[PVUZ OLSWLK
IYPUN [OPZ UL^ JHWHIPSP[` [V TH[\YP[` HUK
H[[YHJ[ ZVTL H[[LU[PVU� -PYZ[� JVSSLHN\LZ
PU V\Y 7O`ZPJZ +LWHY[TLU[ OHK HYYHUNLK

MVY M\[\YL 5VILS 3H\YLH[L :O\QP 5HRH�
T\YH �[OLU Z[PSS H[ 5PJOPH� [V IL H ]PZP[PUN
WYVMLZZVY H[ :[YH[OJS`KL� +Y 5HRHT\YH
]PZP[LK \Z ZL]LYHS [PTLZ PU [OVZL LHYS`
`LHYZ HUK NH]L LUJV\YHNLTLU[ ¶ OL OHZ
ILLU H^HYL VM V\Y PU[LYLZ[ PU TPJYV�3,+Z
ZPUJL [OL LHYS` ����Z� 0[ ^HZ H WHY[PJ\�
SHY WSLHZ\YL [OH[ OL ^HZ PU]VS]LK PU [OL
YLJLU[ WYLZLU[H[PVU JLYLTVU` VM 0:(»Z
.SVIHS :VSPK :[H[L 3PNO[PUN (^HYK� (SZV�
^L LZ[HISPZOLK H JVSSHIVYH[PVU VU NHSSP\T
UP[YPKL ^P[O [OL :HTZ\UN (K]HUJLK 0UZ[P�
[\[L VM ;LJOUVSVN` �:(0;� H[ HYV\UK [OL
ZHTL [PTL ^OPJO PUP[PHSS` PUJS\KLK [OLT
ZLUKPUN \Z VUL VM [OLPY YLZLHYJO Z[HMM HZ
H 7O+ Z[\KLU[� ;OPZ SLK [V ZL]LYHS L_JLS�
SLU[ 2VYLHU YLZLHYJOLYZ PU Z\JJLZZPVU
ILPUN IHZLK PU V\Y NYV\W�
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/(' SURIHVVLRQDO� :KHQ DQG KRZ GLG
PLFUR�/('V FRPH LQWR WKH SLFWXUH LQ
\RXU ODERUDWRU\"

3URI� 0DUWLQ '$:621� >L ^LYL SVVR�
PUN MVY H UV]LS [OLTL [V KPMMLYLU[PH[L V\Y
WYVNYHT HUK PUP[PHSS` MVJ\ZZLK VU IH�
ZPJ KY` L[JOPUN PU]LZ[PNH[PVUZ VM .H5�
HWWYVHJOLZ [V THRPUN .H5 =*:,3Z
HUK TPJYV�VW[PJZ� HUK VU PU]LZ[PNH[PVUZ
VM SHZLY SPM[�VMM�SHZLY TPJYV�THJOPUPUN PU
.H5� >L ÄSLK H WH[LU[ ^OPJO WYVWVZLK
[OH[ KPLSLJ[YPJ THZRZ MVY LWP[H_PHS SH[LYHS
V]LYNYV^[O �,36.� JV\SK IL PU [OL MVYT
VM V_PKL�IHZLK KPZ[YPI\[LK )YHNN YLÅLJ�
[VY TPYYVY Z[HJRZ� Z\IZLX\LU[S` V]LY�
NYV^U [V WYV]PKL H SV^LY ºI\YPLK» )YHNN
TPYYVY MVY .H5 =*:,3Z ^OPSZ[ HSZV PT�
WYV]PUN [OL KL]PJL HJ[P]L YLNPVU HIV]L�
>L THKL HUK W\ISPZOLK ZVTL IHZPJ
KLTVUZ[YH[PVUZ VM Z\JO V]LYNYV^[O VU
KPLSLJ[YPJ TPYYVYZ HUK 0 ^HZ PU[LYLZ[LK PU
YLJLU[ `LHYZ [V ZLL [OPZ HWWYVHJO Z\J�
JLZZM\SS` W\YZ\LK [V M\SS .H5 =*:,3
PTWSLTLU[H[PVU I` :VU �̀

;OL Z[\KPLZ HIV]L WSHU[LK [OL ZLLK VM
TPJYVZJHSL .H5 KL]PJLZ ÄYTS` PU V\Y
TPUKZ� /LUJL ^OLU [OL ]LY` ÄYZ[ WHWLYZ
VU TPJYV�3,+Z HWWLHYLK MYVT [OL NYV\W
VM T` NVVK MYPLUKZ 7YVMLZZVYZ /VUN_PUN
1PHUN HUK 1PUN`\ 3PU �[OLU H[ 2HUZHZ
:[H[L <UP]LYZP[ �̀ UV^ H[ ;L_HZ ;LJO�
PU ���� [OPZ PTTLKPH[LS` THKL HU PT�
WHJ[� 0 MLS[ [OH[ [OPZ ^HZ H [LJOUVSVN` ^L
^LYL ^LSS WSHJLK [V JVU[YPI\[L [V� HUK
ZV ^L Z[HY[LK [V KLZPNU HUK WYVJLZZ V\Y
V^U KL]PJLZ WYL[[` T\JO Z[YHPNO[H^H �̀
>L VI[HPULK M\UKPUN MVY H ��`LHY PUP[PHS
WYVNYHT ����� ¶ ����� VU ¸.H5 ]PZP�
ISL TPJYV�3,+Z MVY HK]HUJLK KPZWSH`Z¹
HUK ILNHU W\ISPZOPUN V\Y ÄYZ[ YLZ\S[Z PU
�������� )` ����� ^L OHK HK]HUJLK
[OL IHZPJ KPZWSH` KLTVUZ[YH[PVUZ [V HY�
YH`Z VM �� _  � ≈�� �T�ZPaLK WP_LSZ
HUK ZOV^LK ZVTL IHZPJ PTHNL KPZWSH`
JHWHIPSP[` H[ IS\L HUK NYLLU ^H]LSLUN[OZ
�0,,, ,SLJ[YVU� +L]� 3L[[� ������ >L
HSZV WH[LU[LK H ZSVWLK ZPKL^HSS TPJYV�
WP_LS ZOHWPUN HWWYVHJO ^OPJO MHJPSP[H[LK
[OL JVUMVYTHS TL[HSSPZH[PVU VM [OLZL KL�
]PJLZ HUK OLSWLK PU SPNO[ L_[YHJ[PVU�

/(' SURIHVVLRQDO� +RZ GLG \RXU UH�
VHDUFK LQWR PLFUR�/('V GHYHORS DQG
PDWXUH LQ WKH HDUO\ \HDUV"

3URI� 0DUWLQ '$:621� ( IPN Z[LW
PU V\Y YLZLHYJO ^HZ VI[HPUPUN ����� ¶
����� H SHYNL NYHU[ VU TPJYV�3,+Z \UKLY
[OL <2 ,7:9*»Z �,UNPULLYPUN HUK 7O`Z�
PJHS :JPLUJLZ 9LZLHYJO *V\UJPS»Z� )HZPJ
;LJOUVSVN` 7YVNYHT� ^OPJO PU]VS]LK

HU L_[LUZP]L ^LI VM JVSSHIVYH[PVUZ ^P[O
V[OLY \UP]LYZP[PLZ HUK YLZLHYJO KPZJP�
WSPULZ� (S[OV\NO T\JO VM [OL PU[LYLZ[
PU TPJYV�3,+Z ^HZ � HUK PZ � MVJ\ZZLK
VU KPYLJ[�]PL^ KPZWSH` HWWSPJH[PVUZ� ^L
OHK H ]PZPVU [OH[ [OPZ JV\SK IL H UL^
MVYT VM KPNP[HS SPNO[ WYVQLJ[PVU [LJOUVS�
VN` Z\P[HISL MVY H ^PKL YHUNL VM ZJPLU[PÄJ
HUK PUZ[Y\TLU[H[PVU HWWSPJH[PVUZ� ZV ^L
[LHTLK \W ^P[O V[OLY WO`ZPJPZ[Z� HUK
^P[O JOLTPZ[Z� LUNPULLYZ� HUK TH[LYPHSZ
ZJPLU[PZ[Z� [V L_WSVYL [OPZ� ;OL JVYL PKLH
^HZ VM H WH[[LYU�WYVNYHTTHISL ºWPJV�
WYVQLJ[PVU [LJOUVSVN`» Z\P[HISL MVY PUP[PH[�
PUN� Z[PT\SH[PUN VY JVU[YVSSPUN SPNO[�TH[[LY
PU[LYHJ[PVUZ H[ ]PZPISL�<= ^H]LSLUN[OZ
^P[O TH[LYPHSZ HZ KP]LYZL HZ WVS`TLYZ
HUK IPVSVNPJHS Z`Z[LTZ�

( SV[ JHTL V\[ VM [OH[ WYVNYHT� PUJS\K�
PUN KLTVUZ[YH[PVUZ VM! TPJYV�3,+Z MVY
KPYLJ[�^YP[PUN WOV[VSP[OVNYHWO` HUK HZ�
ZVJPH[LK THU\MHJ[\YL VM NLUL JOPWZ"
TPJYV�3,+ HYYH`Z PU [OL ULHY�<=" TPJYV�
3,+Z MVY Z[Y\J[\YLK PSS\TPUH[PVU ^PKL�
ÄLSK VW[PJHS ZLJ[PVUPUN TPJYVZJVW`" JVS�
SVPKHS X\HU[\T KV[ JVSVY JVU]LY[LYZ MVY
KV^U�JVU]LYZPVU [V LUHISL T\S[P�JVSVY
VWLYH[PVU VM TPJYV�3,+ HYYH`Z IHZLK
VU VUL LWP�Z\IZ[YH[L� >L PU[YVK\JLK
*46: MVY HJ[P]L WP_LS KYP]PUN HUK [OPZ
PUJS\KLK *46: JOPWZ ^P[O ZPUNSL�WOV[VU
H]HSHUJOL WOV[VKPVKLZ �:7(+Z�� MHJPSP�
[H[PUN YV\[LZ [V OPNOS`�WHYHSSLS JOPW�ZJHSL
[PTL�YLZVS]LK Å\VYLZJLUJL Z`Z[LTZ�
;OPZ WYVNYHT ILNHU H SVUN� JVU[PU\PUN
HUK ]LY` MY\P[M\S JVSSHIVYH[PVU VU *46:�
KYP]LU TPJYV�3,+Z �HUK :7(+Z� ^P[O V\Y
JVSSLHN\L H[ [OL <UP]LYZP[` VM ,KPUI\YNO�
7YVMLZZVY 9VILY[ 2� /LUKLYZVU� 0U HK�
KP[PVU� [OL PKLH VM VW[VNLUL[PJZ OHK Q\Z[
ILN\U [V LTLYNL H[ [OH[ [PTL� HUK [OPZ
NYHU[ LUHISLK� ^P[O JVSSLHN\LZ H[ 0T�
WLYPHS *VSSLNL� ÄYZ[ KLTVUZ[YH[PVUZ VM
TPJYV�3,+ WOV[V�Z[PT\SH[PVU VM SPNO[�
HJ[P]H[LK VWZPUZ PU UL\YVUZ� 4HU` VM
[OLZL KL]LSVWTLU[Z ^LYL JVSSLJ[LK
[VNL[OLY PU H ZWLJPHS JS\Z[LY PZZ\L VM
1�7O`Z�+! (WWS� 7O`Z� �=VS� ��� 4H`
������

4VZ[ VM [OLZL KLTVUZ[YH[PVUZ VWLULK
\W YLHSS` UL^ HYLHZ HUK 0 HSZV Z\TTH�
YPaLK [OLZL ÄUKPUNZ PU HU PU]P[LK [HSR H[
[OL *3,6�8,3: JVUMLYLUJL PU �����
3PNO[ LTP[[PUN KPVKL WPVULLY 4� .LVYNL
*YHMVYK ^HZ PU [OL H\KPLUJL HUK OL
ZLLTLK [V YLHJ[ ^P[O PU[LYLZ[ ^OLU 0
TLU[PVULK KYP]PUN [OL TPJYV�3,+Z I`
*46:� ( JVSSLHN\L ^OV ^HZ [OLYL H[
[OL [PTL HUK ^OV ZH^ [OH[ YLHJ[PVU ZHPK
¸`V\ YLHSS` NV[ OPZ H[[LU[PVU¹� 7LYOHWZ
TVTLU[HYPS` � P[»Z UPJL [V [OPUR ZV�

/(' SURIHVVLRQDO� 3OHDVH WHOO XV VRPH�
WKLQJ DERXW LQGXVWULDO LQWHUHVW DQG
HQJDJHPHQW LQ \RXU ZRUN�

3URI� 0DUWLQ '$:621� >L»K HS^H`Z
OHK PU TPUK [OH[ [OPZ ^HZ H WV[LU[PHSS`
JVTTLYJPHSPaHISL [LJOUVSVN �̀ 0UKLLK
[OL PUP[PHS M\UKPUN 0 TLU[PVULK HIV]L�
MYVT V\Y UH[PVUHS LU[LYWYPZL HNLUJ` PU
:JV[SHUK PU ���������� ^HZ NP]LU [V \Z
[V KL]LSVW [OL [LJOUVSVN` [V [OL WVPU[
VM� HUK [V L_WSVYL VW[PVUZ MVY� JVTTLY�
JPHSPaH[PVU� >L ^LYL [OLYLMVYL JHYLM\S
[V YL[HPU JVYL RUV^�OV^ HUK [V ÄSL PU�
[LSSLJ[\HS WYVWLY[` ^OLU HWWYVWYPH[L�
-VY ]HYPV\Z YLHZVUZ� PU WHY[PJ\SHY PKLU�
[PM`PUN HUK ZLJ\YPUN H Z\P[HISL JOPLM L_�
LJ\[P]L� P[ HJ[\HSS` [VVR \U[PS ��� \U�
[PS ^L SH\UJOLK V\Y ZWPU�V\[ JVTWHU`
T3,+ 3[K� ;OL <UP]LYZP[` VM :[YH[OJS`KL
^HZ ]LY` OLSWM\S [OYV\NOV\[ [OLZL IHJR�
NYV\UK WYLWHYH[PVUZ HUK PU [OL SH\UJO
VM [OPZ JVTWHU` HUK P[Z Z\IZLX\LU[ KL�
]LSVWTLU[� (U L_JLSSLU[ [LHT ^HZ W\[
[VNL[OLY �PUJS\KPUN H TPJYVMHIYPJH[PVU LU�
NPULLY�YLZLHYJOLY MYVT V\Y NYV\W ^OV
OHK ^VYRLK VU TPJYV�3,+Z� ^OV YHU [OL
I\ZPULZZ ^OPSL 0 HUK T` NYV\W JVU[PU�
\LK PU HJHKLTPH ¶ [OL` KLZLY]L H SV[ VM
JYLKP[� HZ KV [OL )VHYK VM +PYLJ[VYZ� 0[ PZ
H TH[[LY VM W\ISPJ YLJVYK [OH[ [OL JVT�
WHU` ^HZ HJX\PYLK PU ���� I` H THQVY
T\S[P�UH[PVUHS I\ZPULZZ�

0U WHYHSSLS [V [OL HIV]L� PU [OL WLYPVK
HYV\UK ��������� ^L OHK YLN\SHY JVU�
[HJ[Z I` HUK ]PZP[Z MYVT �VU [OLPY PUP[PH[P]L�
HSTVZ[ L]LY` T\S[P�UH[PVUHS JVUZ\TLY
LSLJ[YVUPJZ I\ZPULZZ `V\ JHU [OPUR VM�
HUK ZVTL `V\ WYVIHIS` ^V\SKU»[ [OPUR
VM� ;OPZ Z[PSS OHWWLUZ MYVT [PTL [V [PTL�
(SS [OPZ ^HZ HTHaPUN [V TL� HZ H[ [OH[
Z[HNL ^L ^LYL JPYJ\TZWLJ[ PU HK]LY�
[PZPUN [OPZ ^VYR V\[ZPKL VM V\Y YLZLHYJO
W\ISPJH[PVUZ HUK JVUMLYLUJL [HSRZ� :V P[
^HZ JSLHY [OH[ X\P[L H ML^ JVTWHUPLZ
T\Z[ HSYLHK` OH]L ILLU MVYLZPNO[PUN
[OL [LJOUVSVN` H[ [OH[ Z[HNL VY H[ SLHZ[
[OV\NO[ P[ WYVTPZPUN LUV\NO [V IL ^VY[O
RLLWPUN H ^H[JOPUN IYPLM VU� ;OL` ^LYL
JSLHYS` ]LY` ^LSS H^HYL VM V\Y ^VYR�

-YH\UOVMLY *(7 OHZ YLJLU[S` HSSV^LK H
UL^ H]LU\L MVY L_WSVYPUN JVTTLYJPHS
L_WSVP[H[PVU VM [OL [LJOUVSVN �̀ >L HYL
KL]LSVWPUN H U\TILY VM Z[YHUKZ VM HJ�
[P]P[` PU -O�*(7 ^OPJO \ZL TPJYV�3,+Z�
PUJS\KPUN PU IPVPUZ[Y\TLU[H[PVU HUK VW�
[PJHS JVTT\UPJH[PVUZ� =LY` YLJLU[S` ^L
OH]L HSZV SH\UJOLK H UL^ JVTWHU �̀
5L\YV�=3*� OLHKLK I` MVYTLY 0UZ[P[\[L
VM 7OV[VUPJZ Z[\KLU[ .HIVY =HYRVU`P� [V
KL]LSVW ^PYLSLZZ KH[H JVTT\UPJH[PVU



-PN\YL �! .YHWO ZOV^PUN [OL TPJYV�3,+ VW[PJHS IHUK^PK[OZ YLWVY[LK MYVT ZLSLJ[LK W\ISPJH[PVUZ ]LYZ\Z `LHY
B����D� *HYYLPYH ���� B�D� 4J2LUKY` ���� B�D� 3PHV ���� B�D� 3PU ���� B�D� -LYYLPYH ���� B�D� +PUO ���� B�D�
3HU ���� B�D� /L ��� B�D� 3HU ���� B D� /\HUN ���� B��D� ?PL ���� B��D� 9HZOPKP ���� B��D� 4HJS\YL B��D�
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0ZZ\L  ��4H`�1\UL����� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� c 3PNO[PUN ;LJOUVSVNPLZ 
 +LZPNU ��

UL\YHS PU[LYMHJLZ IHZLK VU 3,+ LTP[[LYZ�
>L HYL YLHSS` L_JP[LK HIV\[ [OPZ KL]LSVW�
TLU[ HUK P[ ^PSS IL MHZJPUH[PUN [V ZLL OV^
[OPZ I\ZPULZZ KL]LSVWZ PU [OL UL_[ ML^
`LHYZ�

/(' SURIHVVLRQDO� :KDWâV WKH VWDWXV RI
P/(' WRGD\"

3URI� 0DUWLQ '$:621� 0 JHU HUZ^LY
[OH[ ZPTWS �̀ T3,+ UV SVUNLY L_PZ[Z� 0U
���� [OL JVTWHU` ^HZ HJX\PYLK I` H
T\S[PUH[PVUHS JVYWVYH[PVU� 0[ ^HZ VWLY�
H[LK HZ HU PUKLWLUKLU[ I\ZPULZZ MYVT
��� [V ���� HUK [OLU ^OLU P[ ^HZ HJ�
X\PYLK [OL Z[HMM TV]LK ^P[O [OL HZZL[Z�
PUJS\KPUN 07� ;OL` ^LYL HSS [HRLU \W HZ
WHY[ VM [OL ZHSL� ;OPZ T\S[PUH[PVUHS PU�
]VS]LTLU[ ^HZ H IPN ZPNUHS [V V[OLYZ [OH[
[OPZ [LJOUVSVN` ^HZ ILJVTPUN H ZLYP�
V\Z WYVWVZP[PVU HUK [OLYLMVYL `V\ JHU
ZLL [OH[ L]LY`[OPUN OHZ YLHSS` YHTWLK
\W JVTTLYJPHSS` MYVT HYV\UK ����� )\[
PU V\Y \UP]LYZP[` YLZLHYJO NYV\W ^L HYL
JVTWSL[LS` MYLL [V JHYY` VU V\Y YLZLHYJO
HZ ^L OH]L HS^H`Z KVUL�

/(' SURIHVVLRQDO� 7KLV DFTXLVLWLRQ
ZDV PDLQO\ GULYHQ E\ WKH GLVSOD\ VHF�
WRU� ZH WKLQN� 'R \RX VHH VLPLODU LP�
SRUWDQFH IRU WKH OLJKWLQJ VHFWRU� H�J�
WKH DXWRPRWLYH LQGXVWU\"

3URI� 0DUWLQ '$:621� 0[ YLHSS` KL�
WLUKZ ^OH[ `V\»YL [Y`PUN [V KV� >L
OH]L ILLU H^HYL VM WV[LU[PHS H\[VTV[P]L
HWWSPJH[PVUZ Z\JO HZ ZTHY[ H\[VTV[P]L
OLHKSHTWZ� WYVIHIS` ZPUJL HYV\UK �����
@V\ JHU ZLL [OL ZLUZL VM P[� 0M `V\ OH]L
H WP_LSH[LK SPNO[ ZV\YJL HUK HWWYVWYP�
H[L LSLJ[YVUPJZ JVU[YVS `V\ JHU [YPT [OL
ILHT VY `V\ JHU JVU[YVS [OL PU[LUZP[`
HUK HSS RPUKZ VM [OPUNZ� ;OH[»Z ZTHY[ PSS\�
TPUH[PVU� 0 [OPUR IYVHKLY HWWSPJH[PVUZ PU
SPNO[PUN TH` YLSH[L� MVY L_HTWSL� [V 3P-P
HUK PTWSLTLU[PUN ZVWOPZ[PJH[LK [`WLZ
VM VW[PJHS ^PYLSLZZ JVTT\UPJH[PVUZ VY
SPNO[PUN IHZLK PTHNPUN HUK ZLUZPUN M\UJ�
[PVUZ PU HU VMÄJL VY YVVT LU]PYVUTLU[�
0 NH]L H [HSR H[ H JVUMLYLUJL PU *OPUH H
ML^ `LHYZ HNV ^OLYL 0 Z[VVK PU MYVU[ VM
VUL VM [OVZL THZZP]L JVU]LU[PVUHS 3,+
ZJYLLUZ� >OLU [OL ZJYLLU ^LU[ ^OP[L� P[
^HZ YLHSS` V]LYWV^LYPUNS` IYPNO[ [V Z[HUK
PU MYVU[ VM� (UK [OH[»Z ^OLU `V\ YLHSPaL
[OH[ 3,+ KPZWSH`Z HYL H SPNO[PUN [LJOUVS�
VN �̀

;OL ]PZPVU [OH[ 7YVMLZZVY /HYHSK /HHZ
OHZ W\ZOLK V]LY YLJLU[ `LHYZ PZ [OL PKLH
[OH[ SPNO[PUN HUK ^PYLSLZZ JVTT\UPJH�
[PVUZ JHWHIPSP[` HYL TLYNPUN� >OH[»Z LM�
MLJ[P]LS` H KPZWSH` [LJOUVSVN` PU [OL MVYT

VM TPJYV�3,+Z OHZ H YVSL [V WSH` SPURLK
^P[O [OH[� 0M `V\ SVVR H[ [OLZL IPN WHULSZ
[OH[ :HTZ\UN VY :VU` HYL KL]LSVWPUN �
OPNO�YLZVS\[PVU SHYNL�HYLH KPZWSH`Z IHZLK
VU TPJYV�3,+Z � `V\ JV\SK LHZPS` Z^P[JO
[OLT HSS [V ^OP[L HUK THRL P[ H ZTHY[
SPNO[PUN [LJOUVSVN` HUK�VY TVK\SH[L [OL
V\[W\[ X\PJRS` MVY KH[H WYVQLJ[PVU�

;OL X\LZ[PVU PZ� ^O` ^V\SK `V\ ULLK
[OH[ KLNYLL VM ZTHY[ULZZ HUK WP_LSSH�
[PVU& )\[ VM JV\YZL [OL SPNO[PUN ZV\YJL
JV\SK IL ]LY` ZVWOPZ[PJH[LK � P[ Q\Z[ KL�
WLUKZ VU ^OH[ LU]PYVUTLU[ `V\ ^HU[
P[ [V IL VWLYH[LK PU� 0[ JV\SK IL WYVQLJ[�
PUN KH[H V\[ PU[V [OL YVVT VY P[ JV\SK IL
MHJPSP[H[PUN [OL YLJVYKPUN VM PTHNLZ� MVY
L_HTWSL� :VTL VM [OL ^VYR [OH[ ^L»]L
ILLU KVPUN PU YLJLU[ `LHYZ PZ YLJVYKPUN
PTHNLZ VU H JHTLYH \ZPUN H [LJOUPX\L
RUV^U HZ WOV[VTL[YPJ Z[LYLV PTHNPUN�
0UZ[LHK VM OH]PUN `V\Y [^V L`LZ [V NL[
[OL �+ ]PL^ VM HU VIQLJ[� `V\ OH]L H ZPU�
NSL JHTLYH VY YLJLP]LY HUK PSS\TPUH[L [OL
VIQLJ[ MYVT T\S[PWSL KPYLJ[PVUZ� ;OLU `V\
SVVR H[ [OL ZOHKV^PUN VU [OL VIQLJ[Z
HUK `V\ JHU YLJVUZ[Y\J[ KLW[O PTHNLZ
MYVT [OH[� ;OLZL WOV[VTL[YPJ Z[LYLV
PTHNPUN Z`Z[LTZ UVYTHSS` OH]L MV\Y PSS\�
TPUH[PVU KPYLJ[PVUZ� >L»]L ILLU [OPURPUN
[OH[ IHZPJHSS �̀ `V\ JHU OH]L LHJO JVYULY
VM H IPN HYLH KPZWSH` SVVRPUN V\[ PU[V [OL
YVVT HUK H JHTLYH VU [VW VM� VY L]LU
LTILKKLK PU� [OL KPZWSH` P[ZLSM� 0[»Z SPRL
H ;= ZLUZPUN [OL LU]PYVUTLU[� 0[ JHU
PU WYPUJPWSL [LSS `V\ ^OLYL [OL ]PL^LY PZ

HUK HKQ\Z[ ^OH[ P[ ZOV^Z� KLWLUKPUN VU
^OLYL [OL ]PL^LY PZ ZP[[PUN VY ZVTL[OPUN
SPRL [OH[� ;OL PKLH VM TPJYV�3,+Z HZ H
SPNO[PUN ZV\YJL KLWLUKZ VU ÄUKPUN [OLZL
\ZL JHZLZ [OH[ YLHSS` YLX\PYL [OH[ SL]LS VM
ZTHY[ULZZ� ;OL JVYL Z[YLUN[O VM TPJYV�
3,+Z PZ [OH[ P[»Z H ]LY` ZVWOPZ[PJH[LK OPNO
MYHTLYH[L WH[[LYU WYVQLJ[PVU VY KPZWSH`
[LJOUVSVN` HUK `V\ YLHSS` ULLK [V ÄUK
HWWSPJH[PVUZ PU SPNO[PUN [OH[ ULLK [OH[�

/(' SURIHVVLRQDO� +RZ IDU DORQJ LV WKH
PLFUR�/(' WHFKQRORJ\ IRU FRPPHUFLDO
DSSOLFDWLRQV� LQ JHQHUDO"

3URI� 0DUWLQ '$:621� ;OL ILZ[ YL�
ZV\YJLZ [V OLSW \UKLYZ[HUK [OH[ HYL
YLWVY[Z HUK WYLZLU[H[PVUZ MYVT ^LSS�
PUMVYTLK THYRL[ Z\Y]L` VYNHUPaH[PVUZ
Z\JO HZ @VSL +L]LSVWWLTLU[� ;OLZL
VYNHUPaH[PVUZ OH]L H ]LY` NVVK ]PL^ VM
OV^ [OL THYRL[ PZ LTLYNPUN HUK NYV^�
PUN� )\[ 0 [OPUR ^L ^PSS VUS` YLHSS` RUV^
PU HIV\[ Ä]L `LHYZ» [PTL ^OL[OLY [OPZ PZ
H YLHS IYVHK PTWHJ[ [LJOUVSVN` MVY [OL
KPZWSH` THYRL[ VY ^OL[OLY PUZ[LHK P[ ^PSS
ÄUK P[Z WSHJL PU WHY[PJ\SHY UPJOLZ ^P[OPU
[OH[ THYRL[�

>OH[ 0»T ]LY` JVUZJPV\Z VM PZ [OH[ ^L
ZOV\SK UL]LY \UKLYLZ[PTH[L [OL HS[LYUH�
[P]L [LJOUVSVNPLZ� 7LVWSL RLLW [OPURPUN
[OH[ SPX\PK JY`Z[HS KPZWSH`Z OH]L Y\U V\[ VM
Z[LHT HUK [OLU [OLYL»Z ZVTL UL^ [^PZ[
PU [OL Z[VY` [OH[ [HRLZ [OLT [V [OL UL_[
SL]LS� ;OLU [OLYL HYL [OL 63,+ KPZWSH`Z



3XEOLFDWLRQ 	 <HDU
0RGXODWLRQ
VFKHPH

0D[LPXP
GDWD UDWH
�*E�V�

7UDQVPLVVLRQ
GLVWDQFH

�P� &RPPHQWV
4J2LUKY` L[ HS� ���� B��D 662�59A � U�H
4J2LUKY` L[ HS� ���� B��D 662�59A ����� U�H *46:�JVU[YVSSLK TPJYV�3,+ HYYH`
>\U L[ HS� ���� B��D 662�59A ���� �� ;YHUZTPZZPVU V]LY WVS`TLY VW[PJHS ÄIYL �76-�
4HHZRHU[ L[ HS� ���� B��D 662�59A ��� U�H ;YHUZTPZZPVU V]LY 76-
AOHUN L[ HS� ���� B��D 662�59A ��� U�H 4\S[P�JOHUULS [YHUZTPZZPVU \ZPUN

*46:�JVU[YVSSLK TPJYV�3,+ HYYH`
;ZVUL] L[ HS� ���� B� D 6-+4 � ����
3P L[ HS� ���� B��D 7(4 �� �� ;YHUZTPZZPVU V]LY 76-
-LYYLPYH L[ HS� ���� B��D 6-+4 � ���
+PUO L[ HS� ���� B��D 662�59A ��� )HJR�[V�IHJR :LTP�WVSHY TPJYV�3,+
9HZOPKP L[ HS� ���� B��D ����� )HJR�[V�IHJR 5VU�WVSHY TPJYV�3,+
3P\ L[ HS� ���� B��D 662�59A ��� � � � � ��
0ZSPT L[ HS� ���� B��D 6-+4 �� � U�H
9HQIOHUKHYP L[ HS� ���� B��D 7(4 ���� ��� 6W[PJHS 4046 \ZPUN *46:�JVU[YVSSLK

TPJYV�3,+ HYYH`
)HTPLKHRPZ L[ HS� ��� B��D 7(4 ��� �� í ��ò� ;YHUZTPZZPVU V]LY �+ ^H]LN\PKL HYYH`Z
/L L[ HS� ��� B��D 6-+4 � ��� <=*�LTPZZPVU ���� UT�
4HJ3\YL L[ HS� ���� B� D 6-+4 �� ��� ;OYLL ^H]LSLUN[O <S[YH]PVSL[ >H]LSLUN[O

+P]PZPVU 4\S[PWSL_PUN

;HISL �! *OYVUVSVNPJHS SPZ[ VM ZLSLJ[LK W\ISPJH[PVUZ VU =3* \ZPUN TPJYV�3,+Z�

40*96�3,+: 05;,9=0,> 796-� 4(9;05 +(>:65 ! " #

�� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� c 3PNO[PUN ;LJOUVSVNPLZ 
 +LZPNU 0ZZ\L  ��4H`�1\UL�����

[OH[ HYL ]LY` ^LSS WSHJLK HUK OH]L [OLPY
THYRL[ WVZP[PVU HUK [OLYL HYL [OL X�KV[
KPZWSH`Z [VV � ZV `V\ RUV^ [OLYL»Z SV[Z VM
JVTWL[P[PVU [OLYL� )\[ TPJYV�3,+ [LJO�
UVSVN` OHZ P[Z V^U WHY[PJ\SHY HK]HU[H�
NLV\Z JOHYHJ[LYPZ[PJZ HUK 0 [OPUR [OLYL»Z
H JVTIPUH[PVU VM [OL IPN T\S[PUH[PVU�
HSZ ^OV OH]L [OL YLHS YLZV\YJLZ HUK [OL
KYP]PUN WV^LY [V YLHSS` THRL [OPZ H THZZ
THYRL[ [LJOUVSVN �̀ >L JHU ZLL ^OH[
JVTWHUPLZ SPRL :HTZ\UN HUK :VU` OH]L
KVUL HSYLHK �̀ ^OPJO PZ Q\Z[ HTHaPUN� HUK
[OLYL HYL H SV[ VM OPNOS` JYLH[P]L ZTHSSLY
I\ZPULZZLZ [OH[ HYL L_WSVYPUN WHY[PJ\SHY
UPJOLZ� :V 0 HT JVUÄKLU[ PU [OL JVT�
TLYJPHS WV[LU[PHS VM TPJYV�3,+Z�

/(' SURIHVVLRQDO� $QRWKHU DSSOLFD�
WLRQ IRU PLFUR�/('V LV LQ YLVLEOH OLJKW
FRPPXQLFDWLRQ� &DQ \RX WHOO XV D ELW
DERXW ZRUN LQ WKH ðHOG RI 9/&"

3URI� 0DUWLQ '$:621� ;OLYL»Z H U\T�
ILY VM KPMMLYLU[ [`WLZ VM LU]PYVUTLU[Z
HUK SPUR ZJLUHYPVZ ^OLYL `V\ JHU [OPUR
VM LP[OLY N\PKLK ^H]L \ZL VM TPJYV�3,+
TVK\SH[LK KH[H ZPNUHSZ VY TPJYV�3,+
MYLL ZWHJL [`WL JVTT\UPJH[PVUZ HWWSP�
JH[PVUZ� [OL SH[[LY L]LU PUJS\KPUN WVZ�
ZPISL KLWSV`TLU[ PU ZH[LSSP[LZ PU ZWHJL�
;OLYL PZ HWWSPJH[PVU PU WVS`TLY VW[PJHS
ÄILY IHZLK KH[HJVT Z`Z[LTZ I\[ HSZV
MVY V[OLY HYLHZ HZ ^LSS Z\JO HZ \UKLY^H�
[LY VW[PJHS JVTT\UPJH[PVUZ HUK PU YVVT
SPNO[PUN�3P-P ZJLUHYPVZ� ;OL RL` JOHYHJ�
[LYPZ[PJZ VM TPJYV�3,+Z MVY [OLZL HWWSPJH�
[PVUZ HYL SV^ WV^LY JVUZ\TW[PVU� ZPTWSL

JVTWVULU[Z� H ]LY` OPNO KH[H YH[L JH�
WHIPSP[` HUK HIPSP[` [V JVTT\UPJH[L V]LY
ZPNUPÄJHU[ KPZ[HUJLZ HZ ^LSS HZ OH]PUN
[OL YPNO[ ^H]LSLUN[O JOHYHJ[LYPZ[PJZ MVY
SV^�SVZZ [YHUZTPZZPVU PU [OL KPMMLYLU[
[`WLZ VM TLKPH HUK HIPSP[` [V NLULYH[L
^OP[L SPNO[ ^OLU ULLKLK� )\[ [OLU `V\
NL[ V[OLY ILULÄ[Z MYVT [OL MHJ[ [OH[ [OPZ
PZ H KPZWSH` [LJOUVSVN` HZ ^LSS� ;OLYL HYL
^H`Z [V \[PSPaL [OL [^V�KPTLUZPVUHS OPNO�
KLUZP[` HYYH` MVYTH[ VM TPJYV�3,+Z MVY
V[OLY MVYTH[Z VM JVTT\UPJH[PVU ^OLYL
`V\ JHU JVTT\UPJH[L KH[H HNNYLNH[LK
MYVT T\S[PWSL LTP[[LY LSLTLU[Z H[ VUJL [V
NP]L ZWH[PHS TVK\SH[PVU VY ZWH[PHS T\S[P�
WSL_PUN�

;OL MHJ[ [OH[ TPJYV�3,+ [LJOUVSVN` PZ
]LY` YLHKPS` PU[LYMHJLK [V *46: HUK
V[OLY ZVWOPZ[PJH[LK LSLJ[YVUPJ JVU[YVS�
TLHUZ [OH[ `V\ JHU LTIVK` ]LY` JVT�
WSL_ HUK JHWHISL KH[H HSNVYP[OTZ KPYLJ[S`
VU[V [OL OPNO�WLYMVYTHUJL JVTTZ JH�
WHIPSP[ �̀ HUK [OPZ PZ H IPN WHY[ VM ^OH[
^L KV PU V\Y YLZLHYJO� @V\ JHU Q\Z[
KYP]L [OL UP[YPKL KL]PJLZ [OH[ PTWSLTLU[
[OLZL [`WLZ VM HK]HUJLK KH[H LUJVKPUN
[LJOUPX\LZ HUK `V\ NL[ HTHaPUN WLY�
MVYTHUJL MYVT X\P[L H ZPTWSL KL]PJL�
>OH[ ZLLTZ [V IL PU WYVZWLJ[ OLYL PZ
[OL [YLUK [OH[ ^L OH]L H KPZWSH` [OH[ PZ
HJ[\HSS` H ]LY` ZVWOPZ[PJH[LK VW[PJHS JVT�
T\UPJH[PVUZ PU[LYMHJL� ([ [OL ZHTL [PTL
[OH[ `V\ HYL ^H[JOPUN H TV]PL ^OLYL `V\
Q\Z[ ULLK �� VY �� MYHTLZ H ZLJVUK� [OL
PU[LYMHJL JV\SK IL JVTT\UPJH[PUN H[ H
TPSSPVU MYHTLZ H ZLJVUK [OH[ H JHTLYH

JHU ZLL� ;OL JHTLYH TH` IL PU[LYWYL[PUN
X\P[L KPMMLYLU[ PUMVYTH[PVU MYVT [OL KPZ�
WSH` MVY H KPMMLYLU[ W\YWVZL H[ [OL ZHTL
[PTL [OH[ `V\»YL ^H[JOPUN [OL TV]PL�

/(' SURIHVVLRQDO� +RZ DQG ZKHQ GLG
YLVLEOH OLJKW FRPPXQLFDWLRQV DQG /L)L
FRPH LQWR WKH PLFUR�/(' SLFWXUH"

3URI� 0DUWLQ '$:621� >L YHU [OYLL
SHYNL� T\S[P�WHY[ULY ,7:9*�M\UKLK WYV�
NYHTZ VU TPJYV�3,+Z IHJR�[V�IHJR PU
[OL `LHYZ ���� ¶ ����� ([ [OL ILNPUUPUN
VM [OL ZLJVUK VM [OVZL� HYV\UK ����� V\Y
�[OLU� 0TWLYPHS *VSSLNL 3VUKVU JVSSLHN\L
7YVMLZZVY .HYL[O 7HYY` KYL^ T` H[[LU�
[PVU [V ]PZPISL SPNO[ JVTT\UPJH[PVUZ �=3*�
HUK LUJV\YHNLK \Z [V PU]LZ[PNH[L OV^
TPJYV�3,+Z TPNO[ Ä[ ^P[O =3*� ;OL M\UK�
PUN ^L OLSK HSSV^LK ÅL_PIPSP[` PU WYVNYHT
KPYLJ[PVUZ� ZV ^L WP]V[LK [V [OPZ JSLHYS`
PTWVY[HU[ HUK YHWPKS` KL]LSVWPUN HYLH�
LZ[HISPZOPUN SPURZ ^P[O JVSSLHN\LZ L_[LY�
UHS [V [OL WYVNYHT ^OVT ^L YLHSPaLK
JV\SK OLSW ¶ PU WHY[PJ\SHY /HYHSK /HHZ�
[OLU H[ [OL <UP]LYZP[` VM ,KPUI\YNO� HUK
;VU` 2LSS` H[ [OL <UP]LYZP[` VM .SHZNV �̂
>L Z[HY[LK [V SVVR H[ [OL TVK\SH[PVU
IHUK^PK[O JHWHIPSP[` VM TPJYV�3,+Z VM
]HYPV\Z ^H]LSLUN[OZ MYVT <= [V NYLLU
HUK X\PJRS` YLHSPaLK [OPZ JV\SK IL ���»Z
4/a ¶ T\JO OPNOLY [OHU IYVHKLY�HYLH
KL]PJLZ� 6\Y ÄYZ[ WHWLY VU [OPZ JHTL V\[
PU ����� >L ^LYL HSZV HISL [V KL[LYTPUL
[OH[ JHYYPLY KLUZP[` KLWLUKLU[ JHYYPLY SPML�
[PTL LMMLJ[Z ^LYL HU PTWVY[HU[ MHJ[VY PU
[OPZ LUOHUJLK WLYMVYTHUJL�



-PN\YL  ! 7HY[ VM [OL 0UZ[P[\[L VM 7OV[VUPJZ JSLHUYVVT ZOV^PUN 0*7 KY` L[JOPUN [VVSZ LZZLU[PHS MVY TPJYV�3,+
YLZLHYJO�

-PN\YL ��! ;OL ;LJOUVSVN` HUK 0UUV]H[PVU *LU[YL �;0*� H[ [OL <UP]LYZP[` VM :[YH[OJS`KL� OVTL [V IV[O [OL
0UZ[P[\[L VM 7OV[VUPJZ HUK [OL -YH\UOVMLY *LU[YL MVY (WWSPLK 7OV[VUPJZ�
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;OL YLHS Z[LW�\W PU V\Y LMMVY[ VU TPJYV�
3,+Z MVY =3* HUK 3P-P JHTL ^P[O [OL
Z\JJLZZVY WYVNYHT� ^OPJO ^L JHSSLK
<S[YH�7HYHSSLS =PZPISL 3PNO[ *VTT\UP�
JH[PVUZ �<7�=3*� ����������� ;OPZ
IYV\NO[ /HYHSK /HHZ PU HZ H WHY[ULY HUK
HSZV +VTPUPJ 6»)YPLU»Z NYV\W H[ 6_MVYK�
[OL 0HU >OP[L�9PJOHYK 7LU[` NYV\W H[
*HTIYPKNL� HUK JVSSLHN\LZ H[ :[ (U�
KYL^Z ^VYRPUN VU MHZ[ YLZWVUZL VYNHUPJ
JVSVY JVU]LY[PUN TH[LYPHSZ �VYNHUPJ ZLTP�
JVUK\J[VYZ�� ;OL IHZPJ JVUJLW[PVU VM
<7�=3* ^HZ ^OH[ TH` IL JHSSLK ºKH[H
[OYV\NO KPZWSH`» ¶ [OL PKLH [OH[ UV[ VUS`
^LYL TPJYV�3,+Z JHWHISL VM ]LY` OPNO
TVK\SH[PVU HUK KH[H YH[LZ PUKP]PK\HSS �̀
I\[ [OL` JHU HSZV IL YLHKPS` KLWSV`LK PU
OPNO�KLUZP[` ��+ HUK ��+ HYYH`Z WLYTP[�
[PUN UL^ MVYTZ VM ZWH[PHS TVK\SH[PVU HUK
ZWH[PHS T\S[PWSL_PUN MVY ]PZPISL ^H]LSLUN[O
VW[PJHS JVTT\UPJH[PVUZ� ;OPZ WYVNYHT
^HZ Z\JJLZZM\S� 4HQVY HJOPL]LTLU[Z
PUJS\KLK \ZPUN VY[OVNVUHS MYLX\LUJ`�
KP]PZPVU T\S[PWSL_PUN �6-+4� [V KLTVU�
Z[YH[L T\S[P�.I�Z KH[H YH[LZ MVY [OL ÄYZ[
[PTL MYVT H ZPUNSL TPJYV�3,+" T\S[P�.I�Z
T\S[PWSL�PUW\[�T\S[PWSL�V\[W\[ �4046�
Z`Z[LTZ ^P[O HYYH`LK TPJYV�3,+ ZV\YJLZ
HUK T\S[P�WP_LS KL[LJ[VYZ" ^H]LSLUN[O
KP]PZPVU T\S[PWSL_PUN �>+4� VM T\S[PWSL
TPJYV�3,+Z VM KPMMLYLU[ JVSVYZ HUK�VY
KV^U�JVU]LY[LK \ZPUN H ]HYPL[` VM MHZ[�
YLZWVUZL JVSVY JVU]LY[LYZ� (Z ^LSS HZ
VW[PJHS ^PYLSLZZ HWWSPJH[PVUZ� ^L HSZV L_�
WSVYLK WVS`TLY VW[PJHS ÄIYL HUK WVS`TLY
^H]LN\PKL N\PKLK ^H]L VW[PJHS JVT�
T\UPJH[PVUZ ^P[O TPJYV�3,+Z� 6]LYHSS�
[OLZL YLZ\S[Z ^LYL ]LY` [PTLS` HUK TH`
IL ZHPK [V OH]L PUH\N\YH[LK H Z\I�ÄLSK
VM TPJYV�3,+Z ^OPJO OHZ UV^ [HRLU VMM
KYHTH[PJHSS` ^VYSK^PKL ¶ ZVTL VM [OL
W\ISPJH[PVUZ OH]L HSYLHK` HTHZZLK ZL]�
LYHS O\UKYLK JP[H[PVUZ LHJO� >L Z\TTH�
YPaLK T\JO VM [OPZ PU H YL]PL^ HY[PJSL PU
���� PU [OL QV\YUHS :LTPJVUK\J[VY :JP�
LUJL HUK ;LJOUVSVN �̀

