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3ECURE $ECISIONS IN
5NCERTAIN 4IMES

,ZZLU[PHSS �̀ ^L HYL HSS HMMLJ[LK I` [OL \UJLY[HPU LU]PYVUTLU[� :VTL TVYL�
ZVTL SLZZ� >OH[ JHU IL KLK\JLK MYVT [OL J\YYLU[ ZP[\H[PVU HUK ^OLYL HYL
^L OLHKPUN K\YPUN HUK HM[LY [OL *VYVUH JYPZPZ&

*\YYLU[S �̀ [OLYL HYL THU` KL]LSVWTLU[Z PU [OL HYLH VM SPNO[ PU VYKLY MVY
L]LY`KH` SPML [V IL ZHML� 6U [OL V[OLY OHUK� ^L T\Z[ UV[ ULNSLJ[
LU]PYVUTLU[HS HUK Z\Z[HPUHIPSP[` JOHSSLUNLZ� ;OLZL ^PSS SPRLS` ILJVTL H
JLU[YHS WHY[ VM V\Y VYPLU[H[PVU PU [OL M\[\YL� ;OPZ PZZ\L VM 3W9 OHZ ZVTL
]LY` ]HS\HISL HY[PJSLZ KL]V[LK [V [OPZ ]LY` [VWPJ� Z\JO HZ [OL ,JV�+LZPNU
YLN\SH[PVUZ� [OL 9LWYV�SPNO[ WYVQLJ[ VY [OL 3PNO[PUN MVY .VVK PUP[PH[P]L�

>L ZOV\SK HSZV JVUZPKLY [OL ^OVSL YHUNL VM UH[\YHS SPNO[� :WLJ[YHS UH[\YHS
¸H\[OLU[PJP[`¹ PZ NVVK MVY THURPUK HUK HSZV YLWYLZLU[Z Z\Z[HPUHISL
KL]LSVWTLU[� ;OL UL^ WVZZPIPSP[PLZ VM KH[H [YHUZTPZZPVU ]PH ]PZPISL SPNO[
HSZV WSH` H YVSL OLYL� >L OH]L JVUZ\S[LK L_WLY[Z VU [OPZ Z\IQLJ[ HUK ^PSS
WYLZLU[ [OL SH[LZ[ KL]LSVWTLU[Z� )\[ ^OH[ HIV\[ SPNO[PUN KLZPNU HUK [OL
[VVSZ [V LUHISL [OL ULLKLK KL]LSVWTLU[ Z[LWZ& >L SVVR PU[V ¸3PNO[ HUK
+HYRULZZ¹� KP]L PU[V :WLJ[YHS ,UNPULLYPUN HUK SLHYU MYVT [OL NHTPUN
PUK\Z[Y �̀

>OH[ HYL [OL ZLJ\YL KLJPZPVUZ&

>P[OV\[ X\LZ[PVU� ^L JHU Z[H[L [OH[ ^L ULLK H ZHML LU]PYVUTLU[� ;OL
LU]PYVUTLU[ T\Z[ IL WYV[LJ[LK HUK L]LY`[OPUN ^L KV T\Z[ LUZ\YL
¸JVTWH[PIPSP[`¹ MVY O\THUZ HUK HUPTHSZ� VY SL[»Z ZH �̀ UH[\YL� ;OPZ PZ HSZV
HIV\[ YL[OPURPUN PU [LYTZ VM WYVK\J[PVU HUK SVNPZ[PJZ� ;OLZL HYL HSS
JOHSSLUNPUN [HZRZ HUK SPNO[ JHU OH]L H WVZP[P]L PUÅ\LUJL PU ZV THU` HYLHZ�
)\[ ^L ULLK [OPZ [YHUZMVYTH[PVU H[ HSS SL]LSZ� 6US` [OLU ^PSS [OLYL IL UL �̂
WVZP[P]L VWWVY[\UP[PLZ MVY HSS VM \Z�

>L OVWL `V\ LUQV` YLHKPUN V\Y JHYLM\SS` ZLSLJ[LK HY[PJSLZ� -LLKIHJR MYVT
`V\ PZ HS^H`Z HWWYLJPH[LK�

@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`
7OV[VUPJZ��� 4LTILY VM [OL )VHYK VM :[HRLOVSKLYZ
0U[LYUH[PVUHS :VSPK�:[H[L 3PNO[PUN (SSPHUJL �0:(�� 4LTILY VM [OL )VHYK VM (K]PZVYZ
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6WHSKHQ $� 0$621� 'U�
'U� 0DVRQ JUDGXDWHG LQ
2SWRPHWU\ IURP WKH
8QLYHUVLW\ RI 1HZ 6RXWK
:DOHV �816:� $XVWUDOLD LQ
����� ,Q SULYDWH SUDFWLFH IRU
PRUH WKDQ WKLUW\ \HDUV� IRU
WKH SDVW GHFDGH� 'U� 0DVRQ
KDV FRQFHQWUDWHG KLV
LQWHUHVWV RQ WKH
GHYHORSPHQW RI /(' OLJKW
WKDW RIIHUV EHQH¾FLDO HIIHFWV
IRU KHDOWK DQG YLVXDO
SHUIRUPDQFH IRU WKH KXPDQ
H\H DQG YLVXR�VHQVRU\
V\VWHP� 'U� 0DVRQ KDV
EHHQ D YLVLWLQJ OHFWXUHU DW
816: DQG EHFDPH D )HOORZ
RI WKH $PHULFDQ $FDGHP\
RI 2SWRPHWU\ LQ �����
'U� 0DVRQ VSHQGV WKH
JUHDWHU SDUW RI KLV WLPH LQ
VWXG\LQJ DQG HGXFDWLQJ
FROOHDJXHV DQG
VWDNHKROGHUV LQ WKH /('
OLJKWLQJ FRPPXQLW\ WR UDLVH
DZDUHQHVV RI WKH
LPSRUWDQFH WR WKH KHDOWK RI
RXU H\HV WKDW ZH DGRSW EHVW
GHVLJQ DWWULEXWHV WR
LOOXPLQDWH WKH EXLOW
HQYLURQPHQW�

6ISUAL 0ERFORMANCE AND #OGNITION
$Q 2YHUYLHZ
-VY SPNO[PUN LUNPULLYZ� P[ ZLLTZ [OH[ Å\�
LUJ` PU L`L HUK IYHPU M\UJ[PVU PZ IL�
JVTPUN TVYL PTWVY[HU[ ^OLU KLWSV`PUN
ZVS\[PVUZ MVY HYJOP[LJ[\YHS SPNO[PUN HZ ^L
HWWYLJPH[L TVYL [OL LMMLJ[ VM SPNO[ VU
JVNUP[PVU HUK ]PZ\HS WLYMVYTHUJL�

&RJQLWLRQ
4HU` ^PSS YLJHSS [OL 7OPSPWZ º:JOVVS=PZPVU»
WYVQLJ[� H OHSSTHYR PU [OL YLZLHYJO VU
[OL LMMLJ[Z VM SPNO[ VU JVNUP[PVU� 9LZ\S[Z
MVY VUL SVJH[PVU �<UP]LYZP[H[ZRSPTPR\T
/HTI\YN�,WWLUKVYM� LUYVSSLK ���
W\WPSZ HUK �� [LHJOLYZ ^P[O WZ`JOV�
SVNPJHS TL[YPJZ TLHZ\YLK V]LY H [^LS]L
TVU[O WLYPVK� )` ]HY`PUN SPNO[ ]VS\TL
HUK **; JVYYLSH[LK [V [HZR� [OL YL�
Z\S[Z ZOV^LK H ��� PUJYLHZL PU YLHKPUN
ZWLLK� ��� KLJYLHZL PU MYLX\LUJ` VM
LYYVYZ HUK ��� KLJYLHZL PU O`WLYHJ[P]L
ILOH]PV\Y�

-LYSHaaV ������ X\V[LK PU H YL]PL^ I`
-HIPV ������ YL]LHSLK! ¸;OL Z[\K` HPTLK
H[ HUHS`aPUN [OL PUÅ\LUJL VM KPMMLYLU[
**; VU JVNUP[P]L M\UJ[PVUZ� I` JVT�
WHYPUN [^V SPNO[PUN JVUKP[PVUZ ^P[O ]LY`
KPMMLYLU[ ZWLJ[YHS JVTWVZP[PVUZ! ^HYT
**; OHSVNLU SHTWZ �����2� HUK UL\�
[YHS ^OP[L 3,+ �����2�¯ 9LZ\S[Z OH]L
ZOV^U [OH[ WLYMVYTHUJL VU L_LJ\[P]L
M\UJ[PVUZ HUK ]PZ\V�ZWH[PHS HIPSP[PLZ HYL
TVK\SH[LK I` L_WVZ\YL [V H JVVSLY
SPNO[¯ WHY[PJPWHU[Z OH]L ILLU ZPNUPÄ�
JHU[S` TVYL HJJ\YH[L �OPNOLY U\TILY VM
OP[Z HUK JVYYLJ[ YLQLJ[PVUZ� HUK MHZ[LY YL�
ZWVUZL [PTLZ OH]L ILLU YLNPZ[LYLK \U�
KLY 3,+ SPNO[ [OHU ^P[O OHSVNLU SHTWZ¹�

0[ PZ HJJLW[LK [OH[ [OL YL[PUHS PW9.*»Z
HYL [OL WYPTHY` aLP[NLILY JVU[YVSSPUN
V\Y JPYJHKPHU JSVJRZ� :[PT\SH[PVU VM [OL
PW9.*»Z ^OPSZ[ PUOPIP[PUN YLSLHZL VM TLSH�
[VUPU MYVT [OL IYHPU �º^HRPUN \Z \W»� OHZ
[OL HKKP[PVUHS LMMLJ[ VM WYVTV[PUN [OL
HJ[P]P[` VM JPYJ\SH[PUN KVWHTPUL� TLSH�
[VUPU ILPUN HU HU[HNVUPZ[ [V KVWHTPUL�
9L[PUHS PSS\TPUHUJL JHU OH]L H WYVMV\UK
ILHYPUN VU JPYJ\SH[PUN UL\YV�[YHUZTP[[LYZ
[OH[ LMMLJ[ TLU[H[PVU HUK [OL ]HYPV\Z
WHYHTL[LYZ VM JVNUP[PVU�

+Y� 6J[H]PV 7LYLa� YLZLHYJOLY HUK HK�
Q\UJ[ WYVMLZZVY H[ 4[ :PUHP /VZWP[HS PU
5L^ @VYR� MV\UK S\TPUHUJL JVTIPULK
^P[O Z[YH[LNPJ ^H]LSLUN[OZ PUÅ\LUJLK

[OL YLSH_H[PVU HUK JVUJLU[YH[PVU VM Z\Y�
NPJHS [LHTZ PU [OL 6;� -\Y[OLY L]PKLUJL
MVY [OL PUÅ\LUJL VM PSS\TPUH[PVU VU JVNUP�
[P]L WLYMVYTHUJL� 0U[LYLZ[PUNS �̀ OPNOSPNO[�
PUN [OL JVTWSL_P[` VM V\Y ZLUZVY` WLY�
JLW[PVU HUK [OPZ Z\IQLJ[� ZVTL Z[\KPLZ
ZOV^LK SPNO[PUN ZJLUHYPVZ [OH[ WYV]PKLK
MVY ILZ[ JVNUP[P]L WLYMVYTHUJL ^LYL UV[
HS^H`Z [OVZL ÄYZ[ MH]VYLK MVY Z\IQLJ[P]L
]PZ\HS JVTMVY[ VY TH` OH]L YLX\PYLK H
WLYPVK VM HKHW[PVU�

9LVXDO 3HUIRUPDQFH
;OL WLYMVYTHUJL VM [OL O\THU ]PZ\V�
ZLUZVY` Z`Z[LT OPUNLZ VU [OL PU[LYHJ[PVU
VM [OL VW[PJHS JOHYHJ[LYPZ[PJZ VM [OL O\�
THU L`L� [OL LSLJ[YV�WO`ZPVSVN` VM [OL
YL[PUH HUK P[Z ]PZ\HS JVY[L_ �[OL IYHPU��

*VUZPKLY ºKPZHIPSP[` NSHYL»� H M\UJ[PVU VM
YL[PUHS Z[YH`�SPNO[ JH\ZLK I` SPNO[ ZJH[�
[LYPUN [OYV\NO [OL VJ\SHY TLKPH� TVYL�
ZV [OL ZOVY[�IS\L ^H]LSLUN[OZ K\L [V
9H`SLPNO�[`WL LMMLJ[� 4HU` º^OP[L�SPNO[»
3,+ SPNO[ ZV\YJLZ ^P[O OPNOLY **;� OH]L
LSL]H[LK ^H]LSLUN[OZ ���¶��� UT HUK
YLK\JLK ^H]LSLUN[OZ PU [OL TLSHUVWPJ
YPJO YLNPVU VM ���¶� � UT� ;OPZ JVT�
WV\UKZ [OL WYVISLT� HZ [OL O\THU L`L
YLSPLZ VU P[Z Z\Z[HPULK ºWVZ[�PSS\TPUH[PVU
W\WPSSHY` YLZWVUZL» �7079� ILPUN JVU�
[YVSSLK I` [OL PW9.*»Z ^P[O [OLPY TH_P�
T\T ZLUZP[P]P[` H[ ��� UT� 0U ZOVY[� [OL
O\THU L`L PZ TVYL SPRLS` [V Z\MMLY MYVT
KPZHIPSP[` NSHYL ^OLU L_WVZLK [V ^OP[L�
IYPNO[ 3,+Z ^P[O YLK\JLK ^H]LSLUN[OZ
H[ ��� UT� [OL Z[YH[LNPJ ^H]LSLUN[O
ULLKLK [V OHYTVUPaL [OL W\WPSSHY` YL�
ZWVUZL [V [OL SPNO[ ]VS\TL� -\Y[OLYTVYL�
^P[O HNLPUN� YL[PUHS M\UJ[PVU� JSHYP[` VM
[OL JY`Z[HSSPUL SLUZ� JVU[YHZ[ ZLUZP[P]P[`
HUK KHYR HKHW[H[PVU HSS KLJSPUL� JVT�
WV\UKLK [`WPJHSS` I` H ZTHSSLY HUK SLZZ
YLZWVUZP]L W\WPS� 3PNO[PUN LUNPULLYZ
ULLK [V JVUZPKLY H JVTWSL_ PU[LY�WSH`
VM MHJ[VYZ PU [OL KLZPNU VM WYVQLJ[Z [V
JH[LY MVY H IYVHK JYVZZ�ZLJ[PVU VM [OL
WVW\SH[PVU� ZVTL VM ^OVT TH` WVZZLZZ
JVTWYVTPZLK VWO[OHSTPJ VW[PJZ HUK
UL\YHS WYVJLZZPUN�

;OL [HSLU[LK JVU[YPI\[VYZ [V [OPZ 3W9
LKP[PVU WYV]PKL H ^PUKV^ [V [OL WV[LU�
[PHS MVY UV]LS ZVS\[PVUZ [OH[ JHU VW[PTHSS`
PUÅ\LUJL JVNUP[PVU HUK ]PZ\HS WLYMVY�
THUJL� "

:�4�
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,IGHTING � ! +EY #ONTRIBUTOR
TO (EALTHY "UILDINGS WITH
"ETTER )NDOOR %NVIRONMENTAL
1UALITY

)` 6\YHUPH .LVYNV\[ZHRV\� :LJYL[HY`
.LULYHS� 3PNO[PUN,\YVWL

3PNO[PUN,\YVWL PZ Z\WWVY[PUN [OL JHSS [V ZJHSL
\W YLUV]H[PVU HJYVZZ ,\YVWL HUK ^VYRPUN OHYK
[V THRL Z\YL P[ PUJS\KLZ SPNO[PUN� 9LUV]H[PVU PZ
H[ [OL OLHY[ VM [OL ,\YVWLHU .YLLU +LHS HUK
OHZ ILLU PKLU[PÄLK HZ H RL` KYP]LY MVY [OL
,\YVWLHU ZVJPHS HUK LJVUVTPJ YLJV]LY`
WVZ[�*6=0+�� � ;OLYL JHUUV[ HUK ZOV\SK UV[
IL HU` YLUV]H[PVU VM I\PSKPUNZ PU ,\YVWL
^P[OV\[ \WNYHKPUN [OL SPNO[PUN PUZ[HSSH[PVUZ�
3PNO[PUN PZ LZZLU[PHS [V THRPUN H I\PSKPUN TVYL
LULYN` LMÄJPLU[ I\[ HSZV [V LUZ\YL HU
HKLX\H[L 0UKVVY ,U]PYVUTLU[HS 8\HSP[` �0,8��

;OL ,<»Z WVSP[PJHS JVTTP[TLU[ PZ IHJRLK \W
I` ÄUHUJPHS Z\WWVY[ HSZV� ;OL *VTTPZZPVU
WYVWVZLZ [V YLPUMVYJL [OL ,< ����¶����
I\KNL[ I` THRPUN H]HPSHISL HU HKKP[PVUHS ���
)PSSPVU ,\YVZ \UKLY [OL UL^ 5L_[ .LULYH[PVU
,< ÄUHUJPHS PUZ[Y\TLU[ >�@� .P]LU [OL YLSH[P]LS`
SHIV\Y�PU[LUZP]L UH[\YL VM YLUV]H[PVU HUK [OL
MHJ[ [OH[ P[ TH[JOLZ [OL ¸NYLLU� KPNP[HS HUK
YLZPSPLU[¹ HTIP[PVU VM [OL *VTTPZZPVU YLJV]LY`
WHJRHNL� [OL KVJ\TLU[ V\[SPUPUN [OL
,\YVWLHU *VTTPZZPVU»Z WYVWVZHSZ [HSRZ VM
YLN\SH[VY` HUK ÄUHUJPHS Z\WWVY[ [V ¸H[ SLHZ[
KV\ISL [OL HUU\HS YLUV]H[PVU YH[L VM L_PZ[PUN
I\PSKPUN Z[VJR¹� ( Z[YH[LNPJ JVTT\UPJH[PVU VU
[OL 9LUV]H[PVU >H]L PUP[PH[P]L HUK HU HJ[PVU
WSHU ^P[O JVUJYL[L TLHZ\YLZ [V KLWSV` MHZ[LY
HUK KLLWLY YLUV]H[PVU PZ L_WLJ[LK PU [OL
H\[\TU�

;OL ,< HJRUV^SLKNLZ [OL ILULÄ[Z VM
YLUV]H[PVU! ¸J\[[PUN LTPZZPVUZ� YLK\JPUN
LULYN` JVUZ\TW[PVU� HUK SV^LYPUN OV\ZLOVSK
IPSSZ� ZHMLY OLHS[OPLY I\PSKPUN HUK PTWYV]PUN
WLVWSL»Z X\HSP[` VM SPML� 0[ HSZV HJRUV^SLKNLZ
[OH[ HU PU]LZ[TLU[ PU YLUV]H[PVU ^PSS JYLH[L
QVIZ HUK ILULÄ[ [OL SVJHS LJVUVT �̀¹ :VTL
��� VM L_PZ[PUN ,\YVWLHU I\PSKPUNZ YLTHPU
LULYN` PULMÄJPLU[ �HUK ^LYL JVUZ[Y\J[LK
ILMVYL SLNPZSH[PVU VU I\PSKPUN WLYMVYTHUJL ^HZ
PU WSHJL�� 0[ PZ LZ[PTH[LK [OH[ ��� VM [VKH`»Z
I\PSKPUNZ ^PSS Z[PSS IL PU \ZL I` ���� HUK [OH[
VUS` �� �VU H]LYHNL� VM I\PSKPUNZ J\YYLU[S`
\UKLYNV YLUV]H[PVUZ LHJO `LHY�

/LJKWLQJ FRQWULEXWHV WR ,QGRRU
(QYLURQPHQWDO 4XDOLW\

4HU` WLYJLP]L 3PNO[PUN THPUS` HZ H KYP]LY MVY
LULYN` LMÄJPLUJ �̀ ;OPZ PUKLLK YLTHPUZ VUL VM
[OL JVYL ]HS\LZ MVY [OL SPNO[PUN PUK\Z[Y �̀ HUK
[OL UV^ TVZ[S` HJJVTWSPZOLK [YHUZP[PVU [V
3,+ [LJOUVSVN` OHZ SLK [V \W [V  �� ZH]PUNZ
MVY ,\YVWLHU JVUZ\TLYZ� ;OL PTWSLTLU[H[PVU
VM H JVTWYLOLUZP]L SPNO[ THUHNLTLU[ Z`Z[LT
^PSS ZH]L �� [V � ;>O WLY `LHY HZ VM ����
�3V[ �� ,JVKLZPNU 3PNO[PUN :`Z[LTZ >�@��

/V^L]LY� [OL ILULÄ[Z MYVT SPNO[PUN MVY [OL
OLHS[O� ^LSS�ILPUN� WYVK\J[P]P[ �̀ HUK ZHML[` VM
WLVWSL HYL YHYLS` ZLLU HZ HKKLK ]HS\L� ([
ILZ[� [OL` JVTL MVY MYLL HZ WHY[ VM [OL LULYN`
ZH]PUNZ� ;OLZL ILULÄ[Z YLJLP]LK TVYL
H[[LU[PVU PU ����� ^OLU [OYLL IPVSVNPZ[Z ^LYL
H^HYKLK [OL 5VILS 7YPaL MVY OLSWPUN [V L_WSHPU
OV^ [OL O\THU JPYJHKPHU YO`[OT ^VYRZ�
PUJS\KPUN OV^ SPNO[ HMMLJ[Z V\Y KHPS` IPVSVNPJHS
J`JSL�

>P[O [OL ,< 9LUV]H[PVU >H]L PUP[PH[P]L� [OL
KPZJ\ZZPVU T\Z[ TV]L IL`VUK LULYN` ZH]PUNZ
[V HSZV HKKYLZZ OLHS[OPLY I\PSKPUNZ� WLVWSL»Z
X\HSP[` VM SPML HUK H SV^LY SL]LS VM
PUJVU]LUPLUJL� >L ZWLUK  �� VM V\Y [PTL
PUKVVYZ HUK [OL X\HSP[` VM V\Y PUKVVY
LU]PYVUTLU[ OHZ H KPYLJ[ HUK PUKPYLJ[ PTWHJ[
VU V\Y OLHS[O� ^LSS�ILPUN� HUK WYVK\J[P]P[ �̀

)\[ ZV MHY MVY TVZ[ WLVWSL X\HSP[` PZ SPTP[LK [V
OLH[PUN 
 JVVSPUN HUK ]LU[PSH[PVU� ;OL
PTWVY[HUJL VM NVVK PUKVVY HPY X\HSP[ �̀ MVY
PUZ[HUJL� PZ ^LSS RUV^U� ;OL >/6 YLSH[LZ
HTIPLU[ HUK OV\ZLOVSK HPY WVSS\[PVU [V H OPNO
U\TILY VM WYLTH[\YL KLH[OZ ^VYSK^PKL� HUK
[OL [LYT ¸HPY X\HSP[`¹ PZ VM[LU \ZLK PU
KPZJ\ZZPVUZ� >L JHU HSZV KPYLJ[S` MLLS [OL
LMMLJ[Z VM [OLYTHS JVTMVY[ ^P[O OLH[PUN VY
JVVSPUN�

>L T\Z[ SVVR IL`VUK HPY X\HSP[` HUK HKKYLZZ
HSS HZWLJ[Z VM 0UKVVY ,U]PYVUTLU[HS 8\HSP[`
�0,8�! ]LU[PSH[PVU� JVVSPUN� OLH[PUN� KH`SPNO[�
LSLJ[YPJ SPNO[PUN� HPY�JVUKP[PVUPUN�
KLO\TPKPÄJH[PVU� WS\TIPUN HUK I\PSKPUN
H\[VTH[PVU HUK JVU[YVSZ� ;OL ]PZ\HS PTWHJ[ VM
SPNO[PUN JHU IL MLS[ KPYLJ[S �̀ P�L� ^L JHU ZLL
Z\MÄJPLU[S` [V JHYY` V\[ V\Y [HZR HUK MVY
VYPLU[H[PVU� ;OL PTWHJ[ VU V\Y IVK` HUK
LTV[PVUZ MYVT SPNO[PUN PZ MLS[ TVYL PUKPYLJ[S`
I\[ OHZ TLHU^OPSL ILLU WYV]LU PU THU`

Z[\KPLZ >�@� >P[O NVVK X\HSP[` SPNO[PUN
LTWSV`LLZ WLYMVYT IL[[LY� Z[\KLU[Z ZJVYL
OPNOLY� HUK P[ PTWYV]LZ [OL ZSLLW� TVVK HUK
ILOH]PV\Y VM WH[PLU[Z Z\MMLYPUN MYVT (SaOLPTLY
KPZLHZL�

/LJKWLQJ(XURSH UHFRPPHQGDWLRQV ± 1R
UHQRYDWLRQ ZLWKRXW DQ XSJUDGH RI OLJKWLQJ
LQVWDOODWLRQV

� -VJ\Z VU UVU�YLZPKLU[PHS I\PSKPUNZ �W\ISPJ
HUK JVTTLYJPHS I\PSKPUNZ�� HZ HSYLHK` ZL[
V\[ PU [OL ,ULYN` 7LYMVYTHUJL VM )\PSKPUNZ
+PYLJ[P]L� >L ILSPL]L [OH[ W\ISPJ I\PSKPUNZ
ZOV\SK SLHK I` L_HTWSL�

� <ZL 3,+ SPNO[PUN� PU JVTIPUH[PVU ^P[O
JVU[YVSZ HUK ZLUZVYZ� )` Z^P[JOPUN MYVT
PUJHUKLZJLU[ SHTWZ [V LULYN` LMÄJPLU[ 3,+
SHTWZ� P[ PZ LZ[PTH[LK [OH[ ,\YVWLHUZ OH]L
ILULÄ[[LK MYVT \W [V  �� ZH]PUNZ�
-\Y[OLYTVYL� [OLZL SPNO[PUN Z`Z[LTZ� PU
HKKP[PVU [V HSSV^PUN MVY SHYNL LULYN`
ZH]PUNZ� HSZV VMMLY ZPNUPÄJHU[ ILULÄ[Z [V [OL
I\PSKPUN \ZLYZ HZ YLNHYKZ [OLPY ]PZ\HS
JVTMVY[� ^LSSILPUN� HUK WYVK\J[P]P[ �̀

� 7YPVYP[PZL H M\SS YLUV]H[PVU VM S\TPUHPYLZ [V
PUJS\KL JVU[YVSZ HUK ZLUZVYZ� ^P[O H
TPUPT\T :90 SL]LS� ¸1\Z[ YLSHTWPUN¹ ¶
ZPTWSL YLWSHJLTLU[ VM H SHTW ¶ ZOV\SK IL
H]VPKLK� 9LWSHJPUN S\TPUHPYLZ VY
PU[YVK\JPUN H ^OVSL UL^ SPNO[PUN KLZPNU
ZOV\SK IL LUJV\YHNLK HZ [OPZ ^PSS SLHK [V
NYLH[LY ILULÄ[Z PU [LYTZ VM LULYN` ZH]PUNZ
HUK 0,8�

� ;OL :THY[ 9LHKPULZZ 0UKPJH[VY �:90� ZOV\SK
IL HWWSPLK HJYVZZ [OL ,< [V TH_PTPZL P[Z
LULYN` ZH]PUNZ WV[LU[PHS HUK JHW[\YL HSS [OL
ILULÄ[Z P[ JHU IYPUN [V [OL ^LSSILPUN HUK
WLYMVYTHUJL VM I\PSKPUN VJJ\WHU[Z�
9LUV]H[PVUZ ZOV\SK SLHK [V H JLY[HPU
TPUPT\T :90 ZJVYL�

� 0U[YVK\JL THUKH[VY` TPUPT\T
YLX\PYLTLU[Z VU 0,8� *YP[LYPH MVY SPNO[PUN
JHU IL MV\UK PU ,5 ������� HUK ZOV\SK IL
YLMLYLUJLK PU [OL 9LUV]H[PVU >H]L 0UP[PH[P]L�

� (JJLZZ [V W\ISPJ ÄUHUJPUN ZOV\SK IL
Z\IQLJ[ [V [OL M\SÄSTLU[ VM JLY[HPU
JVUKP[PVUZ� (U VISPNH[PVU [V PUJS\KL SPNO[PUN
YLUV]H[PVU [V VI[HPU M\SS Z\IZPK` ZOV\SK IL
PU[YVK\JLK�

� *VUKP[PVUZ [V IL M\SÄSSLK
¶ 3PNO[PUN ZOV\SK JVTWS` ^P[O ,5 ��������
¶ <ZL VM JVU[YVSZ HUK ZLUZVYZ� ^P[O

TPUPT\T :90 SL]LS!

� -VY SPNO[PUN ZLY]PJL �H �VJJ\WHUJ`
JVU[YVS MVY PUKVVY SPNO[PUN�� H TPUPT\T
M\UJ[PVUHSP[` SL]LS VM � �H\[VTH[PJ
KL[LJ[PVU� ZOV\SK IL YLX\PYLK� HZ SL]LS
� M\UJ[PVUHSP[` PZ ZPTWSL [V PTWSLTLU[
HUK PZ IHZLK VU LZ[HISPZOLK
[LJOUVSVNPLZ [OH[ WYV]PKL NVVK
HKKP[PVUHS SL]LSZ VM LULYN` ZH]PUN HUK
\ZLY ZH[PZMHJ[PVU HZ JVTWHYLK [V SL]LS
�" HUK

� -VY SPNO[PUN ZLY]PJL � �JVU[YVS HY[PÄJPHS
SPNO[PUN WV^LY IHZLK VU KH`SPNO[
SL]LSZ�� H TPUPT\T M\UJ[PVUHSP[` SL]LS VM
� �H\[VTH[PJ KPTTPUN� ZOV\SK IL
YLX\PYLK� HZ SL]LS � M\UJ[PVUHSP[` PZ
ZPTWSL [V PTWSLTLU[ HUK PZ IHZLK VU
LZ[HISPZOLK [LJOUVSVNPLZ [OH[ WYV]PKL
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NVVK HKKP[PVUHS SL]LSZ VM LULYN` ZH]PUN
HUK \ZLY ZH[PZMHJ[PVU HZ JVTWHYLK [V
SL]LS ��

-VY TVYL PUMVYTH[PVU� WSLHZL YLMLY [V V\Y
7VZP[PVU 7HWLY VU /LHS[O` )\PSKPUNZ >�@�
9LJVTTLUKH[PVUZ VU [OL 9LUV]H[PVU
>H]L 0UP[PH[P]L >�@ HUK V\Y )L[[LY3PNO[PUN
*HTWHPNU >�@�
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nkyRNRRkkXT/7
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$ERXW /LJKWLQJ(XURSH� 3PNO[PUN,\YVWL PZ
[OL ]VPJL VM [OL SPNO[PUN PUK\Z[Y �̀ IHZLK PU
)Y\ZZLSZ HUK YLWYLZLU[PUN �� JVTWHUPLZ
HUK UH[PVUHS HZZVJPH[PVUZ� ;VNL[OLY [OLZL
TLTILYZ HJJV\U[ MVY V]LY ����� ,\YVWLHU
JVTWHUPLZ� H THQVYP[` VM ^OPJO HYL ZTHSS VY
TLKP\T�ZPaLK� ;OL` YLWYLZLU[ H [V[HS
,\YVWLHU ^VYRMVYJL VM V]LY �������
WLVWSL HUK HU HUU\HS [\YUV]LY L_JLLKPUN
�� IPSSPVU L\YV� 3PNO[PUN,\YVWL PZ
JVTTP[[LK [V WYVTV[PUN LMÄJPLU[ SPNO[PUN
[OH[ ILULÄ[Z O\THU JVTMVY[� ZHML[` HUK
^LSS�ILPUN� HUK [OL LU]PYVUTLU[� 4VYL
PUMVYTH[PVU PZ H]HPSHISL H[
^^ �̂SPNO[PUNL\YVWL�VYN >�@� "

!WARD 7INNING .ITIKA
!GRAWAL ,AUNCHES ,IGHT
$EW

5P[PRH (NYH^HS

3PNO[PUN +LZPNULY 1LWLND $JUDZDO �5(�
[HSRZ [V 7UHQGV LQ /LJKWLQJ �;P3� HIV\[ OLY
UL^S` SH\UJOLK ]LU[\YL 3PNO[ +L �̂
-VSSV^PUN OLY L_WLYPLUJL PU [OL SPNO[PUN
PUK\Z[Y` ^P[O (,*64� VUL VM [OL IPNNLZ[
T\S[PUH[PVUHS I\PSKPUN LUNPULLYPUN HUK
JVUZ[Y\J[PVU ÄYTZ ^VYSK^PKL� HUK NSVIHS
SPNO[PUN THU\MHJ[\YLY� A\T[VILS .YV\W�
5P[PRH (NYH^HS [HSRZ [V \Z HIV\[ [OL

JOHSSLUNLZ HUK VWWVY[\UP[PLZ HOLHK ^P[O
[OL SH\UJO VM OLY V^U WYHJ[PJL�

7UHQGV LQ /LJKWLQJ� *HU `V\ [LSS V\Y
YLHKLYZ HIV\[ `V\Y QV\YUL` PU[V KLZPNU HUK
`V\Y HJOPL]LTLU[Z ILMVYL JYLH[PUN 3PNO[
+L^&
1LWLND $JUDZDO� ,HYS` PU T` SPML� H[ [OL HNL
VM �� 0 KPZJV]LYLK T` WHZZPVU MVY HY[ HUK
KLZPNU HUK ^V\SK LUNHNL T`ZLSM ^P[O
JVTWSL_ OHUK KYH^PUNZ HUK HY[^VYR
PUZWPYLK I` UH[\YL� +\YPUN T` Z\TTLY
OVSPKH`Z PU 0UKPH 0 ^V\SK H[[LUK HY[
^VYRZOVWZ HUK SLHYU [VVSZ SPRL ^YP[PUN PU
JHSSPNYHWO �̀ VPS WHPU[PUN VY �+ TVKLS THRPUN
^P[O ZVSH ^VVK [V LUOHUJL [OL ^H` 0
JVTT\UPJH[L KLZPNU� 4` TV[OLY
PU[YVK\JLK TL [V KLZPNU HUK OHK ILLU H
NYLH[ TLU[VY HUK PUZWPYH[PVU [V TL� 0 SLHYU[
[V YLZWVUK [V LTWH[O` HUK WLVWSL»Z
LTV[PVUZ HUK [YHUZSH[LK P[ PU[V T` ^VYR�
^OPJO OLSWLK TL ^PU H^HYKZ H[ YLNPVUHS
HUK .LYTHU UH[PVUHS SL]LSZ� MVY L_HTWSL� H
<UPJLM H^HYK� UV[ MVY T` KLZPNU� I\[ T`
WVL[Y �̀ 3H[LY PU T` SPML� 0 KLJPKLK [V
[YHUZSH[L T` HY[PZ[PJ HUK ZJPLUJL ZRPSSZ PU[V H
WYVMLZZPVU [OH[ ^V\SK YLZVUH[L ^P[O T`
WHZZPVU� 0 Z[\KPLK (YJOP[LJ[\YHS ,UNPULLYPUN
MYVT ;< 2HPZLYSH\[LYU PU .LYTHU �̀ ^OPJO 0
MV\UK [VV [LJOUPJHS HUK SLZZ KLZPNU
VYPLU[LK� 0 [VVR H [YHUZMLY [V 3VUKVU HUK
JVU[PU\LK T` Z[\KPLZ PU 0U[LYPVY
(YJOP[LJ[\YL HUK +LZPNU H[ 3VUKVU
4L[YVWVSP[HU <UP]LYZP[` ^P[O H MVJ\Z VU
ZWH[PHS KLZPNU KL]LSVWTLU[ HUK KLZPNU
[OPURPUN� (Z HU PU[LYPVY HYJOP[LJ[� 0 HS^H`Z
ILSPL]LK [OH[ SPNO[ WSH`Z H ]P[HS YVSL PU [OL
^H` ^L WLYJLP]L ZWHJLZ! ¸,UK [V +HYRULZZ
PZ ^OLYL 3PNO[ ILNPUZ�¹ ^OPJO LUJV\YHNLK
TL [V \UKLY[HRL H 4HZ[LY»Z VM :JPLUJL PU
3PNO[ HUK 3PNO[PUN MYVT [OL )HY[SL[[ H[ <*3�
0 UL]LY RUL^ [OH[ H SPNO[PUN PUK\Z[Y` L_PZ[LK
HZ Z\JO HUK P[ Q\Z[ OHWWLULK [V TL�

:VVU HM[LY 0 ÄUPZOLK T` Z[\KPLZ H[ [OL
)HY[SL[[� 0 Z[HY[LK [V ^VYR MVY (,*64 HZ H
SPNO[PUN JVUZ\S[HU[� ^OLYL 0 OHK [OL JOHUJL
[V ^VYR PU H JVTWL[P[P]L LU]PYVUTLU[ HUK
KL]LSVW PU KLW[O SPNO[PUN WYHJ[PJL
RUV^SLKNL� 0 ZWLJPHSPaLK PU JVTTLYJPHS�
YLZPKLU[PHS� OVZWP[HSP[ �̀ THZ[LYWSHU� Z[YLL[�
OLYP[HNL� HUK OLHS[OJHYL SPNO[PUN� 6U HU
PU[LYUH[PVUHS SL]LS� 0 ^VYRLK JSVZLS` ^P[O
HYJOP[LJ[Z HUK V[OLY I\PSKPUN LUNPULLYZ [OH[
OLSWLK TL [V LZ[HISPZO H IYVHK RUV^SLKNL
VM Z\Z[HPUHIPSP[` Z[HUKHYKZ SPRL )9,,(4�
3,,+� :2(� ,:;0+(4(� >LSS :[HUKHYK�
L[J� LZZLU[PHS MVY [OL PTWYV]LTLU[ VM
O\THU SPML X\HSP[` HUK YLK\J[PVU VM JHYIVU
MVV[WYPU[� 0U T` ZWHYL [PTL� 0 OH]L ^VYRLK
VU YLZLHYJO HUK OH]L WYLZLU[LK T` WHWLYZ
H[ ]HYPV\Z SPNO[PUN JVUMLYLUJLZ SPRL 73+*�
3-0 HUK 3\_ 3P]L� PU[LYUH[PVUHSS �̀ 0
KL]LSVWLK JVUÄKLUJL PU T` HIPSP[` [V
KLZPNU HUK JVTT\UPJH[L SPNO[ ^OLU 0 ÄYZ[
^VU [OL :WHYR»Z 3\TPUHPYL +LZPNU (^HYK
MVY [OL KLZPNU VM :VSLPS� H JOPSKYLU»Z
OLHS[OJHYL Ä[[PUN� PU ����� 0U ����� 0 ^HZ
H^HYKLK HZ VUL VM ¸�� \UKLY ��¹ TVZ[
[HSLU[LK SPNO[PUN KLZPNULYZ PU [OL ^VYSK H[
[OL 3PNO[PUN +LZPNU (^HYKZ PU 3VUKVU� 0U
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����� 0 YLJLP]LK H >0*, (^HYK MVY ILPUN
HTVUN [OL [VW � ILZ[ JVUZ[Y\J[PVU HUK
LUNPULLYPUN JVUZ\S[HU[Z PU ,\YVWL� 0 ZLL
[OL >0*, (^HYK HZ VUL VM T` NYLH[LZ[
HJOPL]LTLU[Z [V KH[L� JVUZPKLYPUN [OL
JVUZ\S[HU[ JH[LNVY` PZ VUL VM [OL [V\NOLZ[
[V ^PU ^P[O V]LY ��� HWWSPJH[PVUZ� >0*,
OHZ OLSWLK TL [V LZ[HISPZO HU PTHNL VM H
WYVMLZZPVUHS MLTHSL YVSL TVKLS PU [OL
SPNO[PUN ZVJPL[` HUK [OL ZVJPL[` VM I\PSKPUN
LUNPULLYPUN� 4VYLV]LY� P[ OHZ NP]LU TL
YLJVNUP[PVU MVY T` L_[YHJ\YYPJ\SHY HJ[P]P[PLZ
SPRL ]VS\U[LLYPUN� WYVTV[PVU VM :;,4
WYVMLZZPVUZ HTVUN HYJOP[LJ[\YL Z[\KLU[Z�
L_JLSSLUJL PU ZWVY[Z HUK LK\JH[PVU� ;OL
VYNHUPaH[PVU HSZV WYPKLZ P[ZLSM VU \ZPUN
KP]LYZP[` PZ VUL VM [OLPY THPU ZLSLJ[PVU
JYP[LYPH�

;V NHPU HU V]LYHSS \UKLYZ[HUKPUN VM [OL SPNO[PUN
PUK\Z[Y �̀ 0 QVPULK A\T[VILS .YV\W PU 4\UPJO
HUK THUHNLK SPNO[PUN WYVQLJ[Z PU )H]HYPH�
.LYTHU �̀ 0 KL]LSVWLK [LJOUPJHS RUV^SLKNL VM
SPNO[PUN WYVK\J[Z HUK \UKLYZ[VVK [OL
JVSSHIVYH[PVU IL[^LLU H SPNO[PUN THU\MHJ[\YLY
HUK H SPNO[PUN KLZPNULY IL[[LY�

/L^SL[[ 7HJRHYK ,U[LYWYPZL /8 3VUKVU� 3PNO[PUN
+LZPNU SLHK 5P[PRH (NYH^HS� 0THNLZ HUK SPNO[PUN
KLZPNU JV\Y[LZ` VM (,*64� *VU[YHJ[VY� 6]LYI\Y`

7UHQGV LQ /LJKWLQJ� >OH[ PUZWPYLK `V\ [V
THRL [OL SLHW HUK ZL[ \W `V\Y V^U IYHUK&
1LWLND $JUDZDO� 0 OH]L HS^H`Z OHK H KYLHT
[V OH]L T` V^U WYHJ[PJL� 0 Q\Z[ ^HP[LK MVY [OL
YPNO[ [PTL ^OLU 0 ^V\SK MLLS JVUÄKLU[ LUV\NO
[V LZ[HISPZO P[�

7UHQGV LQ /LJKWLQJ� >OH[ PZ H[ [OL OLHY[ VM
[OL 3PNO[ +L^ IYHUK&
1LWLND $JUDZDO� 3PNO[ +L^ MVJ\ZLZ VU [OL
LTV[PVUHS HUK WZ`JOVSVNPJHS SPNO[PUN
YLX\PYLTLU[Z VM [OL JSPLU[� ;OL SPNO[PUN ZVS\[PVU
PZ H JVTIPUH[PVU VM HLZ[OL[PJZ� KLZPNU�
M\UJ[PVU� Z\Z[HPUHIPSP[` HUK [LJOUPJHS KLZPNU
YLZVS\[PVU�

7UHQGV LQ /LJKWLQJ� >OLYL KV `V\ KYH^ [OL
NYLH[LZ[ PUZWPYH[PVU MYVT MVY `V\Y ^VYR&
1LWLND $JUDZDO� ¸3\JPZ UH[\YH LZ[ L[ UH[\YH
WLYMLJ[H LZ[�¹ ¶ 3PNO[ PZ UH[\YL HUK UH[\YL PZ
ÅH^SLZZ� 0 KYH^ T` PUZWPYH[PVU MVY ^VYR MYVT
V\Y TV[OLY UH[\YL�

7UHQGV LQ /LJKWLQJ� >OH[ KV `V\ [OPUR
PUKLWLUKLU[ ZLY]PJLZ JHU VMMLY V]LY HUK
HIV]L SHYNLY JVYWVYH[PVUZ&
1LWLND $JUDZDO� ;OL ÅL_PIPSP[` [V [HRL WYVQLJ[Z
VM HU` ZPaL� :LY]PJLZ JHU HSZV IL JOLHWLY HZ
[OL` KVU»[ OH]L SHYNL V]LYOLHK JVZ[Z� -SL_PISL

^VYRPUN OV\YZ HUK TVYL ÅL_PISL [YH]LS
VWWVY[\UP[PLZ� 0 MLLS ZWLJPHS H[[LU[PVU HUK JHYL
[V KL[HPS JHU IL NP]LU [V LHJO WYVQLJ[�
ILJH\ZL `V\ HYL HISL [V JOVVZL [OL WYVQLJ[Z
`V\ ^HU[ [V ^VYR VU HUK KLJPKL VU [OL
^VYRSVHK� >VYRPUN VU WYVQLJ[Z `V\ HYL
WHZZPVUH[L HIV\[ HJOPL]LZ IL[[LY YLZ\S[Z PU
V]LYHSS KLZPNU YLZVS\[PVU�

7UHQGV LQ /LJKWLQJ� /V^ PZ [OL J\YYLU[
LU]PYVUTLU[ HMMLJ[PUN SPNO[PUN KLZPNU&
1LWLND $JUDZDO� +LWLUKPUN VU ^OPJO JV\U[Y`
^L HYL [HSRPUN HIV\[� *V]PK � OHZ HMMLJ[LK
[OL SPNO[PUN KLZPNU PUK\Z[Y` PU KPMMLYLU[ ^H`Z�
0U NLULYHS� ZVTL JVTWHUPLZ KVU»[ OH]L
LUV\NO ^VYR HUK OHK [V THRL ZVTL VM [OLPY
LTWSV`LLZ YLK\UKHU[� ZVTL JVTWHUPLZ OHK
KLJPKLK [V J\[ KV^U [OL ZHSHYPLZ VM [OLPY
LTWSV`LLZ� ZVTL OHK YLTHPULK \UHMMLJ[LK�
ZVTL JVTWHUPLZ OHK L]LU TVYL ^VYR [OHU
ILMVYL� (Z 0 OH]L OHK H TP_LK MLLKIHJR MYVT
SPNO[PUN KLZPNULYZ ^P[OPU T` PU[LYUH[PVUHS
UL[^VYR� P[ PZ KPMÄJ\S[ [V KYH^ H JVUJYL[L
JVUJS\ZPVU�

7UHQGV LQ /LJKWLQJ� *HU `V\ ZOHYL HU` [PWZ
MYVT `V\Y SVJRKV^U L_WLYPLUJL HUK OV^ `V\
NV[ [OYV\NO P[&
1LWLND $JUDZDO� 0 \ZLK T` [PTL K\YPUN [OL
SVJRKV^U [V L_[LUK T` RUV^SLKNL PU HYLHZ
SPRL I\ZPULZZ Z[\KPLZ� ZVM[^HYL KL]LSVWTLU[
HUK ]HYPV\Z SPNO[PUN ZVM[^HYL [VVSZ� 4HU`
SPNO[PUN JVUMLYLUJLZ NSVIHSS` ^LYL OLSK VUSPUL�
^OPJO HSSV^LK TL [V H[[LUK [OLT ^P[OV\[
ZWLUKPUN HU` [PTL [V [YH]LS [V V[OLY JV\U[YPLZ�
0 \ZLK T` [PTL ^PZLS` [V L_[LUK T` RUV^SLKNL
I` VUSPUL ZLSM�Z[\KPLZ HUK THPU[HPUPUN T`
ZVJPHS UL[^VYR� ^OPJO HSSV^LK TL [V NL[
[OYV\NO P[�

7UHQGV LQ /LJKWLQJ� >OH[ HK]PJL ^V\SK `V\
NP]L [V H SPNO[PUN KLZPNULY JVUZPKLYPUN ZL[[PUN
\W PUKLWLUKLU[S`&
1LWLND $JUDZDO� 0U NLULYHS� ILMVYL `V\ ZL[ \W
`V\Y V^U PUKLWLUKLU[ SPNO[PUN WYHJ[PJL� `V\
ULLK [V IL JVUÄKLU[ PU `V\YZLSM HUK OH]L HU
L_[LUKLK RUV^SLKNL VM SPNO[PUN KLZPNU HUK
[OL SPNO[PUN PUK\Z[Y �̀ @V\ ULLK [V IL WYLWHYLK
[V HUZ^LY HU` SPNO[PUN YLSH[LK X\LZ[PVUZ� `V\Y
JSPLU[ TH` HZR `V\� HUK WYV]PKL [OL YPNO[
ZVS\[PVU� @V\ OH]L [V IL HU L_[YV]LY[ [V
THPU[HPU H YLSH[PVUZOPW ^P[O JSPLU[Z� @V\ TH`
OH]L [V ^VYR OHYKLY� TVZ[ VM [OL [PTL VU
^LLRLUKZ [VV� [V NL[ [OL PUP[PHS WYVQLJ[Z� @V\
ULLK [V OH]L H Z[Y\J[\YLK I\ZPULZZ WSHU HUK
V\[SPUL [OL YPZRZ PU]VS]LK HUK SVVR H[ [OL
ÄUHUJPHS PU]LZ[TLU[Z� @V\ OH]L [V IL
JVUÄKLU[ HIV\[ `V\Y NVHSZ HUK OH]L H JSLHY
]PZPVU MVY [OL NYV^[O VM `V\Y JVTWHU` PU [OL
M\[\YL�

$ERXW� 5P[PRH (NYH^HS PZ HU H^HYK�^PUUPUN
3PNO[PUN +LZPNULY ^P[O H KP]LYZL PU[LYUH[PVUHS
IHJRNYV\UK� 6UL VM OLY HJJVSHKLZ PUJS\KLZ
ILPUN H ���� ÄUHSPZ[ HZ >0*,»Z ILZ[ ^VTHU
JVUZ\S[HU[ PU ,\YVWL� :OL PZ HU L_WLYPLUJLK
WYVMLZZPVUHS SPNO[PUN KLZPNU JVUZ\S[HU[
MVYTLYS` H[ (,*64� HKLW[ H[ KLSP]LYPUN
PU[LYUH[PVUHS WYVQLJ[Z� HJYVZZ [OL <2� 4PKKSL
,HZ[� 9\ZZPH� (MYPJH� .LYTHU` HUK 0UKPH� /LY

SPNO[PUN L_WLY[PZL PUJS\KLZ" 9L[HPS� 3HUKZJHWL�
4HZ[LYWSHUZ� /VZWP[HSZ� 9VHK^H`Z� 6MÄJLZ�
/VZWP[HSP[` HUK 9LZPKLU[PHS� :\Z[HPUHISL
I\PSKPUN� OLHS[O HUK ^LSSILPUN PZ H[ [OL OLHY[ VM
OLY YLJLU[S` SH\UJOLK IYHUK WYV]PKPUN
ILZWVRL ZVS\[PVUZ� 3PNO[ +L �̂ /LY L_WLYPLUJL
PU Z\Z[HPUHIPSP[` HJJYLKP[H[PVU PUJS\KPUN
)9,,(4� :2(� (:/9(,� 3,,+ LUZ\YLZ
WYVQLJ[Z HJOPL]L [OL OPNOLZ[ YH[PUNZ� 6UL VM
OLY S\TPUHPYL KLZPNUZ ^VU H UH[PVUHS :WHYR»Z
JOHYP[` H^HYK PU ����� :OL PZ RUV^U HZ HU
PU[LYUH[PVUHS ZWLHRLY HUK OHZ KLSP]LYLK
U\TLYV\Z WYLZLU[H[PVUZ HJYVZZ [OL NSVIL� "

+80$1 &(175,& /,*+7,1*
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3LK]HUJL OH]L SH\UJOLK H UL^ YHUNL VM
)063<? /*3 WYVK\J[Z ^OPJO HYL [HPSVYLK [V
[OL ZWLJPÄJ KLTHUKZ VM OLHS[OJHYL
LU]PYVUTLU[Z� ;OL UL^ WYVK\J[Z WYV]PKL
IPVSVNPJHSS` VW[PTPaLK KH`�UPNO[ SPNO[PUN ^OPJO
YLÅLJ[Z UH[\YHS JPYJHKPHU YO`[OTZ [V ILULÄ[
IV[O WH[PLU[Z HUK TLKPJHS Z[HMM� PTWYV]PUN
ZSLLW YLN\SHYP[ �̀ JVUJLU[YH[PVU HUK TVVK�

)063<? /*3 WYVK\J[Z MYVT 3LK]HUJL WYV]PKL
IPVSVNPJHSS` VW[PTPaLK KH`�UPNO[ SPNO[PUN [OH[
YLÅLJ[Z UH[\YHS JPYJHKPHU YO`[OTZ� [V PTWYV]L
ZSLLW� JVUJLU[YH[PVU HUK TVVK

+PL[LY 3HUN� /\THU *LU[YPJ 3PNO[PUN L_WLY[ H[
3LK]HUJL� JVTTLU[LK� ¸0[ PZ JVTTVU MVY
OVZWP[HS WH[PLU[Z [V Z\MMLY MYVT H SVZZ VM
JPYJHKPHU Z`UJOYVUPaH[PVU� LZWLJPHSS` PU
PU[LUZP]L JHYL \UP[Z� ^OPJO HYL VM[LU ^P[OV\[
ZPNUPÄJHU[ X\HU[P[PLZ VM KH`SPNO[� ( Z[HISL
JPYJHKPHU YO`[OT JHU Z\WWVY[ NVVK ZSLLW HUK�
[OLYLMVYL� NVVK YLJV]LY �̀ ;OL 3LK]HUJL
)063<? /*3 YHUNL MVSSV^Z [OL UH[\YHS YO`[OT
VM KH` HUK UPNO[ I` WYV]PKPUN IYPNO[LY� IS\LY
SPNO[ K\YPUN [OL KH` ^OPJO YLK\JLZ PU
IYPNO[ULZZ HUK IS\L JVU[LU[ PU [OL L]LUPUN� (Z
H YLZ\S[� H OLHS[O` KH`�UPNO[ YO`[OT MVY [OL
WH[PLU[Z PZ Z\WWVY[LK�¹

)LZPKLZ Z\WWVY[PUN [OL ZSLLW YO`[OTZ VM
WH[PLU[Z� [OL )063<? /*3 YHUNL JHU PTWYV]L
[OL ^LSS�ILPUN HUK WYVK\J[P]P[` VM OVZWP[HS
Z[HMM� LZWLJPHSS` PU YVVTZ ^OPJO HYL VM[LU
^P[OV\[ UH[\YHS KH`SPNO[ Z\JO HZ ?�9H` VY 490
YVVTZ� -\Y[OLYTVYL� ZWLJPÄJ SPNO[PUN�
KLZPNULK MVY UPNO[ ZOPM[Z� RLLWZ Z[HMM HJ[P]L
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HUK HSLY[ K\YPUN [OL SH[L OV\YZ ^P[OV\[
KLZ`UJOYVUPaPUN [OLPY IVK` JSVJRZ�

;OL 3LK]HUJL )063<? /*3 YHUNL JVUZPZ[Z VM
H JVU[YVS \UP[� WHULS HUK KV^USPNO[ ^OPJO
JVTT\UPJH[L ^PYLSLZZS` ^P[O LHJO V[OLY� ;OL
WYVK\J[Z JVTL ^P[O H � `LHY N\HYHU[LL ^OLU
VWLYH[LK HZ WHY[ VM H )063<? /*3 Z`Z[LT�
;OL JVU[YVS \UP[� VWLYH[LK ]PH H )063<? HWW�
LUHISLZ OLHS[OJHYL WYV]PKLYZ [V ZLSLJ[
HWWYVWYPH[L SPNO[ TVKLZ MVY [OLPY MHJPSP[PLZ� ^P[O
� WYL�WYVNYHTLK SPNO[PUN TVKLZ H]HPSHISL�

3LK]HUJL )063<? WYVK\J[Z UV^ JVTL PU
LU]PYVUTLU[HSS` MYPLUKS` JHYKIVHYK WHJRHNPUN
^P[O YLSL]HU[ WYVK\J[ PUMVYTH[PVU PTTLKPH[LS`
]PZPISL VU [OL V\[ZPKL VM [OL V\[LY IV_� "

"RIDGELUX n .EW 6ESTA
0RODUCT ,INE 6ERSIONS

)YPKNLS\_ HUUV\UJLK JVTTLYJPHS H]HPSHIPSP[` VM
UL^ ]LYZPVUZ VM P[Z =LZ[H WYVK\J[ SPUL� HKKPUN
M\SS UH[\YHS ZWLJ[Y\T ^OP[L WVPU[ VW[PVUZ [V [OL
PUK\Z[Y`»Z SHYNLZ[ WVY[MVSPV VM [\UHISL ^OP[L
ZVS\[PVUZ� =LZ[H ;OYP]L� [OL ^PUULY VM H ����
3PNO[-HPY 0UUV]H[PVU (^HYK� SL]LYHNLZ
WH[LU[LK ;OYP]L [LJOUVSVN` [V KLSP]LY [OL
JSVZLZ[ ZWLJ[YHS TH[JO [V UH[\YHS SPNO[ H]HPSHISL
PU HU LHZ` [V \ZL [\UHISL ^OP[L ZVS\[PVU� (Z

=LZ[H ;OYP]L

WHY[ VM [OL [YHUZP[PVU [V O\THU JLU[YPJ SPNO[PUN�
[OLYL PZ PUJYLHZPUN KLTHUK MVY ¸UH[\YHS¹ SPNO[
ZV\YJLZ� ;OL L]VS\[PVU VM [OL O\THU ZWLJPLZ
OHZ JVUKP[PVULK \Z [V [OYP]L PU KH`SPNO[ OV\YZ

I` [OL SPNO[ VM [OL Z\U� HUK HM[LY K\ZR� PU [OL
^HYT NSV^ VM ÄYL� =LZ[H ;OYP]L LUHISLZ [OL
KL]LSVWTLU[ VM S\TPUHPYLZ [OH[ UV[ VUS` KLSP]LY
UH[\YHS M\SS ZWLJ[Y\T SPNO[PUN� I\[ HSZV HSSV^
UL^ VWWVY[\UP[PLZ [V WLYZVUHSPaL SPNO[PUN�
[HPSVYPUN V\Y LU]PYVUTLU[ [V PUKP]PK\HS
WYLMLYLUJLZ VY [HZR�VYPLU[LK ULLKZ�

(Z HUUV\UJLK SHZ[ TVU[O� )YPKNLS\_ OHZ
KL]LSVWLK H UL^ TL[YPJ [V X\HU[PM` [OL
UH[\YHSULZZ VM SPNO[� (]LYHNL :WLJ[YHS
+PMMLYLUJL �(:+� H]LYHNLZ [OL KPMMLYLUJLZ VM
[OL ZWLJ[YHS WLHRZ HUK ]HSSL`Z IL[^LLU H SPNO[
ZV\YJL HUK H Z[HUKHYKPaLK UH[\YHS SPNO[ ZV\YJL
VM [OL ZHTL **;� >P[O L_[YLTLS` OPNO *90 HUK
;4��� TL[YPJZ HUK L_[YLTLS` SV^ (:+ ]HS\LZ�
=LZ[H ;OYP]L PZ [OL JSVZLZ[ TH[JO [V UH[\YHS
SPNO[ H]HPSHISL PU [OL THYRL[�

)YPKNLS\_ PZ JVU[PU\PUN [V L_WHUK P[Z WVY[MVSPV
VM O\THU JLU[YPJ SPNO[PUN ZVS\[PVUZ ^P[O
HKKP[PVUHS ;OYP]L *6) HUK SPULHY TVK\SLZ
PUJS\KPUN = :LYPLZ;4 =�� = :LYPLZ /+ =� HUK
=�� HUK ,) :LYPLZ;4 SPULHY TVK\SLZ� :HTWSLZ
VM [OLZL ;OYP]L WYVK\J[Z HYL H]HPSHISL UV �̂

¸+LZWP[L [OL NSVIHS WHUKLTPJ
JOHSSLUNLZ� [OPZ YLTHPUZ HU
PU[LYLZ[PUN HUK L_JP[PUN [PTL
MVY SPNO[PUN PUUV]H[PVU¹�

;04 3,:;,9� *,6 6- )90+.,3<?