/(' SURIHVVLRQDO� :KDW LV WKH FXUUHQW
VWDWXV RI PLFUR�/('V IRU RSWLFDO ZLUH�
OHVV FRPPXQLFDWLRQV"

3URI� 0DUWLQ '$:621� (Z KLZJYPILK
HIV]L� ^L ]LY` JVUZJPV\ZS` [VVR [OL
HWWYVHJO [OH[ TPJYV�3,+Z ^V\SK VUS`
ILJVTL THPUZ[YLHT PM [OL` \ZLK THZZ�
THYRL[ LWPZ[Y\J[\YLZ� HUK ZV OH]L JVU�
JLU[YH[LK [OYV\NOV\[ VU WYVJLZZPUN
J�WSHUL ZHWWOPYL NYV^U .H5 3,+ TH�
[LYPHS VM JVTTLYJPHS Z[HUKHYK HUK HSZV
.H5�VU�:P VM JVTTLYJPHS NYHKL� 6W[P�
TPZPUN [OL WP_LS SH`V\[ HUK WYVJLZZPUN
VM [OLZL KL]PJLZ OHZ HSSV^LK PUKP]PK\HS
TPJYV�3,+Z [V ZOV^ TVK\SH[PVU IHUK�

^PK[OZ ≈�./a HUK KH[H YH[LZ VM \W [V
≈��.I�Z� ZV [OLZL HYL UV^ LZ[HISPZOLK
HZ ZLYPV\Z VW[PJHS JVTT\UPJH[PVUZ JVT�
WVULU[Z� KLZWP[L �VY HYN\HIS` ILJH\ZL
VM� [OLPY PUOLYLU[ ZPTWSPJP[ �̀

6\Y NYV\W HUK H U\TILY VM V[OLY NYV\WZ
HYV\UK [OL ^VYSK OH]L ILLU L_WSVYPUN
UL^ ^H]LSLUN[OZ MVY [OL KL]PJLZ� -VY
L_HTWSL� TPJYV�3,+Z PU [OL KLLW \S[YH�
]PVSL[ �+<=� HYL ]LY` PU[LYLZ[PUN MVY IV[O
SPUL�VM�ZPNO[ HUK UVU�SPUL�VM�ZPNO[ VW[P�
JHS ^PYLSLZZ KH[H SPURZ� HUK TVK\SH[PVU
HUK KH[H YH[L WLYMVYTHUJL PU [OL +<=
PZ ILNPUUPUN [V HWWYVHJO [OH[ VM SVUNLY�
^H]LSLUN[O TPJYV�3,+Z� ;OL +<= PZ
MHZJPUH[PUN ILJH\ZL Z\JO ^H]LSLUN[OZ PU
H[TVZWOLYL JHU ZJH[[LY HYV\UK VIQLJ[Z
V]LY ��»Z [V ���»Z TL[LY KPZ[HUJLZ HUK
HSZV +<= SPNO[ PZ PU [OL ZVSHY ISPUK YLNPVU
VM [OL ZWLJ[Y\T� 9LJLU[S` ^L OH]L JVT�
IPULK [OYLL ZLWHYH[L \S[YH]PVSL[ ^H]L�
SLUN[O TPJYV�3,+Z PU[V H ^H]LSLUN[O KP�

]PZPVU T\S[PWSL_PUN KLTVUZ[YH[PVU ^OPJO
HJOPL]LK ��.I�Z KH[H YH[LZ PU [OL \S[YH]P�
VSL[�

(Z [OLZL UL^ ^H]LSLUN[OZ HUK JHWHIPS�
P[PLZ JVU[PU\L [V IL KLTVUZ[YH[LK� UL^
HWWSPJH[PVUZ ZJLUHYPVZ HYL LTLYNPUN�
7VS`TLY VW[PJHS ÄIYL �76-� N\PKLK ^H]L
JVTT\UPJH[PVU PZ VUL PTWVY[HU[ HYLH�
;OLYL PZ HSZV \UKLY^H[LY ^PYLSLZZ VW[PJHS
JVTT\UPJH[PVU� )V[O VM [OLZL HWWSPJH�
[PVUZ [HRL HK]HU[HNL VM [OL MHJ[ [OH[ [OL
^H]LSLUN[OZ VM TPJYV�3,+Z JHU JVYYL�
ZWVUK [V SV^�SVZZ [YHUZTPZZPVU ^PUKV^Z
PU [OL TLKP\T� >L OH]L HSZV ILN\U [V
SVVR H[ TPJYV�3,+Z MVY JVTT\UPJH[PVU
IL[^LLU ZH[LSSP[LZ� 3HZLY�IHZLK Z`Z�
[LTZ ^VYR ^LSS MVY Z\JO HWWSPJH[PVUZ�
I\[ HYL I\SR �̀ WV^LY�O\UNY` HUK NLU�
LYHSS` YLX\PYL ZVWOPZ[PJH[LK JVSSPTH[PVU
HUK ILHT�Z[LLYPUN VW[PJZ� ;HRPUN HK]HU�
[HNL VM [OL JVYYLZWVUKLUJL IL[^LLU [OL
VWLYH[PUN ^H]LSLUN[OZ VM TPJYV�3,+Z
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HUK [OL ZWLJ[YHS YLNPVU VM OPNO KL[LJ[PVU
ZLUZP[P]P[` MVY :7(+Z� ^L OH]L ZOV^U
[OH[ TPJYV�3,+ IHZLK JVTT\UPJH[PVUZ
PU ZWHJL H[ \ZLM\S KH[H YH[LZ ZOV\SK IL
WVZZPISL V]LY KPZ[HUJLZ VM ��»Z HUK WV�
[LU[PHSS` ���»Z RT� ^OPSZ[ ILPUN VM Z\P[�
HIS` SV^ ZPaL� ^LPNO[ HUK WV^LY �:>H7�
MVY YLHK` KLWSV`TLU[� ;OPZ TH` ZLL WHY�
[PJ\SHY HWWSPJH[PVU PU JS\Z[LYZ VM J\IL�
ZH[LSSP[LZ�

/(' SURIHVVLRQDO� :KDW GR \RX VHH DV
WKH PDMRU WUHQGV LQ PLFUR�/('V"

3URI� 0DUWLQ '$:621� *SLHYS` [OL KPZ�
WSH` PUK\Z[Y` PZ [OL THPU THZZ�THYRL[
JVTTLYJPHS MVJ\Z MVY [OL [LJOUVSVN`
YPNO[ UV �̂ HUK [OPZ PZ ]LY` L_JP[PUN PU�
KLLK� ( ]LY` SHYNL YHUNL VM PUUV]H[P]L
JVTWHUPLZ� MYVT UL^ Z[HY[�\WZ [V TH�
QVY T\S[PUH[PVUHSZ� HYL WYLZZPUN MVY^HYK
]LY` X\PJRS` PU HKKYLZZPUN [OL HZZVJP�
H[LK THU\MHJ[\YPUN� ZJHSPUN HUK WLYMVY�
THUJL JOHSSLUNLZ� >LSS�PUMVYTLK THYRL[
HUHS`ZPZ JVTWHUPLZ HYL [YHJRPUN HUK
WYLKPJ[PUN [OLZL [YLUKZ HUK JVTTLYJPHS
WYPVYP[PLZ ]LY` ^LSS� HUK P[ SVVRZ HZ [OV\NO
ZTHY[^H[JOLZ� JVUZ\TLY [LSL]PZPVU� JVU�
Z\TLY H\NTLU[LK YLHSP[` �(9� OLHKZL[�
Z�NSHZZLZ� ZTHY[WOVULZ HUK H\[VTV[P]L
HWWSPJH[PVUZ HYL HTVUN [OL THPU [OLTLZ
[V RLLW HU L`L VU� 0UK\Z[Y` PZ JSLHYS` PU
[OL KYP]PUN ZLH[ MVY Z\JO KPZWSH`Z UV^
HUK P[ ^PSS IL MHZJPUH[PUN PU [OL UL_[ ML^
`LHYZ [V ZLL OV^ HUK ^OLU [OLZL MVYTZ
VM [OL [LJOUVSVN` YVSS V\[ HUK ^OLYL [OL`
ÄUK THYRL[ [YHJ[PVU�

4` JVSSLHN\L� /HYHSK /HHZ� OHZ HYN\LK
MVY H U\TILY VM `LHYZ [OH[ ZVSPK�Z[H[L
SPNO[PUN HUK KH[H JVTT\UPJH[PVUZ HYL
JVU]LYNPUN� >OH[ ^L MLLS V\Y TPJYV�3,+
PU]LZ[PNH[PVUZ OH]L ZOV^U PZ [OH[ [OLYL
HYL WYVZWLJ[P]L [LJOUVSVNPJHS JVU]LY�
NLUJLZ TVYL IYVHKS` IL[^LLU KPZWSH`Z�
JVTT\UPJH[PVUZ� SPNO[PUN HUK L]LU ZLUZ�
PUN Z`Z[LTZ� HSS IHZLK VU TPJYV�3,+
[LJOUVSVN �̀ >L HYL MVY[\UH[L [OH[ ZV
T\JO JVTTLYJPHS LMMVY[ PZ NVPUN PU[V
KPZWSH` HWWSPJH[PVUZ VM TPJYV�3,+Z HUK
ZVTL VM [OLZL IYVHKLY HWWSPJH[PVUZ JHU
WV[LU[PHSS` ºWPNN` IHJR» VU [OH[ HZ [OL
KPZWSH` [LJOUVSVN` TH[\YLZ�

>OLU PUK\Z[Y` [HRLZ \W H UL^ [LJO�
UVSVN` HUK YLHSS` JVTTP[Z [V P[� [OLPY
WYVNYLZZ JHU IL ]LY` YHWPK HUK [OPZ HS�
^H`Z JYLH[LZ H KPSLTTH MVY HJHKLTPJ
NYV\WZ ^VYRPUN PU [OL ÄLSK� ;OLYL HYL
JLY[HPUS` PTWVY[HU[ \UKLYWPUUPUN L_WSV�
YH[PVUZ YLSH[LK [V KPZWSH` HWWSPJH[PVUZ
[OH[ JVU[PU\L [V ULLK [OL UV]LS[` HUK PU�
]LZ[PNH[P]L PUW\[ [OH[ HJHKLTPJ YLZLHYJO

JHU WYV]PKL� I\[ P[ PZ WYVIHIS` ^PZL MVY
HJHKLTPJZ [V ZLLR UL^ HWWSPJH[PVUZ MVY�
HUK�VY YHKPJHSS` UL^ MVYTZ VM� [OL KL]PJL
[LJOUVSVN �̀

+PNP[HS SPNO[ WYVQLJ[PVU �+37� HUK P[Z YHUNL
VM HWWSPJH[PVUZ PZ VUL Z\JO PTWVY[HU[
HYLH VM VWWVY[\UP[ �̀ ;OL PU[PTH[L HUK
ZVWOPZ[PJH[LK LSLJ[YVUPJ PU[LYMHJPUN WVZ�
ZPISL [V TPJYV�3,+Z� JVTIPULK ^P[O
[OL MHZ[ YLZWVUZL HUK OPNO�IYPNO[ULZZ�
ZWLJ[YHSS`�ZLSLJ[P]L V\[W\[ VM [OL TPJYV�
3,+ KL]PJLZ [OLTZLS]LZ� VMMLYZ H ^PKL
YHUNL VM L_JP[PUN WVZZPIPSP[PLZ OLYL� <UKLY
[OL ,7:9*�M\UKLK WYVNYHT º8\HU[PJ»
^L OH]L YLJLU[S` KL]LSVWLK� HSVUN ^P[O
V\Y <UP]LYZP[` VM ,KPUI\YNO JVSSLHN\L
9VILY[ /LUKLYZVU� H J\Z[VT *46:
JOPW ^OPJO PUKP]PK\HSS` JVU[YVSZ [OL WP_LSZ
PU H ��� _ ��� ��� �T TPJYV�3,+ WP_�
LSZ VU H �� �T WP[JO� TPJYV�3,+ HYYH`
+37 KLTVUZ[YH[VY PU ]HYPV\Z HK]HUJLK
TVKLZ VM VWLYH[PVU� ;OPZ PUJS\KLZ 4LNH�
OLY[a MYHTL YH[L VWLYH[PVU ^OPJO JHU
HSZV IL PTWSLTLU[LK ^P[O W\SZLK V\[�
W\[ KV^U [V H ML^ UHUVZLJVUKZ� ;OLYL
HYL ]LY` IYVHK PTWSPJH[PVUZ MYVT [OPZ� PU
HYLHZ HZ KP]LYZL HZ ZJPLU[PÄJ PUZ[Y\TLU�
[H[PVU� VW[PJHS JHTLYH JVTT\UPJH[PVUZ�
T\S[P�TVKHS YHUNPUN HUK PTHNPUN Z`Z�
[LTZ� HUK VW[PJHSS`�IHZLK [YHJRPUN HUK
UH]PNH[PVU Z`Z[LTZ�

/(' SURIHVVLRQDO� :KDW ZLOO EH WKH
VWDWXV RI PLFUR�/('V LQ ðYH WR WHQ
\HDUV IURP QRZ"

3URI� 0DUWLQ '$:621� 0U Ä]L [V [LU
`LHYZ ^L ^PSS OH]L THZZ THYRL[ H]HPS�
HIPSP[` VM TPJYV�3,+ KPZWSH`Z PU ]HYPV\Z
MVYTZ HUK HMMVYKHISL WYPJLZ� 0 [OPUR [OH[
^PSS PUJS\KL ^LHYHISL [`WL [LJOUVSVN �̀
[OL (9 [`WL WYVK\J[Z� HUV[OLY PTWVY[HU[
HWWSPJH[PVU ILJH\ZL VM [OL IYPNO[ULZZ�
[OL JVTWHJ[ULZZ� HUK LMÄJPLUJ �̀ 4H`IL
;= [`WL THYRL[Z HZ ^LSS� HUK O\NL KPZ�
WSH`Z ^P[O ]LY` OPNO YLZVS\[PVUZ�

-YVT [OL KPZWSH`Z WLYZWLJ[P]L 0 [OPUR 0
ZLL [OL WYVNYLZZPVU VM [OVZL [YLUKZ HUK
0 JHU»[ ZLL HU`[OPUN Z[VWWPUN [OH[� YLHSS �̀
;OL X\LZ[PVU PZ [V ^OH[ L_[LU[ [OL V[OLY
HYLHZ [OH[ ^L»]L ILLU SVVRPUN H[ V]LY
[OL `LHYZ� [OL 3P-P� [OL ZJPLU[PÄJ PUZ[Y\�
TLU[H[PVU THYRL[Z HUK ZV VU� ILJVTL
JVTTLYJPHS� -VY L_HTWSL� `V\ JHU THRL
SP[[SL IPVSVNPJHS KPHNUVZ[PJ JOPWZ [OH[ PU�
]VS]L TPJYVÅ\PKPJ JOHUULSZ� TPJYV�3,+
HYYH`Z� WOV[VU JV\U[PUN KL[LJ[VYZ HUK
KV [OPZ HSS PU H ]LY` PU[LNYH[LK ^H �̀ @V\
JHU WYVQLJ[ WH[[LYUZ [V WYVJLZZ L_WVZLK
WOV[VYLZPZ[ HZ WHY[ VM H THZR�MYLL KPYLJ[
^YP[PUN SP[OVNYHWOPJ JHWHIPSP[` HZ WHY[ VM

ZVWOPZ[PJH[LK ZLTPJVUK\J[VY WYVJLZZPUN
[VVSZ� ;OL 3P-P JHWHIPSP[PLZ VM TPJYV�3,+Z
TH` IL [HRLU \W HUK \ZL I` [OL WVS`�
TLY VW[PJHS ÄILY JVTT\UP[` PZ HUV[OLY
HZWLJ[� 0»T VW[PTPZ[PJ [OH[ H U\TILY
VM [OLZL HWWSPJH[PVUZ HUK WYVK\J[Z ^PSS
LTLYNL [V YLHS JVTTLYJPHSPaH[PVU� ;OH[»Z
[OL ZJPLU[PZ[»Z ]PL �̂ HU`^H`�

/(' SURIHVVLRQDO� :KDWâV \RXU SHU�
VRQDO YLHZ� \RXU HPRWLRQV� SDVVLRQ
DQG IHHOLQJV� ZKHQ ORRNLQJ DW WKH
DFKLHYHPHQWV RI WKH SDVW �� \HDUV"

3URI� 0DUWLQ '$:621� (Z YLZLHYJOLYZ
^L KV ^OH[ ^L KV MVY M\U YLHSS �̀ 0[»Z Q\Z[
V\[ VM J\YPVZP[` HUK `V\ OH]L HU PU[LYUHS
WHZZPVU VY KYP]L [V L_WSVYL ZVTL[OPUN�
6\Y Z[VY` ^P[O TPJYV�3,+Z ^HZ L_HJ[S`
[OH[" ^L [OV\NO[ P[ ^HZ HU PU[LYLZ[PUN
HUK H M\U [OPUN [V SVVR H[ HUK L_WSVYL�
>OH[»Z Z\YWYPZLK TL� HZ [PTL OHZ NVUL
VU� PZ OV^ YPJO [OL ]PZPVU ZLLTZ [V IL�
@V\ OH]L VUL WHY[PJ\SHY WPJ[\YL PU TPUK
¶ ZH` [OH[ TPJYV�3,+ [LJOUVSVN` TPNO[
IL \ZLK MVY H ]PZPISL SPNO[ JVTT\UPJH�
[PVUZ HUK [OLU `V\ YLHSPaL [OLYL»Z HU�
V[OLY HZWLJ[! [OH[ P[ TPNO[ IL \ZLK MVY
IYHPU�JVTW\[LY PU[LYMHJPUN VY KPYLJ[ ^YP[L
WOV[VSP[OVNYHWO` VY ZVTL[OPUN SPRL [OH[�
(Z ZVVU HZ VUL ]PZPVU YLHJOLZ H JLY[HPU
SL]LS VM TH[\YP[` ZVTL[OPUN LSZL JVTLZ
\W� 0[»Z H ]LY` YPJO [LJOUVSVN` HYLH HUK
[OH[ YPJOULZZ JVU[PU\LZ�

*VTPUN IHJR [V `V\Y X\LZ[PVU HIV\[
OV^ 0 MLLS� 0»T ]LY` OHWW` HUK [OYPSSLK
I` [OL MHJ[ [OH[ 0»]L ILLU PU]VS]LK PU
ZVTL[OPUN [OH[ TH` HJ[\HSS` IL H YLHS
THZZ THYRL[ [LJOUVSVN �̀ 0[ ^V\SK IL
^VUKLYM\S [V NV PU[V [OL ZOVWZ H[ ZVTL
Z[HNL HUK WVPU[ H TPJYV�3,+ WYVK\J[
V\[ [V T` ZVU HUK ZH �̀ ¸@V\ RUV �̂ 0 OHK
ZVTL[OPUN [V KV ^P[O [OH[¹� 0[ ^V\SK IL
MHU[HZ[PJ [V TH`IL OH]L H TPJYV�3,+
;= PU [OL OV\ZL [VV ¶ ^OV RUV^Z& 6M
JV\YZL� PM HJOPL]PUN H YLHSS` PTWHJ[M\S V\[�
JVTL OHWWLUZ [V HU` YLZLHYJOLY� P[»Z YL�
HSS` L_JP[PUN� 0 [OPUR ^OH[ 0»]L [YPLK [V KV
[OYV\NOV\[ PZ Q\Z[ [V RLLW T` MLL[ VU [OL
NYV\UK [OV\NO HUK IL ]LY` H^HYL VM [OL
YHUKVT JOHUJL LSLTLU[Z PU HU` Z[VY` VM
JVTTLYJPHS Z\JJLZZ MYVT YLZLHYJO�

0»T UV[ HSVUL PU JVU[YPI\[PUN [V [OPZ [LJO�
UVSVN �̀ VM JV\YZL� 0 ^V\SK WHY[PJ\SHYS`
SPRL [V TLU[PVU T` YLZWLJ[ MVY 7YVMLZZVY
/VUN_PUN 1PHUN HUK 7YVMLZZVY 1PUN`\
3PU� ;OL` NV[ [OL IHSS YVSSPUN� ;OL` ^YV[L
[OL ÄYZ[ [^V VY [OYLL WHWLYZ [OH[ YLHSS`
Z[HY[LK [OL ÄLSK�
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/(' SURIHVVLRQDO� 'R \RX KDYH DQ\
ðQDO UHñHFWLRQV RQ WKH MRXUQH\ \RX
KDYH WUDYHOOHG ZLWK PLFUR�/('V"

3URI� 0DUWLQ '$:621� ;OH[»Z H ]LY` PU�
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HM[LY W\ISPJH[PVU�

/LJKWLQJ ,QGXVWU\ 	
7HFKQRORJ\ &KDQQHO

>P[O [OL 0UK\Z[Y`�;LJOUVSVN` JOHUULS�
V]LY ������ JVU[HJ[Z PU [OL SPNO[PUN ZLJ�
[VY HYL [HYNL[LK HUK HKKYLZZLK� ;OL VW[�PU
KH[HIHZLZ HYL OPNOS` ZLSLJ[P]L� OPNOS` X\HS�
PÄLK HUK HKKYLZZ RL` WLYZVUZ PU [OL YL�
ZWLJ[P]L JOHUULS�

� 4HNHaPUL! ������
� 5L^ZSL[[LY! ������
� 6USPUL! �������TVU[O
� ;̂ P[[LY! ������
� 3PURLK0U! ������

/LJKWLQJ 'HVLJQ &KDQQHO

>P[O [OL +LZPNU JOHUULS� V]LY ������ JVU�
[HJ[Z PU [OL SPNO[PUN ZLJ[VY HYL [HYNL[LK HUK
HKKYLZZLK�

� 4HNHaPUL! ������
� 5L^ZSL[[LY! ������
� 6USPUL! ������TVU[O
� 3PURLK0U! �����

%HQHðWV IRU &RQIHUHQFH
$XWKRUV

� .SVIHS� OPNOS`�X\HSPÄLK [HYNL[ NYV\W
� 2UV^SLKNL [YHUZMLY H[ H OPNO SL]LS
� 0KLHS WSH[MVYT MVY L_WHUKPUN [OL UL[^VYR

%HQHðWV IRU 9LUWXDO
([KLELWRUV

� .SVIHS� OPNOS`�X\HSPÄLK [HYNL[ NYV\W
� 0TTLKPH[L WYVTV[PVU VM PUUV]H[PVUZ HUK
UV]LS[PLZ

� 7HY[PJPWH[PVU PU [OL 3W:�;P3 (^HYKZ
� /PNOS` LMÄJPLU[ WYVTV[PVU H[ UV YPZRZ
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ZZZ�/S6�'LJLWDO�JOREDO

https://led-professional-symposium.com/portfolio/dee-denteneer-zhaga-consortium/
https://led-professional-symposium.com/portfolio/marion-ebel-lightingeurope-2/
https://led-professional-symposium.com/portfolio/benjamin-stampfer-university-innsbruck/
https://led-professional-symposium.com/portfolio/elena-scaroni-lightingeurope/
https://led-professional-symposium.com/portfolio/emilio-hernandez-green-light-alliance/
https://led-professional-symposium.com/portfolio/manuel-spitschan-oxford-university/
http://www.nichia.co.jp/en/about_nichia/index.html


+H`SPNO[PUN 
 (Y[PÄJPHS 3PNO[PUN MVY
/\TIVSK[ -VY\T PU )LYSPU
3PJO[]PZPVU +LZPNU
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%HUOLQ¶V QHZ +XPEROGW )RUXP FRP�
ELQHV DUW� FXOWXUH� VFLHQFH DQG HGX�
FDWLRQ� )RU WKLV SXUSRVH� /LFKWYLVLRQ
'HVLJQ KDV GHYHORSHG D KROLVWLF OLJKW�
LQJ FRQFHSW WKDW LQFOXGHV IDoDGH OLJKW�
LQJ� GD\OLJKWLQJ DQG DUWL¾FLDO OLJKWLQJ
VROXWLRQV DQG HYHQ WKH VPDOOHVW OXPL�
QRXV VSRWV LQ WKH VKRZFDVHV� 7KH OLJKW
HPSKDVLVHV WKH EXLOGLQJ¶V DUFKLWHF�
WXUH DQG HQDEOHV ¿H[LEOH XVH RI LW� ,Q
WKH IR\HU� FDOOHG WKH $JRUD� FRIIHUHG
VN\OLJKWV SOD\ ZLWK GD\OLJKW� ,Q WKH
H[KLELWLRQ DUHDV RQ WKH RWKHU KDQG� D
VKDGLQJ V\VWHP DOORZV D KLJK GHJUHH
RI ¿H[LELOLW\ LQ XVH� WZR KDQJLQJV FUH�
DWH GLIIHUHQW OLJKW WUDQVPLVVLRQV� ,Q
WKH :RUNVKRSV� ZKLFK DUH ZRUN DQG
HYHQW VSDFHV WKDW FDQ EH XVHG ¿H[�
LEO\� WKH IRFXV ZDV RQ UHFRJQLVDELO�
LW\ LQ WKH OLJKWLQJ FRQFHSW DQG VXEWOH
URXWLQJ� $W VHOHFWHG ORFDWLRQV� YLVX�
DOO\ SUHVHQW OXPLQDLUHV FUHDWH VWUXF�
WXUH� 7KH %HUOLQ EDVHG VSHFLDOLVWV DOVR
SODQQHG WKH OLJKWLQJ IRU YDULRXV SHUPD�
QHQW DQG WHPSRUDU\ H[KLELWLRQV� VXFK
DV ³6SXUHQ´ �WUDFHV�� 7KH H[KLELWV RQ
WKH KLVWRU\ RI WKH 6WDGWVFKORVV �FLW\
SDODFH�� ZKLFK DUH GLVWULEXWHG WKURXJK�
RXW WKH EXLOGLQJ� RSHQ XS QHZ SHUVSHF�
WLYHV WRJHWKHU ZLWK WKH OLJKWLQJ FRQ�
FHSW�

;OL /\TIVSK[ -VY\T PU )LYSPU L_[LUKZ V]LY
TVYL [OHU ������ ZX\HYL TL[YLZ VU [OL
:WYLL 0ZSHUK� 0[ \UP[LZ PTWVY[HU[ J\S[\YHS
PUZ[P[\[PVUZ PU H \UPX\L JLU[YL MVY HY[ HUK
J\S[\YL� ZJPLUJL HUK LK\JH[PVU� +\YPUN [OL
TVYL [OHU [LU�`LHY JVUZ[Y\J[PVU WOHZL�
[OL SPNO[PUN L_WLY[Z MYVT 3PJO[]PZPVU +LZPNU
JYLH[LK H OVSPZ[PJ SPNO[PUN KLZPNU [OH[ LU�
JVTWHZZLZ HSTVZ[ HSS HYLHZ�

+ROLVWLF OLJKWLQJ GHVLJQ WKURXJKRXW WKH
EXLOGLQJ
-YVT [OL SPNO[PUN VM [OL L_[LYPVY HUK JV\Y[�
`HYK MHsHKLZ� ]PZPISL MYVT HMHY� [V KH`SPNO[�
PUN KLZPNU HUK HY[PÄJPHS SPNO[PUN PU W\ISPJ�
L]LU[� HUK L_OPIP[PVU HYLHZ ¶ L]LY` S\TP�
UV\Z ZWV[ MLH[\YLZ KLZPNU HY[ MYVT 3PJO[]P�
ZPVU� ,]LU PU [OL ZOV^JHZLZ JVU[HPUPUN
L_OPIP[Z VM [OL )LYSPU :[H[L 4\ZL\TZ� ;OL
SPNO[PUN KLZPNULYZ» HPT ^HZ [V PU[LNYH[L
SPNO[ HUK S\TPUHPYLZ ZLHTSLZZS` PU[V [OL
HYJOP[LJ[\YL [V IYPUN [OL I\PSKPUN HUK P[Z
\ZL [V [OL MVYL� ;OPZ Z[HY[Z ^P[O [OL MHsHKL!
3PJO[]PZPVU»Z SPNO[PUN KLZPNU PTTLYZLZ [OL

I\PSKPUN PU H \UPMVYT SPNO[� HZ MH]V\YLK I`
[OL JSPLU[� 0UZ[LHK VM LTWOHZPZPUN PUKP]PK�
\HS LSLTLU[Z VM [OL OPZ[VYPJPZPUN MHsHKL� [OL
SPNO[ HJJLU[\H[LZ [OL ]VS\TL VM [OL /\T�
IVSK[ -VY\T ^P[OV\[ KPZ[YHJ[PUN [OL ]PL^LY»Z
L`L ^P[O KL[HPSZ�

7UDQVSDUHQF\ PHHWV GD\OLJKW
;OL OPZ[VYPJPZPUN MHsHKL HSZV WSH`LK H YVSL
PU [OL KH`SPNO[ WSHUUPUN� HZ P[ PZ YLÅLJ[LK
PU [OL JVU[LTWVYHY` MV`LY� [OL ZV JHSSLK
(NVYH� ^P[O P[Z JLPSPUN VM ^PUKV^Z� 0U [OPZ
HYLH� [YHUZWHYLUJ` ^HZ [OL KLÄUPUN KLZPNU
LSLTLU[� ;OL THPU MVJ\Z ^HZ VU [OL KVTL
VM [OL I\PSKPUN ]PZPISL [OYV\NO [OL NSHZZ YVVM
HUK [OL [OYLL�KPTLUZPVUHS MHsHKL MHJPUN
[OL H[YP\T� ^OPJO PZ TVKLSSLK I` KPYLJ[ KH`�
SPNO[ PUW\[� ;OHURZ [V [OL ZWLJPHS NSHaPUN VM
[OL JVMMLYLK ZR`SPNO[Z� [OL SPNO[PUN KLZPNULYZ
HJOPL]LK [OL ILZ[ WVZZPISL SPNO[PUN X\HSP[`
^P[O OPNO JVSV\Y YLUKLYPUN HUK SV^ LULYN`
[YHUZTPZZPVU� 0U HKKP[PVU [V [YHUZWHYLUJ �̀
HUV[OLY PTWVY[HU[ WSHUUPUN YLX\PYLTLU[
MVY [OL PU[LYPVY ^HZ [OL NYLH[LZ[ WVZZPISL
ÅL_PIPSP[` MVY \ZLYZ� 0U [OL L_OPIP[PVU HYLHZ�
H ZWLJPHS ZOHKPUN Z`Z[LT LUZ\YLZ [OH[ J\�
YH[VYZ JHU HS^H`Z JYLH[L [OL YPNO[ SPNO[ MVY
[OLPY ]PZPVUZ! ;̂ V OHUNPUNZ HYYHUNLK PU [OL
ZWHJL IL[^LLU [OL IV_�[`WL ^PUKV^Z HS�
SV^ MV\Y KPMMLYLU[ KH`SPNO[ ZP[\H[PVUZ� ;OL
MHIYPJ VU [OL V\[ZPKL KHYRLUZ [OL YVVT I`
YLÅLJ[PVU ^OPSL [OL PU[LYPVY ZVSHY WYV[LJ[PVU
J\Y[HPU H]VPKZ ZOHKV^Z�

$UWL¾FLDO OLJKWLQJ LQ SXEOLF DQG H[KLEL�
WLRQ DUHDV
0U [OL >VYRZOVWZ� YPNO[ PU [OL OLHY[ VM [OL
ZP[L� ÅL_PIPSP[` PZ IYV\NO[ [V WLYMLJ[PVU! ;OL
HWWYV_PTH[LS` ����� ZX\HYL TL[YL HYLH
JHU IL \ZLK MVY ]HYPV\Z W\YWVZLZ HUK VM�
MLYZ ZWHJL MVY ^VYRZOVWZ VY MVY JYLH[PUN
HY[� 0U [OPZ WHY[ VM [OL /\TIVSK[ -VY\T [OL
SPNO[PUN [VVSZ ^LYL \ZLK PU H YLK\JLK ^H`
I` 3PJO[]PZPVU� ;OL KLZPNULYZ MVJ\ZLK VU
YLJVNUPZHIPSP[` PU [OL SPNO[PUN JVUJLW[ HUK
JYLH[LK H Z\I[SL ^H`ÄUKPUN� 6US` H[ ZL�
SLJ[LK SVJH[PVUZ KV S\TPUHPYLZ ZWLJPÄJHSS`
Z[Y\J[\YL [OL ZWHJL HZ ]PZ\HSS` WYLZLU[ VI�
QLJ[Z� ;OL SPNO[PUN Z`Z[LT PU [OL >VYRZOVWZ
JVUZPZ[Z VM H JVTIPUH[PVU VM KPMM\ZL SPNO[
SPULZ HUK Z^P]LSSPUN ZWV[SPNO[Z TV\U[LK
VU YLJLZZLK JLPSPUN [YHJRZ [V JVTWLU�
ZH[L MVY [OL SV^ JLPSPUN OLPNO[� 0U [OL SHYNL
OHSS HUK [OL ]LZ[PI\SL� ^OLYL [OL JLPSPUN
OLPNO[Z YLHJO NYLH[LY KPTLUZPVUZ� H S\TP�
UV\Z JLPSPUN HUK JLPSPUN S\TPUHPYLZ WYV]PKL

[OL HWWYVWYPH[L SPNO[� ^OPSL PU [OL -VY\T
*HMt YLÅLJ[P]L ÅVVY S\TPUHPYLZ ZL[ L_JP[PUN
WVPU[Z VM JVU[YHZ[ [V [OL Z[YHPNO[�SPULK HUK
ZPTWSL PU[LYPVY�

6HDUFKLQJ IRU WUDFHV ZLWK OLJKW
:JH[[LYLK PU [OL :JOSVZZRLSSLY �WHSHJL
IHZLTLU[� HUK [OYV\NOV\[ [OL I\PSKPUN�
�� [YHJLZ PU [OL L_OPIP[PVU ¸:W\YLU¹ YL�
JHSS PTWVY[HU[ L]LU[Z MYVT [OL WHZ[ VM [OL
WSHJL ^OLYL [OL /\TIVSK[ -VY\T Z[HUKZ
[VKH �̀ ;OL \UL_WLJ[LK SVJH[PVUZ VM [OL
[YHJLZ� [VNL[OLY ^P[O [OL S\TPUV\Z ZWV[Z
WSHUULK I` 3PJO[]PZPVU KV^U [V [OL ZTHSSLZ[
KL[HPS� VWLU \W UL^ WLYZWLJ[P]LZ� 0U [OPZ
^H �̀ [OL OVSPZ[PJ SPNO[PUN JVUJLW[ I` 3PJO[]P�
ZPVU +LZPNU HJJVTWHUPLZ N\LZ[Z VU [OLPY
ZLHYJO MVY [YHJLZ HUK VU LHJO PUKP]PK\HS
Z[LW [OYV\NO [OL UL^ /\TIVSK[ -VY\T�

7\SRORJ\� 4\ZL\T � 7\ISPJ
6FRSH RI :RUN� +H`SPNO[PUN� (Y[PÄJPHS
3PNO[PUN 
 *VU[YVSZ
&RPSOHWLRQ� :\TTLY ����
/RFDWLRQ� )LYSPU� .LYTHU`
6L]H �*)$�� �����T� �,_[LYPVYZ ≈ ����T��

&OLHQW� )\UKLZHT[ M�Y )H\^LZLU \UK
9H\TVYKU\UN �))9�� :[PM[\UN /\TIVSK[
-VY\T PT )LYSPULY :JOSVZZ
3URMHFW /HDG� 3PJO[]PZPVU +LZPNU"
+Y� ;OVTHZ 4�SSLY
$UFKLWHFW� -YHUJV :[LSSH
3KRWRJUDSKHU� � -SVYPHU :LSPN

3URMHFW /LQN�
https://www.lichtvision.com/projec

ts/museums-cultural-instiutions/hu
mboldt-forum-berlin-germany.html

O[[W!��^^ �̂SPJO[]PZPVU�JVT

https://www.lichtvision.com/projects/museums-cultural-instiutions/humboldt-%20forum-berlin-germany.html
https://www.lichtvision.com/projects/museums-cultural-instiutions/humboldt-%20forum-berlin-germany.html
https://www.lichtvision.com/projects/museums-cultural-instiutions/humboldt-%20forum-berlin-germany.html
http://www.lichtvision.com
http://www.lichtvision.com


30./;05. +,:0.5 7961,*;/<4)63+; -69<4 ),9305! " #

0ZZ\L  ��4H`�1\UL����� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� c 3PNO[PUN ;LJOUVSVNPLZ 
 +LZPNU ��

;OL NSHaPUN VM [OL JVMMLYLK ZR`SPNO[Z ^HZ JOVZLU PU
Z\JO H ^H` [OH[ VW[PTHS SPNO[ X\HSP[` JHU IL HJOPL]LK�
0U [OL Z\TTLY TVU[OZ� HU L_[LYUHS OVYPaVU[HS ZOHKL
Z\WWVY[Z [OL Z\U WYV[LJ[PVU VM [OL NSHaPUN�
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*\IVPK SPNO[ VIQLJ[Z ZL[ [OL JLU[YHS Z[HPY^LSS PU [OL
YPNO[ SPNO[�
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;OL KH`SP[ MVY\T� JHSSLK [OL (NVYH� PZ Z\WWVY[LK I`
JVMMLYLK ZR`SPNO[Z WSHJLK \UKLYULH[O [OL VWLU JLPSPUN�



30./;05. +,:0.5 7961,*; /<4)63+; -69<4 ),9305 ! " #

�� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� c 3PNO[PUN ;LJOUVSVNPLZ 
 +LZPNU 0ZZ\L  ��4H`�1\UL�����



30./;05. +,:0.5 7961,*;/<4)63+; -69<4 ),9305! " #

0ZZ\L  ��4H`�1\UL����� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� c 3PNO[PUN ;LJOUVSVNPLZ 
 +LZPNU ��

=PL^ V]LY [OL :JOS�[LYOVM [V 7VY[HS �� ^OPJO [HRLZ `V\
[V +L\[ZJOLY +VT �.LYTHU *H[OLKYHS� HUK
4\ZL\TZPUZLS �4\ZL\T 0ZSHUK��



/V^ *:( .YV\W»Z 3PNO[PUN *LU[LY
VM ,_JLSSLUJL PZ /LSWPUN [V ;LZ[ H
)YPNO[LY -\[\YL MVY /VY[PJ\S[\YL
2* -SL[JOLY� 4HUHNLY VM *:( .YV\W»Z 3PNO[PUN *LU[LY VM
,_JLSSLUJL PU 0Y]PUL� *HSPMVYUPH
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$V D SK\VLFLVW� ,¶YH DOZD\V EHHQ LQWHU�
HVWHG LQ XQGHUVWDQGLQJ WKH WKLQJV ZH
FDQ¶W VHH ZLWK WKH QDNHG H\H� )URP
HOHFWURPDJQHWV WR WKHUPRG\QDPLFV WR
ZDYHOHQJWKV RI OLJKW� ZH DUH LPSDFWHG
E\ WKLQJV ZH FDQ¶W VHH� DQG , KDYH D
SDVVLRQ IRU OHDUQLQJ PRUH DERXW KRZ
ZH FDQ KDUQHVV WKHLU SRZHU VR ZH FDQ
PLWLJDWH WKHLU QHJDWLYH HIIHFWV DQG LQ�
FUHDVH WKHLU EHQH¾WV� 7KLV OHG PH WR
WKH ¾HOG RI OLJKWLQJ� ZKHUH WKURXJK P\
ZRUN ZLWK &6$ *URXS� ,¶YH H[SHULHQFHG
DGYDQFHPHQWV LQ KRUWLFXOWXUH OLJKWLQJ�
LQFOXGLQJ WKH LQWURGXFWLRQ RI PRUH VFL�
HQWL¾F PHWKRGV RI WHVWLQJ�

:KHQ , ¾UVW EHJDQ WR OHDUQ DERXW DQG
WHVW KRUWLFXOWXUDO OLJKWLQJ� PRVW LQIRU�
PDWLRQ ZDV SDVVHG GRZQ DQHFGRWDOO\
WKURXJK ³JUHHQ WKXPEV´ ZKR OHDUQHG
WKURXJK H[SHULPHQWV DQG SUDFWLFDO H[�
SHULHQFH� VXFK DV ZKDW ZDYHOHQJWKV
WR DSSO\ ZKHQ DQG IRU KRZ ORQJ� %XW
VLQFH WKHQ� ZH KDYH VHHQ VFLHQFH�
EDVHG PHWKRGV VXSSRUWLQJ WUDGLWLRQDO
RQHV� IRU H[DPSOH� , KDYH VHHQ KRUWL�
FXOWXUDO OLJKWLQJ JR IURP KLJK SUHVVXUH
VRGLXP OLJKWLQJ� ZKLFK ZDVWHG HQHUJ\
WKURXJK KHDW DQG DFRXVWLF YLEUDWLRQV�
WXUQ LQWR HQHUJ\ HI¾FLHQW /(' OLJKW�
LQJ ZLWK JUHDW OLJKW LQWHQVLW\� 7KLV KDV
KHOSHG WR H[SDQG WKH DELOLWLHV RI KRU�
WLFXOWXUH� JLYLQJ WKH JURZHU PRUH FRQ�
WURO�

,QGXVWU\ *URZWK DQG
2SSRUWXQLWLHV

;LJOUVSVNPJHS HK]HUJLTLU[Z PU OVY[PJ\S[\YL
SPNO[PUN HYL UV[ Q\Z[ \USVJRPUN [OL WV[LU[PHS
VM JYVWZ� [OL`»YL HSZV HSSV^PUN [OL OVY[PJ\S�
[\YHS PUK\Z[Y` [V NYV^ MHZ[LY [OHU L]LY� >P[O
UL^ JVTWHUPLZ HUK WYVK\J[Z LU[LYPUN [OL
THYRL[� [OLYL PZ HU VWWVY[\UP[` MVY M\Y[OLY
LK\JH[PVU HIV\[ SPNO[ [LZ[PUN HUK JLY[PÄJH�
[PVU MVJ\ZLK VU ZHML[` HUK WLYMVYTHUJL�

:PTPSHY [V V[OLY WYVK\J[Z HUK PUK\Z[YPLZ�
NYV^LYZ UV^ OH]L TVYL JVU[YVS V]LY [OL
[\UHIPSP[` VM [OLPY LU]PYVUTLU[� ;OL` HYL
UV^ HISL [V JVU[YVS MHJ[VYZ SPRL O\TPKP[ �̀
[LTWLYH[\YL� SPNO[PUN HZ ^LSS HZ ^H[LY HUK
U\[YP[PVU KVZPUN ^P[O [OL [V\JO VM H ÄUNLY�
;OPZ PZ OLSWPUN [V \USLHZO [OL WV[LU[PHS VM
OVY[PJ\S[\YL� HZ THU` NYV^LYZ HYL UV SVUNLY
JVUZ[YHPULK I` NLVNYHWO �̀ ^LH[OLY� VY [PTL
VM KH �̀

.YV^LYZ UV SVUNLY T\Z[ YLS` VUS` VU [OL
SLZZVUZ WHZZLK KV^U [OYV\NO [OLPY WLLYZ
VY [YPHS HUK LYYVY� >P[O WYLJPZPVU� [OL` JHU
UV^ ÄUL [\UL [OL JVSVY HUK ^H]LSLUN[OZ
ULLKLK [V OLSW [OL WSHU[ HIZVYI HUK \[PSPaL
]HYPV\Z U\[YPLU[Z� ;OPZ OLSWZ [V Z[PT\SH[L
[OLPY WOV[VYLJLW[VYZ [V WYVK\JL OPNOLY
X\HSP[` MY\P[Z� ]LNL[HISLZ� HUK ÅV^LYZ�

1HZ 6WDWH�RI�WKH�DUW
7HVWLQJ )DFLOLW\

;V HKKYLZZ [OL ULLKZ VM SPNO[PUN THU\�
MHJ[\YLYZ� PUJS\KPUN [OVZL ZLY]PJPUN [OL
OVY[PJ\S[\YL PUK\Z[Y �̀ *:( .YV\W»Z 3PNO[�
PUN *LU[LY VM ,_JLSSLUJL PU 0Y]PUL *HSPMVYUPH
VWLULK P[Z KVVYZ PU SH[L ����� ;OL UL^
Z[H[L�VM�[OL�HY[ MHJPSP[` JLU[YHSPaLZ V\Y JVT�
WYLOLUZP]L [LZ[PUN HUK [LJOUPJHS L_WLY[PZL
\UKLY VUL YVVM� ;OL UL^ *LU[LY VM ,_JLS�
SLUJL WYV]PKLZ H KL[HPSLK Z\P[L VM ZLY]PJLZ
PUJS\KPUN 6:/( 59;3 ZHML[` [LZ[PUN HUK

JLY[PÄJH[PVU ZLY]PJLZ" WOV[VTL[YPJ WLYMVY�
THUJL [LZ[PUN PUJS\KPUN 34�� � OVY[PJ\S�
[\YHS WLYMVYTHUJL [LZ[PUN HUK 0,: ÄSL NLU�
LYH[PVU" WOV[VIPVSVNPJHS WLYMVYTHUJL HUK
ZHML[` [LZ[PUN" HUK HJV\Z[PJ [LZ[PUN�

:P[\H[LK PU :V\[OLYU *HSPMVYUPH� [OL PU[LYUH�
[PVUHS O\I VM [OL SPNO[PUN PUK\Z[Y �̀ [OL SVJH�
[PVU VM *:( .YV\W»Z *LU[LY VM ,_JLSSLUJL
^HZ Z[YH[LNPJHSS` ZLSLJ[LK MVY [OL JVU]L�
UPLUJL VM J\Z[VTLYZ HJYVZZ 5VY[O (TLYPJH�
)` JVUZVSPKH[PUN THU` [LZ[PUN JHWHIPSP[PLZ
PU[V V\Y UL^ SHI� ^L JHU UV^ Z[YLHTSPUL
L]HS\H[PVU ZLY]PJLZ [V THRL [OL WYVJLZZ
LHZPLY MVY VYNHUPaH[PVUZ SVVRPUN [V LU[LY [OL
MHZ[�NYV^PUN OVY[PJ\S[\YL PUK\Z[Y �̀

$GYDQFHG 7HVWLQJ IRU
6DIHW\ DQG (IðFLHQF\

;V LUZ\YL [OL ZHML[` VM SPNO[PUN WYVK\J[Z�
^L WLYMVYT (5:0�*(5�<3 ����!��� HUK
<3 �� � �*:( *���� 56� �����!��� [LZ[Z
[V JOLJR LSLJ[YPJHS� [LTWLYH[\YL� YHPU� O\�
TPKP[ �̀ KPLSLJ[YPJ� NYV\UK IVUK HUK Z[YHPU
YLSPLM [V OLSW [LZ[ H WYVK\J[»Z ZHML[ �̀ ;OPZ PZ
JYP[PJHS ILJH\ZL ^H]LSLUN[OZ HUK WOV[VUZ
HYL V\[ZPKL VM [OL O\THU L`L YLZWVUZL� ZV
[OL` KVU»[ WYV]VRL HU H]LYZPVU YLÅL_� ;OPZ
PZ OLSWPUN I\ZPULZZLZ RLLW ^VYRLYZ ZHML
HZ [OL` HYL UV^ IL[[LY PUMVYTLK [V ZV\YJL
X\HSP[` 77, [V WYL]LU[ PU]PZPISL� `L[ OHYTM\S
ZPKL LMMLJ[Z SPRL ºW\YWSL OLHKHJOLZ» K\L [V
L_WVZ\YL�

>L OH]L PU]LZ[LK OLH]PS` PU V\Y SHIZ V\[�
Ä[[PUN [OLT ^P[O HK]HUJLK LX\PWTLU[ MVY
[LZ[PUN� ;OPZ UL^ HK]HUJLK [LJOUVSVN`
H]HPSHISL H[ V\Y *LU[LY VM ,_JLSSLUJL PZ
OLSWPUN ^P[O WLYMVYTHUJL HUK ZHML[` [LZ[�
PUN� HZ ^LSS HZ PKLU[PÄJH[PVU VM LMÄJPLUJ`
NHPUZ�

-VY L_HTWSL� I` [LZ[PUN ULHY�ÄLSK KPZ[YPI\�
[PVU� ^L HYL Z[HY[PUN [V HKKYLZZ [OL SPTP[H�
[PVU VM WYL]PV\Z [LZ[Z ^OPJO VUS` MVJ\ZLK



*:( .YV\W»Z VMÄJL HUK SHIVYH[VYPLZ PU 0Y]PUL� *HSPMVYUPH�
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VU MHY�ÄLSK KPZ[YPI\[PVU� 5L^ [LJOUVSVNPJHS
HK]HUJLZ HYL HSZV HISL [V ÄUK Z\IZ[HU[PHS
LMÄJPLUJ` NHPUZ PU 3,+Z� *VTWHYLK [V OPNO
WYLZZ\YL ZVKP\T SPNO[ ZV\YJLZ� [OLZL UL^
3,+Z HYL LULYN` LMÄJPLU[� WYVK\JPUN TVYL
PU[LUZL SPNO[PUN ^P[OV\[ ^HZ[PUN ^H[[Z VU
OLH[ VY ZV\UK�

3PRL^PZL� [OYV\NO 0,: ÄSL NLULYH[PVU ^L HYL
OLSWPUN KLZPNULYZ VM OVY[PJ\S[\YHS ZWHJLZ
WSHJL [OLPY SPNO[PUN ZV\YJLZ HWWYVWYPH[LS`
HUK LUZ\YL JYVWZ JHU NL[ IV[O ULHY� HUK
MHY�ÄLSK KPZ[YPI\[PVU VM [OLPY SPNO[PUN ZV\YJLZ�

7KH )XWXUH LV %ULJKW

*:( .YV\W»Z [LZ[PUN� PUZWLJ[PVU HUK JLY�
[PÄJH[PVU VM OVY[PJ\S[\YL SPNO[PUN PZ UV[ VUS`
OLSWPUN [V WYVTV[L H ZHML M\[\YL VM OVY[P�
J\S[\YL� I\[ HU LMÄJPLU[ VUL HZ ^LSS� ;OPZ
^PSS OLSW YLK\JL [OL JHYIVU MVV[WYPU[ VM OVY�
[PJ\S[\YL [OYV\NO TVYL LMÄJPLU[ LSLJ[YPJP[`
JVUZ\TW[PVU� 0[ HSZV HSSV^Z OVY[PJ\S[\YL [V
IL HKVW[LK PU JV\U[YPLZ ^OLYL LSLJ[YPJP[`
WYPJLZ HYL OPNOLY� HUK MHYTPUN TH` IL TVYL
KPMÄJ\S[�

0»T HSZV ZLLPUN [OH[ [OL ILULÄ[Z VM OVY[PJ\S�
[\YHS ZJPLUJL HYL PTWHJ[PUN SVJHS LU]PYVU�
TLU[Z� -VY L_HTWSL� JYVW NYV^LYZ OH]L
KLWLUKLK VU MLY[PSPaLYZ [V WYVTV[L NYV^[O
^OPJO JHU SLHK [V ZVPS JVU[HTPUH[PVU� ^H[LY
WVSS\[PVU HUK HNNYH]H[PVU VM WSHU[ WO`ZPV�
SVNPJHS KPZLHZLZ" OV^L]LY� \ZPUN [OL YPNO[
[`WL VM OVY[PJ\S[\YHS SPNO[PUN ^P[O [HYNL[LK
^H]LSLUN[OZ� [OL` JHU UV^ PUJYLHZL U\[YP�
LU[ \ZL HUK YLK\JL KLWLUKLUJ` VU [OLZL
MLY[PSPaLYZ�

;OLZL SPNO[ Z`Z[LTZ JHU HSZV L_[LUK WYV�
K\J[PVU ZLHZVUZ ZV ^L JHU LUQV` MYLZO MY\P[
HUK ]LNL[HISLZ L]LU PU [OL KLHK VM ^PU[LY�
;OPZ OLSWZ [V SPTP[ [OL [YH]LSPUN KPZ[HUJL VM
PTWVY[LK JYVWZ ^OPJO HSZV OLSWZ [V YLK\JL
V\Y JHYIVU MVV[WYPU[�

>P[O [OL YPZL PU WVW\SHYP[` VM OV\ZL WSHU[Z�
^L HYL UV^ ZLLPUN H TVYL \UL_WLJ[LK
NYV\W LU[LYPUN [OL ÄLSK VM OVY[PJ\S[\YL�
OVTL NYV^LYZ� ;OL \ZL VM OVY[PJ\S[\YHS
SPNO[PUN OHZ UV^ LU[LYLK [OL OVTL� HSSV^�
PUN NLULYHS JVUZ\TLYZ [V NYV^ ÅV^LYZ HUK
MYLZO OLYIZ HSS `LHY YV\UK� >OPJO WSHJLZ HU
PUJYLHZLK ULLK VU [OL PTWVY[HUJL VM LK\�
JH[PVU� H^HYLULZZ� HUK ZHML[ �̀

(Z 0 SVVR [V [OL IYPNO[ M\[\YL VM OVY[PJ\S�
[\YHS SPNO[PUN� 0»T L_JP[LK [V IL WHY[ VM [OL
[LHT [LZ[PUN P[Z ILULÄ[Z� WVZZPIPSP[PLZ� HUK
ZHML[ �̀ >OLU 0 YLÅLJ[ VU [OL Z[H[L VM [OL
PUK\Z[Y` Q\Z[ H KLJHKL HNV� [OPZ NYV^[O
ZLLTZ PUJYLKPISL� SPRL SL[[\JL MYVT -PUSHUK
VY *HUHKPHU H]VJHKVZ� "

� ���� *HUHKPHU :[HUKHYKZ (ZZVJPH[PVU c
(SS YPNO[Z YLZLY]LK»

*:( .YV\W Z[YP]LZ [V WYV]PKL HJJ\YH[L
PUMVYTH[PVU� /V^L]LY� UV YLWYLZLU[H[PVU
VY ^HYYHU[ �̀ L_WYLZZ VY PTWSPLK� PZ THKL
[OH[ [OPZ PUMVYTH[PVU ^PSS TLL[ `V\Y ZWLJPÄJ
ULLKZ� 9LSPHUJL VU [OPZ PUMVYTH[PVU PZ H[
`V\Y V^U YPZR�



9LJVTTLUKH[PVUZ MVY +H`[PTL�
,]LUPUN� HUK 5PNO[[PTL 0UKVVY
3PNO[ ,_WVZ\YL [V )LZ[ :\WWVY[
7O`ZPVSVN �̀ :SLLW� HUK
>HRLM\SULZZ PU /LHS[O` (K\S[Z
;PTV[O` 4� )96>5� .LVYNL *� )9(05(9+� *OYPZ[PHU
*(16*/,5� *OHYSLZ (� *A,0:3,9� 1VOU 7� /(50-05� :[L]LU >�
36*23,@� 9VILY[ 1� 3<*(:� 4PYQHT 4l5*/� 1VOU )� 6»/(.(5�
:[\HY[ 5� 7,09:65� 3\RL 3� (� 790*,� ;PSS 96,55,),9.� 3\J 1�
4� :*/3(5.,5� +LIYH 1� :2,5,� 4HU\LS :70;:*/(5� *tSPUL
=,;;,9� 7O`SSPZ *� A,,� 2LUUL[O 7� >90./; 1Y
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2FXODU OLJKW H[SRVXUH KDV LPSRUWDQW
LQ¿XHQFHV RQ KXPDQ KHDOWK DQG ZHOO�
EHLQJ WKURXJK PRGXODWLRQ RI FLUFDGLDQ
UK\WKPV DQG VOHHS� DV ZHOO DV QHX�
URHQGRFULQH DQG FRJQLWLYH IXQFWLRQV�
3UHYDLOLQJ SDWWHUQV RI OLJKW H[SRVXUH
GR QRW RSWLPDOO\ HQJDJH WKHVH DFWLRQV
IRU PDQ\ LQGLYLGXDOV� EXW DGYDQFHV LQ
RXU XQGHUVWDQGLQJ RI WKH XQGHUSLQQLQJ
PHFKDQLVPV DQG HPHUJLQJ OLJKWLQJ
WHFKQRORJLHV QRZ SUHVHQW RSSRUWX�
QLWLHV WR DGMXVW OLJKWLQJ WR SURPRWH
RSWLPDO SK\VLFDO DQG PHQWDO KHDOWK
DQG SHUIRUPDQFH� $ QHZO\ GHYHORSHG�
LQWHUQDWLRQDO VWDQGDUG SURYLGHV D 6,�
FRPSOLDQW ZD\ RI TXDQWLI\LQJ WKH LQ¿X�
HQFH RI OLJKW RQ WKH LQWULQVLFDOO\ SKR�
WRVHQVLWLYH� PHODQRSVLQ�H[SUHVVLQJ�
UHWLQDO QHXURQV WKDW PHGLDWH WKHVH HI�
IHFWV� 7KH SUHVHQW UHSRUW SURYLGHV UHF�
RPPHQGDWLRQV IRU OLJKWLQJ� EDVHG RQ
DQ H[SHUW VFLHQWL¾F FRQVHQVXV DQG H[�
SUHVVHG LQ DQ HDVLO\ PHDVXUHG TXDQWLW\
�PHODQRSLF HTXLYDOHQW GD\OLJKW LOOXPL�
QDQFH �PHODSRQLF (',�� GH¾QHG ZLWKLQ
WKLV VWDQGDUG� 7KH UHFRPPHQGDWLRQV
DUH VXSSRUWHG E\ GHWDLOHG DQDO\VLV RI
WKH VHQVLWLYLW\ RI KXPDQ FLUFDGLDQ� QHX�
URHQGRFULQH� DQG DOHUWLQJ UHVSRQVHV
WR RFXODU OLJKW DQG SURYLGH D VWUDLJKW�
IRUZDUG IUDPHZRUN WR LQIRUP OLJKWLQJ
GHVLJQ DQG SUDFWLFH�

,QWURGXFWLRQ
)LZPKLZ Z\WWVY[PUN ]PZ\HS WLYJLW[PVU� VJ\�
SHY SPNO[ L_WVZ\YL PUÅ\LUJLZ THU` HZWLJ[Z
VM O\THU WO`ZPVSVN` HUK ILOH]PV\Y� PUJS\K�
PUN JPYJHKPHU YO`[OTZ� ZSLLW� HUK HSLY[ULZZ
�IV[O ]PH JPYJHKPHU Z`Z[LT¶KLWLUKLU[ HUK
JPYJHKPHU Z`Z[LT¶PUKLWLUKLU[ YV\[LZ��
TVVK� UL\YVLUKVJYPUL� HUK JVNUP[P]L M\UJ�
[PVUZ �YL]PL^LK PU >�±�@�� ;OPZ HYYH` VM YL[P�
UHSS` KYP]LU YLZWVUZLZ [V SPNO[ �JVSSLJ[P]LS`
[LYTLK ¸UVU¶PTHNL�MVYTPUN¹ VY� HZ \ZLK
OLYL MVY IYL]P[ �̀ ¸UVU]PZ\HS¹� HYL PTWVY[HU[
KL[LYTPUHU[Z VM OLHS[O� ^LSS�ILPUN� HUK WLY�
MVYTHUJL� HUK ZVTL HYL HSYLHK` JSPUPJHSS`
YLSL]HU[� HZ L]PKLUJLK I` J\YYLU[ SPNO[ [OLY�
HW` MVY JPYJHKPHU YO`[OT ZSLLW KPZVYKLYZ
HUK ]HYPV\Z MVYTZ VM KLWYLZZPVU >�±�@�
0UK\Z[YPHSPaH[PVU HUK \YIHUPaH[PVU OH]L WYV�
NYLZZP]LS` HUK KYHTH[PJHSS` HS[LYLK PUKP]PK�
\HSZ» SPNO[ L_WVZ\YLZ� YLZ\S[PUN PU SLZZ SPNO[�
PUJS\KPUN UH[\YHS SPNO[� K\YPUN [OL KH`[PTL
HUK SLZZ KHYRULZZ K\YPUN [OL UPNO[� K\L [V
ZWLUKPUN TVYL [PTL PUKVVYZ ^OLYL LSLJ�
[YPJ SPNO[PUN WYV]PKLZ [OL KVTPUHU[ ZV\YJL
VM PSS\TPUH[PVU� :\IZ[HU[PHS L]PKLUJL PU�
KPJH[LZ [OH[ Z\JO HS[LYLK SPNO[ L_WVZ\YL
WH[[LYUZ �HUK HZZVJPH[LK JPYJHKPHU�ZSLLW
KPZY\W[PVU� JVU[YPI\[L [V ULNH[P]L PTWHJ[Z
VU OLHS[O� ZSLLW� HUK WYVK\J[P]P[ �̀ YHUN�
PUN MYVT HJ\[L PUJYLHZLZ PU HJJPKLU[ YPZR
[V PUJYLHZLK PUJPKLUJL VM JHYKPVTL[HIVSPJ
KPZVYKLYZ HUK MVYTZ VM JHUJLY �YL]PL^LK PU

>�±��@�� ;OLYLMVYL� [OLYL PZ HU \YNLU[ ULLK
MVY L]PKLUJL�SLK YLJVTTLUKH[PVUZ [V OLSW
PUMVYT [OL KLZPNU HUK HWWSPJH[PVU VM SPNO[
LTPZZPVU [LJOUVSVNPLZ HUK O\THU SPNO[ L_�
WVZ\YLZ�

;V KH[L� H RL` JOHSSLUNL ^OLU VW[PTPaPUN
SPNO[ L_WVZ\YL MVY WYVTV[PUN O\THU OLHS[O�
^LSS�ILPUN� HUK WLYMVYTHUJL OHZ ILLU [OL
SHJR VM HU HJJLW[LK ZJPLU[PÄJ MYHTL^VYR
\WVU ^OPJO [V X\HU[PM` [OL WYVWLUZP[` MVY
SPNO[ [V LSPJP[ [OL YLSL]HU[ YLZWVUZLZ HUK
MYVT ^OPJO [V IHZL YLJVTTLUKH[PVUZ MVY
SPNO[PUN KLZPNU HUK WYHJ[PJL� -VY[\UH[LS �̀ HZ
H YLZ\S[ VM ZL]LYHS KLJHKLZ VM ZJPLU[PÄJ HK�
]HUJLZ� YLZLHYJO�IHZLK YLJVTTLUKH[PVUZ
HYL UV^ WVZZPISL�

)\PSKPUN VU PUP[PHS VIZLY]H[PVUZ [OH[ WO`Z�
PVSVNPJHS YLZWVUZLZ [V VJ\SHY SPNO[ L_WV�
Z\YL JHU WLYZPZ[ L]LU PU WLVWSL ^OV HYL
[V[HSS` ]PZ\HSS` ISPUK >��±��@� JVU]LYNLU[
L]PKLUJL MYVT Z[\KPLZ VM O\THUZ HUK HU�
PTHSZ OHZ ZOV^U [OH[ Z\JO UVU]PZ\HS YL�
ZWVUZLZ �PUJS\KPUN LMMLJ[Z VU [OL JPYJHKPHU
Z`Z[LT� TLSH[VUPU ZLJYL[PVU� ZSLLW�HSLY[�
ULZZ� HUK W\WPS JVUZ[YPJ[PVU� VYPNPUH[L ]PH
H ZWLJPHSPaLK JSHZZ VM YL[PUHS UL\YVUZ� [OL
PU[YPUZPJHSS` WOV[VZLUZP[P]L YL[PUHS NHU�
NSPVU JLSSZ �PW9.*Z� >��±��@� ;OL SPNO[�
ZLUZPUN WOV[VWPNTLU[ ^P[OPU [OL PW9.*Z PZ
TLSHUVWZPU� ^OPJO� PU O\THUZ� PZ TH_PTHSS`
ZLUZP[P]L [V WOV[VUZ PU H KPZ[PUJ[ WVY[PVU



-PN\YL �! 'LIIHUHQFHV LQ SKRWRSLF DQG PHODQRSLF VSHFWUDO VHQVLWLYLW\ IRUPDOL]HG LQ WKH 6,�FRPSOLDQW
V\VWHP IRU TXDQWLI\LQJ LS5*&�LQ¿XHQFHG UHVSRQVHV WR OLJKW�
7HULS $ PSS\Z[YH[LZ [OL TLSHUVWPJ HJ[PVU ZWLJ[Y\T �ZTLS��� ^P[O WLHR ZLUZP[P]P[` H[ � � UT� MVSSV^PUN
WYLYLJLW[VYHS ÄS[LYPUN HWWYVWYPH[L MVY H ���`LHY�VSK VIZLY]LY� HUK [OL WOV[VWPJ ��� ZWLJ[YHS S\TPUV\Z
LMÄJPLUJ`� M\UJ[PVU� =���� Z\WLYPTWVZLK VU [OL ZWLJ[YHS WV^LY KPZ[YPI\[PVU VM Z[HUKHYK KH`SPNO[ �*0,
PSS\TPUHU[ +�� B���D�� :WLJ[YHS ZLUZP[P]P[PLZ HYL WSV[[LK PU SVNHYP[OTPJ JVVYKPUH[LZ� 7HULS % PSS\Z[YH[LZ [OL
^LPNO[LK ZWLJ[YHS WV^LY KPZ[YPI\[PVU MVY ZWLJ[Y\T PU $ T\S[PWSPLK I` [OL WOV[VWPJ HUK TLSHUVWPJ LMÄJPLUJ`
M\UJ[PVUZ H[ ����� S\_ MVY PSS\TPUHUJL �,]� HUK TLSHUVWPJ ,+0 ��� :LUZP[P]P[` J\Y]LZ PU $ HYL WSV[[LK MYVT [OL
[HI\SH[LK ]HS\LZ WYV]PKLK PU [OL *0, :��� Z[HUKHYK B��D� ^P[O ^LPNO[LK PYYHKPHUJL �WSV[Z PU % HUK
HZZVJPH[LK JHSJ\SH[PVUZ� KLYP]LK \ZPUN [OL WYVJLK\YLZ KLZJYPILK PU KL[HPS [OLYLPU� *0,� *VTTPZZPVU
0U[LYUH[PVUHSL KL S»,JSHPYHNL" PW9.*� PU[YPUZPJHSS` WOV[VZLUZP[P]L YL[PUHS NHUNSPVU JLSS" TLSHWVUPJ ,+0�
TLSHUVWPJ LX\P]HSLU[ KH`SPNO[ PSS\TPUHUJL�
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VM [OL ]PZPISL ZWLJ[Y\T [V [OL JVUL WOV�
[VWPNTLU[Z �λmax ≈ ��� UT ILMVYL HJ�
JV\U[PUN MVY ÄS[LYPUN [OYV\NO [OL SLUZ HUK
VJ\SHY TLKPH� >��������@� (Z H YLZ\S[� [OL
LZ[HISPZOLK WOV[VTL[YPJ X\HU[P[PLZ \ZLK [V
KLZJYPIL IYPNO[ULZZ HUK S\TPUV\Z ZLUZH�
[PVU HZ WLYJLP]LK I` O\THUZ KV UV[ HKL�
X\H[LS` YLÅLJ[ [OL ZWLJ[YHS ZLUZP[P]P[` VM HU`
TLSHUVWZPU�KLWLUKLU[ YLZWVUZLZ [V SPNO[�
4LHZ\YLZ Z\JO HZ WOV[VWPJ �PS�S\TPUHUJL�
^OPJO WYPTHYPS` YLÅLJ[ [OL ZWLJ[YHS ZLU�
ZP[P]P[` VM SVUN HUK TLKP\T ^H]LSLUN[O
ZLUZP[P]L JVULZ� WSHJL Z\IZ[HU[PHSS` NYLH[LY
^LPNO[ VU SVUNLY ^H]LSLUN[OZ [OHU [OVZL [V
^OPJO TLSHUVWZPU PZ TVZ[ ZLUZP[P]L� ;OLZL
TLHZ\YLZ [OLYLMVYL WYV]PKL HU PUHWWYVWYP�
H[L Z\YYVNH[L MVY X\HU[PM`PUN [OL WYVWLUZP[`
VM SPNO[ [V LUNHNL PW9.*�KYP]LU JPYJHKPHU�

UL\YVLUKVJYPUL� HUK UL\YVILOH]PVYHS YL�
ZWVUZLZ �)LJXUH �(��

>OPSL [OL WV[LU[PHS ]HS\L VM H TLSHUVWZPU�
IHZLK WOV[VTL[YPJ X\HU[P[` OHZ ILLU
YLJVNUPZLK MVY ZVTL [PTL� [OLYL OHZ HSZV
ILLU \UJLY[HPU[` HZ [V ^OL[OLY [OPZ WYV�
]PKLZ H Z\MÄJPLU[S` KL[HPSLK TVKLS VM [OL
ZWLJ[YHS ZLUZP[P]P[` VM O\THU PW9.*�KYP]LU
YLZWVUZLZ [V VJ\SHY SPNO[ L_WVZ\YL >��@�
/LUJL� ^OPSL [OL ZWLJ[YHS ZLUZP[P]P[` VM
WO`ZPVSVNPJHS YLZWVUZLZ [V SPNO[ PU ]PZ\HSS`
ISPUK WLVWSL HUK HUPTHSZ TH[JOLZ [OH[ L_�
WLJ[LK MVY TLSHUVWZPU >�����������@� PU [OL
M\SS` PU[HJ[ YL[PUH� PW9.*Z JHU HSZV YLJLP]L
ZPNUHSZ VYPNPUH[PUN MYVT YVKZ HUK�VY JVULZ
>��@� 4VYLV]LY� H]HPSHISL KH[H PUKPJH[L [OH[
[OL YLSH[P]L JVU[YPI\[PVUZ VM TLSHUVWZPU HUK

YVK�JVUL WOV[VYLJLW[PVU [V UVU]PZ\HS VJ\�
SHY SPNO[ YLZWVUZLZ� HUK JVUZLX\LU[S` [OLPY
HWWHYLU[ ZLUZP[P]P[ �̀ TH` ]HY` HZ H M\UJ[PVU
VM L_WVZ\YL K\YH[PVU� SPNO[ PU[LUZP[ �̀ HUK
WLYOHWZ [PTL VM KH` HUK�VY WYPVY SPNO[ L_WV�
Z\YL >��������±��@�

(Z HU PUP[PHS YLZWVUZL [V [OL HIZLUJL VM
H Z\P[HISL TL[YPJ MVY X\HU[PM`PUN PW9.*�
KLWLUKLU[ VJ\SHY SPNO[ YLZWVUZLZ� PU �����
HU L_WLY[ ^VYRPUN NYV\W WYVWVZLK H Z`Z�
[LT [OH[ ^LPNO[LK PYYHKPHUJL HJJVYKPUN [V
[OL LMMLJ[P]L PU ]P]V ZWLJ[YHS ZLUZP[P]P[` VM
[OL � RUV^U O\THU YL[PUHS VWZPU WYV[LPUZ
�TLSHUVWZPU� YOVKVWZPU� :�� 4�� HUK 3�
JVUL VWZPU� >��@� ;OPZ MYHTL^VYR OHZ UV^
ILLU MVYTHSPaLK PU[V HU PU[LYUH[PVUHS Z[HU�
KHYK ^P[O H :0�JVTWSPHU[ Z`Z[LT VM TL[YVS�
VN` MVY PW9.*�PUÅ\LUJLK YLZWVUZLZ [V SPNO[
�*VTTPZZPVU 0U[LYUH[PVUHSL KL S»,JSHPYHNL
�*0,� : ��� >��@�� >P[OPU [OPZ Z`Z[LT� [OL
LMMLJ[P]L YH[LZ VM WOV[VU JHW[\YL MVY LHJO
VM [OL O\THU YL[PUHS VWZPUZ \UKLY H NP]LU
SPNO[ JVUKP[PVU HYL LX\H[LK [V [OL WOV[VWPJ
WYVWLY[PLZ �L�N�� PSS\TPUHUJL� VM H Z[HUKHYK
����2 �+��� KH`SPNO[ ZWLJ[Y\T [OH[ ^V\SK
WYVK\JL [OL ZHTL YH[L VM WOV[VU JHW�
[\YL� ;OPZ HWWYVHJO KLÄULZ� MVY LHJO VWZPU
JSHZZ� [OL α�VWPJ LX\P]HSLU[ KH`SPNO[ PSS\TP�
UHUJL �,+0" ^OLYL α�VWPJ KLUV[LZ VUL VM
[OL � O\THU VWZPU JSHZZLZ [OH[ JHU JVU�
[YPI\[L [V PW9.*�PUÅ\LUJLK YLZWVUZLZ�
L�N�� TLSHUVWPJ" )LJXUH �)�� +LZWP[L [OL
ZPNUPÄJHU[ HK]HUJL WYV]PKLK I` [OPZ UL^
SPNO[ TLHZ\YLTLU[ Z[HUKHYK� [V KH[L� L_�
WSPJP[ ZJPLU[PÄJ JVUZLUZ\Z N\PKHUJL VU [OL
YLSH[PVUZOPW IL[^LLU [OL � α�VWPJ X\HU[P�
[PLZ HUK [OL THNUP[\KL VM WYHJ[PJHSS` YLSL�
]HU[ PW9.*�KLWLUKLU[ YLZWVUZLZ PZ SHJR�
PUN� -VY L_HTWSL� OV^ ZOV\SK ZPNUHSZ MYVT
TLSHUVWZPU� JVULZ� HUK YVKZ IL ^LPNO[LK&
+V [OLZL ^LPNO[PUNZ JOHUNL ^P[O SPNO[ L_�
WVZ\YL K\YH[PVU HUK OPZ[VY`& >OH[ SL]LSZ VM
α�VWPJ ,+0 HYL HWWYVWYPH[L PU H NP]LU [PTL
VM KH` HUK ZL[[PUN&

0TWVY[HU[S �̀ HZ VYPNPUHSS` LU]PZHNLK >��@�
HKVW[PVU VM [OL UL^ TLHZ\YLTLU[ HW�
WYVHJO OHZ MHJPSP[H[LK H U\TILY VM SHYNL�
ZJHSL YL[YVZWLJ[P]L L]HS\H[PVUZ VM OPZ�
[VYPJHS KH[H >��±��@ HUK PUMVYTLK UL^
O`WV[OLZPZ�KYP]LU PU]LZ[PNH[PVUZ >��±��@
VU [OL WOV[VYLJLW[P]L WO`ZPVSVN` MVY JPY�
JHKPHU� UL\YVLUKVJYPUL� HUK UL\YVILOH]�
PVYHS YLZWVUZLZ PU O\THUZ� 0U [V[HS� [OL
L]PKLUJL MYVT Z\JO Z[\KPLZ >��±��@ Z\W�
WVY[Z [OL ]PL^ [OH[� \UKLY TVZ[ WYHJ[PJHSS`
YLSL]HU[ ZP[\H[PVUZ �L_[LUKLK L_WVZ\YLZ
[V WVS`JOYVTH[PJ SPNO[ PU [OL HIZLUJL VM
WOHYTHJVSVNPJHS W\WPS KPSH[PVU�� SPNO[ ZLU�
ZP[P]P[` VM O\THU WO`ZPVSVNPJHS YLZWVUZLZ
JHU IL YLSPHIS` HWWYV_PTH[LK I` [OL α�VWPJ
PYYHKPHUJL MVY TLSHUVWZPU VY [OL JVYYL�
ZWVUKPUN ,+0 �TLSHUVWPJ ,+0�� 4VYLV]LY�
IHZLK VU [OL JVUZPZ[LUJ` VM TLSHUVWPJ
PYYHKPHUJL¶YLZWVUZL YLSH[PVUZOPWZ HJYVZZ
Z[\KPLZ >��@� P[ PZ UV^ WVZZPISL [V KLÄUL



-PN\YL �! 5HFRPPHQGDWLRQV IRU PHODQRSLF OLJKW H[SRVXUHV LQ UHODWLRQ WR WKH VHQVLWLYLW\ RI
PHODWRQLQ VXSSUHVVLRQ� FLUFDGLDQ SKDVH UHVHWWLQJ� DQG VXEMHFWLYH DOHUWLQJ UHVSRQVHV�
+H[H HYL KLYP]LK MYVT SHIVYH[VY` Z[\KPLZ �PU O\THUZ ^P[OV\[ [OL \ZL VM W\WPS KPSH[VYZ� PU]LZ[PNH[PUN [OL
PTWHJ[ VM SVUN L_WVZ\YLZ �%� OV\YZ� [V WYPTHYPS` IYVHKIHUK SPNO[ ZV\YJLZ VU TLSH[VUPU Z\WWYLZZPVU
B� ���� ���������D �$�� JPYJHKPHU WOHZL YLZL[[PUN B���� ��������D �%�� HUK Z\IQLJ[P]L HSLY[PUN YLZWVUZLZ
B��D �&�� HZ HUHS`ZLK PU B��D� .YV\W KH[H �YV\UK Z`TIVSZ� HYL WYLZLU[LK HZ TLHU � :+" V[OLY^PZL� KH[H MVY
PUKP]PK\HS Z\IQLJ[Z HYL WYLZLU[LK �ZX\HYL Z`TIVSZ�� :OHKPUN YLWYLZLU[Z [OL  �� JVUÄKLUJL SPTP[Z VM HU
\UJVUZ[YHPULK ��WHYHTL[LY ZPNTVPK Ä[ [V [OL KH[H� -VY JVTWHYPZVU HJYVZZ KPMMLYLU[ YLZWVUZL [`WLZ �'��
KH[H ZL[Z MYVT $±& ^LYL UVYTHSPaLK YLSH[P]L [V [OL YHUNL VM [OL J\Y]L Ä[ MVY [OH[ YLZWVUZL [`WL� :OHKLK
HYLHZ PU ' YLÅLJ[ [OL JVUZLUZ\Z YLJVTTLUKH[PVUZ VM [OL :LJVUK 0U[LYUH[PVUHS >VYRZOVW VU *PYJHKPHU HUK
5L\YVWO`ZPVSVNPJHS 7OV[VTL[Y` MVY ZSLLW� L]LUPUN� HUK PUKVVY KH`[PTL LU]PYVUTLU[Z� 9LJVTTLUKH[PVUZ
HYL PU[LUKLK [V WYV]PKL YLHSPZ[PJ [HYNL[Z [OH[ TPUPTPaL PUHWWYVWYPH[L UVU]PZ\HS YLZWVUZLZ PU [OL ZSLLW
LU]PYVUTLU[ �TLSHUVWPJ ,+0 #� S\_� HUK YLK\JL [OLZL ZV MHY HZ PZ WYHJ[PJHSS` WVZZPISL WYLZSLLW �� OV\YZ
ILMVYL OHIP[\HS ZSLLW" TLSHUVWPJ ,+0 #�� S\_� ^OPSL TH_PTPaPUN YLSL]HU[ LMMLJ[Z HJYVZZ [OL PU[LY]LUPUN
KH`[PTL OV\YZ �TLSHUVWPJ ,+0 %��� S\_�� ;OL UVUZOHKLK YLNPVU PUKPJH[LZ [OL YHUNL VM TLSHUVWPJ ,+0 [OH[
ZOV\SK� ^OLYL WVZZPISL� IL H]VPKLK K\YPUN L]LUPUN HUK UPNO[[PTL HUK HYL JVUZPKLYLK Z\IVW[PTHS MVY
KH`[PTL LU]PYVUTLU[Z� ,+0� LX\P]HSLU[ KH`SPNO[ PSS\TPUHUJL�
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YLHSPZ[PJ� L]PKLUJL�IHZLK YLJVTTLUKH[PVUZ
MVY SPNO[ L_WVZ\YLZ [OH[ [HYNL[ UVU]PZ\HS
YLZWVUZLZ �)LJXUH ��� (SVUNZPKL [OL LTLY�
NLUJL VM MYLLS` H]HPSHISL [VVSZ [V JHSJ\SH[L
[OL YLSL]HU[ TL[YPJZ >�����@� [OLYL UV^ L_�
PZ[Z HU LHZPS` TLHZ\YLK HUK PU[LYUH[PVUHSS`
HJJLW[LK :0�JVTWSPHU[ Z`Z[LT VM TL[YVSVN`
>��@ [V PUMVYT SPNO[PUN KLZPNU HUK HZZVJP�
H[LK WVSPJ �̀

/LYL� ^L KLZJYPIL L_WLY[ JVUZLUZ\Z�IHZLK
YLJVTTLUKH[PVUZ MVY KH`[PTL� L]LUPUN�
HUK UPNO[[PTL SPNO[ L_WVZ\YL� JVUZPKLY�
H[PVUZ HZZVJPH[LK ^P[O [OLPY HWWSPJHIPSP[ �̀
[OL Z\WWVY[PUN ZJPLU[PÄJ L]PKLUJL� HUK HU`
JH]LH[Z HZZVJPH[LK ^P[O [OL YLJVTTLUKH�
[PVUZ HZ [OL` Z[HUK�

0HWKRGRORJ\

;OL :LJVUK 0U[LYUH[PVUHS >VYRZOVW VU *PY�
JHKPHU HUK 5L\YVWO`ZPVSVNPJHS 7OV[VTL[Y`
PU ��� IYV\NO[ [VNL[OLY L_WLY[Z PU SPNO[�
PUN� UL\YVWO`ZPVSVNPJHS WOV[VTL[Y` HUK
ZSLLW� HUK JPYJHKPHU YLZLHYJO �HSS ^VYRZOVW
WHY[PJPWHU[Z HYL PUJS\KLK HZ H\[OVYZ VM [OPZ
THU\ZJYPW[�� ;OL ^VYRZOVW ^HZ JOHPYLK I`
)YV^U HUK >YPNO[ ^OV PU]P[LK WHY[PJPWHU[Z
IHZLK VU WYVMLZZPVUHS HUK�VY HJHKLTPJ
X\HSPÄJH[PVUZ HUK VU YLW\[H[PVU VM ILPUN
H SLHKPUN L_WLY[ PU [OL ÄLSK� PUJS\KPUN IL�
PUN HU H\[OVY VM RL` ZJPLU[PÄJ W\ISPJH[PVUZ
HUK�VY PU[LYUH[PVUHS Z[HUKHYKZ VU [OL [VWPJ�
>VYRZOVW WHY[PJPWHU[Z ^LYL WYV]PKLK NVHSZ
HUK RL` X\LZ[PVUZ [V HKKYLZZ WYPVY [V H
Z[Y\J[\YLK MHJL�[V�MHJL TLL[PUN� ;OL WYP�
THY` MVJ\Z VM [OL TLL[PUN ^HZ [V KL]LSVW
L_WLY[ JVUZLUZ\Z YLJVTTLUKH[PVUZ MVY
OLHS[O` KH`[PTL HUK L]LUPUN�UPNO[[PTL SPNO[
LU]PYVUTLU[Z [LU[H[P]LS` IHZLK VU [OL UL^
:0�JVTWSPHU[ TLHZ\YLTLU[ Z`Z[LT �*0, :
���!����� >��@� 0UP[PHS X\LZ[PVUZ MVY YL]PL^
HUK KPZJ\ZZPVU ^LYL [OL MVSSV^PUN!