¸)YPKNLS\_ PZ H JVTTP[[LK [LJOUVSVN` WHY[ULY�
YLHK` [V OLSW V\Y J\Z[VTLYZ UH]PNH[L [OL
[YHUZP[PVU [V O\THU JLU[YPJ SPNO[PUN� ;OL
JVTIPUH[PVU VM V\Y ;OYP]L HUK =LZ[H :LYPLZ
WYVK\J[Z JVUZ[P[\[LZ H \UPX\L ZVS\[PVU [HPSVYLK
MVY UH[\YHS� O\THU JLU[YPJ SPNO[PUN� ( [V[HS
ZVS\[PVU� HSZV PUJVYWVYH[PUN V\Y =LZ[H -SL_
KYP]LY HUK JVU[YVSZ WYVK\J[Z� LUHISLZ YHWPK
PU[LNYH[PVU VM [OPZ L_JP[PUN UL^ [LJOUVSVN �̀
HJJLSLYH[PUN [OL KL]LSVWTLU[ VM KPMMLYLU[PH[LK
THYRL[ SLHKPUN WYVK\J[Z�¹ ZHPK ;PT 3LZ[LY� "

62/,' 67$7( /,*+7,1*
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(TLYS\_� H SLHKPUN KLZPNU�HUK�THU\MHJ[\YL
SPNO[PUN JVTWHU �̀ HUUV\UJLK H
NYV\UKIYLHRPUN ZL[ VM YLJLZZLK SPULHY
KV^USPNO[Z [OH[ ^PSS YL�ZOHWL PUK\Z[Y` ]PL^Z VU
SPNO[PUN ZPaL� *\ILIP[Z IYPUNZ H ^OVSL UL^
KLÄUP[PVU [V [OL [LYT JVTMVY[HISL SPNO[PUN I`
IYPUNPUN IYLH[O[HRPUN ]PZ\HSZ [V [OL ZWHJL
ILSV^ ^P[O H ZPUNSL PSS\TPUH[PVU ILHT� 0[ VMMLYZ
H ���¹ HWLY[\YL WYVÄSL PU ��JLSS� ��JLSS�  �JLSS VY
���JLSS \UP[Z HZ ^LSS HZ TV\U[PUN PU[V [OL
(TLYS\_ 3PULH 7LUKHU[Z HUK .Y\] YLJLZZLK
��� SPULHY WYVÄSLZ� *\ILIP[Z PZ JVTWH[PISL ^P[O
.YPK� .) HUK ^VVK TPSS^VYR JLPSPUNZ� 7LYMLJ[
MVY HSS YL[HPS� OVZWP[HSP[` HUK JVTTLYJPHS
LU]PYVUTLU[Z� [OL SPNO[PUN PZ KPZJYLL[S`
KLZPNULK PU H ISHJR HUK ^OP[L ZWLJ\SHY
ÄUPZOLK SV\]LY [OH[ L_\KLZ IVSK JVUÄKLUJL�

¸;OL VSK Z[VY` ^HZ! [OL ZTHSSLY `V\ ^LU[ [OL
TVYL NSHYL `V\»K NL[� PM `V\ ^HU[LK [V KLSP]LY
[OL YPNO[ HTV\U[ VM SPNO[�¹ ZHPK (TLYS\_
7YLZPKLU[ HUK *,6 *O\JR *HTWHNUH� ¸>P[O
V\Y UL^ *\ILIP[Z SPUL� [OLYL PZ aLYV NSHYL VU
[OL JLPSPUN�¹

*HTWHNUH Z\TTLK \W [OL UV]LS[` VM [OPZ
J\[[PUN�LKNL ZVS\[PVU! ¸@V\ KVU»[ RUV^ ^OLYL
[OL SPNO[ PZ JVTPUN MYVT ¶ P[»Z H T`Z[LY �̀¹

*\ILIP[Z VMMLYZ Z[HUKHYK KPTTPUN JHWHIPSP[PLZ
^P[O ZWV[� ÅVVK HUK ^PKL ÅVVK�ILHT
KPZ[YPI\[PVUZ� H YHUNL VM JVSVY [LTWLYH[\YLZ
�����¶����2� HUK  �*90� (Z KLZPNULYZ HUK
HYJOP[LJ[Z WVUKLY H UL^ ^VYSK MVY YL[HPS�
OVZWP[HSP[` HUK JVTTLYJPHS LU]PYVUTLU[Z�
*\ILIP[Z PSS\Z[YH[LZ OV^ [OL` JHU W\ZO [OL
IV\UKHYPLZ ^P[O Z\I[SL ÅHPY HUK L_JLW[PVUHS
WLYMVYTHUJL [OH[ OHZ SVUN ILLU H[ [OL JVYL VM
(TLYS\_»Z +5(� 9LSPHISL HUK SVUN�SHZ[PUN�
*\ILIP[Z PZ YH[LK [V KLSP]LY V\[Z[HUKPUN SPNO[

https://bit.ly/3jKAZX3
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X\HSP[` VM \W [V ���� ST MVY TVYL [OHU ������
OV\YZ ^P[OV\[ KLWYLJPH[PVU�

>P[O (TLYS\_»Z *\ILIP[Z� JLPSPUNZ ^VU»[ IL [OL
ZHTL HNHPU MVY KLZPNULYZ HUK HYJOP[LJ[Z

4VYL PUMVYTH[PVU VU [OL UL^ *\ILIP[Z JHU IL
MV\UK H[ ?iiTb,ffrrrX�K2`HmtX+QKfS`Q/
m+ibfAMi2`BQ`f.QrMHB;?ibf*m#2#Bib�

¸*\ILIP[Z PZ H X\PL[ HUK JVTMVY[HISL HJJLU[
^P[O [OL WV^LY [V JYLH[L H[[LU[PVU HUK KYHTH
[OH[ KLZPNULYZ HUK HYJOP[LJ[Z OH]L SVUN
^PZOLK MVY�¹ ZHPK )PSS 7SHNLTHU� ]PJL WYLZPKLU[
VM THYRL[PUN HUK WYVK\J[ THUHNLTLU[ MVY
(TLYS\_� ¸0[ PZ WVPZLK [V ZOHRL \W [OL SPNO[PUN
^VYSK�¹ "

.EW ,58%/. 2UBIX #OLOR
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3\TPSLKZ YLSLHZLK [OL ]LY` ZTHSS HUK ]LY`
WV^LYM\S 3<?,65 9\IP_ ¶ H UL^ JVSVY 3,+
I\PSKPUN ISVJR ¶ KLZPNULK [V KLSP]LY TH_PT\T
Å\_ H[ KYP]L J\YYLU[Z \W [V �( HUK \UTH[JOLK
KLZPNU ÅL_PIPSP[ �̀ >P[O 3<?,65 9\IP_�
LUNPULLYZ HYL MYLLK MYVT [OL KLZPNU
JVUZ[YHPU[Z VM WYL�JVUÄN\YLK TVK\SLZ HUK
JHU JYLH[L J\Z[VT HYYH`Z ^P[O ZTHSSLY VW[PJZ
Z\WWVY[PUN ZTHSSLY ZPaL S\TPUHPYLZ�

�( JHWHIPSP[ �̀ [LZ[PUN HUK IPUUPUN H[ �� ◦*� HUK H
[PU` ���� WHJRHNL ^P[O \UPMVYT MVJHS OLPNO[ W\[Z
3<?,65 9\IP_ PU H JSHZZ VM P[Z V^U

¸3<?,65 9\IP_ PU[YVK\JLZ H
ZPaL HUK WV^LY YH[PV [OH[ OHZ
UL]LY ILMVYL L_PZ[LK MVY JVSVY
3,+Z�¹

37 30,>� 796+<*; 4(92,;05. 4(5(.,9 (;
3<403,+:

¸;OPUR VM 3<?,65 9\IP_ HZ WP_LS�SPRL ¶
\UPX\LS` ZOHWLK HYYH`Z HYL WVZZPISL� VW[PJZ
JHU IL ZTHSSLY� HUK L_JLW[PVUHSS` OPNO SPNO[
KLUZP[` HSSV^Z ZVS\[PVUZ HJYVZZ H IYVHK YHUNL
VM SPNO[PUN ZLNTLU[Z [V [HRL UL^ MVYTZ HUK
PUJYLHZL [OLPY ]HS\L�¹ ZHPK 37 3PL �̂

,HJO 3<?,65 9\IP_ KLSP]LYZ V\[Z[HUKPUN Å\_
WLYMVYTHUJL� ;̀ WPJHS V\[W\[ MVY 9LK PZ �� ST�
.YLLU PZ ��� ST� )S\L PZ ��� ST HUK 9V`HS )S\L
PZ ����T>� ;̀ WPJHS V\[W\[ MVY ^OP[L PZ ��� ST
H[  � ST�>�

*VTWSL[L WYVK\J[ ZWLJPÄJH[PVUZ HYL H]HPSHISL
PU [OL KH[HZOLL[ HUK H[ [OL 3<?,65 9\IP_
^LI WHNL!
?iiTb,ffHmKBH2/bX+QKfT`Q/m+ibf+QHQ`@
H2/bfHmt2QM@`m#Btf

3<?,65 9\IP_ PZ PU�Z[VJR HUK H]HPSHISL MYVT
`V\Y WYLMLYYLK 3\TPSLKZ KPZ[YPI\[VY� "

.)#()! ,%$S WITH 4INTED
%NCAPSULATION "OOST #ONTRAST
IN /UTDOOR 6IDEO $ISPLAYS

)\PSKPUN VU V]LY �� `LHYZ VM 3,+
THU\MHJ[\YPUN L_WLY[PZL KLKPJH[LK [V [OL
]PKLV KPZWSH` THYRL[� 5PJOPH HUUV\UJLZ
5::4���) ¶ [OL UL^LZ[ HKKP[PVU [V P[Z
Z\YMHJL�TV\U[ �:4+� 3,+ WVY[MVSPV�

50*/0(»Z UL^ 5::4���) 3,+ ZLYPLZ LUOHUJLZ
]P]PKULZZ VM PTHNL KL[HPS

;OL 5::4���) PZ HU PUUV]H[P]L [OYLL�JH]P[ �̀
���� WHJRHNL KLZPNU �KPTLUZPVUZ!
���×���×���TT� ^P[O [PU[LK LUJHWZ\SH[PVU [V
WYV]PKL LUOHUJLK JVU[YHZ[ [V V\[KVVY
ZJYLLUZ� ;OL \UPX\L KLZPNU [HRLZ M\SS
HK]HU[HNL VM 5PJOPH»Z SH[LZ[ KPL HUK WHJRHNPUN
[LJOUVSVN �̀ HUK VMMLYZ PUJYLHZLK IYPNO[ULZZ
HUK LMÄJHJ` [V JVTWSLTLU[ [OL OPNO�JVU[YHZ[
WYVWLY[PLZ� -VY HU �TT WP[JO KPZWSH` H[
����� 5P[� [OL 5::4���) OHZ HU LZ[PTH[LK
WV^LY KPZZPWH[PVU VM VUS` ����T>� ^OPJO PZ
NYLH[LY [OHU ��� ZH]PUNZ PU LULYN �̀ JVTWHYLK
[V H [`WPJHS ISHJR WHJRHNL�

+L]LSVWLK HZ HU VW[PT\T ZVS\[PVU MVY H ^PKL
YHUNL VM V\[KVVY KPZWSH`Z Z\JO HZ [OVZL \ZLK
MVY HK]LY[PZPUN HUK SP]L ZWLJ[H[VY L]LU[Z
HTVUN V[OLY HWWSPJH[PVUZ� [OL ULHY WLYMLJ[
JVSVY V]LY HUNSL HSSV^Z MVY L_JLW[PVUHS ]PKLV
PTHNL MYVT HU` ]PL^WVPU[� 6UJL PU[LNYH[LK
PU[V /+ KPZWSH` ZJYLLUZ� [OL 3,+Z JHU JYLH[L

H TVYL ]PIYHU[ HUK JHW[P]H[PUN ]PL^PUN
L_WLYPLUJL I` PTWYV]PUN WPJ[\YL KL[HPS�

:JOLK\SLK [V ZOPW PU :LW[LTILY ����� [OL
5::4���) L_LTWSPÄLZ 50*/0(»Z LMMVY[Z [V ZL[
H UL^ Z[HUKHYK VM X\HSP[` HUK M\Y[OLY KLSP]LYZ
VU P[Z IYHUK WYVTPZL VM WYLZLU[PUN »3PNO[ ZV
.VVK�» 4Y� ;HKHOPYV ;HRHR\YH� .LULYHS
4HUHNLY VM +PZWSH` )\ZPULZZ 7SHUUPUN PU
5PJOPH *VYWVYH[PVU� ZHPK! ¸6\[KVVY KPZWSH`
HWWSPJH[PVUZ OH]L \UPX\L YLX\PYLTLU[Z� >P[O
[OPZ UL^ ZLYPLZ VM OPNO�JVU[YHZ[�
OPNO�IYPNO[ULZZ Z\YMHJL�TV\U[ 3,+ LTP[[LYZ�
^L»YL TLL[PUN [OL HKKP[PVUHS ULLKZ V\Y
J\Z[VTLYZ OH]L YLX\LZ[LK ^OPSL Z[PSS KLSP]LYPUN
WYV]LU LMÄJPLUJ �̀ YLSPHIPSP[` HUK WLYMVYTHUJL
[OL` OH]L JVTL [V L_WLJ[ MYVT HSS V\Y
ZVS\[PVUZ�¹ "

60$57 	 ,27

(ELVAR )NTRODUCES .EW
#OMPACT �� 7 4UNABLE 7HITE
$RIVER

/LS]HY PZ WHZZPVUH[L HIV\[ ZWYLHKPUN [OL
TLZZHNL VM ^LSSILPUN [OYV\NO O\THU�JLU[YPJ
SPNO[PUN ZVS\[PVUZ� ;OPZ PZ ^O` /LS]HY PZ ]LY`
L_JP[LK HIV\[ HUUV\UJPUN H UL^ ;\UHISL
>OP[L 3,+ KYP]LY ^P[O ZVTL MHU[HZ[PJ MLH[\YLZ
MVY WYVMLZZPVUHS SPNO[PUN� /LS]HY»Z UL^ ��>
+(30 ;̀ WL � JVTWHJ[ KYP]LY JVTLZ ^P[O ^PKL
V\[W\[ J\YYLU[ YHUNL� WHYHTL[LY ZL[[PUN VW[PVU
^P[O 5-*� HUK :,3=�� YH[PUN� HSS NYLH[
ILULÄ[Z MVY ÅL_PISL S\TPUHPYL KLZPNU�

>P[O HJJLZZVY` Z[YHPU�YLSPLMZ `V\ JHU PUZ[HSS
/LS]HY»Z UL^ 3*��P*�+(����� �� KYP]LY HSZV
V\[ZPKL [OL S\TPUHPYL� ^OPJO PZ HU L_JLSSLU[
JOVPJL MVY WLUKHU[Z HUK 3,+ WHULSZ� ;OL
KYP]LY Z\WWVY[Z V\Y WH[LU[LK :^P[JO�*VU[YVS �
M\UJ[PVUHSP[`! HU LHZ` ^H` [V JVU[YVS IV[O [OL
SPNO[ PU[LUZP[` HUK JVSVY [LTWLYH[\YL MYVT H
ZPTWSL YL[YPL]HISL Z^P[JO�

/LS]HY»Z UL^ 3*��P*�+(����� �� ��> +(30
;̀ WL � JVTWHJ[ KYP]LY JVTLZ ^P[O H U\TILY VM
]LY` \ZLM\S MLH[\YLZ

(UK TVZ[ PTWVY[HU[S`! ÅPJRLY�MYLL HTWSP[\KL
KPTTPUN KV^U [V �� HUK ^PKL K`UHTPJ
KPTTPUN YHUNL N\HYHU[LLZ L_JLSSLU[
WLYMVYTHUJL ¶ [OH[»Z H WLYMLJ[ TH[JO MVY
SPNO[PUN ULLKZ PU ZWHJLZ Z\WWVY[PUN ^LSSILPUN
^P[O SPNO[PUN�

https://www.amerlux.com/Products/Interior/Downlights/Cubebits
https://www.amerlux.com/Products/Interior/Downlights/Cubebits
https://lumileds.com/products/color-leds/luxeon-rubix/
https://lumileds.com/products/color-leds/luxeon-rubix/
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>L HYL ^P[O `V\ HSS [OL ^H`! TH[JO [OL KYP]LY
^P[O V\Y P* :LYPLZ 3,+ TVK\SLZ HUK JOVVZL
/LS]HY SPNO[PUN JVU[YVS Z`Z[LT [V LUQV` [OL
\S[PTH[L J\Z[VTLY L_WLYPLUJL VUS` ^L JHU
WYV]PKL�

(YL `V\ SVVRPUN MVY TVYL PUMVYTH[PVU HIV\[
^OH[ ;\UHISL >OP[L VY /\THU *LU[YPJ 3PNO[PUN
PZ& ;V SLHYU TVYL HIV\[ ;\UHISL >OP[L� WSLHZL
]PZP[! ?iiTb,ff?2Hp�`X+QKfHmKBM�B`2@
+QKTQM2MibfimM�#H2@r?Bi2f VY ÄUK V\[
TVYL HUK VYKLY `V\Y ZHTWSLZ MYVT `V\Y
JSVZLZ[ /LS]HY YLWYLZLU[H[P]L� "

,EDVANCE�S .EW 0ORTFOLIO
0ROVIDES 3MART ,IGHTING FOR A
"ETTER ,IVING %XPERIENCE

(U PUJYLHZPUN U\TILY VM J\Z[VTLYZ HYL
SVVRPUN [V PU[LNYH[L ZTHY[ OVTL M\UJ[PVUZ PU
[OLPY YLZPKLU[PHS HYLH� >P[O 7YVMLZZPVUHS :THY[
MVY 9LZPKLU[PHS HUK [OL UL^ 3LK]HUJL
7(9(;/64� WVY[MVSPV� 3LK]HUJL Z\WWVY[Z
WYVMLZZPVUHS \ZLYZ Z\JO HZ PUZ[HSSLYZ [V HJOPL]L
[OL M\SS WV[LU[PHS VM JVUULJ[LK SPNO[PUN MVY [OLPY
J\Z[VTLYZ� ;OL UL^ 3LK]HUJL 7(9(;/64�
WVY[MVSPV MVY YLZPKLU[PHS HUK NHYKLU HYLHZ JHU
IL JVU[YVSSLK VW[PVUHSS` I` ]VPJL JVTTHUK VY
HWW HUK VMMLYZ H Z\P[HISL ZVS\[PVU MVY H ^PKL
YHUNL VM YLX\PYLTLU[Z� ;OL WVY[MVSPV
PTWYLZZLZ ^P[O H JVTIPUH[PVU VM X\HSP[ �̀
PUUV]H[PVU� YLSPHIPSP[` HUK \ZLY�MYPLUKSPULZZ HUK
PZ JVTWSLTLU[LK I` LHZ` PUZ[HSSH[PVU� NVVK
]HS\L MVY TVUL` HUK MLH[\YLZ Z\JO HZ JVSVY
HUK JVSVY [LTWLYH[\YL JOHUNL VY KPTTPUN
JHWHIPSP[PLZ�

0KLHS MVY PUKVVY HUK V\[KVVY LU]PYVUTLU[Z� [OL
7YVMLZZPVUHS :THY[ MVY 9LZPKLU[PHS HUK
7(9(;/64 WVY[MVSPV MYVT 3LK]HUJL WYV]PKLZ
ZTHY[ SPNO[PUN [OH[ JHU IL JVU[YVSSLK I` ]VPJL
JVTTHUK VY ]PH HWW

9RLFH FRQWURO YLD $OH[D� 6LUL RU *RRJOH
$VVLVWDQW� 7YVMLZZPVUHS :THY[ MVY 9LZPKLU[PHS
PZ H]HPSHISL ^P[O LP[OLY APN)LL VY )S\L[VV[O
[LJOUVSVN` HUK� PU HKKP[PVU [OL VWLYH[PVU ]PH
HWW� HSSV^Z JVU]LUPLU[ ]VPJL JVU[YVS ^P[O
KPNP[HS HZZPZ[HU[Z Z\JO HZ (SL_H MYVT (THaVU�
:PYP MYVT (WWSL VY .VVNSL (ZZPZ[HU[�

6\VWHP FRPSDWLELOLW\ RI 3$5$7+20�
=LJ%HH� 7(9(;/64� APN)LL»Z ZTHY[
SPNO[PUN JHU IL PU[LNYH[LK PU[V L_PZ[PUN VY
WYLMLYYLK PUKLWLUKLU[� JVTWH[PISL ZTHY[
OVTL Z`Z[LTZ� HSSV^PUN JVU[YVS ]PH HWW VY
ZTHY[ ZWLHRLYZ Z\JO HZ (THaVU ,JOV VY

.VVNSL 5LZ[� ;OL JVTWH[PISL NH[L^H`Z
PUJS\KL 7OPSPWZ /\L )YPKNL� +L\[ZJOL ;LSLRVT
80=0*65� :JO^HPNLY .H[L^H �̀ :HTZ\UN
:THY[;OPUNZ VY :4(9; /64, I` /VYUIHJO�
5V L_[LYUHS NH[L^H` PZ ULJLZZHY` PM [OL KL]PJL
PZ JVU[YVSSLK ]PH (SL_H ^P[O (THaVU ,JOV 7S\Z�
,JOV :OV^ ��UK NLULYH[PVU� VY ,JOV :[\KPV
ZPUJL [OLZL KL]PJLZ OH]L HSYLHK` PU[LNYH[LK H
APN)LL NH[L^H �̀

;OHURZ [V [OL SH[LZ[ APN)LL ��� [LJOUVSVN` H
OPNO ZLJ\YP[` Z[HUKHYK PZ N\HYHU[LLK HUK
HSSV^Z JVU[YVS VU [OL NV� 0U HKKP[PVU� [OL
7YVMLZZPVUHS :THY[ MVY 9LZPKLU[PHS WVY[MVSPV
LUHISLZ [OL LHZ` JYLH[PVU VM KPMMLYLU[ SPNO[
ZJLUHYPVZ ¶ KPTTLK� MYVT ^HYT [V JVVS ^OP[L
HUK T\S[PJVSVY MVY JOVVZPUN MYVT �� TPSSPVU
JVSVYZ� *VTWSL_ M\UJ[PVUZ Z\JO HZ ^HRL�\W
SPNO[ VY OVTL WYLZLUJL ZPT\SH[PVU
JVTWSLTLU[ [OL YLSPHISL� ZTHY[ SPNO[PUN
ZVS\[PVUZ ^P[O APN)LL [LJOUVSVN �̀

(DV\ VHWXS RI 3$5$7+20� %OXHWRRWK�
;OL 7(9(;/64� )S\L[VV[O WVY[MVSPV JHU IL
ZL[ \W LHZPS` PU SLZZ [OHU VUL TPU\[L HUK UV
NH[L^H` PZ YLX\PYLK� 0[ HSSV^Z SPNO[PUN WYVK\J[Z
[V IL JVU[YVSSLK LP[OLY ]PH [OL 3LK]HUJL
:4(9;� HWW MVY (UKYVPK HUK P6:� [OL (WWSL
/VTL HWW VY ]VPJL JVU[YVS ]PH ZTHY[ ZWLHRLYZ
Z\JO HZ (WWSL /VTL7VK VY (THaVU ,JOV�
;OL 7(9(;/64� )S\L[VV[O WVY[MVSPV MYVT
3LK]HUJL JHU HSZV IL PU[LNYH[LK PU[V H
)S\L[VV[O TLZO UL[^VYR� <ZLYZ VM [OL
3LK]HUJL :4(9;� HWW [OLYLMVYL ILULÄ[ MYVT
[OL UL^ )S\L[VV[O � Z[HUKHYK� -VY L_HTWSL� PM
[OLYL HYL ZL]LYHS 3LK]HUJL )S\L[VV[O TLZO
KL]PJLZ� \ZLYZ JHU L_[LUK [OL JVU[YVS YHUNL VM
[OL ZTHY[WOVUL [V JVU[YVS [OL SPNO[Z PU HUV[OLY
YVVT� VU [OL UL_[ ÅVVY VY L]LU PU [OL NHYKLU ¶
^P[OV\[ NL[[PUN \W MYVT [OL ZVMH� "

$872027,9(

,EXTAR 2ELEASES .EW )
-INI
,%$ -ODULES #OVERING 46 AND
!UTOMOTIVE !PPLICATIONS

3L_[HY \U]LPSZ H M\SS ZLYPLZ VM 0�4PUP )S\L 3,+
IHJRSPNO[PUN WYVK\J[Z HKVW[PUN � RL`
[LJOUVSVNPLZ PUJS\KPUN *6)� +6) HUK TPUP
SLUZ HYYH �̀ 7YVK\J[Z JHU IL HWWSPLK [V ;=�
TVUP[VY� SHW[VW� H\[VTV[P]L KPZWSH` HUK
JOHY[WSV[[LY" ZVTL VM ^OPJO OH]L ILLU THZZ
WYVK\JLK HUK KLSP]LYLK [V J\Z[VTLYZ� ;OPZ
LUZ\YLZ 3L_[HY»Z SLHKPUN WVZP[PVU PU TPUP 3,+
IHJRSPNO[PUN THYRL[�

3L_[HY OHZ ILLU [OL ÄYZ[ [V THZZ�WYVK\JL 4PUP
3,+ IHJRSPNO[Z ZPUJL ����� ;OPZ [PTL [OL
JVTWHU` WYLZLU[Z MV\Y UL^�NLULYH[PVU 0�4PUP
WYVK\J[Z� KLTVUZ[YH[PUN P[Z [LJOUVSVN`
JHWHIPSP[PLZ MYVT 3,+ JOPW� WHJRHNPUN� KYP]LY
KLZPNU [V VW[PJHS TVK\SLZ� 3L_[HY»Z UL^ 0�4PUP
IHJRSPNO[Z HKVW[ *6) �*OPW VU )VHYK�
[LJOUVSVN �̀ KPYLJ[S` PTWSHU[ P[Z PU�OV\ZL
ÅPW�JOPW TPUP 3,+ JOPWZ VU [OL SPNO[ IVHYK�
^OPJO JHU YLHSPaL \S[YH�[OPU WHULS KLZPNU VM

aLYV 6+ �6W[PJHS +PZ[HUJL�� 0U HKKP[PVU� [OL
+6) �+YP]LY VU )VHYK� [LJOUVSVN` PU[LNYH[LZ
[OL KYP]LY 0* HUK TPJYVJVU[YVSSLY �4*<� VU [OL
SPNO[ IVHYK MVY T\S[P�aVUL JVU[YVS�

*6) [LJOUVSVN` IHZLK 0�4PUP IHJRSPNO[Z KPYLJ[S`
PTWSHU[ 3L_[HY»Z ÅPW�JOPW TPUP 3,+Z

3L_[HY»Z UL^ T\S[P�JOHUULS KYP]LY 0* PUJYLHZLZ
[OL U\TILY VM IHJRSPNO[ JVU[YVS HYLHZ I` �
[PTLZ [V TVYL [OHU ����� aVULZ� [OLYLMVYL [OL
U\TILY VM 0*Z JHU IL YLK\JLK I` ���� HUK
[OL KPZWSH` JHU HJOPL]L H OPNO JVU[YHZ[ YH[PV VM
���������!�� 4VYLV]LY� ^P[O [OL SH[LZ[ TPUP
SLUZ HYYH` [LJOUVSVN �̀ 0�4PUP JHU HJOPL]L ^PKL
ILHT HUNSL �> ����� HUK OPNO SPNO[ L_[YHJ[PVU
YH[L� PUJYLHZPUN [OL WHULS IYPNO[ULZZ [V ����
UP[Z� ^OPJO PZ [OYLL [PTLZ [OL IYPNO[ULZZ VM [OL
[YHKP[PVUHS WHULS� ;OL [OYLL [LJOUVSVNPLZ VM
*6)� +6)� HUK TPUP SLUZ HYYH` ZOV^ [OL
HK]HU[HNLZ VM 3L_[HY»Z ]LY[PJHS PU[LNYH[PVU� HUK
\U]LPS [OL RL` ILULÄ[Z VM [OL UL^ NLULYH[PVU
4PUP 3,+ WYVK\J[Z�

https://helvar.com/luminaire-components/tunable-white/
https://helvar.com/luminaire-components/tunable-white/
https://bit.ly/3gSYo6z
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;OL TVZ[ HU[PJPWH[LK HTVUN HSS HWWSPJH[PVUZ PZ
4PUP 3,+ ;=Z� HUK 3L_[HY PZ [V IL [OL ÄYZ[ [V
SH\UJO ���PUJO 0�4PUP 3,+ ;= IHJRSPNO[� )`
\ZPUN HYV\UK ������ TPUP 3,+ JOPWZ HUK
JVTIPUPUN [OL [OYLL THQVY [LJOUVSVNPLZ�
3L_[HY YLSLHZLZ H UL^ 0�4PUP ^P[O TVYL [OHU
����� aVULZ HUK H OPNO K`UHTPJ JVU[YHZ[ YH[PV
�/+9� VM ����� 0U HKKP[PVU� 3L_[HY HSZV
PU[YVK\JLK 0�4PUP MVY �����PUJO H\[VTV[P]L
KPZWSH �̀ ^P[O HU \S[YH�OPNO IYPNO[ULZZ VM ����
UP[Z [V LUOHUJL Z\USPNO[ YLHKHIPSP[ �̀ HUK SVJHS
KPTTPUN VM V]LY ��� aVULZ [V PUJYLHZL
JVU[YHZ[� 0[ OHZ HSZV HKVW[LK OPNO [VSLYHUJL
TH[LYPHS [V W\ZO [OL SPML[PTL \W [V ������
OV\YZ� 0�4PUP OHZ KLTVUZ[YH[LK [OL
HK]HU[HNLZ PU [LYTZ VM OPNO IYPNO[ULZZ HUK
YLSPHIPSP[ �̀ ;OL HWWSPJH[PVU ^PSS L_[LUK [V SHUK�
THYPUL HUK HPY KPZWSH`Z PU [OL ULHY M\[\YL�

¸,]LY ZPUJL [OL THZZ WYVK\J[PVU VM 3L_[HY»Z
0�4PUP IHJRSPNO[PUN WYVK\J[Z PU ����� 3L_[HY
OHZ ILLU [OL WPVULLY PU [OPZ ÄLSK� ;OPZ [PTL�
3L_[HY L_[LUKZ [OL HWWSPJH[PVU [V ;= HUK
H\[VTV[P]L KPZWSH` [V KLTVUZ[YH[L P[Z
JHWHIPSP[` VM THZZ WYVK\J[PVU�¹ ZHPK 4P[JO
3LL� =PJL 7YLZPKLU[ VM 3L_[HY )\ZPULZZ .YV\W�

¸0[ PZ MVYLZLLHISL [OH[ 4PUP 3,+
THYRL[ ^PSS NYV^ YHWPKS` PU
����¶����� 3L_[HY PZ ^VYRPUN
^P[O IV[O WHULS HUK IYHUK
J\Z[VTLYZ HUK ^PSS L_[LUK [V
TVYL HWWSPJH[PVUZ�¹

40;*/ 3,,� ;/, =0*, 79,:0+,5; 6- 3,?;(9
)<:05,:: .96<7

3L_[HY OHZ HSZV YLSLHZLK TVKPÄLK 0�4PUPZ MVY
�����PUJO SHW[VW HUK ���PUJO TVUP[VY� 0[Z
\UPX\L VW[PJHS KLZPNU YLK\JLZ [OL U\TILY VM
TPUP 3,+ JOPWZ I` TVYL [OHU ���� ^OPSL Z[PSS
THPU[HPUPUN ÄUL HYLH JVU[YVS HUK \S[YH�[OPU
KLZPNU� ;OPZ WYVK\J[ ^PSS IYPUN NHTLYZ HUK
WYVMLZZPVUHS JYLH[VYZ H IYHUK UL^ ]PZ\HS
PTWHJ[� "

89 /,*+7
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:PUJL ����� 5(;065:;(9 OHZ SH\UJOLK
ULHY�\S[YH]PVSL[ 3,+� KLLW�\S[YH]PVSL[ 3,+ HUK
TVK\SLZ� ^P[O ^PKL ^H]LSLUN[O YHUNL� OPNO
YLSPHIPSP[` HUK NVVK MLLKIHJR PU [OL THYRL[� ([
WYLZLU[� ^L OH]L LZ[HISPZOLK WHY[ULYZOPWZ
^P[O THU` ^LSS�RUV^U THU\MHJ[\YLYZ�

5(;065:;(9 WYV]PKLZ [OL YPNO[ <= 3,+Z MVY
U\TLYV\Z KPMMLYLU[ HWWSPJH[PVUZ

5(;065:;(9 <= 3,+ WYVK\J[Z PUJS\KL
TVZX\P[V [YHW� UHPS ILH\[` ZLYPLZ� PUK\Z[YPHS
J\YPUN ZLYPLZ� Z[LYPSPaH[PVU� WOV[V[OLYHW` HUK
W\YPÄJH[PVU ZLYPLZ� ^P[O ^PKL ^H]LSLUN[O
YHUNL� ^PKL YHUNL VM WV^LY� Z[YVUN
JVTWH[PIPSP[ �̀ NVVK OLH[ KPZZPWH[PVU
WLYMVYTHUJL HUK Z[YVUN LU]PYVUTLU[HS
K\YHIPSP[ �̀

)HZLK VU OPNO YLSPHIPSP[` TH[LYPHSZ HUK
L_JLSSLU[ WHJRHNPUN [LJOUVSVN �̀ 5(;065:;(9
<= 3,+ ZLYPLZ WYVK\J[Z OH]L SV^LY [OLYTHS
YLZPZ[HUJL� OPNOLY SPNO[ V\[W\[� HUK IL[[LY HPY
[PNO[ULZZ� ;HRPUN ZPSPJH NLS ���� ZLYPLZ HZ HU
L_HTWSL� [OL [OLYTHS YLZPZ[HUJL VM [OL KL]PJL
PZ NYLH[S` YLK\JLK ^P[O UHUV�WHJRHNPUN
[LJOUVSVN �̀ ^OPJO PZ YLK\JLK I` TVYL [OHU
��� JVTWHYLK ^P[O [OH[ VM JVU]LU[PVUHS
WHJRHNPUN WYVK\J[Z� ;OL KL]PJL OHZ IL[[LY
OLH[ KPZZPWH[PVU HUK SVUNLY SPML� >P[O TVYL
YLHZVUHISL WYPTHY` SLUZ WHJRHNPUN� [OL VW[PJHS
WV^LY PZ PUJYLHZLK I` TVYL [OHU ��
JVTWHYLK ^P[O [OH[ VM JVU]LU[PVUHS WYVK\J[Z�

$ERXW 1$7,2167$5� 5(;065:;(9 PZ H
5H[PVUHS SL]LS RL` OPNO�[LJO LU[LYWYPZL ^P[O
WYVMLZZPVUHS JHWHIPSP[` PU THU\MHJ[\YPUN 3,+Z
MVY KPZWSH �̀ 3,+Z MVY SPNO[PUN� 3,+Z MVY WSHU[
SPNO[PUN� <= 3,+Z� 09 3,+Z� 4PUP 3,+Z� L[J�
5(;065:;(9 ^HZ MV\UKLK PU � � HUK
Z[HY[LK 3,+ WYVK\J[PVU PU � ��� 0[Z .LYTHU
Z\IZPKPHY` Z\IZPKPHY` ^LYL LZ[HISPZOLK PU
����� 5(;065:;(9 PZ VUL VM [OL SHYNLZ[ 3,+
THU\MHJ[\YLYZ PU *OPUH HUK YHURZ �[O PU [OL SPZ[
VM 7HJRHNLK 3,+ THYRL[ ZOHYLZ PU 8� �����
HJJVYKPUN [V [OL 0/: 4HYRP[ YLWVY[Z� 0U
��� �5(;065:;(9»Z ZHSLZ HTV\U[ PZ 94)
��� )PSSPVU� "

+257,&8/785(

"ROADBAND .EUTRAL 7HITE
,%$S )NCLUDING %FFECTIVE 56
#OMPONENT -ODELLED ON THE
3UN FOR 2APID 0LANT 'ROWTH

>P[O [OL WSHU[ 3,+Z .>����< HUK
.>� � < �*6)� L\YV3PNO[PUN VMMLYZ UL^
IYVHKIHUK 3,+Z ^P[O H ZWLJPHS ZWLJ[Y\T MVY
Z[PT\SH[PUN WSHU[ NYV^[O �OVY[PJ\S[\YL SPNO[PUN��
;OL HK]HU[HNL! [OL 3,+Z HYL UV[ YLZ[YPJ[LK [V
H ZWLJPÄJ WSHU[ ZWLJPLZ VY NYV^[O WOHZL� I\[
JHU IL \ZLK \UP]LYZHSS �̀ 9LHK`�[V�\ZL SHTWZ
^P[O [OL UL^ 3,+Z ^PSS HSZV IL H]HPSHISL ZVVU�

4VKLSSLK VU Z\USPNO[� [OL WSHU[ 3,+Z
YLWYVK\JL [OL JVTWSL[L SPNO[ ZWLJ[Y\T HUK
NLULYH[L HSS ^H]LSLUN[OZ MVY LHJO NYV^[O
WOHZL� ;OPZ JVU[YHZ[Z ^P[O 3,+Z� ^OPJO VUS`
WYVK\JL H ]PVSL[ ZWLJ[Y\T VM YLK HUK IS\L
^H]LSLUN[OZ� ;OL` JV]LY [OL ULLKZ VM [OL
WSHU[ [OYV\NOV\[ P[Z LU[PYL SPML J`JSL HUK [O\Z
JVU[YPI\[L [V H ZPNUPÄJHU[ PUJYLHZL PU NYV^[O
HUK MY\P[ `PLSK�

;OL ZWLJ[Y\T VM L\YV3PNO[PUN»Z IYVHKIHUK 3,+Z
MVY WSHU[ NYV^[O PZ IHZLK VU [OL SPNO[ VM [OL Z\U�
;OL .>� � < *6) 3,+Z Z[PT\SH[L WSHU[ NYV^[O
HUK WYV]PKL H UL\[YHS ^OP[L SPNO[

;OLPY 77- ]HS\L �7OV[VZ`U[OL[PJ 7OV[VU -S\_�
PZ \W [V ���� �TVS�Z WLY *6) HUK ��� �TVS�Z
WLY 3,+� ;OL` LTP[ H WSLHZHU[ UL\[YHS ^OP[L
SPNO[ ^P[O ����2 HUK H *90 VM V]LY  �� 0[
Z\WWVY[Z LHZ` JOLJRPUN VM WSHU[ OLHS[O�
WYV[LJ[Z [OL L`LZ HUK WYVTV[LZ ^LSS�ILPUN�

;OL HKKP[PVUHS <= JVTWVULU[ VM [OL 3,+Z
Z[PT\SH[LZ [OL MVYTH[PVU VM [OL HJ[P]L
PUNYLKPLU[Z PU TLKPJPUHS WSHU[Z HZ ^LSS HZ
HYVTH HUK WPNTLU[H[PVU�

3UDFWLFDO UHSODFHPHQW�

;OL .>����<�3,+ YLWSHJLZ Ä]L [V ZP_
JVU]LU[PVUHS TVUVJOYVTL 3,+Z PU VUL
JVTWVULU[ ����×���TT� HUK [O\Z VMMLYZ OPNO
ZWHJL HUK JVZ[ ZH]PUNZ HZ ^LSS HZ SLZZ LMMVY[ PU
KL]LSVWTLU[�

&XVWRPL]HG OLJKWLQJ VROXWLRQV�

L\YV3PNO[PUN VMMLYZ UV[ VUS` 3,+ JVTWVULU[Z�
I\[ HSZV J\Z[VTLY�ZWLJPÄJ TVK\SLZ �(* VY
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+*� HZ ^LSS HZ ÄUPZOLK S\TPUHPYLZ HUK SPNO[PUN
ZVS\[PVUZ� ;OLZL JHU IL THU\MHJ[\YLK
PUKP]PK\HSS` PU [LYTZ VM ZOHWL� ZPaL� ZWLJ[Y\T
HUK JVU[YVS� PUJS\KPUN� MVY L_HTWSL� ZWLJPHS
WSHU[ SPNO[Z MVY OVY[PJ\S[\YL� TLKPJPUHS WSHU[Z
HUK T\JO TVYL�

(IV\[ L\YV3PNO[PUN! L\YV3PNO[PUN .TI/�
IHZLK PU 5HNVSK� .LYTHU �̀ JVUJLU[YH[LZ P[Z
KL]LSVWTLU[ HUK THYRL[PUN HJ[P]P[PLZ PU
KYP]LYSLZZ (* [LJOUVSVN �̀ 3,+ TVK\SLZ PU [OPZ
UL^ (* [LJOUVSVN` HYL Z\P[HISL MVY PUZ[HSSH[PVU
PU HSS [`WLZ VM S\TPUHYPLZ HUK KV UV[ YLX\PYL
JVU]LU[PVUHS WV^LY Z\WWS �̀ ( UV]LS[` HYL
SPNO[�LTP[[PUN KPVKLZ ^P[O Z\USPNO[ ZPTPSHY
ZWLJ[Y\T� ;OL WYVK\J[ WVY[MVSPV JVTWYPZLZ
KPMMLYLU[ MVYTZ VM TVKLYU 3,+ PSS\TPUH[LZ�
PUJS\KPUN Z[YLL[ SHTWZ� YLWSHJLTLU[ MVY /83
SHTWZ \W [V ���> �=̂ /83 ���>�� 9L[YVÄ[
TVK\SLZ HZ YLWSHJLTLU[ MVY /83 HUK 5(=
SHTWZ PU SHTWOLHKZ� J`SPUKYPJHS JVUZ[Y\J[PVU
MVYTZ HZ ^LSS HZ ;� 3,+ [\ILZ \W [V ��� T
HUK 3,+�WHULS SHTWZ HZ YL[YVÄ[� (SS WYVK\J[Z
HYL KLSP]LYLK PU [OL UL^LZ[ (* [LJOUVSVN �̀ "

(9(176

%XHIBITORS AT 'UANGZHOU
)NTERNATIONAL ,IGHTING
%XHIBITION TO $ISPLAY THE
,ATEST )NNOVATIONS 7ITHIN THE
,IGHTING )NDUSTRY

([ [OPZ H\[\TU»Z .\HUNaOV\ 0U[LYUH[PVUHS
3PNO[PUN ,_OPIP[PVU �.03,�� L_OPIP[VYZ ^PSS \U]LPS
[OLPY SH[LZ[ WYVK\J[Z HUK 9
+ LMMVY[Z H[ [OL
*OPUH 0TWVY[ HUK ,_WVY[ -HPY *VTWSL_�
.\HUNaOV\� =PZP[VYZ ^PSS OH]L HJJLZZ [V [OL
UL^LZ[ [LJOUVSVNPLZ PU [OL SPNO[PUN ZLJ[VY�
HJYVZZ H ^PKL YHUNL VM WYVK\J[Z ZWHUUPUN [OL
LU[PYL Z\WWS` JOHPU� >OH[»Z TVYL� LHYSPLY [OPZ
TVU[O .03, HUK .\HUNaOV\ (SPNO[PUN 06; 

;LJOUVSVN` JVVWLYH[LK PU VYNHUPZPUN [OL ÄYZ[
.03, VUSPUL IYHUK L_OPIP[PVU� VMMLYPUN H
I\ZPULZZ TH[JOPUN WSH[MVYT MVY [OL PUK\Z[Y`
HOLHK VM [OL WO`ZPJHS MHPY MYVT :LW[LTILY ��
¶ 6J[VILY ��

*VTTLU[PUN VU .03,»Z ÄYZ[ Z[LW PU[V VUSPUL
JVU]LU[PVUZ� 4Z 3\JPH >VUN� +LW\[` .LULYHS
4HUHNLY VM 4LZZL -YHURM\Y[ �/2� 3[K
L_WSHPULK! ¸;OL VUSPUL L_OPIP[PVU OLSK VU [OL
 ¶�� 1\UL HWWSPLK [OL SH[LZ[ [LJOUVSVN` [V
VMMLY VUSPUL JVUZ\S[H[PVUZ� I\ZPULZZ TLL[PUNZ�
ULNV[PH[PVUZ HUK TH[JOPUN HZ HU HSS�PU�VUL
ZLY]PJL� ^OPJO WYV]PKLK H IYHUK�UL^
L_WLYPLUJL MVY L_OPIP[VYZ HUK I\`LYZ HSPRL�
-VSSV^PUN [OL [YLUK VM KPNP[HSPZH[PVU PU HU
PUJYLHZPUNS` NSVIHS THYRL[� .03,»Z VUSPUL HUK
VMÅPUL JVU[LU[ ^VYRZ PU Z`UJ [V LTWV^LY [OL
SPNO[PUN PUK\Z[Y �̀¹

;OPZ H\[\TU� [OL MHPY ^PSS ^LSJVTL L_OPIP[VYZ
^OV JVU[PU\L [V L_WSVYL HUK WYLZLU[ [OL SH[LZ[
SPNO[PUN HK]HUJLTLU[Z HUK PUUV]H[PVUZ� -YVT

ZTHY[ [V ZJLUPJ SPNO[PUN� 0V; [LJOUVSVNPLZ�
<=* ZHUP[PZPUN SPNO[Z HUK TVYL� .03, WYV]PKLZ
H WSH[MVYT MVY PUK\Z[Y` WYVMLZZPVUHSZ [V RLLW
\W�[V�KH[L ^P[O THYRL[ [YLUKZ HUK PUMVYTH[PVU
HZ [OL ZLJ[VY L]VS]LZ�

,QWHUFRQQHFWLYLW\ ò FRPSDWLELOLW\
EHFRPHV WKH ELJ WUHQG
4\[\HSS` JVTWH[PISL WYVK\J[Z OH]L ILJVTL H
THQVY [YLUK PU [OL SPNO[PUN THYRL[� :OHUNOHP
,\JOPWZ 0UK\Z[YPHS *V 3[K PZ JVTTP[[LK [V
WYVK\J[ KL]LSVWTLU[ HUK [LJOUVSVN`
WYVTV[PVU VM 3,+ JVU[YVS Z`Z[LTZ� ;OL` ^PSS
KPZWSH` [OLPY +(30 K\HS�JVSVY [LTWLYH[\YL HUK
M\SS�JVSVY SPNO[PUN WYVK\J[Z� HZ ^LSS HZ L_OPIP[Z
LX\PWWLK ^P[O [OL SH[LZ[ +(30�� [LJOUVSVNPLZ�

AOLQPHUN <TLSPUR 0U[LSSPNLU[ ;LJOUVSVN` *V 3[K
^PSS WYPTHYPS` KPZWSH` 5,4( PU[LYMHJL YLSH[LK
WYVK\J[Z� PUJS\KPUN H ZTHY[ [^PZ[�SVJR VW[PJHS
HUK SPNO[ JVU[YVSSLY LX\PWWLK ^P[O �.�APNILL
[LJOUVSVNPLZ� HZ ^LSS HZ H ZTHY[ [^PZ[�SVJR
VW[PJHS JVU[YVSSLY LX\PWWLK ^P[O [OL SH[LZ[
UHYYV^ IHUK �5)� JVTT\UPJH[PVUZ
[LJOUVSVNPLZ� ;OL` ^PSS HSZV KPZWSH` AOHNH
JVTWSPHU[ WYVK\J[Z� PUJS\KPUN ZTHY[ SVJR�[`WL
JVU[YVSSLYZ Ä[[LK ^P[O [OL SH[LZ[ 5)�0V;
[LJOUVSVNPLZ HZ ^LSS HZ V[OLY TPJYV^H]L
ZLUZVY WYVK\J[Z�

;VNL[OLY� 5,4( HUK AOHNH PU[LYMHJLZ HYL
^PKLS` \ZLK PU ZTHY[ JP[` SHTW WVZ[Z� ([ .03,�
AOLQPHUN <TLSPUR 0U[LSSPNLU[ ;LJOUVSVN` *V 3[K

^PSS KLTVUZ[YH[L [OL HWWSPJH[PVUZ VM 5,4(
HUK AOHNH PU[LYMHJLZ HUK OV^ [V JVSSLJ[ HUK
THUHNL KH[H \ZPUN JVTW\[LYPZLK ZVM[^HYL� HZ
^LSS HZ OV^ [V JVU[YVS SHTW WVZ[ IYPNO[ULZZ
[OYV\NO 0V; UL[^VYRZ�

+LKPJH[LK [V KL]LSVWPUN OLHS[O �̀
O\THU�JLU[YPJ HUK ZTHY[ SPNO[PUN� (SWOH
3PNO[PUN 0U[LYUH[PVUHS *V 3[K ^PSS ZOV^JHZL
aVVT ZWV[SPNO[Z� ^HSS�^HZOLY SPNO[PUN� ^PYLSLZZ
JOHYNPUN� HUK THNUL[PJ HUK ZTHY[ )S\L[VV[O
JVU[YVSZ� (SWOH ^PSS HSZV KLTVUZ[YH[L OV^ [V
PUJVYWVYH[L +(30 HUK )S\L[VV[O PU[LNYH[LK
3,+ SPNO[PUN JVU[YVS Z`Z[LTZ PU[V [YHJR HUK
YLJLZZLK SPNO[PUN� IYPUNPUN TVYL SPNO[PUN
ZVS\[PVUZ PU[V YLHSP[ �̀

6FHQLF OLJKWLQJ ò VWLPXODWHG E\ WKH
QLJKW�WLPH HFRQRP\ DQG FXOWXUDO
WRXULVP
9PKPUN VU [OL [YLUK VM [OL UPNO[�[PTL LJVUVT`
HUK J\S[\YHS [V\YPZT� ZJLUPJ SPNO[PUN PZ Z[PSS H
THYRL[ ^P[O O\NL WV[LU[PHS� >P[O �� `LHYZ VM
L_WLYPLUJL PU [OPZ ZLJ[VY� AOVUNZOHU .LSPU_PUN
3PNO[PUN *V 3[K ^PSS IYPUN [OLPY ZWV[SPNO[Z�
^HSS�^HZOLY SPNO[Z� Z[YPW SPNO[Z HUK WVPU[ SPNO[Z
[V I\`LYZ SVVRPUN [V JHW[\YL [OLZL [YLUKZ�
.\HUNKVUN 4L[LVY +PNP[HS 3PNO[PUN *V 3[K�
^OPJO ZWLJPHSPaLZ PU 3,+ WYVK\J[
KL]LSVWTLU[� THU\MHJ[\YPUN HUK ZHSLZ� ^PSS
HSZV KLTVUZ[YH[L [OLPY UL^ OPNO�WV^LY
WYVQLJ[PVU SPNO[ MVY SPNO[PUN [OL LU[PYL Z\YMHJL VM
[HSS I\PSKPUNZ�

https://bit.ly/3gQGDVx
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89& VDQLWL]LQJ ñXRUHVFHQW OLJKWV ò
D QHZ KHDOWK DQG VDIHW\
RSSRUWXQLW\
;OL J\YYLU[ WHUKLTPJ OHZ LUJV\YHNLK WLVWSL
[V MVJ\Z TVYL VU OLHS[O� HUK OLHS[O` SPNO[PUN
OHZ ILJVTL H OV[ [VWPJ MVY KPZJ\ZZPVU ^P[OPU
[OL PUK\Z[Y �̀ ;OPZ PUJS\KLZ IS\L�SPNO[�YLK\J[PVU
HUK IS\L�SPNO[�MYLL [LJOUVSVN �̀ W\YL 3,+ SPNO[Z
HUK M\SS ZWLJ[Y\T SPNO[ [LJOUVSVNPLZ�
:OLUaOLU )HUX ;LJOUVSVN` *V 3[K� \UKLY
)(58*5 ;LJOUVSVN` .YV\W� ^PSS KPZWSH` [OLPY
\S[YH�[OPU� Z[YHPNO[�KV^U WHULS SPNO[Z� UV�ZWV[
*6) 3,+ Z[YPW SPNO[Z HUK KLLW \S[YH]PVSL[
�<=*� SPNO[Z� ;OLPY ZHUP[PaPUN WYVK\J[Z PUJS\KL
Z[LYPSPaPUN I\SIZ HUK KLZR SHTWZ� WSHU[ SPNO[Z
�WHULS SPNO[Z ^P[O SPNO[PUN HUK Z[LYPSPaPUN
M\UJ[PVU� HUK <=* Z[LYPSPaPUN Å\VYLZJLU[ SPNO[Z�

6SRUWV DQG VPDUW HGXFDWLRQ
OLJKWLQJ ò D VWURQJ DSSOLFDWLRQ
SRWHQWLDO
;OL HWWSPJH[PVU VM ZWVY[Z HUK ZTHY[ LK\JH[PVU
SPNO[PUN PZ HUV[OLY HYLH ^P[O Z[YVUN WV[LU[PHS�
-VJ\ZPUN VU OLH[ KPZZPWH[PVU ZVS\[PVUZ VM
LSLJ[YPJHS WYVK\J[Z HUK HWWSPJH[PVU� :OLUaOLU
-S\LUJL ;LJOUVSVN` 73* ^PSS KLTVUZ[YH[L P[Z
TVK\SHY ZWVY[Z SPNO[PUN ^OPJO PTWYV]LZ [OL
PUZ[HSSH[PVU HUK [LZ[PUN LMÄJPLUJ` ^OPSZ[
SV^LYPUN JVZ[� 4LHU^OPSL� [OL T\S[P�ZJLUHYPV
HWWSPJH[PVU VM ZTHY[ LK\JH[PVU SPNO[PUN JHU
HSSV^ [LHJOLYZ [V JVU[YVS PUKVVY SPNO[PUN
LMÄJPLU[S` I` ZLSLJ[PUN [OL ILZ[ V\[W\[ MVY
]HY`PUN ZP[\H[PVUZ Z\JO HZ [LHJOPUN� ZLSM�Z[\K �̀
WYVQLJ[PVU HUK HJ[P]P[ �̀

;HSRPUN HIV\[ [OL PUK\Z[Y` V\[SVVR HUK
\WJVTPUN ZOV �̂ 4Z >VUN ZHPK! ¸(Z [OL
SPNO[PUN ZLJ[VY PZ J\YYLU[S` JVUMYVU[LK ^P[O IPN
JOHUNLZ� PUK\Z[Y` WYVMLZZPVUHSZ ^PSS ULLK [V
MHJL [OLZL JOHSSLUNLZ HUK THRL [OL TVZ[ VM
VWWVY[\UP[PLZ [OH[ HYL WYLZLU[LK� ^OPJO TH`
YLX\PYL [OLT [V HKQ\Z[ [OLPY KL]LSVWTLU[
Z[YH[LN �̀ [LJOUVSVN` KL]LSVWTLU[ HUK KLZPNU
[OPURPUN� :PUJL X\HSP[` SPNO[PUN JHU VUS` IL
L_WLYPLUJLK PU YLHS�SPML� P[ PZ ]P[HS MVY [OL
PUK\Z[Y` [V TLL[ PU WLYZVU [V KPZJ\ZZ HUK
JVTT\UPJH[L� .03, ^PSS Z[YP]L [V LTWV^LY [OL
PUK\Z[Y` [OPZ `LHY I` JVTIPUPUN VUSPUL HUK
VMÅPUL JVU[LU[ MVY [OL ÄYZ[ [PTL� [V JYLH[L H
TVYL KP]LYZPÄLK PUK\Z[Y` WSH[MVYT� >L ^PSS HSZV
JVU[PU\L [V LUJV\YHNL PUUV]H[PVU HUK
KL]LSVWTLU[ ^P[OPU [OL PUK\Z[Y` HUK ^VYR [V
JYLH[L TVYL ]HS\HISL VWWVY[\UP[PLZ MVY
JYVZZ�PUK\Z[Y` JVVWLYH[PVU�¹

;OL .\HUNaOV\ 0U[LYUH[PVUHS 3PNO[PUN
,_OPIP[PVU PZ H WHY[ VM 4LZZL -YHURM\Y[»Z 3PNO[ �
)\PSKPUN ;LJOUVSVN` MHPYZ OLHKLK I` [OL
IPLUUPHS 3PNO[ � )\PSKPUN L]LU[� ;OL UL_[
LKP[PVU ^PSS [HRL WSHJL MYVT ��¶�� 4HYJO ����
PU -YHURM\Y[� .LYTHU �̀

4LZZL -YHURM\Y[ HSZV VMMLYZ H ZLYPLZ VM V[OLY
SPNO[ HUK I\PSKPUN [LJOUVSVN` L]LU[Z
^VYSK^PKL� PUJS\KPUN [OL :OHUNOHP
0U[LYUH[PVUHS 3PNO[PUN -HPY� ;OHPSHUK 3PNO[PUN
-HPY� )0,3 3PNO[ � )\PSKPUN PU (YNLU[PUH� 3PNO[
4PKKSL ,HZ[ PU [OL <UP[LK (YHI ,TPYH[LZ�
0U[LYSPNO[ 9\ZZPH HZ ^LSS HZ 3PNO[ 0UKPH� [OL 3,+