�� >OH[ YHUNL VM TLSHUVWPJ ,+0 JHU IL
YLHZVUHIS` JVUZPKLYLK [V WYV]PKL TPUP�
THS HUK TH_PTHS PTWHJ[Z VU UVU]PZ\HS
VJ\SHY SPNO[ YLZWVUZLZ PU O\THUZ&

�� +V ZPNUHSZ MYVT YVKZ HUK�VY JVULZ HSZV
WSH` H THQVY YVSL� HUK� PM ZV� ^OH[ YLSL�
]HU[ N\PKLSPUL SL]LSZ JV\SK IL YLJVT�
TLUKLK [V HJJV\U[ MVY Z\JO HJ[PVUZ&

�� +V [OL HUZ^LYZ [V ��� HUK�VY ��� ]HY`
HJYVZZ KPMMLYLU[ UVU]PZ\HS MVYTPUN YL�
ZWVUZLZ �L�N�� JPYJHKPHU LU[YHPUTLU�
[�YLZL[[PUN� ZSLLW�HYV\ZHS� LMMLJ[Z VU
OVYTVUL ZLJYL[PVU� HUK TVVK� HUK� PM
ZV� ^OH[ PZ [OL TVZ[ HWWYVWYPH[L NLULYHS
YLJVTTLUKH[PVU [OH[ JHU IL WYV]PKLK&

7HY[PJPWHU[Z ^LYL HSZV HZRLK [V JVUZPKLY
PM YLJVTTLUKLK SPNO[ L_WVZ\YLZ ^V\SK
]HY` KLWLUKPUN VU ^OPJO ZWLJPÄJ IPVSVNP�
JHS LMMLJ[Z VUL PZ [Y`PUN [V HJOPL]L HUK�VY
VU [OL [HYNL[ WVW\SH[PVU �L�N�� ZOPM[ ^VYR�

LYZ� ZWLJPÄJ JSPUPJHS HWWSPJH[PVUZ� L[J�� HUK
[V PUJS\KL LTWPYPJHS SP[LYH[\YL Z\WWVY[PUN
[OLPY ]PL^Z� 0U [OL MHJL�[V�MHJL TLL[PUN�
[OL TVYUPUN VM [OL ÄYZ[ KH` ^HZ KL]V[LK
[V KL[HPSLK WYLZLU[H[PVUZ HUK KPZJ\ZZPVU
VM [OL YLSL]HU[ ZJPLU[PÄJ SP[LYH[\YL� HUK [OL
HM[LYUVVU ^HZ KL]V[LK [V IYLHRV\[ ZLZ�
ZPVUZ MVY KPZJ\ZZPVU VM X\LZ[PVUZ � [V �
UV[LK HIV]L� ;OL ZLJVUK KH` ^HZ KL]V[LK
[V M\Y[OLY KPZJ\ZZPVU ^P[O Z\MÄJPLU[ [PTL [V
HKKYLZZ HSS VWPUPVUZ� PKLHZ� HUK JVUJLYUZ�
=V[PUN [V KL[LYTPUL [OL L_WLY[ JVUZLUZ\Z
YLJVTTLUKH[PVUZ VJJ\YYLK ]PH HU P[LYH[P]L
WYVJLZZ" ]V[PUN ^HZ SPTP[LK [V ^VYRZOVW
WHY[PJPWHU[Z HUK� ^OLYL JVUZLUZ\Z JV\SK
UV[ IL PUP[PHSS` YLHJOLK� KPZJ\ZZPVU HUK YL�
]PL^ VM [OL YLSL]HU[ SP[LYH[\YL YLZ\TLK \U[PS
WHY[PJPWHU[Z ^LYL PU HNYLLTLU[� -VSSV^PUN

[OL LZ[HISPZOTLU[ VM [OL L_WLY[ JVUZLU�
Z\Z YLJVTTLUKH[PVUZ� H ^YP[PUN WSHU ^HZ
MVYT\SH[LK [V WYVK\JL [OL J\YYLU[ WHWLY�
:\INYV\WZ VM ^VYRZOVW WHY[PJPWHU[Z PUP�
[PHSS` KYHM[LK ZLJ[PVUZ VM [OL THU\ZJYPW[
TVZ[ YLSL]HU[ [V [OLPY ZWLJPHSPZ[ L_WLY[PZL�
PUJS\KPUN WYV]PKPUN HJJV\U[Z VM [OL ZJP�
LU[PÄJ L]PKLUJL MYVT SHIVYH[VY` HUK ÄLSK
Z[\KPLZ� YLSL]HUJL [V V[OLY L_PZ[PUN ]PZ\HS
Z[HUKHYKZ� HUK V[OLY ZWLJPHS JVUZPKLYH[PVUZ
HZZVJPH[LK ^P[O HWWSPJH[PVU VM [OL YLJVT�
TLUKH[PVUZ� ;OL ^VYRZOVW JOHPYZ �)YV^U
HUK >YPNO[� [OLU PU[LNYH[LK [OL L_WLY[ JVU�
[LU[ PU[V H JVTWSL[L KYHM[ THU\ZJYPW[� PU�
JS\KPUN [OL YLJVTTLUKH[PVUZ MVYTHSPaLK
K\YPUN [OL TLL[PUN� >VYRZOVW WHY[PJPWHU[Z
YL]PL^LK� LKP[LK� HUK HWWYV]LK IV[O [OL
KYHM[ �H]HPSHISL HZ H WYLWYPU[ >��@�� HUK [OPZ
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ÄUHS ]LYZPVU� ^OPJO WYV]PKLZ HKKP[PVUHS YH�
[PVUHSL Z\WWVY[PUN [OL YLJVTTLUKH[PVUZ
HUK [OLPY WYHJ[PJHS HWWSPJH[PVU� ;OL YLJVT�
TLUKH[PVUZ HUK HZZVJPH[LK JVUZPKLYH[PVUZ
KLZJYPILK OLYLPU HYL [OLYLMVYL [OL WYVK\J[
VM H ^VYRZOVW PU]VS]PUN [OL H\[OVYZ� >L
HYL H^HYL [OH[ Z\JO H ^VYRZOVW JHU YHYLS`
IL L_OH\Z[P]L ^P[O YLZWLJ[ [V L_WLY[PZL
HUK�VY ]PL^Z HJYVZZ HSS WV[LU[PHS Z[HRLOVSK�
LYZ�

([SHUW
&RQVHQVXV�EDVHG
5HFRPPHQGDWLRQV
;OL YLJVTTLUKH[PVUZ� KLZJYPILK ILSV �̂
HYL PU[LUKLK [V WYV]PKL YLHSPZ[PJ [HYNL[Z [OH[
^PSS YLZ\S[ PU HWWYVWYPH[L JPYJHKPHU� UL\YVLU�
KVJYPUL� HUK UL\YVILOH]PVYHS YLZWVUZLZ [V
VJ\SHY SPNO[ L_WVZ\YL PU O\THUZ�

'D\WLPH /LJKW
5HFRPPHQGDWLRQV IRU
,QGRRU (QYLURQPHQWV

;OYV\NOV\[ [OL KH`[PTL� [OL YLJVTTLUKLK
TPUPT\T TLSHUVWPJ ,+0 PZ ��� S\_ H[ [OL
L`L TLHZ\YLK PU [OL ]LY[PJHS WSHUL H[ HW�
WYV_PTH[LS` ��� T OLPNO[ �P�L�� ]LY[PJHS PS�
S\TPUHUJL H[ L`L SL]LS ^OLU ZLH[LK�� 0M
H]HPSHISL� KH`SPNO[ ZOV\SK IL \ZLK PU [OL
ÄYZ[ PUZ[HUJL [V TLL[ [OLZL SL]LSZ� 0M HKKP�
[PVUHS LSLJ[YPJ SPNO[PUN PZ YLX\PYLK� [OL WVS`�
JOYVTH[PJ ^OP[L SPNO[ ZOV\SK PKLHSS` OH]L
H ZWLJ[Y\T [OH[� SPRL UH[\YHS KH`SPNO[� PZ
LUYPJOLK PU ZOVY[LY ^H]LSLUN[OZ JSVZL [V
[OL WLHR VM [OL TLSHUVWPJ HJ[PVU ZWLJ[Y\T
�)LJXUH �(��

(YHQLQJ /LJKW
5HFRPPHQGDWLRQV IRU
5HVLGHQWLDO DQG 2WKHU ,QGRRU
(QYLURQPHQWV

+\YPUN [OL L]LUPUN� Z[HY[PUN H[ SLHZ[ � OV\YZ
ILMVYL ILK[PTL� [OL YLJVTTLUKLK TH_�
PT\T TLSHUVWPJ ,+0 PZ �� S\_ TLHZ\YLK
H[ [OL L`L PU [OL ]LY[PJHS WSHUL HWWYV_P�
TH[LS` ��� T OLPNO[� ;V OLSW HJOPL]L [OPZ�
^OLYL WVZZPISL� [OL ^OP[L SPNO[ ZOV\SK OH]L
H ZWLJ[Y\T KLWSL[LK PU ZOVY[ ^H]LSLUN[OZ
JSVZL [V [OL WLHR VM [OL TLSHUVWPJ HJ[PVU
ZWLJ[Y\T�

1LJKWWLPH /LJKW
5HFRPPHQGDWLRQV IRU WKH
6OHHS (QYLURQPHQW

;OL ZSLLW LU]PYVUTLU[ ZOV\SK IL HZ KHYR

HZ WVZZPISL� ;OL YLJVTTLUKLK TH_PT\T
HTIPLU[ TLSHUVWPJ ,+0 PZ � S\_ TLHZ\YLK H[
[OL L`L�

0U JHZL JLY[HPU HJ[P]P[PLZ K\YPUN [OL UPNO[�
[PTL YLX\PYL ]PZPVU� [OL YLJVTTLUKLK TH_�
PT\T TLSHUVWPJ ,+0 PZ �� S\_ TLHZ\YLK
H[ [OL L`L PU [OL ]LY[PJHS WSHUL H[ HWWYV_P�
TH[LS` ��� T OLPNO[�

$GGLWLRQDO &RQVLGHUDWLRQV

P� ,_WVZ\YL [V H Z[HISL HUK YLN\SHY KHPS`
SPNO[¶KHYR J`JSL PZ HSZV SPRLS` [V YLPUMVYJL
NVVK HSPNUTLU[ VM JPYJHKPHU YO`[OTZ�
^OPJO TH` M\Y[OLY ILULÄ[ ZSLLW� JVNUP�
[PVU� HUK OLHS[O� ;OLZL YLJVTTLUKH�
[PVUZ ZOV\SK [OLYLMVYL IL HWWSPLK H[ [OL
ZHTL [PTL LHJO KH �̀ ZV MHY HZ WVZZPISL�

PP� ;OLZL YLJVTTLUKH[PVUZ HYL UV[ PU�
[LUKLK [V Z\WLYZLKL L_PZ[PUN N\PKLSPULZ
YLSH[PUN [V ]PZ\HS M\UJ[PVU HUK ZHML[ �̀
;OL UVU]PZ\HS VJ\SHY SPNO[ YLZWVUZLZ
JV]LYLK OLYL ZOV\SK IL HU HKKP[PVUHS
SL]LS VM JVUZPKLYH[PVU WYV]PKLK [OH[ YLSL�
]HU[ ]PZ\HS Z[HUKHYKZ JHU Z[PSS IL TL[�

PPP� ;OLZL YLJVTTLUKH[PVUZ HYL KLYP]LK
IHZLK VU KH[H MYVT �HUK PU[LUKLK [V
HWWS` [V� OLHS[O` HK\S[Z �HNLK �� [V ���
^P[O YLN\SHY KH`[PTL ZJOLK\SLZ� :WLJPHS
JVUZPKLYH[PVUZ TH` HWWS` [V ZWLJPÄJ
WVW\SH[PVUZ �L�N�� JOPSKYLU� VSKLY WLV�
WSL� ZOPM[ ^VYRLYZ� VY V[OLY PUKP]PK\HSZ
^OVZL SPNO[ ZLUZP[P]P[` KL]PH[LZ Z\IZ[HU�
[PHSS` MYVT HU ¸H]LYHNL¹ OLHS[O` HK\S[� HZ
KPZJ\ZZLK SH[LY PU [OPZ W\ISPJH[PVU �ZLL
¸:WLJPHS JHZLZ HUK L_JLW[PVUZ¹��

5HODWLRQVKLS WR ([LVWLQJ
6WDQGDUGV
;OLYL HYL ZL]LYHS UH[PVUHS HUK PU[LYUH[PVUHS
Z[HUKHYKZ [OH[ HYL YLSL]HU[ [V PUKVVY SPNO[
L_WVZ\YL PU [OL I\PS[ LU]PYVUTLU[� ^OPJO
OH]L ILLU KL]LSVWLK \UKLY YPNVYV\Z K\L
WYVJLZZLZ� JVUZLUZ\Z� HUK V[OLY JYP[L�
YPH� 0U [LYTZ VM IPVSVNPJHS ZHML[ �̀ [OLYL PZ H
YLJLU[ YLJVTTLUKLK WYHJ[PJL MVY WOV[V�
IPVSVNPJHS ZHML[` [OH[ WYV]PKLZ N\PKHUJL VU
VJ\SHY HUK KLYTHS OLHS[O YLSH[P]L [V SPNO[ L_�
WVZ\YL MYVT HSS ]HYPL[PLZ VM PUKVVY SHTWZ
HUK SHTW Z`Z[LTZ �(TLYPJHU 5H[PVUHS
:[HUKHYKZ 0UZ[P[\[L�0SS\TPUH[PUN ,UNPULLY�
PUN :VJPL[` �(5:0�0,:� 97������� >��@� ;OL
0U[LYUH[PVUHS *VTTPZZPVU VU 5VU�0VUPaPUN
9HKPH[PVU 7YV[LJ[PVU �0*5097� OHZ HSZV
YLSLHZLK H YLJLU[ Z[H[LTLU[ JVUJLYUPUN
WOV[VIPVSVNPJHS ZHML[ �̀ ZWLJPÄJHSS` VM SPNO[
L_WVZ\YL MYVT 3,+Z >��@� 6[OLY L_PZ[PUN
N\PKLSPULZ� JVKLZ� HUK ZWLJPÄJH[PVUZ MVY
SPNO[PUN PUZ[HSSH[PVUZ PU PUKVVY WSHJLZ WYPTHY�
PS` JVUJLU[YH[L VU ]PZ\HS M\UJ[PVU� PUJS\KPUN
]PZ\HS JVTMVY[� ]PZ\HS WLYMVYTHUJL� HUK

ZLLPUN ZHMLS` MVY WLVWSL ^P[O UVYTHS� VY
JVYYLJ[LK [V UVYTHS� ]PZPVU�

*\YYLU[ ZWLJPÄJH[PVUZ ^P[OPU SPNO[PUN WYHJ�
[PJL HYL IHZLK VU PSS\TPUHUJL HUK ZL]�
LYHS HKKP[PVUHS X\HSP[H[P]L HUK X\HU[P[H[P]L
ULLKZ JVUJLYUPUN NSHYL� JVSVY YLUKLYPUN�
ÅPJRLY HUK [LTWVYHS SPNO[ TVK\SH[PVU� S\�
TPUHUJL KPZ[YPI\[PVU� HUK [OL KPYLJ[PVUHSP[`
HUK ]HYPHIPSP[` �VM IV[O JVSVY HUK SL]LS� VM
SPNO[� ;OLZL ZWLJPÄJH[PVUZ HYL JYHM[LK [V
LUHISL WLVWSL [V WLYMVYT [OLPY ]PZ\HS [HZRZ
HJJ\YH[LS` HUK LMÄJPLU[S �̀ L]LU MVY KPMÄ�
J\S[ JPYJ\TZ[HUJLZ VY L_[LUKLK K\YH[PVUZ
�L�N�� +L\[ZJOLZ 0UZ[P[\[ M�Y 5VYT\UN �+05�
:7,* ����� >��@" (5:0�0,: 97������
>��@" HUK ,5 �����¶� >��@�� ;VNL[OLY ^P[O
[OL MVJ\Z VU LULYN` ZH]PUN� [OL L_PZ[PUN
N\PKLSPULZ YLZ[YPJ[ [OL PSS\TPUHUJL PUKVVYZ
[V SL]LSZ [OH[ HYL [`WPJHSS` H[ SLHZ[ � VYKLY
VM THNUP[\KL ILSV^ [OL UH[\YHS SPNO[ LU]P�
YVUTLU[ V\[KVVYZ� 4VYLV]LY� [OL LSLJ[YPJHS
SPNO[ ZV\YJLZ PU TVZ[ JVTTVU \ZL� ^OPSL
VW[PTPaLK MVY [OLPY ]PZ\HS X\HSP[PLZ� HYL [`W�
PJHSS` Z\IZ[HU[PHSS` SLZZ LMÄJPLU[ H[ Z[PT\�
SH[PUN TLSHUVWZPU [OHU UH[\YHS KH`SPNO[ VM
LX\P]HSLU[ PSS\TPUHUJL� P�L�� [OL SPNO[ [OL`
WYV]PKL OHZ H SV^ YH[PV VM TLSHUVWPJ ,+0
[V WOV[VWPJ PSS\TPUHUJL �X\HU[PÄLK I` [OL
TLSHUVWPJ KH`SPNO[ LMÄJHJ` YH[PV �TLSHUVWPJ
+,9� >�����@" ZLL )LJXUH ��� ;OPZ SLH]LZ
\Z ^P[O HU PUKVVY SPNO[ LU]PYVUTLU[ [OH[ PZ
WV[LU[PHSS` Z\IVW[PTHS MVY Z\WWVY[PUN O\�
THU OLHS[O� WLYMVYTHUJL� HUK ^LSS�ILPUN
>�±�����@� -VY L_HTWSL� *VTP[t ,\YVWtLU
KL 5VYTHSPZH[PVU �*,5� N\PKLSPULZ ZWLJPM`
H TPUPT\T [HZR WSHUL WOV[VWPJ PSS\TPUHUJL
VM ��� S\_ MVY ^YP[PUN� [`WPUN� YLHKPUN� HUK
KH[H WYVJLZZPUN [HZRZ� >OLU Q\Z[ TLL[�
PUN [OPZ PSS\TPUHUJL [OYLZOVSK ^P[O YLN\SHY
SPNO[PUN �P�L�� TLSHUVWPJ +,9 ^LSS ILSV^ �"
)LJXUH �( HUK )LJXUH �)�� [`WPJHS �]LY[P�
JHS� TLSHUVWPJ ,+0Z LUJV\U[LYLK HJYVZZ
[OL ^VYRPUN KH` ^PSS MHSS ILSV^ ��� S\_
�L�N�� >��±��@�� 4VYLV]LY� ZWLJPÄLK PSS\�
TPUHUJL SL]LSZ MVY V[OLY ZL[[PUNZ� ^OLYL
]PZ\HS KLTHUKZ HYL SV^LY �L�N�� JVYYPKVYZ�
YLZ[ YVVTZ� L[J��� ^PSS [`WPJHSS` IL Z\IZ[HU�
[PHSS` SV^LY [OHU [OL HIV]L �TLSHUVWPJ ,+0
#��� S\_" >��@��

;OPZ W\ISPJH[PVU PZ JLU[YHSS` IHZLK VU HU
PU[LYUH[PVUHSS` IHSSV[LK Z[HUKHYK MYVT [OL
*0, >��@� ^OPJO UV^ WYV]PKLZ HU HJJLW[LK
MYHTL^VYR \WVU ^OPJO [V KLYP]L SPNO[PUN
ZWLJPÄJH[PVUZ [OH[ VW[PTPaL ]PZ\HS� JPYJH�
KPHU� UL\YVLUKVJYPUL� HUK UL\YVILOH]�
PVYHS YLZWVUZLZ [V SPNO[� ;OL JVYYLZWVUKPUN
L_WLY[�SLK JVUZLUZ\Z YLJVTTLUKH[PVUZ
MVY IPVSVNPJHSS` HWWYVWYPH[L SPNO[PUN HYL YL�
ÅLJ[LK PU NLULYHS TLSHUVWPJ ,+0 [OYLZOVSKZ
MVY ]HYPV\Z [PTLZ VM KH`�UPNO[� ;OL YLJVT�
TLUKH[PVUZ WYLZLU[LK OLYL HYL PU[LUKLK [V
IL ^PKLS` HJOPL]HISL ^P[OPU [OL JVUZ[YHPU[Z
VM V[OLY YLSL]HU[ SPNO[PUN N\PKLSPULZ �L�N��
]PH SPNO[PUN VM HWWYVWYPH[L ZWLJ[YHS JVT�
WVZP[PVU" )LJXUH �* HUK )LJXUH �+� HUK



-PN\YL �! ,PSDFW RI GLYHUJHQW VSHFWUDO FRPSRVLWLRQ RI HOHFWULFDO ZKLWH OLJKW VRXUFHV RQ PHODQRSLF HI¾FLHQF\�
7HULSZ $ HUK % PSS\Z[YH[L ZWLJ[YHS WV^LY KPZ[YPI\[PVUZ �`LSSV^� MVY JVTTVUS` LUJV\U[LYLK Å\VYLZJLU[ �$� HUK 3,+�IHZLK �%� ^OP[L SPNO[ ZV\YJLZ� 7HULSZ & HUK '
YLWYLZLU[ OPNO TLSHUVWPJ JVU[LU[ 3,+ ZV\YJL VM ZPTPSHY �&� HUK JVVSLY �OPNOLY� JVYYLSH[LK JVSVY [LTWLYH[\YL �'� HJOPL]HISL ^P[O J\YYLU[ [LJOUVSVNPLZ� :WLJ[YH PU $ HUK
% YLWYLZLU[ *0, Z[HUKHYK PSS\TPUHU[Z -�� HUK 3,+�)�� WSV[[LK MYVT [HI\SH[LK ZV\YJL KH[H B���D� ZWLJ[YH PU & HUK ' ^LYL TVKLSSLK I` JVTIPUPUN ^LPNO[LK
JVTIPUH[PVUZ VM ZWLJ[YH MYVT JVTTLYJPHSS` H]HPSHISL IYVHK HUK UHYYV^IHUK 3,+ ZV\YJLZ� 4LSHUVWPJ �IS\L" =���� HUK WOV[VWPJ �NYLLU" =���� ZWLJ[YHS LMÄJPLUJ`
M\UJ[PVUZ HYL ZOV^U MVY YLMLYLUJL� 7OV[VWPJ PSS\TPUHUJL �,]� HUK TLSHUVWPJ LX\P]HSLU[ KH`SPNO[ �+��� PSS\TPUHUJL �� MVY LHJO ZWLJ[Y\T PZ WYV]PKLK HIV]L� HSVUN ^P[O
[OL TLSHUVWPJ LMÄJPLUJ` MVY [OH[ SPNO[ ZV\YJL �TLSHUVWPJ KH`SPNO[ �+��� LMÄJHJ` YH[PV" TLSHUVWPJ +,9� KLÄULK HZ [OL YH[PV VM TLSHUVWPJ PYYHKPHUJLZ MVY [OPZ ZV\YJL [V
[OH[ MVY H +�� SPNO[ ZV\YJL H[ [OL ZHTL WOV[VWPJ PSS\TPUHUJL B�����D�� 5V[L� PU [OPZ L_HTWSL� HSS ZV\YJLZ WYV]PKL H WOV[VWPJ PSS\TPUHUJL VM ��� S\_� I\[ ]HY` PU
TLSHUVWPJ ,+0� K\L [V [OL YLSH[P]LS` SV^ TLSHUVWPJ +,9 VM JVTTVUS` \ZLK ^OP[L SPNO[ ZV\YJLZ� *0,� *VTTPZZPVU 0U[LYUH[PVUHSL KL S»,JSHPYHNL" TLSHUVWPJ +,9�
TLSHUVWPJ KH`SPNO[ LMÄJHJ` YH[PV" TLSHWVUPJ ,+0� TLSHUVWPJ LX\P]HSLU[ KH`SPNO[ PSS\TPUHUJL�
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[V WYV]PKL H ZV\UK ZJPLU[PÄJ IHZPZ MVY [OL
MVYTHS KL]LSVWTLU[ VM YLJVTTLUKLK WYHJ�
[PJLZ PU SPNO[ HUK SPNO[PUN MYVT UH[PVUHS HUK
PU[LYUH[PVUHS Z[HUKHYKZ VYNHUPaH[PVUZ �L�N��
(5:0� *0,� +05� 0,:� HUK [OL 0U[LYUH[PVUHS
6YNHUPaH[PVU MVY :[HUKHYKPaH[PVU" 0:6��

0U JSVZPUN [OPZ ZLJ[PVU� ^L UV[L [OH[ H U\T�
ILY VM V[OLY YLJVTTLUKH[PVUZ YLSL]HU[
[V WO`ZPVSVNPJHS HUK UL\YVILOH]PVYHS LM�
MLJ[Z VM SPNO[ OH]L ILLU WYVWVZLK PU YLJLU[
`LHYZ� PUJS\KPUN ZVTL N\PKLSPULZ HUK ZWLJ�
PÄJH[PVUZ I` JVTTLYJPHS �MVY�WYVÄ[� LU[P[PLZ
�YL]PL^LK PU >��@�� <USPRL [OLZL WYL]PV\Z
Z\NNLZ[PVUZ� [OL WYLZLU[ YLJVTTLUKH[PVUZ
HYL IV[O I\PS[ HYV\UK HU :0�JVTWSHPU[� PU[LY�
UH[PVUHSS` HJJLW[LK HUK ]HSPKH[LK TLHZ\YL�
TLU[ Z`Z[LT HUK HYL Z\WWVY[LK I` L_WLY[
ZJPLU[PÄJ JVUZLUZ\Z� MLH[\YLZ YLJVNUPZLK
HZ JYP[PJHS I` LZ[HISPZOLK PUK\Z[Y` YLN\SH[VY`
HUK Z[HUKHYKPaH[PVU IVKPLZ >�����@�

3UDFWLFDO &RQVLGHUDWLRQV
(Z UV[LK HIV]L� ^OPSL [OL YLJVTTLUKH�
[PVUZ KL[HPSLK OLYL HYL L_WLJ[LK [V IL
^PKLS` HJOPL]HISL� PTWSLTLU[PUN [OLZL PU
HU` YLHS�^VYSK ZL[[PUN ULJLZZP[H[LZ JHYL
UV[ [V JVTWYVTPZL V[OLY PTWVY[HU[ YLN\�
SH[PVUZ HUK�VY JVUZPKLYH[PVUZ �L�N�� ]PZ\HS

HWWLHYHUJL� NSHYL� [OLYTHS JVTMVY[� ZHML[ �̀
HUK LULYN` LMÄJPLUJ`�� -VY L_HTWSL� HU
PTWVY[HU[ JVUZPKLYH[PVU PU HJOPL]PUN V\Y
YLJVTTLUKH[PVUZ MVY KH`[PTL ZL[[PUNZ PZ
^OL[OLY [OPZ ^V\SK ULJLZZP[H[L OPNOLY V]LY�
HSS SPNO[ SL]LSZ HUK [OLYLMVYL PUJYLHZL LULYN`
L_WLUKP[\YL HUK�VY [OL YPZR VM ]PZ\HS KPZ�
JVTMVY[ �L�N�� NSHYL�� 5V[HIS �̀ [OLYL PZ H
YHUNL VM HWWYVHJOLZ [OH[ �PUKP]PK\HSS` VY
PU JVTIPUH[PVU� JV\SK HSSV^ [OLZL YLJVT�
TLUKH[PVUZ [V IL TL[ ^OPSL H]VPKPUN Z\JO
PZZ\LZ� PUJS\KPUN PUJYLHZPUN [OL H]HPSHIPSP[`
HUK HJJLZZPIPSP[` VM UH[\YHS KH`SPNO[ �L�N��
>��@�� LUNPULLYPUN [OL ZWLJ[YHS JVU[LU[ VM
LSLJ[YPJ SPNO[PUN [V PUJYLHZL TLSHUVWPJ +,9�
HKQ\Z[PUN ÄUPZOLZ HUK M\YUPZOPUNZ [V VW[P�
TPaL Z\YMHJL YLÅLJ[HUJLZ� HUK HKQ\Z[PUN
[OL WSHJLTLU[� HUN\SHY KPZWLYZPVU HUK ZPaL
VM HJJLZZPISL S\TPUV\Z Z\YMHJLZ [V LUOHUJL
]LY[PJHS PSS\TPUHUJLZ HUK�VY TPUPTPaL NSHYL
>��±��@�

(Z HU PSS\Z[YH[PVU VM [OL HIV]L� H YLJLU[
Z[\K` TVKLSSPUN JVTTVU VMÄJL HUK LK\�
JH[PVUHS ZL[[PUNZ MV\UK H JVTIPUH[PVU VM
HKQ\Z[TLU[Z PU Z\YMHJL ÄUPZOLZ HUK ZWLJ�
[YHS JVTWVZP[PVU VM SPNO[PUN JV\SK YLHKPS`
WYVK\JL �� [V ��MVSK JOHUNLZ PU ]LY[PJHS
TLSHUVWZPU�^LPNO[LK SPNO[ L_WVZ\YL >��@�
-VY [OL JVUKP[PVUZ HZZLZZLK [OLYL� ^OLYL
YLSL]HU[ UH[PVUHS Z[HUKHYKZ ZWLJPÄLK OVYP�

aVU[HS PSS\TPUHUJLZ VM ���¶��� S\_� HJOPL]�
PUN HU H]LYHNL TLSHUVWPJ ,+0 VM ��� S\_
PU [OL ]LY[PJHS WSHUL YLX\PYLK HU HWWYV_P�
TH[LS` ��� PUJYLHZL PU OVYPaVU[HS PSS\TP�
UHUJL HUK LULYN` V\[W\[ ^OLU \ZPUN HU
ºVMM�[OL ZOLSM» [\ULHISL ^OP[L 3,+ �����2"
TLSHUVWPJ +,9 $ ������ >P[O HWWYVWYPH[L
KLZPNU� OV^L]LY� JVSVY TP_LK 3,+Z JHU
HSSV^ T\JO OPNOLY TLSHUVWPJ +,9Z� L]LU
^OLU THPU[HPUPUN ^HYTLY JVSVY [LTWLY�
H[\YLZ �L�N�� \W [V ��� MVY ����2 ZV\YJLZ
>��@�� 4VYLV]LY� LUNPULLYLK 3,+ S\TP�
UHPYLZ [OH[ IHSHUJL SLZZ L_[YLTL PUJYLHZLZ
PU TLSHUVWPJ +,9 ^P[O H NVVK ÄKLSP[` JVSVY
YLUKP[PVU PUKL_ HUK ZSPNO[S` JVVSLY ^OP[L
SPNO[ >��@ JHU MHJPSP[H[L TLL[PUN V\Y KH`�
[PTL YLJVTTLUKH[PVUZ ^P[OV\[ ZPNUPÄJHU[S`
JVTWYVTPZPUN LULYN` L_WLUKP[\YL VY ]P�
Z\HS X\HSP[PLZ �L�N�� )LJXUH �+�� -\Y[OLY�
[OL LULYN` LMÄJPLUJ` VM JVSVY�TP_LK 3,+
ZV\YJLZ PZ YHWPKS` HWWYVHJOPUN [OH[ [`WPJHS
VM Z[HUKHYK WOVZWOVY�JVU]LY[LK 3,+Z HUK
PZ ZJOLK\SLK [V L_JLLK [OPZ V]LY [OL UL_[
KLJHKL >��@� ;O\Z� ^OPSL VW[PTPaPUN I\PSK�
PUN HUK SPNO[PUN KLZPNU [V TH_PTPaL LULYN`
LMÄJPLUJ` HUK TPUPTPaL ]PZ\HS KPZJVTMVY[
YLTHPU PTWVY[HU[ NVHSZ� [OLZL ZOV\SK UV[
\S[PTH[LS` WYV]L PTWLKPTLU[Z [V PTWSLTLU[�
PUN V\Y YLJVTTLUKH[PVUZ PU TVZ[ ZL[[PUNZ�

)` JVU[YHZ[� PUJYLHZLK LULYN` L_WLUKP�
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[\YL PZ UV[ H JVUJLYU ^P[O YLZWLJ[ [V V\Y
L]LUPUN�UPNO[[PTL YLJVTTLUKH[PVUZ�
^OLYL [OL ZPNUPÄJHU[ WYHJ[PJHS JVUZPKLYH�
[PVU PZ YH[OLY LUZ\YPUN [OH[ [OLYL PZ Z\MÄJPLU[
SPNO[ [V JVTMVY[HIS` HUK ZHMLS` WLYMVYT
]PZ\HSS` N\PKLK HJ[P]P[PLZ� -VY [OL ZSLLW LU�
]PYVUTLU[� P[ PZ HSYLHK` UH[\YHS [V NYLH[S`
TPUPTPaL SPNO[ L_WVZ\YL �I` [\YUPUN VMM
SPNO[Z� JV]LYPUN ^PUKV^Z� HUK [OL SPRL��
;OLYL PZ SPRLS` Z[PSS H MHPY WYVWVY[PVU VM PUKP�
]PK\HSZ MVY ^OVT [OL ZSLLW LU]PYVUTLU[
PZ J\YYLU[S` ZSPNO[S` HIV]L H TLSHUVWPJ ,+0
VM � S\_ �L�N�� >�����@�� HS[OV\NO ^L ^V\SK
UV[ LU]PZHNL HU` ZPNUPÄJHU[ IHYYPLYZ [V YL�
K\JPUN [OPZ ^OLYL YLX\PYLK �L�N�� ]PH \ZL VM
ISHJRV\[ ISPUKZ HUK [OL PUZ[HSSH[PVU VM VYP�
LU[H[PVU SPNO[PUN ^OLYL ULLKLK�� 6\[ZPKL
VM [OL ZSLLW LU]PYVUTLU[� OV^L]LY� LUZ\Y�
PUN Z\MÄJPLU[ SPNO[ PZ H]HPSHISL MVY ]PZPVU PZ VM
JV\YZL LZZLU[PHS�

-YVT L_PZ[PUN HTI\SH[VY` ÄLSK HZZLZZ�
TLU[Z� L]LUPUN �WOV[VWPJ� PSS\TPUHUJL PZ
JVTTVUS` YLWVY[LK PU [OL VYKLY VM �� S\_
>��±��@� (S[OV\NO JLY[HPU YVVTZ �L�N��
RP[JOLUZ� TH` IL TVYL IYPNO[S` SP[� [OPZ
]HS\L VM �� S\_ JVYYLZWVUKZ [V ]LY[PJHS PS�
S\TPUHUJLZ [`WPJHSS` TLHZ\YLK PU TVZ[ PU�
KVVY KVTLZ[PJ LU]PYVUTLU[Z PU [OL L]LUPUN
>��@� 0U Z\JO JHZLZ� TLL[PUN [OL [OYLZO�
VSK TLSHUVWPJ ,+0 VM �� S\_ ULLK UV[ YL�
X\PYL HU` ZPNUPÄJHU[ JOHUNL PU V]LYHSS PSS\�
TPUHUJL� /LUJL� THU` JVTTVUS` \ZLK
KVTLZ[PJ ^HYT ^OP[L �����2 [V ����2�
3,+Z HSYLHK` OH]L H TLSHUVWPJ +,9 Z\MÄ�
JPLU[S` SV^ �#���� >��@� [V TLL[ V\Y [HYNL[
^OPSL THPU[HPUPUN HU PSS\TPUHUJL VM HWWYV_�
PTH[LS` �� S\_� *VUZPZ[LU[ ^P[O [OPZ ]PL �̂
H YLJLU[ Z[\K` [OH[ HZZLZZLK L]LUPUN SPNO[
L_WVZ\YL PU OVTL ZL[[PUNZ ]PH ^LHYHISL
ZWLJ[YVWOV[VTL[LYZ MV\UK [OH[ PU ULHYS`
��� VM VJJHZPVUZ TLSHUVWPJ ,+0 ^HZ HS�
YLHK` H[ VY ILSV^ �� S\_ >��@� 4VYLV]LY�
THU` JHZLZ ^OLYL L]LUPUN SPNO[ L_WVZ\YL
^HZ HIV]L [OPZ SL]LS PU]VS]LK SPNO[PUN LU�
YPJOLK PU ZOVY[LY ^H]LSLUN[OZ HUK JV\SK�
PU WYPUJPWSL� ILLU IYV\NO[ PU SPUL ^P[O V\Y
YLJVTTLUKH[PVUZ ZPTWS` I` \ZPUN SV^LY
TLSHUVWPJ +,9 SPNO[ ZV\YJLZ� -\Y[OLY�
[OL \ZL VM HWWYVWYPH[L [HZR SPNO[PUN HUK�VY
SPNO[PUN ZWLJPÄJHSS` LUNPULLYLK [V TPUPTPaL
TLSHUVWPJ V\[W\[ �L�N�� >��@� TH` M\Y[OLY
Z\WWVY[ HJ[P]P[PLZ [OH[ ILULÄ[ MYVT PSS\TP�
UHUJLZ HIV]L �� S\_ ^OPSL THPU[HPUPUN HU
V]LYHSS LU]PYVUTLU[ ^OLYL TLSHUVWPJ ,+0
H[ [OL L`LZ YLTHPUZ ILSV^ �� S\_ �HS[OV\NO
[OL SH[[LY \S[YH�SV^ TLSHUVWPJ +,9 ZV\YJLZ
^PSS SPRLS` JVTL H[ [OL L_WLUZL VM YLK\JLK
JVSVY KPZJYPTPUH[PVU�� ( WHY[PJ\SHY JOHSSLUNL�
OV^L]LY� JVTLZ MYVT PUKVVY LU]PYVUTLU[Z
V\[ZPKL [OL OVTL �L�N�� ZWHJLZ ZOHYLK
I` PUKP]PK\HSZ ^P[O YHKPJHSS` KPMMLYLU[ KHP�
S`�^VYR ZJOLK\SLZ�� ^OLYL L_PZ[PUN ]PZ\HS
Z[HUKHYKZ ^PSS VM[LU ZWLJPM` PSS\TPUHUJL
SL]LSZ �%��� S\_� [OH[ JHUUV[ IL HJOPL]LK
^OPSL THPU[HPUPUN H ]LY[PJHS TLSHUVWPJ ,+0
#�� S\_ HUK VW[PTHS JVSVY KPZJYPTPUH[PVU�

5VUL[OLSLZZ� ^OPSL TLL[PUN V\Y L]LUPUN
[HYNL[ TH` UV[ IL HJOPL]HISL PU HSS PU�
Z[HUJLZ� P[ ZOV\SK IL IYVHKS` HJOPL]HISL
PU TVZ[ KVTLZ[PJ ZL[[PUNZ ^P[O J\YYLU[S`
H]HPSHISL SPNO[PUN [LJOUVSVN` HUK� [OLYLMVYL�
MVY [OVZL ^P[O [OL YLN\SHY KH`[PTL ^VYR
ZJOLK\SLZ MVY ^OPJO P[ PZ PU[LUKLK [V HWWS �̀

( ÄUHS WVPU[ MVY JVUZPKLYH[PVU YLSH[LZ [V [OL
SPRLS` ILULÄ[Z VM PTWSLTLU[PUN V\Y YLJVT�
TLUKH[PVUZ [OH[ TH` OH]L [V IL ^LPNOLK
\W [V Q\Z[PM` HU` HZZVJPH[LK JVZ[Z �L�N�� K\L
[V \WNYHKPUN ^VYRWSHJL SPNO[PUN�� (Z KPZ�
J\ZZLK PU KL[HPS ILSV �̂ [OLYL PZ JLY[HPUS`
L]PKLUJL [OH[ PUJYLHZLK KH`[PTL SPNO[ JHU
PTWYV]L Z\IQLJ[P]L VY VIQLJ[P]L TLHZ\YLZ
VM WLYMVYTHUJL� ZSLLW� HSLY[ULZZ� HUK�VY
TVVK HUK [OH[ KLJYLHZLK L]LUPUN HUK
UPNO[[PTL L_WVZ\YLZ JHU YLK\JL HK]LYZL
LMMLJ[Z VM SPNO[ VU ZSLLW� JPYJHKPHU YO`[OTZ�
HUK SVUN�[LYT OLHS[O �ZLL ¸,]PKLUJL MYVT
YLHS�^VYSK ZL[[PUNZ¹�� +PYLJ[S` X\HU[PM`PUN
[OL ILULÄ[Z [OH[ TPNO[ IL L_WLJ[LK HZ�
ZVJPH[LK ^P[O PTWSLTLU[PUN V\Y YLJVT�
TLUKH[PVUZ PZ MHY TVYL JOHSSLUNPUN� 0U [OL
M\[\YL� SHYNL�ZJHSL SVUNP[\KPUHS Z[\KPLZ [OH[
JVTIPUL KH[H VU VIQLJ[P]LS` TLHZ\YLK WLY�
MVYTHUJL �L�N�� ZPJR KH`Z� WYVK\J[P]P[ �̀ HUK
PUJPKLUJL VM HJJPKLU[Z�� OLHS[O V\[JVTLZ�
HUK HWWYVWYPH[LS` TLHZ\YLK �WLYZVUHS� SPNO[
L_WVZ\YL TH` WYV]PKL Z\JO PUMVYTH[PVU�
0U [OL PU[LYPT� P[ PZ ^VY[O UV[PUN [OH[� L]LU
PNUVYPUN WVZZPISL PTWHJ[Z VU [OL PUJPKLUJL
VM JVTTVU HUK JVZ[S` OLHS[O JVTWSPJH�
[PVUZ HZZVJPH[LK ^P[O JPYJHKPHU KPZY\W[PVU
�L�N�� JHYKPV]HZJ\SHY KPZLHZL� KPHIL[LZ�
HUK JHUJLY�� ILULÄ[Z HZZVJPH[LK ^P[O PT�
WYV]LK ZSLLW HSVUL JV\SK WV[LU[PHSS` IL
Z\IZ[HU[PHS >��@� 0UKLLK� PUZ\MÄJPLU[ ZSLLW
PZ LZ[PTH[LK [V JVZ[ [OL <UP[LK :[H[LZ ����
.+7� K\L [V HIZLU[LLPZT� HJJPKLU[Z� YL�
K\JLK WYVK\J[P]P[ �̀ L[J� >�����@� 4VYLV]LY�
L]LU JVTWHYH[P]LS` TVKLZ[ PTWYV]LTLU[Z
MVY [OVZL ^P[O WVVY ZSLLW �#� OV\YZ ZSLLW�
�UPNO[ PUJYLHZLK [V � [V � OV\YZ�UPNO[� HYL
WYLKPJ[LK [V PUJYLHZL <: .+7 PU [OL VYKLY
���� VY HWWYV_PTH[LS` ��� IPSSPVU <:+�`LHY
>��@�

6FLHQWLðF 5DWLRQDOH

(YLGHQFH IURP /DERUDWRU\
6WXGLHV

;OL YH[PVUHSL MVY IHZPUN [OLZL YLJVTTLU�
KH[PVUZ \WVU TLSHUVWPJ ,+0 PZ� PU [OL ÄYZ[
PUZ[HUJL� WYV]PKLK I` H JVTWYLOLUZP]L
HUHS`ZPZ VM KH[H HNNYLNH[LK MYVT JVU[YVSSLK
SHIVYH[VY` Z[\KPLZ �WLYMVYTLK PU OLHS[O`
HK\S[Z HNLK �� [V ��� [OH[ OH]L L]HS\H[LK
[OL � ILZ[ \UKLYZ[VVK UL\YVLUKVJYPUL HUK
JPYJHKPHU SPNO[ YLZWVUZLZ PU O\THUZ! HJ\[L
Z\WWYLZZPVU VM UVJ[\YUHS WPULHS TLSH[VUPU
WYVK\J[PVU HUK JPYJHKPHU WOHZL YLZL[[PUN

I` L]LUPUN VY UPNO[[PTL SPNO[ L_WVZ\YL >��±
��@� ;OVZL KH[H PUKPJH[L [OH[� MVY H ^PKL
YHUNL VM TVUVJOYVTH[PJ� UHYYV^IHUK HUK
IYVHKIHUK SPNO[ ZV\YJLZ HUK L_WVZ\YL K\�
YH[PVUZ� Z\JO VJ\SHY SPNO[ YLZWVUZLZ HYL
IL[[LY WYLKPJ[LK I` TLSHUVWPJ PYYHKPHUJL
[OHU I` WOV[VWPJ PSS\TPUHUJL VY V[OLY L_PZ[�
PUN TL[YPJZ� (KKP[PVUHS JVU[YPI\[PVUZ MYVT
WOV[VYLJLW[VYZ V[OLY [OHU TLSHUVWZPU HYL
L_WLJ[LK IHZLK VU RUV^U PW9.* IPVSVN`
>�����@� HUK L]PKLUJL MVY Z\JO JVU[YPI\�
[PVUZ OHZ ILLU VIZLY]LK \UKLY JLY[HPU
JPYJ\TZ[HUJLZ >��������@� 0TWVY[HU[S �̀
OV^L]LY� [OL Z\T VM LTWPYPJHS O\THU KH[H
Z\NNLZ[ [OH[ HU` Z\JO PUÅ\LUJLZ HYL Z\MÄ�
JPLU[S` SPTP[LK [OH[� \UKLY TVZ[ WYHJ[PJHSS`
YLSL]HU[ JPYJ\TZ[HUJLZ� [OL ZWLJ[YHS ZLUZP�
[P]P[` VM JPYJHKPHU HUK UL\YVLUKVJYPUL HUK�
I` L_[LUZPVU� V[OLY YLSH[LK UVU]PZ\HS YL�
ZWVUZLZ [V VJ\SHY SPNO[ L_WVZ\YL� JHU IL
^LSS HWWYV_PTH[LK I` TLSHUVWPJ ,+0�

;OL JSLHYLZ[ L]PKLUJL MVY JVU[YPI\[PVUZ
MYVT WOV[VYLJLW[VYZ V[OLY [OHU TLSHUVWZPU
OHZ ZV MHY JVTL MYVT L]HS\H[PVUZ VM TLSH�
[VUPU Z\WWYLZZPVU PU ZOVY[ �#� OV\Y� [PTL
^PUKV^Z MVSSV^PUN L_WVZ\YLZ [V TVUVJOYV�
TH[PJ SPNO[ PU WHY[PJPWHU[Z ^P[O KPSH[LK W\WPSZ
�[V YLTV]L PUKPYLJ[ LMMLJ[Z VM W\WPS JVU�
Z[YPJ[PVU VU HWWHYLU[ ZLUZP[P]P[`�� +H[H MYVT
[^V Z\JO Z[\KPLZ HYL JVTWH[PISL ^P[O [OL
WVZZPIPSP[PLZ [OH[ :�JVULZ >��@ VY [OL WOV�
[VWPJ Z`Z[LT >��@ TH` JVU[YPI\[L HSVUN�
ZPKL TLSHUVWZPU �ZLL HSZV YLHUHS`ZPZ PU
>��@�� 0TWVY[HU[S �̀ OV^L]LY� H SHYNL IVK`
VM KH[H ^P[O HUK ^P[OV\[ \ZL VM W\WPS KP�
SH[PVU PUKPJH[LZ [OH[ MVY L_WVZ\YLZ VM HU
OV\Y VY TVYL� TLSH[VUPU Z\WWYLZZPVU JHU
IL YLSPHIS` WYLKPJ[LK I` TLSHUVWPJ ,+0
>�����������@� ;OPZ JVUJS\ZPVU PZ M\Y[OLY
Z[YLUN[OLULK I` ÄUKPUNZ MYVT YLJLU[ Z[\K�
PLZ [OH[ OH]L LTWSV`LK WOV[VYLJLW[VY PZV�
SH[PUN Z[PT\SP [V JVUÄYT [OH[ TLSHUVWZPU�
ZLSLJ[P]L JOHUNLZ PU PYYHKPHUJL TVK\SH[L
TLSH[VUPU WYVK\J[PVU >�����@ I\[ MHPSLK
[V ÄUK HU` LMMLJ[ VM SHYNL ]HYPH[PVUZ PU PY�
YHKPHUJL ZLSLJ[P]LS` [HYNL[PUN :�JVULZ
>��@� -\Y[OLY L]PKLUJL JVUZPZ[LU[ ^P[O H
KVTPUHU[ YVSL MVY TLSHUVWZPU JVTLZ MYVT
LHYSPLY VIZLY]H[PVUZ [OH[ [V[HSS` ISPUK O\�
THUZ �^OLYL YLTHPUPUN SPNO[ YLZWVUZLZ
TH[JO [OL ZWLJ[YHS ZLUZP[P]P[` L_WLJ[LK MVY
TLSHUVWZPU� >�����@ JHU KPZWSH` ULHY�M\SS
TLSH[VUPU Z\WWYLZZPVU >��������@� HZ KV
PUKP]PK\HSZ ^P[O JVSVY ]PZPVU KLÄJPLUJPLZ
>��@�

0U SPUL ^P[O [OL KH[H KPZJ\ZZLK HIV]L� [V�
[HSS` ISPUK PUKP]PK\HSZ JHU HSZV KPZWSH` JPY�
JHKPHU WOHZL YLZL[[PUN YLZWVUZLZ [V IYPNO[
^OP[L SPNO[ VM JVTWHYHISL THNUP[\KL [V
ZPNO[LK PUKP]PK\HSZ >��@� -PUKPUNZ MYVT VUL
Z[\K` PU ZPNO[LK PUKP]PK\HSZ ^P[O WOHYTH�
JVSVNPJHSS` KPSH[LK W\WPSZ HYL Z\NNLZ[P]L
VM JVUL JVU[YPI\[PVUZ [V JPYJHKPHU WOHZL
YLZL[[PUN MVSSV^PUN SVUN ���� OV\YZ� L_WV�
Z\YLZ [V KPT TVUVJOYVTH[PJ SPNO[ >��@�
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/V^L]LY� HU LX\P]HSLU[ LMMLJ[ PZ UV[ YLHKPS`
HWWHYLU[ HJYVZZ KH[H MYVT Z[\KPLZ WLY�
MVYTLK VU WHY[PJPWHU[Z ^P[O \UKPSH[LK W\WPSZ
>��������@� ;O\Z� SHIVYH[VY` KH[H JVSSLJ[LK
\UKLY JVUKP[PVUZ [OH[ HYL TVYL YLSL]HU[ [V
[OL YLHS ^VYSK� ^OLYL W\WPSZ HYL MYLLS` SPNO[
YLZWVUZP]L� PUKPJH[L [OH[ [OL PUÅ\LUJL VM
JVULZ PZ Z\MÄJPLU[S` ZTHSS [OH[ TLSHUVWPJ
PYYHKPHUJL JHU WYV]PKL H YLSPHISL HWWYV_PTH�
[PVU VM [OL ZWLJ[YHS ZLUZP[P]P[` VM JPYJHKPHU
WOHZL YLZL[[PUN�

)` JVU[YHZ[ [V [OL JPYJHKPHU HUK UL\YVLU�
KVJYPUL YLZWVUZLZ KPZJ\ZZLK HIV]L� V[OLY
YLSL]HU[ LMMLJ[Z VM SPNO[ [OH[ HYL VM PTWVY�
[HUJL I\[ TLJOHUPZ[PJHSS` SLZZ ^LSS \U�
KLYZ[VVK� Z\JO HZ HJ\[L SPNO[ LMMLJ[Z VU
HSLY[ULZZ� OH]L UV[ `L[ YLJLP]LK [OL ZHTL
KLNYLL VM HUHS`[PJ HUK WHYHTL[YPJ Z[\K �̀
5VUL[OLSLZZ� SPNO[�KLWLUKLU[ JOHUNLZ PU
Z\IQLJ[P]L HSLY[ULZZ OH]L JVTTVUS` ILLU
YLWVY[LK �YL]PL^LK PU >����@� HUK� ^OLYL
WLYMVYTLK� M\UJ[PVUHS Z[\KPLZ LTWSV`PUN
LSLJ[YVLUJLWOHSVNYHT �,,.� VY THNUL[PJ
YLZVUHUJL PTHNPUN HWWYVHJOLZ YL]LHS JSLHY
UL\YVWO`ZPVSVNPJHS JVYYLSH[LZ VM Z\JO Z\I�
QLJ[P]LS` TLHZ\YLK HSLY[ULZZ JOHUNLZ �L�N��
>��������@��

>P[O YLZWLJ[ [V [OL JVUKP[PVUZ \UKLY ^OPJO
Z\JO HSLY[PUN LMMLJ[Z VJJ\Y� H YLJLU[ JVT�
WYLOLUZP]L TL[H�HUHS`ZPZ YL]LHSZ [OH[
ZLSM�YLWVY[LK HSLY[PUN YLZWVUZLZ [V ^OP[L
SPNO[ HYL JVTTVUS` VIZLY]HISL ^P[OPU H
ZPTPSHY YHUNL VM SPNO[ PU[LUZP[PLZ [V [OVZL
HZZVJPH[LK ^P[O LMMLJ[Z VU [OL JPYJHKPHU
Z`Z[LT �PYYLZWLJ[P]L VM [PTL VM KH`� >�@�
4HU` VM [OL VYPNPUHS Z[\KPLZ JVU[YPI\[PUN
[V [OL SH[[LY HUHS`ZPZ WYLKH[L [OL KPZJV]�
LY` VM TLSHUVWZPU� 0[ PZ WVZZPISL� OV^L]LY�
[V VI[HPU YLHZVUHISL HWWYV_PTH[PVUZ VM
TLSHUVWPJ ,+0 MYVT [OL WOV[VWPJ PSS\TP�
UHUJL YLWVY[LK I` LHYSPLY Z[\KPLZ� I` YLMLY�
LUJL [V [OL [`WPJHS YH[PV VM [OLZL � WHYHTL�
[LYZ L_WLJ[LK MVY [OL YLSL]HU[ SPNO[ ZV\YJLZ
�P�L�� TLSHUVWPJ +,9�� -VY L_HTWSL� H YL�
JLU[ TL[H�HUHS`ZPZ >�@ UV[LZ H ZPNUPÄJHU[
Z\IQLJ[P]L HSLY[PUN LMMLJ[ VM IYPNO[ ^OP[L SPNO[
PU HSTVZ[ ��� VM Z[\KPLZ ��� VM � � ^OLYL
[OL ¸KPT¹ SPNO[ JVUKP[PVU ^HZ ILSV^ �� S\_
HUK [OL ¸IYPNO[¹ JVUKP[PVU %��� S\_ �]HS�
\LZ [OH[ JVYYLZWVUK [V TLSHUVWPJ ,+0 VM
#�� S\_ HUK %��� S\_� \ZPUN H JVUZLY]H[P]L
TLSHUVWPJ +,9 VM ��� HUK ���� YLZWLJ�
[P]LS`�� -\Y[OLY� [OL W\ISPZOLK PYYHKPHUJL
YLZWVUZL KH[H MVY Z\IQLJ[P]L �HUK VIQLJ[P]L�
HSLY[PUN YLZWVUZLZ [V UVJ[\YUHS IYVHKIHUK
^OP[L SPNO[ L_WVZ\YL >��@ HSPNU ]LY` ^LSS
^P[O [OL YLSH[PVUZOPW IL[^LLU TLSHUVWPJ
,+0 HUK JPYJHKPHU�YLSH[LK YLZWVUZLZ KL�
[LYTPULK MYVT V[OLY Z[\KPLZ [OH[ KPK UV[
LTWSV` W\WPS KPSH[PVU >��������@ �)LJXUH ���

;OL YLJLU[ TL[H�HUHS`ZPZ KPZJ\ZZLK HIV]L
>�@� ^OPJO JV\SK UV[ YLHJO KLÄUP[P]L JVU�
JS\ZPVUZ YLNHYKPUN ZWLJ[YHS ZLUZP[P]P[` VM

HSLY[PUN YLZWVUZLZ� KPK UV[ HZZLZZ [OL
L_[LU[ [V ^OPJO [OL THNUP[\KL VM HSLY[�
PUN YLZWVUZLZ ^LYL WYLKPJ[HISL IHZLK VU
TLSHUVWPJ ,+0� 5VUL[OLSLZZ� [OL TVZ[ PU�
MVYTH[P]L Z[\KPLZ PUJS\KLK PU [OH[ HUHS`ZPZ
>�����±��@ HUK V[OLY YLSL]HU[ Z[\KPLZ HUK
TL[H�HUHS`ZLZ >��������������@ PUKPJH[L
[OH[ HSLY[PUN LMMLJ[Z WYVK\JLK I` SPNO[ VM
]HY`PUN ZWLJ[YHS JVTWVZP[PVU HYL JLY[HPUS`
IL[[LY WYLKPJ[LK I` TLSHUVWPJ PYYHKPHUJL
[OHU V[OLY H]HPSHISL TL[YPJZ� 4VYLV]LY�
YLJLU[ Z[\KPLZ WYV]PKL L]PKLUJL [OH[ ZL�
SLJ[P]LS` PUJYLHZPUN TLSHUVWPJ PYYHKPHUJL�
PU [OL HIZLUJL VM JOHUNLZ PU LP[OLY PSS\TP�
UHUJL VY JVSVY� JHU WYVTV[L ZLSM�YLWVY[LK
HSLY[ULZZ K\YPUN IV[O KH` >��@ HUK L]LUPUN
>��@� ;OL MVYTLY Z[\K` HSZV JVUÄYTLK ,,.
JVYYLSH[LZ VM LUOHUJLK KH`[PTL HSLY[ULZZ
]PH HSWOH H[[LU\H[PVU [LZ[ >��@� *VSSLJ[P]LS �̀
[OLZL KH[H KV UV[ L_JS\KL [OL WVZZPIPSP[`
[OH[ JVUL ZPNUHSZ TPNO[ L_LY[ H NYLH[LY PU�
Å\LUJL V]LY HJ\[L HSLY[PUN YLZWVUZLZ [V
SPNO[ [OHU PZ HWWHYLU[ MVY JPYJHKPHU HUK UL\�
YVLUKVJYPUL LMMLJ[Z� 5VUL[OLSLZZ� [OL I\SR
VM H]HPSHISL L]PKLUJL Z\WWVY[Z [OL ]PL^
[OH[ TLSHUVWPJ ,+0 PZ [OL ILZ[ J\YYLU[S`
L_PZ[PUN WYLKPJ[VY VM HSLY[PUN YLZWVUZLZ
[V SPNO[ HUK PZ YLSL]HU[ MVY IV[O KH` HUK
L]LUPUN�UPNO[[PTL ZJLUHYPVZ� ;OL J\YYLU[S`
H]HPSHISL KH[H KV UV[ WYV]PKL HU` KLÄUP[P]L
L]PKLUJL [OH[ [OL ZLUZP[P]P[` VM Z\JO HSLY[�
PUN YLZWVUZLZ KPMMLYZ Z\IZ[HU[PHSS` YLSH[P]L
[V V[OLY TLSHUVWZPU�KYP]LU YLZWVUZLZ [V
L]LUPUN�UPNO[[PTL SPNO[ L_WVZ\YL �)LJXUH ��
VY IL[^LLU UPNO[ HUK KH` �YL]PL^LK PU
>����@�� (JJVYKPUNS �̀ PU [OL HIZLUJL VM UL^
PUMVYTH[PVU� [OL ZLUZP[P]P[` YHUNL KLÄULK MVY
[OL TVYL JVTWYLOLUZP]LS` Z[\KPLK JPYJH�
KPHU HUK UL\YVLUKVJYPUL YLZWVUZLZ JHU IL
\ZLK HZ H ZLUZPISL WYLKPJ[VY VM WYVWLUZP[`
VM SPNO[ [V TVK\SH[L HSLY[ULZZ� YLNHYKSLZZ VM
[PTL VM KH �̀

0U Z\T� TVZ[ VM [OL H]HPSHISL SHIVYH[VY`
KH[H Z\NNLZ[ [OH[ TLSHUVWPJ ,+0 PZ H YLSP�
HISL PUKL_ [OH[ WYV]PKLZ H NVVK HWWYV_P�
TH[PVU VM [OL HWWHYLU[ ZWLJ[YHS ZLUZP[P]P[`
VM O\THU JPYJHKPHU HUK HJ\[L UVU]PZ\HS
YLZWVUZLZ [V VJ\SHY SPNO[ L_WVZ\YL� 0U WHY�
[PJ\SHY� MVY [OL L_[LUKLK L_WVZ\YLZ [V WVS`�
JOYVTH[PJ SPNO[ [OH[ HYL YLSL]HU[ [V L]LY`KH`
SP]PUN LU]PYVUTLU[Z� L_PZ[PUN L]PKLUJL PU�
KPJH[LZ [OH[ HU` HKKP[PVUHS JVU[YPI\[PVUZ
MYVT JVULZ �VY YVKZ" ^OVZL ZWLJ[YHS ZLU�
ZP[P]P[` PZ JSVZL [V TLSHUVWZPU >��������@�
KV UV[ JVTWYVTPZL [OL WYLKPJ[P]L ]HS\L VM
TLSHUVWPJ ,+0�

(Z ILÄ[[PUN H Z`Z[LT L]VS]LK [V VW[PTPaL
WO`ZPVSVN` HUK ILOH]PV\Y PU HU[PJPWH[PVU VM
KH`¶UPNO[ [YHUZP[PVUZ KYP]LU I` [OL ,HY[O»Z
YV[H[PVU YLSH[P]L [V [OL Z\U� [OL VWLYH[PUN
YHUNL VM O\THU JPYJHKPHU� UL\YVLUKVJYPUL�
HUK HSLY[PUN YLZWVUZLZ [V VJ\SHY SPNO[ L_�
WVZ\YL ZWHUZ [OL YHUNL VM SPNO[ PU[LUZP[PLZ
[`WPJHSS` LUJV\U[LYLK IL[^LLU JP]PS [^PSPNO[
HUK Z\UYPZL�Z\UZL[ �P�L�� TLSHUVWPJ ,+0

VM HWWYV_PTH[LS` �¶���� S\_" )LJXUH ���
;OL YLJVTTLUKH[PVUZ PUKPJH[LK HIV]L HYL
[OLYLMVYL PU[LUKLK [V LUZ\YL [OH[ [OL ZSLLW�
PUN LU]PYVUTLU[ PZ RLW[ H[ H SPTP[ ILSV^
^OPJO HU` HWWYLJPHISL UVU]PZ\HS YLZWVUZLZ
VM [OPZ UH[\YL HYL LSPJP[LK HUK [V TPUPTPaL
ULNH[P]L LMMLJ[Z VM [OL SPNO[ LU]PYVUTLU[
K\YPUN ZSLLW HUK WYLZSLLW OV\YZ >��@� :PT�
PSHYS �̀ YLJVTTLUKH[PVUZ MVY KH`[PTL HUK
L]LUPUN SPNO[ L_WVZ\YL HYL PU[LUKLK� ZV MHY
HZ WYHJ[PJHSS` WVZZPISL� [V YLZWLJ[P]LS` TH_�
PTPaL HUK TPUPTPaL HU` HZZVJPH[LK LMMLJ[Z
VU ZSLLW� HSLY[ULZZ HUK [OL JPYJHKPHU Z`Z�
[LT� )` WYV]PKPUN HU HWWYVWYPH[LS` THYRLK
KH`¶UPNO[ ZPNUHS HUK YLK\JPUN WV[LU[PHS KPZ�
Y\W[P]L LMMLJ[Z VM L]LUPUN SPNO[� JVSSLJ[P]LS �̀
[OLZL YLJVTTLUKH[PVUZ HYL L_WLJ[LK [V
WYVTV[L YVI\Z[ HUK HWWYVWYPH[LS` [PTLK
JPYJHKPHU M\UJ[PVUZ PU TVZ[ PUKP]PK\HSZ >��@�
HZ ^LSS HZ [V WYVTV[L HSLY[ULZZ [OYV\NOV\[
[OL KH` HUK Z\WWVY[ OLHS[O` ZSLLW�

(SZV ^VY[O` VM UV[L OLYL� H U\TILY VM Z[\K�
PLZ OH]L WYV]PKLK L]PKLUJL [OH[ \UKLZPY�
HISL LMMLJ[Z VM L]LUPUN�UPNO[[PTL SPNO[ JHU
IL TP[PNH[LK I` IYPNO[LY SPNO[ L_WVZ\YL
LHYSPLY PU [OL KH` �L�N�� >���������±���@��
>OPSL VWWVZPUN HJ[PVUZ VM SPNO[ L_WVZ\YL
K\YPUN TVYUPUN�KH`[PTL HUK L]LUPUN HYL
H ^LSS�\UKLYZ[VVK MLH[\YL VM JPYJHKPHU
M\UJ[PVU >�������@� [OLZL TVK\SH[VY` LM�
MLJ[Z HSZV L_[LUK [V TVYL HJ\[L HJ[PVUZ
VM L]LUPUN SPNO[� Z\JO HZ P[Z HIPSP[` [V Z\W�
WYLZZ TLSH[VUPU WYVK\J[PVU� ([ WYLZLU[�
[OL WO`ZPVSVN` YLZWVUZPISL MVY Z\JO HJ[PVUZ
HYL UV[ ^LSS \UKLYZ[VVK� UVY KVLZ J\YYLU[S`
H]HPSHISL KH[H LUHISL H KL[HPSLK HZZLZZ�
TLU[ VM [OL PU[LUZP[` HUK�VY [PTL YHUNL
HJYVZZ ^OPJO Z\JO LMMLJ[Z VWLYH[L� >OH[
PZ JSLHY� OV^L]LY� PZ [OH[ TVK\SH[VY` LM�
MLJ[Z VM WYPVY SPNO[ L_WVZ\YL HYL JLY[HPUS` UV[
SPTP[LK [V LHYSPLY WHY[Z VM [OL KH` >������@�
(JJVYKPUNS �̀ Z\JO VIZLY]H[PVUZ Z\NNLZ[ H
M\Y[OLY WV[LU[PHS ILULÄ[ VM THPU[HPUPUN OPNO
TLSHUVWPJ SPNO[ L_WVZ\YL [OYV\NOV\[ [OL
KH �̀ ;OL ]PZ\HS YLX\PYLTLU[Z ULJLZZHY`
VY KLZPYHISL MVY ZVTL HJ[P]P[PLZ K\YPUN SH[LY
WHY[Z VM [OL L]LUPUN �L�N�� YLSH[PUN [V PSS\�
TPUHUJL HUK�VY JVSVY� WSHJL H SPTP[ VU [OL
L_[LU[ [V ^OPJO KPZY\W[P]L LMMLJ[Z VM ^OP[L
SPNO[ JHU IL LU[PYLS` H]VPKLK ZPTWS` I` YL�
K\JPUN TLSHUVWPJ ,+0 �L�N�� \ZPUN SPNO[PUN
^P[O H SV^LY TLSHUVWPJ +,9�� /PNOLY SL]�
LSZ VM KH`[PTL SPNO[ L_WVZ\YL TH` [OLYLMVYL
OLSW TP[PNH[L HU` KPZY\W[P]L LMMLJ[Z HZZV�
JPH[LK ^P[O \UH]VPKHISL SPNO[ L_WVZ\YL PU
SH[LY WHY[Z VM [OL L]LUPUN�

(YLGHQFH IURP 5HDO�ZRUOG
6HWWLQJV

>OPSL V\Y J\YYLU[ \UKLYZ[HUKPUN VM [OL
ZWLJ[YHS ZLUZP[P]P[` HUK K`UHTPJ YHUNL VM
JPYJHKPHU� UL\YVLUKVJYPUL� HUK UL\YVIL�
OH]PVYHS SPNO[ YLZWVUZLZ PU O\THUZ PZ TVZ[
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KPYLJ[S` PUMVYTLK I` SHIVYH[VY` Z[\KPLZ� V\Y
YLJVTTLUKH[PVUZ HYL HSZV Z\WWVY[LK I`
ÄLSK L]HS\H[PVUZ VM [OL PTWHJ[ VM LU]PYVU�
TLU[HS SPNO[PUN�

(JJLZZ [V LSLJ[YPJ SPNO[PUN PZ HZZVJPH[LK
^P[O YLK\JLK KH`[PTL HUK PUJYLHZLK UPNO[�
[PTL SPNO[ L_WVZ\YL HUK HS[LYLK ZSLLW [PT�
PUN >���±���@� ^P[O THU` PUKP]PK\HSZ PU
TVKLYU ZVJPL[` YV\[PULS` L_WLYPLUJPUN
TLSHUVWPJ ,+0 #��� S\_ K\YPUN [OL KH �̀
LZWLJPHSS` [OVZL ^P[O KLSH`LK ZSLLW ZJOLK�
\SLZ >�����@� (JJVYKPUNS �̀ [OLYL OH]L ILLU
H U\TILY VM YLHS�^VYSK Z[\KPLZ PTWSLTLU[�
PUN KH`[PTL OPNO TLSHUVWPJ SPNO[PUN PU�
[LY]LU[PVUZ PU ^VYRWSHJLZ� ZJOVVSZ� HUK
JHYL OVTLZ [OH[ WYV]PKL WYHJ[PJHS JVYYVI�
VYH[PVU MVY [OL YLJVTTLUKH[PVU V\[SPULK
HIV]L >���@� :\JO WYHJ[PJHSS` MVJ\ZLK PU�
]LZ[PNH[PVUZ ^LYL UV[ KLZPNULK [V L]HS\H[L
TLSHUVWZPU JVU[YPI\[PVUZ WLY ZL �^P[O PU�
JYLHZLZ PU TLSHUVWPJ ,+0 \Z\HSS` ILPUN
HJJVTWHUPLK I` PUJYLHZLZ PU JVSVY [LTWLY�
H[\YL HUK�VY PSS\TPUHUJL�� I\[ Z\JO Z[\KPLZ
KV WYV]PKL ]HS\HISL PUZPNO[ PU SPRLS` YLHS�
^VYSK ILULÄ[Z HZZVJPH[LK ^P[O TLL[PUN V\Y
YLJVTTLUKH[PVUZ�

0U VMÄJLZ� PUJYLHZPUN [OL TLSHUVWPJ V\[W\[
VM HYJOP[LJ[\YHS SPNO[PUN �HWWYV_PTH[LS` ��
MVSK� ]PH ZOVY[ ^H]LSLUN[O�LUYPJOLK SHTWZ
��� ���2" TLSHUVWPJ +,9 «�� ]LYZ\Z
����2 [V ����2" TLSHUVWPJ +,9#����
OHK ILULÄJPHS LMMLJ[Z VU ZLSM�YLWVY[LK
HSLY[ULZZ� WLYMVYTHUJL� TVVK� HUK ZSLLW
X\HSP[` >�����@� :PTPSHYS �̀ LUOHUJPUN KH`�
[PTL TLSHUVWPJ L_WVZ\YL I` PUJYLHZLK
HJJLZZ [V UH[\YHS KH`SPNO[ PU [OL ^VYR�
WSHJL PTWYV]LK ZSLLW HUK VIQLJ[P]LS` TLH�
Z\YLK JVNUP[P]L WLYMVYTHUJL �OPNOLY�VYKLY
KLJPZPVU�THRPUN� PU VMÄJL ^VYRLYZ >��@�
0U [OLZL Z[\KPLZ >��±��@� [OL H]LYHNL
TLSHUVWPJ ,+0 PU [OL JVU[YVS ^VYRPUN LU�
]PYVUTLU[ ^HZ #��� S\_ �Z[HUKHYK ����2
[V ����2 Å\VYLZJLU[ SPNO[PUN" )LJXUH �(��
^P[O [OL L_WLYPTLU[HS ¸HJ[P]L¹ JVUKP[PVUZ
PUJYLHZPUN TLSHUVWPJ ,+0 [V HWWYV_PTH[LS`
���¶� � S\_� /LUJL� TVKLZ[ HUK YLHKPS`
HJOPL]HISL HKQ\Z[TLU[Z [V PUJYLHZL SPNO[ L_�
WVZ\YL JHU IL HZZVJPH[LK ^P[O TLHZ\YHISL
ILULÄ[Z� ^P[OV\[ HU` VIZLY]HISL KL[YPTLU�
[HS LMMLJ[Z�

0U ZJOVVSZ� ÄUKPUNZ MYVT H ZLYPLZ VM Z[\KPLZ
LTWSV`PUN Å\VYLZJLU[ SPNO[PUN ^P[O ]HYP�
V\Z PU[LUZP[PLZ HUK ZWLJ[YH PUKPJH[L [OH[
ZL[[PUNZ ^P[O H OPNOLY TLSHUVWPJ V\[W\[
�TLSHUVWPJ ,+0 %��� S\_� JHU PTWYV]L
TLHZ\YLZ VM JVUJLU[YH[PVU HUK YLHKPUN
JVTWYLOLUZPVU JVTWHYLK [V J\YYLU[ Z[HU�
KHYK SPNO[PUN �[`WPJHSS` WYV]PKPUN TLSHUVWPJ
,+0 #��� S\_" >���±���@�� :PTPSHY ILULÄ[Z
VM ZOVY[ ^H]LSLUN[O�LUYPJOLK ��� ���2�
]LYZ\Z Z[HUKHYK ����2 Å\VYLZJLU[ SPNO[
VU YLK\JPUN ZSLLWPULZZ OH]L HSZV ILLU
ZOV^U PU JVSSLNL�HNLK Z[\KLU[Z K\YPUN HM�

[LYUVVU SLJ[\YLZ >���@� -\Y[OLY� I\PSKPUN
VU ZLTPUHS ^VYR ZOV^PUN [OL ILULÄ[Z VM
PUJYLHZLK KH`[PTL SPNO[ SL]LSZ MVY [OL LSKLYS`
>���@� ZL]LYHS JSPUPJHS [YPHSZ OH]L ZOV^U
[OL ILULÄ[Z VM LUOHUJLK TLSHUVWPJ SPNO[
L_WVZ\YL K\YPUN KH`[PTL OV\YZ VU JHYL
OVTL YLZPKLU[Z >���±���@� ;OLYL PZ L]P�
KLUJL VM YLK\JLK JPYJHKPHU ZLUZP[P]P[`�YL�
ZWVUZP]LULZZ [V SPNO[ PU VSKLY HK\S[Z �ZLL
¸:WLJPHS JHZLZ HUK L_JLW[PVUZ¹�� PUJS\KPUN
JOHUNLZ PU SLUZ [YHUZTPZZPVU [OH[ JV\SK YL�
K\JL LMMLJ[P]L YL[PUHS KVZL JVYYLZWVUKPUN
[V H NP]LU TLSHUVWPJ ,+0 I` HWWYV_PTH[LS`
��� YLSH[P]L [V [OL �`V\UN� Z[HUKHYK VI�
ZLY]LY VU ^OPJO JHSJ\SH[PVUZ HYL IHZLK
>��@� 5VUL[OLSLZZ� PU [OLZL Z[\KPLZ� JVT�
WHYLK [V JVU[YVS JVUKP[PVUZ �[`WPJHS KH`[PTL
TLSHUVWPJ ,+0 #��� S\_�� PTWSLTLU[H[PVU
VM OPNOLY TLSHUVWPJ� ZOVY[�^H]LSLUN[O LU�
YPJOLK� WVS`JOYVTH[PJ SPNO[PUN �����2 [V
�� ���2� WYV]PKPUN TLSHUVWPJ ,+0 %��� S_�
SLK [V H YHUNL VM PTWYV]LTLU[Z PUJS\KPUN
YLK\JLK KLWYLZZPVU� HNP[H[PVU� HUK HU_PL[ �̀
IL[[LY KH`[PTL HJ[P]P[` HUK� PU ZVTL Z[\K�
PLZ� PTWYV]LK ZSLLW X\HSP[ �̀

*VSSLJ[P]LS �̀ PUJYLHZPUN TLSHUVWPJ SPNO[ L_�
WVZ\YL K\YPUN [OL KH` PU SPUL ^P[O V\Y YLJ�
VTTLUKH[PVUZ OHZ ILLU ZOV^U [V ILULÄ[
HSLY[ULZZ� WLYMVYTHUJL� HUK ZSLLW PU H ^PKL
YHUNL VM YLHS�^VYSK ZL[[PUNZ� L]LU PU [OL
WYLZLUJL VM KH`SPNO[ VY Z[PT\SHU[Z Z\JO HZ
JHMMLPUL VY MVY `V\UNLY VY VSKLY HNL NYV\WZ�
-\Y[OLY� [OLYL PZ TPUPTHS L]PKLUJL MVY ULNH�
[P]L LMMLJ[Z VM PUJYLHZLK KH`[PTL TLSHUVWPJ
SPNO[ L_WVZ\YLZ� 6UL JHYL OVTL Z[\K`
>���@� ^OLYL [OL IYPNO[LZ[ KH`[PTL SPNO[
PU[LY]LU[PVU ^HZ L_HTPULK �IYPNO[ �� ���2
SPNO[PUN WYV]PKPUN TLSHUVWPJ ,+0 HWWYV_�
PTH[LS`  �� S\_�� YLWVY[LK H YLK\J[PVU PU
ZSLLW LMÄJPLUJ` HUK X\HSP[` ^OLU JVTWHYLK
[V Z[HUKHYK ����2 SPNO[PUN �TLSHUVWPJ ,+0
HWWYV_PTH[LS` ��� S\_�� -\Y[OLY� PU HU VMÄJL
Z[\K` VM KH`^VYRLYZ ^OLYL [OL TLSHUVWPJ
,+0 VM JVU[YVS JVUKP[PVU ^HZ HSYLHK` OPNO
�HWWYV_PTH[LS` ��� S\_� M\Y[OLY PUJYLHZLZ
�TLSHUVWPJ ,+0 HWWYV_PTH[LS` ��� S\_� HZ�
ZVJPH[LK ^P[O [OL \ZL VM HU ����2 SPNO[PUN
Z`Z[LT HWWLHYLK [V WYL]LU[ [OL UVYTHS
ZLHZVUHS HK]HUJL PU ZSLLW [PTPUN >���@�
>OPSL [OL SH[[LY JV\SK IL JVUZPKLYLK ILU�
LÄJPHS� HZ P[ LUOHUJLZ JPYJHKPHU HSPNUTLU[
[V [OL ^VYRPUN KH �̀ SVUN�[LYT LMMLJ[Z VM
KLJV\WSPUN MYVT ZLHZVUHS LU]PYVUTLU[HS
YO`[OTZ PZ� [V KH[L� \UJSLHY� .P]LU [OLZL
KH[H� M\[\YL YLZLHYJO PZ ^HYYHU[LK [V PKLU�
[PM` [OL WV[LU[PHS ILULÄJPHS HUK HK]LYZL
LMMLJ[Z VU O\THU WO`ZPVSVN �̀ JVNUP[PVU�
ILOH]PV\Y� HUK OLHS[O VM LSLJ[YPJ SPNO[PUN
[OH[ NYLH[S` L_JLLKZ V\Y PU[LUZP[` YLJVT�
TLUKH[PVUZ�

0U HKKP[PVU [V YLK\JLK KH`[PTL SPNO[ L_�
WVZ\YL� PUJYLHZLK L_WVZ\YL [V LSLJ[YPJ
SPNO[ PU [OL L]LUPUN HUK UPNO[ PZ JVTTVUS`
JVUZPKLYLK [V L_LY[ HK]LYZL LMMLJ[Z VU
ZSLLW� JPYJHKPHU YO`[OTZ� HUK OLHS[O V\[�

JVTLZ >�±������������@� 0UKLLK� L]LU
YLSH[P]LS` SV^ SL]LSZ VM SPNO[ PU [OL ZSLLW LU�
]PYVUTLU[ �JVUZLY]H[P]LS �̀ TLSHUVWPJ ,+0
%� S\_� OH]L ILLU HZZVJPH[LK ^P[O PTWHPYLK
ZSLLW HUK PUJYLHZLK PUJPKLUJL VM KPHIL[LZ
PU SHYNL JVOVY[ Z[\KPLZ >�����@� -\Y[OLY�
[`WPJHS L]LUPUN SPNO[ SL]LSZ VM[LU MHSS ^P[OPU
[OL YHUNL ^OLYL ZPNUPÄJHU[ UVU]PZ\HS YL�
ZWVUZLZ ^V\SK IL WYLKPJ[LK MYVT SHIVYH�
[VY` Z[\KPLZ >��@� -VY L_HTWSL� H ZPNUPÄJHU[
ZV\YJL VM L]LUPUN SPNO[ L_WVZ\YL PZ MYVT
]PZ\HS KPZWSH`Z� ^OPJO PU [OL HIZLUJL VM HU`
V[OLY PSS\TPUH[PVU� JHU WYV]PKL TLSHUVWPJ
,+0 VM %�� S\_ >����������@ �HIV]L [OL [`W�
PJHS SL]LS VM L_WVZ\YL YLX\PYLK [V WYVK\JL
OHSM�TH_PTHS Z\IQLJ[P]L HSLY[PUN� TLSH[VUPU
Z\WWYLZZPUN� HUK JPYJHKPHU WOHZL ZOPM[PUN
YLZWVUZLZ PU SHIVYH[VY` Z[\KPLZ" )LJXUH ���
0UKLLK� ZL]LYHS Z[\KPLZ OH]L ZOV^U [OH[
SPNO[ MYVT TVKLYU ]PZ\HS KPZWSH`Z PZ Z\MÄ�
JPLU[ [V YLK\JL [OL L]LUPUN YPZL PU TLSH�
[VUPU� PTWHPY ZSLLWPULZZ� HUK�VY PUJYLHZL
Z\IQLJ[P]LS` VY VIQLJ[P]LS` TLHZ\YLK HSLY[�
ULZZ >���±���@� 4VYLV]LY� THUPW\SH[PVUZ
[OH[ YLK\JL L_WVZ\YL [V ZOVY[ ^H]LSLUN[O
SPNO[ MYVT Z\JO KPZWSH`Z OHZ� PU ZVTL SHIV�
YH[VY` Z[\KPLZ� ILLU MV\UK [V SLZZLU [OLZL
LMMLJ[Z >�������@ HZ OH]L ZLSLJ[P]L YLK\J�
[PVUZ PU TLSHUVWPJ V\[W\[ >��@� ;OLYL OH]L
UV[ `L[ ILLU SHYNL�ZJHSL SVUNP[\KPUHS ÄLSK
Z[\KPLZ VU OV^ LMMLJ[P]L Z\JO THUPW\SH�
[PVUZ TPNO[ IL� HS[OV\NO P[ PZ UV[L^VY[O`
[OH[ [OL YLK\J[PVUZ PU TLSHUVWPJ YHKPHUJL
HJOPL]HISL ZPTWS` I` HKQ\Z[PUN [OL ZWLJ�
[YHS JVU[LU[ VM J\YYLU[ ]PZ\HS KPZWSH`Z HYL
TVKLZ[ �HWWYV_PTH[LS` ��� KLJYLHZL��
(Z Z\JO� ^L L_WLJ[ [OH[ Z\JO HWWYVHJOLZ
^PSS IL TVZ[ ILULÄJPHS ^OLU JVTIPULK ^P[O
V[OLY Z[YH[LNPLZ [V TPUPTPaL L]LUPUN PSS\TP�
UH[PVU �L�N�� KPTTPUN VM ZJYLLUZ HUK SV^
TLSHUVWPJ HTIPLU[ SPNO[PUN�� 0U HKKP[PVU� [OL
WV[LU[PHS WYV[LJ[P]L YVSL VM HKLX\H[L KH`�
[PTL SPNO[ L_WVZ\YL [V H[[LU\H[L HK]LYZL
LMMLJ[Z VM L]LUPUN HUK UPNO[[PTL SPNO[ L_WV�
Z\YL VU JPYJHKPHU WO`ZPVSVN` YLX\PYLZ M\[\YL
YLZLHYJO�

6SHFLDO &DVHV DQG
([FHSWLRQV

>OPSL [OL J\YYLU[ YLJVTTLUKH[PVUZ HYL
PU[LUKLK [V IL ^PKLS` HWWSPJHISL� [OL ZJP�
LU[PÄJ \UKLYWPUUPUNZ WYPTHYPS` KLYP]L MYVT
Z[\KPLZ VM UL\YVLUKVJYPUL� JPYJHKPHU� ZSLLW�
HUK HSLY[PUN YLZWVUZLZ [V VJ\SHY SPNO[ L_WV�
Z\YL PU OLHS[O` `V\UN HK\S[Z� ,]LU HTVUN
[OPZ NYV\W� ÄUKPUNZ MYVT H YLJLU[ SHIVYH[VY`
Z[\K` ZOV^ ZPNUPÄJHU[ �%���MVSK� PU[LYPUKP�
]PK\HS ]HYPH[PVUZ PU ZLUZP[P]P[` [V ^OP[L SPNO[¶
PUK\JLK Z\WWYLZZPVU VM [OL L]LUPUN YPZL PU
TLSH[VUPU >��@� ;OL WO`ZPVSVN` \UKLYS`PUN
[OPZ ]HYPHIPSP[` PZ J\YYLU[S` \URUV^U� 0TWVY�
[HU[S �̀ OV^L]LY� HZZ\TPUN Z\JO ]HYPHIPSP[` PZ
PUKPJH[P]L VM [OH[ MVY [OL OLHS[O` HK\S[ WVW�
\SH[PVUZ JVU[YPI\[PUN HJYVZZ [OL YHUNL VM
SHI Z[\KPLZ KPZJ\ZZLK HIV]L� P[ PZ PUOLYLU[S`
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PUJVYWVYH[LK PU[V V\Y YLJVTTLUKH[PVUZ�
/LUJL� [HYNL[Z MVY KH`[PTL HUK UPNO[[PTL
L_WVZ\YLZ HYL IHZLK VU SPNO[ PU[LUZP[PLZ
MV\UK [V WYVK\JL ULHY TH_PTHS VY TPUPTHS
YLZWVUZLZ HJYVZZ [OL [LZ[ WVW\SH[PVU� >P[O
YLZWLJ[ [V [OL YLJVTTLUKH[PVU MVY L]LUPUN
ZL[[PUNZ� [OLYL TH` IL TVYL ZPNUPÄJHU[ ]HYP�
HIPSP[` PU [OL YLSH[P]L THNUP[\KL VM JPYJHKPHU�
UL\YVLUKVJYPUL� HUK HZZVJPH[LK UL\YV�
WO`ZPVSVNPJHS YLZWVUZLZ� IHZLK VU [OL
PU[YHPUKP]PK\HS KPMMLYLUJLZ UV[LK HIV]L >��@�
0U [OL HIZLUJL VM HU` YLHK` TLHUZ MVY WYL�
KPJ[PUN PUKP]PK\HS KPMMLYLUJLZ PU ZLUZP[P]P[ �̀
[OL WYLZLU[ YLJVTTLUKH[PVU VM H TH_P�
T\T TLSHUVWPJ ,+0 VM �� S\_ PZ PU[LUKLK [V
HWWYVWYPH[LS` TPUPTPaL \UKLZPYHISL LMMLJ[Z
VM L]LUPUN SPNO[ MVY [OL ¸H]LYHNL¹ OLHS[O`
HK\S[ ^OPSL HSSV^PUN MVY Z\MÄJPLU[ SPNO[ MVY
JVTTVU L]LUPUN HJ[P]P[PLZ �ZLL ¸7YHJ[P�
JHS JVUZPKLYH[PVUZ¹ MVY M\Y[OLY KPZJ\ZZPVU��
(Z P[ Z[HUKZ� ^OLYL [OL L]LUPUN SPNO[ LU�
]PYVUTLU[ J\YYLU[S` YLZ\S[Z PU H TLSHUVWPJ
,+0 HIV]L �� S\_� YLK\JPUN L_WVZ\YL PU SPUL
^P[O V\Y YLJVTTLUKH[PVUZ PZ JLY[HPUS` Z[PSS
L_WLJ[LK [V IL ILULÄJPHS� YLNHYKSLZZ VM PU�
KP]PK\HS KPMMLYLUJLZ PU ZLUZP[P]P[ �̀ HS[OV\NO
M\[\YL KL]LSVWTLU[Z TH` THRL P[ WVZZPISL
[V YLÄUL YLJVTTLUKH[PVUZ MVY ZWLJPÄJ PUKP�
]PK\HSZ�

;OL THNUP[\KL VM JPYJHKPHU HUK UL\YVLU�
KVJYPUL YLZWVUZLZ [V SPNO[ HSZV KLWLUKZ
VU HNL� ^P[O [OVZL PU `V\UN JOPSKYLU IL�
PUN SHYNLY HUK [OVZL PU VSKLY HK\S[Z [LUKPUN
[V IL ZTHSSLY ^OLU JVTWHYLK [V `V\UN
HK\S[Z >���±���@� ;OLZL VIZLY]H[PVUZ
TH �̀ PU WHY[� YLÅLJ[ HNL�YLSH[LK KPMMLY�
LUJLZ PU [OL HTV\U[ VM SPNO[ YLHJOPUN [OL
YL[PUH �K\L [V JOHUNLZ PU W\WPS ZPaL HUK
SLUZ [YHUZTP[[HUJL�� HS[OV\NO TVYL KP�
YLJ[ JOHUNLZ PU ZLUZP[P]P[` VY HTWSP[\KL
TH` HSZV IL PU]VS]LK� *LY[HPUS �̀ VUL WYL�
]PV\Z Z[\K` [OH[ PU]LZ[PNH[LK [OL PTWHJ[
VM HNL�YLSH[LK JOHUNLZ PU SLUZ [YHUZTP[�
[HUJL KPK UV[ ÄUK [OH[ [OPZ ^HZ HZZVJP�
H[LK ^P[O [OL L_WLJ[LK YLK\J[PVU PU SPNO[
PUK\JLK TLSH[VUPU Z\WWYLZZPVU PU VSKLY
HK\S[Z >���@� *OHUNLZ PU SPNO[ L_WVZ\YL PU
SPUL ^P[O [OL J\YYLU[ YLJVTTLUKH[PVUZ HYL
Z[PSS L_WLJ[LK [V IL VM NLULYHS ILULÄ[ [V
IV[O `V\UN >���±�����������@ HUK VSKLY
PUKP]PK\HSZ >���������±���@ �^OLYL [OLPY
J\YYLU[ KH`[PTL SPNO[ L_WVZ\YL MHSSZ ILSV �̂
VY L]LUPUN�UPNO[[PTL L_WVZ\YL HIV]L� [OL
YLSL]HU[ [HYNL[Z�� :LSLJ[ NYV\WZ� OV^L]LY�
TH` M\Y[OLY ILULÄ[ MYVT OPNOLY KH`[PTL
�L�N�� VSKLY WLVWSL� HUK�VY SV^LY L]LUPUN
L_WVZ\YLZ �L�N�� JOPSKYLU� [OHU PUKPJH[LK PU
[OL YLJVTTLUKH[PVUZ� :PTPSHYS �̀ KPZY\W�
[PVUZ [V ZSLLW HUK JPYJHKPHU YO`[OTZ HYL
JVTTVUS` HZZVJPH[LK ^P[O THU` KPZVYKLYZ
HUK KPZLHZL Z[H[LZ >�����@� >OPSL HKQ\Z[PUN
SPNO[ L_WVZ\YL TH` IL VM ILULÄ[ PU ZVTL
VY HSS VM [OLZL JVUKP[PVUZ� M\Y[OLY YLZLHYJO
^PSS IL YLX\PYLK [V KL[LYTPUL ^OL[OLY HS[LY�
H[PVUZ [V [OL YLJVTTLUKLK [OYLZOVSKZ ^PSS
IL YLX\PYLK MVY Z\JO PUKP]PK\HSZ�

0U HKKP[PVU [V [OL WVPU[Z HIV]L� H WHY[PJ\�
SHY JOHSSLUNL PU VW[PTPaPUN SPNO[ L_WVZ\YL
[V ILULÄ[ OLHS[O HUK WLYMVYTHUJL YLSH[LZ
[V ZOPM[ ^VYRLYZ� *\YYLU[ SPNO[ L_WVZ\YL
HK]PJL MVY UPNO[ ZOPM[ ^VYRLYZ PZ Z[PSS UV[ TH�
[\YL >���@� HUK ^L ^HU[ [V Z[YLZZ [OH[ [OL
WYLZLU[ YLJVTTLUKH[PVUZ HYL UV[ PU[LUKLK
MVY [OPZ W\YWVZL� ;OLYL PZ JLY[HPUS` L]PKLUJL
[OH[ PUJYLHZPUN TLSHUVWPJ SPNO[ SL]LSZ PU [OL
^VYR LU]PYVUTLU[ JHU PTWYV]L Z\IQLJ[P]L
HUK�VY VIQLJ[P]LS` TLHZ\YLK HSLY[ULZZ HUK
WLYMVYTHUJL PU ZOPM[ ^VYRLYZ >���±���@�
0TWVY[HU[ ILULÄ[Z Z\JO HZ [OLZL KV� OV^�
L]LY� ULLK [V IL ^LPNOLK PU [OL JVU[L_[ VM
WV[LU[PHS KPZY\W[PVUZ [V JPYJHKPHU HSPNUTLU[
HUK JOYVUPJ LMMLJ[Z VU OLHS[O >�±��@� (K�
KYLZZPUN [OLZL PTWVY[HU[ X\LZ[PVUZ YLTHPUZ
H RL` HYLH MVY M\[\YL PU]LZ[PNH[PVU HUK ZOPM[
^VYR¶YLSH[LK JVUZLUZ\Z N\PKHUJL VU ILZ[
WYHJ[PJL�

(Z KPZJ\ZZLK HIV]L� P[ PZ HSZV LZZLU[PHS [OH[
HU` JOHUNLZ [V SPNO[ L_WVZ\YL PU[LUKLK [V
HKQ\Z[ TLSHUVWZPU�KLWLUKLU[ WO`ZPVSVN�
PJHS YLZWVUZLZ KV UV[ JVTWYVTPZL ]PZ\HS
YLX\PYLTLU[Z� -VY L_HTWSL� [OL LSKLYS` TH`
ULLK IYPNO[LY SPNO[PUN [OHU YLJVTTLUKLK
HIV]L [V TV]L ZHMLS` IL[^LLU [OL ILK�
YVVT HUK IH[OYVVT H[ UPNO[ >��@� 0U THU`
JHZLZ� Z\JO PZZ\LZ TH` IL HKKYLZZLK I`
\ZPUN SPNO[PUN ^P[O HU HWWYVWYPH[L ZWLJ[YHS
JVTWVZP[PVU �P�L�� I` \ZPUN SPNO[PUN ^P[O H
SV^ TLSHUVWPJ +,9� HUK�VY SPNO[PUN KLZPNUZ
[OH[ H]VPK KPYLJ[ PSS\TPUH[PVU VM [OL L`LZ�
5VUL[OLSLZZ� [OLYL TH` IL ZVTL PUZ[HUJLZ
^OLYL TLL[PUN [OL YLX\PYLTLU[Z MVY ]PZ\HS
WLYMVYTHUJL� ]PZ\HS JVTMVY[� HUK ZHML[` HYL
PUJVTWH[PISL ^P[O V\Y YLJVTTLUKH[PVUZ
YLNHYKPUN UVU]PZ\HS YLZWVUZLZ� PU ^OPJO
JHZL [OL MVYTLY T\Z[ [HRL WYLJLKLUJL� -P�
UHSS �̀ ^OPSL P[ PZ WVZZPISL [V JVTWS` ^P[O [OL
YLJVTTLUKLK TLSHUVWPJ ,+0 [OYLZOVSKZ
ZWLJPÄLK OLYL ZVSLS` ]PH L_WVZ\YL [V LSLJ�
[YPJ SPNO[� [OLYL HYL H U\TILY VM RUV^U HUK
Z\ZWLJ[LK ILULÄ[Z VM L_WVZ\YL [V IYVHK�
ZWLJ[Y\T� V\[KVVY� KH`SPNO[ >������±���@�

)XWXUH 'LUHFWLRQV
;OL YLJVTTLUKH[PVUZ V\[SPULK OLYL HYL
KLYP]LK MYVT H Z`U[OLZPZ VM ZL]LYHS KLJHKLZ
VM YLZLHYJO PU[V [OL IPVSVN` YLN\SH[PUN JPY�
JHKPHU� ZSLLW� WO`ZPVSVNPJHS HUK JVNUP[P]L
YLZWVUZLZ [V SPNO[ HUK [OLPY WYHJ[PJHS PT�
WSPJH[PVUZ� ;OLYL PZ� ^P[OV\[ X\LZ[PVU� L]P�
KLUJL [OH[ [OL \ZL VM TLSHUVWPJ PYYHKPHUJL
HZ H TVKLS MVY [OL ZWLJ[YHS ZLUZP[P]P[` VM
Z\JO YLZWVUZLZ YLWYLZLU[Z H ZPTWSPÄJH[PVU
VM [OL \UKLYS`PUN IPVSVN �̀ (S[OV\NO� HZ HU
HZPKL� ^L UV[L [OH[ [OPZ PZ [Y\L HSZV MVY [OL
LZ[HISPZOLK HUK ^PKLS` \ZLK� WOV[VTL[YPJ
X\HU[P[PLZ �S\TPUHUJL HUK PSS\TPUHUJL� [OH[
HYL J\YYLU[S` HWWSPLK [V X\HU[PM` JVU]LU�
[PVUHS ¸IYPNO[ULZZ�¹ 5L]LY[OLSLZZ� ^L SLH]L
VWLU [OL WVZZPIPSP[` [OH[ H KLLWLY \UKLY�
Z[HUKPUN VM YVK HUK�VY JVUL JVU[YPI\[PVUZ

[V WO`ZPVSVNPJHS YLZWVUZLZ ^PSS YL]LHS T\S[P�
WOV[VYLJLW[VY TVKLSZ VM ZWLJ[YHS ZLUZP[P]P[`
[OH[ TH` HSSV^ H TVYL HJJ\YH[L WYLKPJ�
[PVU VM JPYJHKPHU� ZSLLW� UL\YVLUKVJYPUL�
HUK�VY JVNUP[P]L YLZWVUZLZ� ;OL JVU[YPI\�
[PVU VM YVKZ [V Z\JO YLZWVUZLZ PZ HU PU[LY�
LZ[PUN [VWPJ MVY YLZLHYJO PU P[Z V^U YPNO[�
5VUL[OLSLZZ� PUJS\KPUN H YVK JVTWVULU[ PU
HU` Z\JO M\[\YL TL[YPJZ PZ \USPRLS` [V Z\I�
Z[HU[PHSS` PTWYV]L [OL HJJ\YHJ` ^P[O ^OPJO
[OL` YLJYLH[L [OL ZWLJ[YHS ZLUZP[P]P[` VM [OL
YLSL]HU[ YLZWVUZL�Z�� ZPUJL [OL ]LY` ZPTP�
SHY ZWLJ[YHS ZLUZP[P]P[` WYVÄSLZ VM YVKZ HUK
TLSHUVWZPU YLUKLY LMMLJ[P]L PYYHKPHUJL MVY
[OLZL � VWZPUZ OPNOS` JVYYLSH[LK >��@� *VU�
]LYZLS �̀ JVUL ZWLJ[YHS ZLUZP[P]P[` PZ X\P[L
KPZ[PUJ[ MYVT TLSHUVWZPU HUK OHZ [OL WV�
[LU[PHS [V Z\IZ[HU[PHSS` YLÄUL TL[YPJZ MVY JPY�
JHKPHU HUK UL\YVWO`ZPVSVNPJHS YLZWVUZLZ�
0U WHY[PJ\SHY� M\[\YL ^VYR TH` YL]LHS ZWL�
JPÄJ SPNO[PUN JVUKP[PVUZ [OH[ TH_PTPaL JVUL
PUÅ\LUJL [V WYVK\JL WYHJ[PJHSS` YLSL]HU[
TVK\SH[PVUZ PU UVU]PZ\HS YLZWVUZLZ [V SPNO[
�L�N�� VU [OL JPYJHKPHU Z`Z[LT� UL\YVLU�
KVJYPUL M\UJ[PVU� ZSLLW WO`ZPVSVN �̀ HUK�VY
HUK HSLY[PUN YLZWVUZLZ�� ([ WYLZLU[� OV^�
L]LY� L_PZ[PUN L]PKLUJL PUKPJH[LZ [OH[ [OL
\ZL VM TLSHUVWPJ PYYHKPHUJL�,+0 ^V\SK UV[
SLHK VUL [V Z\IZ[HU[PHSS` V]LY� VY \UKLYLZ�
[PTH[L IPVSVNPJHS HUK ILOH]PVYHS LMMLJ[Z MVY
[OL [`WLZ VM SPNO[ L_WVZ\YL [OH[ HYL [`WPJHSS`
LUJV\U[LYLK HJYVZZ KHPS` SPML >��±�����±
��@�

-\Y[OLY YLZLHYJO PU[V [OL MHJ[VYZ PUÅ\LUJ�
PUN PUKP]PK\HS KPMMLYLUJLZ PU [OL ZLUZP[P]P[`
VM TLSHUVWZPU�TLKPH[LK YLZWVUZLZ [V SPNO[
L_WVZ\YL TH` THRL P[ WVZZPISL [V [HPSVY
N\PKLSPULZ [V ZWLJPÄJ NYV\WZ VY L]LU PU�
KP]PK\HSZ� -VY [OL [PTL ILPUN� V\Y YLJVT�
TLUKH[PVUZ HYL KLYP]LK MYVT NYV\W KH[H
[OH[ T\Z[ PUJVYWVYH[L T\JO VM [OPZ ]HYP�
HIPSP[ �̀ (Z Z\JO� P[ PZ L_WLJ[LK [OH[ [OL YLJ�
VTTLUKH[PVUZ MVY KH`[PTL HUK [OL ZSLLW
LU]PYVUTLU[ ZOV\SK IL IYVHKS` HWWSPJHISL
HUK Z[YVUNS` LUNHNL YLSL]HU[ JPYJHKPHU HUK
UL\YVWO`ZPVSVNPJHS YLZWVUZLZ MVY [OL ]HZ[
THQVYP[` VM OLHS[O` HK\S[Z� 2UV^U� HNL�
YLSH[LK ZV\YJLZ VM ]HYPHIPSP[` HYL HSYLHK` H[
SLHZ[ WHY[S` HJJV\U[LK MVY I` [OL PUJS\ZPVU
VM JVYYLJ[PVUZ MVY JOHUNLZ PU SLUZ [YHUZ�
TPZZPVU KLZJYPILK PU [OL UVUUVYTH[P]L
HWWLUKPJLZ VM [OL L_PZ[PUN Z[HUKHYK >��@�
9LJVTTLUKH[PVUZ TH �̀ OV^L]LY� IL TVK�
PÄLK PU [OL M\[\YL MVY JLY[HPU NYV\WZ Z\JO
HZ JOPSKYLU� VSKLY HK\S[Z� VY WH[PLU[ NYV\WZ
^OVZL ZLUZP[P]P[` [V SPNO[ TH` KPMMLY MYVT
[OL OLHS[O` HK\S[ WVW\SH[PVU VU ^OPJO [OL
WYLZLU[ YLJVTTLUKH[PVUZ HYL IHZLK�

;OL J\YYLU[ YLJVTTLUKH[PVUZ HYL PU[LUKLK
[V PUMVYT SPNO[PUN KLZPNU JVUZPKLYH[PVUZ
MVY [`WPJHS� YLHS�^VYSK LU]PYVUTLU[Z Z\JO
HZ VMÄJLZ HUK V[OLY ^VYRWSHJLZ� ZJOVVSZ�
HUK JVSSLNLZ� YLZPKLUJLZ� JHYL OVTLZ�
HUK PU� HUK V\[WH[PLU[ ZL[[PUNZ� (Z UV[LK
HIV]L� HWWSPJH[PVU VM V\Y YLJVTTLUKH�



05;,.9(;0=, 30./;05.9,*644,5+(;065: -69 05+669 30./; ,?76:<9,! " #

0ZZ\L  ��4H`�1\UL����� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� c 3PNO[PUN ;LJOUVSVNPLZ 
 +LZPNU ��

[PVUZ HJYVZZ Z\JO ZL[[PUNZ PZ MHJPSP[H[LK I`
[OL MYLL H]HPSHIPSP[` VM [VVSZ MVY JHSJ\SH[PUN
TLSHUVWPJ ,+0 �HUK HSZV LZ[PTH[PUN [OPZ
NP]LU RUV^U PSS\TPUHUJL HUK [`WL VM SPNO[�
PUN� >�����@� 5VUL[OLSLZZ� [OL LTLYNLUJL
VM SV^�JVZ[ JVTTLYJPHS ZLUZVYZ MVY KPYLJ[
TLHZ\YLTLU[ VM TLSHUVWPJ ,+0 �HRPU [V
JVU]LU[PVUHS ¸S\_ TL[LYZ¹� PZ L_WLJ[LK [V
M\Y[OLY PUJYLHZL [OL LHZL ^P[O ^OPJO [OL
YLJVTTLUKH[PVUZ JHU IL HKVW[LK�

( ÄUHS WVPU[ MVY JVUZPKLYH[PVU YLSH[LZ [V
HWWSPJH[PVUZ VM SPNO[ [OLYHW` MVY JSPUPJHS JVU�
KP[PVUZ SPRL HMMLJ[P]L HUK JPYJHKPHU YO`[OT
ZSLLW KPZVYKLYZ VY MVY W\YWVZLZ Z\JO HZ PT�
WYV]PUN JPYJHKPHU YLN\SH[PVU HUK HSLY[ULZZ
PU UPNO[ HUK ZOPM[ ^VYRLYZ VY [YHUZTLYPKPHU
[YH]LSSLYZ L_WLYPLUJPUN QL[ SHN� ;OL J\YYLU[
YLJVTTLUKH[PVUZ HYL UV[ KPYLJ[S` MVYT\�
SH[LK MVY Z\JO \ZLZ� I\[ [OL L_PZ[PUN HWWSP�
JH[PVUZ VM VJ\SHY SPNO[ [OLYHW` SPRLS` PU]VS]L
[OL ZHTL VY ZPTPSHY IPVSVNPJHS \UKLYWPU�
UPUNZ HZ KPZJ\ZZLK HIV]L� .P]LU L_PZ[PUN
L]PKLUJL MVY ILULÄ[Z VM IYPNO[ SPNO[ [OLYHW`
>�±�@� WLYOHWZ ^PKLZWYLHK HKVW[PVU VM [OL
YLJVTTLUKH[PVUZ KLZJYPILK OLYL ^PSS JVU�
[YPI\[L [V H YLK\J[PVU PU [OL WYL]HSLUJL VM
HMMLJ[P]L HUK ZSLLW KPZVYKLYZ� 4VYL ZPNUPM�
PJHU[S �̀ OV^L]LY� ^L L_WLJ[ [OL ZJPLU[PÄJ
MYHTL^VYR [OH[ PUMVYTZ [OLZL YLJVTTLU�
KH[PVUZ [V WYV]PKL H JVUJYL[L IHZPZ \WVU
^OPJO [V NLULYH[L O`WV[OLZLZ [V [LZ[ MVY
[OL Z\IZLX\LU[ LZ[HISPZOTLU[ VM VW[PTHS
SPNO[ [YLH[TLU[ YLJVTTLUKH[PVUZ MVY JSPUPJHS
HUK [YH]LS HWWSPJH[PVUZ� "
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B���D /LH[O 4� :\[OLYSHUK *� )HY[LS 2� .YHKPZHY 4�
>PSSPHTZVU 7� 3V]H[V 5� L[ HS� +VLZ VUL OV\Y VM IYPNO[
VY ZOVY[�^H]LSLUN[O ÄS[LYLK [HISL[ ZJYLLUSPNO[ OH]L
H TLHUPUNM\S LMMLJ[ VU HKVSLZJLU[Z» WYL�ILK[PTL
HSLY[ULZZ� ZSLLW� HUK KH`[PTL M\UJ[PVUPUN& *OYVUVIPVS
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B���D *HQVJOLU *� -YL` :� (UKLYZ +� :Wp[P 1� )\LZ 4�
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B���D ]HU KLY 3LS` :� -YL` :� .HYIHaaH *� >PYa�1\Z[PJL
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:JOSHUNLU 314� 2VSVK`HaOUP` =� L[ HS� +PMMLYLU[PHS
PTWHJ[ PU `V\UN HUK VSKLY PUKP]PK\HSZ VM IS\L�LUYPJOLK
^OP[L SPNO[ VU JPYJHKPHU WO`ZPVSVN` HUK HSLY[ULZZ K\Y�
PUN Z\Z[HPULK ^HRLM\SULZZ� :JP 9LW� ����"����!�����
WTPK!��� ����

B���D 3LL :0� 4H[Z\TVYP 2� 5PZOPT\YH 2� 5PZOPT\YH
@� 0RLKH @� ,[V ;� L[ HS� 4LSH[VUPU Z\WWYLZZPVU HUK
ZSLLWPULZZ PU JOPSKYLU L_WVZLK [V IS\L�LUYPJOLK ^OP[L
3,+ SPNO[PUN H[ UPNO[� 7O`ZPVS 9LW� ����"�����!L�� ���
WTPK!��������

B���D 5HQQHY 97� *OPX\L[ *� ;LPRHYP 7� *VYU\[ 73�
*SH\Z[YH[ )� +LUPZ 7� L[ HS� (NPUN VM UVU�]PZ\HS
ZWLJ[YHS ZLUZP[P]P[` [V SPNO[ PU O\THUZ! JVTWLU�
ZH[VY` TLJOHUPZTZ& 73V: 65,� ����" ���!L������
WTPK!��������

B���D (IIV[[ :4� 4HSRHUP 9.� ALL 7*� *PYJHKPHU KPZ�
Y\W[PVU HUK O\THU OLHS[O! ( IPKPYLJ[PVUHS YLSH[PVUZOPW�
,\Y 1 5L\YVZJP� ����"�����!���¶��� WTPK!���� ���

B���D 7YPJL 33(� <KV]PJPJ 3� )LOYLUZ ;� ]HU +YVU�
NLSLU (� .HYKL (/� /VNLULSZ[ 2� L[ HS� 3PURPUN [OL
UVU�]PZ\HS LMMLJ[Z VM SPNO[ L_WVZ\YL ^P[O VJJ\WH�
[PVUHS OLHS[O� 0U[ 1 ,WPKLTPVS� ��� "�����!�� �¶��
WTPK!��������

B���D 3V^KLU (� (RLYZ[LK[ ;� (ZZLZZTLU[ VM H UL^ K`�
UHTPJ SPNO[ YLNPTLU PU H U\JSLHY WV^LY JVU[YVS YVVT
^P[OV\[ ^PUKV^Z VU X\PJRS` YV[H[PUN ZOPM[^VYRLYZ·
LMMLJ[Z VU OLHS[O� ^HRLM\SULZZ� HUK JPYJHKPHU HSPNU�
TLU[! H WPSV[ Z[\K �̀ *OYVUVIPVS 0U[ ����"� ���!���¶ �
WTPK!��������

B���D :SL[[LU ;3� -[V\UP :� 5PJOVSHZ *3� 4HNLL 4�
.Y\UZ[LPU 99� -LYN\ZVU :� L[ HS� 9HUKVTPZLK JVU�
[YVSSLK [YPHS VM [OL LMÄJHJ` VM H IS\L�LUYPJOLK SPNO[ PU[LY�
]LU[PVU [V PTWYV]L HSLY[ULZZ HUK WLYMVYTHUJL PU UPNO[
ZOPM[ ^VYRLYZ� 6JJ\W ,U]PYVU 4LK� ����"������!� �¶
���� WTPK!��������

B���D 4V[HTLKaHKLO 4� .VSTVOHTTHKP 9� 2HaLTP
9� /LPKHYPTVNOHKHT 9� ;OL LMMLJ[ VM IS\L�LUYPJOLK
^OP[L SPNO[ VU JVNUP[P]L WLYMVYTHUJLZ HUK ZSLLWPULZZ
VM UPNO[�ZOPM[ ^VYRLYZ! ( ÄLSK Z[\K �̀ 7O`ZPVS )LOH]�
����"���!���¶��� WTPK!��� ����

B���D :\UKL ,� 7LKLYZLU ;� 4YKHSQ 1� ;O\U ,� .YVUSP



05;,.9(;0=, 30./;05. 9,*644,5+(;065: -69 05+669 30./; ,?76:<9, ! " #

�� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� c 3PNO[PUN ;LJOUVSVNPLZ 
 +LZPNU 0ZZ\L  ��4H`�1\UL�����
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TH[PJ IS\L�LUYPJOLK SPNO[ MVY JPYJHKPHU WOHZL ZOPM[PUN�
TLSH[VUPU Z\WWYLZZPVU� HUK HSLY[PUN YLZWVUZLZ� 7O`Z�
PVS )LOH]� ��� "� �!��¶��� WTPK!��� ����

B���D /V 4PLU 0� *O\H ,*� 3H\ 7� ;HU 3*� 3LL 0;� @LV
:*� L[ HS� ,MMLJ[Z VM L_WVZ\YL [V PU[LYTP[[LU[ ]LYZ\Z
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$EEUHYLDWLRQV� (5:0� (TLYPJHU 5H[PVUHS
:[HUKHYKZ 0UZ[P[\[L" *,5� *VTP[t ,\YVWtLU
KL 5VYTHSPZH[PVU" *0,� *VTTPZZPVU 0U[LY�
UH[PVUHSL KL S»,JSHPYHNL" +05� +L\[ZJOLZ
0UZ[P[\[ M�Y 5VYT\UN" ,,.� LSLJ[YVLU�
JLWOHSVNYHT" 0*5097� 0U[LYUH[PVUHS *VT�
TPZZPVU VU 5VU�0VUPaPUN 9HKPH[PVU 7YV[LJ�
[PVU" 0,:� 0SS\TPUH[PUN ,UNPULLYPUN :VJPL[`"
PW9.*� PU[YPUZPJHSS` WOV[VZLUZP[P]L YL[PUHS
NHUNSPVU JLSS" 0:6� 0U[LYUH[PVUHS 6YNHUPaH�
[PVU MVY :[HUKHYKPaH[PVU" TLSHUVWPJ +,9�
TLSHUVWPJ KH`SPNO[ LMÄJHJ` YH[PV" TLSHWVUPJ
,+0� TLSHUVWPJ LX\P]HSLU[ KH`SPNO[ PSS\TP�
UHUJL

&LWDWLRQ� )YV^U ;4� )YHPUHYK .*� *H�
QVJOLU *� *aLPZSLY *(� /HUPÄU 17� 3VJRSL`
:>� L[ HS� ������ 9LJVTTLUKH[PVUZ MVY
KH`[PTL� L]LUPUN� HUK UPNO[[PTL PUKVVY
SPNO[ L_WVZ\YL [V ILZ[ Z\WWVY[ WO`ZPVSVN �̀
ZSLLW� HUK ^HRLM\SULZZ PU OLHS[O` HK\S[Z�
73V: )PVS �����! L�������� https://do
i.org/10.1371/journal.pbio.3001571

&RS\ULJKW� ����� )YV^U L[ HS� ;OPZ PZ HU
VWLU HJJLZZ HY[PJSL KPZ[YPI\[LK \UKLY [OL
[LYTZ VM [OL *YLH[P]L *VTTVUZ ([[YPI\�
[PVU 3PJLUZL� ^OPJO WLYTP[Z \UYLZ[YPJ[LK
\ZL� KPZ[YPI\[PVU� HUK YLWYVK\J[PVU PU HU`
TLKP\T� WYV]PKLK [OL VYPNPUHS H\[OVY HUK
ZV\YJL HYL JYLKP[LK�
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)XQGLQJ� ;OL �UK 0U[LYUH[PVUHS >VYRZOVW
VU *PYJHKPHU HUK 5L\YVWO`ZPVSVNPJHS 7OV�
[VTL[Y` ���� � ^HZ M\UKLK I` [OL )PV[LJO�
UVSVN` HUK )PVSVNPJHS :JPLUJLZ 9LZLHYJO
*V\UJPS �<2� NYHU[ ))�5��� ���� [V ;4)
HUK 913� ^P[O HKKP[PVUHS JVU[YPI\[PVUZ MYVT
[OL <UP]LYZP[` VM 4HUJOLZ[LY *LU[YL MVY )P�

VSVNPJHS ;PTPUN HUK [OL 5L\YVZJPLUJL HUK
4LU[HS /LHS[O +VTHPU� ;OL M\UKLYZ OHK
UV YVSL PU Z[\K` KLZPNU� KH[H JVSSLJ[PVU HUK
HUHS`ZPZ� KLJPZPVU [V W\ISPZO� VY WYLWHYH[PVU
VM [OL THU\ZJYPW[�

&RPSHWLQJ LQWHUHVWV� 0 OH]L YLHK [OL
QV\YUHS»Z WVSPJ` HUK [OL H\[OVYZ VM [OPZ
THU\ZJYPW[ OH]L [OL MVSSV^PUN JVTWL[�
PUN PU[LYLZ[Z! .*) ^HZ Z\WWVY[LK� PU
WHY[� I` +6, NYHU[ +,� ,,�������� 5(:
(^HYK 
/9 ����� <50;  ��" 5(:( NYHU[
55?��(*��." [OL 5:- ,9* 3,:( *LU�
[LY" )06:� ;VZOPIH 4H[LYPHSZ :JPLUJL� ;OL
5V]H 0UZ[P[\[L �;OL 0UZ[P[\[L MVY 0U[LNYH[P]L
/LHS[O� HUK [OL 7OPSHKLSWOPH :LJ[PVU VM [OL
0SS\TPUH[PUN ,UNPULLYPUN :VJPL[ �̀ .*) YL�
WVY[Z OH]PUN PZZ\LK �<:7;6 ���������
HUK ���������� HUK WLUKPUN �<:7;6
����������� ���������� HUK ������� ���
WH[LU[Z YLSH[LK [V [OL WOV[VYLJLW[VY Z`Z�
[LT MVY TLSH[VUPU YLN\SH[PVU� ;OH[ PU[LSSLJ�
[\HS WYVWLY[` OHZ ILLU SPJLUZLK I` 3P[LIVVR
*VTWHU` 3[K� /L OHZ ILLU H WHPK JVU�
Z\S[HU[ I` 3\[YVU� 0UJ�� HUK 4J*\SSV\NO
/PSS 33*� 0U HKKP[PVU� OL HUK OPZ YLZLHYJO
WYVNYHT OH]L YLJLP]LK ÄUHUJPHS� TH[LYPHS
HUK [YH]LS Z\WWVY[ MYVT H YHUNL VM MLKLYHS�
PUK\Z[YPHS� SLNHS HUK WOPSHU[OYVWPJ VYNHUP�
aH[PVUZ PU [OL WHZ[ HUK WYLZLU[� ** OHZ
YLJLP]LK JVUZ\S[PUN� OVUVYHYPH� [YH]LS� HJ�
JVTTVKH[PVU HUK�VY Z\IZPZ[LUJL MLLZ MVY
PU]P[LK RL`UV[L SLJ[\YLZ� JVUMLYLUJL WYL�
ZLU[H[PVUZ VY [LHJOPUN MYVT ;VZOPIH 4H[L�
YPHSZ� =LS\_� -PYHS\_� 3PNO[PUN ,\YVWL� ,SLJ�
[YVZ\PZZL� 5V]HY[PZ� 9VJOL� ,SP[L� :LY]PLY�
HUK >09 )HUR� ** PZ H TLTILY VM [OL
+H`SPNO[ (JHKLT �̀ *(* YLWVY[Z NYHU[Z
[V )>/ MYVT -((� 5/3)0� 50(� 506:/�
5(:(� HUK +6+" PZ�^HZ H WHPK JVUZ\S�
[HU[ [V ((97 ������� (TLYPJHU (JHKLT`
VM +LU[HS :SLLW 4LKPJPUL ������ ������
,PZLUOV^LY 4LKPJHS *LU[LY ������� ,TVY`
<UP]LYZP[` ���� �� .HUtZJV� 0UJ� �������
0UZLSZWP[HS )LYU ���� �� 0UZ[P[\[L VM +PNP[HS
4LKPH HUK *OPSK +L]LSVWTLU[ ������ �����
��� �� 2SHYTHU -HTPS` -V\UKH[PVU ������
����� ��� �� 4� +H]PZ HUK *V �������
7O`ZPJPHU»Z :LHS ���� �� :HTZ\UN �������
:SLLW 9LZLHYJO :VJPL[` -V\UKH[PVU ���� ��
:[H[L VM >HZOPUN[VU )VHYK VM 7PSV[HNL
*VTTPZZPVULYZ ������� ;LUJLU[ /VSKPUNZ
3[K ���� �� ;L]H 7OHYTH (\Z[YHSPH ���� �
������ <* :HU +PLNV ������� <UP]LYZP[` VM
4PJOPNHU ������� <UP]LYZP[` VM >HZOPUN[VU
������ ������ HUK =HUKH 7OHYTHJL\[PJHSZ
0UJ ������ ����� ��� � ������ PU ^OPJO
*(* HSZV OVSKZ HU LX\P[` PU[LYLZ[" YLJLP]LK
[YH]LS Z\WWVY[ MYVT (UULUILYN *LU[LY MVY
/LHS[O :JPLUJLZ H[ ,PZLUOV^LY �������
(ZWLU )YHPU 0UZ[P[\[L ������� )SVVTHNL 0U�
[LYUH[PVUHS 0U]LZ[TLU[ .YV\W� 0UJ� ������
��� �� <2 )PV[LJOUVSVN` HUK )PVSVNP�
JHS :JPLUJLZ 9LZLHYJO *V\UJPS ���� ��
)V\SL` )V[HUPJHS ������ ����� ��� �� +Y�
:[HUSL` /V 4LKPJHS +L]LSVWTLU[ -V\UKH�
[PVU ���� �� ,\YVWLHU )PVSVNPJHS 9O`[OTZ

:VJPL[` ������ ��� �� .LYTHU 5H[PVUHS
(JHKLT` VM :JPLUJLZ �3LVWVSKPUH� ���� ��
0SS\TPUH[PUN ,UNPULLYPUN :VJPL[` ������� 5H�
[PVUHS :HML[` *V\UJPS ������ ����� ��� ��
5H[PVUHS :SLLW -V\UKH[PVU ������ �����
��� �� :VJPL[` MVY 9LZLHYJO VU )PVSVNPJHS
9O`[OTZ ������� :SLLW 9LZLHYJO :VJP�
L[` -V\UKH[PVU ������� :[HUMVYK 4LKPJHS
:JOVVS (S\TUP (ZZVJPH[PVU ���� �� ;LUJLU[
/VSKPUNZ 3[K ���� �� <UP]LYZP[` VM A\YPJO
������� HUK =HUKH 7OHYTHJL\[PJHSZ 0UJ
������ ����� ��� �� 3\K^PN�4H_PTPSPHUZ�
<UP]LYZP[p[ 4�UJOLU ������� 5H[PVUHS /PNO�
^H` ;YHUZWVY[H[PVU :HML[` (KTPUPZ[YH[PVU
������� 6MÄJL VM 5H]HS 9LZLHYJO �������
:HSR 0UZ[P[\[L MVY )PVSVNPJHS :[\KPLZ�-VUKH�
[PVU 0WZLU ������� ;OL 5H[PVUHS (JHKLT`
VM :JPLUJLZ� ,UNPULLYPUN� HUK 4LKPJPUL
������� ;OL >VUKLYM\S *VTWHU` �������
+LWHY[TLU[ VM +LMLUZL ������" YLJLP]LZ
YLZLHYJO�LK\JH[PVU Z\WWVY[ [OYV\NO )>/
MYVT *LWOHSVU� 4HY` (UU 
 :[HUSL` :UPKLY
]PH *VTIPULK 1L^PZO 7OPSHU[OYVWPLZ� /HY�
TVU` )PVZJPLUJLZ 33* ���� � ������ 1Haa
7OHYTHJL\[PJHSZ 73* 0UJ ������ �����
��� � ������ 1VOUZVU 
 1VOUZVU ���� ��
5L\YV*HYL� 0UJ� ���� �� 7OPSPWZ 9LZWPYVUPJZ
0UJ�7OPSPWZ /VTLJHYL :VS\[PVUZ ������ �
���� ��� � ������ 9LNLULYVU 7OHYTHJL\�
[PJHSZ ������ ��� � ������ 9LNPVUHS /VTL
*HYL ���� �� ;L]H 7OHYTHJL\[PJHSZ 0UK\Z�
[YPLZ 3[K� :HUVÄ :(� 6W[\T� 9LZ4LK� :HU
-YHUJPZJV )HY 7PSV[Z� :HUVÄ� :JOULPKLY�
:PTTVUZ� :`ZJV� 7OPSPWZ� =HUKH 7OHYTH�
JL\[PJHSZ" PZ�^HZ HU L_WLY[ ^P[ULZZ PU SLNHS
JHZLZ� PUJS\KPUN [OVZL PU]VS]PUN (K]HUJLK
7V^LY ;LJOUVSVNPLZ� (LNPZ *OLTPJHS :V�
S\[PVUZ 33* ���� �� (T[YHR ���� �" *HZWLY
:SLLW 0UJ ���� �� *
1 ,ULYN` :LY]PJLZ
���� �� *VTWSL[L .LULYHS *VUZ[Y\J[PVU *V
������� +HSSHZ 7VSPJL (ZZVJPH[PVU ���� ��
,U[LYWYPZL 9LU[�(�*HY ���� �� ,ZWPUHS
;Y\JRPUN�,HNSL ;YHUZWVY[ .YV\W 33*�:�
[LLS >HYLOV\ZL 0UJ ������ ����� ��� ��
-LK,_� .YL`OV\UK 3PULZ 0UJ�4V[VY *VHJO
0UK\Z[YPLZ�-PYZ[.YV\W (TLYPJH ������ �����
��� �� 7VTLYHKV /VZWP[HS�7HSVTHY /LHS[O
+PZ[YPJ[ ������ ������ 7(9 ,SLJ[YPJHS *VU�
[YHJ[VYZ 0UJ ���� �� 7YVK\J[ 
 3VNPZ[PJZ
:LY]PJLZ 33*�:JOS\TILYNLY ;LJOUVSVN`
*VYW�.LSJV -SLL[ ;Y\Z[ ���� �� 7\JRL[[
,TLYNLUJ` 4LKPJHS :LY]PJLZ 33* ���� ��
:V\[O *HYVSPUH *LU[YHS 9HPSYVHK *VTWHU`
33* ������ ������ <UPVU 7HJPÄJ 9HPSYVHK
���� �� <UP[LK 7HYJLS :LY]PJL�<7: .YV\UK
-YLPNO[ 0UJ ������ ������ HUK =HUKH 7OHY�
THJL\[PJHSZ ���� � �����" ZLY]LZ HZ [OL PU�
J\TILU[ VM HU LUKV^LK WYVMLZZVYZOPW WYV�
]PKLK [V /HY]HYK <UP]LYZP[` I` *LWOHSVU�
0UJ�" HUK YLJLP]LZ YV`HS[PLZ MYVT 4J.YH^
/PSS� HUK 7OPSPWZ 9LZWPYVUPJZ ������ �����
��� � ����� MVY [OL (J[P^H[JO�� HUK (J�
[P^H[JO :WLJ[Y\T KL]PJLZ� *(*Z PU[LY�
LZ[Z ^LYL YL]PL^LK HUK HYL THUHNLK I`
[OL )YPNOHT HUK >VTLU»Z /VZWP[HS HUK
4HZZ .LULYHS )YPNOHT PU HJJVYKHUJL ^P[O
[OLPY JVUÅPJ[ VM PU[LYLZ[ WVSPJPLZ� :>3 OHZ
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https://doi.org/10.1371/journal.pbio.3001571
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YLJLP]LK JVUZ\S[PUN MLLZ MYVT ([SHU[H -HS�
JVUZ� ([SHU[H /H^RZ� )/7 )PSSP[VU� +LSVZ
3P]PUN 33*� ,`L1\Z[ 0UJ�� 4J*\SSV\NO /PSS
3LHY` 7:� 5VISL 0UZPNO[Z� 6W;LYYH ,ULYN`
:LY]PJLZ 0UJ�� 7LNHZ\Z *HWP[HS (K]PZVYZ�
7OPSSPWZ 3`[SL 337� 7SHU 3,+� 9LJ 9VVT�
:LYYHKV *HWP[HS� :SPUNZOV[ 0UZPNO[Z� :[HU�
[LJ HUK ;LHT * 9HJPUN� /L OHZ J\YYLU[
JVUZ\S[PUN JVU[YHJ[Z ^P[O (RPSP 0U[LYHJ[P]L�
(WL_ ���� 3[K� *VUZ\TLY :SLLW :VS\[PVUZ�
/LHK^H[LYZ 0UJ�� /PU[ZH 7LYMVYTHUJL (.�
2)9 >`SL :LY]PJLZ� 3PNO[ *VNUP[P]L� 3PNO[�
PUN :JPLUJL .YV\W *VYWVYH[PVU�/LHS[O,�
3VVR 6W[PJ� 4LU[HS >VYRV\[�;PTLZOPM[LY�
7H\S >LPZZ 9PMRPUK >OHY[VU 
 .HYYPZVU
337� :P_ :LUZLZ� HUK =PL^ 0UJ� :>3 OHZ
YLJLP]LK \UYLZ[YPJ[LK LX\PWTLU[ NPM[Z MYVT
)PVUL[PJZ *VYWVYH[PVU HUK -�3<? :VM[^HYL
33*" H MLSSV^ZOPW NPM[ MYVT :[VJRNYHUK 3[K"
OHZ LX\P[` PU P:3,,7� 7[`" YV`HS[PLZ MYVT
6_MVYK <UP]LYZP[` 7YLZZ" OVUVYHYPH WS\Z
[YH]LS� HJJVTTVKH[PVU HUK�VY TLHSZ MVY PU�
]P[LK ZLTPUHYZ� JVUMLYLUJL WYLZLU[H[PVUZ VY
[LHJOPUN MYVT ,Z[tL 3H\KLY� 0ULVZ� 0UMVYTH
,_OPIP[PVUZ� 40;� 9V_I\Y` 3H[PU :JOVVS�
HUK ;LHN\L" [YH]LS� HJJVTTVKH[PVU HUK�VY
TLHSZ VUS` �UV OVUVYHYPH� MVY PU]P[LK ZLTP�
UHYZ� JVUMLYLUJL WYLZLU[H[PVUZ� [LHJOPUN VY
LKP[VYPHS K\[PLZ MYVT +05� ,TVY` <UP]LYZP[ �̀
3PNO[MHPY� :3;)9� :VSLTTH HUK >PSL �̀ :>3
OHZ HU VUNVPUN PU]LZ[PNH[VY�PUP[PH[LK NYHU[
MYVT -� 3\_ :VM[^HYL 33* HUK H *SPUPJHS
9LZLHYJO :\WWVY[ (NYLLTLU[ MYVT =HUKH
7OHYTHJL\[PJHSZ 0UJ� :>3 OVSKZ H WYV�
JLZZ WH[LU[ MVY º:`Z[LTZ HUK TL[OVKZ MVY
KL[LYTPUPUN HUK�VY JVU[YVSSPUN ZSLLW X\HS�
P[`»� ^OPJO PZ HZZPNULK [V [OL )YPNOHT HUK
>VTLU»Z /VZWP[HS WLY /VZWP[HS WVSPJ �̀ HUK
º4L[OVK HUK Z`Z[LT MVY NLULYH[PUN HUK
WYV]PKPUN UV[PÄJH[PVUZ MVY H JPYJHKPHU ZOPM[
WYV[VJVS» OLSK I` 4LU[HS >VYRV\[ 0UJ� :>3
OHZ ZLY]LK HZ H WHPK L_WLY[ PU SLNHS WYV�
JLLKPUNZ YLSH[LK [V SPNO[� OLHS[O HUK ^VYR
WH[[LYUZ� :>3 ^HZ [OL 7YVNYHT 3LHKLY MVY
º:HML[` HUK 7YVK\J[P]P[` 0TWYV]LTLU[Z» PU
[OL *9* MVY (SLY[ULZZ� :HML[` HUK 7YVK\J�
[P]P[` MYVT �������� � [OYV\NO H WHY[�[PTL
(KQ\UJ[ 7YVMLZZVY HWWVPU[TLU[ H[ 4VUHZO
<UP]LYZP[ �̀ (\Z[YHSPH� :>3»Z PU[LYLZ[Z HYL
YL]PL^LK HUK THUHNLK I` )YPNOHT HUK
>VTLU»Z /VZWP[HS HUK 7HY[ULYZ /LHS[O*HYL
PU HJJVYKHUJL ^P[O [OLPY JVUÅPJ[ VM PU[LYLZ[
WVSPJPLZ� 913 HUK ;4) OH]L YLJLP]LK YL�
ZLHYJO M\UKPUN MYVT :PNUPM` �MVYTLYS` 7OPSPWZ
3PNO[PUN�� 913 OHZ YLJLP]LK ZWLHRLY MLLZ
MYVT :HTZ\UN� 913� 37� 314: HUK 4:
OH]L ZLY]LK HZ TLTILYZ VM [OL *0, 1VPU[
;LJOUPJHS *VTTP[[LL  VU [OL KLÄUP[PVU VM
*0, : ���!����� ;OLZL ^LYL \UWHPK YVSLZ�
17/ ^HZ Z\WWVY[LK� PU WHY[� I` +6, NYHU[
+,� ,,�������� 5(: (^HYK 
/9 �����
<50;  ��" 5(:( NYHU[ 55?��(*��." 5:-
(^HYK 
�������" 9LUZZLSHLY 7VS`[LJOUPJ
0UZ[P[\[L" )06:� ;VZOPIH 4H[LYPHSZ :JPLUJL�
;OL 0UZ[P[\[L MVY 0U[LNYH[P]L /LHS[O" HUK
[OL 7OPSHKLSWOPH :LJ[PVU VM [OL 0SS\TPUH[PUN
,UNPULLYPUN :VJPL[ �̀ /L OHZ ILLU H WHPK

JVUZ\S[HU[ I` 3\[YVU� 0UJ� HUK 4J*\SSV\NO
/PSS 33*� 44 PZ HU \UWHPK MV\UKPUN TLT�
ILY VM [OL +H`SPNO[ (JHKLT` �+3(�� :57
YLWVY[Z UV JVUÅPJ[PUN PU[LYLZ[Z� 16/� 0U
HKKP[PVU [V WHPK LTWSV`TLU[ ^P[O 7\ISPJ
/LHS[O ,UNSHUK� PZ =PJL�7YLZPKLU[ :[HU�
KHYKZ VM [OL *0,� H TLTILY VM [OL :JPLU[PÄJ
,_WLY[ .YV\W VM [OL 0U[LYUH[PVUHS *VTTPZ�
ZPVU VU 5VU�0VUPaPUN 9HKPH[PVU 7YV[LJ[PVU
HUK H U\TILY VM [OLPY 7YVQLJ[ .YV\WZ� *V�
*VU]LUVY VM HU 0:6 JVTTP[[LL VU 0U[LNYH�
[P]L 3PNO[PUN� H TLTILY VM [^V JVTTP[[LLZ
VM [OL 0SS\TPUH[PUN ,UNPULLYPUN :VJPL[` VM
5VY[O (TLYPJH� *VU]LUVY VM HU 0,* JVT�
TP[[LL HUK H TLTILY VM H *VYL .YV\W MVY
[OL >VYSK /LHS[O 6YNHUPaH[PVU� HSS HZ \U�
WHPK YVSLZ� 37 ZLY]LK HZ [OL *0, YLWVY[LY [V
*0, ;5 ���!���� VU [OL ÄYZ[ 4HUJOLZ[LY
>VYRZOVW PU ����� PZ J\YYLU[S` ZLY]PUN HZ
+PYLJ[VY HUK HZ :LJYL[HY` VM [OL *0, +P]P�
ZPVU ¸7OV[VIPVSVN` HUK 7OV[VJOLTPZ[Y`¹�
HZ [OL *0, YLWVY[LY VU [OL *0, : ��� ;VVS�
IV_ �KVP�VYN�������� �:���������;)��
HZ H TLTILY VM *0, 1VPU[ ;LJOUPJHS *VT�
TP[[LL �� �^VYRPUN ^P[O 0:6 1VPU[ >VYRPUN
.YV\W �� VU 0U[LNYH[P]L 3PNO[PUN� HUK HZ [OL
*0, YLWVY[LY VU [OL ZLJVUK 4HUJOLZ[LY
>VYRZOVW ��� �H[[LUKLK I` HSS [OL H\�
[OVYZ�� HSS HZ \UWHPK YVSLZ 314:»Z M\SS [PTL
WVZP[PVU H[ ,PUKOV]LU <UP]LYZP[` OHZ ILLU
WHY[PHSS` M\UKLK I` :PNUPM �̀ OL PZ HSZV HJ[P]L
PU ]HYPV\Z \UWHPK YVSLZ ^P[OPU [OL 0U[LYUH�
[PVUHS *VTTPZZPVU VU 0SS\TPUH[PVU �*0,��
+1: PZ H JV�PU]LU[VY VU PZZ\LK WH[LU[Z
�,7�������(� HUK >6����������(��� H
-V\UKPUN TLTILY VM [OL +H`SPNO[ (JHKLT`
HUK YLWVY[Z YLJLP]PUN YLZLHYJO Z\WWVY[
MYVT )):9* HUK ,< /�����:*�������
;̂ V�:[HNL�9;+� ,530./;,5TL� 0UUV]H�
[P]L WVSPJPLZ MVY PTWYV]PUN JP[PaLUZ» OLHS[O
HUK ^LSSILPUN HKKYLZZPUN PUKVVY HUK V\[�
KVVY SPNO[PUN �5V�  ������� *= PZ HU \UWHPK
TLTILY VM [OL *PYJHKPHU 3PNO[ ;OLYHW`
�0UJ�� HUK [OL *OYVUZ\S[PUN :JPLU[PÄJ (K�
]PZVY` )VHYKZ� 0U HKKP[PVU� *=»Z YLZLHYJO
HUK ZJOVSHYZOPW PZ M\UKLK I` [OL <UP]LYZP[`
VM *VSVYHKV )V\SKLY� [OL *VSVYHKV *SPUPJHS
HUK ;YHUZSH[PVUHS :JPLUJLZ 0UZ[P[\[L� [OL
5H[PVUHS 0UZ[P[\[LZ VM /LHS[O� HUK [OL +L�
WHY[TLU[ VM ,ULYN �̀ 4: PZ J\YYLU[S` HU \U�
WHPK TLTILY VM *0, ;LJOUPJHS *VTTP[[LL
;* �� � �¹( 9VHKTHW ;V^HYK )HZPUN *0,
*VSVYPTL[Y` VU *VUL -\UKHTLU[HSZ¹�� 4:
^HZ HU \UWHPK HK]PZVY [V [OL +P]PZPVU 9L�
WVY[LYZOPW +9 ���� VM +P]PZPVU � �¹7\ISPJH�
[PVU HUK THPU[LUHUJL VM [OL *0, :��� ;VVS�
IV_¹�� )L[^LLU ���� HUK ����� 4: ^HZ
LSLJ[LK *OHPY VM [OL *VSVY ;LJOUPJHS .YV\W
^P[OPU [OL 6W[PJHS :VJPL[ �̀ :PUJL �����
4: PZ HU LSLJ[LK TLTILY VM [OL +H`SPNO[
(JHKLT �̀ HU \UWHPK TLTILY VM [OL )VHYK
VM (K]PZVYZ VM [OL *LU[LY MVY ,U]PYVUTLU[HS
;OLYHWL\[PJZ� HUK 4: PZ H TLTILY VM [OL
;LJOUPJHS (K]PZVY` )VHYK VM -H\YLJPH 09@:�
[LJ 0UJ� 6]LY [OL WHZ[ [^V `LHYZ ���� �
������ 4: OHZ YLJLP]LK PUK\Z[YPHS YLZLHYJO
Z\WWVY[ MYVT M�S\_ ZVM[^HYL 33*� 6JLHU

0UZPNO[� HUK )06: 3PNO[PUN� 4: YLWVY[Z
M\UKPUN MYVT [OL >LSSJVTL ;Y\Z[� [OL 9V`HS
:VJPL[ �̀ ,7:9*� )PVZJPLU[PÄJH ;Y\Z[� -PNO[
MVY :PNO[� -YLPL (RHKLTPZJOL .LZLSSZJOHM[
)HZLS� HUK [OL <UP]LYZP[` VM 6_MVYK� 7*A
YLWVY[Z M\UKPUN MYVT 5H[PVUHS 0UZ[P[\[LZ VM
/LHS[O� ,PZHP� 7OPSPWZ� 1Haa 7OHYTHJL\[P�
JHSZ� ;LJOUVNLS� /HYTVU` )PVZJPLUJLZ�
(WUPTLK� ? ¶ H +P]PZPVU VM (SWOHIL[� 0UJ��
4LYJR HUK :HUVÄ� 0U HKKP[PVU� 7*A OHZ
WH[LU[ HWWSPJH[PVUZ WLUKPUN ����������"
����������� 27> YLWVY[Z K\YPUN [OL JVU�
K\J[ VM [OL �UK 0U[LYUH[PVUHS >VYRZOVW
HUK WYLWHYH[PVU VM [OPZ THU\ZJYPW[ ILPUN
H IVHYK TLTILY VM [OL :SLLW 9LZLHYJO
:VJPL[`" JOHPY VM [OL (TLYPJHU (JHKLT` VM
:SLLW 4LKPJPUL *SPUPJHS 7YHJ[PJL .\PKLSPUL
MVY [OL ;YLH[TLU[ VM (K\S[Z ^P[O :OPM[ >VYR
+PZVYKLY HUK 1L[ 3HN +PZVYKLY >VYRNYV\W"
YLJLP]PUN YLZLHYJO Z\WWVY[ MYVT [OL 50/�
[OL 6MÄJL VM 5H]HS 9LZLHYJO� [OL 7(*���
JVUMLYLUJL� HUK JVUZ\S[PUN MVY *PYJHKPHU
;OLYHWL\[PJZ� 3;+�� *PYJHKPHU )PV[OLYHWPLZ�
0UJ� 7OPSPWZ 9LZWPYVUPJZ� <�:� (YT` 4LKPJHS
9LZLHYJO HUK 4H[LYPLS *VTTHUK�>HS[LY
9LLK (YT` 0UZ[P[\[L VM 9LZLHYJO V\[ZPKL
[OL Z\ITP[[LK ^VYR�



>O` <=�* ;LJOUVSVN` 5LLKZ [V IL
H :[HUKHYK -LH[\YL PU )\PSKPUN HUK
9LUV]H[PVU +LZPNU
4HYPVU ,),3� :LUPVY 7VSPJ` 4HUHNLY HUK
:VWOPH ,/42,� 7VSPJ` 6MÄJLY H[ 3PNO[PUN,\YVWL
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89�& LV DQ HVWDEOLVKHG WHFKQRORJ\
XVHG IRU GLVLQIHFWLQJ ZDWHU� DLU� DQG
VXUIDFHV� ,W¶V DOVR EHHQ SURYHQ WR GH�
DFWLYDWH� ZLWKRXW H[FHSWLRQ� DOO EDFWHULD
DQG YLUXVHV DJDLQVW ZKLFK LW KDV EHHQ
WHVWHG� LQFOXGLQJ WKRVH UHVSRQVLEOH IRU
FDXVLQJ WXEHUFXORVLV� LQ¿XHQ]D� WKH
FRPPRQ FROG� DQG 6$56� DPRQJ RWK�
HUV� 7KH NH\ WR 89�&¶V HIIHFWLYHQHVV
LV LWV XVH RI D QRQ�YLVLEOH DQG KLJKHU�
HQHUJ\ IRUP RI OLJKW FDOOHG
8OWUDYLROHW �89� OLJKW� 2Q WKH HOHFWUR�
PDJQHWLF VSHFWUXP� 89 IDOOV VRPH�
ZKHUH EHWZHHQ YLVLEOH OLJKW DQG
[�UD\V� ,W LV WKHVH ZDYHOHQJWKV WKDW
DOORZ 89�& WR GHVWUR\ WKH '1$ DQG
51$ RI SDWKRJHQV� SUHYHQWLQJ WKHP
IURP GLYLGLQJ DQG PXOWLSO\LQJ DQG WKXV
HVVHQWLDOO\ UHQGHULQJ WKHP GHDG� 89�
& GRHV QRW UHDFK WKH (DUWK¶V VXUIDFH
IURP WKH VXQ� ,QVWHDG� WKLV JHUPLFLGDO
HQHUJ\ PXVW EH DUWL¾FLDOO\ SURGXFHG
WKURXJK WHFKQRORJ\ ± VRPHWKLQJ WKDW
KXPDQV KDYH EHHQ GRLQJ VLQFH �����
$OWKRXJK WKH WHFKQRORJ\ ZDV XVHG WR
KHOS FRQWDLQ WKH ���� ¿X SDQGHPLF� LW
ZDVQ¶W XQWLO WKH ����V WKDW LW EHFDPH
ZLGHO\ FRPPHUFLDOLVHG DQG XVHG WR
¾JKW VXFK GLVHDVHV DV WXEHUFXORVLV
DQG PHDVOHV�

;VKH �̀ VM JV\YZL� <=�* PZ VUJL HNHPU PU [OL
UL^Z� [OPZ [PTL HZ VUL VM [OL RL` KLMLUJLZ
HNHPUZ[ *6=0+�� � )LJH\ZL [OL :(9:�
*V=�� ]PY\Z� ^OPJO JH\ZLZ *6=0+�� � PZ
WYPTHYPS` ZWYLHK ]PH HLYVZVSZ� WYVWLY PUKVVY
]LU[PSH[PVU OHZ ILJVTL VM WHYHTV\U[ PT�
WVY[HUJL� (JJVYKPUN [V [OL >VYSK /LHS[O
6YNHUPZH[PVU �>/6�� PUJYLHZPUN ]LU[PSH[PVU
PZ [OL ILZ[ ^H` [V PTWYV]L HPY X\HSP[ �̀

(S[OV\NO PU [OL WHZ[ <=�* ^HZ WYPTHY�
PS` \ZLK HZ H TLHUZ VM ZHUP[PZPUN Z\YMHJL
HYLHZ� P[ JHU HSZV WSH` H THQVY YVSL PU JYL�
H[PUN LX\P]HSLU[ ]LU[PSH[PVU� HSZV JHSSLK HU
,X\P]HSLU[ (PY *OHUNL WLY /V\Y� VY LX(*/�
0U NLULYHS� LX\P]HSLU[ ]LU[PSH[PVU HPTZ [V
HJOPL]L [OL ZHTL SL]LS VM ]PY\Z�WVSS\[PVU YL�
K\J[PVU HZ JHU IL HJOPL]LK [OYV\NO ]LU[PSH�
[PVU �]PH VWLUPUN [OL ^PUKV^Z VY /=(*� I\[
I` \ZPUN HU HS[LYUH[P]L [LJOUVSVN �̀ Z\JO
HZ SHTWZ� 4VYL ZWLJPÄJHSS �̀ LX(*/ VJJ\YZ
^OLU HU HS[LYUH[P]L [LJOUVSVN �̀ Z\JO HZ
<=�*� PUHJ[P]H[LZ ��� VM [OL HJ[P]L ]PYHS
WH[OVNLUZ PU H YVVT�

;V PSS\Z[YH[L OV^ <=�* IHZLK LX\P]HSLU[
]LU[PSH[PVU ^VYRZ� [HRL� MVY L_HTWSL� H [`W�
PJHS YVVT PU HU VMÄJL� <=�* JHWHISL S\TP�
UHPYLZ �KPZJOHYNL SHTWZ� 3,+ LTP[[LYZ� ,_�
JPTLY SHTWZ� L[J�� HYL PUZ[HSSLK VU [OL ^HSSZ
HUK JLPSPUNZ� ZOPUPUN H UHYYV^ �PU]PZPISL�
ILHT VM <=�* SPNO[ Q\Z[ HIV]L OLHK OLPNO[�
;OL HPY PU [OL YVVT JPYJ\SH[LZ [OYV\NO UH[\�
YHS JVU]LJ[PVU� HUK L]LY` [PTL [OL PUMLJ[LK
HPY WHZZLZ [OYV\NO [OL <=�* YH`Z� P[ IL�
JVTLZ ZHUP[PZLK ILMVYL ILPUN YLJPYJ\SH[LK
[OYV\NO [OL YVVT� >OLYL SV^ JLPSPUNZ VY
ZTHSSLY YVVTZ THRL \WWLY HPY PUZ[HSSH[PVUZ
PTWVZZPISL� JSVZLK <=�* KL]PJLZ JHU ZLY]L
HZ HU HS[LYUH[P]L VW[PVU� -VY L_HTWSL� MHUZ
JHU IL PUZ[HSSLK [V KYH^ [OL HPY [V^HYKZ
[OL S\TPUHPYLZ �^OPJO HYL VM[LU PU[LNYH[LK
PU[V JLPSPUN WHULSZ�� ^OLYL P[ PZ KPZPUMLJ[LK
I` <=�* SHTWZ ILMVYL ILPUN YLJPYJ\SH[LK
PU[V [OL YVVT� <=�* SHTWZ JHU L]LU IL
PUZ[HSSLK KPYLJ[S` PUZPKL /=(* Z`Z[LTZ�
ZHUP[PZPUN [OL HPY HZ P[ [YH]LSZ [OYV\NO [OL
K\J[Z�

5V[ VUS` KV [OLZL <=�* KPZPUMLJ[PVU ZVS\�
[PVUZ YLK\JL JVU[HTPUH[PVU YPZRZ� PU ZVTL
JHZLZ� P[ JHU KV ZV IL[[LY [OHU TLJOHUPJHS
]LU[PSH[PVU Z`Z[LTZ� (Z H YLZ\S[� I\PSKPUNZ
\ZPUN <=�* KPZPUMLJ[PVU OH]L ILLU HISL [V
PUJYLHZL VJJ\WHUJ` YH[LZ HUK YLK\JL [OL
KV^U[PTL JH\ZLK I` KPZPUMLJ[PUN WYV[VJVSZ�
<=�* [LJOUVSVN` HSZV OHZ H Z\Z[HPUHIPSP[`
ILULÄ[ V]LY TLJOHUPJHS ]LU[PSH[PVU� ^P[O
Z[\KPLZ ZOV^PUN [OH[ <=�* HWWSPJH[PVUZ
JV\SK J\[ H I\PSKPUN»Z /=(* LULYN`
KLTHUK PU OHSM�

0DNLQJ 89�& 6WDQGDUG

)LJH\ZL <=�* PZ HU LMMLJ[P]L� Z\Z[HPUHISL�
HUK ZPTWSL TL[OVK MVY OLSWPUN [V RLLW
WLVWSL OLHS[O` HUK ZHML� 3PNO[PUN,\YVWL
ILSPL]LZ P[ ZOV\SK ILJVTL H Z[HUKHYK MLH�
[\YL PU I\PSKPUN HUK YLUV]H[PVU KLZPNU ¶ HUK
UV[ Q\Z[ K\YPUN H WHUKLTPJ� ;OH[»Z ILJH\ZL
[OL HPY PUZPKL I\PSKPUNZ PZU»[ Q\Z[ M\SS VM WV�
[LU[PHS WH[OVNLUZ� P[»Z HSZV M\SS VM WVSS\[PVU�
0U MHJ[� PUKVVY HPY JHU IL \W [V Ä]L [PTLZ
TVYL WVSS\[LK [OHU [OL HPY V\[ZPKL ¶ HUK
ZVTL[PTLZ T\JO TVYL� (UK JVUZPKLYPUN
[OH[ ^L ZWLUK \W [V  �� VM V\Y [PTL PU�
KVVYZ� [OPZ JHU IL H WYVISLT�

([ [OL ,< SL]LS� [OL ,\YVWLHU *VTTPZZPVU
PZ HJ[P]LS` SVVRPUN MVY WVSPJ` VW[PVUZ MVY
PTWYV]PUN PUKVVY HPY X\HSP[ �̀ 3PNO[PUN,\YVWL
HWWSH\KZ [OLZL PUP[PH[P]LZ� I\[ Z[YLZZLZ [OL
ULLK UV[ VUS` MVY UL^ WVSPJPLZ� I\[ HSZV MVY
VW[PTPZPUN L_PZ[PUN WVSPJ` TLHZ\YLZ�

;HRL MVY L_HTWSL [OL ,< 9LUV]H[PVU >H]L
0UP[PH[P]L� ^OPJO HPTZ [V OLSW ,\YVWL TLL[
P[Z ���� HUK ���� JSPTH[L NVHSZ I` H[ SLHZ[
KV\ISPUN [OL YH[L VM YLUV]H[PVU OHWWLUPUN
HJYVZZ [OL *VU[PULU[� ;OPZ PUP[PH[P]L PZ HU
VWWVY[\UP[` [V UV[ VUS` SVVR H[ [OL LULYN`
LMÄJPLUJ` HZWLJ[ VM I\PSKPUNZ� I\[ HSZV [V
LUZ\YL H IL[[LY HUK ZHMLY PUKVVY LU]PYVU�
TLU[ MVY VJJ\WHU[Z�
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3HZ[ +LJLTILY� HUK HZ WHY[ VM [OL 9LUV�
]H[PVU >H]L 0UP[PH[P]L� [OL ,\YVWLHU *VT�
TPZZPVU W\ISPZOLK H WYVWVZHS [V YL]PZL [OL
,ULYN` ,MÄJPLUJ` VM )\PSKPUNZ +PYLJ[P]L
�,7)+� >""±""@� 3PNO[PUN,\YVWL ILSPL]LZ
[OL PTWVY[HUJL VM KPZPUMLJ[PVU [LJOUVSV�
NPLZ ZOV\SK IL YLJVNUPZLK PU [OPZ YL]PZPVU
HUK� PU WHY[PJ\SHY� PU YLSH[PVU [V [OL ZWLJPÄJ
WYV]PZPVUZ HKKYLZZPUN PUKVVY HPY X\HSP[ �̀
9LUV]H[PVU WYVQLJ[Z T\Z[ IL H WYPVYP[` PU�
]LZ[TLU[ H[ [OL UH[PVUHS� YLNPVUHS HUK SVJHS
SL]LS� ,HJO L\YV PU]LZ[LK PU YLUV]H[PVU
T\Z[ KLSP]LY ILULÄ[Z PU [LYTZ VM LULYN` LMÄ�
JPLUJ �̀ ZTHY[ULZZ� HUK PUKVVY LU]PYVUTLU�
[HS X\HSP[ �̀ 3PRL^PZL� [OL ,<»Z 6JJ\WH[PVUHS
:HML[` HUK /LHS[O �6:/� :[YH[LNPJ -YHTL�
^VYR MVY ��������� SVVRZ H[ WYL]LU[PUN
PSSULZZLZ HUK ^VYRZ [V WYLWHYL MVY M\[\YL
WV[LU[PHS OLHS[O JYPZPZ� +PZPUMLJ[PVU [LJO�
UVSVNPLZ ^PSS IL LZZLU[PHS [V HJOPL]PUN [OPZ
MYHTL^VYR»Z VIQLJ[P]LZ�

<=�* [LJOUVSVNPLZ JHU HSZV WSH` H YVSL PU
[OL ALYV 7VSS\[PVU (J[PVU 7SHU� ^OPJO ^HZ
HKVW[LK I` [OL ,\YVWLHU *VTTPZZPVU VU
�� 4H` ����� 6M WHY[PJ\SHY PU[LYLZ[ [V [OL
SPNO[PUN PUK\Z[Y` PZ [OL WSHU»Z HUUL_ >""±
""@� ZWLJPÄJHSS` (J[PVU �� ^OPJO Z[YLZZLZ
[OL ULLK [V ºHZZLZZ WH[O^H`Z HUK WVSPJ`
VW[PVUZ [V PTWYV]L PUKVVY HPY X\HSP[ �̀ HUK
WYVWVZL SLNPZSH[P]L TLHZ\YL HZ YLSL]HU[» I`
�����

0U HKKP[PVU [V V\Y WVSPJ` ^VYR�
3PNO[PUN,\YVWL HSZV JVSSHIVYH[LZ ^P[O V[OLY
VYNHUPZH[PVUZ PU HK]VJH[PUN MVY [OL JYLH[PVU
VM H ZHML PUKVVY LU]PYVUTLU[� (Z H TLTILY
VM [OL .SVIHS 3PNO[PUN (ZZVJPH[PVU �.3(��
^L OH]L ILLU H[ [OL MYVU[SPULZ VM KL]LSVW�

PUN PTWVY[HU[ ZHML[` N\PKLSPULZ >""±""@�
ZVTL VM ^OPJO OH]L ILLU HJRUV^SLKNL I`
[OL 0,* HZ 0,* 7(: �����!���� HUK JHU
IL \ZLK I` JV\U[YPLZ MVY YLMLYLUJL PU M\[\YL
YLN\SH[PVU�

3PNO[PUN,\YVWL PZ HSZV ^VYRPUN ^P[O /=(*
HZZVJPH[PVUZ VU PUKVVY LU]PYVUTLU[HS X\HS�
P[ �̀ ^P[O H WHY[PJ\SHY MVJ\Z VU OV^ <=�*
KPZPUMLJ[PVU JHU JVTWSLTLU[ TLJOHUPJHS
]LU[PSH[PVU [V KLSP]LY ZHML� ]PY\Z�MYLL PUKVVY
ZWHJLZ�

$ 6HQVH RI 8UJHQF\

<S[PTH[LS �̀ [OL *6=0+�� WHUKLTPJ OHZ W\[
[OL ZWV[SPNO[ VU [OL THU` ILULÄ[Z
<=�* KPZPUMLJ[PVU [LJOUVSVNPLZ JHU IYPUN�
0[ OHZ HSZV IYV\NO[ H UL^ ZLUZL VM \YNLUJ`
[V LUZ\YPUN [OLZL [LJOUVSVNPLZ ILJVTL H
Z[HUKHYK WHY[ VM V\Y I\PSKPUN YLN\SH[PVUZ�
3VVRPUN HOLHK� ZPUJL <=�* [LJOUVSVN` PZ
WYV]LU [V PUHJ[P]H[L� ^P[OV\[ L_JLW[PVU� HSS
IHJ[LYPH HUK ]PY\ZLZ HNHPUZ[ ^OPJO P[ OHZ
ILLU [LZ[LK� Z\JO KL]PJLZ ^PSS HSZV JVTL
[V WSH` HU PUKPZWLUZHISL YVSL MVY V[OLY
THQVY OLHS[O JVUJLYUZ� ;OPZ PUJS\KLZ HU�
[PTPJYVIPHS YLZPZ[HUJL �(49�� ^OPJO PZ YL�
ZWVUZPISL MVY HU LZ[PTH[LK HUU\HS ������
KLH[OZ PU [OL ,< HSVUL� 3L]LYHNPUN [OPZ
TVTLU[\T� 3PNO[PUN,\YVWL OHZ LZ[HI�
SPZOLK H <=�* :\INYV\W� KLKPJH[LK [V
HK]VJH[PUN MVY [OL \W[HRL VM X\HSP[` <=�
* KPZPUMLJ[PVU WYVK\J[Z� ;V SLHYU TVYL
HIV\[ [OPZ PTWVY[HU[ PUP[PH[P]L� YLHJO V\[ H[
mailto:contact@lightingeurope.org� "

5HIHUHQFHV

B�D https://eur- lex.europa.eu/resource.h
tml?uri=cellar:c51fe6d1-5da2-11ec-9c6c-
01aa75ed71a1.0001.02/DOC_1&format=PDF

B�D https://eur- lex.europa.eu/resource.h
tml?uri=cellar:a1c34a56-b314-11eb-8aca-
01aa75ed71a1.0001.02/DOC_2&format=PDF

B�D https://www.globallightingassociatio
n.org/images/files/publications/GLA_UV-
C_Safety_Position_Statement.pdf

B�D .LYTPJPKHS <=�* 0YYHKPH[PVU :6<9*,:� 796+<*;:
(5+ (7730*(;065:

B�D <=�* +PZPUMLJ[PVU ;LJOUVSVN`! HU V]LY]PL^ VM HWWSP�
JH[PVUZ 
 ILULÄ[Z

B�D 3PNO[PUN,\YVWL 7VZP[PVU 7HWLY VU [OL ILULÄ[Z VM
\ZPUN <=�* KPZPUMLJ[PVU [V JVTIH[ *6=0+�� 

B�D -YLX\LU[S` (ZRLK 8\LZ[PVUZ VU <=�* +PZPUMLJ[PVU
;LJOUVSVNPLZ

mailto:contact@lightingeurope.org
https://eur-lex.europa.eu/resource.html?uri=cellar:c51fe6d1-5da2-11ec-9c6c-01aa75ed71a1.0001.02/DOC_1&format=PDF
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https://eur-lex.europa.eu/resource.html?uri=cellar:a1c34a56-b314-11eb-8aca-01aa75ed71a1.0001.02/DOC_2&format=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:a1c34a56-b314-11eb-8aca-01aa75ed71a1.0001.02/DOC_2&format=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:a1c34a56-b314-11eb-8aca-01aa75ed71a1.0001.02/DOC_2&format=PDF
https://www.globallightingassociation.org/images/files/publications/GLA_UV-C_Safety_Position_Statement.pdf
https://www.globallightingassociation.org/images/files/publications/GLA_UV-C_Safety_Position_Statement.pdf
https://www.globallightingassociation.org/images/files/publications/GLA_UV-C_Safety_Position_Statement.pdf
https://www.globallightingassociation.org/images/files/GLA_-_Germicidal_UV-C_Irradiation_Sources_Products_Applications.pdf
https://www.globallightingassociation.org/images/files/GLA_-_Germicidal_UV-C_Irradiation_Sources_Products_Applications.pdf
https://www.lightingeurope.org/images/LE_-_UVC_-_Benefits_and_Applications_-_20220218.pdf
https://www.lightingeurope.org/images/LE_-_UVC_-_Benefits_and_Applications_-_20220218.pdf
https://www.lightingeurope.org/images/publications/position-papers/LightingEurope-Position_Paper_on_the_benefits_of_using_UV-C_disinfection_to_combat_COVID-19_-_20200914.pdf
https://www.lightingeurope.org/images/publications/position-papers/LightingEurope-Position_Paper_on_the_benefits_of_using_UV-C_disinfection_to_combat_COVID-19_-_20200914.pdf
https://www.lightingeurope.org/images/publications/general/FAQ_on_UV-C_Disinfection_Technologies_-_20201123.pdf
https://www.lightingeurope.org/images/publications/general/FAQ_on_UV-C_Disinfection_Technologies_-_20201123.pdf
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)OH[LEOH HOHFWURQLFV DUH EHFRPLQJ LQ�
FUHDVLQJO\ LPSRUWDQW DFURVV WKH HQWLUH
LQGXVWU\� 0DUNHW DQDO\VHV FRQVLVWHQWO\
SURPLVH HFRQRPLF JURZWK IRU WKLV UHY�
ROXWLRQDU\ W\SH RI HOHFWURQLFV� 0RUH
DQG PRUH JURXQGEUHDNLQJ QHZ GHYHO�
RSPHQWV DUH EHLQJ SXEOLVKHG� RIWHQ
SUHFHGHG E\ PDQ\ \HDUV RI UHVHDUFK
DQG GHYHORSPHQW ZRUN� 7RGD\� WHFK�
QLFDO SURJUHVV DOORZV WKH LQWHJUDWLRQ
RI LQQRYDWLYH FRQFHSWV RI ¿H[LEOH HOHF�
WURQLFV LQWR H[LVWLQJ SURGXFWV� 7KLV
HQDEOHV WKH RSWLPL]DWLRQ RI H[LVWLQJ
DSSOLFDWLRQV� EXW DOVR WKH GHYHORSPHQW
RI FRPSOHWHO\ QHZ SURGXFW VROXWLRQV�
7KH DXWRPRWLYH LQGXVWU\ LV FRQVLG�
HUHG DQ LPSRUWDQW SLRQHHU IRU LQQRYD�
WLYH WHFKQRORJLHV� 7KHUHIRUH� ¿H[LEOH
HOHFWURQLFV ZHUH XVHG WR PDNH VHY�
HUDO IXWXUH�RULHQWHG OLJKWLQJ DQG FRQWURO
FRQFHSWV DV ZHOO DV QHZ DSSOLFDWLRQV
LQ WKH ¾HOG RI HOHFWURPRELOLW\ DYDLODEOH
LQ VHULHV SURGXFWLRQ�

)OH[LEOH ERDUGV DVVHPEOHG ZLWK FRP�
SRQHQWV DUH WKLQQHU DQG OLJKWHU WKDQ
FRQYHQWLRQDO VROXWLRQV RQ ULJLG ERDUGV�
ZKLFK LV ZK\ WKH\ VDYH VSDFH DQG FRQ�
WULEXWH WR ZHLJKW DQG WKHUHIRUH IXHO
UHGXFWLRQ� %XW WKH YHUVDWLOLW\ RI ¿H[LEOH
HOHFWURQLFV DOVR RSHQV QHZ RSSRU�
WXQLWLHV IRU D ZLGH UDQJH RI OLJKWLQJ
DSSOLFDWLRQV� (QRUPRXV ¿H[LELOLW\ DQG
PXOWLIXQFWLRQDOLW\ ZLWK PLQLPDO VSDFH
UHTXLUHPHQWV� LQQRYDWLYH PDWHULDO FRP�
ELQDWLRQV IRU 3&%V �H�J�� SDSHU DV 3&%�
DQG FRQWHPSRUDU\ GHVLJQ SRVVLELOLWLHV
IRU PXOWLGLPHQVLRQDO OLJKW LQVWDOODWLRQV
VFRUH SRLQWV DJDLQVW FRQYHQWLRQDO VR�
OXWLRQV RQ ULJLG 3&%V� )OH[LEOH HOHF�
WURQLFV HQDEOH D WHFKQRORJLFDO OHDS IRU
DUWL¾FLDO OLJKW DQG XQXVXDO OLJKWLQJ FRQ�
FHSWV LQ FRPSOHWHO\ QHZ GLPHQVLRQV�

3UDFWLFDO 3UREOHPV

5V]LS THU\MHJ[\YPUN WYVJLZZLZ JHU IL
\ZLK [V WYVK\JL LSLJ[YVUPJ HZZLTISPLZ HUK
JVTWVULU[Z [OH[ HYL UV[PJLHIS` SPNO[� [OPU�
HUK L_[YLTLS` ÅL_PISL� <UMVY[\UH[LS �̀ WYVI�
SLTZ VM[LU HYPZL PU WYHJ[PJL� 0M HU PUUV]H[P]L
KL]LSVWTLU[ JVUJLW[ ^P[O [OL YL]VS\[PVUHY`
UH[\YL VM LSLJ[YVUPJZ PZ [V THRL P[ MYVT [OL
PUP[PHS PKLH [V P[Z PTWSLTLU[H[PVU PU [OL WYVK�
\J[� [OLYL HYL ZL]LYHS O\YKSLZ [V V]LYJVTL�

-PYZ[� [OL VM[LU [LJOUPJHSS` JVTWSL_ LSLJ�
[YVUPJ HZZLTISPLZ MYVT [OL YLZLHYJO T\Z[
IL THKL YLSPHIS` YLWYVK\JPISL PU JVWPV\Z
X\HU[P[PLZ MVY [OL PUK\Z[Y �̀ ;OL WH[O MYVT
H WYV[V[`WL [V THZZ WYVK\J[PVU JHU IL [L�
KPV\Z PM [OL THJOPUL WYVK\J[PVU WYVJLZZLZ
T\Z[ IL YLWLH[LKS` JOLJRLK HUK HKQ\Z[LK
PM ULJLZZHY �̀

(U LZZLU[PHS JYP[LYPVU MVY THYRL[ TH[\YP[` PZ
[OL YLSPHIPSP[` HUK Z[HIPSP[` VM [OL LSLJ[YVUPJZ�
*VTWHYLK [V YPNPK TVK\SLZ� LSLJ[YVUPJ KL�
]PJLZ VU ÅL_PISL Z\IZ[YH[LZ HYL X\P[L MYHNPSL�
;OL` HYL ]LY` Z\ZJLW[PISL [V KHTHNL K\L
[V [OL OPNO ZLUZP[P]P[` VM [OL M\UJ[PVUHS TH�
[LYPHSZ�

/HUKSPUN WYVISLTZ TH` HSYLHK` VJJ\Y K\Y�
PUN [OL HZZLTIS` VM [OL ZLUZP[P]L ÅL_PISL
\UP[Z PU [OL MHJ[VY �̀ 0U HKKP[PVU� ]HYPV\Z LU�
]PYVUTLU[HS PUÅ\LUJLZ JHU OH]L H ULNH[P]L
PTWHJ[ VU [OL LSLJ[YVUPJ JVTWVULU[Z PU
\ZL�

3URYHQ 3URWHFWLRQ 0HWKRGV
IRU (OHFWURQLFV

-SL_PISL TH[LYPHSZ LX\PWWLK ^P[O KPMMLYLU[
JVTWVULU[Z MVY SPNO[ HUK M\UJ[PVUHSP[PLZ YL�
X\PYL YLSPHISL WYV[LJ[PVU MVY H SVUN ZLY]PJL
SPML� ;OL SPNO[PUN PUK\Z[Y` \ZLZ LZ[HISPZOLK
[LJOUPJHS TL[OVKZ [V THPU[HPU [OL M\UJ[PVU�
HSP[` VM LSLJ[YVUPJZ \UKLY KPMMLYLU[ VWLYH[PUN
JVUKP[PVUZ�

)HZPJHSS �̀ H KPZ[PUJ[PVU JHU IL THKL IL�
[^LLU [^V TL[OVKZ VM WYV[LJ[PVU! *VU�
MVYTHS JVH[PUN HUK WV[[PUN� :LSLJ[PUN [OL
YPNO[ [`WL VM WYV[LJ[PVU HNHPUZ[ KHTHNPUN

L_[LYUHS MHJ[VYZ PZ KPMÄJ\S[ ILJH\ZL P[ PZ HU
HKKP[PVUHS JVZ[�YLSL]HU[ WYVJLZZ PU [OL WYV�
K\J[PVU� ^OPJO LU[HPSZ IV[O Z[YLUN[OZ HUK
^LHRULZZLZ KLWLUKPUN VU [OL [`WL HUK
PTWSLTLU[H[PVU� -VY HU VW[PTHS YLZ\S[� [OL
KLZPYLK KLNYLL VM WYV[LJ[PVU MVY [OL LSLJ�
[YVUPJZ T\Z[ HSYLHK` IL RLW[ PU TPUK PU [OL
PUP[PHS WOHZL VM KLZPNU KL]LSVWTLU[�

3RWWLQJ
7V[[PUN PZ [OL WYVJLZZ VM LUJSVZPUN HU LU[PYL
7*) ^P[OPU P[Z OV\ZPUN ^P[O SPX\PK TH[LYPHSZ�
VM[LU TP_[\YLZ IHZLK VU WVS`\YL[OHULZ�
ZPSPJVULZ VY LWV_PLZ� 7V[[PUN JHU IL KVUL
LP[OLY THU\HSS` VY ^P[O H ZWLJPHS THJOPUL�
( WV[[PUN JVTWV\UK ^P[O H TH[LYPHS [OPJR�
ULZZ %� TT YLTHPUZ WLYTHULU[S` HZ HU
PU[LNYHS WHY[ VM [OL LSLJ[YVUPJ \UP[� ;O\Z�
WV[[PUN UV[ VUS` WYV[LJ[Z MYVT L_[LYUHS MHJ�
[VYZ� I\[ JHU HSZV OLSW JVUJLHS [OL PU[LSSLJ�
[\HS WYVWLY[` JVU[HPULK PU [OL LSLJ[YVUPJZ�

796:

� .VVK JOLTPJHS YLZPZ[HUJL �LWV_`�
� .VVK TVPZ[\YL YLZPZ[HUJL
� /PNO LSLJ[YPJHS PUZ\SH[PVU
� /PNO ZOVJR HUK ]PIYH[PVU YLZPZ[HUJL
� /PNO YLZPZ[HUJL [V HIYHZPVU

*65:

� 4H[LYPHS [OPJRULZZ YLK\JLZ TLJOHUPJHS
ÅL_PIPSP[`

� 9LZPZ[HUJL [V HIYHZPVU TH` YLK\JL ÅL_P�
IPSP[`

� >LPNO[
� )PN LMMLJ[ VU VW[PJHS [YHUZTPZZPVU
� +PMÄJ\S[ WYVJLZZ ^OVZL Z\JJLZZ KL�
WLUKZ VU THU` PUÅ\LUJLZ �O\TPKP[ �̀
[LTWLYH[\YL� Z[LYPSP[`�

&RDWLQJ
-VY [OL JVH[PUN� ZWLJPHS WYV[LJ[P]L SHJX\LYZ
^P[O H JOLTPJHS JVTWVZP[PVU VM[LU JVU�
ZPZ[PUN VM HJY`SPJ� WVS`\YL[OHUL� ZPSPJVUL�
LWV_` VY WHY`SLUL HYL \ZLK� ;OL WYV[LJ[P]L
JVH[PUN ^P[O H TH[LYPHS [OPJRULZZ #��� TT
JHU IL HWWSPLK [V [OL ÅL_PISL IVHYKZ \Z�
PUN KPMMLYLU[ TL[OVKZ! ZWYH` HWWSPJH[PVUZ�
]HWV\Y WOHZL� KPW HWWSPJH[PVUZ� THU\HSS`
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^P[O IY\ZOLZ� L[J� ;OL HWWSPJH[PVU JHU IL
JHYYPLK V\[ VU [OL LU[PYL HZZLTIS` VY VUS`
ZLSLJ[P]LS` VU [OL ZLUZP[P]L HYLHZ�

796:

� 4LJOHUPJHS ÅL_PIPSP[`
� =LY` SV^ TH[LYPHS [OPJRULZZ
� =LY` SV^ ^LPNO[
� 3P[[SL LMMLJ[ VU VW[PJHS [YHUZTPZZPVU

*65:

� >LHR JOLTPJHS YLZPZ[HUJL
� 3V^ TVPZ[\YL YLZPZ[HUJL
� 3V^ LSLJ[YPJHS PUZ\SH[PVU
� 5V VY SP[[SL YLZPZ[HUJL [V HIYHZPVU

/DPLQDWLRQ 3URFHVV�
6WUHQJWKV RI &RQYHQWLRQDO
3URWHFWLRQ 0HWKRGV
&RPELQHG LQ D 1HZ
7HFKQRORJ\

,ZWLJPHSS` UL^ THYRL[Z HUK M\[\YL�VYPLU[LK
HWWSPJH[PVUZ ^P[O ÅL_PISL 7*)Z KLTHUK
OPNO YLX\PYLTLU[Z [OH[ VM[LU JHUUV[ IL VW�
[PTHSS` M\SÄSSLK ^P[O [OL LZ[HISPZOLK WV[[PUN
VY JVH[PUN TL[OVKZ� +LWLUKPUN VU [OL HW�
WSPJH[PVU� H JOVPJL OHZ [V IL THKL MVY VUL
VM [OL TL[OVKZ HUK KPZHK]HU[HNLV\Z MHJ�
[VYZ OH]L [V IL JVUZPKLYLK�

;V LUHISL HU VW[PT\T VM IV[O LZ[HISPZOLK
WYV[LJ[PVU [`WLZ� HU PUUV]H[P]L WYVK\J[PVU
WYVJLZZ ^HZ YLJLU[S` LZ[HISPZOLK H[ [OL
3\TP[YVUP_� MHJ[VY` [V THRL [OL ÅL_PISL
LSLJ[YVUPJ \UP[Z TVYL YVI\Z[ MVY JOHSSLUNPUN
HWWSPJH[PVUZ�

� https://b2b.lumitronix.com/en/

7KH /DPLQDWLRQ 3URFHVV ,QFUHDVHV
0HFKDQLFDO 5HVLVWDQFH
0U [OL WYVK\J[PVU SPUL� ÅL_PISL WYPU[LK JPY�
J\P[ IVHYKZ LX\PWWLK ^P[O JVTWVULU[Z HYL
SHTPUH[LK ^P[O ZL]LYHS WVS`TLY TH[LYPHSZ
[OH[ ZLY]L HZ H WYV[LJ[P]L SH`LY� =LY` SHYNL
HYLHZ �> _ 3! � _ ��� T� JHU IL WYVJLZZLK�
=PY[\HSS` ¸LUKSLZZ¹ WYVK\J[Z PU H YVSS�[V�YVSS
THU\MHJ[\YPUN WYVJLZZ HYL HSZV JVUJLP]�
HISL PU [OL M\[\YL�

0U [OL SHTPUH[PVU WYVJLZZ� [OL ZWLJPHS WSHZ�
[PJ SH`LYZ HYL HWWSPLK [V [OL MYVU[ HUK IHJR
VM [OL ÅL_PISL 7*) TH[LYPHS I` HWWS`PUN H
OPNO OLH[ �[LTWLYH[\YL #����*� HUK H OPNO�
JVUZPZ[LU[ WYLZZ\YL� +LWLUKPUN VU [OL
PU[LUKLK \ZL� [OL JVTIPUH[PVU VM [OL JVT�
WVZP[L TH[LYPHSZ JHU IL HKQ\Z[LK� ;OL WHY[Z
TV\U[LK VU [OL ÅL_PISL 7*) HYL LUJHW�
Z\SH[LK� L_JS\KPUN HSTVZ[ HSS HPY YLZPK\LZ PU
[OL JVTWVZP[L TH[LYPHS�

-PN\YL �! :JOLTH[PJ Z[Y\J[\YL VM H SHTPUH[LK 3,+
TVK\SL

(M[LY SHTPUH[PVU� [OL TLJOHUPJHS YLZPZ[HUJL
PUJYLHZLZ ZPNUPÄJHU[S` HUK WYV[LJ[Z [OL
LSLJ[YVUPJZ MYVT WO`ZPJHS Z[YLZZ� Z\JO HZ
]PIYH[PVUZ HUK ZOVJRZ� :PUJL VUS` ]LY` [OPU
SH`LYZ HYL \ZLK �#��� TT WLY ZPKL�� [OL
ÅL_PIPSP[` VM [OL TVK\SL PZ Z[PSS THPU[HPULK�
+LWLUKPUN VU [OL 7*) SH`V\[ HUK [OL HZ�
ZLTISLK JVTWVULU[Z� H TPUPT\T ILUKPUN
YHKP\Z #� TT HM[LY SHTPUH[PVU PZ Z[PSS WVZZP�
ISL ^P[OV\[ JH\ZPUN [OL TVK\SL [V IYLHR�

;OL SHTPUH[PVU JHU IL L_WVZLK [V [LTWLY�
H[\YL Å\J[\H[PVUZ� ;OL WYV[LJ[P]L SH`LYZ JHU
^P[OZ[HUK JVU[PU\V\Z VWLYH[PVU PU HU LU]P�
YVUTLU[ ^P[O [LTWLYH[\YLZ VM \W [V ����*�
/V^L]LY� LSLJ[YPJHS PU[LYMLYLUJL JHU HSZV
IL ZHMLS` YLWLSSLK I` [OL WYV[LJ[P]L SH`LYZ
VM [OL SHTPUH[PVU� ( OPNO Z\YMHJL YLZPZ[HUJL
�1014/cm2� HUK H OPNO KPLSLJ[YPJ Z[YLUN[O
�%� R=� HYL YLHSPaLK ^P[O [OL ZWLJPHS WSHZ[PJZ
\ZLK�

;OL ]LY` [OPU SH`LYZ VM [OL SHTPUH[PVU VMMLY
H OPNO [YHUZWHYLUJ` VM  �� �� VU [OL [VW
ZPKL� THRPUN [OL PUUV]H[P]L [LJOUVSVN` WLY�
MLJ[ MVY JVTWSLTLU[PUN ÅL_PISL HZZLTISPLZ
^P[O 3,+Z HUK�VY VW[PJHS ZLUZVYZ�

;OL WOV[VTL[YPJ WYVWLY[PLZ HUK SPNO[ JVSVY
VM [OL JVTWVULU[Z TV\U[LK VU [OL ÅL_PISL
Z\IZ[YH[L HYL YL[HPULK L]LU \UKLY [OL WYV�
[LJ[P]L JVH[PUN� *VTWHYLK [V JVU]LU[PVUHS
WYV[LJ[PVU TL[OVKZ� [OL ZOPM[ PU JVSVY [LT�
WLYH[\YL PZ VUS` HWWYV_� ��� � ��� 2LS]PUZ�
:PUJL [OL TH[LYPHS JVTWVZP[L PZ OPNOS` YLZPZ�
[HU[ [V <= YHKPH[PVU HUK H[ [OL ZHTL [PTL
VMMLYZ OPNO <= [YHUZTPZZPVU� [OLYL PZ UV `LS�
SV^PZO LMMLJ[ L]LU HM[LY WYVSVUNLK \ZL VM
[OL SHTPUH[LK HZZLTIS �̀

6HFXUHO\ 3URWHFWHG� )OH[LEOH 0RG�
XOHV :LWKVWDQG D :LGH 9DULHW\ RI
(QYLURQPHQWDO ,QñXHQFHV
4VPZ[\YL PU [OL HPY VY KPYLJ[S` VU HU \UWYV�
[LJ[LK ÅL_PISL HZZLTIS` JHU PTWHPY [OL
M\UJ[PVUHSP[` VM [OL LSLJ[YVUPJZ VY L]LU SLHK
[V MHPS\YL� 4VPZ[\YL PZ JVUZPKLYLK [OL THPU
JH\ZL VM [OL VM[LU PUZPKPV\Z JVYYVZPVU WYV�
JLZZLZ� I\[ ]HYPV\Z JOLTPJHSZ JHU HSZV
WYVTV[L [OLT� -VY L_HTWSL� ZV�JHSSLK
]VSH[PSL VYNHUPJ JVTWV\UKZ �=6*Z� JHU
YLK\JL [OL WLYMVYTHUJL HUK ZLY]PJL SPML VM
3,+�IHZLK SPNO[PUN Z`Z[LTZ� +\L [V K\Z[
JVU[LU[ HUK PUK\Z[YPHS WVSS\[PVU� [OL HPY JVU�

https://b2b.lumitronix.com/en/
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[HPUZ JV\U[SLZZ WHY[PJSLZ HUK H ^PKL ]HYPL[`
VM �UVU�]PZPISL� Z\IZ[HUJLZ [OH[ LUKHUNLY
LSLJ[YVUPJZ PU [OL MVYT VM WVZP[P]LS` VY ULN�
H[P]LS` JOHYNLK PVUZ� ;OL` JHU YLHJ[ ^P[O
[OL WYVJLZZLK TH[LYPHSZ� KHTHNL [OLT VY
JH\ZL H ZOVY[ JPYJ\P[� >OLU \ZLK V\[KVVYZ�
[OL LSLJ[YVUPJZ HYL HKKP[PVUHSS` Z[YLZZLK I`
[OL JOHUNPUN ^LH[OLY JVUKP[PVUZ ^P[O ZV�
SHY YHKPH[PVU� ^PUK� VY ^H[LY� -\Y[OLYTVYL�
KLZ[Y\J[P]L KHTHNL JHU IL JH\ZLK I` \U�
^HU[LK PU[LYMLYLUJL �LUJYVHJOTLU[� I`
\ZLYZ�

;OL PUUV]H[P]L 3\T7YV[LJ[� SHTPUH[PVU
[LJOUVSVN` WYV]PKLZ YLSPHISL WYV[LJ[PVU
HNHPUZ[ H ^PKL YHUNL VM LU]PYVUTLU[HS PU�
Å\LUJLZ ^OPSL THPU[HPUPUN [OL M\UJ[PVUHSP[`
HUK ÅL_PIPSP[` VM [OL LSLJ[YVUPJ HZZLTIS �̀

;OL SHTPUH[PVU WYV]PKLZ WYV[LJ[PVU HNHPUZ[
TVPZ[\YL� ^OLYLI` [OL WYVK\J[PVU WYVJLZZ
PZ HSPNULK YLNHYKPUN [OL KLZPYLK KLNYLL
VM WYV[LJ[PVU� ( ]LY` OPNO SL]LS VM WYV[LJ�
[PVU PU HJJVYKHUJL ^P[O JSHZZ 07�� JHU IL
HJOPL]LK� ;LZ[Z OH]L ZOV^U [OH[ [OL ZWL�
JPHS WSHZ[PJZ \ZLK PU [OL WYV[LJ[P]L JVH[PUNZ
HYL OPNOS` YLZPZ[HU[ [V ]HYPV\Z JOLTPJHSZ
HUK =6*Z� ^OPJO LUZ\YLZ [OL ZLY]PJL SPML VM
[OL LSLJ[YVUPJZ IV[O PUKVVYZ HUK V\[KVVYZ�
-\Y[OLYTVYL� [OL LSLJ[YVUPJZ HYL THKL YV�
I\Z[ HNHPUZ[ WO`ZPJHS Z[YLZZ HUK JHU HSZV
SHYNLS` ^HYK VMM \UH\[OVYPZLK [HTWLYPUN I`
O\THUZ�

/DPLQDWLRQ
;OL SHTPUH[PVU WYVK\J[PVU TL[OVK WYV[LJ[Z
HNHPUZ[ O\TPKP[` �07�� WVZZPISL�� NHZLZ
HUK K\Z[� ]HYPV\Z JOLTPJHSZ� HUK WO`ZPJHS
Z[YLZZ HUK ^LH[OLY PUÅ\LUJLZ�

796:

� 4LJOHUPJHS ÅL_PIPSP[`
� =LY` SV^ TH[LYPHS [OPJRULZZ
� /PNO TH[LYPHS [YHUZWHYLUJ` � � ¶  ���
� 3P[[SL LMMLJ[ VU VW[PJHS [YHUZTPZZPVU
� =LY` SV^ ^LPNO[
� .VVK JOLTPJHS YLZPZ[HUJL
� .VVK TVPZ[\YL YLZPZ[HUJL
� /PNO LSLJ[YPJHS Z[YLUN[OZ �%�� R=�TT�
�¶� = H[ �� �T�

� /PNO ZOVJR HUK ]PIYH[PVU YLZPZ[HUJL
� /PNO YLZPZ[HUJL [V HIYHZPVU

*65:

� 3PTP[LK I` [OL TH_PT\T KPTLUZPVUZ MVY
JVTWVULU[Z� WHY[Z ^P[O H OLPNO[ %� TT
HYL JYP[PJHS

� /PNO WYVJLZZ [LTWLYH[\YL JHU SLHK [V
YLZ[YPJ[PVUZ PU [OL ZLSLJ[PVU VM Z\IZ[YH[LZ

� 6US` MVY ÅL_� ZV MHY� UV Z\P[HISL ZVS\[PVU
MVY YPNPK IVHYKZ

7HFKQRORJ\ IRU &XVWRPL]HG
6ROXWLRQV

3\TP[YVUP_ VMMLYZ [OL ÄYZ[ SHTPUH[LK 3,+
TVK\SLZ HZ Z[HUKHYK WYVK\J[Z MVY JVTTVU
SPNO[PUN HWWSPJH[PVUZ� IV[O Z\YMHJL TVK\SLZ
HUK SPULHY Z[YPWZ PU KPMMLYLU[ SPNO[ JVSVYZ� 0[ PZ
WVZZPISL [V SHTPUH[L HSS L_PZ[PUN ÅL_PISL 3,+
TVK\SLZ ^P[O 3\T7YV[LJ[��

;OL SHTPUH[PVU [LJOUVSVN` M\Y[OLY VMMLYZ
[OL WVZZPIPSP[PLZ MVY J\Z[VTPaH[PVU VM JLY�
[HPU [LJOUPJHS WHYHTL[LYZ� )` HKHW[PUN [OL
SH`LYZ ^P[OPU [OL TH[LYPHS JVTWVZP[L� KPMMLY�
LU[ KLZPNUZ HUK JVSVYZ VM SHTPUH[PVU JHU
IL VMMLYLK ^P[O H RPUK VM [L_[PSL� ;OL \WWLY
SH`LY HS^H`Z YLTHPUZ [YHUZWHYLU[ I\[ JHU
IL WYVK\JLK HZ H Z[Y\J[\YLK VY ZTVV[O
Z\YMHJL� +PMMLYLU[ JVUULJ[PVU HUK ZLHSPUN
VW[PVUZ ^P[O JHISLZ� WS\NZ� L`LSL[Z 
 JYPTW
JVU[HJ[Z HSSV^ LHZ` PU[LNYH[PVU VM [OL SHTP�
UH[LK HZZLTIS` PU[V [OL Z`Z[LT�

;OL J\YYLU[ [LJOUPJHS WHYHTL[LYZ VM [OL
SHTPUH[PVU WYVJLZZ HYL WHY[PJ\SHYS` VYPLU[LK
[V^HYKZ [OL YLX\PYLTLU[Z VM [OL SPNO[PUN
PUK\Z[Y �̀ :PUJL [OL WYVK\J[PVU WYVJLZZ PZ
JHYYPLK V\[ ���� H[ [OL 3\TP[YVUP_ ZP[L�
V[OLY HKHW[H[PVUZ MVY JOHSSLUNPUN HWWSPJH�
[PVUZ JHU IL YLHSPaLK [VNL[OLY ^P[O J\Z�
[VTLYZ ^P[OPU [OL ZJVWL VM KL]LSVWTLU[
WYVQLJ[Z� "
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7KH /81$5. KDELWDW PLVVLRQ� GHVLJQHG
DQG FRQVWUXFWHG E\ WKH 'DQLVK VSDFH
DUFKLWHFWV 6HEDVWLDQ $ULVWRWHOLV DQG
.DUO�-RKDQ 6RUHQVHQ� DLPV WR VLPX�
ODWH WKH PRRQ¶V UHDO OLYLQJ HQYLURQPHQW�
7KH KDELWDW LV WHVWHG RYHU WZR PRQWKV
LQ 1RUWKHUQ *UHHQODQG� ZKHUH LW EH�
KDYHV PRVWO\ OLNH WKH VRXWK SROH RI WKH
PRRQ� LQFOXGLQJ WKH H[WUHPH WHPSHU�
DWXUHV� ³WKH SHDN RI HWHUQDO OLJKW´� WKH
YDVW ZKLWH ODQGVFDSH DQG UHPRWHQHVV�
7KH PLVVLRQ ZLOO SURYLGH WKH GDWD DQDO�
\VLV IRU WKH QH[W KXPDQ ODQGLQJ RQ WKH
PRRQ� SUREDEO\ LQ ����� DFFRUGLQJ WR
1$6$¶V FXUUHQW VFKHGXOH� 7KH ODVW WLPH
ZDV $SROOR ��� ¾IW\ \HDUV DJR�

0SS\TPUH[PVU PU [OL OHIP[H[ KVLZU»[ VUS`
TLHU [OL JYLH[PVU VM H SPNO[PUN LU]PYVUTLU[
PU [OL LUJSVZLK ZWHJL� I\[ HSZV SP]PUN JVU�
KP[PVUZ [OH[ OH]L [V JVUZPKLY [OL JPYJHKPHU
YO`[OT� LTV[PVUHS MLLSPUNZ HUK IPVSVNPJHS
YLZWVUZLZ� ;OLYL PZ UV�SVUNLY HU` UH[\YHS
SPNO[ OLYL SPRL [OH[ VU LHY[O" L]LY`[OPUN KL�
WLUKZ VU HY[PÄJPHS SPNO[PUN� ^OPJO WYV]PKLZ
HSTVZ[ HSS VM [OL IHZPJZ VM ]PZ\HS HUK UVU�
]PZ\HS HJ[P]P[PLZ� 7LVWSL KVUº[ YLHSPaL [OL
JOHSSLUNL \U[PS [OL` HYL VU ZP[L� WLYZVUHSS �̀
3,+� \UKV\I[LKS �̀ PZ [OL PKLHS VW[PVU MVY PS�
S\TPUH[PVU� JVUZPKLYPUN P[Z TH[\YL KL]LSVW�
TLU[ PU IV[O [LJOUPJHS HUK JVTTLYJPHSPaLK
^H`Z� LZWLJPHSS` P[Z ¸KPNP[HS¹ MLH[\YLZ ^P[O
ÅL_PISL ZPaL HUK [\UHIPSP[ �̀

@\QPSLKZ� [OL YLZLHYJOLY� KL]LSVWLY HUK
THU\MHJ[\YLY VM WYVMLZZPVUHS 3,+Z� WHY�
[PJPWH[LK PU [OL WYVQLJ[ HZ [OL SPNO[ ZV\YJL
WHY[ULY� ^P[O [OLPY SH[LZ[ M\SS�ZWLJ[Y\T HUK
T\S[PJOYVTH[PJ 3,+ WYV[V[`WLZ ^OPJO HYL
KLZPNULK ZWLJPÄJHSS` MVY [OPZ TPZZPVU HUK
^OPJO PUJS\KL [OL JPYJHKPHU YO`[OT HZWLJ[�
3V\PZ 7V\SZLU� MV\UKLK PU ����� WHY[PJP�
WH[LK HZ [OL SPNO[PUN Ä_[\YL WHY[ULY HUK [OL
[\UPUN ZLX\LUJL KL]LSVWLY� ;OPZ HY[PJSL PU�
[YVK\JLZ [OL IHZPJ [OLVYPLZ VM [OL JPYJHKPHU
YO`[OT ^P[O [OL 3,+ ZWLJ[YHS WLYMVYTHUJL
HUK [OL LUNPULLYPUN VM [OL S\TPUHPYL ^P[O
YLSL]HU[ KLZPNUPUN WYPUJPWSLZ� >P[O [OL L_�
WLYPTLU[ KH[H� P[ HSZV PUKPJH[LZ OV^ ^L JHU
\[PSPaL 3,+ [LJOUVSVNPLZ MVY Z\JO [HZRZ HUK
[OL YLZ\S[Z ^L VI[HPULK MYVT [OPZ TPZZPVU�

¸>OLU ^L NV [V [OL TVVU� ^L
T\Z[ [OYP]L� UV[ Q\Z[ Z\Y]P]L�¹

3<5(92 7961,*; :;(;,4,5; B�D

>L YHYLS` HZR ¸OV^ ^PSS [OL Z\USPNO[ JOHUNL
[VTVYYV^&¹ ILJH\ZL� ZPUJL [OL IPY[O VM
O\THU JP]PSPaH[PVU� [OL Z\U ¶ H Ä_LK Z[HY
� ZOPULZ Z[LHKPS �̀ L]LY` KH �̀ 7LVWSL OH]L
ILLU \ZLK [V P[ MVY THU` NLULYH[PVUZ� 6I�
QLJ[P]LS �̀ [OL ¸(PY 4HZZ �(4�¹� ^OPJO PZ [OL
YH[PV VM [OL THZZ VM H[TVZWOLYL PU [OL HJ�
[\HS VIZLY]LY�Z\U WH[O [V [OL THZZ [OH[
^V\SK L_PZ[ PM [OL VIZLY]LY ^LYL H[ ZLH

SL]LS >�@� KLZJYPILZ YLSL]HU[ KLÄUP[PVUZ� PU�
JS\KPUN [OL Z[HUKHYK ZVSHY ZWLJ[YH� ;OL
(4 ��� Z[HUKHYK ZWLJ[Y\T >�@ Z[YL[JOLZ
MYVT [OL KLLW \S[YH�]PVSL[ [V [OL PUMYHYLK
^H]LSLUN[OZ� HUK [OL ]PZPISL SPNO[ ZWLJ�
[Y\T� ^OPJO PZ [`WPJHSS` YLJVNUPaLK IL[^LLU
���¶��� UT >�@� VUS` JV]LYZ P[ WHY[PHSS �̀
/V^L]LY� [OL ]PZPISL SPNO[ ZWLJ[Y\T TVZ[S`
HMMLJ[Z THUºZ JPYJHKPHU YO`[OT HUK ILOH]�
PVYZ HUK [OLYLMVYL [OPZ YHUNL PZ ^OH[ ^L
HYL JVUJLYULK ^P[O� ;OL (4 ��� Z[HUKHYK
ZWLJ[Y\T HSZV PUKPJH[LZ HU PTWVY[HU[ YLM�
LYLUJL [OH[ OVTVNLULV\Z ZWLJ[YHS WV^LY
KPZ[YPI\[PVU PZ PKLHS MVY HY[PÄJPHS SPNO[PUN [V
PTP[H[L�

-PN\YL �! (4 ��� Z[HUKHYK ZWLJ[Y\T �KPYLJ[ �
JPYJ\TZVSHY� PU [OL YHUNL VM ��������UT HUK
�������UT�

4HU ÄYZ[ SHUKLK VU [OL TVVU PU � � HUK
P[ PZ KPMÄJ\S[ [V [YHJL ^OH[ SPNO[ ZV\YJLZ ^LYL
HZZLTISLK PU [OL ZWHJL JHWZ\SL� >L RUV^
P[ ^HZU»[ 3,+ ILJH\ZL H[ [OH[ [PTL P[ ^HZ
Z[PSS MHY H^H` MYVT WYHJ[PJHS \ZL� ,]LU [V�
KH �̀ HZ[YVUH\[Z JHU VUS` YLS` VU HY[PÄJPHS
SPNO[Z MVY [OLPY KHPS` HJ[P]P[PLZ HUK [OL SPNO[PUN
X\HSP[` KL[LYTPULZ PM [OL` JHU HJJVTWSPZO
[OLPY TPZZPVUZ� ;OL 3<5(92 OHIP[H[ TPZ�
ZPVU PZ UV[ VUS` MVY [OL ZOVY[�[LYT [HZRZ I\[
MVJ\ZLK VU Z[\K`PUN OV^ WLVWSL ^V\SK
[OYP]L VU [OL TVVU! UV[ Q\Z[ Z\Y]P]L� ;O\Z�
SPNO[PUN OHZ [V IL JVUZPKLYLK Q\Z[ HZ P[ PZ
MVY HSS VM V\Y M\SS�[PTL HJ[P]P[PLZ VU ,HY[O� 0[
PZ KPMÄJ\S[ [V PTHNPUL [OL PTWVY[HUJL HUK
JOHSSLUNL VM SPNO[PUN X\HSP[` \U[PS ^L Z[HY[
[OPURPUN PU [OPZ ^H �̀

0U KHPS` SPML� ^L YLS` VU SPNO[PUN� UH[\YHS VY HY�
[PÄJPHS� MVY ^VYRPUN� Z[\K`PUN� LU[LY[HPUTLU[�
HUK YLSH_PUN� 3PNO[ PZ UV[ Q\Z[ MVY PSS\TPUH[�
PUN ZVTL[OPUN [V ¸ZLL¹ P[� P[ HSZV WYV]PKLZ
[OL JVYYLJ[ MLLSPUNZ HUK LTV[PVUZ MVY KVPUN
[OPUNZ HWWYVWYPH[LS �̀ 3PNO[PUN HSZV HMMLJ[Z
IV[O IPVSVNPJHS HUK WZ`JOVSVNPJHS OLHS[O�
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0U [OPZ JHZL� [OL PSS\TPUH[PVU WYPUJPWSLZ PU
KPMMLYLU[ ZJLULZ ^V\SK IL X\P[L KPZ[PUJ[ HUK
ZOV\SK IL ÅL_PISL LUV\NO [V [\UL H[ HU`
[PTL�

,OOXPLQDWLRQ 3ULQFLSOHV LQ
'LIIHUHQW 6FHQHV
4VZ[ HJ[P]P[PLZ JHUUV[ IL KVUL ^P[OV\[
HWWYVWYPH[L SPNO[PUN� ;OL WYPTHY` ZJLULZ PU
VUL KH` JHU IL SPZ[LK HZ MVSSV^Z!

:RUN DQG 6WXG\

0SS\TPUH[PVU WYPUJPWSL! 7YVK\J[P]L� L_JP[PUN�
JVUJLU[YH[P]L� ^HRLM\S� SLNPISL�
;OPZ ZJLUL PZ [OL TVZ[ PTWVY[HU[ WHY[ ZPUJL
P[ PZ [OL WYVJLZZ VM JYLH[PUN WYVK\J[P]L
MVYJLZ� 0[ [OLYLMVYL YLX\PYLZ HSLY[ULZZ HUK
JVUJLU[YH[PVU" [OL ZLJYL[PVU VM TLSH[VUPU
ZOV\SK IL Z\WWYLZZLK HZ T\JO HZ WVZZPISL
[V H]VPK [PYLKULZZ� 0U HKKP[PVU� [OL SPNO[PUN
ZOV\SK IL MYPLUKS` [V [OL L`LZ ^P[O NVVK
JVSVY YLUKP[PVU HUK JVYYLJ[ JOYVTH[PJZ [V
JYLH[L H MH]VYHISL LU]PYVUTLU[ MVY YLHKPUN�
VWLYH[PUN� KYH^PUN HUK TLHZ\YPUN�

5HOD[DWLRQ DQG
(QWHUWDLQPHQW

0SS\TPUH[PVU WYPUJPWSL! 3V^ L_JP[LTLU[�
JVTMVY[HISL LU]PYVUTLU[� SLNPISL�
9LSH_H[PVU VJJ\YZ K\YPUN ^VYR HUK Z[\K`
HUK YLX\PYLZ H NYHK\HS Z^P[JO MYVT ¸L_JP[�

PUN¹ [V ¸WLHJLM\S¹� 0U [OPZ ZJLUL [OL SPNO[PUN
NLULYH[LZ TVYL TLSH[VUPU [V OLSW [OL Z\I�
QLJ[Z YLSH_� -VY LU[LY[HPUTLU[� [OL ZJLUL
YLX\PYLZ TVYL [OHU ^OP[L SPNO[ PSS\TPUH[PVU�
;OL [\UHISL JVSVYZ HYL ULJLZZHY` MVY JYL�
H[PUN ZWLJPÄJ LU]PYVUTLU[Z HUK OLYL ^OP[L
SPNO[ PZ UV[ [OL RL` SPNO[PUN� I\[ YH[OLY� K`�
UHTPJ HUK JVSVYM\S SPNO[ WSH` [OL WYPTHY`
YVSLZ�

3UH�VOHHS

0SS\TPUH[PVU WYPUJPWSL! :\MÄJPLU[ [V YLK\JL
L_JP[LTLU[ HUK WYVTV[L [OL ZLJYL[PVU VM
TLSH[VUPU�
4LSH[VUPU ^PSS IL ZLJYL[LK Z\MÄJPLU[S` MVY
[OPZ ZJLUL ^OLU [OL IS\L SPNO[ PZ YLK\JLK HZ
T\JO HZ WVZZPISL� >OP[L SPNO[ PZ UV SVUNLY
ULJLZZHY �̀ PUZ[LHK� [OL SPNO[ ZOV\SK IL HISL
[V JYLH[L H ^HYT HUK JVTMVY[HISL LU]P�
YVUTLU[� HPKPUN ZSLLW ^P[OV\[ JYLH[PUN HU`
L_JP[LTLU[�

(PRWLRQDO 5HJXODWLRQ

0SS\TPUH[PVU WYPUJPWSL! 9LN\SH[L WZ`JOVSVNP�
JHS MLLSPUNZ \ZPUN KPMMLYLU[ SPNO[PUN MVYT\SHZ
HJJVYKPUNS �̀
0[ OHZ ILLU WYV]LU [OH[ JVSVY OHZ [OL HIPSP[`
[V PUÅ\LUJL H ]HYPL[` VM O\THU ILOH]PVYZ
Z\JO HZ VIQLJ[ YLJVNUP[PVU� [OL PKLU[PÄJH�
[PVU VM MHJPHS L_WYLZZPVUZ� HUK [OL HIPSP[` [V
JH[LNVYPaL Z[PT\SP HZ WVZP[P]L VY ULNH[P]L
>�@� >OLU HZ[YVUH\[Z HYL RLW[ PU H JVUÄULK
ZWHJL MVY H SVUN WLYPVK VM [PTL� P[ PZ ULJLZ�

ZHY` [V JHYL MVY HUK YLN\SH[L [OLPY LTV[PVUHS
HUK WZ`JOVSVNPJHS OLHS[O HJJVYKPUNS �̀

/LJKWLQJ 7HFKQRORJ\

3,+Z HYL \UWYLJLKLU[LKS` ÅL_PISL PU IV[O
ZWLJ[YHS LUNPULLYPUN HUK WYVK\J[ TVKHSP[ �̀
;OL @\QPSLKZ WVY[MVSPV VMMLYZ H IYVHK YHUNL
VM H]HPSHISL ZWLJ[YHS VW[PVUZ MVY IV[O ZLTP�
JVUK\J[VY HUK WOVZWOVY�JVU]LY[LK 3,+Z ¶
JV]LYPUN HSTVZ[ HSS VM [OL ]PZ\HS ^H]LSLUN[O
^P[O KPMMLYLU[ ->/4Z �-\SS >PK[O H[ /HSM
4H_PTH�� I` TH[JOPUN ^P[O LHJO V[OLY� 0[ PZ
WVZZPISL [V KLZPNU [OL ZWLJ[Y\T \ZPUN M\SS
[\YUPUN� -\Y[OLYTVYL� [OHURZ [V [OL PSS\TP�
UH[PVU [OLVY �̀ 3,+Z JHU IL THKL PU JVT�
WHJ[ ZPaLZ HUK JHU IL KYP]LU PUKP]PK\HSS`
^P[O YLSL]HU[ WYVNYHTZ� ;OPZ PZ ZPNUPÄJHU[
MVY SPTP[LK ZWHJL� LZWLJPHSS` MVY H OHIP[H[
^OLYL L]LY` PUJO PZ L_WLUZP]L�

1DWXUDO OLJKW VSHFWUXP /('V
IRU NH\ OLJKWLQJ

>OP[L SPNO[ PZ [OL WYPTHY` JVTWVZP[PVU MVY
HSS SPNO[PUN ZJLUHYPVZ HUK [OLYLMVYL WSH`Z
H ]P[HS YVSL PU TPTPJRPUN UH[\YHS SPNO[ PU HU
LUJSVZLK OHIP[H[� ;OL ZLSLJ[PVU VM 3,+
ZV\YJLZ PZ IHZLK VU OVTVNLULV\Z ZWLJ�
[YHS WV^LY KPZ[YPI\[PVU HUK ZOV\SK JV]LY
HZ IYVHK H ]PZ\HS ^H]LSLUN[O HZ WVZZPISL
^P[OV\[ TPZZPUN VI]PV\Z LULYN` VY JYLH[PUN
ZWPJ\SH[L WLHRZ [V H]VPK KPZ[VY[PVU JVT�
WHYLK [V Z\USPNO[�
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4LHU^OPSL� [^V KPMMLYLU[ JVSVY [LTWLYH[\YL
3,+Z ZOV\SK IL ZLSLJ[LK [V MVYT\SH[L Z[H�
ISL HUK JVUZLJ\[P]L ZWLJ[YH K\YPUN [\UPUN�
;OLYLMVYL [`WPJHS ^HYT ^OP[L VM ����2 HUK
KH`SPNO[ ^OP[L VM ����2 HYL JOVZLU [V IL
[OL ^OP[L SPNO[ IHZLZ�

0RQRFKURPDWLF /(' IRU
VSHFLðF KXHV DQG VSHFWUDO
LQWHJUDWLRQ

.LULYHSS` [OL TVUVJOYVTH[PJ 3,+ KVLZ
UV[ ^VYR PUKP]PK\HSS` I\[ HS^H`Z JVVWLY�
H[LZ [V IL HKKLK [V [OL ^OP[L SPNO[ 3,+Z
[V JYLH[L KPMMLYLU[ ZJLULZ� ;OL TVUVJOYV�
TH[PJ 3,+ HJOPL]LZ ZH[\YH[LK IS\L� NYLLU
HUK YLK [OH[ JV]LY TVZ[ VM [OL *0, � ��
KPHNYHT� ^OPJO Z[HUKZ MVY H O\THU»Z ]PZ\HS
YHUNL� ;OLYLMVYL� ^P[O [OL JVTIPUH[PVU VM
M\SS�ZWLJ[Y\T ^OP[L SPNO[ HUK TVUVJOYV�
TH[PJ 3,+Z� [OLZL 3,+ SPNO[ ZV\YJLZ HYL
JHWHISL VM YLWYLZLU[PUN TVZ[ VM [OL JVSVYZ
HUK ^OP[L SPNO[Z�

%DFWHULFLGDO HIIHFW IURP WKH
89$ ZDYHOHQJWK

,U]PYVUTLU[HS JSLHUSPULZZ PZ L_[YLTLS` PT�
WVY[HU[ LZWLJPHSS` ^P[O [OL NSVIHS PTWHJ[ VM
*V]PK�� � ;OL Z[LYPSPaPUN KL]PJL ILJVTLZ
ULJLZZHY` HUK [OL HTIPLU[ SPNO[PUN JHU
OLSW ^P[O [OPZ� ;OL M\SS�ZWLJ[Y\T 3,+ JVU�
[HPUZ ���¶��� UT ^H]LSLUN[O YHKPHUJL
^OPJO OHZ ILLU WYV]LU [V IL LMMLJ[P]L PU
RPSSPUN ]PY\ZLZ� .LYTPJPKHS WYVWLY[PLZ VM
]PVSL[�IS\L ]PZPISL SPNO[ ����¶��� UT�� LZ�
WLJPHSS` ^P[OPU [OL YHUNL VM ���¶��� UT
OH]L ILLU ZOV^U HZ HU HS[LYUH[P]L [V <=*
PYYHKPH[PVU PU O\THU VJJ\WPLK ^OVSL�YVVT
KPZPUMLJ[PVU ZJLUHYPVZ ^OLYL P[ OHZ ZOV^U
YLK\J[PVU VM IHJ[LYPH HUK Z\YNPJHS ZP[L PUMLJ�
[PVUZ� (S[OV\NO ��� UT VY JSVZLS` YLSH[LK
^H]LSLUN[OZ OH]L ILLU ZOV^U [V IL SLZZ
NLYTPJPKHS [OHU <=*� P[Z PUHJ[P]H[PVU WV�
[LU[PHS OHZ ILLU HZZLZZLK PU WH[OVNLUPJ
IHJ[LYPH Z\JO HZ 3PZ[LYPH ZWW� HUK *SVZ[YPK�
P\T ZWW� � HUK PU M\UNHS ZWLJPLZ Z\JO HZ
:HJJOHYVT`JLZ ZWW� HUK *HUKPKH ZWW� 0[
PZ [OV\NO[ [OH[ [OL \UKLYS`PUN TLJOHUPZT
VM IS\L�SPNO[ TLKPH[LK PUHJ[P]H[PVU PZ HZZV�
JPH[LK ^P[O HIZVYW[PVU VM SPNO[ ]PH WOV[V�
ZLUZP[PaLYZ Z\JO HZ WVYWO`YPUZ ^OPJO YLZ\S[Z
PU [OL YLSLHZL VM YLHJ[P]L V_`NLU ZWLJPLZ
�96:� >�@�

/LJKWLQJ )L[WXUH

;OL WHULSZ \ZLK PU [OL 3<5(92 TPZZPVU
HYL THKL PU [OYLL KPMMLYLU[ ZPaLZ HUK [^V
SHYNL WHULSZ� ��TT I` ����TT V]LY [OL
^VYRPUN KLZRZ� ([ [OL [VW VM [OL OHI� [OLYL
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PZ H [YPHUNSL�ZOHWLK WHULS PU LHJO VM [OL
WVKZ�

;OL JVUZ[Y\J[PVU VM [OL WHULSZ PZ [OL ZHTL
MVY [OL YLJ[HUN\SHY HUK [YPHUN\SHY WHU�
LSZ� ;OL 3,+Z HYL THKL VU ÅL_PISL Z[YPWZ
[OLU VU H �TT HS\TPU\T IHJRWSH[L� ;OPZ
ZLY]LZ [OL W\YWVZL VM ILPUN H OLH[ ZPUR
[OH[ JHU KPZZPWH[L [OL OLH[ VM H SHYNL U\T�
ILY VM 3,+Z�

;OL ��_�� HS\TPU\T =�ZSV[Z HYL TV\U[LK
VU [OL ZPKLZ VM [OL IHJRWSH[L� ;OLZL HYL
PKLHS MVY MHZ[LUPUN [OL IHJRWSH[L HUK [OL
WSL_PNSHZZ KPZZPWH[VY� ;OL WSL_PNSHZZ \ZLK PZ
�TT [OPJR� ���� RN�T�� ISHUR ^OP[L ^P[O
JVSVY JVKL >/��� HUK OHZ H ��� SPNO[
[YHUZTPZZPVU �)LJXUH ���

/(' VWULS

0UZPKL [OL YLJ[HUN\SHY WHULS� [OL HTV\U[
VM ZWHJL MVY [OL 3,+Z PZ ����T� :PUJL [OL
=�ZSV[Z ^LYL ��TT ^PKL� [OL` ISVJRLK
��TT VM [OL [V[HS SLUN[O VM [OL IHJR�
WSH[L HUK K\L [V [OL 3,+ Z[YPWZ JVTPUN
PU ��JT J\[Z� [OL LUNPULLYZ OH]L [V OH]L
H SLUN[O KP]PZPISL I` �� � [O\Z P[ LUKLK \W
^P[O ���JT Z[YPWZ PU � YV^Z� I\[ IV[O [OL
9.) HUK >> �����2� � *> �����2� Z[YPWZ
NP]L H [V[HS SLUN[O VM ������� $ ���� JT�

&RQWUROOHU

;OL 3,+ Z[YPWZ HYL JVU[YVSSLK I` H TPJYV�
JVU[YVSSLY" TVYL ZWLJPÄJHSS` HU ,:7��� ;OL
,:7�� PZ H >P-P�LUHISLK 4*<� TLHUPUN
[OL WHULS JHU IL WSHJLK HU`^OLYL HUK
P[ JV\SK ^PYLSLZZS` YLJLP]L KH[H MYVT [OL
THPU JVTW\[LY PU 3<5(92� HW[S` UHTLK
6+05� ;OL ,:7�� Y\UZ VU ��� = [V ò�=
HUK [OLYLMVYL JHUUV[ KPYLJ[S` JVU[YVS [OL
3,+Z Y\UUPUN VU ��=� -VY [OPZ YLHZVU [OL
LUNPULLYZ \ZL 09-��� 46:-,;Z IL[^LLU
[OL ,:7�� HUK [OL 3,+ Z[YPW� LUHISPUN H

X\PJR VU � VMM Z^P[JO� LT\SH[PUN 7>4 HUK
[O\Z [OL PU[LUZP[` VM [OL SPNO[�

6+05 JYLH[LZ H >P-P OV[ZWV[ [V ^OPJO HSS
VM [OL ¸9H]LUZ¹ �,:7��»Z� JHU JVUULJ[
[V� 6+05 OVZ[Z HU 48;; ZLY]LY� ^OPJO PZ
L_WVZLK [V HSS JVUULJ[LK KL]PJLZ� 48;;
PZ H SPNO[^LPNO[ KH[H [YHUZMLY WYV[VJVS� VM[LU
\ZLK PU 0V; KL]PJLZ�

;OL 4*< YLX\LZ[Z [OL J\YYLU[ [PTL HUK
KH[L MYVT [OL THPU JVTW\[LY HUK \ZLZ
[OPZ [V KLJPKL ^OPJO [`WL VM JPYJHKPHU ZL�
X\LUJL P[ ZOV\SK WSH �̀ ;OLZL JPYJHKPHU
ZLX\LUJLZ HYL OHYKJVKLK� KL]LSVWLK I`
3V\PZ 7V\SZLU�

)XWXUH 3DQHOV

0M [OL WHULSZ HYL [V IL Z[HUKHSVUL� ^L ULLK
H KPMMLYLU[ PU[LYMHJL� ZPUJL ^L JHUUV[ ZLSS
HU 6+05 ^P[O [OL WHULS� ;OLYLMVYL [OL LU�
NPULLYZ JYLH[L H ^LI <0 �)LJXUH �� [OH[ JHU
IL HJJLZZLK PM JVUULJ[PUN [OL ,:7�� [V
[OL >P-P�

;OL ,:7�� ^HRLZ \W HUK JOLJRZ PM P[ OHZ H
YLTLTILYLK >P-P JVUULJ[PVU� 0M P[ KVLZ� P[
[YPLZ [V JVUULJ[� 0M [OLYL PZ UV YLTLTILYLK
>P-P VY P[ JHUUV[ JVUULJ[ [V P[� P[ VWLUZ \W
[OL JVUÄN\YH[PVU WVY[HS� ;OPZ JYLH[LZ H >P-P
OV[ZWV[� 0[ UH]PNH[LZ [V � ��������� HUK
PU [OLYL P[ PUZLY[Z [OL >P-P ::0+ �UHTL� HUK
WHZZ^VYK� ;OL ,:7�� YLIVV[Z HUK JVU�
ULJ[Z [V [OL UV^ YLTLTILYLK >P-P� :OV^U
ILSV^ PZ [OL JVUULJ[PVU [V [OL ZHTL >P-P
HUK UH]PNH[PUN [V [OL HKKYLZZ� <0� <ZLYZ
JHU JYLH[L H J\Z[VT JVSVY I` [\UPUN 9.)
HUK *> � >> VY \ZPUN [OL I\PS[�PU MLH[\YLZ�
;OL ¸(\[V *PYJHKPHU¹ MLH[\YL ^PSS Z[HY[ WSH`�
PUN H KLÄULK ZLX\LUJL� \ZPUN [OL J\YYLU[
[PTL VM KH �̀

-PN\YL �! ;OL ^LI <0 MVY JPYJHKPHU ^PYPUN KPHNYHT
VM JPYJHKPHU ¸9H]LU¹�

2EVHUYDWLRQV DQG 6WXG\

;V VIZLY]L HUK HUHS`aL [OL [LHT TLT�
ILYZ» ILOH]PVY HUK OLHS[O K\YPUN [OL TPZ�
ZPVU� WZ`JOVSVNPZ[Z HUK ZJPLU[PZ[Z� (UKLYZ
2Q¤YNHHYK� .SVYPH 9� 3LVU HUK 2VUZ[HU[PU
*O[LYL] TLHZ\YLK [OLPY SP]PUN HUK ^VYR�
PUN Z[H[\Z V]LY [OL ���KH` Z[H` PU [OL S\�
UHY HUHSVN OHIP[H[� ;OL Z[\K` PUKPJH[LK
[OL JPYJHKPHU SPNO[PUN Z`Z[LT ^HZ H OPNOS`
PTWVY[HU[ JVTWVULU[ VM [OL OHIP[H[" ZLSM�
YLWVY[Z I` [LHTTH[LZ PUKPJH[LK [OH[ [OL
SPNO[PUN Z`Z[LT MHJPSP[H[LK YLN\SHY ZSLLW�
�^HRL ZJOLK\SLZ� JVNUP[P]L HJ[P]H[PVU�
JVTMVY[� HUK [PTL VYPLU[H[PVU� ;OL JVU�
ÄN\YH[PVU VM [OL ^VYRZWHJL YLNHYKPUN [OL
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,WHP 70 � ��� 70 � ���
7YVISLTZ ^P[O NLHY HUK LX\PWTLU[ ���� ����
-LLSPUN VM JHTHYHKLYPL�JSVZLULZZ
^P[O [LHTTH[L ���� ���
*VUJLYU HIV\[ [OL ^LSS�ILPUN VM
T` [LHTTH[L ���� ��
,UQV`TLU[ VM [OL (YJ[PJ LU]PYVUTLU[ ���� ����
*VUJLYU HIV\[ OV^ LMMLJ[P]LS` T`
[LHTTH[L HUK 0 HYL ^VYRPUN [VNL[OLY ���� ����
-LLSPUN KV^U�SV^ VY Z[YLZZLK ILJH\ZL
T` [LHTTH[L PZ MLLSPUN [OH[ ^H` ���� ����
;LUZPVU VY HYN\TLU[ ^P[O T`
[LHTTH[L ���� ����
:H[PZMHJ[PVU PU THRPUN NVVK
WYVNYLZZ [VKH` ��� ���
:H[PZMHJ[PVU [OH[ LX\PWTLU[ PZ ^VYRPUN
WYVWLYS` ���� ����
:H[PZMHJ[PVU [OH[ 0 HT HISL [V JVWL
^P[O [OL JOHSSLUNLZ ���� ����
*VUJLYUZ HIV\[ [OL LMMLJ[P]LULZZ VY
ZHML[` VM KLJPZPVUZ 0 THKL [VKH` � �
-LHY VM ILPUN PUQ\YLK ���� ����
>VYYPLK HIV\[ MHTPS �̀ MYPLUKZ ���� ����
>VYYPLK HIV\[ LUJV\U[LYPUN
IHK ^LH[OLY ���� ����
3VULSPULZZ� OVTLZPJRULZZ � ����
3HJR VM WYP]HJ �̀ [PTL MVY T`ZLSM ���� ����
7LYZVUHS /`NPLUL
�^HU[PUN [V IL JSLHULY� ���� �
4\ZJSL VY QVPU[ HJOL ���� ����
/LHKHJOL ���� �
6[OLY WO`ZPJHS WYVISLTZ ���� �

;HISL �! 9LZ\S[Z VM [OL Z\Y]L` MVY [^V [LHT TLT�
ILYZ �;4 �� ;4 ��� 4LHU WLYJLU[HNL JYLH[PUN
WLYPVKZ PU ^OPJO H WHY[PJPSHY P[LT ^HZ LUKVYZLK�

WSHJLTLU[ VM PUKP]PK\HS KLZRZ� [OL HIPSP[` [V
ÅPW [OLT \W HNHPUZ[ [OL ^HSS� T\S[PM\UJ[PVUHS
HUK JVSSHWZPISL M\YUP[\YL� Z[VYHNL ZWHJL
[V H]VPK JS\[[LY� HUK [OL VJJHZPVUHS \ZL VM
[OL HPYSVJR MVY ^VYR HUK WYP]HJ` MHJPSP[H[LK
[HZR WLYMVYTHUJL HUK TP[PNH[LK PU[LYWLY�
ZVUHS JVUÅPJ[Z� )V[O [LHT TLTILYZ» \ZL
VM PZVSH[LK HYLHZ VM [OL OHIP[H[ MVY WYP]HJ`
MHJPSP[H[LK [OL KPMM\ZPVU VM [LUZPVU HUK [O\Z
ZLY]LK HZ H TLHUZ VM JVWPUN ^P[O Z[YLZZ�
;OL PU[LYPVY TH[LYPHSZ� JVSVY ZJOLTL� HUK
[OL KLZPNULK JVTMVY[ VM [OL ZSLLW WVKZ
WYVTV[LK YLSH_H[PVU HUK THKL [OL OHIP[H[
MLLS TVYL SPRL HU ,HY[O OVTL� ;OL JVTMVY[�
HISL ZSLLW WVKZ HSZV MHJPSP[H[LK PUKP]PK\HS
WYP]HJ` HZ ULLKLK >�@�

3PNO[PUN PU [OL OHIP[H[ JVU[YPI\[LZ PTWVY[HU[
LMMLJ[P]LULZZ� I\[ VM JV\YZL UV[ [OL VUS`
VUL� ;OL Z[\K` JVUJS\KLK [OH[ H OPNOS` PT�
WVY[HU[ JVTMVY[ HUK ZSLLW MLH[\YL ^HZ [OL
PUZ[HSSH[PVU VM H JPYJHKPHU SPNO[ Z`Z[LT ^P[O
KHPS` ]HYPH[PVU� OPNO JVSVY YLUKLYPUN� HUK
ZPT\SH[LK Z\UZL[Z HUK Z\UYPZLZ� (JJVYKPUN
[V ;4 
�»Z �;LHT TLTILY 
�� ZLSM�YLWVY[�
[OLZL MLH[\YLZ WYVTV[LK H OLHS[O` ZSLLW�
^HRL J`JSL� H ZLUZL VM [PTL� ZVTL[OPUN [V
SVVR H[� HUK THKL [OL OHIP[H[ MLLS UH[\YHS!
¸0[ MLS[ SPRL ^L OHK SHYNL HTV\U[Z VM KPMM\ZLK
Z\USPNO[ ÅVVKPUN PU[V [OL OHIP[H[� ^OPJO PU
^H`Z OHYK [V KLÄUL THKL P[ YLHSS` WSLHZHU[
[V IL [OLYL� ;OL TVYUPUNZ LZWLJPHSS` ^LYL
UPJL�¹ ;4 
� �;LHT TLTILY 
�� Z[H[LK
[OH[ HUV[OLY JVTMVY[PUN HZWLJ[ ^HZ ¸[OL
JVU[YHZ[ IL[^LLU [OL PU[LYPVY HUK [OL L_�
[LYPVY VM [OL OHIP[H[� -YVT [OL V\[ZPKL� [OL
OHIP[H[ ZOLSS PZ ISHJR ^P[O QHNNLK LKNLZ HUK
HSTVZ[ SVVRZ PU[PTPKH[PUN" [OL PUZPKL PZ [OL
L_HJ[ VWWVZP[L � SPNO[ JVSVYZ� ZVM[ TH[LYPHSZ�
HUK YV\UKLK LKNLZ�¹

6XPPDU\

>P[O [OL YHWPK KL]LSVWTLU[ VM 3,+ [LJO�
UVSVN` HUK [OL \UKLYZ[HUKPUN VM [OL IPV�
SVNPJHS LMMLJ[P]LULZZ MYVT SPNO[PUN� P[ PZ UV[
KPMÄJ\S[ [V ÄUK [OL PSS\TPUH[PVU WYPUJPWSL VM
3,+ PZ TVYL HUK TVYL Z\P[HISL MVY HJOPL]�
PUN KPMMLYLU[ HUK ZWLJPÄJ SPNO[PUN W\YWVZLZ�
HUK P[ PZ HSZV UV[ KPMÄJ\S[ [V ILSPL]L [OL 3,+
[LJOUVSVN` TLU[PVULK PU [OPZ HY[PJSL PZ MLH�
ZPISL [V IL HWWSPLK PU H YLHS ZWHJL JHWZ\SL�
;OL SH[LZ[ 3,+ KL]LSVWTLU[ KVLZ UV[ VUS`
VMMLY H SPNO[PUN LU]PYVUTLU[ I\[ WYV]PKLZ
JVUKP[PVUZ MVY [OYP]PUN YH[OLY [OHU Q\Z[ Z\Y�
]P]PUN� >L HYL JVUÄKLU[ [OH[ 3,+Z JV\SK
PSS\TPUH[L [OL M\[\YL� "

$XWKRU� 'DQLHO +$1
>P[O H [LJOUPJHS IHJRNYV\UK PU WOV[VLSLJ�
[YPJP[ �̀ +HUPLS PZ J\YYLU[S` [OL =7 VM I\ZPULZZ
KL]LSVWTLU[ H[ @\QPSLKZ� /L PZ MVJ\ZLK VU
JYLH[PUN� HKTPUPZ[LYPUN� HUK THRPUN Z[YH[L�
NPJ KLJPZPVUZ VU THYRL[ YLZLHYJO� 9
+ VM
PUUV]H[P]L 3,+ [LJOUVSVNPLZ HUK WYVK\J[Z�
HZ ^LSS HZ NSVIHS I\ZPULZZ Z[YH[LNPLZ PTWSL�
TLU[H[PVU� >P[O WYVMV\UK \UKLYZ[HUKPUN
VM [OL 3,+ [LJOUVSVN` HUK L_[LUZP]L L_�
WLYPLUJL PU KPMMLYLU[ 3,+ PUK\Z[YPLZ� +HUPLS
SLHKZ ZHSLZ� 9
+ HUK THYRL[PUN [LHTZ [V
HJOPL]L [OL NVHSZ VM [OL NYV\W JVTWHU �̀
HUK JVUJLU[YH[LZ VU \[PSPaPUN HUK VW[PTPa�
PUN OPZ L_WLY[PZL HUK YLZV\YJLZ [V WYV]PKL
JVTWYLOLUZP]L ZVS\[PVUZ MVY ]HYPV\Z HWWSP�
JH[PVUZ HUK THYRL[Z�

$ERXW <XMLOHGV @\QPSLKZ Z[HY[LK [V THRL
3,+ WOVZWOVY TH[LYPHSZ PU ���� ^OLU
^OP[L 3,+Z ^LYL Z[PSS PU H ]LY` LHYS` Z[HNL�
;VKH �̀ @\QPSLKZ PZ ^LSS RUV^U MVY V\Y YL�
ZLHYJO HUK M\SS SPUL�\W WYVK\J[PVU VM 3,+
WOVZWOVY MYVT \S[YH�]PVSL[ [V ULHY�PUMYHYLK�
HUK [OL` HYL WYV\K [V JVTTP[ [V WYV]PK�
PUN Z\WLYPVY Z[HISL HUK LMÄJPLU[ WOVZWOVYZ
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VUS` HIV\[ [OL X\HSP[` VM ^OP[L 3,+Z� I\[
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OLTPZWOLYPJHS ZVSHY PYYHKPHUJL MVY HPY THZZ ���� �  ��
���
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;HISLZ MVY 9LMLYLUJL :VSHY :WLJ[YHS 0YYHKPHUJLZ! +PYLJ[
5VYTHS HUK /LTPZWOLYPJHS VU ��� ;PS[LK :\YMHJL�
�����

B�D https://science.nasa.gov/ems/09_visiblel
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HZZVJPH[PVUZ [V LTV[PVU HUK LTV[PVU�SHKLU ^VYKZ!
( JVSSLJ[PVU VM UVYTZ MVY Z[PT\S\Z JVUZ[Y\J[PVU HUK
ZLSLJ[PVU� 7Z`JOVUVTPJ :VJPL[ �̀ 0UJ�

B�D 9H]LLU 9H[OUHZPUNOL� :VUPH 1HUNYH� 3PZH 4PVYPU�
4PJOHLS :JOV[ZHLY[� *SPMMVYK @HOURL 
 (KVSMV .HYJ�H�
:HZ[YL� ;OL ]PY\JPKHS LMMLJ[Z VM ��� UT ]PZPISL SPNO[ VU
:(9:�*V=�� HUK PUÅ\LUaH ( ]PY\Z� :JPLU[PÄJ 9LWVY[Z
�:JP 9LW�� �����

B�D (UKLYZ 2Q¤YNHHYK� .SVYPH 9� 3LVU� 2VUZ[HU[PU
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