,_WV 5L^ +LSOP HUK [OL 3,+ ,_WV 4\TIHP PU
0UKPH�

-VY TVYL PUMVYTH[PVU VU 3PNO[ � )\PSKPUN
ZOV^Z ^VYSK^PKL� WSLHZL ]PZP[
^^ �̂IYHUK�SPNO[�I\PSKPUN�JVT� -VY TVYL
PUMVYTH[PVU YLNHYKPUN [OL SPNO[PUN ZOV^Z PU
*OPUH� WSLHZL ]PZP[ ?iiTb,ffHB;?iX+MXK2b
b27`�MF7m`iX+QKf+?BM�f2MX?iKH VY LTHPS
K�BHiQ,HB;?i!+?BM�XK2bb27`�MF7m`iX+QK�

%DFNJURXQG LQIRUPDWLRQ RQ 0HVVH
)UDQNIXUW
4LZZL -YHURM\Y[ PZ [OL ^VYSK»Z SHYNLZ[ [YHKL
MHPY� JVUNYLZZ HUK L]LU[ VYNHUPaLY ^P[O P[Z V^U
L_OPIP[PVU NYV\UKZ� >P[O Q\Z[ \UKLY �����
LTWSV`LLZ H[ � SVJH[PVUZ� [OL JVTWHU`
NLULYH[LZ HUU\HS ZHSLZ VM HYV\UK Á��� TPSSPVU�
>L OH]L JSVZL [PLZ ^P[O V\Y PUK\Z[Y` ZLJ[VYZ
HUK ZLY]L V\Y J\Z[VTLYZ» I\ZPULZZ PU[LYLZ[Z
LMÄJPLU[S` ^P[OPU [OL MYHTL^VYR VM V\Y -HPYZ 

,]LU[Z� 3VJH[PVUZ HUK :LY]PJLZ I\ZPULZZ
ÄLSKZ� 6UL VM [OL .YV\W»Z RL` <:7Z PZ P[Z
JSVZLS` RUP[ NSVIHS ZHSLZ UL[^VYR� ^OPJO
L_[LUKZ [OYV\NOV\[ [OL ^VYSK� 6\Y
JVTWYLOLUZP]L YHUNL VM ZLY]PJLZ ¶ IV[O VUZP[L
HUK VUSPUL ¶ LUZ\YLZ [OH[ J\Z[VTLYZ
^VYSK^PKL LUQV` JVUZPZ[LU[S` OPNO X\HSP[` HUK
ÅL_PIPSP[` ^OLU WSHUUPUN� VYNHUPaPUN HUK
Y\UUPUN [OLPY L]LU[Z� ;OL ^PKL YHUNL VM
ZLY]PJLZ PUJS\KLZ YLU[PUN L_OPIP[PVU NYV\UKZ�
[YHKL MHPY JVUZ[Y\J[PVU HUK THYRL[PUN�
WLYZVUULS HUK MVVK ZLY]PJLZ� /LHKX\HY[LYLK
PU -YHURM\Y[ HT 4HPU� [OL JVTWHU` PZ V^ULK
I` [OL *P[` VM -YHURM\Y[ ��� WLYJLU[� HUK [OL
:[H[L VM /LZZL ��� WLYJLU[�� -VY TVYL
PUMVYTH[PVU� WSLHZL ]PZP[ V\Y ^LIZP[L H[!
?iiTb,ffrrrXK2bb27`�MF7m`iX+QKf7`�MF
7m`if2MX?iKH "

4HE ��TH 'UZHEN ,IGHTING &AIR
3ET $ATE ON /CT� ��n���
����

>P[O *OPUH LTIYHJPUN [OL WVZ[�WHUKLTPJ LYH
HUK [OL PUK\Z[Y` YLJV]LYZ� SPNO[PUN I\ZPULZZ PZ
NL[[PUN IHJR VU [YHJR� *OPUH»Z SPNO[PUN
JHWP[HS�.\aOLU� H[[YHJ[LK H ZTHSS \WZ\YNL PU
WYVK\J[ W\YJOHZLZ PU [OL ÄYZ[ OHSM VM [OPZ `LHY�
0[ PZ MVYLZLLHISL [OH[ [OL HJJ\T\SH[LK PUK\Z[Y`
LULYN` ^PSS IVVZ[ [OL SH\UJO VM UL^ WYVK\J[Z
HUK THRL H IPN ZWSHZO PU [OPZ 6J[VILY� (Z H
RL` ^PUK ]HUL VM [OL SPNO[PUN PUK\Z[Y �̀ .\aOLU
3PNO[PUN -HPY PZ IHZLK VU ¸*OPUH 3PNO[PUN
*HWP[HS¹ ¶ .\aOLU ;V^U�[OL JLU[LY VM [OL
SPNO[PUN PUK\Z[Y` JS\Z[LY ^P[O HU HUU\HS V\[W\[
]HS\L VM V]LY 94)��� IPSSPVU� 9LS`PUN VU [OL

VYPNPUHS SPNO[PUN ZV\YJL� .\aOLU ZLY]LZ HZ H
IYPKNL WYV]PKPUN WYLJPZL TH[JOPUN IL[^LLU
O\UKYLKZ VM IYHUKZ ^P[OPU [OL PUK\Z[Y` JOHPU
HUK [LUZ VM [OV\ZHUKZ VM NSVIHS I\`LYZ�

� 0DLQ 9HQXH � � 6XE�YHQXHV WR EXLOG WKH
JUHDW *,/)� .\aOLU *VU]LU[PVU HUK
,_OPIP[PVU *LU[LY� HZ [OL THPU ]LU\L� QVPUZ
OHUKZ ^P[O [OL � Z\I�]LU\LZ �3POL *LU[LY�
/\H`P 7SHaH� :[HY (SSPHUJL� 3PNO[PUN ,YH� )LZ\U
7SHaH� /\H`\ 7SHaH HUK :[YLL[SPNO[ *P[`� [V
I\PSK [OL NYLH[ .03-� ;OL L_OPIP[PVU ZWHJL VM �
]LU\LZ YLHJO V]LY ��������� ZXT� WYLZLU[PUN
����� OPNO�X\HSP[` L_OPIP[VYZ� ;OL L_OPIP[PVU
^PSS IL H VUL�Z[VW SPNO[PUN [YHKPUN WSH[MVYT ^P[O
M\SS JV]LYHNL VM KPMMLYLU[ L_OPIP[ JH[LNVYPLZ� MVY
KPYLJ[ WYVJ\YLTLU[ HUK JVU]LUPLU[ [YHKL�

2QOLQH � 2I¿LQH� 7ZLQ HQJLQHV
HPSRZHULQJ WKH LQGXVWU\� 5L]LY OHZ [OL
.\aOLU 3PNO[PUN -HPY ZOV^U HU` ZPNUZ VM
YLJLZZPVU L]LU PU [OL MHJL VM [OL *6=0+�� 
LWPKLTPJ! (Z LHYS` HZ 4HYJO ��¶��� [OL
.\aOLU 3PNO[PUN 6USPUL ,_OPIP[PVU H[[YHJ[LK
������ WYVMLZZPVUHSZ JHTL MVY VUSPUL
WYVJ\YLTLU[Z� ;OL UL^ MVYT VM L_OPIP[PVU UV[
VUS` W\[ [OL L_OPIP[PVU PU[V [OL WHST VM [OL
]PZP[VY»Z OHUK� I\[ HSZV ]P[HSPaLK [OL THYRL[�
+YH^ MYVT [OL L_WLYPLUJL VM �� WO`ZPJHS
L]LU[Z HUK [OL ]PY[\HS VUL� [OL ��[O .\aOLU
3PNO[PUN -HPY ^PSS PU[LNYH[L VUSPUL WSH[MVYT HUK
VMÅPUL MHPY� [V HJOPL]L aLYV�PTWLKHUJL KVJRPUN
VM Z\WWS` HUK KLTHUK� +LUNNSL�JVT� HZ [OL
MHPY»Z )�) WSH[MVYT� HSSV^Z \ZLYZ [V THRL MYLL
PUX\PYPLZ� W\YJOHZL HUUV\UJLTLU[Z� THRL
HWWVPU[TLU[Z ^P[O L_OPIP[VYZ� YLNPZ[LY MVY
L_OPIP[PVU ]PZP[Z� NL[ [OL L�JH[HSVN\L� HJJLZZ
[OL VUSPUL WYVJ\YLTLU[ WSH[MVYT HUK V[OLY
TH[JOPUN ZLY]PJLZ� 5LHYS` �� OPNO�SL]LS
MVY\TZ HUK UL^ WYVK\J[ SH\UJOLZ ^PSS IL OLSK
VUL HM[LY HUV[OLY K\YPUN [OL MHPY� WYV]PKPUN
WSH[MVYTZ MVY [OL SPNO[PUN WYVMLZZPVUHSZ [V ZOHYL
PUMVYTH[PVU HUK PKLHZ VU [OL SH[LZ[ PUK\Z[Y`
[VWPJZ HUK ZVS\[PVUZ [V [OL JOHSSLUNLZ�

/HDG WKH WUHQGV WR EXLOG DQ LQGXVWU\�ZLGH
FKDLQ� +\YPUN [OL ��[O .\aOLU 3PNO[PUN -HPY�
[OLYL ^PSS IL HIV\[ ��� ^LSS�RUV^U SPNO[PUN
LU[LYWYPZLZ WHY[PJPWH[L PU [OL L]LU[ PU THPU
]LU\L� [HW KPYLJ[S` PU[V PUK\Z[Y` [YLUKZ� )YHUKZ
^P[O Z[YVUN LUNPULLYPUN SPNO[PUN JHWHIPSP[PLZ ^PSS
ZOV^JHZL [OL SH[LZ[ SPNO[PUN WYVK\J[Z VUZP[L�
PUJS\KPUN KLJVYH[P]L SPNO[PUN� YLZPKLU[PHS
SPNO[PUN� JVTTLYJPHS SPNO[PUN� V\[KVVY SPNO[PUN�
L[J� ( :WLJPHS 3HTW AVUL ^PSS IL ZL[ \W [V
L_OPIP[ SPNO[PUNZ ^P[O ZWLJPÄJ M\UJ[PVUZ� Z\JO
HZ WSHU[ SPNO[PUN� LK\JH[PVU SPNO[PUN� JHY SPNO[Z
HUK VMM�NYPK SPNO[PUN� (KKP[PVUHSS �̀ WHULS SPNO[Z�
MHU SPNO[Z� ÅVVK SPNO[Z HUK ZVSHY Z[YLL[SPNO[Z JHU
HSZV IL MV\UK� 0U Z\I�]LU\L� /\H`P 7SHaH PZ
KLKPJH[LK [V ,\YVWLHU HUK (TLYPJHU�
TVKLYU� JY`Z[HS� HUK J\Z[VTPaLK SPNO[PUN�
HTVUN V[OLYZ� ;OL :[YLL[SPNO[ *P[` OHZ
JYLH[LK H [YHKPUN JLU[LY ^P[O [OL JVSSLJ[PVU VM
V\[KVVY 3,+ SPNO[PUN� SHUKZJHWL SPNO[Z HUK
V[OLY [`WLZ VM V\[KVVY SPNO[PUN� ;VNL[OLY ^P[O
3POL SPNO[PUN L_WV JLU[LY� :[HY (SSPHUJL .SVIHS
)YHUK 3PNO[PUN *LU[LY� )LZ\U 3PNO[PUN 7SHaH�
3PNO[PUN ,YH *LU[LY� /\H`\ 7SHaH� [OL �
]LU\LZ IYPUN [VNL[OLY O\UKYLKZ VM [OV\ZHUKZ

https://light.cn.messefrankfurt.com/china/en.html
https://light.cn.messefrankfurt.com/china/en.html
mailto:light@china.messefrankfurt.com
https://www.messefrankfurt.com/frankfurt/en.html
https://www.messefrankfurt.com/frankfurt/en.html
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VM WYVK\J[Z� YHUNPUN MYVT JSHZZPJ [V TVKLYU�
S\_\YPV\Z [V TPUPTHSPZ[� HUK Z[HUKHYK [V
UVU�Z[HUKHYK HUK J\Z[VT�

&URVV�ERUGHU LQWHJUDWLRQ� DGYRFDWLQJ D
QHZ KHDOWK\ ORZ�FDUERQ FRQFHSW�
-VSSV^PUN [OL \WNYHKPUN VM [OL 3,+ PUK\Z[Y`
HUK [OL YHWPK KL]LSVWTLU[ VM PU[LSSPNLU[ JP[PLZ
HUK ZTHY[ SPNO[PUN� [OL L_OPIP[PVU OHZ HKHW[LK
[V [OL UL^ [YLUKZ HUK KLZPNULK H ZWLJPHS
:THY[ 3PNO[PUN 
 :VS\[PVU AVUL� 5L^ WYVK\J[Z
HUK [LJOUVSVNPLZ ^PSS IL PU[LUZP]LS` \U]LPSLK [V
JVTWYLOLUZP]LS` WYVTV[L [OL KL]LSVWTLU[ VM
ZTHY[ OVTLZ HUK WYV]PKL VUL�Z[VW ZTHY[
Z`Z[LT ZVS\[PVUZ MVY [OL PUK\Z[Y �̀ <ZPUN
TL[OVKZ PUJS\KPUN JYVZZ�IVYKLY PU[LNYH[PVU
HUK WLYZVUHSPaLK J\Z[VTPaH[PVU� [OL` ^PSS
HWWLHY VUL HM[LY HUV[OLY PU ZLJ[VYZ PUJS\KPUN
PU[LYPVY KLJVYH[PVU SPNO[Z� PU[LSSPNLU[ SPNO[PUN
HUK LUNPULLYPUN J\Z[VTPaH[PVU�

7KH ��WK &KLQD �*X]KHQ� ,QWHUQDWLRQDO
/LJKWLQJ )DLU :HOFRPHV *OREDO
0DQXIDFWXUHUV ZLWK ,QQRYDWLRQ

(JJVYKPUN [V Z[H[PZ[PJZ MYVT [OL *OPUH
(ZZVJPH[PVU VM 3PNO[PUN 0UK\Z[Y �̀ PU 1\UL �����
[OL ]HS\L VM SPNO[PUN L_WVY[Z MYVT *OPUH ^LYL
<:+ ����� IPSSPVU� H `LHY�VU�`LHY PUJYLHZL
VM ��� ��� HJOPL]PUN H WVZP[P]L TVU[OS`
NYV^[O MVY [OL ÄYZ[ [PTL PU [OL `LHY� (TVUN
[OLT� [OL 3,+ SPNO[PUN WYVK\J[Z L_WVY[Z ^LYL
<:+ ����� IPSSPVU� H `LHY�VU�`LHY PUJYLHZL
VM �������

;OL SPNO[PUN PUK\Z[Y` PZ \ZOLYPUN H[ KH^U� ;OL
KLTHUK�ZPKL WYLZZ\YL VM [OL V]LYZLHZ THYRL[
^PSS IL TVYL YLÅLJ[LK PU [OL [OPYK X\HY[LY HUK
L]LU [OL ZLJVUK OHSM VM [OL `LHY� HUK PZ
L_WLJ[LK [V \USLHZO PU 6J[VILY �����

;OL ��[O *OPUH �.\aOLU� 0U[LYUH[PVUHS 3PNO[PUN
-HPY PU 6J[VILY ^PSS ^LSJVTL NSVIHS
THU\MHJ[\YLYZ ^P[O PUUV]H[PVU! 0U [OL JVU[L_[
VM UH[PVUHS MH]VYHISL WVSPJPLZ� LJVUVTPJ
YLJV]LY �̀ HJ[P]L VWLYH[PVU YLJV]LY` VM
LU[LYWYPZLZ� HUK Z[YVUN H\KPLUJL KLTHUK� [OL
��[O *OPUH �.\aOLU� 0U[LYUH[PVUHS 3PNO[PUN -HPY
�OLYLPUHM[LY YLMLYYLK [V HZ [OL ¸.03-¹� ^PSS IL

OLSK H[ .\aOLU *VU]LU[PVU HUK ,_OPIP[PVU
*LU[LY� AOVUNZOHU *P[ �̀ .\HUNKVUN 7YV]PUJL�
MYVT 6J[VILY �� [V ��� �����

(Z [OL Z\IZPKPHY` VM 0UMVYTH� HU PU[LYUH[PVUHS
SLHKPUN )�) PUMVYTH[PVU ZLY]PJL NYV\W� HUK
[OL Z\IZPKPHY` VM :OHUNOHP :PUVL_WV 0UMVYTH
4HYRL[Z 0U[LYUH[PVUHS ,_OPIP[PVU *V�� 3[K�� H
SLHKPUN L_OPIP[PVU JVTWHU` PU *OPUH HUK VUL
VM [OL SHYNL�ZJHSL SPNO[PUN L_OPIP[PVUZ OLSK PU
[OL WVZ[�LWPKLTPJ WLYPVK� [OL ��[O *OPUH
�.\aOLU� 0U[LYUH[PVUHS 3PNO[PUN -HPY �.03-�^PSS
WYLZLU[ H WYVMLZZPVUHS� L_JLSSLU[ HUK ZHML
SPNO[PUN L_OPIP[PVU I` ]PY[\L VM P[Z Z[YVUN
L_OPIP[PVU Z[YLUN[O� WYVMLZZPVUHS L_OPIP[PVU
ZLY]PJL HUK PUUV]H[P]L L_OPIP[PVU VWLYH[PVU
\UKLY [OL Z[YPJ[ LWPKLTPJ WYL]LU[PVU HUK
JVU[YVS�

;OL L_OPIP[PVU OHZ � THQVY ]LU\LZ� JV]LYPUN
[OL L_OPIP[PVU ZWHJL HYLH VM ��� TPSSPVU ZXT�
^P[O H [V[HS VM ���� OPNO�X\HSP[` L_OPIP[VYZ
WHY[PJPWH[LK� QVPU[S` JYLH[PUN H SPNO[PUN MLHZ[
^P[O M\SS JV]LYHNL� KPYLJ[ WYVJ\YLTLU[�
JVU]LUPLU[ [YHKL HUK WYPJL JVTWL[P[P]L
WYVK\J[Z� ([ WYLZLU[� [OLYL HYL Z[PSS TVYL [OHU
��� LU[LYWYPZLZ X\L\PUN \W MVY IVV[OZ� ;OL
U\TILY VM L_OPIP[VYZ PU [OL THPU ]LU\L PZ
L_WLJ[LK [V L_JLLK ���� Z\YWHZZPUN [OH[ VM
[OL ZHTL WLYPVK�

+\YPUN [OL ��[O .03-� HSS L_OPIP[Z ^PSS IL
Z`Z[LTH[PJHSS` HUK ZJPLU[PÄJHSS` WHY[P[PVULK�
+LJVYH[P]L SPNO[PUN� YLZPKLU[PHS SPNO[PUN� V\[KVVY
SPNO[PUN� JVTTLYJPHS SPNO[PUN� SPNO[PUN
HJJLZZVYPLZ� LX\PWTLU[ ^PSS IL KPZWSH`LK
IHZLK VU aVULZ� ;OLYL ^PSS IL ZWLJPHS SHTW
aVULZ L_OPIP[PUN ZTHY[ SPNO[PUN 
 ZVS\[PVUZ�
WSHU[ SPNO[PUN� LK\JH[PVUHS SPNO[PUN� JHY SPNO[Z�
VMM�NYPK SPNO[PUN� L[J� [OH[ HYL ^P[O ZWLJPÄJ
M\UJ[PVUZ HUK KLTVUZ[YH[L ZWLJPÄJ W\YWVZL PU
SP]L TVKL� ;OL L_OPIP[PVU ^PSS KPZWSH` WYVK\J[Z
^P[O HK]HUJLK KLZPNU� [LJOUVSVN` HUK
\S[YH�OPNO JVZ[ WLYMVYTHUJL [OH[ PUKPJH[L [OL
UL^ KL]LSVWPUN [YLUK HUK UL^ KLTHUK VM [OL
PUK\Z[Y �̀ HPTPUN [V [YPNNLY H IYLHR[OYV\NO VM
[OL SPNO[PUN PUK\Z[Y �̀ 4LHU^OPSL� H :THY[
3PNO[PUN 
 :VS\[PVUZ (YLH ^PSS IL ZL[ \W [V
KPZWSH` UL^ WYVK\J[Z HUK UL^ [LJOUVSVNPLZ PU

H JLU[YHSPaLK THUULY� ^P[O H ]PL^ [V WYVTV[PUN
[OL KL]LSVWTLU[ VM ZTHY[ OVTLZ PU HU
HSS�YV\UK ^H �̀ HUK WYV]PKPUN VUL�Z[VW
PU[LSSPNLU[ Z`Z[LT ZVS\[PVUZ MVY [OL SPNO[PUN
PUK\Z[Y �̀

<UKLY [OL TVKLS VM JYVZZ�IVYKLY PU[LNYH[PVU�
[OL .03- PZ PU SPUL ^P[O [OL NSVIHS SPNO[PUN
THYRL[ [V PU[YVK\JL ZTHY[ SPNO[PUN WYVQLJ[Z
HUK KLSP]LY IYHUK�UL^ SPNO[PUN KLZPNUZ [V
I\`LYZ ^P[O [OL UL^ JVUJLW[ VM OLHS[O HUK SV^
JHYIVU�

>P[O [OL NYV^PUN WVW\SHYP[` VM PU[LSSPNLU[
THU\MHJ[\YPUN HYV\UK [OL ^VYSK� [OL .03-
HPTZ [V I\PSK H YLNPVUHS IYHUK VM ¸.\aOLU
3PNO[PUN¹ IHZLK VU [OL PUUV]H[PVU�KYP]LU
PUK\Z[YPHS KL]LSVWTLU[ Z[YH[LN �̀ [O\Z JYLH[PUN
H WYVMLZZPVUHS� THYRL[�VYPLU[LK� IYHUKLK HUK
PU[LYUH[PVUHS SPNO[PUN W\YJOHZL MLHZ[� ;OL
.\aOLU 3PNO[PUN 4HU\MHJ[\YPUN� :\WWS` 

:LY]PJLZ ,_WV ���� JVUJ\YYLU[S` OLSK PU [OL
THPU ]LU\L JV]LYZ [OL \WZ[YLHT THJOPULY �̀
HJJLZZVYPLZ HUK JVTWVULU[Z� YH^ TH[LYPHSZ�
HUK KLZPNU� HZ ^LSS HZ KV^UZ[YLHT JPYJ\SH[PVU�
JVTTLYJL 
 [YHKL� ZLY]PJLZ HUK V[OLY SPURZ VM
[OL PUK\Z[YPHS JOHPU� 0[ ^PSS HSZV PU[LNYH[L [OL
0U[LYUL[ VM ;OPUNZ� �.� (0 HUK V[OLY
[LJOUVSVNPLZ [V WYVTV[L [OL KL]LSVWTLU[ VM
0UK\Z[Y` ��� HUK HJOPL]L [OL [YHUZMVYTH[PVU
MYVT THU\MHJ[\YPUN [V PU[LSSPNLU[� [O\Z PUQLJ[PUN
UL^ ]P[HSP[` PU[V WYVK\J[PVU�

*VUULJ[PUN NSVIHS I\`LYZ VUSPUL HUK VMÅPUL�
HUK SLHKPUN [OL PUK\Z[Y` [V ZLPaL UL^ [YLUKZ!
;OL .03- WSHUZ H KLKPJH[LK V]LYZLHZ VUSPUL
MHPY MVY V]LYZLHZ I\`LYZ ^OV HYL \UHISL [V ]PZP[
[OL L_OPIP[PVU K\L [V [OL LWPKLTPJ� HUK
ZWLJPÄJHSS` I\PSKZ H [OYLL�KPTLUZPVUHS
L_OPIP[PVU ^PUKV^ MVY L_WVY[ LU[LYWYPZLZ [V
ZLHTSLZZS` JVUULJ[ ^P[O V]LYZLHZ I\`LYZ�
[O\Z WYVTV[PUN LMÄJPLU[ HUK X\PJR [YHKPUN
IL[^LLU [OL Z\WWS` HUK YLX\PZP[PVUPUN WHY[PLZ�

;OL VYNHUPaLY WYV]PKLZ H MHJ[VY` ZOV^ VM [OL
WSHJL VYPNPU MVY V]LYZLHZ I\`LYZ� HSSV^PUN [OLT
[V NHPU HU PU�KLW[O \UKLYZ[HUKPUN VM [OL 9
+�
KLZPNU� WYVK\J[PVU� THUHNLTLU[� ZLY]PJL HUK
V[OLY HZWLJ[Z VM [OL IYHUKLK LU[LYWYPZLZ" P[

Reel2reel PRIMEFLEX PF25.2-C16

The latest C16 generation sets new standards in terms of 
flexibility, quality and efficiency!

- Reel2reel technology, PCB 25.2m long without PCB to PCB solder joints

- Constant current strip with high efficiency up to 211lm/W

- >10’000lm/2m and still far away from the limit

- Very long lifetime: L90, B10 >74‘000 hours, 5 years product warranty

- Available colour temperatures: 2‘400-6‘500K, McAdam 3 Color Bin and CRI of Ra >80 and Ra >90

- Highest flexibility in practice. Safe production time and reduce your amount of different stock items!

New product release in Q4: tunable white version (PF25.2-C30)
More information:
contact@simpex.ch
https://shop.simpex.ch/

Or visit our E-Shop:
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^PSS HSZV IYVHKJHZ[ SP]L H[ [OL LU[LYWYPZL IVV[OZ
K\YPUN [OL MHPY� HUK HYYHUNL [OL WLYZVUZ PU
JOHYNL VM L_OPIP[VYZ [V WLYZVUHSS` PU[YVK\JL
[OL OV[ UL^ WYVK\J[Z VU [OL ZWV[� 0M I\`LYZ
HYL PU[LYLZ[LK PU H WYVK\J[� [OL` JHU Z\ITP[ H
WYVJ\YLTLU[ YLX\PYLTLU[ ]PH [OL ,A)<@ VU
+LUNNSL�JVT� HUK V\Y ,A)<@ ZWLJPHSPZ[ ^PSS
WYV]PKL VUL VU VUL ZLY]PJL [V TH[JO [OL
JVYYLZWVUKPUN L_OPIP[VYZ� 0U HKKP[PVU�
V]LYZLHZ ]PZP[VYZ JHU THRL HWWVPU[TLU[Z ^P[O
L_OPIP[VYZ PU HK]HUJL [OYV\NO [OL VUSPUL JSV\K
L_OPIP[PVU WSH[MVYT VM +LUNNSL�JVT MVY H
MHJL�[V�MHJL L_JOHUNL� ;OL .03- HSZV
WYV]PKLZ ZWLJPHS [YH]LS HSSV^HUJLZ MVY SV`HS
V]LYZLHZ I\`LYZ� ^OV JHU LUQV` TVYL
Z[HY�YH[LK ZLY]PJLZ H[ [OL L_OPIP[PVU ZP[L�

4VYLV]LY� I` JVTIPUPUN [OL MLH[\YLZ VM
,A)<@� +LUNNSL�JVT HUK [OL VMÅPUL
L_OPIP[PVU� H ¸+LUNNSL�JVT +PHTVUK 4LTILY
AVUL¹ ^PSS IL ZL[ \W ULHY [OL THPU LU[YHUJL
K\YPUN [OL L_OPIP[PVU� ZV HZ [V WYVTV[L [OL
TLTILY LU[LYWYPZLZ PU KP]LYZL MVYTZ� Z\JO HZ
VU�ZP[L 4PUP IVV[O� +LUNNSL�JVT VUSPUL
ZOVWZ� MHJ[VY` ZOV^ HUK ]PKLV KPZWSH �̀

;OL LWPKLTPJ ^PSS L]LU[\HSS` KPZZPWH[L� HUK [OL
SPNO[PUN PUK\Z[Y` ^PSS HJJLSLYH[L P[Z YLJV]LY �̀
>P[O [OL QVPU[ LMMVY[Z VM SPNO[PUN WHY[PJPWHU[Z�
[OL SPNO[PUN JHWP[HS .\aOLU OHZ L_WLYPLUJLK H
ZTHSS \WZ\YNL PU UL^ WYVK\J[ W\YJOHZLZ PU
[OL ÄYZ[ OHSM VM [OL `LHY� 3VVRPUN PU[V [OL
M\[\YL� ^L ^PSS ^P[ULZZ H KYHTH[PJHS NYV^[O VM
[OL SPNO[PUN PUK\Z[Y` PU 6J[VILY �����
>LSJVTL [V [OL .03- H[ .\aOLU ;V^U MYVT
6J[VILY �� [V ��� ����� "
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(336: :LTPJVUK\J[VYZ OHZ LUNHNLK PU H
JVSSHIVYH[PVU ^P[O 7YVM� 6ORH^H HUK OPZ [LHT
H[ 2PUN (IK\SSHO <UP]LYZP[` VM :JPLUJL HUK
;LJOUVSVN` �2(<:;� MVY YLHSPaPUN OPNO
LMÄJPLUJ` UP[YPKL�IHZLK YLK 3,+Z VU SHYNL
KPHTL[LY ZPSPJVU Z\IZ[YH[LZ� 0U [OL
JVSSHIVYH[PVU [OL [LHTZ HYL HKKYLZZPUN
M\UKHTLU[HS PZZ\LZ SPRL [OL SHYNL SH[[PJL
TPZTH[JO HUK [OL X\HU[\T�JVUÄULK :[HYR
LMMLJ[ �8*:,� ^OPJO HYL WYL]LU[PUN [OL
HKVW[PVU VM YLK UP[YPKL�IHZLK 3,+Z MVY
WYHJ[PJHS PUK\Z[Y` \ZHNL� 0U WHY[PJ\SHY� MVY [OL
LTLYNPUN ÄLSK VM TPJYV 3,+ KPZWSH`Z [OLYL PZ H
Z[YVUN KLTHUK [V LUHISL YLK 3,+Z VU SHYNL
KPHTL[LY ^HMLYZ PU HKKP[PVU [V [OL LZ[HISPZOLK
IS\L HUK NYLLU JVSVY 3,+Z PU [OL UP[YPKL
Z`Z[LT PU VYKLY [V YLK\JL THU\MHJ[\YPUN
JVTWSL_P[` HUK JVZ[�

0U [OPZ JVU[L_[� 7YVM� 6ORH^H HUK [LHT OH]L
KL]LSVWLK HU PUKP\T NHSSP\T UP[YPKL
�0U.H5��IHZLK YLK 3,+ Z[HJR ^P[O SV^ MVY^HYK
]VS[HNL VM SLZZ [OHU ��� = HUK OPNO LMÄJPLUJ`
I` \ZPUN SVJHS Z[YHPU JVTWLUZH[PVU HUK H

,Z[HISPZOLK TL[OVKZ VM PU[LNYH[PUN KPMMLYLU[ 3,+
Z[HJRZ ^P[O OPNO JY`Z[HS X\HSP[` HUK
Z[YHPU�LUNPULLYPUN I\MMLY [LJOUVSVN` HYL \ZLK�
0UZL[! (336:» PU�SPUL WYVJLZZ JVU[YVS LUHISLZ
±� �T IV^ YHUNL

TVKPÄLK 46*=+ YLHJ[VY KLZPNU� ;OL
YLZLHYJOLYZ OH]L HSYLHK` NYV^U YLK 3,+Z VU
ZHWWOPYL� HUK .H� 6��Z\IZ[YH[LZ >�@ >�@� -VY
WV[LU[PHSS` OPNOLY WLYMVYTHUJL YLK 3,+Z I`
\ZPUN Z[YHPU�LUNPULLYPUN VU ^HMLY�SL]LS ¶ PU
WHY[PJ\SHY MVY SHYNL ^HMLY KPHTL[LYZ ¶ [OL [LHT
PZ UV^ L_[LUKPUN P[Z ^VYR [V ZPSPJVU Z\IZ[YH[LZ
I` JVSSHIVYH[PUN ^P[O (336:� ;OPZ HSZV
LUHISLZ O\NL HK]HU[HNLZ MVY THZZ WYVK\J[PVU
K\L [V [OL ZJHSHIPSP[` VM \W [V ���TT HUK
[O\Z WYVJLZZHIPSP[` PU ZPSPJVU WYVJLZZ SPULZ� -VY
TPJYV 3,+ KPZWSH`Z ¶ PU WHY[PJ\SHY [OL
TVUVSP[OPJHSS` PU[LNYH[LK TPJYV KPZWSH`Z MVY
L�N� H\NTLU[LK YLHSP[` �(9� HWWSPJH[PVU ¶ [OPZ
PZ HUV[OLY PTWVY[HU[ LUHISLY�

;OL \UPX\L OPNO JY`Z[HS X\HSP[` VM (336:»
NHSSP\T UP[YPKL VU ZPSPJVU �.H5�VU�:P�
[LJOUVSVN` ^P[O [OYLHKPUN KPZSVJH[PVU KLUZP[`
�;++� VM ∼�×��� JTò� PZ [OL WYL�JVUKP[PVU [V
HJOPL]L H[ SLHZ[ [OL ZHTL WLYMVYTHUJL YLK
3,+ HZ VU ZHWWOPYL� -\Y[OLYTVYL� (336:»
WYLJPZL Z[YHPU�LUNPULLYPUN ¶ ^OPJO LUHISLZ
L_JLSSLU[ LTPZZPVU \UPMVYTP[` MVY IS\L HUK
NYLLU 3,+ HZ ^LSS HZ ÅH[ IV^ ^HMLY MVY ���
HUK ���TT KPHTL[LYZ ¶ PZ \ZLK [V VW[PTPaL
[OL NYV^[O JVUKP[PVUZ MVY YLK 3,+�

)V[O [LHTZ JVTIPUL [OLPY \UPX\L [LJOUVSVNPLZ
[V OHUKSL Z[YHPU HUK VW[PTPaL JY`Z[HS NYV^[O
JVUKP[PVUZ MVY .H5�VU�:P HUK YLK 3,+Z� ;V
[OPZ LUK� [OL 2(<:; [LHT ^PSS NYV^ P[Z YLK
3,+ Z[HJR VU [VW VM (336:» .H5�VU�:P�I\MMLY
SH`LYZ� ^OPJO ^PSS IL ÄUL�[\ULK K\YPUN [OL
JVSSHIVYH[PVU [V VW[PTPaL [OL WLYMVYTHUJL VM
2(<:;»Z YLK 3,+ Z[HJR�

+Y� 5PZOPRH^H JV�MV\UKLY HUK *;6 VM (336:�
JVTTLU[LK! ¸-YVT WLYZVUHS L_WLYPLUJL 0 HT
H^HYL OV^ JOHSSLUNPUN P[ PZ [V YLHSPaL OPNO
LMÄJPLUJ` YLK 3,+� -YVT (336:» ZPKL ^L JHU
WYV]PKL V\Y LZ[HISPZOLK IS\L HUK NYLLU OPNO
X\HSP[` .H5�VU�:P TPJYV 3,+ LWP^HMLYZ VM \W
[V ���TT KPHTL[LY� -\Y[OLYTVYL ^L ZLL [OL
VWWVY[\UP[` [OH[ V\Y \UPX\L Z[YLUN[OZ PU
Z[YHPU�LUNPULLYPUNÄ JHU JVU[YPI\[L [V PTWYV]LK
YLK 3,+ WLYMVYTHUJL�¹

*VTTLU[PUN VU [OL VWWVY[\UP[ �̀ 7YVM�
6ORH^H ZHPK! ¸6\Y [LHT OHZ KL]LSVWLK H
OPNO LMÄJPLU[ YLK 3,+ Z[HJR HUK JVU[PU\LZ [V
W\ZO [OL IV\UKHYPLZ PU [OPZ ]LY` JOHSSLUNPUN
ÄLSK� >OLU [HSRPUN [V (336:� ^L VM JV\YZL

^LYL PU[LYLZ[LK PU [OL ZJHSHIPSP[` \W [V ���TT
¶ I\[ [OL JHWHIPSP[` [V JVU[YVS [OL
Z[YHPU�LUNPULLYPUN ZV WYLJPZLS` HUK PU Z\JO H
SHYNL WYVJLZZ ^PUKV^Z WYVTPZLZ TVYL
WYVNYLZZ MVY YLK 3,+ WLYMVYTHUJL�¹

-VY M\Y[OLY PUMVYTH[PVU HIV\[ (336:»
[LJOUVSVN �̀ SPJLUZPUN VW[PVUZ HUK OV^ [V
JVVWLYH[L ^P[O (336: PU [OL L_JP[PUN ÄLSK VM
TPJYV 3,+Z� WSLHZL ]PZP[
?iiTb,ffrrrX�HHQb@b2KB+QM/m+iQ`bX+QK�

5HIHUHQFHV

B�D ¸����UT 0U.H5�IHZLK YLK 3,+Z NYV^U VU [OPJR
.H5 \UKLYS`PUN SH`LYZ ^P[O YLK\JPUN PU�WSHUL YLZPK\HS
Z[YLZZ¹� +� 0PKH� A� AO\HUN� 7� :� 2PYPSLURV� 4�
=LSHaX\La�9PaV� HUK 2� 6ORH^H� (WWSPLK 7O`ZPJZ
3L[[LYZ ���� ������ ������� +60! �����������������

B�D ¸+LTVUZ[YH[PVU VM SV^ MVY^HYK ]VS[HNL 0U.H5�IHZLK
YLK 3,+Z VU β�.H� 6� Z\IZ[YH[LZ¹� +� 0PKH� A�
AO\HUN� 7� :� 2PYPSLURV� 4� =LSHaX\La� 9PaV� HUK 2�
6ORH^H� (WWSPLK 7O`ZPJZ ,_WYLZZ ��� ������ �������
+60! �������������������HI����

B�D ¸4L[HSVYNHUPJ ]HWVY�WOHZL LWP[H_PHS NYV^[O
ZPT\SH[PVU [V YLHSPaL OPNO� X\HSP[` HUK OPNO�0U�JVU[LU[
0U.H5 HSSV`Z¹� 2� 6ORH^H� -� 0JOPUVOL� ;� >H[HUHIL�
2� 5HRHT\YH� +� 0PKH� 1V\YUHS VM *Y`Z[HS .YV^[O ����
WW�� ��� ���� �� +60! Q�QJY`ZNYV���� �������

$ERXW 3URI� 2KNDZD DW .$867� 7YVM�
6ORH^H PZ KL]V[LK [V [OL KL]LSVWTLU[ VM
UP[YPKL ZLTPJVUK\J[VYZ MVY TVYL [OHU ��
`LHYZ� /L HUK OPZ [LHT H[ 2(<:; OH]L
Z\JJLZZM\SS` KL]LSVWLK H ZWLJPHSS` Z[YHPU
JVTWLUZH[LK YLK 3,+ Z[HJR HUK HKKP[PVUHSS`
OH]L \ZLK [OLPY V^U 46*=+ YLHJ[VY KLZPNU�
^OPJO THRLZ WVZZPISL [V YLHSPaL OPNO�X\HSP[`
HUK OPNO 0U�JVU[LU[ 0U.H5 HSSV`Z I` \ZL VM
ZWLJPHS MLH[\YLZ >�@� ;OLZL [LJOUVSVNPLZ VWLU
H UL^ ^H` MVY OPNO�WLYMVYTHUJL UP[YPKL�IHZLK
YLK 3,+ MVY TPJYV 3,+ HWWSPJH[PVU� 5V^ OL
HUK OPZ [LHT ^HU[ [V KLTVUZ[YH[L [OLPY YLK
3,+ [LJOUVSVNPLZ VU SHYNL ^HMLY KPHTL[LYZ
\ZPUN (336:» .H5�VU�:P [LJOUVSVN �̀

$ERXW $//26 6HPLFRQGXFWRUV� ;OL
(336: [LHT SVVRZ IHJR [V �� `LHYZ VM
Z\JJLZZM\S .H5�VU�:P LWP^HMLY [LJOUVSVN`
KL]LSVWTLU[ MVY \W [V ���TT ^HMLY KPHTL[LY
HUK [VKH` PZ MVJ\ZPUN P[Z ^VYSK�SLHKPUN
[LJOUVSVNPLZ VU LUHISPUN [OL UL_[ NLULYH[PVU
VM YL]VS\[PVUHY` KPZWSH`Z IHZLK VU TPJYV
3,+Z� ;OL JVTWHU` JHU THRL P[Z [LJOUVSVN`
H]HPSHISL [OYV\NO 07 SPJLUZPUN HUK [YHUZMLYYPUN
[OL [LJOUVSVN` [V P[Z J\Z[VTLYZ» 46*=+
YLHJ[VYZ� (KKP[PVUHSS` (336: PZ ^VYRPUN ^P[O
WHY[ULYZ PU HK]HUJPUN [OL [LJOUVSVNPLZ
ULLKLK MVY TPJYV 3,+ THZZ WYVK\J[PVU� "
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0ZZ\L ���:LW[�6J[����� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� c 3PNO[PUN ;LJOUVSVNPLZ 
 +LZPNU ��

7(&+1,&$/ 5(*8/$725< &203/,$1&( 83'$7(

6HJPHQW 3URGXFW
6WDQGDUG
�&HUWL¾FDWLRQ� 5HJLRQ 7HFKQLFDO 5HJXODWRU\ &RPSOLDQFH ,QIRUPDWLRQ

,ULYN`
,MÄJPLUJ`

0U[LYPVY 3PNO[PUN
7YVK\J[Z

9LZVS\[PVU 5V� ������� *OPSL 9LZVS\[PVU 5V� ������� ^HZ HWWYV]LK I` [OL *OPSLHU 4PUPZ[Y` VM ,ULYN` VU �� 1\S` ���� KLÄUPUN TPUPT\T
LULYN` LMÄJPLUJ` Z[HUKHYKZ MVY PU[LYPVY SPNO[PUN WYVK\J[Z�
;OL MVSSV^PUN WYVK\J[Z HYL HMMLJ[LK!
� *LY[HPU ;\UNZ[LU ÄSHTLU[ PUJHUKLZJLU[ SHTWZ MVY OVTL \ZL HUK NLULYHS SPNO[PUN W\YWVZLZ� ^OPJO OH]L H

UVTPUHS WV^LY IL[^LLU ��> HUK ���>"
� 3HTWZ ^P[O I\PS[�PU IHSSHZ[ �*-3� MVY NLULYHS SPNO[PUN� ^P[O H YH[LK WV^LY \W [V ��>" H UVTPUHS ]VS[HNL

IL[^LLU ���= HUK ���="
� +V\ISL�LUKLK Å\VYLZJLU[ SHTWZ MVY NLULYHS SPNO[PUN ,_JLW[PVUZ [V [OPZ YLX\PYLTLU[ HYL SHTWZ ^OVZL

SLUN[O L_JLLKZ ����TT HUK SHTWZ ^OVZL UVTPUHS WV^LY PZ NYLH[LY [OHU ��>"
� :PUNSL�ZVJRL[ Å\VYLZJLU[ SHTW MVY NLULYHS SPNO[PUN"
� ;\UNZ[LU OHSVNLU SHTWZ ^P[O ZPUNSL HUK KV\ISL ZVJRL[Z"
� *LY[HPU ;\UNZ[LU OHSVNLU PUJHUKLZJLU[ SHTWZ �UVU�]LOPJ\SHY�"
� *LY[HPU 3,+ SHTWZ ^P[O I\PS[�PU IHSSHZ[Z�
;OL 4PUPZ[Y` OHZ V\[SPULK KPMMLYLU[ Z[HNLZ MVY [OL LMÄJPLUJ` VM Z\JO WYVK\J[Z!
� -YVT � 1HU\HY` ����� SHTWZ ZOV\SK OH]L H TPUPT\T LULYN` WLYMVYTHUJL VM �� ST�>"
� -YVT � 1HU\HY` ����� SHTWZ ZOV\SK OH]L H TPUPT\T LULYN` WLYMVYTHUJL VM �� ST�>"
� -YVT � 1HU\HY` ����� SHTWZ ZOV\SK OH]L H TPUPT\T LULYN` WLYMVYTHUJL VM �� ST�>�

,ULYN`
,MÄJPLUJ`

3,+ 7YVK\J[Z MVY
PUKVVY SPNO[PUN

.) ��������� *OPUH .) ��������� ^HZ W\ISPZOLK VU � (WYPS ��� HUK HWWSPLZ [V 3,+�SPNO[PUN ^OPJO PZ \ZLK PU HU PUKVVY
LU]PYVUTLU[� 0[ ZL[Z V\[ TPUPT\T HSSV^HISL ]HS\LZ VM LULYN` LMÄJPLUJ` HUK LULYN` LMÄJPLUJ` NYHKLZ�
;OL Z[HUKHYK ^PSS YLWLHS .) ����������� 0[ ^PSS LU[LY PU[V MVYJL VU � 5V]LTILY �����

,ULYN`
,MÄJPLUJ`

3\TPUHPYLZ MVY YVHK
HUK [\UULS SPNO[PUN

.) ��������� *OPUH .) ��������� ZWLJPÄLZ YLX\PYLTLU[Z VU LULYN` NYHKLZ� TPUPT\T HSSV^HISL ]HS\LZ VM LULYN` LMÄJPLUJ �̀
JVSV\Y YLUKLYPUN PUKL_ HUK [LZ[PUN TL[OVKZ MVY 3,+ S\TPUHPYLZ MVY YVHK HUK [\UULS SPNO[PUN�
;OL Z[HUKHYK HWWSPLZ [V 3,+ S\TPUHPYLZ MVY YVHK HUK [\UULSZ ^P[O YH[LK ]VS[HNL VM (* ���= HUK MYLX\LUJ`
VM ��/a� PUJS\KPUN 3,+ JVU[YVS KL]PJLZ� I\[ L_JS\KPUN PU[LYJVUULJ[LK JVU[YVS JVTWVULU[Z [OH[ JHU IL
PUZ[HSSLK PUKLWLUKLU[S` VY V[OLY M\UJ[PVUHS HJJLZZVYPLZ [OH[ HYL UV[ YLSH[LK [V SPNO[PUN�
(S[OV\NO [OL KYHM[ VM [OPZ Z[HUKHYK ^HZ PUP[PHSS` TLHU[ HZ H ]VS\U[HY` Z[HUKHYK� [OPZ ÄUHS HWWYV]LK ]LYZPVU PZ
THUKH[VY �̀
;OPZ Z[HUKHYK ^PSS LU[LY PU[V MVYJL VU � 5V]LTILY �����

:HML[` +VTLZ[PJ HUK
PTWVY[LK SPNO[PUN
LX\PWTLU[ \ZPUN
3,+

8*=5 � ! ��� �)2/*5 =PL[UHT 8*=5 � ! ��� �)2/*5 KLZJYPILZ [OL YLX\PYLTLU[Z KVTLZ[PJ HUK PTWVY[LK SPNO[PUN LX\PWTLU[ OHZ [V TLL[
PU [LYTZ VM ZHML[` HUK LSLJ[YVTHNUL[PJ PU[LYMLYLUJL MYVT � 1\UL ���� ILMVYL ILPUN JPYJ\SH[LK VU [OL THYRL[�
;OPZ 5H[PVUHS ;LJOUPJHS 9LN\SH[PVU� W\ISPZOLK VU � +LJLTILY ��� � HMMLJ[Z HSS VYNHUPZH[PVUZ HUK PUKP]PK\HSZ
^OV THU\MHJ[\YL� PTWVY[� KPZ[YPI\[L VY [YHKL 3,+ LX\PWTLU[ ^OPJO PZ ZWLJPÄLK PU [OL HJJVTWHU`PUN (UUL_!
� 3,+ SPNO[ I\SIZ ^P[O I\PS[�PU IHSSHZ[Z MVY NLULYHS SPNO[PUN ^VYR H[ ]VS[HNLZ NYLH[LY [OHU ��="
� 3,+ JVTTVU Ä_LK SPNO[Z"
� 3,+ TVIPSL SPNO[Z"
� +V\ISL�ZPKLK 3,+ I\SIZ KLZPNULK [V YLWSHJL Z[YHPNO[ [\IL Å\VYLZJLU[ SHTWZ"
� *VTTVUS` \ZLK 3,+ S\TPUHPYLZ�

:HML[` 3\TPUHPYLZ 0,* ��� ������!���� >VYSK�,\YVWL 7HY[PJ\SHY YLX\PYLTLU[Z ¶ ,_[YH�SV^�]VS[HNL SPNO[PUN Z`Z[LTZ MVY ,3= SPNO[ ZV\YJLZ ^HZ W\ISPZOLK�
4HPU JOHUNLZ!
� ;P[SL HUK ZJVWL ^LYL L_[LUKLK [V PUJS\KL UV^ S\TPUHPYLZ ^P[O HSS RPUK VM SPNO[ ZV\YJLZ PUJS\KPUN

3,+ [LJOUVSVN`"
� 5VYTH[P]L YLMLYLUJLZ HUK [OL YLMLYLUJL [V [YHUZMVYTLY HUK JVU[YVS NLHY Z[HUKHYKZ OH]L ILLU \WKH[LK"
� ;OL ZOVY[ JPYJ\P[ [LZ[ ��������� HUK ��������� ^HZ YLTV]LK HUK YLMLYLUJL PZ UV^ THKL [V [OL ZHTL [LZ[ PU

7HY[ ��
5V[L! [OL ,5 ]LYZPVU PZ L_WLJ[LK ^P[OPU [OPZ `LHY�

,4* ,X\PWTLU[ MVY
NLULYHS SPNO[PUN
W\YWVZLZ

0,* ;9 �������!���� >VYSK�,\YVWL 0,* ;9 ������� ,X\PWTLU[ MVY NLULYHS SPNO[PUN W\YWVZLZ ¶ ,4* PTT\UP[` YLX\PYLTLU[Z ¶ 7HY[ �! 6IQLJ[P]L
SPNO[ ÅPJRLY TL[LY HUK ]VS[HNL Å\J[\H[PVU PTT\UP[` [LZ[ TL[OVK�
4HPU JOHUNLZ!
� 9LWSHJPUN 0,* ;9 �������!����"
� [OL ZJVWL VM [OPZ KVJ\TLU[ OHZ ILLU JSHYPÄLK [V THRL H KPZ[PUJ[PVU IL[^LLU ÅPJRLY [LZ[PUN ^P[OV\[

]VS[HNL Å\J[\H[PVUZ [V TLHZ\YL [OL PU[YPUZPJ WLYMVYTHUJL VM SPNO[PUN LX\PWTLU[ HUK ÅPJRLY [LZ[PUN PU ^OPJO
H ZWLJPÄJ ZL[ VM ]VS[HNL Å\J[\H[PVUZ HYL HWWSPLK PU VYKLY [V TLHZ\YL [OL PTT\UP[` VM [OL SPNO[PUN
LX\PWTLU[ [V ]VS[HNL Å\J[\H[PVUZ WYLZLU[ VU [OL THPUZ"

� [OL [LZ[ WYVJLK\YL MVY ÅPJRLY [LZ[PUN OHZ ILLU JSHYPÄLK�
5V[L! [OPZ Z[HUKHYK TH` HSZV IL YLMLUJLK [V Z\WWVY[ [OL SPNO[ ZV\YJL YLX\PYLTLU[ TLHZ\YLTLU[Z VM ÅPJRLY VM
[OL ,Y7 YLN\SH[PVU

7LYMVYTHUJL 3PNO[PUN ,X\PWTLU[ 0,* �����!���� >VYSK�,\YVWL 5VU�HJ[P]L TVKL WV^LY TLHZ\YLTLU[�
2L` P[LT!
� ZWLJPÄLZ TL[OVKZ VM TLHZ\YLTLU[ VM LSLJ[YPJHS WV^LY JVUZ\TW[PVU PU UVU�HJ[P]L TVKL�Z�� HZ HWWSPJHISL

MVY LSLJ[YPJHS SPNO[PUN LX\PWTLU[ PUJS\KPUN ^OLU OH]PUN UVU�PSS\TPUH[PVU JVTWVULU[Z PUJVYWVYH[LK"
� 9HUNL VM Z\WWS` ]VS[HNL \W [V ����= +* VY \W [V ����= (*"
� 4LHZ\YLTLU[ TL[OVK PUJS\KL HSZV ^PYLK HUK ^PYLSLZZ JVUULJ[LK WYVK\J[Z"
� ;OPZ Z[HUKHYK PZ [V IL YLMLYLUJLK I` LUKWYVK\J[ Z[HUKHYKZ ^P[O HKKP[PVUHS N\PKHUJL VM HWWSPJH[PVU HUK PZ

UV[ H Z[HUK�HSVUL Z[HUKHYK�
5V[L! [OL ,5 ]LYZPVU PZ L_WLJ[LK ^P[OPU [OPZ `LHY� [OPZ Z[HUKHYK PZ L_WLJ[LK [V TLHZ\YL [OL WHY[ VM
YLX\PYLTLU[Z VM [OL ,Y7 YLN\SH[PVU MVY SPNO[ ZV\YJLZ HUK L_[LYUHS JVU[YVS NLHY�

'LVFODLPHU! ;OL MVSSV^PUN PUMVYTH[PVU PZ YLZLHYJO ^VYR VM ;l= :l+ 7YVK\J[ :LY]PJL HUK PZ PU[LUKLK MVY NLULYHS PUMVYTH[PVU W\YWVZLZ VUS �̀ ;OL JVU[LU[ PZ W\ISPZOHISL VUS` HM[LY OH]PUN [OL
JVUZLU[ VM ;l= :l+ 7YVK\J[ :LY]PJL� 0M P[ PZ W\ISPZOLK ^P[O HU` JOHUNLZ� [OL JVTWHU` PZ UV[ SPHISL MVY P[� ;OL PUMVYTH[PVU PZ Z\IQLJ[ [V JOHUNL HUK HSS YPNO[Z MVY P[ HYL YLZLY]LK I` ;l= :l+
7YVK\J[ :LY]PJL .TI/�
-VY M\Y[OLY PUMVYTH[PVU VU [OL SH[LZ[ \WNYHKLZ HUK [LZ[PUN Z[HUKHYKZ HUK [YHPUPUN� WSLHZL JVU[HJ[ +Tb!imp@bm/X+QK

cps@tuv-sud.com


3W: +PNP[HS ¶ *VUMLYLUJL 

,_OPIP[PVU
3W: +PNP[HS PZ [OL IYHUK UL �̂ \UPX\L� HUK ÄYZ[� KPNP[HS SPNO[PUN
JVUMLYLUJL HUK L_OPIP[PVU H]HPSHISL [V ]PL^LYZ �� OV\YZ H KH �̀ �
KH`Z H ^LLR� 3W: +PNP[HS WYLZLU[Z J\YYLU[� OPNO�X\HSP[` JVU[LU[
HIV\[ SPNO[PUN [LJOUVSVNPLZ� KLZPNU HUK HWWSPJH[PVUZ� HUK HJX\HPU[Z
[OL ]PL^LYZ ^P[O [OL SH[LZ[ [YLUKZ PU WYVK\J[ KL]LSVWTLU[Z HUK
HWWSPJH[PVUZ�
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([SHULHQFH WKH
)XWXUH RI /LJKW

3PRL [OL 3,+ WYVMLZZPVUHS :`TWVZP\T
�,_WV HUK ;YLUKZ PU 3PNO[PUN -VY\T 
:OV^
[OH[ [VVR WSHJL H[ [OL -LZ[ZWPLSOH\Z PU )YL�
NLUa�(\Z[YPH L]LY` `LHY ZPUJL :LW[LTILY�
����� 3W: +PNP[HS PZ TLHU[ [V HWWYVHJO HUK
Z\WWVY[ [OL JVTWSL[L ]HS\L JOHPU PU [OL
NSVIHS SPNO[PUN PUK\Z[Y �̀ >OLU P[ JVTLZ [V
;LJOUVSVNPJHS +LZPNU� 3W: +PNP[HS»Z NVHS PZ
[V WYV]PKL *VYWVYH[L 4HUHNTLU[� ;LJOUP�
JHS 4HUHNLTLU[� 9
+ HUK 7YVK\J[PVU�84
^P[OPU [OL NSVIHS SPNO[PUN THU\MHJ[\YPUN PU�
K\Z[Y` ^P[O [VW UV[JO [LJOUPJHS RUV^OV �̂
WYPTHYPS` VU H JVTWVULU[ SL]LS� 0U [LYTZ
VM 3PNO[PUN +LZPNU� 3W: +PNP[HS ^PSS ZOV^
ILZ[ WYHJ[PJL MVY (YJOP[LJ[Z� 3PNO[PUN *VU�
Z\S[HU[Z� ,SLJ[YPJHS *VUZ\S[HU[Z� 3PNO[PUN
+LZPNULYZ� 3PNO[PUN 6,4Z� 0;�0V; :`Z[LT
0U[LNYH[VYZ HUK Z[\KLU[Z� ;OL LKP[VYZ MV�
J\Z VU /\THU *LU[YPJ 3PNO[PUN� *VUULJ[LK
3PNO[PUN� :THY[ *VU[YVSZ� 0U[LYUL[ VM ;OPUNZ�
3PNO[ HZ H :LY]PJL HUK T\JO TVYL�

8QLTXH *OREDO 5HDFK LQ
WKH /LJKWLQJ 6HFWRU

=09;<(3 *65-,9,5*,
;OL H\[OVYZ VM JVU[YPI\[PVUZ HJJLW[LK I`
[OL WYVNYHT THUHNLTLU[ ^PSS IL PU]P[LK [V
NP]L H WYLZLU[H[PVU HUK� PM HWWYVWYPH[L� [V
^YP[L H X\HSPÄLK HY[PJSL� ,HJO WYLZLU[H[PVU
^PSS IL HUUV\UJLK [V [OL PUK\Z[Y` HUK�VY
KLZPNU JOHUULS JVU[HJ[Z HUK MVSSV^LYZ
PTTLKPH[LS` HM[LY W\ISPJH[PVU�

=09;<(3 ,?/0)0;065
=PY[\HS L_OPIP[VYZ OH]L [OL WVZZPIPSP[` [V
WYLZLU[ [OLPY WYVK\J[Z HUK�VY ZLY]PJLZ� ;OL
TH_PT\T SLUN[O VM [OL WYLZLU[H[PVU PZ ��
TPU\[LZ� ,HJO WYVK\J[�ZLY]PJL ]PKLV PZ
HUUV\UJLK [V [OL PUK\Z[Y` HUK�VY KLZPNU
JOHUULS JVU[HJ[Z HUK MVSSV^LYZ PTTLKPH[LS`
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\HSPÄLK HUK HKKYLZZ RL` WLYZVUZ PU [OL
YLZWLJ[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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0XVD 810(+23$
4\ZH PZ /LHK VM ,JVZ`Z[LTZ HUK
(SSPHUJLZ MVY 3P-P� H[ :PNUPM �̀ 7YPVY [V
QVPUPUN 7OPSPWZ 3PNO[PUN PU ����� OL
^VYRLK MVY )LSS 3HIZ� 3\JLU[
;LJOUVSVNPLZ� HUK (SJH[LS�3\JLU[� 4\ZH
OHZ OLSK ZLUPVY SLHKLYZOPW YVSLZ PU ]HYPV\Z
Z[HUKHYKZ IVKPLZ� [YHKL VYNHUPaH[PVUZ
HUK PUK\Z[Y` JVUZVY[PH� PUJS\KPUN
JOHPYTHU VM [OL ;LJOUPJHS 7SLUHY` VM [OL
6WLU 4VIPSL (SSPHUJL� ]PJL�JOHPYTHU VM
[OL )VHYK VM [OL APNILL (SSPHUJL� HUK
:LJYL[HY` .LULYHS VM [OL AOHNH
*VUZVY[P\T� /L HSZV ZLY]LK VU [OL
IVHYKZ VM ;OL *VUULJ[LK 3PNO[PUN
(SSPHUJL� [OL ,TLYNL (SSPHUJL� HUK [OL
7HYSH` .YV\W� HUK PZ HU HK]PZVY [V ZL]LYHS
[LJOUVSVN` Z[HY[�\WZ� (\[OVY VM [^V
[LJOUVSVN` IVVRZ� 4\ZH OHZ ILLU HU
PU]P[LK RL`UV[L ZWLHRLY HUK WHULSPZ[ H[
]HYPV\Z PUK\Z[Y` L]LU[Z� /PZ W\ISPJH[PVUZ
PUJS\KL U\TLYV\Z WHWLYZ PU [LJOUPJHS
QV\YUHSZ HUK JVUMLYLUJLZ� /L OVSKZ [^V
WH[LU[Z� 4\ZH YLJLP]LK H ):J� HUK 4:J�
KLNYLL PU JVTW\[LY ZJPLUJL MYVT ;̂ LU[L
<UP]LYZP[` HUK 4)( KLNYLLZ MYVT ;0(:
)\ZPULZZ :JOVVS HUK <UP]LYZP[` VM
)YHKMVYK :JOVVS VM 4HUHNLTLU[�



-VY V]LY H KLJHKL� YLZLHYJO PU 3P-P OHZ ILLU PU[LUZPÄLK ^P[O HTHaPUN
YLZ\S[Z� >OLU 4\ZH <UTLOVWH� HU H\[OVYP[` PU [OL SPNO[PUN PUK\Z[Y �̀ [VVR
VU [OL WVZP[PVU VM /LHK VM ,JVZ`Z[LTZ HUK :[YH[LNPJ (SSPHUJLZ MVY 3P-P H[
:PNUPM �̀ P[ ^HZ JSLHY [OH[ 3,+ WYVMLZZPVUHS ^V\SK OH]L [V YLWVY[ ^OH[ OL
OHZ [V ZH` HIV\[ [OL Z[H[\Z VM 3P-P HUK OPZ M\[\YL WSHUZ� >L OH]L RUV^U
OPT ZPUJL OL ^HZ HWWVPU[LK :LJYL[HY` .LULYHS H[ AOHNH H[ [OL ILNPUUPUN
VM ����� :PUJL [OLU OL ^HZ HS^H`Z PU JOHYNL H[ 7OPSPWZ 3PNO[PUN� UV^
:PNUPM �̀ PU ZVTL JHWHJP[ �̀ HSZV YLWYLZLU[PUN [OL JVTWHU` PU [OL
*VUULJ[LK 3PNO[PUN (SSPHUJL� 0U HKKP[PVU� OPZ YLZ\Tt THYRZ OPT HZ H
ZWLJPHSPZ[ PU Z[HUKHYKPaH[PVU HUK H [LJOUVSVN` HK]PZVY� ;OPZ PZ ^OLYL ^L
^V\SK SPRL [V Z[HY[ V\Y 8
(�
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/(' SURIHVVLRQDO� &RXOG \RX SOHDVH
WHOO XV D OLWWOH ELW DERXW \RXUVHOI" +RZ
GLG \RX EHFRPH LQYROYHG LQ
VWDQGDUGL]DWLRQ" :KDW FDQ \RX WHOO XV
DERXW \RXU FDUHHU DW 3KLOLSV /LJKWLQJ
�ò QRZ 6LJQLI\"

0XVD 810(+23$� 0 OH]L ILLU HJ[P]L PU
Z[HUKHYKPaH[PVU MVY TVZ[ VM T` ^VYRPUN
SPML� /H]PUN Z[HY[LK T` JHYLLY PU [OL
[LSLJVTT\UPJH[PVUZ PUK\Z[Y �̀ KL]LSVWPUN
�. HUK �. Z`Z[LTZ� 0 QVPULK [OL
Z[HUKHYKPaH[PVU KLWHY[TLU[ VM 7OPSPWZ
3PNO[PUN PU ����� ;OL JVTWHU` OHK
YLJVNUPaLK LHYS` VU [OH[ [OL [YHUZP[PVU
MYVT JVU]LU[PVUHS SPNO[PUN [V 3,+ ^HZ
UV[ SPTP[LK [V SPNO[ ZV\YJLZ VUS �̀ 0[
VWLULK \W H ^VYSK VM VWWVY[\UP[` [V
LUOHUJL SPNO[PUN ^P[O JVTT\UPJH[PVUZ
JHWHIPSP[PLZ� 7OPSPWZ 3PNO[PUN� HUK UV^
:PNUPM �̀ OHZ ILLU VU [OL MVYLMYVU[ VM [OH[
[YHUZP[PVU HUK 0 ^HZ HISL [V Z\WWVY[ [OL
[YHUZP[PVU [OYV\NO SLHKLYZOPW YVSLZ PU [OL
AOHNH *VUZVY[P\T� [OL APNILL (SSPHUJL�
HUK [OL *VUULJ[LK 3PNO[PUN (SSPHUJL�

/(' SURIHVVLRQDO� 7KH ODWHVW VWHS RQ
\RXU FDUHHU ODGGHU LV QRZ WKH
DSSRLQWPHQW DV +HDG RI (FRV\VWHPV
DQG 6WUDWHJLF $OOLDQFHV IRU /L)L� :K\
/L)L" :KDW DUH WKH UHVSRQVLELOLWLHV�
WDVNV DQG GXWLHV LQFOXGHG LQ WKLV
SRVLWLRQ"

0XVD 810(+23$� 6\Y WVZP[PVU HZ [OL
PUK\Z[Y` SLHKLY PU JVUULJ[LK SPNO[PUN�
THRLZ :PNUPM` [OL SPNO[PUN JVTWHU` MVY
[OL 0U[LYUL[ VM ;OPUNZ �0V;�� ;OL ^VYSK VM
SPNO[PUN HUK JVTT\UPJH[PVUZ HYL
JVU]LYNPUN� -PYZ[� MVY L_HTWSL ^P[O
7OPSPWZ /\L� ^L ^LYL HKKPUN
JVTT\UPJH[PVUZ [LJOUVSVN` [V SPNO[PUN�

PU VYKLY [V JYLH[L H IL[[LY SPNO[PUN
L_WLYPLUJL� 5V �̂ ^P[O 3P-P� ^L HYL
HKKPUN SPNO[PUN [LJOUVSVN` [V
JVTT\UPJH[PVUZ� PU VYKLY [V JYLH[L H
IL[[LY JVTT\UPJH[PVUZ L_WLYPLUJL� >L
IYPUN H JLU[\Y` VM SPNO[PUN L_WLY[PZL HUK H
KLJHKL VM JVUULJ[LK SPNO[PUN SLHKLYZOPW
[V [OL JVTT\UPJH[PVUZ PUK\Z[Y �̀ 3PNO[PUN
[Y\S` ILJVTLZ H UL^ PU[LSSPNLU[ SHUN\HNL�

0U VYKLY [V YLHSPaL [OL NYV^[O [OH[ ^L
LU]PZPVU MVY 3P-P� P[ PZ PTWVY[HU[ [V JYLH[L H
OLHS[O` LJVZ`Z[LT ^OLYL HSS WSH`LYZ PU
[OL ]HS\L JOHPU HYL YLWYLZLU[LK HUK JHU
[OYP]L� 3P-P PZ H JVTT\UPJH[PVUZ
[LJOUVSVN �̀ HUK HU` 3P-P Z`Z[LT
KLWSV`TLU[ ^PSS JVUZPZ[ VM H UL[^VYR VM
PU[LYJVUULJ[LK UVKLZ� ;OL THU` UVKLZ
TH` OH]L KPMMLYLU[ M\UJ[PVUZ HUK TH` IL
WYV]PKLK I` KPMMLYLU[ Z\WWSPLYZ� ;OPZ ]HS\L
JOHPU PUJS\KLZ S\TPUHPYL THU\MHJ[\YLYZ�
3,+ JVTWVULU[ Z\WWSPLYZ� TVIPSL KL]PJL
THU\MHJ[\YLYZ� JOPW ]LUKVYZ�
JVTT\UPJH[PVUZ ZLY]PJL WYV]PKLYZ�
UL[^VYR PUZ[HSSLYZ� L[J� (SS [OLZL WSH`LYZ
ULLK [V JVTL [VNL[OLY [V THRL 3P-P H
Z\JJLZZ�

:[HUKHYKPaH[PVU WSH`Z HU LZZLU[PHS WHY[ PU
I\PSKPUN [OPZ LJVZ`Z[LT� LZWLJPHSS` MVY
HWWSPJH[PVUZ ^P[O THZZ HKVW[PVU PU L�N�
VMÄJLZ VY [OL OVTL� 5L[^VYR UVKLZ MYVT
KPMMLYLU[ Z\WWSPLYZ T\Z[ IL HISL [V
PU[LYJVUULJ[ HUK PU[LYVWLYH[L� (U`
Z\JJLZZM\S JVTT\UPJH[PVUZ [LJOUVSVN`
[VKH` PZ IHZLK VU H NSVIHS JVUULJ[P]P[`
Z[HUKHYK� )\[ JVUULJ[P]P[` HSVUL PZ UV[
LUV\NO� ( Z[YVUN JLY[PÄJH[PVU WYVNYHT PZ
ULLKLK [V LUZ\YL [Y\L PU[LYVWLYHIPSP[ �̀
:PNUPM` JYLH[LK [OPZ UL^ YVSL� /LHK VM
,JVZ`Z[LTZ HUK (SSPHUJLZ MVY 3P-P� [V OLSW
I\PSK HUK SLHK [OL LJVZ`Z[LT [OH[ PZ

ULLKLK [V LUHISL [OL NYV^[O VM H Z[YVUN
3P-P THYRL[� )\PSKPUN RL` HSSPHUJLZ ^P[O
Z[HUKHYKZ JVUZVY[PH� PU[LYLZ[ NYV\WZ�
[YHKL HZZVJPH[PVUZ� WVSPJ` THRLYZ HUK
NV]LYUTLU[ VYNHUPaH[PVUZ ^PSS HSZV IL
WHY[ VM [OL YVSL�

/(' SURIHVVLRQDO� 7KHUH DUH FHUWDLQO\
VSHFLðF VWUDWHJLF JRDOV WKDW \RX ZDQW
WR DFKLHYH� &DQ \RX QDPH DQG H[SODLQ
WKHP" ,V WKHUH DOUHDG\ D URDGPDS WKDW
FDQ EH PDGH SXEOLF� RU LV WKHUH
FXUUHQWO\ MXVW DQ LQWHUQDO URDGPDS WKDW
DOORZV \RX WR JLYH XV D URXJK LGHD"

0XVD 810(+23$� 6\Y Z[YH[LNPJ
HTIP[PVU ^P[O 3P-P PZ ]LY` JSLHY� >L ^HU[
[V \USVJR [OL L_[YHVYKPUHY` WV[LU[PHS VM
SPNO[ [V HKKYLZZ UL^ OPNO�NYV^[O
THYRL[Z� HUK [V LZ[HISPZO 3P-P HZ H
THPUZ[YLHT JVTT\UPJH[PVUZ [LJOUVSVN`
[V JVUULJ[ TPSSPVUZ VM WLVWSL HUK KL]PJLZ
NSVIHSS �̀ ;V OLSW HJOPL]L [OPZ Z[YH[LNPJ
NVHS� :PNUPM` SH\UJOLK ;Y\SPÄ PU 1\S` VM
��� � ;Y\SPÄ PZ V\Y V^U OPNO�ZWLLK 3P-P
ZVS\[PVU� [V LUHISL OPNOS` YLSPHISL� ZLJ\YL
HUK MHZ[ ^PYLSLZZ JVTT\UPJH[PVU [OH[
SL]LYHNLZ L_PZ[PUN HUK M\[\YL SPNO[PUN
PUMYHZ[Y\J[\YL�

/(' SURIHVVLRQDO� ,Q WKH PHDQWLPH ZH
KDYH OHDUQHG WKDW ì/L)L LV QRW DOZD\V
/L)Lì DV WKHUH DUH KXJH GLIIHUHQFHV
EHWZHHQ GLIIHUHQW DSSURDFKHV� IRU
H[DPSOH� LI KLJK WUDQVPLVVLRQ UDWHV DUH
UHTXLUHG RU ORZ EDXG UDWHV DUH
VXIðFLHQW� :KLFK NH\ DSSOLFDWLRQ GRHV
6LJQLI\ VHH /L)L KDYLQJ WKH ELJJHVW
DGYDQWDJHV RYHU FRQYHQWLRQDO
ZLUHOHVV VROXWLRQV"



-PN\YL �! ( WV[LU[PHS 3P-P \ZL JHZL ¶ 9VIV[Z ^LSKPUN PU H OHYZO PUK\Z[YPHS LU]PYVUTLU[ �JHY MHJ[VY`� ^OLYL 9- JVTT\UPJH[PVU PZ JOHSSLUNPUN
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0UKLLK� ¸3P-P PZ UV[ 3P-P¹� Q\Z[ SPRL ¸�. PZ
UV[ �.¹� -VY 3P-P [OLYL HYL THU` KPMMLYLU[
\ZL JHZLZ [OH[ JHU IL HWWSPJHISL PU THU`
KPMMLYLU[ THYRL[ ZLNTLU[Z� 1\Z[ SPRL [OLYL
HYL THU` KPMMLYLU[ \ZL JHZLZ MVY �.�
PUJS\KPUN TVIPSL IYVHKIHUK� Ä_LK
^PYLSLZZ HJJLZZ� HUK THU` V[OLYZ� )\[
[OLYL PZ VUL RL` HZWLJ[ [OH[ HSS 3P-P \ZL
JHZLZ OH]L PU JVTTVU� 0M `V\Y
LU]PYVUTLU[ PZ \UMH]V\YHISL MVY YHKPV
JVTT\UPJH[PVU �LSLJ[YVTHNUL[PJ
PU[LYMLYLUJL� Z\JO HZ PU PUK\Z[YPHS
HWWSPJH[PVUZ� VY PU ZP[\H[PVUZ ^OLYL YHKPV
WYVWHNH[PVU PZ ISVJRLK �Z\JO HZ PU H
^HYLOV\ZL ^P[O H SV[ VM TL[HS Z[Y\J[\YLZ�
3P-P PZ [OL WYLMLYYLK ZVS\[PVU� 0U WSHJLZ
^OLYL L_WVZ\YL [V YHKPV ^H]LZ PZ UV[
KLZPYLK VY L]LU OHYTM\S �OVZWP[HSZ�
ZJOVVSZ� ]VSH[PSL LU]PYVUTLU[Z SPRL TPULZ
VY JOLTPJHS WSHU[Z� 3P-P PZ UV[ Q\Z[ [OL
WYLMLYYLK VW[PVU� P[ PZ [OL VUS` VW[PVU MVY
^PYLSLZZ JVTT\UPJH[PVU� 5L_[ [V [OLZL
HWWSPJH[PVUZ� 3P-P JHU OLSW [V VMÅVHK
JVU]LU[PVUHS YHKPV�IHZLK [LJOUVSVNPLZ
HUK VMMLYZ YLSPHISL� ZLJ\YL HUK
OPNO�ZWLLK UL[^VYR JVUULJ[P]P[` ^OLYL P[
PZ ULLKLK�

0U HWWSPJH[PVUZ ^OLYL SV^�SH[LUJ` T\Z[
IL N\HYHU[LLK� Z\JO HZ MVY YLHS�[PTL

JVU[YVSZ VM PUK\Z[YPHS YVIV[Z� MVY OPJR�\W
MYLL ]PKLV JHSSZ� VY MVY ]PY[\HS YLHSP[`
HWWSPJH[PVUZ� 3P-P JHU VMMLY [OH[ 8\HSP[` VM
:LY]PJL� ;OL YHKPV ZWLJ[Y\T PZ OLH]PS`
JVUNLZ[LK� >OLU NSP[JOLZ VJJ\Y PU >P-P
JVTT\UPJH[PVUZ� [OLZL HYL VM[LU JH\ZLK
I` I\YZ[Z VM 9- PU[LYMLYLUJL MYVT V[OLY
\ZLYZ PU ULPNOIVYPUN HYLHZ� (Z SPNO[ PZ
N\HYHU[LLK UV[ [V NV [OYV\NO H ^HSS� SPNO[
JVTT\UPJH[PVU ^PSS HSZV UV[ IL
OHTWLYLK I` JVTT\UPJH[PVUZ I` V[OLY
\ZLYZ PU [OL UL_[ YVVT�

/(' SURIHVVLRQDO� :KDW DUH WKH NH\
DSSOLFDWLRQV IURP D XVHUâV
SHUVSHFWLYH"

0XVD 810(+23$� ([ :PNUPM` ^L [HRL
[OL WLYZWLJ[P]L VM THYRL[ ZLNTLU[Z�
LHJO VM ^OPJO HKKYLZZLZ KPMMLYLU[ \ZLY
JVTT\UP[PLZ HUK TH` Z\WWVY[ H U\TILY
VM \ZL JHZLZ� ;OL ZLNTLU[Z [OH[ ^L
OH]L PKLU[PÄLK MVY 3P-P HYL 6MÄJL�
/VZWP[HSP[ �̀ +PNP[HS 0UK\Z[Y �̀ (LYVZWHJL
HUK ;YHUZWVY[H[PVU� 7\ISPJ� *VUZ\TLY
HUK +L]PJLZ� ,HJO VM [OLZL ZLNTLU[Z
OHZ ZWLJPÄJ \ZL JHZLZ HUK YLX\PYLTLU[Z
^OLYL 3P-P JV\SK VMMLY H ZVS\[PVU� -VY
L_HTWSL� PU�ÅPNO[ JVUULJ[P]P[` PU [OL
HLYVZWHJL PUK\Z[Y` PZ Z\IQLJ[ [V Z[YPJ[

YLN\SH[PVUZ [V LUZ\YL [OH[ [OL YHKPVZ
PUZPKL WHZZLUNLYZ» KL]PJLZ KV UV[ JH\ZL
LSLJ[YVTHNUL[PJ PU[LYMLYLUJL ^OPJO TH`
HMMLJ[ [OL UH]PNH[PVU LX\PWTLU[ VM HU
HPYJYHM[� 3P-P VMMLYZ H ZVS\[PVU [OH[ KVLZ
UV[ Z\MMLY MYVT [OPZ WYVISLT� HUK PU
HKKP[PVU JHU YLK\JL ^LPNO[ PU [OL HPYJYHM[
I` LSPTPUH[PUN [OL ULLK MVY L_[LUZP]L
JVWWLY ^PYPUN [V LHJO WHZZLUNLY ZLH[� 0U
[OL PUK\Z[Y` ZLNTLU[� ^L VM[LU ZLL [OH[
^PYLK ZVS\[PVUZ OH]L KPZHK]HU[HNLZ�
ILJH\ZL JOHUNPUN [OL MHJ[VY` SH`V\[ PZ
JVZ[S` ^OLU `V\ ULLK [V YL�HYYHUNL [OL
^PYPUN [V LHJO VM [OL THJOPULZ� (UK
MHJ[VY` ^VYRLYZ TH` [YPW V]LY JHISL
I\UKSLZ� JH\ZPUN H ZHML[` OHaHYK�
>PYLSLZZ ZVS\[PVUZ IHZLK VU 9-
[LJOUVSVN` HSZV JVTL ^P[O JOHSSLUNLZ�
ILJH\ZL MHJ[VYPLZ HYL [`WPJHSS` M\SS VM
TL[HSSPJ Z\YMHJLZ HUK TV]PUN THJOPULZ
[OH[ JHU ^LHRLU� YLÅLJ[� HUK ISVJR YHKPV
ZPNUHSZ� 3P-P VMMLYZ \UJVTWSPJH[LK HUK
LYYVY�MYLL [YHUZTPZZPVU PU [OLZL OHYZO
PUK\Z[YPHS LU]PYVUTLU[Z�

/(' SURIHVVLRQDO� )RU D VXFFHVVIXO
EUHDNWKURXJK DQG EURDG DSSOLFDWLRQ LQ
WKH PDUNHW� VWDQGDUGL]DWLRQ LV DOZD\V
D NH\ HOHPHQW� $UH WKHUH
VWDQGDUGL]DWLRQ DFWLYLWLHV"
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0XVD 810(+23$� :[HUKHYKPaH[PVU PZ
RL` [V PUUV]H[PVU HUK HU PTWVY[HU[
JVUKP[PVU MVY LUHISPUN NYV^[O�
*VTWH[PIPSP[` HUK PU[LYVWLYHIPSP[`
PUJYLHZL JVUZ\TLY JVUÄKLUJL� SV^LYPUN
[OL IHYYPLY [V THZZ THYRL[ HKVW[PVU HUK
HSSV^PUN MVY LJVUVTPLZ VM ZJHSL PU
THU\MHJ[\YPUN HUK Z\WWS �̀

;VKH �̀ [OLYL HYL H U\TILY VM
Z[HUKHYKPaH[PVU HJ[P]P[PLZ HJYVZZ [OL
PUK\Z[Y` ^OPJO MVJ\Z VU [OL IHZL
WYV[VJVS SL]LS� SPRL OV^ IP[Z VY WHJRL[Z
HYL JVTT\UPJH[LK V]LY [OL VW[PJHS
^PYLSLZZ SPUR� ;OLZL HJ[P]P[` Z[YLHTZ TH`
KL]LSVW PU H JVTWSLTLU[HY` THUULY HUK
V]LY [PTL JVU]LYNL PU[V H ZPUNSL Z`Z[LT�
6Y [OL` TH` L]VS]L PU WHYHSSLS HUK
JV�L_PZ[ PU [OL THYRL[� ^OLYL LHJO PZ
Ä[�MVY�W\YWVZL MVY H ZWLJPÄJ ZL[ VM
YLX\PYLTLU[Z HUK \ZL JHZLZ� 6\Y
J\YYLU[� JVTTLYJPHSS` H]HPSHISL ;Y\SPÄ YHNL
PZ IHZLK VU [OL 0;< .�   � Z[HUKHYK� HZ
[OL [LJOUVSVN` PZ TH[\YL� HUK JOPWZL[Z
HYL H]HPSHISL VU [OL THYRL[�

0[ PZ PTWVY[HU[ [V \UKLYZ[HUK [OH[
Z[HUKHYKPaH[PVU PU]VS]LZ TVYL [OHU Q\Z[
ZWLJPM`PUN [OL IHZPJ JVTT\UPJH[PVUZ
WYV[VJVS� (WWSPJH[PVU M\UJ[PVUHSP[ �̀ MVY
L_HTWSL� JVTTPZZPVUPUN HUK Z`Z[LT
SL]LS ILOH]PVY� SPRL LUK [V LUK ZLJ\YP[`
HUK UL[^VYR THUHNLTLU[� HSZV ULLK [V
IL JVTTVUS` \UKLYZ[VVK� >L T\Z[ SVVR

H[ Z[HUKHYKPaH[PVU PU [OL IYVHKLZ[
WVZZPISL JVU[L_[� )LZPKLZ ZWLJPM`PUN [OL
[LJOUVSVN �̀ Z[HUKHYKPaH[PVU HSZV PUJS\KLZ
H [LZ[PUN HUK JLY[PÄJH[PVU WYVNYHT� ^OPJO
]LYPÄLZ JVTWSPHUJL ^P[O [OL Z[HUKHYK
ZWLJPÄJH[PVUZ� )\[ [OL WYVNYHT ZOV\SK
HSZV ]HSPKH[L PU[LYVWLYHIPSP[` ^P[O V[OLY
JVTWSPHU[ PTWSLTLU[H[PVUZ VM [OL
Z[HUKHYK� (UK [OLYL ULLKZ [V IL H SVNV
ZJOLTL ^OPJO JVTT\UPJH[LZ [OPZ
PU[LYVWLYHIPSP[` WYVTPZL [V THU\MHJ[\YLYZ�
Z`Z[LT PU[LNYH[VYZ� PUZ[HSSLYZ� HUK
JVUZ\TLYZ� [V OLSW PUJYLHZL [OLPY
JVUÄKLUJL PU HKVW[PUN [OPZ L_JP[PUN UL^
[LJOUVSVN �̀ :PNUPM` ^PSS IL HJ[P]L PU HSS
HZWLJ[Z VM Z[HUKHYKPaH[PVU� >OLYL [OLYL
HYL Z[HUKHYKPaH[PVU HJ[P]P[PLZ HSYLHK`
VUNVPUN� ^L HYL JVU[YPI\[PUN ZPNUPÄJHU[S`
[V PTWYV]L HUK LUOHUJL [OL [LJOUVSVN �̀
(UK PU [OVZL HYLHZ ^OLYL HJ[P]P[PLZ KV
UV[ `L[ L_PZ[� :PNUPM` ^PSS JVTTP[
YLZV\YJLZ [V I\PSK HUK KYP]L [OLZL HYLHZ
MVY^HYK PU VYKLY [V LUZ\YL [OL 3P-P THYRL[
YLHJOLZ P[Z M\SS WV[LU[PHS�

/(' SURIHVVLRQDO� 2Q WKH RWKHU VLGH�
WKHUH LV ,3� :KLOH RIWHQ UHOHYDQW IRU WKH
VXFFHVV RI D FRPSDQ\� VRPHWLPHV LW
DOVR KLQGHUV D TXLFN PDUNHW
LQWURGXFWLRQ� :KDW DUH \RXU WKRXJKWV
RQ WKDW"

0XVD 810(+23$� 0 Z[YVUNS` ILSPL]L PU
[OL LJVZ`Z[LT HWWYVHJO� ^OPJO PU]VS]LZ

YLWYLZLU[H[P]LZ VM [OL LU[PYL ]HS\L JOHPU
HUK Z[HRLOVSKLY ÄLSK� (Z ^P[O HU`
JVTT\UPJH[PVU UL[^VYRPUN [LJOUVSVN �̀
UV VUL JVTWHU` JHU WYV]PKL HSS WHY[Z VM
[OL LU[PYL Z`Z[LT VU [OLPY V^U� (SSPHUJL
WHY[ULYZ ^P[O ZOHYLK PU[LYLZ[Z HUK
JVTWSLTLU[HY` ZRPSSZ ^PSS OH]L [V JVTL
[VNL[OLY� [V JYLH[L HUK I\PSK H NSVIHS
THYRL[ PU ^OPJO ^L JHU HSS JVTWL[L
LMMLJ[P]LS �̀ [V ZLY]L V\Y J\Z[VTLYZ PU [OL
ILZ[ WVZZPISL ^H �̀ 6UL VM [OL ILULÄ[Z VM
PU[LYUH[PVUHS Z[HUKHYKPaH[PVU PZ [OH[ [OLZL
HJ[P]P[PLZ HYL JVUK\J[LK \UKLY
[YHUZWHYLU[ HUK ^PKLS` HJJLW[LK
0U[LSSLJ[\HS 7YVWLY[` 7VSPJPLZ� ,]LY`VUL
WHY[PJPWH[PUN PU HUK JVU[YPI\[PUN [V [OL
Z[HUKHYKPaH[PVU LMMVY[ HNYLLZ [V NYHU[
HJJLZZ [V [OLPY [LJOUVSVN` ^OPJO
LJVZ`Z[LT WHY[ULYZ JHU \ZL MVY
JVTWSPHU[ WYVK\J[ PTWSLTLU[H[PVUZ� ;OPZ
OLSWZ YLK\JL \UJLY[HPU[` HUK YLTV]L
YVHKISVJRZ [V IYVHK THYRL[ HKVW[PVU�

/(' SURIHVVLRQDO� $V ZH GHOYH PRUH
GHHSO\ LQWR WKH WHFKQRORJ\ DQG
DSSOLFDWLRQ UHODWHG SDUW RI RXU
GLVFXVVLRQ ZH KDYH D FRXSOH RI
TXHVWLRQV� $UH OXPLQDLUHV UHDOO\ WKH
EHVW VXLWHG VROXWLRQ DV /L)L DFFHVV
SRLQWV" $UH WKHUH QR EHWWHU� RU DW OHDVW
HTXDOO\ ZHOO�VXLWHG� RSWLRQV WKDW DUH
VHULRXV FRPSHWLWRUV" $OVR� LV 6LJQLI\
WKLQNLQJ DERXW IXOO\ LQWHJUDWHG
V\VWHPV ZKHUH WKH OLJKW PRGXODWLRQ LV
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DQ LQWHJUDWHG SDUW RI WKH LOOXPLQDWLRQ
HOHPHQW RU DUH WKH\ PRUH IRFXVHG RQ
PRGXOHV WKDW FRXOG DOVR� EXW QRW
H[FOXVLYHO\� EH XVHG LQ OXPLQDLUHV"

0XVD 810(+23$� ;OLYL HYL THU`
YLHZVUZ ^O` \ZPUN J\YYLU[ HUK M\[\YL
SPNO[PUN PUMYHZ[Y\J[\YL WYV]PKLZ Z\JO H
JVTWLSSPUN ZVS\[PVU [V VMMLY 3P-P
JVUULJ[P]P[ �̀ >OLYL]LY [OLYL HYL WLVWSL�
[OLYL PZ SPNO[� -VY KLJHKLZ� ZVJPL[` OHZ
PU]LZ[LK IPSSPVUZ [V PSS\TPUH[L L]LY` PUJO
VM ^OLYL ^L SP]L� ^VYR HUK WSH �̀ ;OPZ OHZ
YLZ\S[LK PU HU PUJYLKPIS` L_[LUZP]L HUK
KLUZL UL[^VYR VM WV^LYLK UVKLZ� ^OPJO
JHU IL SL]LYHNLK [V WYV]PKL JVUULJ[P]P[`
PU HKKP[PVU [V PSS\TPUH[PVU� 3PUL VM ZPNO[ PZ
PTWVY[HU[ MVY 3P-P HJJLZZ WVPU[Z [V KLSP]LY
[OL JVTT\UPJH[PVU ZPNUHS [V [OL LUK
\ZLY� HUK [OL SPNO[ WVPU[Z PU [OL JLPSPUN
[Y\S` WYV]PKL H ^PUUPUN WYVWVZP[PVU [V
OVZ[ [OLZL 3P-P HJJLZZ WVPU[Z� ;OPZ PZ VUL
VM [OL WYLTPLY YLHZVUZ ^O` ^L H[ :PNUPM`
ILSPL]L V\Y JVTWHU �̀ HZ [OL U\TILY VUL
SPNO[PUN JVTWHU` PU [OL ^VYSK� PZ PKLHSS`
WVZP[PVULK [V IL [OL KYP]PUN MVYJL PU
LUHISPUN H O\NL THYRL[ MVY 3P-P�

/H]PUN ZHPK HSS [OH[� ^L ULLK [V THRL
TLHUPUNM\S JOVPJLZ KYP]LU I` [OL \ZL

JHZLZ HUK YLX\PYLTLU[Z ^L ^HU[ [V
HKKYLZZ� -VY L_HTWSL� MVY [OL 6MÄJL HUK
/VZWP[HSP[` ZLNTLU[Z� ^L \ZL ;Y\SPÄ
[YHUZJLP]LYZ [OH[ HYL KLZPNULK PU[V
S\TPUHPYLZ� ;OPZ JOVPJL THRLZ ZLUZL�
ILJH\ZL VM [OL SPNO[PUN PUMYHZ[Y\J[\YL [OH[
PZ HSYLHK` H]HPSHISL PU [OVZL
LU]PYVUTLU[Z� )\[ MVY V[OLY THYRL[
ZLNTLU[Z VY V[OLY \ZL JHZLZ� MVY
L_HTWSL� YLHS�[PTL JVU[YVS VM PUK\Z[YPHS
YVIV[Z� ^L TH` KLJPKL [V \ZL KLKPJH[LK
[YHUZJLP]LYZ�

/(' SURIHVVLRQDO� $V SUHYLRXVO\
QRWHG� WKHUH DUH GLIIHUHQW NLQGV RI /L)L�
$ FRPPRQ PLVXQGHUVWDQGLQJ LV WKDW
/L)L LV DOZD\V EDVHG RQ YLVLEOH OLJKW�
DQG HVSHFLDOO\ ZKLWH OLJKW� 7KLV
DSSURDFK LV RIWHQ DOVR QDPHG 9LVLEOH
/LJKW &RPPXQLFDWLRQ� RU 9/&� %XW
ZLWK 9/&� ZH VWLOO KDYH WR GLVWLQJXLVK
KRZ WKH ZKLWH OLJKW LV JHQHUDWHG�
EHFDXVH� IRU H[DPSOH� SKRVSKRU
FRQYHUWHG ZKLWH OLJKW GRHV QRW DOORZ
KLJK GDWD UDWHV� :KDW DUH WKH FXUUHQW
SUHIHUUHG WHFKQRORJLHV" +RZ FDQ KLJK
GDWD UDWHV EH DFKLHYHG" :KHUH DUH
WKH FXUUHQW OLPLWV LQ WKH ODE DQG XQGHU
UHDO OLYH FRQGLWLRQV" +RZ IDVW ZLOO UHDO

OLYH WUDQVPLVVLRQ UDWHV LPSURYH RYHU
WKH QH[W \HDUV"

0XVD 810(+23$� ;OL KLZPNU JOVPJLZ
MVY 3,+Z� ^OPJO HYL \ZLK MVY SPNO[PUN
HWWSPJH[PVUZ� HYL VW[PTPaLK MVY LMÄJPLUJ`
HUK MVY WV^LY� ;OLZL 3,+Z ^LYL UV[
VYPNPUHSS` KLZPNULK MVY MHZ[ TVK\SH[PVU�
;OL WOVZWOVY JVH[PUN ZSV^Z KV^U [OL
]HYPH[PVU VM SPNO[� ^OPJO SPTP[Z [OL KH[H
YH[LZ [OH[ JHU IL HJOPL]LK� 5V[L [OH[�
^OPSL PSS\TPUH[PVU 3,+Z HYL [OL J\YYLU[
IV[[SLULJR PU [LYTZ VM ZWLLK� SHI [LZ[Z
OH]L ZOV^U IP[ YH[LZ HIV]L H NPNHIP[ WLY
ZLJVUK� )\[ [OLZL OH]L UV[ `L[ MV\UK
[OLPY ^H` [V JVTTLYJPHS HWWSPJH[PVUZ� :V
^OPSL [OL YL\ZL VM PSS\TPUH[PVU 3,+Z JHU
IL HU H[[YHJ[P]L HWWYVHJO� MVY
HWWSPJH[PVUZ [OH[ YLX\PYL OPNOLY KH[H
ZWLLKZ `V\ TH` JVUZPKLY \ZPUN 0UMYHYLK
3,+Z�

/(' SURIHVVLRQDO� :KLOH KLJK GDWD
UDWHV� ZKLFK VHHPV WR EH WKH NH\
DUJXPHQW IRU LQWURGXFLQJ /L)L� FDQ EH
UHDOL]HG� LQ WKH HQG LW LV VWLOO WKH
VORZHVW HOHPHQW LQ WKH FKDLQ WKDW
GHWHUPLQHV WKH VSHHG� 'RHV WKLV PHDQ
WKDW WKH OXPLQDLUH RI WKH IXWXUH KDV WR
KDYH D KLJK�VSHHG ðEHU FRQQHFWLRQ�
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RU DUH WKHUH RWKHU DSSURDFKHV" ,V LW
SRVVLEOH WKDW OXPLQDLUHV ZLOO MXVW EH
PDLQO\ XVHG DV D UHSHDWHU RU
VRPHWKLQJ LQ WKDW GLUHFWLRQ"

0XVD 810(+23$� 0[ PZ UV[ HSS HIV\[
KH[H YH[LZ� 3P-P PZ TVYL [OHU ¸Q\Z[¹ H MHZ[�
^PYLSLZZ JVTT\UPJH[PVUZ [LJOUVSVN �̀
)\[ [OL X\LZ[PVU PZ ]HSPK" `V\ ULLK [V
[HRL H Z`Z[LTZ HWWYVHJO� 6US` MVJ\ZPUN
VU [OL ZWLLK ^OPJO JHU IL HJOPL]LK PU
[OL VW[PJHS ^PYLSLZZ SPUR JHU IL
TPZSLHKPUN� ILJH\ZL [OL Z`Z[LT PZ VUS`
HZ MHZ[ HZ [OL ZSV^LZ[ SPUR� ;OL SVJHS HYLH
UL[^VYR [OH[ KLSP]LYZ [OL
JVTT\UPJH[PVUZ ZPNUHS [V^HYKZ [OL 3P-P
HJJLZZ WVPU[ PU [OL JLPSPUN� VY L]LU [OL
IHJROH\S SPUR [OH[ JVUULJ[Z [OL I\PSKPUN
[V [OL 0U[LYUL[ IHJRIVUL� JHU IL H
IV[[SLULJR�

-VY PU�I\PSKPUN Z`Z[LTZ� ÄILY [V [OL SHTW
JV\SK IL HU VW[PVU PU M\[\YL� 6\Y
YLZLHYJO SHI PZ PU]VS]LK PU [OL ,<
0UUV]H[PVU (J[PVU [V L_WSVYL [OPZ QVPU[S`
^P[O V[OLY WHY[ULYZ HUK HJHKLTPH� 6[OLY
VW[PVUZ PUJS\KL 7V^LY V]LY ,[OLYUL[ VY
WV^LYSPUL JVTT\UPJH[PVU �73*�� >OH[
^PSS IL [OL ILZ[ ZVS\[PVU PZ KLWLUKLU[ VU
[OL \ZL JHZL� HUK VU [OL L_PZ[PUN 0;
PUMYHZ[Y\J[\YL [OH[ PZ HSYLHK` PUZ[HSSLK PU
[OL I\PSKPUN�

/(' SURIHVVLRQDO� /L)L LV EDVHG RQ WKH
PRGXODWLRQ RI DUWLðFLDO OLJKW RI D
GHðQHG EULJKWQHVV� ,Q FRPSDULVRQ WR
GD\OLJKW� WKH EULJKWQHVV LV YHU\ ORZ�
+HQFH ZLQGRZV DUH D NLQG RI
GLVWXUEDQFH YDULDEOH WKDW FRXOG EH
PRUH WKDQ �� WLPHV KLJKHU WKDQ WKH
DUWLðFLDO OLJKW OHYHO� +RZ FDQ WKLV QRLVH
EH FDQFHOOHG" :KLFK PHFKDQLVPV DUH
FXUUHQWO\ NQRZQ DQG XVHG" +RZ PXFK
GRHV WKDW UHGXFH WKH WUDQVPLVVLRQ
UDWHV"

0XVD 810(+23$� ;OPZ PZ� VM JV\YZL�
[Y\L� I\[ Z\USPNO[ TVZ[S` OHZ H JVUZ[HU[
VY H[ TVZ[ ZSV^S` ]HY`PUN PU[LUZP[ �̀ 3P-P
Z`Z[LTZ� OV^L]LY� TVK\SH[L [OL
IYPNO[ULZZ VM [OL SPNO[� HIV]L TVK\SH[PVU
ZWLLKZ VM � 4/a� (UK [OL 3P-P YLJLP]LY PZ
[\ULK [V WPJR \W [OPZ TVK\SH[LK ZPNUHS�
5L]LY[OLSLZZ� Z\USPNO[ KVLZ PUKLLK
JH\ZL ZVTL L_[YH UVPZL� ^OPJO V\Y 3P-P
Z`Z[LT JHU LHZPS` HJJVTTVKH[L� 5V[L
[OH[ PU [OL PUMYHYLK ZWLJ[Y\T� [OL UVPZL
PZZ\L PZ ZPNUPÄJHU[S` YLK\JLK� ILJH\ZL
PUMYHYLK SPNO[ MYVT [OL Z\U PZ ÄS[LYLK I`
^PUKV^Z MVY [OL W\YWVZL VM LULYN`
JVUZLY]H[PVU HUK JSPTH[L JVU[YVS�

/(' SURIHVVLRQDO� $QRWKHU DVSHFW RI
WKH SUHVHQFH RI ZLQGRZV FRQFHUQV
WKH PDUNHWLQJ DUJXPHQW WKDW /L)L LV
VHFXUH LQ UHJDUGV WR HDYHVGURSSLQJ DV
OLJKW FDQQRW SDVV WKURXJK ZDOOV� &DQ
\RX FRPPHQW RQ WKDW"

0XVD 810(+23$� 1\Z[ SPRL
[YHUZTPZZPVU YH[LZ� VUL ULLKZ [V
JVUZPKLY ZLJ\YP[` H[ H Z`Z[LT SL]LS HUK
UV[ Q\Z[ H[ [OL SPUR SL]LS� >OPSL [OL MHJ[
[OH[ SPNO[ KVLZ UV[ WHZZ [OYV\NO ^HSSZ
WYV]PKLZ HU HKKP[PVUHS SL]LS VM WO`ZPJHS
ZLJ\YP[` JVTWHYLK [V V[OLY ^PYLSLZZ
[LJOUVSVNPLZ� `V\ JHUUV[ YLS` VU [OPZ
HSVUL MVY `V\Y UL[^VYR ZLJ\YP[ �̀ -VY
L_HTWSL� ^L \ZL JY`W[VNYHWOPJ RL`Z [V
WYV[LJ[ 3P-P JVTT\UPJH[PVU� L]LU PM [OL
LH]LZKYVWWLY PZ PU [OL ZHTL YVVT� VY
V\[ZPKL Q\Z[ UL_[ [V [OL ^PUKV �̂ /H]PUN
ZHPK [OH[� RLLPUN [OL SPNO[ JVU[HPULK
^P[OPU H ZWHJL HKKZ HU L_[YH SH`LY VM
WYV[LJ[PVU� ^OPJO PZ ]LY` T\JO
HWWYLJPH[LK PU ZWLJPÄJ HWWSPJH[PVUZ�

/(' SURIHVVLRQDO� 'XULQJ WKH GD\
OXPLQDLUHV DUH RIWHQ VZLWFKHG RII DQG
DUH DOVR RIWHQ GLPPHG� :KDW DUH WKH
FRQVHTXHQFHV IRU GDWD WUDQVPLVVLRQ"

0XVD 810(+23$� >L [HSRLK ILMVYL
HIV\[ [OL ILULÄ[ VM \ZPUN PUMYHYLK 3,+Z
[V HJOPL]L OPNOLY KH[H YH[LZ� 0U JHZL 3P-P
JVTT\UPJH[LZ ]PH PU]PZPISL PUMYHYLK� [OL
SPNO[PUN JHU IL KPTTLK VY L]LU Z^P[JOLK
VMM HUK [OL 3P-P JVUULJ[P]P[` JVU[PU\LZ [V
VWLYH[L� ;OL X\HSP[` VM [OL SPNO[ PZ UV[
PTWHJ[LK PU HU` ^H �̀

/(' SURIHVVLRQDO� $Q DGGLWLRQDO LVVXH
FRXOG EH WKDW RQO\ LQGLUHFW OLJKW
UHDFKHV WKH UHFHLYHU� $UH WKHUH
WHFKQRORJLHV DQG DSSURDFKHV WR NHHS
WKH V\VWHP ZRUNLQJ"

0XVD 810(+23$� 3P-P JVTT\UPJH[PVU
YLX\PYLZ SPUL VM ZPNO[� /V^L]LY� ^OLU [OL
KPYLJ[ SPUL VM ZPNO[ PZ PU[LYY\W[LK�
JVTT\UPJH[PVU PZ UV[ ULJLZZHYPS` SVZ[�
1\Z[ SPRL ^P[O SPNO[ MVY PSS\TPUH[PVU� `V\ KV
UV[ ZP[ PU [OL KHYR ^OLU� MVY PUZ[HUJL� H
JVSSLHN\L HWWYVHJOLZ `V\Y KLZR HUK
Z[HUKZ PU IL[^LLU `V\ HUK [OL SPNO[
ZV\YJL� 0UKVVY� ^L SPNO[ ZWHJLZ MYVT
T\S[PWSL HUNSLZ� 6\Y 3P-P Z`Z[LTZ ^VYR PU
H ZPTPSHY ^H �̀ HUK JVU[PU\L [V VWLYH[L
\UKLY JVUKP[PVUZ VM PUKPYLJ[ SPNO[� 0U
HKKP[PVU� ^L WYV]PKL H TLJOHUPZT MVY
H\[VTH[PJ OHUKV]LYZ� >L Z\WWVY[
ZLHTSLZZ OHUKV]LY IL[^LLU 3P-P
[YHUZJLP]LYZ ZV [OH[ H \ZLY JHU IL TVIPSL
HUK TV]L MYVT VUL 3P-P�LUHISLK
S\TPUHPYL [V HUV[OLY� ;OL 3P-P LUKWVPU[

^PSS H\[VTH[PJHSS` JVUULJ[ [V [OL JSVZLZ[
[YHUZJLP]LY ^P[O ZLHTSLZZ OHUKV]LYZ
IL[^LLU [OL SPNO[ WVPU[Z�

/(' SURIHVVLRQDO� 2QH DUJXPHQW
DJDLQVW /L)L LV RIWHQ WKDW LW LV FXUUHQWO\
D XQLGLUHFWLRQDO FRPPXQLFDWLRQ DV QR
PHDQV LQ WKH RWKHU GLUHFWLRQ DUH
LPSOHPHQWHG�

0XVD 810(+23$� -VY ;Y\SPÄ ^L \ZL H
IP�KPYLJ[PVUHS Z`Z[LT� ^OLYL [OL 3P-P
ZPNUHS PZ [YHUZTP[[LK PU IV[O KPYLJ[PVUZ�
;OLYL TH` IL ZVTL HZ`TTL[Y` PU [OL \W
HUK KV^U SPUR� ILJH\ZL 3P-P HJJLZZ
WVPU[Z PU [OL JLPSPUN HYL HS^H`Z
JVUULJ[LK [V THPUZ WV^LY� ^OLYLHZ 3P-P
LUKWVPU[Z TH` IL VW[PTPaLK MVY WV^LY
\ZHNL MVY L_HTWSL PU IH[[LY`�VWLYH[LK
KL]PJLZ� ;OL JVTT\UPJH[PVU WYV[VJVS
P[ZLSM PZ Z`TTL[YPJ� 6US` V\Y PUKVVY
UH]PNH[PVU PZ VUL�^H �̀ HZ P[ \ZLZ SPNO[Z HZ
SVJH[PVU ILHJVUZ [V KV WVZP[PVUPUN�

/(' SURIHVVLRQDO� ,Q FRQFOXVLRQ�
ZRXOG \RX VXPPDUL]H \RXU YLHZ RQ
/L)L LQ UHJDUGV WR WKH IROORZLQJ SRLQWV�
:KDW GR \RX VHH DV EHLQJ WKH ELJJHVW
REVWDFOHV RQ WKH ZD\ WR PDVV
DSSOLFDWLRQ" :KHUH DUH WKH ELJJHVW
RSSRUWXQLWLHV DQG FKDQFHV" :KDW DUH
WKH SURVSHFWV"

0XVD 810(+23$� 3P-P WYV]PKLZ H
[YLTLUKV\Z VWWVY[\UP[` [V SH\UJO H UL^
JVTT\UPJH[PVUZ WHYHKPNT� HKKYLZZPUN
\ZL JHZLZ HUK HWWSPJH[PVUZ ^OLYL 9- OHZ
SPTP[H[PVUZ� >L JHU KV HTHaPUN [OPUNZ
^P[O SPNO[� HUK SPNO[ [Y\S` JHU ILJVTL H
UL^ PU[LSSPNLU[ SHUN\HNL� (UK ^OPSL [OL
[LJOUVSVN` PZ Z[PSS HK]HUJPUN HUK
[LJOUPJHS PZZ\LZ JVU[PU\L [V IL YLZVS]LK�
T` MVJ\Z PZ VU I\PSKPUN [OL LJVZ`Z[LT
[OH[ ULLKZ [V IL PU WSHJL [V YLHSPaL [OL
THYRL[ WV[LU[PHS� :[HUKHYKPaH[PVU� MYVT
[LJOUPJHS ZWLJPÄJH[PVU VM [OL IHZL
WYV[VJVS� KLÄUP[PVU VM Z`Z[LT SL]LS
ILOH]PVY� HSS [OL ^H` [V HU PU[LYVWLYHIPSP[`
[LZ[PUN HUK JLY[PÄJH[PVU WYVNYHT ^P[O
SVNV ZJOLTL� ^PSS WSH` H WP]V[HS WHY[�
:PNUPM` PZ JVTTP[[LK [V SLHK� HUK [V KYP]L
[OL Z\JJLZZ VM 3P-P [V^HYKZ IYVHK THYRL[
HKVW[PVU�

/(' SURIHVVLRQDO� 7KDQN \RX�

0XVD 810(+23$� @V\ HYL ]LY`
^LSJVTL� P[ PZ HS^H`Z H WSLHZ\YL [V
JVUULJ[ ^P[O `V\Y YLHKLYZ� .VPUN
MVY^HYK� 0 OVWL [V IL HISL [V ZOHYL H SV[
TVYL HIV\[ VUNVPUN KL]LSVWTLU[Z PU
[OPZ L_JP[PUN UL^ KVTHPU� "



;OY\Z[ (YLH (UHS`ZPZ VM 3P-P
*VTT\UPJH[PVU 7H[LU[Z
6UL VM [OL \WJVTPUN JH[JOWOYHZLZ VM [OL WHZ[ ML^ `LHYZ PZ 3P-P ¶
3PNO[ -PKLSP[ �̀ 3P-P JVTIPULZ [^V YHWPKS` NYV^PUN [LJOUVSVN` ÄLSKZ!
ZVSPK Z[H[L SPNO[PUN HUK JVTT\UPJH[PVU� ;OL IHZPJ PKLH ZV\UKZ
YH[OLY ZPTWSL! <ZL TVK\SH[LK SPNO[ PUZ[LHK VM YHKPV MYLX\LUJPLZ [V
[YHUZWVY[ KH[H� 3PNO[ PZ L]LY`^OLYL HUK 3,+Z HSSV^ \Z [V Z^P[JO
SPNO[ VU HUK VMM H[ OPNO MYLX\LUJPLZ [OH[ HYLU»[ WLYJLP]LK HZ
ÅPJRLYPUN� <[PSPaPUN [OL OPNO IHUK^PK[O SPNO[ VMMLYZ� [YHUZTPZZPVU
ZWLLK \W [V ���.I�Z VY L]LU TVYL JHU IL HJOPL]LK� )\[ OV^ ^PSS
[OPZ [LJOUVSVN` KL]LSVW� ^OH[ HYL [OL TVZ[ PU[LYLZ[PUN HZWLJ[Z�
HUK ^OLU ^PSS [OL YPNO[ [PTL [V LU[LY [OL THYRL[ IL& (S[OV\NO
WH[LU[ YLZLHYJO ^PSS UV[ Z\IZ[P[\[L H JY`Z[HS IHSS [V WYLKPJ[ [OL M\[\YL�
P[ JHU NP]L \Z ZVTL ]HS\HISL PUMVYTH[PVU [V HUZ^LY [OLZL X\LZ[PVUZ�
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:
LWKLQ WKH ODVW �� \HDUV DERXW
����� SDWHQWV KDYH EHHQ DS�
SOLHG IRU LQ WKH ðHOG RI /L)L� :H

FRXOG UHDG WKURXJK DOO RI WKHP WR OHDUQ
WKH VWDWH RI WKH DUW ò EXW WKDW ZRXOG WDNH
PRQWKV� HYHQ \HDUV� :H FRXOG DOVR GR D
SDWHQW DQDO\VLV WKDW ZRXOG DQVZHU D ORW
RI TXHVWLRQV� %XW OHWâV ORRN D ELW FORVHU
DW WKH OHJDO VWDWXV RI SDWHQWV ðUVW� )LUVW
RI DOO� ZH KDYH SDWHQW DSSOLFDWLRQV WKDW
ZLOO EH SXEOLVKHG DIWHU XS WR �� PRQWKV�
$OO SXEOLVKHG DSSOLFDWLRQV GHðQH WKH
VWDWH RI WKH DUW� 7KHQ WKH DSSOLFDWLRQ ZLOO
EH H[DPLQHG ò DQG WKDW FDQ ODVW VHY�
HUDO \HDUV� ,I WKH SDWHQW LV JUDQWHG� WKH
FODLPHG IHDWXUHV RI WKH SDWHQW EHFRPH
D SURWHFWHG LQWHOOHFWXDO SURSHUW\ ULJKW
�,35�� 6R ORRNLQJ DW SXEOLVKHG SDWHQW
DSSOLFDWLRQV ZH OHDUQ DERXW VWDWH RI WKH
DUW �FRQVLGHULQJ WKHUH LV D WLPH GHOD\
EHWZHHQ DSSOLFDWLRQ DQG SXEOLVKLQJ��
/RRNLQJ DW JUDQWHG SDWHQWV ZH OHDUQ
ZKLFK ,35 KDYH WR EH FRQVLGHUHG� ,Q
WKLV FDVH ZH KDYH WR ORRN DW WKH SDWHQWV
LQ GHWDLO� :H GR SDWHQW DQDO\VLV WR JHW
LQIRUPDWLRQ RQ WKH VWDWH RI WKH DUW DQG
WKHUHIRUH ZH XVH SDWHQW DSSOLFDWLRQV�

/L)L ,QQRYDWLRQ ,QWHQVLW\

)LJXUH � ZOV^Z [OL U\TILY VM WH[LU[ HW�
WSPJH[PVUZ YLSH[LK [V 3P-P V]LY [OL SHZ[ ��
`LHYZ� (Z [OLYL JHU IL H [PTL KLSH` IL�
[^LLU HWWSPJH[PVU HUK W\ISPZOPUN VM \W
[V �� TVU[OZ� [OL U\TILYZ MVY ��� HUK
���� HYL UV[ ZPNUPÄJHU[ `L[ HUK UV[ ZOV^U
PU [OL KPHNYHT� ;OL HWWSPJH[PVU MYLX\LUJ`
Z[HY[Z H[ ��� [V ��� HWWSPJH[PVUZ WLY `LHY
H[ [OL ILNPUUPUN VM [OL TPSSLUUP\T HUK PU�
JYLHZLZ [V H TH_PT\T VM �� PU ����� :V
[OL [LJOUVSVN` PZ UV[ YLHSS` `V\UN HUK JVU�
ZPKLYHISL 9
+ OHZ ILLU KVUL K\YPUN [OL
SHZ[ [^V KLJHKLZ� 3VVRPUN IHJR PU[V [OL
�  �Z �UV[ ZOV^U PU [OL KPHNYHT� ^L ÄUK
ZPNUPÄJHU[S` SLZZ WH[LU[ HWWSPJH[PVUZ� ;OPZ
Z\NNLZ[Z [OH[ KL]LSVWTLU[ VM 3P-P THPUS`
Z[HY[LK ^P[O [OL KL]LSVWTLU[ VM WV^LYM\S
3,+Z MVY SPNO[PUN W\YWVZLZ�

-YVT ���� [V ���� PUUV]H[PVU ZWLLK PU�
JYLHZLK TVYL HUK TVYL HUK Z[HY[LK [V
ÅH[[LU PU ����� >L HYL J\YPV\Z [V ZLL OV^
P[ ^PSS JVU[PU\L" ^OL[OLY P[ ^PSS KLJYLHZL HM�
[LY ����� 3VVRPUN H[ [OL [V[HS 2UV^�/V^
PU H [LJOUVSVN` ÄLSK ^L JHU WSV[ [OL 2UV^�
/V^ �L_WYLZZLK I` [OL U\TILY VM WH[LU[
HWWSPJH[PVUZ� V]LY [PTL� ;OL ZOHWL VM [OPZ
J\Y]L �:�J\Y]L� NP]LZ HU LZ[PTH[PVU VM [OL
[LJOUVSVN` SPML J`JSL! P[ Z[HY[Z ÅH[ �LTLY�
NLUJL WOHZL�� J\Y]LZ \W^HYKZ �NYV^[O
WOHZL�� ÅH[[LUZ HNHPU �TH[\YP[` WOHZL� HUK
ILJVTLZ ULHYS` OVYPaVU[HS �VSK HNL WOHZL��

;OL [LJOUVSVN` :�J\Y]L JHU IL KLYP]LK I`
PU[LNYH[PUN PUUV]H[PVU ZWLLK �U\TILY VM
WH[LU[ HWWSPJH[PVUZ WLY `LHY� V]LY [PTL� 0[
JHU IL LHZPS` ZLLU [OH[ [OL TH_PT\T VM [OL

PUUV]H[PVU ZWLLK WSV[ JVYYLZWVUKZ ^P[O [OL
[YHUZP[PVU MYVT NYV^[O WOHZL �O\NL 9
+ LM�
MVY[� [V TH[\YP[` WOHZL �THYRL[ PU[YVK\J[PVU
HUK L_WSVP[H[PVU�� 0[ ZLLTZ [OH[ [OPZ [YHU�
ZP[PVU WVPU[ ^HZ YLHJOLK PU ���������
HUK [OH[ [LJOUVSVN` KL]LSVWTLU[ ^PSS
ZSV^ KV^U HUK 3P-P PZ UV^ YLHK` [V LU[LY
IYVHKLY THYRL[Z V]LY [OL JVTPUN `LHYZ�

7KUXVW $UHD $QDO\VLV

5V[ L]LY`[OPUN JVU[YPI\[LZ [V [OL ZHTL
KLNYLL [V [OL PUUV]H[PVU VM 3P-P� ;OLYL HYL
JLY[HPU PUUV]H[PVU KYP]LYZ [OH[ JHU IL JVT�
WVULU[Z PU H 3P-P Z`Z[LT� [LJOUVSVNPLZ VY
HWWSPJH[PVUZ MVY 3P-P� (Z ^L ^PSS ZLL� Z[YLL[
SPNO[PUN PZ JLY[HPUS` H [OY\Z[ HYLH MVY 3P-P� I\[
TPSP[HY` HWWSPJH[PVUZ HYL UV[ �`L[��

¸=PZPISL SPNO[¹ HZ [OL JVTT\UPJH[PVU JOHU�
ULS� HUK ¸PSS\TPUH[PVU¹ HZ [OL [YHUZTP[[LY�
HYL [OL THPU [OY\Z[ HYLHZ MVY 3P-P� HZ ZOV^U
PU )LJXUH �� ;OL` YLHJOLK  � HUK ���
WH[LU[ HWWSPJH[PVUZ PU ����� 6U [OL V[OLY
OHUK� [OL U\TILY VM WH[LU[ HWWSPJH[PVUZ
OHZ ILLU KLJYLHZPUN ZPUJL [OLU� (WWHY�
LU[S �̀ PSS\TPUH[PVU Z`Z[LTZ \ZPUN ]PZPISL SPNO[
HZ H JVTT\UPJH[PVU JOHUULS �JVTTVUS`
HZ H KV^USVHK JOHUULS� ILJHTL Z[HUKHYK
[LJOUVSVN` MVY 3P-P Z`Z[LTZ� >P[O YLK\JLK
9
+ LMMVY[ [OLZL Z`Z[LTZ ^PSS UV^ PU[Y\KL
VU [OL THYRL[Z� 6WWVZP[L WH[LU[ HJ[P]P[PLZ
MVY ¸PUMYHYLK¹ HYL YHWPKS` NYV^PUN� HS[OV\NO
U\TILYZ HYL Z[PSS SLZZ [OHU MVY ]PZ\HS SPNO[�
(Z [OL KV^USVHK JOHUULS ILJVTLZ TVYL
HUK TVYL Z[HUKHYK� 9
+ VU [OL \WSVHK
JOHUULS �PUMYHYLK PZ VUL WVZZPISL ZVS\[PVU�
ILJVTLZ PU[LUZPÄLK�
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-PN\YL �! 5\TILY VM 3P-P YLSH[LK WH[LU[ HWWSPJH[PVUZ IL[^LLU ���� HUK ����� 5\TILYZ MVY ��� HUK ����
HYL UV[ H]HPSHISL `L[ HZ UV[ HSS WH[LU[ HWWSPJH[PVUZ VM [OLZL [^V `LHYZ HYL W\ISPZOLK `L[

-PN\YL �! (UHS`ZPZ VM ZL]LYHS [OY\Z[ HYLHZ MVY 3P-P� 6UL WH[LU[ HWWSPJH[PVU JHU HSZV ILSVUN [V T\S[PWSL [OY\Z[
HYLHZ� ;OL KPHNYHT ZOV^Z [OL PTWVY[HUJL VM [OL [OY\Z[ HYLHZ� I\[ HSZV [OL KL]LSVWTLU[ VM [OPZ PTWVY[HUJL
V]LY [OL `LHYZ ���� [V ����
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<ZPUN KPMMLYLU[ ^H]LSLUN[OZ MVY \WSVHK
HUK KV^USVHK PZ H IHZPJ HWWYVHJO MVY 3P-P
Z`Z[LTZ" UL]LY[OLSLZZ P[ KVLZU»[ ZLLT [V
IL H [OY\Z[ HYLH �SLZZ [OHU �� HWWSPJH[PVUZ
WLY `LHY�� ( WVZZPISL YLHZVU MVY [OH[ TH`
IL [OH[ H ]PZPISL SPNO[�PUMYHYLK ZVS\[PVU PZ
ZV VI]PV\Z [OH[ HJ[P]P[PLZ MVY V[OLY [^V�
^H]LSLUN[O�ZVS\[PVUZ HYL YHYL�

(M[LY KLÄUPUN [OL 3P-P JVTT\UPJH[PVU Z`Z�
[LT� VW[PTPaH[PVU VM [OL JVTT\UPJH[PVU
WH[O ZLLTZ [V Z[PSS IL HU HYLH MVY 9
+ HJ�
[P]P[PLZ� HZ JHU IL ZLLU ^OLU SVVRPUN H[ [OL
PUJYLHZPUN U\TILYZ VM WH[LU[ HWWSPJH[PVUZ
PU [OL HYLHZ VM [YHUZTPZZPVU ZWLLK HUK
IHUK^PK[O�

6U [OL HWWSPJH[PVU ZPKL� KH[H ZLJ\YP[` PZ H

IPN KYP]LY� ;OPY[`�ZP_ HWWSPJH[PVUZ WLY `LHY
HUK PUUV]H[PVU ZWLLK Z[PSS ZLLTZ [V IL
NYV^PUN� ( ZPTPSHY PUJYLHZL JHU IL ZLLU PU
V[OLY HWWSPJH[PVUZ SPRL Z[YLL[ SPNO[PUN HUK
0V;� I\[ VU H T\JO SV^LY SL]LS� 4PSP[HY`
HWWSPJH[PVUZ ^LYL L_WLJ[LK [V IL H [OY\Z[
HYLH �MVY KH[H ZLJ\YP[` YLHZVUZ� I\[ [\YULK
V\[ UV[ [V IL�

0U NLULYHS� ^L JHU ZLL H ZOPM[ MYVT WH[LU[
HJ[P]P[PLZ PU [LJOUVSVNPJHS [OY\Z[ HYLHZ [V�
^HYKZ HJ[P]P[PLZ PU HWWSPJH[PVU [OY\Z[ HYLHZ�
6[OLY HYLHZ SPRL JVTT\UPJH[PVU ^P[O TVIPSL
KL]PJLZ VY HK]LYZL PUÅ\LUJL VM KH`SPNO[�
ZOV^ SP[[SL HJ[P]P[` VY \UJLY[HPU [YLUKZ HUK
KVU»[ ZLLT [V IL HZ PTWVY[HU[ HZ [OY\Z[
HYLHZ�

&RQFOXVLRQ
7H[LU[ HUHS`ZPZ JHU IL H OLSWM\S [VVS [V KL�
ÄUL H Z\P[HISL Z[YH[LN` MVY KLHSPUN ^P[O H
JLY[HPU [LJOUVSVN �̀ ;LJOUVSVN` Z�J\Y]L
HUHS`ZPZ ^PSS OLSW [V ÄUK V\[ ^OL[OLY [V PU�
]LZ[ PU 9
+ VY [V ÄUK [OL YPNO[ [PTL MVY THY�
RL[ LU[Y �̀ .VPUN PU[V TVYL KL[HPS ^P[O [OY\Z[
HYLH HUHS`ZPZ� VUL JHU ÄUK HWWYVWYPH[L HJ�
[P]P[PLZ MVY ZWLJPHS HYLHZ PU [OL [LJOUVSVN`
ÄLSK�

<ZPUN 7H[LU[ HUHS`ZPZ ^L MV\UK [OH[ 3P-P
[LJOUVSVN` PZ JSVZL [V [OL :�J\Y]L PUÅLJ[PVU
WVPU[ YPNO[ UV �̂ ;OPZ TLHUZ 9
+ HJ[P]P[PLZ
^PSS KLJYLHZL PU [OL UL_[ `LHYZ HUK 3P-P PZ
YLHK` [V LU[LY H IYVHKLY THYRL[� >L JV\SK
PKLU[PM` 0UMYHYLK� ]PZPISL SPNO[ HUK PSS\TPUH[PVU
HZ [OL THPU [OY\Z[ HYLHZ MVY 3P-P PUUV]H[PVU�
-\Y[OLY PUUV]H[PVU ^PSS MVJ\Z VU [YHUZTPZ�
ZPVU ZWLLK� OPNO IHUK^PK[O HUK KH[H ZLJ\�
YP[ �̀ 6U [OL HWWSPJH[PVU ZPKL� Z[YLL[ SPNO[PUN
HUK 0V; HYL [OL TVZ[ WYVTPZPUN HYLHZ� "

$87+25� 'U� *�QWKHU 6HMNRUD
+Y� :LQRVYH YLJLP]LK OPZ 7O�+� MYVT [OL <UP�
]LYZP[` VM 0UUZIY\JR HM[LY Z[\K`PUN WO`ZPJZ�
0; HUK TH[OLTH[PJZ� /L ZWLU[ TVYL [OHU
�� `LHYZ PU [OL 9LZLHYJO 
 +L]LSVWTLU[
KLWHY[TLU[ H[ A\T[VILS 3PNO[PUN HUK [OLU
^LU[ VU [V Z[HY[ OPZ V^U JVTWHU �̀ ¸P[LTZ¹
^OLYL� [VNL[OLY ^P[O PUK\Z[YPHS WHY[ULYZ�
OL OHZ JHYYPLK V\[ TVYL [OHU �� 9
+ HUK
[LJOUVSVN` WYVQLJ[Z PU [OL ÄLSKZ VM 3,+
SPNO[PUN HUK SPNO[PUN JVU[YVSZ� /L ^HZ 4HU�
HNPUN +PYLJ[VY VM [OL 2VTWL[LUaaLU[Y\T
3PJO[ .TI/ MYVT ���� [V ���� HUK PZ J\Y�
YLU[S` [OL 9LZLHYJO HUK 0UUV]H[PVU 4HU�
HNLY H[ 3\NLY 9LZLHYJO L�<�
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3PNO[PUN MVY .VVK
6]LY [OL SHZ[ ��� `LHYZ� YLJVNUP[PVU VM YLWLYJ\ZZPVUZ MYVT [OL
PUK\Z[YPHS YL]VS\[PVU OHZ ILLU ZSV^ [V JVTL� 5V �̂ ��¶�� `LHYZ
HM[LY [OL HSLY[ NP]LU I` [OL 4LHKV^Z YLWVY[� PU � ��� WLVWSL YLHSPaL
[OH[ ZVTL[OPUN T\Z[ IL KVUL� ;OL PUP[PH[VYZ VM 3PNO[PUN MVY .VVK
�3M.� HYL JVU]PUJLK VM OV^ LZZLU[PHS P[ PZ [V PU[LNYH[L L[OPJZ PU[V
KHPS` I\ZPULZZ WYHJ[PJLZ� 0[»Z H ¸T\Z[ KV ZVTL[OPUN¹ ZP[\H[PVU�
:VTL[OPUN NVVK� VY ZVTL[OPUN MVY NVVK� ;OL NVHS PZ [V TPUPTPaL
^HZ[L� THRL Ä[[PUNZ TVYL LMÄJPLU[ HUK [V JOHUNL [OL ^H`
PUKP]PK\HSZ HUK JVTWHUPLZ [OPUR HIV\[ SPNO[PUN�
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/
LJKWLQJ IRU *RRG LV DQ RQJRLQJ
LQLWLDWLYH FUHDWHG FROODERUDWLYHO\
EHWZHHQ 7LSKDLQH 7UHLQV� SULQ�

FLSDO RI 7HPHOR\ /LJKWLQJ DQG 1LFRODV
0DUWLQ� /LJKWLQJ 0DQDJHU DW /90+� WR
FUHDWH DZDUHQHVV RI WKH ZDVWH FUHDWHG
E\ WKH OLJKWLQJ LQGXVWU\ DQG WR SURSRVH
VROXWLRQV WR FUHDWH EHWWHU DQG PRUH VXV�
WDLQDEOH OLJKWLQJ V\VWHPV� 7KH JRDO LV
WR PLQLPL]H ZDVWH� PDNH ðWWLQJV PRUH
HIðFLHQW DQG WR FKDQJH WKH ZD\ LQGL�
YLGXDOV DQG FRPSDQLHV WKLQN DERXW
OLJKWLQJ� 7KH\ KDYH EHHQ ZRUNLQJ ZLWK
D ZLGH UDQJH RI VXSSOLHUV ZKR KDYH
EHHQ LQYROYHG ZLWK /90+ ZKR DSSUH�
FLDWH KDYLQJ D SODWIRUP IURP ZKLFK WR
JHQHUDWH FKDQJH� 6XSSOLHUV LQYROYHG
LQ WKLV \HDUâV WKLQN WDQN DUH� %OXHOLWH�
'HOWDOLJKW� )ORV� )RUPD/LJKWLQJ� /XFH��
/XFHQW� 0ROWR/XFH� 1RUGLF 3RZHU &RQ�
YHUWHU� 2UOXQD� 5HJJLDQL� 6HOI (OHFWURQLF�
DQG =XPWREHO�

7LSKDLQH 7UHLQV� MV\UKLY HUK WYPUJPWHS VM
;LTLSV` (K]HUJLK 3PNO[PUN +LZPNU >�@� PZ H
SLHKPUN LKNL SPNO[PUN KLZPNULY ^OV YV\[PULS`
PU[LNYH[LZ Z[H[L�VM�[OL HY[ [LJOUVSVN` ^P[O
PUUV]H[PVU� JYLH[P]P[` HUK Z\Z[HPUHIPSP[` PU[V
OLY ^VYR� 1LFRODV 0DUWLQ� 3PNO[PUN 4HU�
HNLY H[ 3=4/ >�@� HUK PU]VS]LK PU [OL S\_\Y`
ZLJ[VY ZPUJL �  �� PZ JVUZ[HU[S` MVJ\ZPUN
OPZ LMMVY[Z VU [OL KL]LSVWTLU[ VM 3,+ [LJO�
UVSVN` PU [OL 3=4/ 4HPZVUZ� ;YLPUZ HUK
4HY[PU HYL JVSSHIVYH[PUN VU H º[OPUR [HUR»
HUK WSH[MVYT JHSSLK 3PNO[PUN MVY .VVK >�@
^P[O [OL VIQLJ[ VM LZ[HISPZOPUN HU ºLJV NVSK
Z[HUKHYK» MVY Z\WWSPLYZ VM SPNO[PUN Ä_[\YLZ�

/LJKWLQJ IRU *RRG ò
+LVWRU\

;OL [OPUR [HUR PZ [OL JVYL JVTWVULU[ VM
YLZLHYJO HUK KL]LSVWTLU[ ^VYR� ;OL [LHT
TLL[Z VU H YLN\SHY IHZPZ HUK HSS KLJPZPVUZ
HYL THKL JVTT\UHSS �̀

;OL WYVNYHT Z[HY[LK PU ���� HUK P[ [VVR
VUL `LHY [V PZZ\L [OL JOHY[LY� ;OL JOHY[LY
SPZ[Z HSS [OL JYP[LYPH [OH[ ULLKZ [V IL HK�
KYLZZLK [V YLK\JL [OL LU]PYVUTLU[HS PT�
WHJ[ VM [OL S\TPUHPYL �SPNO[PUN Ä[[PUNZ HUK
KYP]LYZ��

-YVT [OPZ ^VYR [OL [LHT KL]LSVWLK H ZJP�
LU[PÄJ YH[PUN Z`Z[LT [V HZZLZZ [OL LU]PYVU�
TLU[HS PTWHJ[ VM SPNO[PUN Ä[[PUNZ� -V\Y ZWL�
JPÄJ LU]PYVUTLU[HS PTWHJ[Z ^LYL SVVRLK H[!
+HDOWK� (FRV\VWHP� 0LQHUDO 5HVRXUFHV�
	 (QHUJ\�

;OL YH[PUN Z`Z[LT MVY KLÄUPUN [OL X\HSP[PLZ
MYVT WVVY [V ILZ[ PZ KP]PKLK PU[V ZL]LU JH[�
LNVYPLZ! 3DFNDJLQJ� 'XUDELOLW\� (I¾FDF\�
4XDOLW\ RI /LJKW� 0DLQWDLQDELOLW\� 'ULYHU

(I¾FDF\ DQG 0DWHULDOV� ;OL [LHT OHZ
[OL Z\WWVY[ VM [OL 4VU[YLHS�IHZLK YLZLHYJO
NYV\W HUK JLU[LY VM L_WLY[PZL VU Z\Z[HPU�
HIPSP[` HUK SPML J`JSL [OPURPUN ¶ *09(0. ¶
HU 0U[LYUH[PVUHS 9LMLYLUJL *LU[LY MVY 3PML
*`JSL 7YVK\J[Z� :LY]PJLZ HUK :`Z[LTZ�

0U 1\UL� 3M. SH\UJOLK H ^LIZP[L MVY Z\W�
WSPLYZ HUK KLZPNULYZ ZV [OH[ [OL` JHU JHS�
J\SH[L [OL LU]PYVUTLU[HS PTWHJ[ VM [OLPY Ä[�
[PUNZ KPYLJ[S` VU [OL ^LIZP[L� MYLL VM JOHYNL�
;OL JLY[PÄJH[PVU WYVJLZZ MVY [OL Z\WWSPLY PZ
HSZV HJJLZZPISL VU [OL ^LIZP[L� ;OL ^LI�
ZP[L HSZV WYVWVZLZ H JVTT\UP[` WSH[MVYT
HJJLZZPISL [V HSS [V KPZJ\ZZ HU` THUULY
VM LJV�KLZPNU Z\IQLJ[Z� 0[»Z H WSHJL ^OLYL
SPNO[PUN L_WLY[Z JHU ZOHYL [OLPY RUV^SLKNL
VY HZR X\LZ[PVUZ� +LZPNULYZ HUK Z\WWSPLYZ
JHU \ZL [OL WSH[MVYT [V JVTTLU[ VU [OL
JOHY[LY HUK WYVWVZL [VWPJZ [OH[ [OL` [OPUR
ULLK [V IL JV]LYLK� ;OL ]PKLV JOHUULS VM
[OL ^LIZP[L ZOV^JHZLZ ZVTL L_HTWSLZ VM
LJV�KLZPNU KL]LSVWTLU[� ;OL ]PZPVU PZ [V
ZOV^JHZL LJV�KLZPNU ZVS\[PVUZ KL]LSVWLK
PUZPKL HUK V\[ZPKL [OL [OPUR [HUR�

0U 5V]LTILY� 3M. ^PSS SH\UJO [OL YH[PUN Z`Z�
[LT MVY L_[LYPVY SPNO[PUN HUK TPSS^VYR� 0[ ^PSS
\ZL [OL ZHTL YH[PUN Z`Z[LT� MHPY�NVVK�ILZ[�
HZ [OL VUL \ZLK MVY [OL J\YYLU[ Z`Z[LT
KLKPJH[LK [V VUL WVPU[ JLPSPUN Ä[[PUN� ;OL
SPZ[ VM JYP[LYPH ^PSS IL HKQ\Z[LK [V [OVZL KPM�
MLYLU[ [`WVSVNPLZ� ;OL WVUKLYH[PVU VM [OLPY
PTWHJ[Z HUK TL[OVKVSVN` HYL ^VYRLK V\[
^P[O *09(0.�

/H]PUN HU LJV�MYPLUKS` HWWYVHJO [V SPNO[PUN
PZ HSS HIV\[ PUUV]H[PVU� ;OL HPT VM 3PNO[PUN
MVY .VVK PZ [V MVZ[LY ^PKL�ZWYLHK WHY[PJ�
PWH[PVU PU VYKLY [V JYLH[L HU ,JV�SPNO[PUN
YL]VS\[PVU I` ZOHYPUN RUV^SLKNL HUK JVS�
SLJ[P]L PU[LSSPNLUJL�



-PN\YL �! 0TWHJ[ MHJ[VYZ � 
 � MVY O\THU OLHS[O HUK MVY LJVZ`Z[LT X\HSP[`

-PN\YL �! 0TWHJ[ MHJ[VYZ � 
 � MVY MVZZPS HUK U\JSLHY LULYN` \ZL HUK MVY TPULYHS YLZV\YJL \ZL
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%XVLQHVV 7DUJHWV

� ;OL ULLK MVY UL^ I\ZPULZZ TVKLSZ
HUK [OL SPML[PTL VM S\TPUHPYLZ YLHJOPUN
������� OV\YZ TLHUZ ^L T\Z[ HKKYLZZ
[OL ULLK MVY H UL^ I\ZPULZZ TVKLS� >L
ULLK [V NV MYVT H SPULHY TVKLS [V H JPY�
J\SHY TVKLS� :VTL VM [OL VW[PVUZ [OH[
HYL ILPUN SVVRLK H[ HYL ZLY]PJL�IHZLK�
;OL HPT PZ [V KLÄUL UL^ I\ZPULZZ VW�
WVY[\UP[PLZ�

� 0[ TLHUZ ^L T\Z[ [OPUR HIV\[ ¸aLYV
^HZ[L¹ HUK H JPYJ\SHY TVKLS H[ [OL ]LY`
PUJLW[PVU VM H KLZPNU� 0[ TH` IL H SVUN
^H` VMM� I\[ P[ ULLKZ [V IL SVVRLK H[
JVSSLJ[P]LS �̀ ;OLYL TPNO[ UV[ IL VUL ZPU�
NSL ZVS\[PVU� I\[ IL[[LY VW[PVUZ JHU IL
MV\UK�

/LJKWLQJ IRU *RRG ò &DOO
WR $FWLRQ
³:KDW LV EHKLQG WKH ZRUG� ³*RRG´" ,V
LW XOWLPDWH ³*RRG´" ,W LV FHUWDLQO\ QRW D
IXWXULVWLF XWRSLD WKDW RQO\ IXWXUH JHQ�
HUDWLRQV ZLOO VHH� ,W¶V VRPHWKLQJ WKDW
FDQ EH SUDFWLFHG WRGD\ DQG WRPRU�
URZ LQ DQ\ W\SH RI EXVLQHVV� , HQYLVLRQ
WKUHH SLOODUV WR FRPEDW HQYLURQPHQWDO
SUREOHPV DQG DYRLG D FKDRWLF IXWXUH�
7UXVW� 6WDQGDUGV� DQG 5HOLDEOH 'DWD´�
H[SODLQHG 1LFRODV 0DUWLQ�

7UXVW

5PJVSHZ 4HY[PU ZLL 3PNO[PUN MVY .VVK HZ H
NYV\W VM WHY[ULYZ JVSSHIVYH[PUN [VNL[OLY
^P[O T\[\HS [Y\Z[� 0[ PZ NYH[PM`PUN [V ZLL OV^
JVTWL[P[VYZ JHU ZOHYL PKLHZ HUK JYLH[L
ZVTL[OPUN [VNL[OLY� PU [OL ZHTL ]PY[\HS
TLL[PUN YVVT ¶ ^P[O [Y\Z[� ;OL JVSSHIVYH�
[PVU Z[HY[LK ZL]LU `LHYZ HNV� ^P[O [OL ÄYZ[
¸3,+,?76¹ L]LU[ MVY [OL 3=4/ 4HPZVUZ
^P[O HSS WHY[ULYZ PU[LYHJ[PUN YLZWLJ[M\SS`
HUK ZH[PZMHJ[VYPS �̀ 5PJVSHZ 4HY[PU [VVR VU
[OL YVSL VM H [Y\Z[^VY[O` MHJPSP[H[VY H[ 3M.
[V Z[PT\SH[L [OL ^VYR NYV\W PU [OL ZWPYP[ VM
;Y\[O HUK ;Y\Z[�

6WDQGDUGV

9LK\JL ¶ 9L\ZL ¶ 9LJ`JSL OHZ ILJVTL
H JVTTVU JH[JOWOYHZL� :V ZPTWSL� ;OL
JSPLU[ ZOHYLZ [OL ¸7YVK\J[Z¹ ^P[O V[OLY
JSPLU[Z� ( THU\MHJ[\YLY YLJLP]LZ HU VSK
ZWV[SPNO[� HUK YLÄ[Z P[ MVY V[OLY JSPLU[Z� ZV
[OH[ PU [OL M\[\YL� VUS` H ZTHSS WVY[PVU VM
SPNO[PUN Ä_[\YLZ ^PSS IL WYVK\JLK V\[ VM
]PYNPU TH[LYPHSZ�

0U [OL WHZ[� ZVTL PUK\Z[YPHSPZ[Z [OV\NO[ P[
WY\KLU[ [V THRL [OLPY WYVK\J[Z PUJVT�
WH[PISL ^P[O [OL V[OLYZ� (SS VM [OLPY J\Z�

[VTLYZ ^V\SK IL OLSK JHW[P]L HUK OH]L UV
JOVPJL HIV\[ HKVW[PUN [OL JOVZLU Z`Z[LT�
0[ ^V\SK TLHU YLJ\YYLU[ ZHSLZ� ;OL ZHTL
PUK\Z[YPLZ KVU»[ YLWHPY [OL WYVK\J[Z" [OL`
THRL [OLT VIZVSL[L� HUK HZ MYHNPSL HZ WVZ�
ZPISL� ;OPZ PZ UV[ NVVK MVY [OL LU]PYVUTLU[�

;OL NVVK ^H`·PU [OL ZLUZL VM ¸NVVK MVY
ZVJPL[`¹·[V JVUK\J[ I\ZPULZZ [VKH �̀ PZ [V
HNYLL VU JVTTVU Z[HUKHYKZ� 0M `V\ OH]L
HU VWLU Z[HUKHYK� `V\ JHU ZOHYL� UV[ VUS`
[OL ^OVSL WYVK\J[� I\[ HSZV ZVTL Z\I�
WHY[Z [OH[ JHU IL YLWSHJLK [V THRL [OL
WYVK\J[ SHZ[ SVUNLY� VY [V J\Z[VTPaL P[ [V
`V\Y ULLKZ�

;OPZ PZ ^OH[ 3M. KVLZ�

:VTL THU\MHJ[\YLYZ VIQLJ[ ILJH\ZL VM
[OLPY IYHUKPUN� )\[ ^P[OPU H NP]LU Z[HUKHYK
MYHTL^VYR� H THU\MHJ[\YLY JHU HS^H`Z
ZOV^ [OLPY \UPX\LULZZ HUK JHWHJP[` [V PU�
UV]H[L� :[HUKHYKZ MVY <:) HUK +=+ WVY[Z
KVLZ UV[ TLHU [OL KLH[O VM JYLH[P]P[ �̀ 6U
[OL JVU[YHY �̀ UV^ PZ [OL [PTL [OH[ JYLH[P]P[`
JHU L_JLS�

5HOLDEOH 'DWD

3PNO[PUN H ZWHJL PZ ���� ZJPLUJL HUK
���� HY[� 6UL JHU SLH]L [OL HY[ [V [OL
YL[HPS�SPNO[PUN KLZPNULYZ� 3PNO[PUN MVY .VVK
OHZ MV\UK H WYVWVZHS MVY H Z[HUKHYKPaLK
KH[HZOLL[ ^OLYL L]LY` HZWLJ[ PZ ZJY\[P�
UPaLK� ;OL LU]PYVUTLU[HS WLYMVYTHUJL VM
[OL WYVK\J[ PZ ^VYRLK V\[ HUK SPZ[LK VU
[OL 3M. ZJVYLJHYK HZ VUL JVTWYLOLUZP]L
U\TILY� ;OPZ THRLZ P[ LHZ` [V I\ �̀

0[»Z WVZZPISL [OH[ ZVTL THU\MHJ[\YLYZ ^PSS
L_JS\KL [OLTZLS]LZ MYVT [OL NYV\W IL�
JH\ZL [OL` ^HU[ [V HWWLHY \UPX\L� ZOV^�
PUN VUS` WYVWYPL[HY` [OPUNZ� VY ILJH\ZL [OL`
^HU[ [V KV [OPUNZ [OL ZHTL ^H` [OL` OH]L
ILLU KVPUN MVY `LHYZ� ;OPZ [`WL VM Z\WWSPLY
VUS` ^HU[Z [V ZLSS WYVK\J[Z� UV[ ZLY]PJLZ�
;OLZL ZHTL WLVWSL HZR [OLPY JSPLU[Z [V [Y\Z[
[OH[ [OL` OH]L [OL ILZ[ WYVK\J[Z� :VTL�
[PTLZ [OL` JYLH[L [OLPY V^U [`WL VM KH[H
ZL[Z [OH[ OH]L UV IHZPZ PU ZJPLUJL VY YLHSP[ �̀
<UMVY[\UH[LS �̀ [OPZ PZ UV[ ]PHISL�



Score card of your products
Every criteria has an environmental impact. We have qualified and given to each criteria 
an impact ratio. The environmental result of your fitting or driver determines if it can be awarded.

Score of 1 Score of 2 Score of 3 Score of 4 Score of 5 Environmental Impact

Criteria Score (0-5) Ratio Amount

1. Durability 1.1. Lumen maintenance  30 000H 50 000H 100 000H 150 000H 200 000H 0.7

2. Luminaire
Efficacy

2.1. Efficacy of the LED module  60lm/W &0lm/W 100lm/W 110lm/W 120lm/W 6.5

2.2. Candelas per lumen of the optics  "cd/lm 1�cd/lm �"cd/lm 2�cd/lm 30cd/lm 1.7

2.3. Dimming level with +80% efficacy  at 80% output at 60% output at 40% output at 20% output at 1% output 1.4

2.4. Standby power >1W <1W =0W 0.3

2.5.
KgYZ/XT` of the luminaire >0.5 >1 >2 >3 >4 0.7

3. Quality of
Light

3.1. Colour deviation  5 steps 4 steps 3 steps 2 steps 1 step 0.7

3.2. Colour rendition index  tm30-15 Rf=90 tm30-15 Rf=92 tm30-15 Rf=94 tm30-15 Rf=96 tm30-15 Rf=98 1.9

4. Maintainability

4.1. LED module replacement  Needs Tools (1) Toolless (3) Toolless Reversible (5) 0.5

4.2. Standardized sizes for light engine  yes (1)        no (0) 2.0

4.3. Interchangeable optical system  yes (1)        no(0) 1."

4.4. Quick electrical connector  yes (1)        no (0) 2.0

4.5. Demountable plaster kit  yes (1)        no (0) 2.�

4.6. ISO lumen after maintenance  yes (1)        no (0) 12.�

5. Driver’s
Efficacy

5.1. Total Harmonic Distortion (THD) >10W = <20% >100W = <10% >300W = <5% 0.�

5.2. DC/DC without capacitor yes (1)        no (0) 2.�

5.3. Thermal protection of drivers yes (1)        no (0) 2.�

6. Materials
6.1. Recycled luminaire materials >20% >30% >40% >50% 0.3

6.2. Recycled drivers materials

>10%

>�% >5% >10% >15% >20% 0.!

TOTAL

Mandatory Criteria Yes No

 Packaging

A Certified cardboard (100%FSC, FSC Mix, or FSC Recycled)

B Wrapping

C Recycling compatible glue

D Biochemicals for printing

Your Details

Company Name

Contact Person

Contact E-Mail

Fitting & Driver reference

13 ¦ CHARTER

-PN\YL �! 3PNO[PUN MVY .VVK ZJVYLJHYK ^P[O JYP[LYPH HUK ZJVYL SL]LSZ

*09*<3(9 ,*6564@ 30./;05. -69 .66+ ! " #

�� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� c 3PNO[PUN ;LJOUVSVNPLZ 
 +LZPNU 0ZZ\L ���:LW[�6J[�����

¸0U JVUJS\ZPVU� `V\ HYL PU]P[LK
[V QVPU [OL ¸3PNO[PUN MVY .VVK¹
TV]LTLU[� ,]LY`VUL PZ
^LSJVTL [V JVU[YPI\[L [V [OL
YLZLHYJO ^OL[OLY H KLZPNULY� H
THU\MHJ[\YLY� VY HU LUK \ZLY �
JSPLU[� -YVT JVSSHIVYH[PVU [V
JVVWLYH[PVU� -YVT JVW`YPNO[
[V JVW`SLM[� >OLU I\`PUN VY
ZLSSPUN Ä_[\YLZ HZR MVY [OL
3PNO[PUN MVY .VVK ZJVYL� ;OPZ
PZ [OL ILZ[ ^H` [V IL NVVK� PU
[OL SPNO[PUN ^VYSK [VKH �̀¹

50*63(: 4(9;05� 30./;05. 4(5(.,9 (; 3=4/

/LJKLQJ IRU *RRG ò
&ROODERUDWRUVâ
6WDWHPHQWV

-PN\YL �! )Y\UV 5HWVSP� 4PJOHLS 4VUZVULNV�
(UKYLHZ :[HTTSLY� HUK 4PJRL` 4HKZVU
�[VW�SLM[�IV[[VT�YPNO[�

¸3-. ;OPUR ;HUR OHZ Z\JJLLKLK PU THRPUN
JVTWL[P[VYZ MYVT HSS V]LY [OL ^VYSK ^VYR
[VNL[OLY PU H NVVK ZWPYP[ ^P[O H ZPUNSL VI�
QLJ[P]L! [V JVTIPUL RUV^SLKNL� L_WLYPLUJL
HUK WYVK\J[PVU JHWHJP[` [V JYLH[L TVYL LM�

ÄJPLU[ WYVK\J[Z� ;OPZ PUP[PH[P]L ^HZ HSYLHK`
HOLHK VM P[Z [PTL� Z[HY[PUN [OL ^VYRZOVWZ
H[ [OL LUK VM ����� HUK ^PSS IL L]LU TVYL
UV^ PU [OLZL ]LY` JOHSSLUNPUN [PTL�¹
%UXQR 1DSROL� %XVLQHVV 'HYHORSPHQW
0DQDJHU DW %OXHOLWH

¸6\Y JVSSHIVYH[PVU PU [OPZ WYVNYLZZP]L [OPUR
[HUR OHZ THKL \Z IL[[LY LX\PWWLK [V KLHS
^P[O [OL [LJ[VUPJ JOHUNLZ HUK JVSSLJ[P]L
YLZWVUZPIPSP[` [OH[ H WVZ[�JV]PK ^VYSK TH`
IYPUN� ;OYV\NOV\[ [OL [^V `LHYZ VM T`
WHY[PJPWH[PVU� 0 OH]L JOHSSLUNLK T` JVT�
WHU`»Z JVYL ILOH]PVYZ HZ H THU\MHJ[\YLY�
THZ[LYLK [OL WYVK\J[P]P[` VM YLTV[L TLL[�
PUNZ HUK [Y\Z[LK [OL WYVJLZZ VM PUMVYTH[PVU
L_JOHUNL MVY [OL ILULÄ[ VM V\Y JVTTVU
NVHS�¹
0LFKDHO 0RQVRQHJR� ,QWHUQDWLRQDO 6HU�
YLFH 0DQDJHU DW )RUPD /LJKWLQJ

¸;OPZ \UPX\L JVSSHIVYH[PVU ZOV^Z ^OH[
PZ WVZZPISL ^OLU [OL THPU NSVIHS THU\�
MHJ[\YLYZ ^VYR [VNL[OLY VU H QVPU[ WYVQLJ[�
;OPZ JHU IL H ]LY` NVVK L_HTWSL MVY V[OLY
IYHUJOLZ VM OV^ VUL PKLH JHU IYPUN NLU�
LYHSS` HK]HU[HNLK SPNO[PUN ZVS\[PVUZ [V [OL
NSVIHS THYRL[� >L HSS OH]L [V PU]LZ[ PU Z\Z�



-PN\YL �! 3PNO[PUN MVY .VVK (^HYK ^PUULYZ ��� � H[ [OL 4HNPJ YVVT� PU [OL 3=4/ [V^LY VM 5L^ @VYR
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[HPUHISL SPNO[PUN ZVS\[PVUZ� ;OH[»Z V\Y YL�
ZWVUZPIPSP[ �̀¹
$GUHDV 6WDPPOHU� ,QW� .H\ $FFRXQW
0DQDJHU� 0ROWR /XFH

¸;OL 3PNO[PUN MVY .VVK [OPUR [HUR PZ H NVVK
VWWVY[\UP[` MVY JVTWHUPLZ HJYVZZ [OL ]HS\L
JOHPU VM [OL SPNO[PUN PUK\Z[Y �̀ [V KPZJ\ZZ
HUK L_WSVYL VWWVY[\UP[PLZ MVY TVYL LJV�
MYPLUKS` ZVS\[PVUZ� ;OPZ [`WL VM JVSSHIVYH[PVU
PZ ULLKLK� [V JYLH[L [OL PUUV]H[PVUZ YL�
X\PYLK [V ZPNUPÄJHU[S` YLK\JL V\Y JSPTH[L
MVV[WYPU[� -\Y[OLYTVYL� [OL [OPUR [HUR OHZ
JVTL \W ^P[O JSLHY TLHZ\YHISL WHYHTL�
[LYZ [OH[ JHU IL \ZLK [V L]HS\H[L KPMMLYLU[
WYVK\J[Z� *SPTH[L H^HYLULZZ PZ L_WLJ[LK
[V PUJYLHZL WVZ[�*6=0+� � ZV [OL [PTPUN VM
[OPZ PUP[PH[P]L PZ WLYMLJ[�¸
0LFNH\ 0DGVHQ� )RXQGHU DQG &(2 RI
1RUGLF 3RZHU &RQYHUWHU

¸*6=0+ OHZ ILLU H TLJOHUPZT [V MVJ\Z
3\JLU[ VU KLZPNUPUN HUK JYLH[PUN H ZPT�
WSLY WYVK\J[ MVY [OL M\[\YL� VULZ [OH[ JHU
IL PUZ[HSSLK ^P[O LHZL HUK HSZV LUZ\YL
[OL SVUNL]P[` [V [OL TH_PT\T ^P[O J\Y�
YLU[ [LJOUVSVN �̀ >L MLLS SPRL [OL YLZ[ VM
[OL [OPUR [HUR� [OH[ 3-. ZOV\SK IL [OL
UL^ IS\LWYPU[ [OH[ HSS SPNO[PUN ZOV\SK IL
Q\KNLK \WVU ^OLU Ä_[\YLZ HYL JVUZPKLYLK
VU WYVQLJ[Z�¸
-DPHV 0RUULV�-RQHV� ,QWHUQDWLRQDO
6DOHV 'LUHFWRU DW /XFHQW

¸3PNO[PUN -VY .VVK MVJ\ZLZ VU Z\Z[HPU�
HISL WYVK\J[Z ^P[O H SVUN SPMLZWHU� [PTLSLZZ
KLZPNU HUK OPNO LMÄJPLUJ �̀ IV[O PU \ZL VM
LULYN` HUK VM TH[LYPHSZ! OPNO�WLYMVYTHU[�
YLJ`JSHISL� ^P[O PU[LYJOHUNLHISL JVTWV�
ULU[Z�¸
.RHQ 'HTXDH� 4XDOLW\ DQG 6WDQGDUGV
0DQDJHU DW 'HOWDOLJKW

/LJKWLQJ IRU *RRG ò
$ZDUGV
0U ��� � [OL 3PNO[PUN MVY .VVK H^HYKZ
^HZ JYLH[LK PU VYKLY [V LUOHUJL JYLH[P]�
P[` HYV\UK LJV�KLZPNU HUK SPNO[PUN Ä[[PUNZ�
;OL NVHS ^HZ [V OH]L HU L]LU[ [OH[ ^PSS WYV�
]PKL [OL WVZZPIPSP[` VM W\[[PUN PU[V TV[PVU�
VU H ]LY` WYHJ[PJHS SL]LS� [OL YLZLHYJO HUK
[OL ZVS\[PVUZ [OH[ OH]L ILLU KL]LSVWLK�
(UV[OLY NVHS ^HZ [V JOHSSLUNL L_PZ[PUN ZV�
S\[PVUZ� (M[LY [^V `LHYZ� P[ OHZ ILLU ZOV^U
[OH[ P[ OHZ ILLU H WV^LYM\S KYP]L [V PUUV]H[L
HUK JYLH[L TVYL LJV�MYPLUKS` S\TPUHPYLZ�

;OYV\NO [OPZ WYVJLZZ� TVZ[ VM [OL Z\WWSPLYZ
PU]VS]LK OH]L KPZJV]LYLK [OH[ LJV�KLZPNU
PZ UV[ TVYL L_WLUZP]L� I\[ VU [OL JVU[YHY �̀
P[ JHU OLSW [V YLK\JL JVZ[� ;OL H^HYKZ HYL
KP]PKLK PU[V Ä]L JH[LNVYPLZ!
%HVW (I¾FDF\� %HVW 0DWHULDO� %HVW
0DLQWHQDQFH� %HVW 3DFNDJLQJ� DQG
%HVW RI %HVW�

;OPZ `LHY� [OLYL HYL �� ZOVY[SPZ[LK Z\WWSPLYZ!
'HOWDOLJKW� )ORV� )RUPD/LJKWLQJ� /XFH��
/XFHQW� 0ROWR/XFH� 1RUGLF 3RZHU &RQ�
YHUWHU� 2UOXQD� 5HJJLDQL� 6HOI (OHF�
WURQLF� DQG =XPWREHO�

;OL YLZ\S[Z ^PSS IL HUUV\UJLK VU [OL �[O VM
5V]LTILY K\YPUN [OL 3=4/ Z[VYL H^HYKZ�
;OL UHTLZ VM [OL ^PUULYZ ^PSS HSZV IL W\I�
SPZOLK PU 3,+ WYVMLZZPVUHS 9L]PL^ �3W9�
5V]LTILY�+LJLTILY PZZ\L� "

5HIHUHQFHV

B�D ?iiTb,ffHB;?iBM;7Q`;QQ/XQ`;
B�D ?iiTb,ffrrrXi2K2HQvX+QK
B�D ?iiTb,ffrrrXHpK?X+QK

$87+25� 1LFRODV 0$57,1
5PJVSHZ 4HY[PU� 3PNO[PUN 4HUHNLY H[ 3=4/�
HUK PU]VS]LK PU [OL S\_\Y` ZLJ[VY ZPUJL
�  �� PZ JVUZ[HU[S` MVJ\ZPUN OPZ LMMVY[Z VU
[OL KL]LSVWTLU[ VM 3,+ [LJOUVSVN` PU [OL
3=4/ 4HPZVUZ�

$87+25� 7LSKDLQH 75(,16
;PWOHPUL ;YLPUZ� MV\UKLY HUK WYPUJPWHS VM
;LTLSV` (K]HUJLK 3PNO[PUN +LZPNU� PZ H
SLHKPUN LKNL SPNO[PUN KLZPNULY ^OV YV\[PULS`
PU[LNYH[LZ Z[H[L�VM�[OL HY[ [LJOUVSVN` ^P[O
PUUV]H[PVU� JYLH[P]P[` HUK Z\Z[HPUHIPSP[` PU[V
OLY ^VYR� ;YLPUZ HUK 4HY[PU HYL JVSSHIV�
YH[PUN VU H º[OPUR [HUR» HUK WSH[MVYT JHSSLK
3PNO[PUN MVY .VVK ^P[O [OL VIQLJ[ VM LZ[HI�
SPZOPUN HU ºLJV NVSK Z[HUKHYK» MVY Z\WWSPLYZ
VM SPNO[PUN Ä_[\YLZ�

-PN\YL �! 3PNO[PUN MVY .VVK (^HYK ;YVWO`
��+�WYPU[LK�
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5L^ 9LX\PYLTLU[Z MVY ,ULYN`
,MÄJPLUJ` HUK 3HILSSPUN VM 3PNO[PUN
;OL YLN\SH[PVUZ VU [OL LULYN` LMÄJPLUJ` VM SHTWZ HUK SPNO[ ZV\YJLZ
WYL]PV\ZS` HWWSPJHISL PU [OL ,\YVWLHU <UPVU OH]L ILLU
M\UKHTLU[HSS` YL]PZLK HUK YLZ[Y\J[\YLK� 4HU\MHJ[\YLYZ� THYRL[LYZ�
HUK KPZ[YPI\[VYZ ^PSS OH]L [V JVUZPKLY [OL UL^ LULYN` SHILS HUK [OL
LJVKLZPNU YLX\PYLTLU[Z MVY SPNO[ ZV\YJLZ� ;OPZ HY[PJSL WYLZLU[Z [OL
UL^ YLN\SH[PVUZ HUK [OL JOHSSLUNLZ [OL` WVZL�
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7
KH &RPPLVVLRQ 5HJXODWLRQ �(8�
��������� RQ WKH HFRGHVLJQ UH�
TXLUHPHQWV LV LQWHQGHG WR VLJQLI�

LFDQWO\ UHGXFH WKH FRQVXPSWLRQ RI HQ�
HUJ\ DQG UHVRXUFHV LQ (XURSH� 6LQFH
WKH ODVW UHYLVLRQ LQ ����� LOOXPLQDQWV
KDYH EHHQ FODVVLðHG LQ HQHUJ\ FODVVHV
$�� WR ( WR SURYLGH FRQVXPHUV ZLWK
D WUDQVSDUHQW EDVLV IRU PDNLQJ GHFL�
VLRQV RQ WKH SXUFKDVH RI SDUWLFXODUO\
HQHUJ\�HIðFLHQW SURGXFWV� +RZHYHU�
ZLWK WKH SURJUHVVLYH GHYHORSPHQW RI
/(' WHFKQRORJ\� WKH LOOXPLQDQW PDUNHW
KDV FKDQJHG IXQGDPHQWDOO\� 7R WDNH DF�
FRXQW RI WKH LQFUHDVHG HQHUJ\ HIðFLHQF\�
ERWK WKH FDOFXODWLRQ EDVLV DQG WKH FODV�
VLðFDWLRQ DUH QRZ EHLQJ DGMXVWHG� /LJKW
VRXUFHV DUH WKHQ FODVVLðHG LQ FODVVHV
$ WR *� 7KH EDVLV IRU WKLV LV 5HJXODWLRQ
�(8� ��������� RQ HQHUJ\ ODEHOOLQJ� /LNH
WKH (FRGHVLJQ 'LUHFWLYH� LW ZLOO DSSO\
IURP 6HSWHPEHU �� ���� DQG UHSODFH
5HJXODWLRQ �(8� ��������� 7KH HQHUJ\
ODEHO ZLOO WKHQ RQO\ EH PDQGDWRU\ IRU
OLJKW VRXUFHV� 7KH ODEHOOLQJ REOLJDWLRQ
IRU FRQWDLQLQJ SURGXFWV VXFK DV OXPL�
QDLUHV FHDVHG WR DSSO\ RQ 'HFHPEHU ���
�����

-PN\YL �! ,ULYN` SHILS ¶ (YYV^

&RPPRQ 5XOHV IRU $OO
7\SHV RI /LJKW 6RXUFHV

=HYPV\Z YLN\SH[PVUZ L_PZ[ [V KH[L VU IV[O
[OL LULYN` SHILS HUK [OL LJV�KLZPNU YL�
X\PYLTLU[Z� 9LN\SH[PVU ������� �,*�
HKVW[LK PU ����� SLK [V [OL PU[LUKLK WOHZL�
V\[ VM [OL JSHZZPJ PUJHUKLZJLU[ SHTW� HZ P[
^HZ UV SVUNLY HISL [V TLL[ [OL ZPNUPÄJHU[S`
PUJYLHZLK LULYN` LMÄJPLUJ` YLX\PYLTLU[Z�
9LN\SH[PVU ������� �,* YLSH[LZ WYPTHYPS`
[V VMÄJL SPNO[PUN� 3,+ [LJOUVSVNPLZ HYL VUS`
TLU[PVULK PU [OL THYNPUZ� 0[ ^HZ 9LN\SH�
[PVU �,<� �� ������ [OH[ JSVZLK [OPZ NHW
HUK KLÄULK [OL LU]PYVUTLU[HSS` MYPLUKS` KL�
ZPNU VM 3,+ SPNO[Z PU KL[HPS� ;OL UL^ ,JVKL�
ZPNU +PYLJ[P]L �,<� ��� ����� UV^ IYPUNZ
[OLZL YLN\SH[PVUZ [VNL[OLY HUK MVY [OL ÄYZ[
[PTL [HRLZ HSS YLSL]HU[ SPNO[PUN [LJOUVSVNPLZ
PU[V HJJV\U[�

;OPZ HSZV HWWSPLZ [V [OL UL^ YLN\SH[PVUZ
JVUJLYUPUN [OL LULYN` SHILS PU 9LN\SH[PVU
�,<� ��� ������ ^OPJO HSZV HWWSPLZ [V HSS
SPNO[ ZV\YJLZ YLNHYKSLZZ VM [OL [LJOUVSVN`
\ZLK� ;OLZL PUJS\KL SPNO[�LTP[[PUN KPVKLZ
�3,+ VY 63,+�� Å\VYLZJLU[ [\ILZ� OHSV�
NLU HUK PUJHUKLZJLU[ SPNO[ ZV\YJLZ� 3PNO[
ZV\YJLZ HYL KLÄULK PU (Y[PJSL � VM 9LN\SH�
[PVU �,<� ��� ����� HZ LSLJ[YPJHSS` VWLY�
H[LK WYVK\J[Z [OH[ OH]L KPMMLYLU[ VW[PJHS
WYVWLY[PLZ HUK ¸HYL PU[LUKLK [V LTP[ VY B¯D
[V IL WVZZPIS` [\ULK [V LTP[¹ SPNO[� :PUNSL
3,+ JOPWZ HUK 3,+ KPLZ HYL [OLYLMVYL UV[
JVUZPKLYLK SPNO[ ZV\YJLZ�

(TVUN V[OLY [OPUNZ� SPNO[ ZV\YJLZ PU WV[LU�
[PHSS` L_WSVZP]L LU]PYVUTLU[Z� MVY LTLY�
NLUJ` \ZL� PU YHKPVSVNPJHS HUK U\JSLHY
TLKPJPUL PUZ[HSSH[PVUZ HZ ^LSS HZ PU ]LOP�
JSLZ HYL HSZV L_JS\KLK MYVT [OL YLN\SH[PVU�
5L]LY[OLSLZZ� [OL THU\MHJ[\YLYZ VM [OVZL
SPNO[ ZV\YJLZ T\Z[ WYV]L I` [LZ[ YLWVY[Z
[OH[ [OLPY WYVK\J[Z HYL Z\P[HISL MVY \ZL PU
[OL YLZWLJ[P]L LU]PYVUTLU[�

1HZ &DOFXODWLRQ WR
'HWHUPLQH WKH (QHUJ\
&ODVV
;OL MVYT\SH MVY KL[LYTPUPUN [OL LULYN`
LMÄJPLUJ` JSHZZ VM H SPNO[ ZV\YJL PZ ZPTWSP�
ÄLK� 0[ PZ KLYP]LK MYVT [OL ZV�JHSSLK [V[HS
THPUZ SPNO[ V\[W\[ YH[PV �ST�>�� ^OPJO PZ
[OL S\TPUV\Z Å\_ KP]PKLK I` [OL WV^LY PU
[OL Z^P[JOLK�VU Z[H[L T\S[PWSPLK I` H [`WL�
ZWLJPÄJ MHJ[VY �7DEOH ���

3PNO[ :V\YJL ;̀ WL -HJ[VY
F;4

5VU�KPYLJ[PVUHS �5+3:�
VWLYH[PUN VU THPUZ �43:�

�����

5VU�KPYLJ[PVUHS �5+3:� UV[
VWLYH[PUN VU THPUZ �543:�

�� ��

+PYLJ[PVUHS �+3:� VWLYH[PUN VU
THPUZ �43:�

�����

+PYLJ[PVUHS �+3:� UV[ VWLYH[PUN
VU THPUZ �543:�

���� 

;HISL �! -HJ[VYZ F;4 I` SPNO[ ZV\YJL [`WL

,ULYN`
,MÄJPLUJ`
*SHZZ

;V[HS 4HPUZ ,MÄJHJ`
η;4 ∼ (lm/W )

( 210 ≤ η;4

) 185 ≤ η;4 < 210

* 160 ≤ η;4 < 185

+ 135 ≤ η;4 < 160

, 110 ≤ η;4 < 135

- 85 ≤ η;4 < 110

. η;4 < 85

;HISL �! ,ULYN` LMÄJPLUJ` JSHZZLZ VM SPNO[ ZV\YJLZ

;V HJOPL]L [OL SV^LZ[ LULYN` LMÄJPLUJ`
JSHZZ �.�� H ]HS\L VM TVYL [OHU �� S\TLUZ
WLY ^H[[ T\Z[ IL TL[� ;OL V[OLY JSHZZLZ
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HYL NYHKLK PU Z[LWZ VM �� S\TLUZ WLY ^H[[�
^P[O [OL OPNOLZ[ LMÄJPLUJ` JSHZZ �(� ILPUN
H^HYKLK Z[HY[PUN H[ H ]HS\L VM ��� S\TLUZ
WLY ^H[[ �7DEOH ���

;OL ¸WS\Z JSHZZLZ¹ (� HUK (�� PU[YVK\JLK
PU ���� ^PSS JVUZLX\LU[S` IL VTP[[LK�
>OLU [OL YLN\SH[PVU JVTLZ PU[V LMMLJ[ PU
:LW[LTILY ����� P[ PZ L_WLJ[LK [OH[ UVUL
VM [OL SPNO[ ZV\YJLZ [OLU H]HPSHISL VU [OL
THYRL[ ^PSS HJOPL]L LMÄJPLUJ` JSHZZ ( HUK
VUS` H ML^ ^PSS HJOPL]L JSHZZ )� -\Y[OLY�
TVYL� ZVTL VM [OL SPNO[ ZV\YJLZ H]HPSHISL
[VKH` ^PSS UV[ TLL[ [OL YLX\PYLTLU[Z� ;OPZ
PZ HU HKKP[PVUHS TV[P]H[PVU MVY THU\MHJ[\Y�
LYZ [V M\Y[OLY PUJYLHZL [OL LULYN` LMÄJPLUJ`
VM [OLPY WYVK\J[Z�

'HWDLOHG &RQVXPHU
,QIRUPDWLRQ
9LN\SH[PVU �,<� ��� ����� HSZV KLÄULZ
OV^ [OL LULYN` SHILS PZ [V IL KPZWSH`LK VU
[OL WHJRHNPUN HUK ^OH[ PUMVYTH[PVU P[ T\Z[
JVU[HPU �)LJXUH ���

SUPPLIER’S NAME
MODEL IDENTIFIER

A
B
C
D
E
F
G

kWh/1000h

2019/2015

A
B
C
D
E
F
G

WXYZ Insert here 
product  

QR code

-PN\YL �! ,ULYN` SHILS

;OL SHILS ZOV\SK IL SVJH[LK VU [OL ZPKL
MHJPUN [OL J\Z[VTLY HUK T\Z[ UV[ IL
ZTHSSLY [OHU H ZWLJPÄLK TPUPT\T ZPaL� 0M
[OL SHILS JHUUV[ IL WSHJLK VU [OL MYVU[� H[
SLHZ[ HU HYYV^ PUKPJH[PUN [OL LULYN` JSHZZ
T\Z[ IL WYPU[LK [OLYL �)LJXUH ���

;OL WHJRHNPUN VM [OL SPNO[ ZV\YJL T\Z[ HSZV
JVU[HPU PUMVYTH[PVU VU P[Z SPMLZWHU� WV^LY

^OLU Z^P[JOLK VU� JVSVY YLUKLYPUN PUKL_
�*90� HUK Z[HUKI` WV^LY� ;OL S\TPUV\Z
Å\_ PU S\TLUZ �ST�� [OL JVYYLSH[LK JVSVY
[LTWLYH[\YL �**; PU RLS]PU �2�� HUK� PU [OL
JHZL VM KPYLJ[PVUHS SPNO[ ZV\YJLZ� [OL ILHT
HUNSL PU KLNYLLZ ZOHSS IL PUKPJH[LK KPYLJ[S`
VU [OL SPNO[ ZV\YJL� WYV]PKLK [OH[ P[ KVLZ
UV[ L_JLZZP]LS` HMMLJ[ P[Z SPNO[ LTPZZPVU�
0M H S\TPUHPYL VY V[OLY JVU[HPUPUN WYVK\J[
PZ ZVSK ^OPJO HSYLHK` JVU[HPUZ [OL SPNO[
ZV\YJL� [OL S\TPUHPYL P[ZLSM KVLZ UV[ ULLK
[V IL SHILSSLK� H [L_[\HS Z[H[LTLU[ Z\JO
HZ ¸;OPZ WYVK\J[ JVU[HPUZ H SPNO[ ZV\YJL VM
LULYN` LMÄJPLUJ` JSHZZ ,¹ PZ Z\MÄJPLU[� (SS
ULJLZZHY` PUMVYTH[PVU PZ KLÄULK PU (UUL_ =
VM [OL YLN\SH[PVU�

0M HU LULYN` SHILS PZ THUKH[VY` MVY H WYVK�
\J[ HUK P[ PZ [V IL SH\UJOLK VU [OL ,\YV�
WLHU THYRL[� THU\MHJ[\YLYZ� PTWVY[LYZ�
HUK KPZ[YPI\[VYZ T\Z[ YLNPZ[LY P[ PU [OL
,79,3 KH[HIHZL ZPUJL ��� � <U[PS UL_[
`LHY [OPZ VUS` HWWSPLZ [V SHTWZ HUK VUS` H
ZTHSS HTV\U[ VM KH[H PZ YLJVYKLK� 0U M\�
[\YL� KH[H MYVT SPNO[ ZV\YJLZ ^PSS HSZV OH]L
[V IL YLNPZ[LYLK� L]LU PM [OL` HYL WHY[ VM H
JVU[HPUPUN WYVK\J[� 0UMVYTH[PVU YLX\PYLK
PUJS\KLZ [OL [`WL VM SPNO[ ZV\YJL� LULYN`
JSHZZ HUK LULYN` JVUZ\TW[PVU� -VY 3,+Z
HUK 63,+Z� H SPML[PTL MHJ[VY T\Z[ HKKP[PVU�
HSS` IL ZWLJPÄLK�

(FRGHVLJQ
5HTXLUHPHQWV DQG
(QGXUDQFH 7HVWLQJ

(TVUN [OL YLX\PYLTLU[Z VM [OL UL^ LJVKL�
ZPNU YLN\SH[PVU HYL [OH[ IV[O [OL [`WL�
ZWLJPÄJ TH_PT\T WLYTPZZPISL WV^LY JVU�
Z\TW[PVU HUK [OL Z[HUKI` WV^LY VM TH_�
PT\T ��� ^H[[Z HYL UV[ L_JLLKLK� 6[OLY
UL^ YLX\PYLTLU[Z PUJS\KL JVSVY YLUKLYPUN�
ÅPJRLY HUK V[OLY Z[YVIVZJVWPJ LMMLJ[Z VM
THPUZ�WV^LYLK 3,+Z HUK 63,+Z�

( JOHUNL [OH[ PZ TVZ[ YLSL]HU[ MVY THU�
\MHJ[\YLYZ YLZ\S[Z MYVT [OL UL^ Y\SLZ MVY
THUKH[VY` LUK\YHUJL [LZ[Z� ;OL S\TPUV\Z
Å\_ H[ [OL Z[HY[ VM [OL [LZ[ PZ TLHZ\YLK HZ H
YLMLYLUJL ]HS\L� ;OL SHTW PZ [OLU Z^P[JOLK
VU PU ���� JVTWSL[L HUK \UPU[LYY\W[LK
J`JSLZ VM ��� OV\YZ LHJO� ;OL WH\ZLZ IL�
[^LLU [OL J`JSLZ HYL �� TPU\[LZ� ;OPZ YL�
Z\S[Z PU H [V[HS [LZ[ [PTL VM ���� OV\YZ ^P[O
���� VWLYH[PUN OV\YZ� -PUHSS �̀ [OL S\TPUV\Z
Å\_ VM HSS UVU�MHPSLK ZWLJPTLUZ PZ TLHZ\YLK
HNHPU� HUK [OL S\TLU THPU[LUHUJL PZ JHS�
J\SH[LK MYVT [OPZ� ;OPZ MHJ[VY T\Z[ UV[ MHSS
ILSV^ H KLÄULK ]HS\L KLWLUKPUN VU [OL
SPML[PTL KLJSHYLK MVY [OL WYVK\J[�

*VTWHYLK [V [OL J\YYLU[ YLN\SH[PVU� ^OPJO
KLTHUKZ HU LUK\YHUJL [LZ[ VM ���� VW�
LYH[PUN OV\YZ� [OL [LZ[ WLYPVK OHZ ILJVTL

ZPNUPÄJHU[S` ZOVY[LY� /V^L]LY� PU M\[\YL H[
SLHZ[ UPUL PUZ[LHK VM LPNO[ V\[ VM [LU SPNO[
ZV\YJLZ T\Z[ IL VWLYHISL HM[LY JVTWSL�
[PVU VM [OL LUK\YHUJL [LZ[� 0U HKKP[PVU� SPNO[
ZV\YJLZ [OH[ JHU KL[LJ[ TLHZ\YLTLU[Z HYL
UV[ WLYTP[[LK VU [OL ,< THYRL[ [VKH �̀

$XWRPDWHG 7HVWLQJ

(S[OV\NO [OL YLX\PYLK [LZ[ [PTL PZ ZPNUPÄ�
JHU[S` YLK\JLK ^P[O [OL UL^ YLN\SH[PVUZ�
LUK\YHUJL [LZ[Z \Z\HSS` Z[PSS KLTHUK HU
LUVYTV\Z HTV\U[ VM THU\HS LMMVY[� ;l=
:l+ OHZ [OLYLMVYL JVSSHIVYH[LK ^P[O P[Z
WYVQLJ[ WHY[ULY 6WZPYH� ^OPJO ZWLJPHSPaLZ
PU VW[PJHS Z`Z[LTZ [LJOUVSVN �̀ [V KL]LSVW
H M\SS` H\[VTH[LK YVIV[PJ NVUPVTL[LY� ;V
TLL[ ;l= :l+»Z YLX\PYLTLU[Z� 6WZPYH
LX\PWWLK HU PUK\Z[YPHS YVIV[ ^P[O H +(RR:�
JHSPIYH[LK WOV[VTL[LY HUK H ZWLJ[YVTL[LY
HUK HSZV WYVNYHTTLK [OL ZVM[^HYL MVY [OL
ZWLJPÄJ HWWSPJH[PVU�

;OL [LZ[PUN YVIV[ PZ UV^ H WHY[ VM [OL L_�
[LUZP]L� JVUZ[HU[S` NYV^PUN [LZ[PUN MHJPSP[`
PU .HYJOPUN� ;OLYL [OL YVIV[ JHU PUKLWLU�
KLU[S` THUHNL \W [V ���� SPNO[PUN \UP[Z
MVY LUK\YHUJL [LZ[Z� ;OL PUKP]PK\HS \UP[Z
HYL HWWYVHJOLK PUKLWLUKLU[S` HUK H[ KL�
ÄUHISL PU[LY]HSZ [OYV\NOV\[ [OL KH` �HUK
UPNO[�� ;OPZ LUHISLZ TVYL TLHZ\YLTLU[Z
[V IL WLYMVYTLK ^P[OPU [OL ZHTL HTV\U[
VM [PTL� ;PTL�JVUZ\TPUN� THU\HS ^VYR
Z[LWZ HYL UV SVUNLY ULJLZZHY �̀ +H[H VU
[OL S\TPUV\Z Å\_ HUK [OL SPNO[ ZWLJ[Y\T
VM [OL WYVK\J[Z HZ ^LSS HZ [OL SPNO[PUN \UP�
MVYTP[` HYL YLJVYKLK HUK JHU IL L]HS\H[LK
H[ HU` [PTL� ;OPZ WYV]PKLZ THU\MHJ[\YLYZ
^P[O HU HIV]L�H]LYHNL HTV\U[ VM KH[H PU
H ]LY` ZOVY[ [PTL� ^OPJO [OL` JHU \ZL [V
VW[PTPZL HUK M\SS` KLZJYPIL [OLPY WYVK\J[Z
¶ HUK H[ [OL ZHTL [PTL TLL[ [OL UL^ �,<�
��� ����� YLX\PYLTLU[Z MVY LUK\YHUJL
[LZ[Z� "

$87+25� )DELDQ )/,**(� ',
4Y� -SPNNL PZ 7YVK\J[ ,_WLY[ H[ ;l= :l+
7YVK\J[ :LY]PJL .TI/ ZPUJL ����� 0U
MVYTLY WVZP[PVUZ OL ^VYRLK H[ +,36 05�
+<:;90,23,):;6--, .4)/ 
 *6 2.H(
�����¶������ /L Z[\KPLK H[ [OL ;LJOUPZJOL
<UP]LYZP[p[ PU 4\UPJO �����¶������



-\[\YL :JLUHYPVZ VM [OL 3PNO[PUN
0UK\Z[Y`! ;V^HYKZ H 4VYL
:\Z[HPUHISL HUK 0UUV]H[P]L 4HYRL[
;OL ^VYSK PZ PU [OL TPKZ[ VM H THQVY [YHUZMVYTH[P]L TVTLU[� HUK
Z\Z[HPUHIPSP[ �̀ HTVUN V[OLY HZWLJ[Z� OHZ ILJVTL VUL VM [OL
IPNNLZ[ JOHSSLUNLZ MVY ZVJPL[` [VKH �̀ :VTL ZWLJPÄJ SPNO[PUN
MLH[\YLZ� Z\JO HZ UL^ TH[LYPHSZ HUK LMÄJPLUJ �̀ HYL HSYLHK`
ILJVTPUN ]LY` PTWVY[HU[� /V^L]LY� [OLYL HYL ZVTL V[OLY MLH[\YLZ
[OH[ ZOV\SK IL HKKYLZZLK� ;OL X\LZ[PVU PZ UV[ Q\Z[ ^OL[OLY HUK
OV^ Z\Z[HPUHIPSP[` ^PSS JOHUNL [OL J\YYLU[ WYVK\J[Z� I\[ YH[OLY� ^OH[
PTWSPJH[PVUZ ^PSS IL VIZLY]LK PU [OL SPNO[PUN ]HS\L JOHPU HUK ^OH[
PTWHJ[ [OL` ^PSS OH]L VU [OL J\YYLU[ THYRL[�
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$
V SDUW RI WKH (XURSHDQ &RPPLV�
VLRQâV +RUL]RQ ���� ZRUN SUR�
JUDPPH� WKH DLP RI WKH 5HSUR�

OLJKW SURMHFW LV WR VWDUW WKH WUDQVIRUPD�
WLRQ RI H[LVWLQJ OXPLQDLUH VROXWLRQV WR�
ZDUGV WKH QH[W JHQHUDWLRQ� 7KH SURMHFW
WDNHV LQWR FRQVLGHUDWLRQ VXVWDLQDELOLW\�
PRGXODULW\� FXVWRPL]DWLRQ� LQWHOOLJHQW
V\VWHPV DQG XVHUV FRPIRUW� %DVHG RQ
WKH WHFKQRORJ\ WKDW KDV EHHQ GHYHO�
RSHG ZLWKLQ WKLV SURMHFW� VRPH IXWXUH
VFHQDULRV IRU WKH OLJKWLQJ LQGXVWU\ KDYH
EHHQ LGHQWLðHG� 7KLV DUWLFOH RXWOLQHV
VL[ VSHFLðF IXWXUH VFHQDULRV� 7KUHH
VFHQDULRV IRU &RQWLQXRXV /LQH /XPL�
QDLUH IRU LQGXVWU\ FRQWH[W DQG DQRWKHU
WKUHH VFHQDULRV IRU QHZ GHVNWRS FRQ�
FHSW FDOOHG 3HUVRQDO 7DEOH /LJKW �37/�
IRU RIðFH FRQWH[W� 7KH SRWHQWLDO IXWXUH
VFHQDULRV KDYH EHHQ GHYHORSHG DFFRUG�
LQJ WR W\SH RI OXPLQDLUH� XVDJH FRQWH[W�
VXVWDLQDEOH IHDWXUHV� OLJKWLQJ IHDWXUHV�
OLJKWLQJ LQWHOOLJHQW OHYHO� DQG SHUVRQDO�
L]DWLRQ IHDWXUHV� 8VLQJ D VWRU\WHOOLQJ WRRO
DQG GHðQLQJ D VSHFLðF 3URGXFW�6HUYLFH
6\VWHP �366� PDS IRU HDFK VFHQDULR�
WKH UHVHDUFK ZRUN IRFXVHV RQ WKH LP�
SOLFDWLRQV WKDW HDFK SRWHQWLDO VFHQDULR
ZRXOG KDYH RQ WKH YDOXH FKDLQ RI WKH
LQGXVWU\� 0RUHRYHU� LW VKRZV DOO WKH GLI�
IHUHQW VWDNHKROGHUV LQYROYHG LQ VHUYLFH
GHOLYHU\ DQG WKHLU PXWXDO FRQQHFWLRQV
LQ D VLQJOH IUDPH� 7KH REWDLQHG VFH�
QDULRV KLJKOLJKW WKH LPSDFW LQ WKH QHDU
IXWXUH WKDW WKH VXVWDLQDEOH DQG LQQRYD�
WLYH DSSURDFKHV ZLOO KDYH RQ D OXPLQDLUH
FRPSDQ\ VWUXFWXUH DQG WKH ZKROH YDOXH
FKDLQ SHUVSHFWLYH� 'XH WR WKH FUHDWLRQ
RI QHZ DGYDQFHG VHUYLFHV LQ WKH QHDU IX�
WXUH� PDLQO\ UHODWHG WR VXVWDLQDELOLW\ DQG

FXVWRPHU VDWLVIDFWLRQ� QHZ VWDNHKROGHUV
ZLOO MRLQ WKH 366 DQG VRPH RWKHUV ZLOO
GLVDSSHDU�

,QWURGXFWLRQ
:JLUHYPVZ HYL H ¸YPJO HUK KL[HPSLK WVY[YHP[
VM H WSH\ZPISL M\[\YL ^VYK¹� :JLUHYPVZ OLSW
[V NL[ H NYPW VU [OL M\[\YL I` ]PZ\HSPaPUN P[
HUK THRPUN P[ HZ YLHSPZ[PJ HZ WVZZPISL >�@�
-\Y[OLYTVYL� [OL` OLSW MVJ\Z [OPURPUN VU
[OL TVZ[ PTWVY[HU[ MHJ[VYZ KYP]PUN JOHUNL
PU HU` WYVK\J[ VY ZLY]PJL� )` JVUZPKLYPUN
[OL PU[LYHJ[PVUZ IL[^LLU [OLZL MHJ[VYZ�
P[ JHU PTWYV]L [OL \UKLYZ[HUKPUN VM OV^
JOHUNL ^VYRZ� HUK ^OH[ ^L JHU KV [V
N\PKL P[� 0U [OL 9,796�30./; WYVQLJ[ ZJL�
UHYPVZ OH]L ILLU \ZLK [V OLSW \Z [V ZOHYL
[OL WYVK\J[ ]PZPVU HUK ]PZ\HSPaL [OL WV�
[LU[PHS ]HS\LZ HUK VWWVY[\UP[PLZ [OH[ [OL
9,796�30./; S\TPUHPYL JHU IYPUN [V [OL
\ZLY� JSPLU[� JVTWHU` HUK LU]PYVUTLU[� 0U
HKKP[PVU� [OLZL ZJLUHYPVZ OH]L ILLU \ZLK
[V PKLU[PM` [OL PTWSPJH[PVUZ [OH[ LHJO WV�
[LU[PHS ZJLUHYPV TPNO[ OH]L VU [OL J\YYLU[
S\TPUHPYL ]HS\L JOHPU� ;V [OPZ LUK� RL` ZJL�
UHYPV MHJ[VYZ ^LYL PKLU[PÄLK HUK WYPVYP[PaLK�
;OLU� JVTIPUPUN MHJ[VYZ ZJLUHYPVZ ^LYL
KLÄULK� (M[LY^HYKZ� ZJLUHYPVZ OH]L ILLU
]PZ\HSPZLK IHZL VU Z[VY`[LSSPUN [LJOUPX\L
HUK LU[PYLS` KLZJYPILK ^P[O H 7YVK\J[ :LY�
]PJLZ :`Z[LT �7::� THW >�@� ;OL 7:: PZ
H Z`U[OL[PJ NYHWOPJHS YLWYLZLU[H[PVU [OH[
ZOV^Z PU VUL ZPUNSL MYHTL HSS [OL KPMMLYLU[
HJ[VYZ PU]VS]LK PU H WYVK\J[�ZLY]PJL KL�
SP]LY �̀ HUK [OLPY T\[\HS SPURZ �L�N� ÅV^Z VM
TH[LYPHSZ� LULYN �̀ PUMVYTH[PVU� TVUL �̀ KVJ�
\TLU[Z� L[J��� ;O\Z� H 7:: JSHYPÄLZ OV^
[OL KPMMLYLU[ Z[HRLOVSKLYZ HUK YVSLZ HYL

JVUULJ[LK VUL [V [OL V[OLY� ZOV^PUN [OL
]HS\LZ [OL` L_JOHUNL� ;OL 7:: PZ JVU�
ZPKLYLK HU L_JLSSLU[ ]LOPJSL [V LUOHUJL
JVTWL[P[P]LULZZ HUK [V MVZ[LY Z\Z[HPUHIPSP[`
ZPT\S[HULV\ZS` >�@� ZV P[ WLYMLJ[S` Ä[Z PU [OL
NLULYHS HWWYVHJO VM 9LWYV�SPNO[ WYVQLJ[ HUK
P[Z VIQLJ[P]LZ�

5(352�/,*+7 /XPLQDLUH
.H\ )DFWRUV

;OL RL` SPNO[PUN MHJ[VYZ HYL SPNO[ MLH[\YLZ
[OH[ OH]L ILLU \ZLK [V JYLH[L ZJLUHYPVZ�
;V KLÄUL [OLT� HU L_OH\Z[P]L SPZ[ VM MLH�
[\YLZ [OH[ JOHYHJ[LYPaL [OL 9,796�30./;
S\TPUHPYLZ ^HZ KL]LSVWLK� 5L_[� MLH[\YLZ
^OPJO YLMLYYLK [V [OL ZHTL PKLH ^LYL YL�
TV]LK� HUK [OL YLTHPUPUN MLH[\YLZ ^LYL
NYV\WLK HUK KPZJ\ZZLK ^P[O S\TPUHPYL L_�
WLY[Z MYVT )HY[LUIHJO HUK ;YPS\_ JVTWH�
UPLZ� (Z H YLZ\S[� � NYV\WZ VM RL` MHJ[VYZ
HUK [OLPY JVYYLZWVUKPUN Z\I�MHJ[VYZ ^LYL
KLÄULK HUK HYL KLZJYPILK ILSV �̂

7\SH RI SURGXFW
;̂ V [`WLZ VM WYVK\J[Z ^LYL ZLSLJ[LK MVY
ZJLUHYPV I\PSKPUN� ;OL` HYL KLZJYPILK IL�
SV^!

� *33! *VU[PU\V\Z 3PNO[ 3\TPUHPYL PZ H
JVU[PU\V\Z SPUL SPNO[PUN Z`Z[LT MVY PUK\Z�
[YPHS VY VMÄJL LU]PYVUTLU[Z�

� 7;3! 7LYZVUHSPaLK [HISL SPNO[ PZ ^VYR�
WSHJL SPNO[PUN PU [OL MVYT VM WLYZVUHS
[HISL SPNO[�

/HYHO RI OXPLQDLUH
;̂ V [`WLZ VM SPNO[PUN SL]LSZ ^LYL ZLSLJ[LK
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MVY ZJLUHYPV I\PSKPUN� ;OL` HYL KLZJYPILK
ILSV^!

� :[HUKHYK! 3\TPUHPYL [OH[ HSSV^Z THU\HS
HKQ\Z[TLU[ VM SPNO[ MLH[\YLZ [V PUJYLHZL
\ZLY JVTMVY[�

� 7YLTP\T! :THY[ S\TPUHPYL [OH[ HKQ\Z[
SPNO[ MLH[\YLZ [V \ZLY ULLKZ HUK LU]PYVU�
TLU[ PU VYKLY [V PUJYLHZL JVTMVY[ HUK
LMÄJPLUJ �̀ ;OL WYLTP\T S\TPUHPYL HSZV
HSSV^Z [OL HLZ[OL[PJ WLYZVUHSPaH[PVU VM
[OL SPNO[ OV\ZPUN�

8VDJH FRQWH[W
;OYLL [`WLZ VM \ZHNL JVU[L_[Z ^LYL ZL�
SLJ[LK MVY ZJLUHYPV I\PSKPUN� ;OL` HYL KL�
ZJYPILK ILSV^!

� -HJ[VY`! 9LMLYZ [V HU PUK\Z[YPHS ZP[L
^OLYL ^VYRLYZ THU\MHJ[\YL NVVKZ VY
VWLYH[L THJOPULZ�

� 6MÄJL! 9LMLYZ [V H YVVT VY V[OLY HYLH
^OLYL HU VYNHUPaH[PVU»Z LTWSV`LLZ WLY�
MVYT HKTPUPZ[YH[P]L ^VYR�

� 9L[HPS! 9LMLYZ [V [OL ZWHJL ^OLYL JVU�
Z\TLYZ I\` NVVKZ HUK ZLY]PJLZ�

/LJKW IHDWXUHV
;OYLL [`WLZ VM SPNO[ MLH[\YLZ ^LYL ZLSLJ[LK
MVY ZJLUHYPV I\PSKPUN� ;OL` HYL KLZJYPILK
ILSV^!

� )YPNO[ULZZ! (U H[[YPI\[L VM ]PZ\HS WLYJLW�
[PVU PU ^OPJO H ZV\YJL HWWLHYZ [V IL YH�
KPH[PUN VY YLÅLJ[PUN SPNO[� 0U V[OLY ^VYKZ�
IYPNO[ULZZ PZ [OL WLYJLW[PVU LSPJP[LK I`
[OL S\TPUHUJL VM H ]PZ\HS [HYNL[� 0[ PZ UV[
ULJLZZHYPS` WYVWVY[PVUHS [V S\TPUHUJL�

� *VSVY! ;OL JOHYHJ[LYPZ[PJ VM ]PZ\HS WLY�
JLW[PVU KLZJYPILK [OYV\NO JVSV\Y JH[L�
NVYPLZ�

� +PZ[YPI\[PVU! ;OL ^H` SPNO[ PZ KPZ[YPI\[LK
[OYV\NOV\[ [OL ^VYRZWHJL�

/LJKW LQWHOOLJHQFH FULWHULD
-V\Y [`WLZ VM SPNO[ PU[LSSPNLUJL JYP[LYPH ^LYL
ZLSLJ[LK MVY ZJLUHYPV I\PSKPUN� ;OL` HYL
KLZJYPILK ILSV^!

� 7LYZVU KL[LJ[PVU! 9LMLYZ [V [OL Z`Z[LT
[OH[ PZ HISL [V KL[LJ[ [OL WYLZLUJL VM
WLVWSL PU H ZWLJPÄJ HYLH HUK M\UJ[PVU
HJJVYKPUNS �̀

� (TIPLU[ SPNO[ KL[LJ[PVU! 9LMLYZ [V [OL
Z`Z[LT [OH[ PZ HISL [V KL[LJ[ [OL MLH[\YLZ
VM [OL HTIPLU[ SPNO[ HUK M\UJ[PVU HJJVYK�
PUNS �̀

� -H[PN\L KL[LJ[PVU! 9LMLYZ [V [OL Z`Z[LT
[OH[ PZ HISL [V KL[LJ[ ^VYRLY MH[PN\L SL]LS
HUK M\UJ[PVU HJJVYKPUNS �̀

� ;HZR KL[LJ[PVU! 9LMLYZ [V [OL Z`Z[LT [OH[
JHU KL[LJ[ [OL [`WL VM [HZR [OL ^VYRLY PZ
WLYMVYTPUN HUK M\UJ[PVU HJJVYKPUNS �̀

6XVWDLQDELOLW\ DVSHFWV
;OYLL [`WLZ VM Z\Z[HPUHIPSP[` HZWLJ[Z ^LYL

ZLSLJ[LK MVY ZJLUHYPV I\PSKPUN� ;OL` HYL
KLZJYPILK ILSV^!

� 4H_PT\T LULYN` LMÄJPLUJ`! 9LMLYZ [V
[OL YLM\YIPZOTLU[ VM [OL S\TPUHPYL MVY
YL�\ZL PU H ZPTPSHY HWWSPJH[PVU�

� 4H_PT\T TH[LYPHS LMÄJPLUJ`! 9LMLYZ [V
[OL YLM\YIPZOTLU[ VM [OL S\TPUHPYL MVY YL�
\ZL PU HUV[OLY HWWSPJH[PVU ^P[O SV^LY SPNO[
KLTHUKZ�

� 9LUL^HISL LULYN` NYPK! 9LMLYZ [V [OL
YLM\YIPZOTLU[ VM [OL S\TPUHPYL ^P[O HU
PUJYLHZL VM [OL KYP]L J\YYLU[�

$HVWKHWLF FULWHULD
9LMLYZ [V [OL VW[PVU [V WLYZVUHSPaL [OL
OV\ZPUN VM [OL S\TPUHPYL HZ ^LSS HZ [OL M\YUP�
[\YL VY Z`Z[LT ^OLYL [OL S\TPUHPYL PZ NVPUN
[V IL PUZ[HSSLK�

5HVXOWV
*VTIPUPUN [OL KPMMLYLU[ MHJ[VYZ HUK Z\I�
MHJ[VYZ� ZP_ ZJLUHYPVZ OH]L ILLU NLULYH[LK!
[OYLL WV[LU[PHS ZJLUHYPVZ MVY [OL *VU[PU\V\Z
3PUL 3\TPUHPYL �*33� WYVK\J[� HUK HUV[OLY
[OYLL M\[\YL WV[LU[PHS ZJLUHYPVZ MVY [OL 7LY�
ZVUHS ;HISL 3PNO[ �7;3� WYVK\J[� 7DEOH �
ZOV^Z [OL ZLSLJ[PVU VM MHJ[VYZ HUK Z\I�
MHJ[VYZ [OH[ YLZ\S[ PU [OL JVUZ[Y\J[PVU VM [OL
ZP_ HIV]LTLU[PVULK ZJLUHYPVZ� ;OL ÄYZ[
JVS\TU VM [OL [HISL ZL[Z V\[ [OL RL` MHJ[VYZ
HUK Z\IMHJ[VYZ� [OL ZLJVUK JVS\TU [OL
ÄYZ[ ZJLUHYPV� [OL [OPYK JVS\TU [OL ZLJVUK
ZJLUHYPV HUK ZV VU \U[PS HSS ZJLUHYPVZ HYL
WYLZLU[LK� ;OL ¸×¹ PU [OL [HISL PUKPJH[LZ
^OPJO VM [OL Z\IMHJ[VYZ HYL JVUZPKLYLK PU
LHJO VM [OL ZJLUHYPVZ�

6FHQDULR �� ;OPZ ZJLUHYPV YLWYLZLU[Z
9,796�30./; Z[HUKHYK *VU[PU\V\Z 3PUL
3\TPUHPYL PU H MHJ[VY` LU]PYVUTLU[� ;OL
ZJLUHYPV WYLZLU[Z OV^ [OL PUZ[HSSH[PVU HUK
YLM\YIPZOTLU[ VM [OL S\TPUHPYL PU JVTWHUPLZ
JHU HJOPL]L TH_PT\T LULYN` LMÄJPLUJ �̀

6FHQDULR �� ;OPZ ZJLUHYPV MVJ\ZLZ VU
9,796�30./; WYLTP\T *VU[PU\V\Z 3PUL
3\TPUHPYL PU H MHJ[VY` LU]PYVUTLU[� ;OL
ZJLUHYPV WYLZLU[Z OV^ PU[LSSPNLU[ S\TPUHPYL
HKHW[Z IYPNO[ULZZ IHZLK VU WLYZVU KL[LJ�
[PVU [LJOUVSVN �̀
6FHQDULR �� ;OPZ ZJLUHYPV PZ MVJ\ZLK VU
9,796�30./; WYLTP\T *VU[PU\V\Z 3PUL
3\TPUHPYL PU HU VMÄJL LU]PYVUTLU[� ;OL
ZJLUHYPV WYLZLU[Z OV^ PU[LSSPNLU[ S\TPUHPYL
HKHW[Z IYPNO[ULZZ HUK JVSV\Y IHZLK VU
WLYZVU HUK HTIPLU[ SPNO[ KL[LJ[PVU [LJOUVS�
VN`
6FHQDULR �� ;OPZ ZJLUHYPV PZ MVJ\ZLK VU
9,796�30./; Z[HUKHYK 7;3 S\TPUHPYL
PU HU VMÄJL LU]PYVUTLU[� ;OL ZJLUHYPV
WYLZLU[Z OV^ H ^VYRLY JHU THUHNL [OL
S\TPUHPYL MLH[\YLZ �IYPNO[ULZZ� JVSVY HUK
KPZ[YPI\[PVU� HJJVYKPUN [V [OLPY [HZR HUK
SL]LS VM WO`ZPJHS HUK TLU[HS MH[PN\L�

;HISL �! -HJ[VYZ HUK Z\I�MHJ[VY VM LHJO ZJLUHYPV

&// 37/
� � � � � �

3,=,3 6- 3<405(09,
:[HUKHYK × ×
7YLTP\T × × × ×
<:(., *65;,?;
-HJ[VY` × ×
6MÄJL × × × ×
9L[HPS
30./; -,(;<9,:
)YPNO[ULZZ × × × × ×
*VSV\Y × × × ×
+PZ[YPI\[PVU × × ×
05;,33,5., *90;,90(
7LYZVU KL[LJ[PVU × × × × ×
(TIPLU[ SPNO[ KL[LJ[PVU × × × × ×
-H[PN\L KL[LJ[PVU × ×
;HZR KL[LJ[PVU × ×
:<:;(05()030;@ (:7,*;:
4H_PT\T LULYN` LMÄJPLUJ` × × × ×
4H_PT\T TH[LYPHS LMÄJPLUJ` ×
9LUL^HISL LULYN` NYPK ×
(,:;/,;0* *90;,90( ×

6FHQDULR �� ;OPZ ZJLUHYPV MVJ\ZLZ VU
9,796�30./; WYLTP\T 7;3 S\TPUHPYL
PU HU VMÄJL LU]PYVUTLU[� ;OL ZJLUHYPV
WYLZLU[Z OV^ HU PU[LSSPNLU[ S\TPUHPYL Z`Z�
[LT HKHW[Z MLH[\YLZ �IYPNO[ULZZ� JVSV\Y
HUK KPZ[YPI\[PVU� [V [OL ZWLJPÄJ [HZR VM [OL
^VYRLY HUK [OLPY SL]LS VM WO`ZPJHS HUK TLU�
[HS MH[PN\L�
6FHQDULR �� ;OPZ ZJLUHYPV MVJ\ZLZ VU
9,796�30./; WYLTP\T 7;3 S\TPUHPYL
PU HU VMÄJL LU]PYVUTLU[� ;OL ZJLUHYPV
WYLZLU[Z OV^ H S\TPUHPYL OV\ZPUN HZ ^LSS
HZ [OL M\YUP[\YL Z`Z[LTZ JHU IL WLYZVUHS�
PaLK [V M\SÄSS [OL HLZ[OL[PJ YLX\PYLTLU[Z VM
[OL JVTWHU �̀

(Z TLU[PVULK ILMVYL� MVY LHJO ZWLJPÄJ ZJL�
UHYPV H Z[VY`[LSSPUN HUK H 7:: OH]L ILLU
KLZJYPIL� :[VY`[LSSPUN PZ H UHYYH[P]L VM [OL
JVTWSL[L WH[O MVSSV^LK I` H JOHYHJ[LY PU
[OL JOVZLU JVU[L_[ HUK P[ ZOV^Z [OL ]HS\L�
PU�\ZL I` H ZLX\LUJL VM YLHSPZ[PJ ZLY]PJL
TVTLU[Z� 0[ WYLZLU[Z [OL L_WLYPLUJLZ VM
[OL J\Z[VTLYZ HUK OLSWZ [V IL[[LY \UKLY�
Z[HUK ^OH[ [OL L_WLYPLUJL VM [OL PU[LUKLK
\ZLY PZ SPRL >�@� ;V I\PSK [OL Z[VY`[LSSPUN ÄYZ
P[ OHZ IL JVUZPKLYLK ^OH[ [OL ILNPUUPUN
VM [OL Z[VY` PZ HUK OV^ P[ ^PSS KL]LSVW HUK
LUK� 3H[LY� RL` TVTLU[Z VM [OL L_WLYPLUJL
OH]L ILLU KLÄULK HUK ÄUHSS �̀ ]PZ\HSZ [V
PSS\Z[YH[L [OL Z[VY` ^LYL KLZPNU� )LJXUH �
ZOV^Z WHY[ VM [OL Z[VY`[LSSPUN VM ZJLUHYPV ��
;OL Z[VY`[LSSPUN VM ZJLUHYPV � KLZJYPILZ [OL
HJ[PVUZ VM (UH� H MHJ[VY` ^VYRLY� [OYV\NO�
V\[ H ^VYRPUN KH �̀ ;OL Z[VY`[LSSPUN KL�
ZJYPILZ OV^ HU PU[LSSPNLU[ *VU[PU\V\Z 3PUL
S\TPUHPYL Z`Z[LT PU[LYHJ[Z ^P[O (UH MYVT
[OL TVTLU[ ZOL HYYP]LZ H[ [OL MHJ[VY` \U[PS
ZOL SLH]LZ�

0U WHYHSSLS� H 7YVK\J[ :LY]PJL :`Z[LT �7::�
^HZ I\PSK MVY LHJO ZJLUHYPV� (Z TLU[PVULK
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ILMVYL� [OL 7:: YLZ\TLK PU H Z`U[OL[PJ
YLWYLZLU[H[PVU VM [OL ^OVSL WYVK\J[�ZLY]PJL
KLSP]LY` HUK [OL SPURZ IL[^LLU HSS Z[HRL�
OVSKLYZ� 0U [OPZ ZWLJPÄJ JHZL� [OL 7:: THW
PSS\Z[YH[LZ OV^ [OL KPMMLYLU[ WHY[PJPWHU[Z
HYL JVUULJ[LK [V LHJO V[OLY� OPNOSPNO[PUN
[OL ]HS\LZ [OL` L_JOHUNL� 0[ HSZV OLSWZ
[V \UKLYZ[HUK [OL K`UHTPJZ VM [OL ZLY�
]PJLZ� PKLU[PM` NHWZ HUK VWWVY[\UP[PLZ >�@�
;V I\PSK [OL 9LWYV�SPNO[ 7:: THWZ �P� ÄYZ[
[OL IV\UKHYPLZ VM [OL ^OVSL Z`Z[LT ^LYL
KLÄULK� �PP� SH[LY L]LY` Z[HRLOVSKLY PU]VS]L PU

[OL ZLY]PJLZ ^HZ PKLU[PM` HUK� ÄUHSS �̀ �PPP� [OL
T\[\HS SPURZ ^LYL KLZJYPILK�

;OL ZL[ \W WYVJLZZ Z[HY[Z ^P[O Z\WWSPLYZ
^OV WYV]PKL S\TPUHPYL WHY[Z [V [OL THU�
\MHJ[\YLY� 0U [OPZ ZJLUHYPV PU HKKP[PVU [V
S\TPUHPYL WHY[Z� [OL Z\WWSPLYZ HSZV WYV]PKL
ZVM[^HYL ZVS\[PVUZ [V THU\MHJ[\YLYZ� 4HU�
\MHJ[\YLZ HYL [OL Z[HRLOVSKLYZ ^OV THU�
HNL [OL KL]LSVWTLU[ HUK THU\MHJ[\YPUN VM
[OL S\TPUHPYL WYVK\J[Z HUK ZVM[^HYL»Z HUK
HYL [OVZL ^OV WYV]PKLZ ZLY]PJLZ HUK TH�
[LYPHSZ KPYLJ[S` [V [OLPY J\Z[VTLY VY [OYV\NO

ZHSLZ HNLU[Z �^OVSLZHSLY�� 0U HKKP[PVU� [OLZL
WYVJLZZLZ TH` HSZV PU]VS]L V[OLY Z[HRL�
OVSKLYZ Z\JO HZ PUZ[HSSLYZ� -PUHSS �̀ [OL \ZLYZ
HYL [OL Z[HRLOVSKLYZ [OH[ PU[LYHJ[� KPYLJ[
VY PUKPYLJ[S �̀ ^P[O S\TPUHPYLZ [OYV\NO J\Z�
[VTLYZ�

*SVZPUN [OL Z`Z[LT NLULYHS ÅV �̂ J\Z[VTLYZ
HYL [OVZL ^OV JVU[HJ[ PUZ[HSSLYZ� ^OVSL�
ZHSLYZ VY [OL THU\MHJ[\YLY [V YLX\LZ[ THPU�
[LUHUJL VY LUK VM SPML� ;OLZL WYVJLZZLZ
HYL THUHNLK I` PUZ[HSSLYZ� ^OPJO TLHUZ
[OH[ [OL` HYL PU JOHYNL VM KLPUZ[HSSH[PVU HUK
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ZLUKPUN [OL S\TPUHPYL IHJR [V [OL THU\MHJ�
[\YLY� ;OL THU\MHJ[\YLY� ^PSS LP[OLY YL\ZL
WHY[Z HUK JVTWVULU[Z� ZLUK YL\ZHISL
WHY[Z HUK JVTWVULU[Z [V [OL Z\WWSPLY� VY
ZLUK WHY[Z [V IL YLJ`JSLK VY KPZWVZLK VM�

&RQFOXVLRQV
;OL KL]LSVWTLU[ VM ZJLUHYPVZ OHZ ILN\U
^P[O [OL HUHS`ZPZ HUK PKLU[PÄJH[PVU VM RL`
MHJ[VYZ [OH[ SLHK [OL M\[\YL VM PU[LSSPNLU[ HUK
Z\Z[HPUHISL SPNO[PUN� *VTIPUPUN MHJ[VYZ�
[OL 9,796�30./; WYVQLJ[ I\PSKZ ZP_ WV�
[LU[PHS M\[\YL ZJLUHYPVZ [OH[ ]PZ\HSPaL [OL
M\[\YL VM PU[LSSPNLU[ HUK Z\Z[HPUHISL SPNO[PUN�
;OL M\[\YL ZJLUHYPVZ OH]L ILLU KL]LSVWLK
HJJVYKPUN [V [`WL VM S\TPUHPYL� \ZHNL JVU�
[L_[� Z\Z[HPUHISL MLH[\YLZ� SPNO[PUN MLH[\YLZ�
SPNO[PUN PU[LSSPNLU[ SL]LS� HUK WLYZVUHSPaH�
[PVU MLH[\YLZ� <ZPUN H Z[VY`[LSSPUN [VVS HUK
KLÄUPUN H ZWLJPÄJ 7YVK\J[�:LY]PJL :`Z[LT
�7::� THW MVY LHJO ZJLUHYPV� [OL YLZLHYJO
KLÄULZ [OL PTWSPJH[PVUZ [OH[ LHJO WV[LU[PHS
ZJLUHYPV TPNO[ OH]L VU [OL S\TPUHPYL ]HS\L
JOHPU�

;OL JVUJS\ZPVUZ ^LYL VI[HPULK MYVT [OL
9,796�30./; WYVQLJ[� ;OPZ HUHS`ZPZ ZOV^Z
[OH[ [OL SL]LS VM PU[LSSPNLUJL LTILKKLK PU
SPNO[PUN Z`Z[LTZ PZ VUL VM [OL TVZ[ YLSL]HU[

H_LZ [OH[ ^PSS KYP]L PUUV]H[PVU PU [OL M\[\YL
VM SPNO[PUN� 0U[LSSPNLU[ SPNO[PUN� ILZPKLZ WYV�
]PKPUN JVTMVY[HISL LU]PYVUTLU[Z MVY ^VYR�
LYZ HUK \ZLYZ� LUJV\YHNLZ LMÄJPLUJ` HUK
LU]PYVUTLU[HSS` MYPLUKS` SPNO[PUN� 0U [OPZ YL�
NHYK� Z`Z[LTZ [OH[ TLHZ\YL HTIPLU[ SPNO[�
PKLU[PM` [OL U\TILY HUK WVZP[PVU VM WLVWSL
HUK [YHJR [OLPY NLZ[\YLZ HUK MHJPHS L_WYLZ�
ZPVUZ ULLK [V IL KL]LSVWLK� ;OL PU[LSSPNLU[
SPNO[PUN Z`Z[LTZ YLX\PYL UL^ Z[HRLOVSKLYZ
Z\JO HZ ZVM[^HYL Z\WWSPLYZ� LSLJ[YVUPJ LUNP�
ULLYZ� ZVM[^HYL KL]LSVWLYZ� <? KLZPNULYZ
HUK Z`Z[LT [LJOUPJPHUZ� 0U HKKP[PVU� UL^
PU[LYHJ[PVU ÅV^Z �Z\JO HZ ZVM[^HYL ZLY]PJL
ÅV^ PZ VIZLY]LK� ;OL ZLJVUK WYLKVTP�
UHU[ MHJ[VY PU [OL SPNO[PUN ZLJ[VY PZ JVTMVY[�
;OLZL Z`Z[LTZ ZLLR [V HKHW[ [OL X\HSP[PLZ
HUK JOHYHJ[LYPZ[PJZ VM [OL SPNO[PUN [V [OL
ULLKZ VM [OL LU]PYVUTLU[� 0U [OPZ ZLUZL�
YLZLHYJO PZ TV]PUN [V^HYKZ [OL HIPSP[` VM
SPNO[PUN [V HKQ\Z[ [OL JVSVY� KPZ[YPI\[PVU�
IYPNO[ULZZ� HUK PU[LUZP[` VM SPNO[�

;OL [OPYK WYLKVTPUHU[ MHJ[VY PZ Z\Z[HPUHIPS�
P[ �̀ ;OL SPNO[PUN ZLJ[VY PZ UV[ L_LTW[ MYVT
[OL \UKLYZ[HUKPUN [OH[ UH[\YL HUK [OL LU]P�
YVUTLU[ HYL UV[ LUKSLZZ ZV\YJLZ� HUK [OH[
[OLPY WYV[LJ[PVU HUK YH[PVUHS \ZL PZ ULJLZ�
ZHY �̀ ;OLYLMVYL� \UKLYZ[HUKPUN [OL SPML J`JSL
VM SPNO[PUN Z`Z[LTZ HUK KL]LSVWPUN ZVS\�
[PVUZ [OH[ HSSV^ MVY H SV^LY JVUZ\TW[PVU VM

YLZV\YJLZ HUK H NYLH[LY \ZL VM [OLZL ^PSS
IL H M\UKHTLU[HS H_PZ� :\Z[HPUHISL SPNO[PUN
YLX\PYLZ Z[HRLOVSKLYZ ^P[O RUV^SLKNL PU YL�
THU\MHJ[\YPUN WYVJLZZLZ� [LJOUPX\LZ HUK
[LJOUVSVNPLZ�

-PUHSS �̀ [OL J\Z[VTPaH[PVU VM [OL SPNO[PUN
Z`Z[LTZ� ;OHURZ [V UL^ [LJOUVSVNPLZ Z\JO
HZ �+ WYPU[PUN� [OL THU\MHJ[\YL VM J\Z�
[VTPaHISL SPNO[PUN ILNPUZ [V IL H YLHSP[ �̀
�+ WYPU[PUN LUHISLZ [OL J\Z[VTPaH[PVU VM
WYVK\J[Z� ILPUN HISL [V JYLH[L WYVK\J[Z
HKHW[LK [V [OL ULLKZ VM J\Z[VTLYZ� [LJO�
UVSVNPJHSS` MLHZPISL HUK LJVUVTPJHSS` ]PHISL�
*\Z[VTPaHISL SPNO[UPUN ULLKZ Z[HRLOVSKLYZ
Z\JO \Z WYVK\J[ KLZPNULYZ� �+ Z\WWSPLYZ�
�+ THUHNLYZ HUK JLY[PÄLK JVUZ[Y\J[PVU
THUHNLY� 0U HKKP[PVU� UL^ PU[LYHJ[PVU ÅV^Z
Z\JO HZ �+ ÅV^ HWWLHY PU [OL 7::� "

$FNQRZOHGJPHQW

;OPZ WYVQLJ[ OHZ YLJLP]LK M\UKPUN MYVT [OL
,\YVWLHU <UPVU»Z /VYPaVU ���� YLZLHYJO
HUK PUUV]H[PVU WYVNYHTTL \UKLY NYHU[
HNYLLTLU[ 5V������� ;OL H\[OVYZ [OHUR
HSS TLTILYZ PU [OL 9LWYV�SPNO[ JVUZVY�
[P\T� LZWLJPHSS` :LIHZ[PHU 2UVJOL MYVT
0;A HUK 1\KP[O .YVZZ MYVT )HY[LUIHJO MVY
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[OLPY ]HS\HISL WHY[ PU WYVK\JPUN [OL YLZ\S[Z
WYLZLU[LK PU [OPZ THU\ZJYPW[�

$87+25� *DQL[ /$6$� 3K�'�
.HUP_ 3HZH PZ H SLJ[\YLY HUK YLZLHYJOLY
PU [OL +LZPNU 0UUV]H[PVU *LU[LY �+)A� VM
4VUKYHNVU <UP]LYZP[` �:WHPU�� /L VI�
[HPULK OPZ ÄYZ[ KLNYLL PU 0UK\Z[YPHS +LZPNU
HUK 7YVK\J[ +L]LSVWTLU[ ,UNPULLYPUN H[
4VUKYHNVU <UP]LYZP[ �̀ /L OVSK HU 4:J PU
+LZPNU ,UNPULLYPUN MYVT 7VS`[LJOUPJ <UP�
]LYZP[` VM =HSLUJPH �<7=� HUK 7O+ KLNYLL PU
<ZLY ,_WLYPLUJL ,]HS\H[PVU H[ 4VUKYHNVU
<UP]LYZP[` PU ����� :PUJL [OLU� +Y� 3HZH PZ
JHYY`PUN V\[ ZL]LYHS YLZLHYJO WYVQLJ[Z ^P[O
H <ZLY *LU[YLK +LZPNU HWWYVHJO� THPUS`
YLSH[LK [V PU[LYHJ[PVU KLZPNU HUK WYVK\J[
KL]LSVWTLU[� /L PZ H\[OVY VM ZL]LYHS ZJP�
LU[PÄJ HY[PJSLZ YLMLYYPUN [LJOUVSVN` VM PU[LY�
HJ[PVU KLZPNU� \ZLY L_WLYPLUJL HUK WYVK\J[
KL]LSVWTLU[�

0RQGUDJRQ 8QLYHUVLW\ PZ H UVU�WYVÄ[ JV�
VWLYH[P]L WYP]H[L \UP]LYZP[` PU [OL )HZX\L
*V\U[Y �̀ VMÄJPHSS` LZ[HISPZOLK HUK YLJVN�
UPZLK PU �  �� ^OVZL WYPTHY` HPT PZ [OL
[YHUZMVYTH[PVU VM ZVJPL[` [OYV\NO [OL JVT�
WYLOLUZP]L LK\JH[PVU VM WLYZVUZ HUK [OL
NLULYH[PVU HUK [YHUZMLY VM RUV^SLKNL� 0[
PZ WHY[ VM 4VUKYHNVU *VYWVYH[PVU ^P[O
^OVT P[ ZOHYLZ [OL ]HS\LZ HUK WYPUJPWSLZ
^OPJO OH]L THKL P[ WVZZPISL [V IL HJ[P]L
HNLU[Z PU [OL KL]LSVWTLU[ VM H TVYL Q\Z[
HUK Z\Z[HPUHISL ZVJPL[ �̀ 0[Z THPU JHTW\Z PZ
PU 4VUKYHN}U� .PW\aRVH�

5HIHUHQFHV

B�D ())05.� ,YPR 9VZJHT� )YHUK KYP]LU PUUV]H[PVU!
:[YH[LNPLZ MVY KL]LSVWTLU[ HUK KLZPNU� (]H W\ISPZO�
PUN� �����

B�D 4VU[� 6� 2� ������� *SHYPM`PUN [OL JVUJLW[ VM
WYVK\J[¶ZLY]PJL Z`Z[LT� 1V\YUHS VM JSLHULY WYV�
K\J[PVU� ������ ���¶����

B�D ;\RRLY� (� ������� ,PNO[ [`WLZ VM WYVK\J[¶ZLY]PJL
Z`Z[LT! LPNO[ ^H`Z [V Z\Z[HPUHIPSP[`& ,_WLYPLUJLZ
MYVT :\Z7YV5L[� )\ZPULZZ Z[YH[LN` HUK [OL LU]PYVU�
TLU[� ������ ���¶���

B�D 50,3:,5� 3LUL" 4(+:,5� :HIPUL� <ZPUN Z[VY`[LSSPUN
[V YLÅLJ[ VU 0; WYVQLJ[Z� 1V\YUHS VM 0UMVYTH[PVU ;LJO�
UVSVN` ;OLVY` HUK (WWSPJH[PVU �10;;(�� ����� ]VS� ��
UV �� W� ��

B�D :;0*2+695� 4HYJ� L[ HS� ;OPZ PZ ZLY]PJL KLZPNU
[OPURPUN! )HZPJZ� [VVSZ� JHZLZ� /VIVRLU� 51! >PSL �̀
�����

Initiating 
Transformation 
in the European 
Lighting Industry
Repro-light is a European research 
project that aims to support the 
European lighting industry in moving 
towards a more sustainable and 
competitive future.

www.repro-light.eu

https://bit.ly/2Z1no5x
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https://bit.ly/3gO2Ao5


-\SS :WLJ[Y\T 3,+ :[\K` ���
;OL YLJLU[S` PU[YVK\JLK M\SS ZWLJ[Y\T 3,+Z HYL KLZPNULK MVY
LSLJ[YPJ SPNO[PUN HWWSPHUJLZ [V WYVK\JL UH[\YHS SPNO[ X\HSP[` HSZV MVY
PUKVVY ZWHJLZ� ;OL` HSSV^ HU HSTVZ[ JVTWYLOLUZP]L YLWYVK\J[PVU
VM [OL ]PZPISL ^H]LSLUN[OZ VM SPNO[� ;OL UL^ SPNO[ ZV\YJLZ LUHISL [OL
SPNO[PUN PUK\Z[Y` [V HWWYVHJO KH`SPNO[ ZWLJ[YH TVYL JSVZLS` [OHU
ILMVYL� H[ ZPNUPÄJHU[S` SV^LY JVZ[Z HUK SLZZ JVTWSL_P[` [OHU PU [OL
WHZ[�

3,+ :;<+@ -<33 :7,*;9<4 3,+ :;<+@ ��� ! " #
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'
HVSLWH SRVVLEOH EHQHðWV RI WKH
QHZ WHFKQRORJ\� IXOO VSHFWUXP
/('V DUH QRW \HW RQ D SDU ZLWK

VWDQGDUG /(' VROXWLRQV RQ WKH PDUNHW�
7KLV LV SUREDEO\ GXH WR WKH IDFW WKDW WKH\
DUH PRUH FRVWO\ LQ FRPSDULVRQ WR WKH
VWDQGDUG /('V ZKLOH D VXSSRVHG SRV�
LWLYH HIIHFW RQ KXPDQ EHLQJV KDV QRW
\HW EHHQ HYDOXDWHG VFLHQWLðFDOO\� (YHQ
WKRXJK WKHUH LV SOHQW\ RI UHVHDUFK LQ
WKH ðHOG RI OLJKW SHUFHSWLRQ LQ JHQHUDO�
WKHUH KDV EHHQ DOPRVW QR EDVLF UHVHDUFK
WR GDWH WR LQYHVWLJDWH WKH LPSDFW RI IXOO
VSHFWUXP /('V RQ KXPDQ EHLQJV� 7R
DGGUHVV WKLV ODFN RI NQRZOHGJH� WKH
)UDXQKRIHU ,QVWLWXWH IRU %XLOGLQJ 3K\VLFV
,%3 �)UDXQKRIHU ,%3� LQ 6WXWWJDUW� *HU�
PDQ\� FRQGXFWHG D VWXG\ LQ RUGHU WR
HYDOXDWH WKH LPSDFW RI IXOO VSHFWUXP
/('V RQ KXPDQ YLVXDO SHUFHSWLRQ DQG
WDVN SHUIRUPDQFH�

6WDWXV 4XR /(' 6SHFWUD

:PUJL 3,+Z ^LYL PU[YVK\JLK PU [OL SPNO[�
PUN PUK\Z[Y` �HYV\UK ������ [OLPY LMÄJPLUJ`
HUK WYVK\J[ SPML ZWHU OH]L ILLU JVU[PU�
\V\ZS` KL]LSVWLK HUK PTWYV]LK� 0U HKKP�
[PVU [V [OLZL WHYHTL[LYZ� PU YLJLU[ `LHYZ�
JVSVY [LTWLYH[\YL HUK P[Z JVU[YVS �JPYJH�
KPHU SPNO[�� HZ ^LSS HZ JVSVY YLUKLYPUN OH]L
ILJVTL PUJYLHZPUNS` PTWVY[HU[� 4VZ[ YL�
JLU[S �̀ ZPUJL ����� [OL YHUNL VM WYVK\J[Z
PU [OL 3,+ ZLNTLU[ OHZ ILLU JVUZPKLYHIS`
L_[LUKLK I` WYVK\J[Z ^P[O SPNO[ ZWLJ[YH
[OH[ HYL JSVZL [V UH[\YHS Z\USPNO[� 5\TLY�
V\Z KPZJ\ZZPVUZ ^P[O THYRL[ WHY[PJPWHU[Z
Z\NNLZ[LK [OH[ [OLYL HYL THU` HZWLJ[Z
YLÅLJ[PUN [OL ILULÄ[Z VM [OPZ [LJOUVSVN �̀
SPRL H OPNOLY *VSVY 9LUKLYPUN 0UKL_ �*90��
I\[ HSZV H IL[[LY YLWYLZLU[H[PVU VM ZH[\YH�
[PVU HUK OPNOLY ÄKLSP[` HUK NHT\[ PUKL_LZ
�9M� 9N ¶ ;4������� ;OL UL^ 3,+ NLULY�
H[PVU OHZ UV[ `L[ ILLU HISL [V WYV]L P[Z M\SS
LMMLJ[P]LULZZ PU [OL THYRL[ K\L [V OPNOLY
WYVK\J[PVU JVZ[Z HUK SV^LY SPML[PTL HUK
LMÄJHJ` JVTWHYLK [V Z[HUKHYK 3,+Z� +L�
WLUKPUN VU [OL WYVK\J[� 3,+Z VUS` OH]L
H TPUVY ZOHYL PU [OL ÄUHS WYPJL VM [OL S\�
TPUHPYL� 0[ PZ VM[LU SLZZ [OHU <:+ �� ;OPZ
PTWSPLZ H SHYNL WV[LU[PHS MVY H Z\IZ[HU[PHS
PUJYLHZL PU WYVK\J[ X\HSP[` HUK [OL HZ�
ZVJPH[LK HKKLK ]HS\L MVY THU\MHJ[\YLYZ
HUK LUK \ZLYZ VM S\TPUHPYLZ� ;OL WVZP�
[P]L PTWHJ[ VM Z\USPNO[ VU O\THU ILPUNZ PZ
IL`VUK KLIH[L >�@� [OL PTWHJ[ VM [OL M\SS
ZWLJ[Y\T 3,+ [LJOUVSVN` PZ [V IL L]HS\�
H[LK� -VY [OPZ W\YWVZL� [OL -YH\UOVMLY 0)7
JHYYPLK V\[ H Z[\K` ^P[O [LZ[ Z\IQLJ[Z PU H
YVVT LU]PYVUTLU[ �SHIVYH[VY`� PU ^OPJO [OL
UL^ [LJOUVSVN` ^HZ PUZ[HSSLK VU H SHYNL
ZJHSL�

0HWKRGV
�� [LZ[ WHY[PJPWHU[Z WLYMVYTLK IV[O JVN�
UP[P]L [LZ[Z HUK WYHJ[PJHS [HZRZ� HUK L]HS\�
H[LK [OLPY WLYJLW[PVU Z\IQLJ[P]LS` PU H SHIV�
YH[VY` LU]PYVUTLU[ PU VYKLY [V JVTWHYL [OL
WLYJLW[PVU HUK [OL LMMLJ[Z VM MV\Y KPMMLYLU[
3,+Z� ;OL 3,+Z [OH[ ^LYL JVTWHYLK ^LYL
[^V M\SS ZWLJ[Y\T 3,+Z HUK [^V Z[HUKHYK
3,+Z �*90 ��� ����2 �Z[HUKHYK ��� HUK H
TP_[\YL VM *90 �� ����2 HUK ����2 H[
����2 �Z[HUKHYK ���� ;OL PSS\TPUHUJL H[
[HISL OLPNO[ ^HZ ��� S\_ VU H]LYHNL�

)XOO 6SHFWUXP /('V DQG
'D\OLJKW

;OL ZWLJ[YHS JVTWVZP[PVU VM KH`SPNO[ OHZ
ZOHWLK V\Y WLYJLW[PVU MVY TPSSPVUZ VM `LHYZ�
-\SS ZWLJ[Y\T 3,+Z [Y` [V TPTPJ [OPZ ZWLJ�
[Y\T HUK [V HJOPL]L ZPTPSHY LMMLJ[Z [V UH[�
\YHS SPNO[� 6M JV\YZL� [OL ZWLJ[Y\T PZ VUS`
VUL VM [OL WHYHTL[LYZ [OH[ ULLKZ [V IL
[HRLU PU[V HJJV\U[ ^OLU JVTWHYPUN KH`�
SPNO[ [V HY[PÄJPHS SPNO[ ZV\YJLZ� )LZPKLZ [OL
O\NL PU[LUZP[PLZ [OH[ Z\USPNO[ JHU WYV�
]PKL� HSZV [OL ]HYPH[PVU PU JVSVY [LTWLYH�
[\YL [OYV\NOV\[ [OL KH` HUK [OL ]HYPH[PVUZ
JH\ZLK I` YLÅLJ[PVUZ HUK YLMYHJ[PVUZ VM
JSV\KZ HSZV ULLK [V IL [HRLU PU[V HJJV\U[
�)LJXUH ��� ;OL [LZ[LK 3,+Z HYL H]HPSHISL PU
]HYPV\Z JVSVY [LTWLYH[\YLZ ^OPJO IHZPJHSS`
HSSV^ MVY [OL PTWSLTLU[H[PVU VM ¸O\THU
JLU[YPJ SPNO[PUN¹ VY ¸KH`SPNO[ TPTPJRPUN¹
HWWSPJH[PVUZ� 3H[P[\KL HUK JSPTH[L �JSV\K
JV]LY WHYHTL[LYZ� HSZV HMMLJ[ [OL PU[LUZP[`
HUK [OL ZWLJ[YHS JVTWVZP[PVU V]LY [PTL
^OPJO SLHK [V IPN KPMMLYLUJLZ PU KH`SPNO[
WLYJLW[PVU H[ H [LJOUPJHS HUK J\S[\YHS SL]LS�
0U JVTWHYPZVU� [OL VM[LU KPZJ\ZZLK LMMLJ[Z
VM MHsHKL NSHaPUN VU [OL ZWLJ[Y\T HYL UV[
VM PTWVY[HUJL �MVY Z[HUKHYK ^PUKV^ NSHZZ��
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;OL PU[YVK\J[PVU VM M\SS ZWLJ[Y\T 3,+Z HS�
SV^Z [OLT [V JVTL JSVZLY [V UH[\YHS SPNO[ PU
PU[LYPVYZ� -YVT H OVSPZ[PJ WVPU[ VM ]PL �̂ P[ PZ
VUL VM H ML^ WHYHTL[LYZ [OH[ JVUJLYU [OL
LMMLJ[Z VM UH[\YHS SPNO[�

7HVW )DFLOLW\ ì+L3,(�/DEú

;OL /PNO 7LYMVYTHUJL 0UKVVY ,U]PYVUTLU[
�/P70,��3HI PZ HU PUUV]H[P]L HUK HKHW[HISL
Z[H[L�VM�[OL�HY[ [LZ[ LU]PYVUTLU[ MVY \ZLY
Z[\KPLZ H[ [OL -YH\UOVMLY 0)7 PU :[\[[NHY[
�)LJXUH ��� ;OL SHI PZ I\PS[ HZ H YVVT�PU�
YVVT Z`Z[LT VM HWWYV_PTH[LS` ��T� HUK
HSSV^Z WLYMLJ[ JVU[YVS VM HPY ÅV �̂ [LTWLYH�
[\YL� HJV\Z[PJZ� SPNO[ HUK O\TPKP[ �̀ 0[ PZ HSZV
LX\PWWLK ^P[O [^V ^PUKV^Z� HU HY[PÄJPHS
Z\U� H ÅL_PISL S\TPUV\Z JLPSPUN HUK H TVK�
LYU ���� ZV\UK Z`Z[LT MVY ]PY[\HS ZV\UK
ZJLUHYPVZ�

-PN\YL �! /P70,�3HI H[ [OL -YH\UOVMLY 0)7 c � 0)7

,QVWDOODWLRQ RI /('V DQG
&DOLEUDWLRQ
(M[LY ZWLJPM`PUN [OL 3,+ [`WL� [OL 3,+
IVHYKZ ^LYL KLZPNULK HUK WYVK\JLK HJ�
JVYKPUN [V [OL ZWLJPÄJH[PVUZ� ( +4? Z`Z�
[LT ^HZ JOVZLU HUK KLZPNULK [V HSSV^
ÅL_PISL HUK YLHS�[PTL JVU[YVS VM ZL]LYHS
SPNO[PUN JVUKP[PVUZ� 0[ HSZV VMMLYZ WVZZPIPS�
P[PLZ [V Z`UJOYVUPaL [OL JVTWSL_ ���� H\KPV
Z`Z[LT [V [OL SPNO[PUN JVU[YVS [V HSSV^ TVYL
L]HS\H[PVUZ VU H T\S[PTVKHS SL]LS�

-PN\YL �! 0UZ[HSSH[PVU HUK ^PYPUN VU [OL SHI JLPSPUN�
9LTHPUPUN ÄLSKZ HYL PSS\TPUH[LK I` Å\VYLZJLU[
SPNO[ ZV\YJLZ �Z[VJR� c � 0)7

;OL JLPSPUN VM [OL SHI JVUZPZ[Z VM �� SPNO[
WHULSZ� LHJO ^P[O H ZPaL VM 600 × ���TT�
;V LUZ\YL Z\MÄJPLU[ PSS\TPUHUJL� �� [V
�� WHULSZ ^LYL \ZLK MVY LHJO 3,+ [`WL
�)LJXUH � HUK )LJXUH ���

&DOLEUDWLRQ
0U HSS ZJLULZ� [OL JVSVY [LTWLYH[\YL ^HZ
����2 HUK [OL PSS\TPUH[PVU SL]LS ��� S\_
�H]LYHNL ]HS\L�� TLHZ\YLK ^P[O H 79*
2YVJOTHUU 9HKPV 3\_ ��� �*SHZZ (� S\_TL�
[LY HJJVYKPUN [V +05 ,5 ������ ;OL JVSVY
[LTWLYH[\YL HUK [OL ZWLJ[Y\T ^LYL TLH�
Z\YLK ^P[O H .3 :WLJ[PZ ��� ;V\JO :WLJ�
[YVTL[LY� ;OL WHYHTL[LYZ HYL ZOV^U MVY HSS
MV\Y 3,+ JVUKP[PVUZ �)LJXUH �� )LJXUH ��
)LJXUH �� )LJXUH ���

6WXG\ 3URFHGXUH

;OL WHY[PJPWHU[Z ^LYL PUKP]PK\HSS` PU]P[LK
[V [OL -YH\UOVMLY 0)7 PU :[\[[NHY[� 0U VYKLY
[V H]VPK KH[H IPHZ� [OL Z[\K` ^HZ SPTP[LK
[V WHY[PJPWHU[Z ^P[O UVYTHS VY JVYYLJ[LK [V
UVYTHS L`LZPNO[� 7YPVY [V [OL THPU [LZ[Z�
LHJO WHY[PJPWHU[»Z L`LZPNO[ ^HZ [LZ[LK ^P[O
3HUKVS[»Z [LZ[ MVY ]PZ\HS HJ\P[` >�@� [OL 0ZOP�
OHYH [LZ[ MVY JVSVY WLYJLW[PVU >�@>�@ HUK
[OL :WV[*OLJRZ *VU[YHZ[ :LUZP[P]P[` [LZ[
>�@� ;OL WHY[PJPWHU[Z JVTWSL[LK [OL L`L�
ZPNO[ [LZ[Z PU H YVVT SP[ HJJVYKPUN [V [OL
Z[HUKHYK [LZ[PUN ZJLUHYPVZ VM [OL YLZWLJ�
[P]L [LZ[� 7HY[PJPWHU[Z ^LYL HZRLK [V ^LHY
[OLPY NSHZZLZ VY JVU[HJ[ SLUZLZ PU JHZL [OL`
\Z\HSS` ^LHY HU �̀

;OL THPU WHY[ VM [OL Z[\K` [VVR WSHJL PU [OL
/P70,�3HI� 7HY[PJPWHU[Z ^LYL [LZ[LK PUKP]PK�
\HSS` HUK LHJO WHY[PJPWHU[ ^HZ HZZPNULK [V
VUL V\[ VM MV\Y 3,+ JVUKP[PVUZ �M\SS ZWLJ�
[Y\T 3,+ �� M\SS ZWLJ[Y\T 3,+ �� Z[HUKHYK
3,+ �� Z[HUKHYK 3,+ ��� *VUKP[PVUZ ^LYL
HZZPNULK YHUKVTS �̀ OV^L]LY IHSHUJLK I`
[PTL VM KH` V]LY [OL JV\YZL VM [OL Z[\K �̀
6US` WHWLY WLUJPS [LZ[Z ^LYL \ZLK PU VYKLY
[V H]VPK LMMLJ[Z VM ZJYLLU VY KPZWSH` \ZL VU
]PZ\HS WLYJLW[PVU�

-PYZ[� WHY[PJPWHU[Z ÄSSLK V\[ H ZOVY[ X\LZ�
[PVUUHPYL HIV\[ KLTVNYHWOPJZ HUK NLULYHS
PUMVYTH[PVU �NLUKLY� HNL� LK\JH[PVUHS SL]LS�
VJJ\WH[PVU HUK NLULYHS \ZHNL VM ZJYLLUZ�
HUK YH[LK [OLPY ÄYZ[ PTWYLZZPVU JVUJLYUPUN
NSHYL VU [OL KL )VLY NSHYL YH[PUN ZJHSL >�@�
5L_[� H [LU�TPU\[L HKHW[PVU WOHZL ^P[O
L`LZ VWLU HUK HU H\KP[VY` WYLZLU[H[PVU VM
PYYLSL]HU[ JVU[LU[ MVSSV^LK PU VYKLY ZV [OH[
[OL WHY[PJPWHU[Z JV\SK HKHW[ [V [OL SPNO[PUN
JVUKP[PVUZ�

(M[LY^HYKZ� [OL TL[OVK VM =PZ\HS (UHSVN\L
:JHSLZ �=(:� ^HZ L_WSHPULK [V [OL WHY[PJ�
PWHU[Z PU ^YP[PUN� =(: PZ H NYHWOPJHS YH[PUN
ZJHSL ^OVZL LUKWVPU[Z KLÄUL L_[YLTL ]HS�
\LZ VM H JLY[HPU JOHYHJ[LYPZ[PJ� 7HY[PJPWHU[Z
JHU PUKPJH[L [OLPY J\YYLU[ WLYJLW[PVU� MLLS�
PUN VY TVVK I` THYRPUN H YLWYLZLU[H[P]L
ZWV[ VU [OL ZJHSL� 0U [OPZ Z[\K �̀ [OL ZJHSL
^HZ L_HJ[S` �� JT SVUN� ZV [OL THYRLK
ZWV[Z ^LYL JVU]LY[LK PU[V U\TILYZ IL�
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[^LLU � HUK �� MVY HUHS`ZLZ� ;OL OPNOLY
[OL YH[PUN� [OL TVYL WVZP[P]L ^HZ [OL L]HS\�
H[PVU VU [OL YLZWLJ[P]L JOHYHJ[LYPZ[PJ� (M[LY
[OL PUZ[Y\J[PVUZ� WHY[PJPWHU[Z JVTWSL[LK [OL
2HYVSPUZRH :SLLWPULZZ :JHSL �[LZ[ WVPU[ �!
WYL�� ^OPJO TLHZ\YLZ [OL SL]LS VM ZSLLWP�
ULZZ PU [OL SHZ[ [LU TPU\[LZ >�@�

-VSSV^PUN� [OL WHY[PJPWHU[Z WLYMVYTLK [OL
H[[LU[PVU [LZ[ ¸-YHURM\Y[LY (\MTLYRZHTRLP[Z�
0U]LU[HY �¹ �-(09��� PU VYKLY [V L]HS\H[L

^OL[OLY [OL WLYMVYTHUJL ]HYPLK \UKLY [OL
KPMMLYLU[ SPNO[PUN JVUKP[PVUZ >�@� ;OL ¸-(09�
�¹ PZ H Z[HUKHYK WZ`JOVSVNPJHS [LZ[ PU WHWLY
WLUJPS MVYT ^OPJO KLTHUKZ HJJ\YH[L HUK
MHZ[ KPMMLYLU[PH[PVU VM ]PZ\HSS` ZPTPSHY Z`T�
IVSZ� (M[LY [OL PUZ[Y\J[VY OHK L_WSHPULK
[OL WYVJLK\YL VM [OL [LZ[� H ZOVY[ [YHPUPUN
^HZ WLYMVYTLK� MVSSV^LK I` [OL THPU [LZ[�
;OPZ THPU [LZ[ JVUZPZ[Z VM [^V WHNLZ ^P[O
[HYNL[ HUK KPZ[YHJ[PVU P[LTZ ^P[O [OL [HY�
NL[ P[LTZ [V IL PKLU[PÄLK ^P[OPU H [PTL SPTP[

VM [OYLL TPU\[LZ WLY WHNL� -V\Y KPMMLYLU[
HZWLJ[Z JHU IL L]HS\H[LK ^P[O [OPZ [LZ[!
\UKLYZ[HUKPUN VM PUZ[Y\J[PVUZ� WLYMVYTHUJL
ZWLLK� X\HSP[` �HJJ\YHJ`� HUK JVUZPZ[LUJ �̀

(M[LY [OL [LZ[� WHY[PJPWHU[Z ÄSSLK V\[ M\Y[OLY
=(: JVUJLYUPUN [OL NLULYHS YVVT SPNO[�
PUN �JVTMVY[� WSLHZHU[ULZZ� H[[YHJ[P]LULZZ�
^VYRWSHJL Z\P[HIPSP[`�� 5L_[� [OYLL VIQLJ[Z
�H WYPU[LK [L_[� H JHU VM *VRL HUK H 5P]LH
*YLHT� ^LYL WSHJLK PU MYVU[ VM [OL WHY�
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[PJPWHU[ �)LJXUH �� HUK M\Y[OLY =(:Z ^LYL
HZZLZZLK PU YLSH[PVU [V [OL ]PZ\HS WLYJLW[PVU
VM [OL VIQLJ[Z IHZLK VU HU HKHW[LK ]LYZPVU
VM >�@ �UH[\YHSULZZ VM [OL VIQLJ[Z HUK [OLPY
JVSVY HUK JVSVYM\SULZZ�� ;OLZL VIQLJ[Z ^LYL
ZLSLJ[LK ILJH\ZL P[ JHU IL HZZ\TLK [OH[
[OL` HUK [OLPY HWWLHYHUJL HYL NLULYHSS`
RUV^U [V HSS WHY[PJPWHU[Z� )LZPKLZ [OLZL
VIQLJ[Z� [OL WLYJLW[PVU VM [OL ^VVKLU KLZR
Z\YMHJL HZ ^LSS HZ [OL WHY[PJPWHU[»Z V^U
OHUKZ ^LYL HSZV L]HS\H[LK� -\Y[OLYTVYL�

[OL WHY[PJPWHU[Z YH[LK [OL NLULYHS ]PL^PUN �
]PZ\HS JVUKP[PVUZ �IYPNO[ ¶ KPT� JVTMVY[HISL
¶ \UJVTMVY[HISL� WSLHZHU[ ¶ \UWSLHZHU[�
PU[LYLZ[PUN ¶ IVYPUN��

0U VYKLY [V PUJYLHZL [OL ÄLSK YLSL]HUJL VM
[OPZ Z[\K �̀ [^V WYHJ[PJHS [HZRZ ^LYL PU�
JS\KLK! .SVZZ ZVY[PUN HUK MHIYPJ L]HS\H[PVU
�)LJXUH ���� -PYZ[� WHY[PJPWHU[Z OHK [V ZVY[
ZL]LU 5*: .SVZZ :JHSL JHYKZ �0:6 ������
HJJVYKPUN [V [OLPY NSVZZ HZ MHZ[ HZ WVZZPISL�

:LJVUK� WHY[PJPWHU[Z YLJLP]LK �� WPLJLZ VM
MHIYPJ �[OYLL KPMMLYLU[ [`WLZ�� ,PNO[ VM [OLZL
WPLJLZ ^LYL PU[LU[PVUHSS` KHTHNLK VY ZVPSLK
HUK [OL WHY[PJPWHU[Z» [HZR ^HZ [V PKLU[PM`
[OLZL WPLJLZ� )V[O [HZRZ ^LYL [PTLK�

;OL Z[\K` ^HZ JSVZLK ^P[O H M\Y[OLY JVT�
WSL[PVU VM [OL 2HYVSPUZRH :SLLWPULZZ :JHSL
�[LZ[ WVPU[ �! WVZ[�� ;OL Z[\K` [VVR HIV\[
VUL OV\Y PU [V[HS� ^P[O HWWYV_PTH[LS` [LU
TPU\[LZ ZWLU[ VU [OL L`LZPNO[ [LZ[Z� 6UL
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-PN\YL  ! 9H[PUN VM KPMMLYLU[ VIQLJ[Z HUK ]PL^PUN
JVUKP[PVUZ ]PH WHWLY WLUJPS [HZRZ c � 0)7

-PN\YL ��! 7HY[PJPWHU[ WLYMVYTPUN [OL NSVZZ
ZVY[PUN [LZ[ �[VW� HUK MHIYPJZ ^OPJO [OL
WHY[PJPWHU[Z OHK [V ZVY[ �IV[[VT� c � 0)7

WHY[PJPWHU[ ^HZ [LZ[LK H[ H [PTL HUK WHY[PJ�
PWHU[Z YLJLP]LK H TVUL[HY` JVTWLUZH[PVU
VM �� L\YVZ�

5HVXOWV
( [V[HS VM �� WHY[PJPWHU[Z [VVR WHY[ PU [OL
Z[\K �̀ ;OL KH[H VM [^V WHY[PJPWHU[Z OHK
[V IL L_JS\KLK K\L [V ZL]LYL V\[SPLYZ PU
H[ SLHZ[ VUL VM [OL L`LZPNO[ [LZ[Z HUK VM
VUL WHY[PJPWHU[ K\L [V TPZ\UKLYZ[HUKPUN
VM [OL -(09�� PUZ[Y\J[PVUZ� ;OL TLHU HNL
^HZ ����� `LHYZ �SD = 3.49� HUK � � VM
[OL WHY[PJPWHU[Z ^LYL MLTHSL� ��� VM [OL
WHY[PJPWHU[Z ^LYL Z[\KLU[Z�

0U [OL MVSSV^PUN� [OL YLZ\S[Z VM [OL Z[H[PZ[PJHS
KH[H HUHS`ZLZ HYL WYLZLU[LK� :PUJL [OL HPT
VM [OL Z[\K` ^HZ [V L]HS\H[L M\UKHTLU[HS
LMMLJ[Z VM M\SS ZWLJ[Y\T 3,+ [LJOUVSVN` VU
O\THU ILPUNZ HUK UV[ [V JVTWHYL PUKP�
]PK\HS M\SS ZWLJ[Y\T 3,+ [LJOUVSVNPLZ� [OL
YLZ\S[Z VM [OPZ Z[\K` HYL W\ISPZOLK ^P[OV\[
YLMLYLUJL [V ZWLJPÄJ THU\MHJ[\YLYZ� ;OL
YLZ\S[Z HYL WYLZLU[LK HUVU`TV\ZS` HUK
HS^H`Z ^P[O YLMLYLUJL [V [OL M\SS ZWLJ[Y\T
3,+ [LJOUVSVN` ^P[O [OL NYLH[LZ[ LMÄJPLUJ �̀
0U HKKP[PVU� HZ H UVU�WYVÄ[ YLZLHYJO PUZ[P�
[\[PVU� [OL -YH\UOVMLY .LZLSSZJOHM[ PZ UV[
WLYTP[[LK [V MH]VY JLY[HPU THU\MHJ[\YLYZ
MYVT PUK\Z[Y` [OYV\NO YLWVY[PUN� ;OL MV\Y
ZJLUHYPVZ HYL UHTLK -\SS :WLJ[Y\T 3,+ �
�n = 19�� -\SS :WLJ[Y\T 3,+ � �n = 21��
:[HUKHYK 3,+ � �n = 19�� :[HUKHYK 3,+ �
�n = 21�� 0U HKKP[PVU [V KLZJYPW[P]L Z[H[PZ[PJZ
�L�N� TLHUZ�� PUMLYLU[PHS Z[H[PZ[PJZ �ZPNUPÄ�
JHUJL [LZ[Z� L�N� HUHS`ZPZ VM ]HYPHUJL� HYL
JHYYPLK V\[ PU VYKLY [V L]HS\H[L ^OL[OLY H
KL[LJ[LK KPMMLYLUJL IL[^LLU [^V NYV\WZ
PZ H YLHS VY YHUKVT KPMMLYLUJL� ;OL ZPNUPM�
PJHUJL SL]LS ^HZ ZL[ H[ �� HUK HUHS`ZLZ
^P[O H ZPNUPÄJHUJL SL]LS SV^LY [OHU [OPZ HYL
KLÄULK HZ Z[H[PZ[PJHSS` ZPNUPÄJHU[� -\Y[OLY�
TVYL� LMMLJ[ ZPaLZ HYL JHSJ\SH[LK PU VYKLY
[V PUKPJH[L ^OL[OLY HU LMMLJ[ PZ YLSL]HU[ PU
WYHJ[PJHS [LYTZ�

0U [V[HS� � KPMMLYLU[ P[LTZ ^LYL L]HS\H[LK
PU [OPZ Z[\K �̀ -VY LHJO VM [OLT� JVTWHY�
PZVUZ IL[^LLU HSS MV\Y 3,+ JVUKP[PVUZ ^LYL
HUHS`aLK� 0U HSS HUHS`ZLZ� P[ ^HZ JVU[YVSSLK
MVY [OL PUKP]PK\HS SL]LS VM KPZWSH` \ZHNL HUK
JVU[YHZ[ ZLUZP[P]P[ �̀

6XEMHFWLYH (YDOXDWLRQV

;OL Z\IQLJ[P]L L]HS\H[PVU VM NSHYL VU [OL
KL )VLY ZJHSL KPK UV[ KPMMLY KLWLUKPUN VU
[OL 3,+ JVUKP[PVU� *VUJLYUPUN [OL NLU�
LYHS YVVT PTWYLZZPVU� H Z[H[PZ[PJHSS` ZPNUPM�
PJHU[ KPMMLYLUJL ^HZ MV\UK IL[^LLU VUL
VM [OL M\SS ZWLJ[Y\T 3,+Z �m1 = 5.7� HUK
[OL :[HUKHYK 3,+ � �m2 = 4.04� MVY [OL
P[LT ¸6]LYHSS� [OL SPNO[PUN PU [OL YVVT PZ¯
]LY` \UJVTMVY[HISL ¶ ]LY` JVTMVY[HISL¹
�)LJXUH ����

;OL LMMLJ[ ZPaL PZ SHYNL �η2p = 0.104�� -\Y�
[OLY� H Z[H[PZ[PJHSS` ZPNUPÄJHU[ KPMMLYLUJL ^HZ

MV\UK IL[^LLU VUL VM [OL M\SS ZWLJ[Y\T
3,+Z �m1 = 6.5� HUK [OL :[HUKHYK 3,+ �
�m2 = 4.44� MVY [OL P[LT ¸<UKLY [OL SPNO[�
PUN� [OL V]LYHSS KLZR HYLH HWWLHYZ [V IL
¯ ]LY` \UWSLHZHU[ ¶ ]LY` WSLHZHU[¹� ;OL
LMMLJ[ ZPaL PZ SHYNL �η2p = 0.137�� 0U [OL
ZLJ[PVU JVUJLYUPUN JVSV\YZ� H Z[H[PZ[PJHSS`
ZPNUPÄJHU[ KPMMLYLUJL ^HZ MV\UK IL[^LLU
VUL VM [OL M\SS ZWLJ[Y\T 3,+Z �m1 = 6.62�
HUK [OL :[HUKHYK 3,+ � �m2 = 4.15� MVY
[OL P[LT ¸;OL JVSV\Y VM [OL VIQLJ[Z VU [OL
KLZR SVVRZ¯ ]LY` \UUH[\YHS ¶ ]LY` UH[\YHS¸
�SHYNL LMMLJ[ ZPaL VM η2p = 0.14" )LJXUH ���
HUK MVY [OL P[LT ¸0U [OPZ SPNO[PUN� [OL JVSV\Y
VM T` OHUKZ SVVR¯ ]LY` \UUH[\YHS ¶ ]LY`
UH[\YHS¹ �m1 = 7.53" m2 = 5.61" TLKP\T
LMMLJ[ ZPaL VM η2p = 0.085��

-PN\YL ��! )HY JOHY[Z VM [OL YH[PUN VM [OL P[LT
¸6]LYHSS� [OL SPNO[PUN PU [OL YVVT PZ¯ ]LY`
\UJVTMVY[HISL ¶ ]LY` JVTMVY[HISL¹ ZOV^ TLHUZ
HUK Z[HUKHYK LYYVYZ VM TLHUZ

-PN\YL ��! )HY JOHY[Z VM [OL YH[PUN VM [OL P[LT
¸;OL JVSVY VM [OL VIQLJ[Z VU [OL KLZR SVVRZ¯
]LY` \UUH[\YHS ¶ ]LY` UH[\YHS¹ ZOV^ TLHUZ HUK
Z[HUKHYK LYYVYZ VM TLHUZ

-PN\YL ��! )HY JOHY[Z VM [OL YH[PUN VM [OL P[LT
¸/V^ ^V\SK `V\ YH[L [OL UH[\YHSULZZ VM [OL
MVSSV^PUN VIQLJ[Z& ¯ `V\Y OHUK¹ ZOV^ TLHUZ
HUK Z[HUKHYK LYYVYZ VM TLHUZ

*VUJLYUPUN [OL UH[\YHSULZZ VM [OL OHUKZ
[OLTZLS]LZ� H Z[H[PZ[PJHSS` ZPNUPÄJHU[ KPM�
MLYLUJL ^HZ MV\UK IL[^LLU VUL VM [OL M\SS
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ZWLJ[Y\T 3,+Z HUK IV[O VM [OL Z[HUKHYK
3,+Z �m1 = 8.74" m2 = 6.73" m3 = 6.4"
SHYNL LMMLJ[ ZPaL VM η2p = 0.173" )LJXUH ����
(SS V[OLY Z\IQLJ[P]L L]HS\H[PVUZ KPK UV[ KPM�
MLY PU H Z[H[PZ[PJHSS` ZPNUPÄJHU[ ^H` IL[^LLU
[OL 3,+ JVUKP[PVUZ�

3HUIRUPDQFH 7HVWV
-VY [OL -(09�� [LZ[� [OL MV\Y KPMMLYLU[ [LZ[
ZJVYLZ TLU[PVULK HIV]L ^LYL JHSJ\SH[LK�
(SZV MVY [OL NSVZZ JHYK ZVY[PUN� ZL]LYHS
ZJVYLZ ^LYL HUHS`aLK! ;V[HS JVYYLJ[ULZZ �HSS
JVYYLJ[ ]LYZ\Z H[ SLHZ[ VUL LYYVY�� WLYJLU[HS
JVYYLJ[ULZZ �L�N� WVPU[Z MVY LHJO JHYK W\[
VU [OL JVYYLJ[ ZWV[� WVPU[Z MVY LHJO PYYLN\�
SHYP[` MV\UK�� [PTL ULLKLK [V JVTWSL[L [OL
[HZR� -VY [OL MHIYPJ ZVY[PUN [HZR� IV[O [OL
[PTL Z[VWWLK HUK [OL HTV\U[ VM KL[LJ[LK
KHTHNLZ ^LYL JV\U[LK� -VY UVUL VM [OLZL
WLYMVYTHUJL [LZ[Z Z[H[PZ[PJHSS` ZPNUPÄJHU[
NYV\W KPMMLYLUJLZ ^LYL MV\UK� ;O\Z� [OL
3,+ JVUKP[PVUZ OHK UV LMMLJ[ VU [OL WLYMVY�
THUJL PU [OLZL [OYLL [LZ[Z�

(IIHFWV RQ 6OHHSLQHVV

7YL� HUK WVZ[�ZSLLWPULZZ ZJVYLZ ^LYL
JVTWHYLK PU VYKLY [V L]HS\H[L ^OL[OLY
[OL JV\YZL VM ZSLLWPULZZ ]HYPLK [OYV\NO�
V\[ [OL Z[\K` KLWLUKPUN VU 3,+ JVUKP[PVU�
(SS NYV\WZ NV[ HJ[P]H[LK K\YPUN [OL [LZ[
ZLZZPVU �MLLS TVYL H^HRL� TVYL HSLY[ HUK
SLZZ YLSH_LK H[ [OL LUK VM [OL [LZ[ ZLZZPVU
JVTWHYLK [V [OL ILNPUUPUN�� ;OPZ PZ WYVI�
HIS` K\L [V [OL Z[PT\SH[PUN UH[\YL VM H [LZ[
ZLZZPVU� /V^L]LY� UV Z[H[PZ[PJHSS` ZPNUPM�
PJHU[ KPMMLYLUJL ^HZ MV\UK IL[^LLU [OL
3,+ JVUKP[PVUZ JVUJLYUPUN [OL JV\YZL VM
ZSLLWPULZZ VY HSLY[ULZZ�YLSH_H[PVU�

6XPPDU\ DQG
&RQFOXVLRQ
0U [OPZ Z[\K �̀ [^V M\SS ZWLJ[Y\T 3,+Z HUK
[^V Z[HUKHYK 3,+Z ^LYL JVTWHYLK I`
OH]PUN WHY[PJPWHU[Z VM H Z[\K` Z\IQLJ[P]LS`
L]HS\H[L P[LTZ VU SPNO[PUN JVUKP[PVUZ� UH[\�
YHSULZZ HUK JVSVYZ� HUK JVTWSL[L KPMMLYLU[
WLYMVYTHUJL [LZ[Z� :[H[PZ[PJHSS` ZPNUPÄJHU[
KPMMLYLUJLZ ^LYL MV\UK IL[^LLU H[ SLHZ[
VUL VM [OL M\SS ZWLJ[Y\T 3,+Z HUK VUL VM
[OL Z[HUKHYK 3,+Z MVY JVTMVY[ VM [OL V]LYHSS
SPNO[PUN PU [OL YVVT� WSLHZHU[ HWWLHYHUJL
VM [OL KLZR HYLH� UH[\YHSULZZ VM [OL JVSVY
VM [OL VIQLJ[Z VU [OL KLZR PU NLULYHS HUK
VM [OL WHY[PJPWHU[Z» OHUKZ� HUK V]LYHSS UH[�
\YHSULZZ VM [OL WHY[PJPWHU[Z» OHUKZ� -VY HSS
JVTWHYPZVUZ [OH[ ^LYL Z[H[PZ[PJHSS` ZPNUPÄ�
JHU[� H[ SLHZ[ VUL VM [OL M\SS ZWLJ[Y\T 3,+Z
YL]LHSLK ¸IL[[LY¹ LMMLJ[Z [OHU [OL Z[HUKHYK
3,+Z �L� N� OPNOLY UH[\YHSULZZ� OPNOLY YH[�
PUNZ VM JVTMVY[��

5V Z[H[PZ[PJHSS` ZPNUPÄJHU[ LMMLJ[ VM [OL 3,+
JVUKP[PVU ^HZ MV\UK MVY WLYMVYTHUJL [LZ[Z
�H[[LU[PVU� NSVZZ HUK MHIYPJ ZVY[PUN�� -\Y�
[OLYTVYL� PU HSS 3,+ JVUKP[PVUZ� [OL WHY[PJ�
PWHU[Z MLS[ TVYL HSLY[ H[ [OL LUK VM [OL [LZ[
JVTWHYLK [V [OL ILNPUUPUN� ^P[O H ZPTPSHY
LMMLJ[ PU HSS 3,+ JVUKP[PVUZ� ;OYV\NOV\[ [OL
Z[\K �̀ [OLYL ^HZ UV JHZL PU ^OPJO [OL Z[HU�
KHYK 3,+Z V\[WLYMVYTLK [OL M\SS ZWLJ[Y\T
3,+Z PU H Z[H[PZ[PJHSS` ZPNUPÄJHU[ ^H �̀ 0[ JHU
IL Z\TTHYPaLK [OH[ [OL Z[\K` PZ PU MH]VY VM
M\SS ZWLJ[Y\T 3,+Z� OV^L]LY� [OL LMMLJ[Z
HYL ZWLJPÄJ�

;OL YLZ\S[Z VI[HPULK MYVT [OPZ Z[\K` NP]L
PUZPNO[Z PU[V [OL X\LZ[PVU ^OL[OLY� IHZLK
VU [OL UL^ [LJOUVSVN` VM M\SS ZWLJ[Y\T
3,+Z� WYHJ[PJHSS` YLSL]HU[ LMMLJ[Z JHU IL
PKLU[PÄLK ^P[O YLNHYK [V [OL PTWHJ[Z VU O\�
THU ILPUNZ HUK O\THU WLYJLW[PVU VM M\SS
ZWLJ[Y\T� ;OPZ ÄYZ[ PU]LZ[PNH[PVU MVJ\ZLK
VU IHZPJ YLZLHYJO HUK ^HZ W\YWVZLS` KL�
ZPNULK [V IL PUKLWLUKLU[ VM [OL JVU[L_[
VM \ZHNL� -VY [OL M\[\YL� [OL ÄUKPUNZ JHU
IL \ZLK HZ H IHZPZ MVY MVSSV^�\W WYVQLJ[Z
HPTPUN H[ ZWLJPÄJ JVU[L_[Z �L�N� VMÄJLZ� YL�
[HPS� NHZ[YVUVT �̀ OLHS[O HUK JHYL ZLY]PJLZ�
^P[OPU [OL ZJVWL VM H ÄLSK Z[\K �̀ "

$FNQRZOHGJHPHQWV

;OL WYVQLJ[ HUK [OPZ W\ISPJH[PVU ^LYL Z\W�
WVY[LK I` 5PJOPH �1HWHU�� :LV\S :LTP�
JVUK\J[VY �2VYLH� HUK ;VZOPIH 4H[LYPHSZ
�1HWHU�� >L HSZV [OHUR 3\TP[YVUP_ �.LY�
THU`� MVY LX\PWWPUN [OL SHIVYH[VY �̀

5HIHUHQFHV

B�D 4LHK� 4� 5� ������� )LULÄ[Z VM Z\USPNO[! H IYPNO[
ZWV[ MVY O\THU OLHS[O�

B�D >LZLTHUU� >�� :JOPLMLY� <�� 
 )HJO� 4� �������
5L\L +05�5VYTLU a\Y :LOZJOpYMLILZ[PTT\UN� +LY
6WO[OHSTVSVNL� ���� �� ���¶����

B�D *SHYR� 1� /� �� ���� ;OL 0ZOPOHYH ;LZ[ MVY *VSVY
)SPUKULZZ� (TLYPJHU 1V\YUHS VM 7O`ZPVSVNPJHS 6W[PJZ�
�� �� ¶���

B�D 0ZOPOHYH� :� �� ���� ;LZ[ MVY JVSV\Y�ISPUKULZZ� ;VR`V�
1HWHU! 2HULOHYH�

B�D ?iiTb,ffrrrXT`2+BbBQM@pBbBQMX+QKfbTQi+?2
+Fb@+QMi`�bi@b2MbBiBpBiv@i2bif

B�D :HTTHYJV� 1� 1�� 4H`[VU� (� .�� 3\[a� ;�� 
 .HS�
SHNOLY� :� ������� +PZJVTMVY[ NSHYL JVTWHYPZVU MVY
]HYPV\Z 3,+ JHW SHTWZ� 0,,, ;YHUZHJ[PVUZ VU 0UK\Z�
[Y` (WWSPJH[PVUZ� ������ ����¶�����

B�D :OHOPK� (�� >PSRPUZVU� 2�� 4HYJ\� :�� 
 :OHWPYV� *�
4� ������� =PZ\HS HUHSVN\L ZJHSL [V L]HS\H[L MH[PN\L
ZL]LYP[` �=(:�-�� 0U :;67� ;/(; HUK VUL O\UKYLK
V[OLY ZSLLW ZJHSLZ �WW� �  ¶����� :WYPUNLY� 5L^
@VYR� 5@�

B�D 7L[LYTHUU� -� ������� -YHURM\Y[LY (\MTLYRZHTRLP[Z�
0U]LU[HY � �-(09���� ALP[ZJOYPM[ M�Y 7Z`JOPH[YPL� 7Z`�
JOVSVNPL \UK 7Z`JOV[OLYHWPL� � ���� ���¶��

B D 0ZSHT� 4� :�� +HUNVS� 9�� /`]pYPULU� 4�� )O\ZHS� 7��
7\VSHRRH� 4�� 
 /HSVULU� 3� ������� <ZLY WYLMLYLUJLZ
MVY 3,+ SPNO[PUN PU [LYTZ VM SPNO[ ZWLJ[Y\T� 3PNO[PUN
9LZLHYJO 
 ;LJOUVSVN �̀ ������ ���¶����

$87+25� 'DQLHO 1(9(6 3,0(17$�
$UFK�
,K\JH[LK HZ H JHYWLU[LY HUK PU[LYPVY HYJOP�
[LJ[� +HUPLS 5L]LZ 7PTLU[H ^VYRLK HZ HU
HYJOP[LJ[ HUK ZL]LYHS SPNO[PUN JVTWHUPLZ
HZ H KLZPNULY� HUK Z\IZLX\LU[S` HZ OLHK
VM KLZPNU HUK KL]LSVWTLU[� :PUJL ����
OL Z[HY[LK [V YLZLHYJO M\[\YL [VWPJZ VM [OL
SPNO[PUN PUK\Z[Y` HUK 4HZZ 7LYZVUHSPaH�
[PVU H[ [OL -YH\UOVMLY 0UZ[P[\[L MVY )\PSKPUN
7O`ZPJZ�

$87+25� /LVD�0DULH :$'/(� 0�6F�
3PZH�4HYPL >HKSL ^VYRZ HZ H YLZLHYJO
HZZVJPH[L PU [OL [LHT /\THU�*LU[LYLK
(JV\Z[PJ +LZPNU HUK <ZLY 9LZLHYJO HUK
JVUK\J[Z YLZLHYJO VU OV^ KPMMLYLU[ YVVT
WHYHTL[LYZ PUÅ\LUJL O\THU ILPUNZ PU
[LYTZ VM [OLPY ^LSS�ILPUN� OLHS[O HUK WLY�
MVYTHUJL�

)UDXQKRIHU ,%3! ;OL -YH\UOVMLY 0UZ[P�
[\[L MVY )\PSKPUN 7O`ZPJZ 0)7 ^HZ MV\UKLK
PU � � HUK PZ HTVUN [OL TVZ[ L_WLYP�
LUJLK HUK LZ[HISPZOLK PUZ[P[\[LZ VM [OL
-YH\UOVMLY�.LZLSSZJOHM[� ( [V[HS VM ���
LTWSV`LLZ ^VYR H[ [OL [OYLL IYHUJOLZ PU
:[\[[NHY[� HUK /VSaRPYJOLU� 0[ OHZ HU HU�
U\HS I\KNL[ VM V]LY �� TPSSPVU L\YVZ� ^P[O
HWWYV_PTH[LS` VUL [OPYK JVTPUN MYVT PU�
K\Z[YPHS WYVQLJ[Z� ;OL WYPTHY` MVJ\Z VM
-YH\UOVMLY 0)7»Z ^VYR PZ VU YLZLHYJO 

KL]LSVWTLU[� [LZ[PUN� KLTVUZ[YH[PVU HUK
JVUZ\S[PUN PU [OL ]HYPV\Z ZWLJPHSPZ[ HYLHZ VM
I\PSKPUN WO`ZPJZ�
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(]LYHNL :WLJ[YHS +PMMLYLUJL ¶
5L^ 4L[YPJ [V ,]HS\H[L [OL
5H[\YHSULZZ VM (Y[PÄJPHS 3PNO[
:V\YJLZ
3PNO[PUN OHZ TVYL LMMLJ[ VU WLVWSL [OHU Q\Z[ LUHISPUN \Z [V ZLL ¶ P[
JHU HSZV PTWHJ[ HUK HMMLJ[ V\Y TVVK HUK OLHS[O� (K]HUJLK
ZWLJ[YHS LUNPULLYPUN TL[OVKVSVNPLZ LUHISL ZWLJ[YHS THUPW\SH[PVU
[V LUOHUJL VY YLK\JL LTPZZPVU H[ ZWLJPÄJ ^H]LSLUN[OZ� ;OPZ
[LJOUVSVN` JHU IL \ZLK [V H\NTLU[ VY Z\WWYLZZ ZWLJPÄJ [HYNL[LK
^H]LSLUN[OZ PU [OL LTPZZPVU ZWLJ[YH� VY [V YLK\JL ZWLJ[YHS ZWPRLZ
HUK ]HSSL`Z [V PTWYV]L [OL ZWLJ[YHS JVUZPZ[LUJ` [V [OH[ VM UH[\YHS
SPNO[� IV[O VM ^OPJO TH` HMMLJ[ O\THU WO`ZPVSVN �̀ >OPSL [OLYL HYL
KPMMLYPUN ZJOVVSZ VM [OV\NO[ PU [OL SPNO[PUN PUK\Z[Y �̀ KLSP]LYPUN UH[\YHS
SPNO[ PZ VM WYPTHY` PU[LYLZ[ [V THU` O\THU JLU[YPJ SPNO[PUN
HK]VJH[LZ� ;OPZ YHPZLZ [OL X\LZ[PVU! OV^ KV ^L VIQLJ[P]LS`
X\HU[PM` UH[\YHSULZZ& :[HUKHYK SPNO[PUN X\HSP[` TL[YPJZ Z\JO HZ *90
HUK ;4��� KV UV[ M\SS` HKKYLZZ [OPZ UH[\YHSULZZ X\LZ[PVU� ;OPZ
HY[PJSL WYLZLU[Z H UL^ TL[YPJ� (]LYHNL :WLJ[YHS +PMMLYLUJL �(:+��
^OPJO WYV]PKLZ H X\HU[P[H[P]L TLHZ\YLTLU[ VM OV^ JSVZLS` H SPNO[
ZV\YJL TH[JOLZ [OL ZWLJ[YH VM UH[\YHS SPNO[�
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&KDUDFWHULVWLFV RI
1DWXUDO /LJKW 6RXUFHV

0U YLJLU[ `LHYZ� [OL SPNO[PUN PUK\Z[Y` OHZ IL�
N\U [V L_WSVYL ^H`Z [V PTWYV]L [OL X\HSP[ �̀
HZ T\JO HZ [OL X\HU[P[ �̀ VM SPNO[ WYVK\JLK
I` 3,+ SPNO[ ZV\YJLZ� 4VYL IYVHKS �̀ SPNO[�
PUN KLZPNULYZ� ZWLJPÄLYZ� HUK LUK�\ZLYZ
HYL L_WSVYPUN [OL JVUJLW[ VM O\THU�JLU[YPJ
SPNO[PUN �/*3�� /*3 OHZ THU` KLÄUP[PVUZ�
I\[ P[ PZ IYVHKS` HNYLLK [OH[ P[ LUJVT�
WHZZLZ [OL LMMLJ[Z VM SPNO[PUN VU [OL WO`ZP�
JHS HUK LTV[PVUHS OLHS[O HUK ^LSS�ILPUN VM
WLVWSL�

>OPSL [OLYL HYL THU` MHJ[VYZ [OH[ JHU IL
JVUZPKLYLK PU KL]LSVWPUN H O\THU JLU[YPJ
SPNO[ ZV\YJL Z\JO HZ JVSVY [LTWLYH[\YL�
JVSVY YLUKLYPUN� NSHYL� ÅPJRLY� HUK TVYL�
[OL ZWLJ[YHS WV^LY KPZ[YPI\[PVU �:7+� VM [OL
ZV\YJL PZ H M\UKHTLU[HSS` PTWVY[HU[ MHJ[VY
[V JVUZPKLY� ;OLYL HYL [^V THPU HYLHZ VM
YLZLHYJO HUK KL]LSVWTLU[ MVY ZWLJ[YHS LU�

OHUJLTLU[ VM 3,+Z [HPSVYLK MVY \ZL PU /*3
HWWSPJH[PVUZ! L_HNNLYH[PVU VY UH[\YHSULZZ�

;OL ÄYZ[ HYLH MVJ\ZLZ VU PUÅ\LUJPUN O\THU
ILOH]PVY� :L]LYHS Z[\KPLZ OH]L ZOV^U [OH[
LUOHUJPUN VY YL[HYKPUN JLY[HPU ^H]LSLUN[OZ
JHU HMMLJ[ O\THU WO`ZPVSVN �̀ ;OYV\NO PU�
JYLHZPUN PU[LUZP[` PU [OL IS\L [V J`HU ^H]L�
SLUN[O YHUNLZ� TLSH[VUPU ZLJYL[PVU JHU IL
Z\WWYLZZLK� PUJYLHZPUN HSLY[ULZZ� *VU�
]LYZLS �̀ [OYV\NO YLK\JPUN LTPZZPVU PU [OLZL
^H]LSLUN[O YHUNLZ� [OL VWWVZP[L LMMLJ[ JHU
IL HJOPL]LK� PUJYLHZPUN YLZ[M\SULZZ HUK
YLSH_H[PVU� >OPSL ]HYPV\Z ZJPLU[PÄJ Z[\KPLZ
OH]L ILLU JVUK\J[LK [V Z\WWVY[ [OPZ PU�
[LYHJ[PVU ^P[O SPNO[ H[ ZWLJPÄJ ^H]LSLUN[OZ
HUK O\THU WO`ZPVSVN �̀ [OL SVUN�[LYT LM�
MLJ[Z VM [OPZ HY[PÄJPHS PUÅ\LUJL VU O\THUZ
YLTHPUZ \URUV^U�

;OL ZLJVUK HYLH MVJ\ZLZ VU YLWSPJH[PUN
[OL ZWLJ[YH VM UH[\YHS SPNO[� \UKLY ^OPJO
O\THUZ OH]L L]VS]LK MVY O\UKYLKZ VM [OV\�
ZHUKZ VM `LHYZ� ;OLYL PZ H Z[YVUN WYLZ\TW�
[PVU HTVUN SPNO[PUN L_WLY[Z HUK /*3 HK]V�

JH[LZ [OH[ [OL TVYL UH[\YHS H SPNO[ ZV\YJL
PZ� [OL IL[[LY MVY [OL VIZLY]LY� 4PTPJRPUN
[OL ZWLJ[YH VM UH[\YHS SPNO[ ZV\YJLZ VMMLYZ
HK]HU[HNLZ PU IYPUNPUN UH[\YHS SPNO[PUN [V
PU[LYPVY LU]PYVUTLU[Z ^OLYL O\THUZ ZWLUK
TVZ[ VM [OLPY [PTL� HUK SPNO[PUN ZWLJPÄLYZ MVY
IV[O YLZPKLU[PHS HUK JVTTLYJPHS ZWHJLZ
Z\JO HZ VMÄJLZ� ZJOVVSZ� JHYL OVTLZ�
HUK OVZWP[HSZ TPNO[ HSZV WYLZ\TL [OH[ [OL
ZHMLZ[ VW[PVU PZ [V H]VPK L_WVZPUN WLVWSL [V
UVU�UH[\YHS H\NTLU[LK SPNO[PUN�



-PN\YL �! :WLJ[YHS LUNPULLYPUN L_HTWSLZ VM ����2 3,+Z [HYNL[LK MVY O\THU JLU[YPJ SPNO[PUN

-PN\YL �! ;OL Z[HUKHYKPaLK YLMLYLUJL :7+Z VM UH[\YHS SPNO[

-PN\YL �! :7+ VM H [`WPJHS  � *90 ����2 3,+ ^P[O 0,: ;4��� Rf VM  � HUK Rg VM ���� Z[PSS L_OPIP[PUN H
ZWLJ[YHS ZWPRL H[ ��� UT HUK ]HSSL` H[ ��� UT
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)LJXUH � ZOV^Z ZWLJ[YHS WV^LY KPZ[YPI\[PVU
J\Y]LZ MVY [^V ����2 3,+ SPNO[ ZV\YJLZ
HNHPUZ[ [OL ����2 )SHJR )VK` *\Y]L
�))*�� ;OL LUOHUJLK ZWLJ[Y\T WLY[HPUZ
[V [OL ÄYZ[ HYLH VM 9
+ ^OLYL [OL :7+
PZ ZLSLJ[P]LS` L_HNNLYH[LK [V U\KNL O\�
THU WO`ZPVSVN` PU[V H ¸^HRLM\SULZZ¹ Z[H[L�
^OLYLHZ [OL UH[\YHS SPNO[ :7+ PZ PUKPJH[P]L
VM [OL ZLJVUK HYLH VM 9
+ PU ^OPJO [OL
ZWLJ[Y\T PZ LUNPULLYLK [V TH[JO UH[\YHS
SPNO[� )` SVVRPUN H[ [OLZL :7+Z� ^L JHU
X\HSP[H[P]LS` ZLL [OH[ [OL UH[\YHS SPNO[ J\Y]L
TH[JOLZ [OL ))* T\JO TVYL JSVZLS` [OHU
[OL LUOHUJLK ZWLJ[Y\T J\Y]L� OV^L]LY
HYYP]PUN H[ H X\HU[P[H[P]L JVTWHYPZVU OHZ
LS\KLK PUK\Z[Y` L_WLY[Z� \U[PS UV �̂

,]VS\[PVU OHZ JVUKP[PVULK O\THUZ [V M\UJ�
[PVU PU KH`SPNO[ OV\YZ I` [OL SPNO[ VM [OL Z\U�
HUK HM[LY K\ZR� PU [OL ^HYT NSV^ VM ÄYL�
;O\Z� ^L KLÄUL UH[\YHS SPNO[ ZV\YJLZ HZ
[OVZL VM Z\USPNO[ HUK ÄYLSPNO[� *VU]LUPLU[S �̀
[OLZL UH[\YHS SPNO[ ZV\YJLZ OH]L Z[HUKHYK�
PaLK ZWLJ[YHS KLÄUP[PVUZ� \IPX\P[V\Z PU [OL
SPNO[PUN PUK\Z[Y �̀ ;OL TVZ[ ^PKLS` \ZLK ZJP�
LU[PÄJ TL[OVK MVY KLÄUPUN H SPNO[ ZV\YJL PZ
[OL :7+� [`WPJHSS` WSV[[LK VU H NYHWO VM [OL
[`WL ZOV^U PU )LJXUH ��

3PRL^PZL� )LJXUH � WSV[Z [OL Z[HUKHYKPaLK
ZWLJ[YHS KLÄUP[PVUZ VM UH[\YHS SPNO[� ;OL`
YLWYLZLU[ [OL L_HJ[ IHSHUJL VM ^H]LSLUN[OZ
[V ^OPJO L]VS\[PVU OHZ JVUKP[PVULK [OL
O\THU IVK` [V YLZWVUK� HUK \UKLY ^OPJO
O\THUZ OH]L L]VS]LK HUK [OYP]LK�

:7+Z JHU IL WSV[[LK MVY HU` ]PZPISL SPNO[
ZV\YJL� 0M HU HY[PÄJPHS SPNO[ ZV\YJL ^P[O H
JVSVY [LTWLYH[\YL VM ����2� MVY L_HTWSL�
OHZ H ZWLJ[YHS WV^LY KPZ[YPI\[PVU JSVZLS`
TH[JOPUN [OL +�� J\Y]L PU )LJXUH �� P[
^PSS OH]L H OPNOLY *VSVY 9LUKLYPUN 0UKL_
�*90� ]HS\L JVTWHYLK [V H SPNO[ ZV\YJL [OH[
KVLZ UV[ TH[JO [OL Z[HUKHYKPaLK ZWLJ[YHS
YLMLYLUJL HZ JSVZLS �̀

*VSVY X\HSP[` TL[YPJZ Z\JO HZ *90 HUK ;4�
�� WYV]PKL PTWVY[HU[ PUMVYTH[PVU HIV\[ [OL
L_[LU[ [V ^OPJO H SPNO[ ZV\YJL TH[JOLZ [OL
SPNO[PUN LMMLJ[ VM H UH[\YHS YLMLYLUJL ZV\YJL
Z\JO HZ KH`SPNO[ �H[ JVVSLY JVSVY [LTWLYH�
[\YLZ VM ≥����2� VY [OL ISHJR IVK` J\Y]L
�H[ ^HYTLY JVSVY [LTWLYH[\YLZ VM ≤����2��
/V^L]LY� [^V KPMMLYLU[ SPNO[ ZV\YJLZ ^P[O
[OL ZPTPSHY *90� ;4��� Rf � HUK ;4��� Rg

]HS\LZ TH` HWWLHY KPMMLYLU[S` ^OLU ]PL^LK
ZPKL I` ZPKL� VY TH` OH]L ]HZ[S` KPMMLYLU[
WO`ZPVSVNPJHS PTWHJ[Z� ILJH\ZL [OL` OH]L
ZPNUPÄJHU[S` KPMMLYLU[ :7+Z� ;O\Z� [OLZL
TL[YPJZ HSVUL HYL PUZ\MÄJPLU[ [V KLÄUL [OL
UH[\YHSULZZ VM SPNO[� )LJXUH � JVTWHYLZ H
����2 3,+ ^P[O ULHY WLYMLJ[ *90 VM  �� [V

[OL Z[HUKHYKPaLK KLÄUP[PVU VM H ����2
UH[\YHS SPNO[ ZV\YJL �P�L� [OL ISHJR IVK`
J\Y]L�� ;OL JVTWHYPZVU ZOV^Z [OH[ ZPTWS`
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[OL J\[ VMM YHUNL MVY (:+ JHSJ\SH[PVUZ
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,]HS\[H[PVU 4L[YPJ
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����2
�� *90

����2
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����2
 � *90

(:+ ��  � ��� ��� ���
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;4���
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OH]PUN OPNO *90 HUK ;4��� ]HS\LZ KVLZ
UV[ ULJLZZHYPS` TLHU [OH[ [OL ZV\YJL PZ H
JSVZL TH[JO [V [OL ZWLJ[YH VM UH[\YHS SPNO[�
HZ PUKPJH[LK I` [OL OPNOSPNO[LK ZWLJ[YHS
WLHR HUK ]HSSL �̀

$YHUDJH 6SHFWUDO
'LIIHUHQFH� $ 'HðQLWLYH
0HDVXUH RI 1DWXUDOQHVV
;V X\HU[PM` [OL YLSH[P]L KPMMLYLUJL PU UH[\YHS�
ULZZ IL[^LLU :7+Z� ^L T\Z[ ÄYZ[ JVUZPKLY
[OL ZWLJ[YHS YHUNL PU ^OPJO [OL JVTWHYP�

ZVU PZ THKL� (S[OV\NO [OL ZWLJ[YHS YHUNL
VM O\THU ]PZPVU Z[YL[JOLZ MYVT ��� UT [V
��� UT� [OL Z\IZL[ VM [OPZ YHUNL [OH[ JVYYL�
ZWVUKZ [V [OL WOV[VWPJ YLZWVUZL J\Y]L� VY
=�λ�� PZ PKLHS MVY [OPZ JHSJ\SH[PVU� =�λ� PZ [OL
S\TPUV\Z LMÄJPLUJ` M\UJ[PVU KLZJYPIPUN [OL
H]LYHNL ZWLJ[YHS ZLUZP[P]P[` VM O\THU ]PZ\HS
WLYJLW[PVU VM IYPNO[ULZZ� ;OL ^H]LSLUN[O
YHUNL VM ��� UT [V � � UT ^HZ JOVZLU
[V YLTV]L [OL [HPSZ VM [OL =�λ� NH\ZZPHU
KPZ[YPI\[PVU ILSV^ �� VM [OL WLHR ]HS\L
H[ ��� UT� >OPSL [OL =�λ� J\Y]L Z[YL[JOLZ
MYVT ��� UT [V ��� UT� [OL YH[PVUHSL MVY YL�
K\JPUN [OL [V[HS YHUNL PZ YVV[LK PU TH_PTPa�
PUN [OL \ZLM\SULZZ VM [OL JVTWHYPZVU IL�

[^LLU SPNO[ ZV\YJLZ� (Z [OL (:+ HJYVU`T
YLHKZ� [OL TL[YPJ \ZLZ HU ¸H]LYHNL¹ VM [OL
ZWLJ[YHS KPMMLYLUJLZ IL[^LLU [^V :7+Z
HJYVZZ H YHUNL VM ZWLJ[YH� :PUJL ULHYS` HSS
3,+ SPNO[ ZV\YJLZ OH]L SV^ LTPZZPVU H[ [OL
SV^ HUK OPNO LUKZ VM [OL ]PZPISL ZWLJ[Y\T�
H]LYHNPUN [OL ZWLJ[YHS KPMMLYLUJLZ V]LY [OL
LU[PYL YHUNL YLZ\S[Z PU H SLZZ TLHUPUNM\S
JVTWHYPZVU HZ [OL KH[H PZ ZRL^LK I` [OL
SHJR VM LTPZZPVU H[ [OL [HPSZ VM [OL KPZ[YPI\�
[PVU� ;OL YHUNL WYVWVZLK JV]LYZ   � � VM
[OL [V[HS HYLH \UKLY [OL WOV[VWPJ YLZWVUZL
J\Y]L� ZOV^U PU )LJXUH ��

;V HYYP]L H[ H X\HU[P[H[P]L ]HS\L MVY KLWPJ[�
PUN [OL UH[\YHSULZZ VM [OL SPNO[ ZV\YJL� [OL
:7+Z VM LHJO ZV\YJL HYL ÄYZ[ @�UVYTHSPaLK
ZV [OH[ [OL` HYL JVTWHYHISL PU [OL ]PZPISL
ZWLJ[Y\T� ;OL ZWLJ[Y\T PZ [OLU KP]PKLK
PU[V ��� � UT ^PKL ZLNTLU[Z IL[^LLU
[OL ]PZPISL SPNO[ ^H]LSLUN[OZ VM ��� UT
HUK � � UT� ;OL KPMMLYLUJL PU YHKPVTL[YPJ
WV^LY IL[^LLU [OL HY[PÄJPHS SPNO[ ZV\YJL
HUK P[Z YLMLYLUJL SPNO[ H[ LHJO UHUVTL[LY
ZLNTLU[ PZ TLHZ\YLK HUK L_WYLZZLK HZ
H WLYJLU[HNL KL]PH[PVU� ;OL HIZVS\[L ]HS�
\LZ VM HSS ��� ]HS\LZ HYL [OLU H]LYHNLK [V
WYVK\JL H ZPUNSL ]HS\L� ;OPZ JHSJ\SH[PVU
JHU IL L_WYLZZLK HZ HU (]LYHNL :WLJ[YHS
+PMMLYLUJL� VY (:+� 3PNO[PUN WYVMLZZPVUHSZ
JHU JVTWHYL [OPZ ZPUNSL ]HS\L [V HZZLZZ [OL
YLSH[P]L UH[\YHSULZZ VM KPMMLYLU[ SPNO[ ZV\YJLZ
\UKLY JVUZPKLYH[PVU�

;OL LX\H[PVU MVY JHSJ\SH[PUN [OL (:+ ]HS\L
PZ!

ASD =

690∑
λ=425

∣∣∣φref−φ
φref

∣∣∣
λ

266
���

;OL (:+ ]HS\L� L_WYLZZLK HZ H WLYJLU[�
HNL� HS^H`Z JVTWHYLZ H [LZ[ ZV\YJL [V H
YLMLYLUJL ZV\YJL H[ [OL ZHTL **;� ;OL YLM�
LYLUJL ZV\YJL \ZLK PU [OPZ JHSJ\SH[PVU PZ [OL
ISHJRIVK` J\Y]L �))*� MVY SPNO[ ZV\YJLZ VM
����2 HUK ILSV �̂ HUK [OL KH`SPNO[ ZWLJ�
[Y\T �Z[HUKHYK PSS\TPUHU[Z Z\JO HZ +���
+��� HUK +��� MVY SPNO[ ZV\YJLZ VM ����2
HUK HIV]L� ;OLZL UH[\YHS SPNO[ YLMLYLUJL
ZWLJ[Y\TZ HYL LX\P]HSLU[ [V [OVZL \ZLK I`
[OL 0,: MVY JHSJ\SH[PUN ;4��� JVSVY X\HSP[`
TL[YPJZ�

( JVTWHYPZVU VM [OL ����2 3,+ :7+Z
PU )LJXUH � ZOV^Z [OL Z\WLYPVY X\HSP[H[P]L
UH[\YHSULZZ VM [OL )YPKNLS\_ ;OYP]L� ZV\YJL
JVTWHYLK [V V[OLY )YPKNLS\_ Z[HUKHYK 3,+
ZV\YJLZ H[ �� *90�  � *90� HUK  � *90�
)` \ZPUN [OL UL^S` KLÄULK (:+ TL[YPJ�
[OL X\HU[P[H[P]L KPMMLYLUJL PZ Z[HYR� >OPSL
[OL ILZ[ VM [OL [OYLL Z[HUKHYK 3,+Z PZ [OL
 � *90 WYVK\J[� ^P[O HU (:+ VM ���� [OL
;OYP]L 3,+ OHZ HU (:+ VM Q\Z[  �� J\[[PUN
[OL KL]PH[PVU MYVT UH[\YHS SPNO[ PU OHSM�
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0[ TPNO[ ZLLT JV\U[LYPU[\P[P]L [OH[ [OL  �
*90 WYVK\J[ ^V\SK OH]L H ZPTPSHY� HUK UV[
ZPNUPÄJHU[S` SV^LY� (:+ ]HS\L PU JVTWHYPZVU
[V [OL  � *90 WYVK\J[� OV^L]LY� [OL  � *90
WYVK\J[ OHZ ILLU ZWLJ[YHSS` LUNPULLYLK [V
KLSP]LY H OPNO *90� UV[ [V KLSP]LY H JSVZLY
TH[JO [V UH[\YHS SPNO[� ;OPZ ]HSPKH[LZ [OL
WYLTPZL [OH[ *90 HSVUL PZ UV[ HU HJJ\YH[L
TLHZ\YLTLU[ VM UH[\YHSULZZ�

>OPSL OPNO *90 HUK ;4��� ]HS\LZ JHU IL
WYVK\JLK I` H SPNO[ ZV\YJL [OH[ OHZ H WVVY
�OPNO� (:+ ]HS\L� H SPNO[ ZV\YJL ^P[O H NVVK
�SV^� (:+ ]HS\L ^PSS HS^H`Z JVYYLZWVUK [V
OPNO *90 HUK ;4��� YH[PUNZ K\L [V [OL UH[�
\YHSULZZ VM [OL SPNO[� 7DEOH � L_LTWSPÄLZ
[OPZ I` ZOV^PUN [OH[ [OL [^V ZV\YJLZ ^P[O
[OL SV^LZ[ (:+ ]HS\LZ �UH[\YHS SPNO[ HZ KL�
ÄULK I` [OL ISHJR IVK` J\Y]L HUK ;OYP]L�
OH]L ULHY WLYMLJ[ *90� ^OLYL [OL  � *90
WYVK\J[ HSZV OHZ H ULHY WLYMLJ[ *90 I\[ H
T\JO ^VYZL �OPNOLY� (:+�

>OLU JVTWHYPUN [OL X\HSP[` VM SPNO[ IL�
[^LLU [^V ZV\YJLZ� P[ PZ PTWVY[HU[ [V \U�
KLYZ[HUK [OL SPTP[Z VM O\THU ]PZPVU� ;OL
SPTP[ VM WLYJLW[PISL KPZ[PUJ[PVU VM JVSVY Ä�
KLSP[` IL[^LLU [^V ZV\YJLZ JHU IL ZWLJP�
ÄLK HUK PZ [`WPJHSS` YLMLYYLK [V HZ [OL Q\Z[�
UV[PJLHISL KPMMLYLUJL� 9LZLHYJO JVUK\J[LK
H[ [OL *HSPMVYUPH 3PNO[PUN ;LJOUVSVN` *LU�
[LY �*3;*� H[ [OL <UP]LYZP[` VM *HSPMVYUPH
H[ +H]PZ WYVK\JLK HU PU[LYLZ[PUN ÄUKPUN
HIV\[ O\THU WLYJLW[PVU VM HY[PÄJPHS SPNO[
ZV\YJLZ \ZPUN [OL ;4��� MYHTL^VYR� ;OL
*3;* YLZLHYJO Z\NNLZ[LK [OH[ PM HU PSS\TP�
UH[LK YLMLYLUJL JVSVY ZHTWSL OHZ Rf ≥ ��
[OL H]LYHNL VIZLY]LY TH` UV[ IL HISL [V
KPZ[PUN\PZO IL[^LLU [OH[ ZV\YJL HUK [OL
YLMLYLUJL ZV\YJL� UH[\YHS SPNO[� ;O\Z� MVY H
O\THU VIZLY]LY� SPNO[ ZV\YJLZ ^P[O ;4���
Rf ]HS\LZ ≥ � HYL LZZLU[PHSS` LX\P]HSLU[ [V
YLMLYLUJL UH[\YHS SPNO[ ZV\YJLZ ^P[O Rf VM
����

)LJXUH � JVTWHYLZ [OL PUKP]PK\HS JVSVY
ZHTWSL ÄKLSP[` ZJVYLZ VM [OL ����2 ;OYP]L
3,+ HUK [OL ����2  � *90 3,+� -VY [OL
����2 ;OYP]L 3,+�  � VM [OL   ;4���
JVSVY ZHTWSL ÄKLSP[` ]HS\LZ HYL ≥ � ^P[O
[OL [^V ]HS\LZ ILSV^  � Z[PSS NYLH[LY [OHU
 �� -VY [OL ����2  � *90 3,+� VUS` ��
VM [OL   JVSVY ZHTWSL ÄKLSP[` ]HS\LZ HYL
≥ �� ^P[O �� VM [OL �� ]HS\LZ ILSV^  �
HSZV ILSV^  ��

>OPSL [OL KH[H YLWVY[LK [OYV\NOV\[ [OPZ HY�
[PJSL PZ IHZLK VU ����2 SPNO[ ZV\YJLZ� [OL
ZHTL JVTWHYPZVU JHU VM JV\YZL IL THKL
MVY V[OLY **;Z ^P[O ZPTPSHY YLZ\S[Z� 7DEOH �
ZOV^Z [OL JVTWHYPZVU VM L_PZ[PUN JVSVY
X\HSP[` TL[YPJZ ]Z� (:+ MVY )YPKNLS\_ ;OYP]L
HUK V[OLY )YPKNLS\_ OPNO *90 SPNO[ ZV\YJLZ
H[ JVTTVUS` \ZLK **;Z� >OPSL [OLYL HYL
TPUVY KPMMLYLUJLZ PU [OL *90 HUK ;4���
TL[YPJZ� [OL KPMMLYLUJLZ PU [OL (:+ ]HS\LZ

thriveTM

perfectly natural
full spectrum tunable white light 
sources engineered to match the 

spectra of natural light

bridgelux.com/products/vesta-thrive

https://bit.ly/2ZgGrsX
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IL[^LLU [OLZL ZV\YJLZ HYL ZPNUPÄJHU[S`
OPNOLY� HZ [OPZ TL[YPJ OHZ ILLU KL]LSVWLK
ZWLJPÄJHSS` [V WYV]PKL H X\HU[P[H[P]L TLH�
Z\YLTLU[ VM UH[\YHSULZZ� ;OPZ KH[H M\Y[OLY
PUKPJH[LZ [OH[ OPNO *90 VY ;4��� ]HS\LZ KV
UV[ ULJLZZHYPS` JVYYLSH[L [V SV^ (:+ ]HS\LZ�
I\[ PU HSS JHZLZ H SV^ (:+ ]HS\L JVYYL�
ZWVUKZ [V OPNO *90 HUK ;4��� ]HS\LZ�

;OL UH[\YHS SPNO[PUN ZWLJ[Y\T KLSP]LYLK
I` [OL )YPKNLS\_ ;OYP]L WYVK\J[Z JHU HSZV
IL \ZLK [V PTWSLTLU[ HK]HUJLK MVYTZ VM
[\UHISL O\THU�JLU[YPJ SPNO[PUN ZVS\[PVUZ�
;\UHISL ^OP[L SPNO[PUN NP]LZ [OL LUK \ZLY
ÅL_PIPSP[` HUK JVU[YVS [V M\Y[OLY WLYZVUHSPaL
[OLPY LU]PYVUTLU[ IL`VUK [OL OPZ[VYPJHS SPT�
P[H[PVU VM VUS` HKQ\Z[PUN PU[LUZP[` [OYV\NO
KPTTPUN� :PUJL [OL **; HUK :7+ VM Z\U�
SPNO[ JOHUNLZ [OYV\NOV\[ [OL KH �̀ OH]PUN H
UH[\YHS ZWLJ[YH SPNO[ ZV\YJL [OH[ PZ HSZV :7+
HUK **; [\UHISL LUHISLZ ZWLJ[YHS HSPNU�
TLU[ IL[^LLU P[ HUK Z\USPNO[ [OYV\NOV\[
[OL KH �̀ ;OPZ HWWYVHJO TH_PTPaLZ OHY�
TVU` IL[^LLU [OL PUKVVY SP[ LU]PYVUTLU[

HUK PUOHIP[HU[ JPYJHKPHU YO`[OT� 6[OLY \ZL
JHZLZ MVY UH[\YHS [\UHISL ^OP[L ZV\YJLZ
PUJS\KL M\UJ[PVU�VYPLU[LK SPNO[PUN HUK WLY�
ZVUHSPaH[PVU WLY PUKP]PK\HS WYLMLYLUJL�

;OL H^HYK ^PUUPUN )YPKNLS\_ =LZ[H ;OYP]L
WYVK\J[Z KLSP]LY M\SS� UH[\YHS ZWLJ[YH PU HU
LHZ` [V \ZL [^V JOHUULS [\UHISL ^OP[L
ZVS\[PVU� ;OL =LZ[H ;OYP]L ZWLJ[YH KLSP]LYZ
SV^ (:+ ]HS\LZ HJYVZZ [OL [\UPUN YHUNL�
KLSP]LYPUN H ZPNUPÄJHU[S` JSVZLY TH[JO [V
UH[\YHS SPNO[ [OHU V[OLY [^V JOHUULS [\UHISL
^OP[L SPNO[PUN VW[PVUZ� ;OL (:+ ]HS\LZ MVY H
����¶����2 =LZ[H ;OYP]L *6) YHUNL MYVT
�� [V ����

&RQFOXVLRQV
;OL SPNO[PUN PUK\Z[Y` PZ YLHK` [V TV]L VU
MYVT M\UKHTLU[HS JVTWHYPZVUZ VM YH^ S\�
TLU V\[W\[ HUK WV^LY JVUZ\TW[PVU [V [OL
WYVMV\UK KPMMLYLUJLZ PU [OL UH[\YHSULZZ VM
SPNO[ MYVT VUL ZV\YJL [V HUV[OLY� ;V KH[L�

X\HSP[` VM SPNO[ TL[YPJZ OH]L ILLU UHYYV^S`
JVUÄULK [V JVSVY ÄKLSP[` HUK JVSVY NHT\[�
JVTWHYPUN [OL YLUKLYPUN HUK ZH[\YH[PVU VM
JVSVY ^P[O H YLMLYLUJL SPNO[ ZV\YJL� <ZLYZ
HYL ILJVTPUN PUJYLHZPUNS` TPUKM\S VM [OL
LMMLJ[ VM 3,+ SPNO[ VU O\THU OLHS[O HUK
^LSS�ILPUN� KYP]PUN [OL KLTHUK MVY UH[\YHS
SPNO[PUN WYVK\J[Z ^OPJO TPTPJ [OL ZWLJ[YHS
WV^LY KPZ[YPI\[PVU VM UH[\YHS SPNO[ ZV\YJLZ�
(:+ PZ H JVTWYLOLUZP]L HUK ZJPLU[PÄJHSS`
JYLKPISL TL[YPJ� PUKLWLUKLU[ VM O\THU
VIZLY]H[PVU VY WYLMLYLUJL ]HYPHISLZ� [OH[
THYRZ H ZPNUPÄJHU[ PTWYV]LTLU[ VU L_PZ[�
PUN SPNO[PUN TL[YPJZ [OH[ HPT [V X\HU[PM` [OL
UH[\YHSULZZ VM H SPNO[ ZV\YJL�

,_PZ[PUN X\HSP[` TL[YPJZ KV UV[ HKKYLZZ [OL
UH[\YHSULZZ VM SPNO[ ZV\YJLZ� HUK HZ Z\JO
[OLYL OHZ ILLU ZPNUPÄJHU[ PU[LYLZ[ PU \UKLY�
Z[HUKPUN HUK \[PSPaPUN (:+ HZ H UL^ X\HU�
[P[H[P]L TL[YPJ� >VYR ^PSS JVU[PU\L� [VNL[OLY
^P[O PUK\Z[Y` WHY[ULYZ� [V KLÄUL HWWYVWYP�
H[L PUK\Z[Y` Z[HUKHYK TL[YPJZ [V X\HU[PM`
ZWLJ[YHS TH[JOPUN [V UH[\YHS SPNO[ [V LUHISL
Z[YHPNO[MVY^HYK JVTWHYPZVUZ IL[^LLU HY[P�
ÄJPHS SPNO[ ZV\YJLZ� (Z V\Y PUK\Z[Y` L]VS]LZ
^P[O HU PUJYLHZLK MVJ\Z VU O\THU JLU[YPJ
SPNO[PUN� )YPKNLS\_ ^PSS JVU[PU\L [V KL]LSVW
PUUV]H[P]L WYVK\J[Z [OH[ [YHUZMVYT [OL SP[
LU]PYVUTLU[ [V TPTPJ [OL UH[\YHSULZZ VM
Z\USPNO[� "

$87+25� %ULDQ &8036721� 'U�
)YPHU *\TWZ[VU ZLY]LZ HZ =PJL 7YLZPKLU[
VM :VS\[PVUZ +L]LSVWTLU[ H[ )YPKNLS\_�
YLZWVUZPISL MVY [LJOUVSVN` PUUV]H[PVU KLSP]�
LYPUN JVUULJ[LK SPNO[PUN ZVS\[PVUZ KLZPNULK
MVY [OL M\[\YL� >P[O V]LY �� `LHYZ VM L_WLYP�
LUJL PU KL]LSVWPUN WYVK\J[Z MVY [OL KPZWSH �̀
WOV[V]VS[HPJ� HUK 3,+ SPNO[PUN PUK\Z[YPLZ�
OL OHZ OLSK LUNPULLYPUN HUK [LJOUVSVN`
KL]LSVWTLU[ WVZP[PVUZ H[ IV[O WYP]H[L HUK
Z[HY[�\W JVTWHUPLZ ^P[O YLZWVUZPIPSP[PLZ
YHUNPUN MYVT WYVK\J[ HUK WYVJLZZ KL]LSVW�
TLU[ [V WPSV[ THU\MHJ[\YPUN HUK OHYK^HYL
WYV[V[`WPUN� )YPHU OVSKZ H )�:� PU JOLTPJHS
LUNPULLYPUN MYVT [OL <UP]LYZP[` VM (YPaVUH�
H 7O�+� PU JOLTPJHS LUNPULLYPUN MYVT [OL
4HZZHJO\ZL[[Z 0UZ[P[\[L VM ;LJOUVSVN �̀
HUK JVUK\J[LK [^V `LHYZ VM WVZ[�KVJ[VYHS
Z[\K` H[ [OL *HSPMVYUPH 0UZ[P[\[L VM ;LJOUVS�
VN �̀

)XUWKHU $XWKRUV� 1HZVU 7VZZLS[� 3PUKLU
>PSSPZ�2PSNYVL
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-HJPUN [OL *OHSSLUNLZ VM :WLJ[YHS
,UNPULLYPUN ^P[O H 5L^ :VM[^HYL
;VVS
;OL ^VYSK VM SPNO[PUN PZ MHJPUN [OYLL [LJOUVSVNPJHS JOHSSLUNLZ [OH[
^PSS IL [OL RL` MHJ[VYZ PU [OL ULHY M\[\YL! JVU[YVS Z`Z[LTZ� JPYJ\SHY
LJVUVT` HUK ZWLJ[YHS LUNPULLYPUN� 0U [OL THYRL[� [OLYL HYL ]LY`
HK]HUJLK ZVS\[PVUZ H[ [OL JVU[YVS SL]LS YLSH[LK [V KPMMLYLU[ WYV[VJVSZ
Z\JO HZ +(30� +4? VY )S\L[VV[O�>PÄ� I\[ [OLYL HYL Z[PSS UV Z\JO
HK]HUJLK ZVS\[PVUZ YLSH[LK [V JPYJ\SHY LJVUVT` VY ZWLJ[YHS
LUNPULLYPUN� 0U MHJ[� ZWLJ[YHS LUNPULLYPUN PZ ILJVTPUN VUL VM [OL
IPNNLZ[ [LJOUVSVNPJHS JOHSSLUNLZ [V ZVS]L MVY SPNO[ ZV\YJL
THU\MHJ[\YPUN JVTWHUPLZ�
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7
KH UDLVLQJ RI +XPDQ &HQWULF /LJKW�
LQJ �+&/�� ZKLFK FRQVLVWV LQ WKH
DIIHFWDWLRQ RI WKH YLVXDO DQG QRQ�

YLVXDO SDUW RI WKH OLJKW LQ SHRSOH� KDV
FDXVHG WKH OXPLQDULHV WR KDYH WR SUR�
YLGH G\QDPLF VFHQHV� HPLWWHG E\ /('V
RI GLIIHUHQW FRORU RU KXH� :KHQ XVLQJ
OXPLQDLUHV ZLWK PRUH WKDQ RQH FKDQQHO�
WKH FODVVLF OLJKW FKDUDFWHUL]DWLRQ SDUDP�
HWHUV� VXFK DV WKH &RUUHODWHG &RORU 7HP�
SHUDWXUH �&&7� RU WKH &RORU 5HQGHULQJ
,QGH[ �&5,�� DUH QR ORQJHU XVHIXO IRU DF�
FXUDWHO\ GHðQLQJ OLJKW� ,Q D PXOWLFKDQQHO
/(' V\VWHP� LW LV SRVVLEOH WR JHQHUDWH
OLJKW ZLWK UHDVRQDEOH YDOXHV RI &&7 DQG
&5, EXW DEVXUG LQ RWKHU YDOXHV� VXFK
DV FRORU VDWXUDWLRQ RU GLVWDQFH WR WKH
SODQFNLDQ �EODFNERG\� ORFXV� /LNHZLVH� LW
LV QHFHVVDU\ WR REWDLQ PRUH SDUDPHWHUV
IRU WKH FKDUDFWHUL]DWLRQ RI /('V �VXFK DV
WKRVH GHULYHG IURP WKH 70��� PHWKRG
RU WKRVH DVVRFLDWHG ZLWK PHODQRSLF VHQ�
VLWLYLW\� LQ RUGHU WR PDNH FRPSDULVRQV
EHWZHHQ /('V RI GLIIHUHQW EUDQGV IURP
WKH EHJLQQLQJ� 7KXV� ZKHQ PDQXIDF�
WXUHUV RI OLJKW VRXUFHV KDYH WKH QHHG WR
FRPSO\ ZLWK VWDQGDUGV �L�H� :(// VWDQ�
GDUG� RU VSHFLðFDWLRQV �L�H� ,(6 70���
DQQH[ (�� LW ZLOO QR ORQJHU EH IRXQG WKDW
WKH LQIRUPDWLRQ RI FRPPHUFLDO /('V LV
OLPLWHG DQG QRW KRPRJHQHRXV� ,Q DG�
GLWLRQ� IRU VFHQDULRV ZKHUH G\QDPLF
VFHQHV DUH UHTXLUHG� D OXPLQDLUH PDQX�
IDFWXUHU KDV WR SHUIRUP WKH FDOFXODWLRQV
RI FRORU PL[LQJ RI WKH GLIIHUHQW /('V�
D FRPSOH[ WDVN DQG LPSRVVLEOH WR DF�
FRPSOLVK E\ KDQG ZLWK SUHFLVLRQ GXH WR

WKH ODUJH QXPEHU RI FRPELQDWLRQV WKDW
FDQ EH JHQHUDWHG� 7KLV PHDQV WKDW� IRU
WKH RSWLPDO JHQHUDWLRQ RI FXVWRP VSHF�
WUD� D VSHFWUDO HQJLQHHULQJ WRRO OLNH WKH
SUHVHQWHG LQ WKLV SDSHU LV QHFHVVDU\� ,W
FRQVLVWV RI D VRIWZDUH WKDW DOORZV WKH
XVHU WR JHQHUDWH D 3&% FRQWDLQLQJ GLI�
IHUHQW FRPPHUFLDO /('V DQG FUHDWH DQG
PDQDJH QHZ G\QDPLF OLJKW VFHQHV� HQ�
DEOLQJ SUHFLVH VSHFWUDO PRGXODWLRQ DQG
FDOFXODWLQJ FRORULPHWULF� QRQ�YLVXDO DQG
HQHUJHWLF SDUDPHWHUV� :LWK WKLV WRRO� LW
LV DOVR SRVVLEOH WR DSSO\ FRQFHSWV RI WKH
FLUFXODU HFRQRP\ VLQFH LW LV SRVVLEOH WR
UHXVH OXPLQDLUHV IRU GLIIHUHQW XVHV� H[�
WHQGLQJ WKHLU XVHIXO OLIH DQG RSHQLQJ QHZ
EXVLQHVV PRGHOV IRU FRPSDQLHV WKDW
PDQXIDFWXUH OLJKW VRXUFHV�

6SHFWUDO (QJLQHHULQJ

>L JHU KLÄUL ZWLJ[YHS LUNPULLYPUN HZ [OL
HJ[P]P[` VM HWWS`PUN ZJPLU[PÄJ RUV^SLKNL
[V [OL KLZPNU� I\PSKPUN HUK JVU[YVS VM TH�
JOPULZ� YVHKZ� IYPKNLZ� LSLJ[YPJHS LX\PW�
TLU[� L[J� >OLU HWWS`PUN [OPZ KLÄUP[PVU
[V SPNO[� [^V KPMMLYLU[ X\LZ[PVUZ HYPZL! PZ P[
WVZZPISL [V HWWS` [OL ZJPLU[PÄJ RUV^SLKNL
[V KLZPNU VY I\PSK UL^ SPNO[PUN JVUKP[PVUZ&
+V ^L OH]L [OL YPNO[ [VVSZ [V HUHS`aL� JYL�
H[L HUK THUHNL UL^ HK]HUJLK 3PNO[PUN
,TP[[PUN +PVKL �3,+� Ä_[\YLZ&

;OL ÄYZ[ X\LZ[PVU OHZ HU LHZ` HUZ^LY!
`LZ� P[ PZ WVZZPISL [V HWWS` [OL ZJPLU[PÄJ
RUV^SLKNL PU ZV THU` KPMMLYLU[ ZJVWLZ�
PUJS\KPUN [OLZL [OYLL WVW\SHY HWWSPJH[PVUZ!
JVSVYPTL[Y �̀ /\THU *LU[YPJ 3PNO[PUN �/*3�
HUK OVY[PJ\S[\YL� :WLJ[YHS LUNPULLYPUN OHZ
HU PTWVY[HU[ YVSL PU JYLH[PUN Z[H[L�VM�[OL�
HY[ KL]PJLZ HUK LU]PYVUTLU[Z ZV [OH[ [OL`
JVTWS` ^P[O [OL TVZ[ KLTHUKPUN ILULÄ[Z�
Z\JO HZ JYLH[PUN H Ä_[\YL ^P[O H Z\WLY OPNO
*VSVY 9LUKLYPUN 0UKL_ �*90�� H YVVT ^P[O
H ]LY` SV^ TLSHUVWPJ Å\_ VY H NYLLUOV\ZL
KLZPNULK MVY HU VW[PTHS [VTH[V NYV^[O�

;OL ZLJVUK X\LZ[PVU PZ H SP[[SL TVYL JVT�
WSL_ [V HUZ^LY� 5V^HKH`Z� TVZ[ VM [OL
SPNO[PUN JVTWHUPLZ HYL \ZPUN ZWYLHKZOLL[Z
MVY JYLH[PUN UL^ SPNO[ YLJPWLZ VY ZJLUHY�
PVZ MVY [OLPY T\S[PJOHUULS Ä_[\YLZ� <Z\HSS �̀
[OL [LJOUPJPHU Z[HY[Z TV]PUN H ZSPKLY VY
PU[YVK\JPUN HU PUW\[ ]HS\L PU[V H JLSS THU�
\HSS` HUK [OL ZWLJ[YHS WV^LY KPZ[YPI\[PVU VM
[OL SPNO[ JVTWVZLK I` KPMMLYLU[ JOHUULSZ�



-PN\YL �! >OP[L 3,+Z VM [OL KH[HIHZL YLWYLZLU[LK VU [OL *0, � �� JVSVYPTL[YPJ KPHNYHT �SLM[� HUK PU [OL
4�7 YH[PV ]Z **; JOHY[ �YPNO[�

-PN\YL �! 4�7 YH[PV ]Z **; JOHY[ HUK JVTWHYPZVU IL[^LLU ^OP[L 3,+Z ^P[O ZPTPSHY 4�7 YH[PV I\[ KPMMLYLU[
**; HUK ]PJL ]LYZH

-PN\YL �! *VTWHYPZVU IL[^LLU [^V 3,+Z ^P[O [OL ZHTL 4�7 YH[PV I\[ ]LY` KPMMLYLU[ **;

-PN\YL �! *VTWHYPZVU IL[^LLU [^V 3,+Z ^P[O ]LY` ZPTPSHY **; I\[ KPMMLYLU[ 4�7 YH[PV
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JOHUNLZ� -PUKPUN H WLYMLJ[ ZVS\[PVU PZ ]LY`
OHYK� ZPUJL HSS [OL JVSVYPTL[YPJ� UVU�]PZ\HS
VY LULYN` WHYHTL[LYZ JOHUNL H[ [OL ZHTL
[PTL ^OPSL TV]PUN H ]HS\L VM VUL JOHUULS�
6[OLY YLHSS` IPN HUK ZWLJPHSPaLK JVTWHUPLZ
JHU OH]L H WYVNYHTTPUN [LHT PU JOHYNL
VM WYVNYHTTPUN ZWLJPÄJ YV\[PULZ VY ZVM[�
^HYL PU VYKLY [V HJOPL]L [OLPY V^U NVHSZ�
I\[ H SV[ VM LJVUVTPJ YLZV\YJLZ OH]L [V IL
JVUZ\TLK�

;OL WOV[VWPJ ]PZPVU PZ [OL ]PZPVU YLSH[PUN
[V VY KLUV[PUN ]PZPVU PU KH`SPNO[ VY V[OLY
IYPNO[ SPNO[� ILSPL]LK [V PU]VS]L JOPLÅ` [OL
JVULZ VM [OL YL[PUH >�@� (SZV� ^L JHU KLÄUL
[OL TLSHUVWPJ ]PZPVU HZ [OL ]PZPVU YLSH[LK
[V [OL O\THU IVK`»Z UL\YVLUKVJYPUL YL�
ZWVUZL JHYYPLK V\[ I` [OL PU[YPUZPJHSS` WOV�
[VZLUZP[P]L 9L[PUHS .HUNSPVU *LSSZ �PW9.*Z��
;OL TLSHUVWPJ ]PZPVU PZ JVUULJ[LK [V [OL
JPYJHKPHU YLZWVUZL PU O\THUZ HUK [OL
4LSHUVWPJ :WLJ[YHS ,MÄJPLUJ` �4:,� M\UJ�
[PVU OHZ H WLHR HYV\UK � � UT� ZP[\H[LK
VU [OL IS\L YLNPVU VM [OL ]PZPISL YHUNL >�@�
:V� PM ^L KP]PKL [OL TLSHUVWPJ ]PZPVU I` [OL
WOV[VWPJ ]PZPVU ^L NL[ [OL 4LSHUVWPJ�7OV�
[VWPJ YH[PV �4�7 YH[PV��

4�7 YH[PV PZ VM[LU ^YVUNS` YLSH[LK [V [OL
*VYYLSH[LK *VSVY ;LTWLYH[\YL �**;�� HUK
P[ OHZ H KPYLJ[ YLSH[PVU [V [OL ,X\P]HSLU[
4LSHUVWPJ 3\_ �,43�� ^OPJO PZ IYVHKS`
\ZLK� MVY L_HTWSL� PU [OL >,33 :[HUKHYK
>�@� ,43 PZ [OL T\S[PWSPJH[PVU VM [OL JSHZZP�
JHS PSS\TPUHUJL PU S\_ I` [OL 4�7 YH[PV�

EML = E ×MP ���

^OLYL

E PZ [OL PSS\TPUHUJL �PU S_�� HUK
MP PZ [OL 4�7 YH[PV�

;V ZLL [OL YLSH[PVUZOPW IL[^LLU [OL 4�7 YH�
[PV HUK [OL **; ^L ^PSS \ZL H O\NL KH[HIHZL
VM JVTTLYJPHS 3,+Z ^L OH]L HUHS`aLK
^OLYL ^L OH]L ÄS[LYLK [OL ^OP[L VULZ
�HIV\[ ��� KPMMLYLU[ KL]PJLZ�� 0U )LJXUH �
^L JHU ZLL [OL YLWYLZLU[H[PVU VM [OLZL
3,+Z PU [OL *0, � �� JVSVYPTL[YPJ KPHNYHT
�SLM[� HUK [OL WVZP[PVU VM L]LY` 3,+ VU [OL
4�7 YH[PV ]Z **; JOHY[ �YPNO[�� 0M [OLYL ^HZ
H KPYLJ[ YLSH[PVUZOPW IL[^LLU [OLZL [^V
WHYHTL[LYZ� [OPZ WVPU[ JSV\K ^V\SK IL H
Z[YHPNO[ SPUL�

0[ PZ ]LY` LHZ` [V ÄUK V\[ [OH[ [OLYL HYL H SV[
VM 3,+Z ^P[O ZPTPSHY 4�7 YH[PVZ I\[ H ]LY`
KPMMLYLU[ **; HUK ]PJL ]LYZH� HZ ZOV^U PU
)LJXUH ��

-VY L_HTWSL� PU )LJXUH � ^L OH]L [^V
KPMMLYLU[ JVTTLYJPHS 3,+Z ^P[O H KPMMLYLUJL
VM ����2 I\[ ^P[O UV 4�7 YH[PV ]HYPH[PVU�
(Z [OL TH_PT\T VM [OL 4:, PZ ZP[\H[LK H[
� � UT� [OL HTV\U[ VM YHKPH[PVU HYV\UK

[OPZ ]HS\L PZ JY\JPHS ^OLU JHSJ\SH[PUN [OPZ
WHYHTL[LY�

(UV[OLY PU[LYLZ[PUN L_HTWSL JHU IL ZOV^U
PU )LJXUH �! ;̂ V 3,+Z ^P[O WYHJ[PJHSS`
PKLU[PJHS **;Z I\[ ^P[O H O\NL ]HYPH[PVU
VM 4�7 YH[PV�

>OH[ OHWWLUZ PM ^L HKK [OL *90 HZ H UL^
]HYPHISL PU [OL ZHTL 4�7 YH[PV ]Z **;
JOHY[& >L JHU ZH` [OH[� ^OLU JVTWHYPUN
WOVZWOVY�JVU]LY[LK ^OP[L 3,+Z HUK ]HYPH�
[PVUZ VM [OPZ [LJOUVSVN �̀ [OL YLSH[PVUZOPW IL�
[^LLU [OLZL [OYLL WHYHTL[LYZ ZLLTZ TVYL
KLÄULK� HZ ZOV^U PU )LJXUH �� >OP[L 3,+Z



-PN\YL �! :WLJ[YHS WV^LY KPZ[YPI\[PVU VM [OL � 3,+Z VM [OL Ä_[\YLZ PUZ[HSSLK VU )HYJLSVUH :JPLUJL 7HYR HUK [^V KPMMLYLU[ ZWLJ[YHS YLJPWLZ
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OH]L ZPTPSHY ZOHWLZ! H IS\L�]PVSL[ WLHR
HUK [OLU H ZWLJ[YHS KPZ[YPI\[PVU VM YHKPH[PVU
HSVUN [OL ]PZPISL YHUNL� 3,+Z ^P[O OPNO *90
\Z\HSS` OH]L TVYL YHKPH[PVU HYV\UK � � UT�
H]VPKPUN [OL J`HU NHW HUK HMMLJ[PUN [OL
4�7 YH[PV ]HS\L� /V^L]LY� HZ KPZJ\ZZLK
SH[LY� [OL YLSH[PVUZOPW IL[^LLU [OLZL [OYLL
WHYHTL[LYZ PZ UV[ NLULYHSS` HWWSPJHISL�

-PN\YL �! 9LSH[PVUZOPW IL[^LLU 4�7 YH[PV� **;
HUK *90 HWWSPLK [V ��� JVTTLYJPHS ^OP[L 3,+Z

&DVH 6FHQDULR� 3&%
6KRZURRP
5V^HKH`Z� PU [OL THYRL[� P[ PZ WVZZPISL
[V ÄUK H SV[ VM SPNO[PUN Z`Z[LTZ ^VYRPUN
^P[O TVYL [OHU [^V JOHUULSZ� )LJXUH �
ZOV^Z [OL ZWLJ[YHS WV^LY KPZ[YPI\[PVU VM
[OL 3,+Z VM [OL Ä_[\YLZ ^L OH]L PUZ[HSSLK
VU [OL ZOV^YVVT PU [OL )HYJLSVUH :JPLUJL
7HYR HUK [^V KPMMLYLU[ ZWLJ[YHS YLJPWLZ�
;OL Ä_[\YLZ HYL JVTWVZLK I` Ä]L KPMMLYLU[
3,+Z! YLK� NYLLU� IS\L� ^HYT ^OP[L HUK
JVVS ^OP[L� >L JHU JYLH[L KPMMLYLU[ SPNO[
ZJLULZ [HRPUN PU[V HJJV\U[ H SV[ VM KPMMLYLU[
JVSVYPTL[YPJ� UVU�]PZ\HS VY WV^LY WHYHTL�
[LYZ�

6UL VM [OL TVZ[ PU[LYLZ[PUN WVZZPIPSP[PLZ VM
[OL Z`Z[LT PZ [OL WYVK\J[PVU VM TL[HTLYZ�
;OL TL[HTLYPZT PZ [OL WLYJLP]LK TH[JO�
PUN VM JVSVYZ ^P[O KPMMLYLU[ UVUTH[JOPUN
ZWLJ[YHS WV^LY KPZ[YPI\[PVUZ� *VSVYZ [OH[
TH[JO [OPZ ^H` HYL JHSSLK TL[HTLYZ� 0M [^V
SPNO[ ZV\YJLZ ^P[O KPMMLYLU[ ZWLJ[YH HYL KP�
YLJ[S` VIZLY]LK� P[ PZ WVZZPISL [V WLYJLP]L
[OL L_HJ[ ZHTL JVSVY PM [OL` HYL TL[HTLYZ�
/V^L]LY� [OL` JHU KLSP]LY KPMMLYLU[ SPNO[
WYVWLY[PLZ� Z\JO HZ *90 VY 4�7 YH[PV HUK

[OL` JHU OH]L KPMMLYLU[ LULYN` LMÄJPLUJ �̀
(U L_HTWSL VM H TL[HTLY JHU IL ZLLU VU
)LJXUH ��

-PN\YL �! ;̂ V TL[HTLYZ� ;OL ÄYZ[ VUL �SLM[� PZ H
^OP[L 3,+ HUK [OL ZLJVUK VUL �YPNO[� PZ H ZWLJPÄJ
JVTIPUH[PVU VM H Ä]L JOHUULS 3,+ Ä_[\YL
TPTPJRPUN [OL **; HUK KPZ[HUJL [V [OL WSHUJRPHU
SVJ\Z �+\]� VM [OL ÄYZ[ VUL� /V^L]LY� [OL
KPMMLYLUJL PU [OL *90� 4�7 YH[PV HUK LULYN`
LMÄJPLUJ` VM [OL [^V TL[HTLYZ PZ ]LY` UV[PJLHISL

0M ^L [HRL H SVVR VU [OL JHWHIPSP[PLZ VM [OL
Z`Z[LT ^OLU JVTWHYPUN [V [OL JVTTLYJPHS
^OP[L 3,+Z� PU )LJXUH � ^L JHU ZLL [OH[ P[
PZ WVZZPISL [V HJOPL]L ]LY` OPNO 4�7 YH[PV
]HS\LZ� >L JHU OH]L *90 �� JVTIPUH[PVUZ
^P[O H 4�7 YH[PV HIV]L � PU **;Z NYLH[LY
[OHU ����2� 4VYLV]LY� PM ^L MVJ\Z VU [OL
*90 ]HS\LZ� ^L JHU ZLL [OH[ P[ PZ WVZZPISL
[V HJOPL]L *90  � ]HS\LZ MYVT ����2 [V
IL`VUK ����2� ;OL ^OP[L 3,+Z ^VYR�
PUN HSVUL OH]L IV[O *90 ��� ZV [OLYL PZ H
Z\IZ[HU[PHS PTWYV]LTLU[ YLZ\S[PUN MYVT H
JVU[YVSSLK TP_PUN VM [OL SPNO[�

;OL YLZ\S[Z VM H T\S[PJOHUULS Z`Z[LT HYL
JSVZLS` YLSH[LK [V [OL NSVIHS 3,+Z JOVZLU�
0U [OPZ JHZL� [OL JOVPJL PZ YLSH[LK [V JLY[HPU
JVSVYPTL[YPJ WHYHTL[LYZ HUK [OL LMÄJPLUJ`
VM [OL ^OP[L 3,+Z� [OH[ ^HZ ]LY` OPNO ZVTL
`LHYZ HNV�

0M ^L ZLSLJ[ 3,+Z [HRPUN PU[V HJJV\U[ [OL
4�7 YH[PV� ^L JHU OH]L H Z`Z[LT [OH[ JHU
HJOPL]L WYHJ[PJHSS` HU` 4�7 YH[PV H]HPSHISL
VU [OL THYRL[� (Z ZOV^U PU )LJXUH �� H[
����2 ^L JHU OH]L *90 �� JVTIPUH[PVUZ
^P[O HU 4�7 YH[PV [OH[ JHU NV MYVT ��� [V
���� 0M ^L SVVR H[ [OL *90 ]Z **; JOHY[� ^L
JHU OH]L ]HS\LZ VM *90  � MYVT ����2 [V
����2 HUK IL`VUK� ;OPZ TLHUZ [OH[ ^L
OH]L [OL [LJOUVSVN` [V HJOPL]L WYHJ[PJHSS`
HU` ]HS\L H]HPSHISL VU [OL THYRL[ HUK [OPZ

[LJOUVSVN �̀ VU H T\S[PJOHUULS Z`Z[LT� KL�
WLUKZ TVYL VU [OL NSVIHS ZLSLJ[PVU VM 3,+Z
[OHU [OL PUKP]PK\HS ZLSLJ[PVU VM ^OP[L 3,+Z
VM [OL Ä_[\YL ^L HYL JYLH[PUN�

-\Y[OLYTVYL� [OL YLSH[PVUZOPW IL[^LLU
**;� 4�7 YH[PV HUK *90 PZ UV[ HWWSPJHISL
PU T\S[PJOHUULS Z`Z[LTZ� ;OPZ PZ ILJH\ZL
[OLZL Z`Z[LTZ JHU KLSP]LY H SV[ VM KPMMLYLU[
ZWLJ[YHS ZOHWLZ HZ VWWVZLK [V JVTTLY�
JPHS ^OP[L 3,+Z� [OH[ NLULYHSS` OH]L ZPT�
PSHY ZOHWLZ� ;OL **; JHU IL TVK\SH[LK
[OYV\NO ZL]LYHS ^H`Z HUK [OL WLHRZ VM [OL
TVUVJOYVTH[PJ 3,+Z HYL JY\JPHS VU [OL KL�
[LYTPUH[PVU VM [OL 4�7 YH[PV� ( ]PVSL[� IS\L�
J`HU VY NYLLU 3,+ JHU PUJYLHZL [OL **;�
I\[ LHJO VUL PZ NVPUN [V OH]L KPMMLYLU[ PT�
WHJ[ VU [OL 4�7 YH[PV�

<ZPUN H T\S[PJOHUULS Z`Z[LT LUHISLZ \Z
OH]PUN M\SS JVU[YVS V]LY [OL SPNO[ WYVWLY�
[PLZ HUK NVPUN IL`VUK [OL WVZZPIPSP[PLZ VM�
MLYLK I` [OL THYRL[� /V^L]LY� ZOHWPUN [OL
ZWLJ[Y\T [OH[ TH[JOLZ V\Y PU[LYLZ[Z JHU
IL YLHSS` JOHSSLUNPUN� ILJH\ZL HSS [OL SPNO[
WHYHTL[LYZ HYL PU[LYJVUULJ[LK� 0M ^L PU�
JYLHZL� MVY L_HTWSL� [OL PU[LUZP[` VM [OL YLK
JOHUULS� P[ ^PSS OH]L JVUZLX\LUJLZ VU [OL
KLJYLHZPUN VM [OL **; HUK 4�7 YH[PV I\[
HSZV ]HY`PUN [OL *90� 9 � LULYN` LMÄJPLUJ �̀
KPZ[HUJL [V [OL WSHUJRPHU SVJ\Z� L[J�

>L ULLK [VVSZ [V JYLH[L HUK THUHNL UL^
SPNO[ ZJLUHYPVZ� ILJH\ZL [OL \ZL VM ZWYLHK�
ZOLL[Z HUK KLYP]H[LZ YLWYLZLU[ H IV[[SL�
ULJR MVY [OL KL]LSVWTLU[ VM [OPZ [LJOUVS�
VN �̀

.XPX[
2\T\_ PZ [OL ÄYZ[ HK]HUJLK ZWLJ[YHS LUNP�
ULLYPUN [VVS [OH[ HSSV^Z [OL \ZLY [V NLULY�
H[L H 7*) JVU[HPUPUN KPMMLYLU[ JVTTLYJPHS
3,+Z HUK JYLH[L HUK THUHNL UL^ K`�
UHTPJ SPNO[ ZJLULZ�YLJPWLZ� LUHISPUN WYL�
JPZL ZWLJ[YHS TVK\SH[PVU HUK JHSJ\SH[PUN
JVSVYPTL[YPJ� UVU�]PZ\HS HUK LULYN`�YLSH[LK
WHYHTL[LYZ HSS H[ VUJL�



-PN\YL �! (JOPL]HISL ]HS\LZ VM [OL T\S[PJOHUULS Ä_[\YLZ PUZ[HSSLK VU [OL )HYJLSVUH :JPLUJL 7HYR MVY 4�7 YH[PV
�SLM[� HUK *90 �YPNO[� PU M\UJ[PVU VM **;

-PN\YL  ! (JOPL]HISL ]HS\LZ VM H T\S[PJOHUULS 3,+ Z`Z[LT PU VYKLY [V NL[ [OL TH_PT\T ÅL_PIPSP[` PU 4�7 YH[PV

-PN\YL ��! 2\T\_ ÅV �̂ -YVT [OL JYLH[PVU VM H 3,+Z 7*) [V [OL Ä_[\YL LTP[[PUN ZWLJPÄJ ZWLJ[YH

-PN\YL ��! 7YVJLZZ VM KYHNNPUN HUK KYVWWPUN 3,+Z MYVT [OL KH[HIHZL [V [OL 7*)
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;OL WYVJLZZ MVSSV^Z [OL ÅV^ ZOV^U PU
)LJXUH ��! *YLH[PUN H 3,+Z 7*)� Y\UUPUN
[OL ZPT\SH[PVU HSNVYP[OT HUK ZLSLJ[PUN [OL
ZWLJ[YH [OH[ Ä[Z H WHY[PJ\SHY PU[LYLZ[� ;OLU�
[OL YLZ\S[Z JHU IL L_WVY[LK ZV [OL LSLJ[YPJHS
J\YYLU[ ]HS\LZ VM [OL KPMMLYLU[ JOHUULSZ JHU
IL LTILKKLK PU[V HU` JVU[YVS Z`Z[LT ^P[O
[OL W\YWVZL VM YLJYLH[PUN [OL ZPT\SH[LK
ZWLJ[YH�

;OL JYLH[PVU WYVJLZZ VM H 3,+Z 7*) JVU�
ZPZ[Z PU KYHNNPUN HUK KYVWWPUN [OL 3,+Z
HUK ZL[[PUN [OL U\TILY VM 3,+Z PU ZL�
YPLZ� WHYHSSLS HUK [OL KYP]LY J\YYLU[ MVY LHJO
JOHUULS� 0[ PZ WVZZPISL [V ZLSLJ[ HU` VM [OL
��� 3,+Z VM [OL KH[HIHZL ^L OH]L ZLLU
ILMVYL� WS\Z [OL JVSVY 3,+Z �HYV\UK ����
3,+Z PU [V[HS�� ;OL PUMVYTH[PVU VM LHJO 3,+
PZ WYLZLU[LK PU H Z[HUKHYKPaLK MVYTH[ HUK
[OL WVZZPIPSP[` VM ZLHYJOPUN 3,+ \ZPUN [OL
ÄS[LYZ PZ HSZV WVZZPISL� (Z [OL PUMVYTH[PVU
VU [OL 7*) PZ \WKH[LK� H ZWLJ[YHS WV^LY
KPZ[YPI\[PVU JOHY[ JVYYLZWVUKPUN [V [OL
TH_PT\T PU[LUZP[` VM [OL KPMMLYLU[ JOHUULSZ
PZ HSZV \WKH[LK �)LJXUH ����

(UV[OLY PU[LYLZ[PUN VW[PVU PZ [OL WVZZPIPSP[`
VM HKKPUN J\Z[VT 3,+Z� (KKPUN J\Z[VT
3,+Z PZ H ULJLZZHY` Z[LW PU VYKLY [V YLK\JL
H[ [OL TPUPT\T [OL LYYVY IL[^LLU [OL [OL�
VYL[PJHS KH[H HUK [OL YLHSP[ �̀ ;OPZ LYYVY OHZ
[OYLL KPMMLYLU[ JVTWVULU[Z! IPUUPUN� [OLY�
THS ]HYPH[PVU HUK [OL LMMLJ[ VM [OL KPMM\ZLY
PU [OL Ä_[\YL� ;OL SPNO[PUN THU\MHJ[\YLYZ
RUV^ [OLZL [OYLL WYVISLTZ [OH[ HMMLJ[ [OL
ÄUHS ZOHWL VM [OL ZWLJ[Y\T� 0M ^L THRL [OL
JHSJ\SH[PVUZ ^P[O [OLZL LYYVYZ JVYYLJ[LK� [OL
YLZ\S[Z VM [OL ZPT\SH[PVU ^PSS TH[JO WLYMLJ[S`
^P[O [OL YLHSP[ �̀

6UJL [OL 3,+Z 7*) PZ JYLH[LK� ^L JHU
Z[HY[ [OL ZPT\SH[PVU WYVJLZZ PU VYKLY [V ÄUK
HSS [OL WVZZPIPSP[PLZ VM [OL Ä_[\YL ^L HYL JYL�
H[PUN� ;OL WYVISLT [V ZVS]L PZ ZPTPSHY [V
ÄUK H ULLKSL PU H OH`Z[HJR� ILJH\ZL P[ PZ
WVZZPISL [V NLULYH[L IPSSPVUZ HUK IPSSPVUZ
VM JVTIPUH[PVUZ I` TP_PUN [OL SPNO[ VM [OL
3,+Z H[ KPMMLYLU[ PU[LUZP[PLZ� ;OL X\LZ[PVU
PZ! ^OPJO JVTIPUH[PVUZ HYL [OL TVZ[ Z\P[�
HISL& ([ 2\T\_� ^L OH]L KL]LSVWLK V\Y
V^U HSNVYP[OTZ PU JVSSHIVYH[PVU ^P[O [OL
)HYJLSVUH :\WLYJVTW\[PUN *LU[LY� ;OL`
HYL JVTWVZLK I` ZL]LYHS KPMMLYLU[ YV\[PULZ
HUK [OL` HSS ^VYR H[ [OL JSV\K� PU[LNYH[LK
[V [OL ZVM[^HYL WSH[MVYT� 6\[ VM [OL IPSSPVUZ
VM WVZZPISL JVTIPUH[PVUZ� [OL YLZ\S[ PZ [OL
TVZ[ YLSL]HU[ ML^ [OV\ZHUK VM JVTIPUH�
[PVUZ [HRPUN PU[V HJJV\U[ [OL JVSVYPTL[YPJ�
UVU�]PZ\HS HUK WV^LY ]HS\LZ VM [OL KPMMLYLU[
WHYHTL[LYZ�

0U VYKLY [V ÄUK H ZWLJPÄJ ZWLJ[Y\T� [OL
ÄS[LYPUN WYVJLZZ PZ Z[HY[LK �)LJXUH ���� ;OL
\ZLY ÄUKZ H ZJYLLU ^P[O JOHY[Z HUK ZSPKLYZ
^OLYL [OL KPMMLYLU[ JVTIPUH[PVUZ JHU IL
ZLSLJ[LK� <ZPUN [OL ZSPKLYZ� P[ PZ WVZZPISL
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[V ZL[ [OL YHUNL VM HU` WHYHTL[LY HUK HSS
[OL V[OLY WHYHTL[LYZ HUK JOHY[Z JOHUNL
HZ ^LSS� ZPUJL [OL` HYL HSS PU[LYJVUULJ[LK�
(SS [OL ZJLULZ JHU IL L_WVY[LK [V H ÄSL [OH[
PUJS\KLZ [OL LSLJ[YPJHS J\YYLU[ ]HS\LZ VM [OL
KPMMLYLU[ JOHUULSZ VM [OL Ä_[\YL JYLH[LK�
;OLU� [OL YLWYVK\J[PVU VM [OLZL ZJLULZ PU
[OL YLHSP[` JHU IL LHZPS` KVUL�

&RQFOXVLRQV
(U PU[YVK\J[PVU [V ZWLJ[YHS LUNPULLYPUN OHZ
ILLU THKL [OYV\NO ZVTL IHZPJ KLÄUP[PVUZ
HUK [OL ]PZ\HSPaH[PVU VM H KH[HIHZL JVU[HPU�
PUN HYV\UK ��� ^OP[L 3,+Z�

;OLYL PZ H YLSH[PVUZOPW IL[^LLU [OL 4�7
YH[PV� **; HUK *90� I\[ P[ PZ VUS` HWWSPJH�
ISL [V WOVZWOVY�JVU]LY[LK ^OP[L 3,+Z PU
H NLULYHSPaLK ^H �̀ HS[OV\NO [OLYL HYL ZWL�
JPÄJ JHZLZ [OH[ TH` OH]L KPZ[HU[ ]HS\LZ�
;OL )HYJLSVUH :JPLUJL 7HYR ZOV^YVVT
JVU[HPUZ H T\S[PJOHUULS 3,+ Z`Z[LT [OH[
HSSV^Z YLHJOPUN 4�7 YH[PV SL]LSZ \UYLHJO�
HISL MVY [OL ^OP[L 3,+ THYRL[� HS[OV\NO P[ PZ
HU VW[PTPaLK Z`Z[LT MVY JLY[HPU JVSVYPTL[YPJ
WHYHTL[LYZ HUK P[ OHZ H OPNO LULYN` LMÄ�
JPLUJ �̀ ;OLYL HYL V[OLY Z`Z[LTZ [OH[ HSSV^
\Z [V NV T\JO M\Y[OLY PU [LYTZ VM TVK\SH[�
PUN [OL 4�7 YH[PV IHZLK VU [OL **;� ;OL

ZOV^YVVT PZ HSZV JHWHISL [V YLWYVK\JL
TL[HTLYZ�

-PUHSS �̀ [OL KL]LSVWLK ZWLJ[YHS LUNPULLYPUN
ZVM[^HYL �2\T\_� OHZ ILLU PU[YVK\JLK� 0[
HSSV^Z [OL JYLH[PVU VM H 3,+Z 7*)� [OL HK�
KP[PVU VM J\Z[VT 3,+Z� [OL JHSJ\SH[PVU VM HSS
[OL WVZZPIPSP[PLZ VM [OL 7*) HUK [OL JOVPJL
VM [OL YLJPWL [OH[ ILZ[ Z\P[Z [OL ULLKZ� "

5HIHUHQFHV

B�D 4�7 YH[PVZ ¶ *HU ^L HNYLL VU OV^ [V JHSJ\SH[L
[OLT& ?iiTb,ffrrrXB2bXQ`;f7B`2bfK@T@`�iB
Qb@+�M@r2@�;`22@QM@?Qr@iQ@+�H+mH�i2@i?2K

B�D 3,?0*6 7V^LYLK I` 6?-69+ ?iiTb,ffrrrXH2tB
+QX+QKf/27BMBiBQMfT?QiQTB+

B�D >,33 :[HUKHYK ?iiTb,ffbi�M/�`/Xr2HH+2`iB7B
2/X+QKfHB;?if+B`+�/B�M@HB;?iBM;@/2bB;M

$87+25� $GULj +8*8(7�)(55$1
(KYPn /\N\L[�-LYYHU VI[HPULK OPZ +LNYLL
PU 7O`ZPJZ H[ [OL <UP]LYZP[` VM )HYJLSVUH PU
����� ^OPSL OL VI[HPULK [OL 4HZ[LY»Z +L�
NYLL PU 9LUL^HISL HUK :\Z[HPUHISL ,ULYN`
PU ����� ;OPZ ZHTL `LHY OL ILNHU OPZ KVJ�
[VYHS Z[\KPLZ� Z[PSS VUNVPUN \UKLY [OL MYHTL�
^VYR VM HU PUK\Z[YPHS KVJ[VYH[L� MVJ\ZLK
VU [OL KL]LSVWTLU[ VM PU[LSSPNLU[ SPNO[PUN
Z`Z[LTZ� :PUJL ���� OL OHZ ILLU H WYV�
MLZZVY VM [OL Z\IQLJ[ ,MÄJPLU[ HUK 0U[LSSPNLU[
3PNO[PUN :`Z[LTZ VM [OL 4HZ[LY»Z +LNYLL PU
9LUL^HISL HUK :\Z[HPUHISL ,ULYN` VM [OL
0U[LYUH[PVUHS <UP]LYZP[` *LU[LY VM )HYJLSVUH�
H[[HJOLK [V [OL <UP]LYZP[` VM )HYJLSVUH�

https://www.ies.org/fires/m-p-ratios-can-we-agree-on-how-to-calculate-them
https://www.ies.org/fires/m-p-ratios-can-we-agree-on-how-to-calculate-them
https://www.lexico.com/definition/photopic
https://www.lexico.com/definition/photopic
https://standard.wellcertified.com/light/circadian-lighting-design
https://standard.wellcertified.com/light/circadian-lighting-design
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;YHUZPLU[ 0UMYHYLK ;OLYTVNYHWO`
MVY ;OLYTHS *VUK\J[PVU 7H[O
(UHS`ZPZ VM 3,+ 4VK\SLZ
( JVTTVU ^H` [V X\HSPM` [OL [OLYTHS JVUK\J[PVU WH[O VM 3,+
TVK\SLZ PZ [V TLHZ\YL [OL VWLYH[PVUHS [LTWLYH[\YL VM [OL 3,+Z H[
ZWLJPÄJ YLMLYLUJL WVPU[Z� >OPSL [OLYTVJV\WSLZ HYL ^PKLS` \ZLK MVY
[OPZ W\YWVZL� PUMYHYLK [OLYTVNYHWO` VMMLYZ H JVU[HJ[�MYLL HUK
LMÄJPLU[ TL[OVK [V VI[HPU [OL YLX\PYLK [LTWLYH[\YL PUMVYTH[PVU� 0U
JVU[YHZ[ [V [OLYTVJV\WSLZ� [OLYTVNYHWOPJ PTHNPUN HSSV^Z [V
TLHZ\YL [OL [LTWLYH[\YL KPZ[YPI\[PVU V]LY H YLSH[P]LS` SHYNL HYLH�
;OV\NO [OL Z[H[PJ [OLYTVNYHWOPJ PTHNLZ HYL \ZLK [V KL[LJ[ OV[
ZWV[Z HUK [LTWLYH[\YL NYHKPLU[Z� [OL` HYL SLZZ OLSWM\S MVY [OL
HUHS`ZPZ VM [OL [OLYTHS JVUK\J[PVU WH[O IL[^LLU 3,+ HUK [OL OLH[
ZPUR VY [OL SHTW OV\ZPUN�
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,
Q WKLV ZRUN� WKH SRWHQWLDO RI WUDQ�
VLHQW WHPSHUDWXUH PHDVXUHPHQWV
E\ LQIUDUHG WKHUPRJUDSK\ LV HYDOX�

DWHG� )RU LOOXVWUDWLRQ� GLIIHUHQW VHWV RI
/(' PRGXOHV DUH LQYHVWLJDWHG ZLWK WKH
PRGXOHV RSHUDWHG RQ D WHPSHUDWXUH�
FRQWUROOHG KHDW VLQN� $IWHU WKH WKHUPDO
HTXLOLEULXP LV UHDFKHG� WKH SRZHU VXSSO\
LV VZLWFKHG RII DQG WKH FRROLQJ FXUYH LV
UHFRUGHG E\ D KLJK�VSHHG WKHUPRJUDSK\
FDPHUD� 6XEVHTXHQWO\� WKHVH LPDJHV
DUH QXPHULFDOO\ DQDO\]HG WR UHYHDO WKH
VLQJOH FRPSRQHQWV RI WKH WKHUPDO FRQ�
GXFWLRQ SDWK� 7KLV WHFKQLTXH DOORZV WKH
DQDO\VLV RI VOLJKW FKDQJHV LQ WKH WKHUPDO
SDWK ZLWKLQ WKH /('�VROGHU�3&% VWDFN�
+HQFH� LQKRPRJHQHRXV RU GHIHFWLYH
VROGHULQJ OHDGLQJ WR LQVXIðFLHQW WKHUPDO
FRQWDFW EHWZHHQ WKH /(' DQG WKH ERDUG
FDQ EH GHWHFWHG�

7KHRUHWLFDO %DFNJURXQG

+HDW &RQGXFWLRQ

;OL JVU]LYZH[PVU VM LULYN` YLWYLZLU[Z [OL
LZZLU[PHS WVPU[ VM [OL KLZJYPW[PVU VM OLH[
JVUK\J[PVU� ,]LY` JOHUNL PU OLH[ LULYN`
PU H YLNPVU OHZ [V IL LP[OLY NLULYH[LK ]PH H
OLH[ ZV\YJL VY JH\ZLK I` H UL[ OLH[ ÅV^
[OYV\NO VUL VM P[Z IV\UKHYPLZ� 0M Z\JO LU�
LYN` PUÅV^Z Ė+ HUK LULYN` V\[ÅV^Z Ė−
HZ ^LSS HZ ZV\YJLZ VM LULYN` ĖZ HYL IHS�
HUJLK HNHPUZ[ LHJO V[OLY� [OL YLZ\S[PUN

JOHUNL PU LULYN` Ė PZ NP]LU HZ >�@

Ė = Ė+ − Ė− + ĖZ . ���

;VNL[OLY ^P[O -V\YPLY»Z SH^ VM OLH[ JVU�
K\J[PVU� [OL OLH[ LX\H[PVU JHU IL YLHKPS`
KLYP]LK MYVT (TXDWLRQ ���� P�L��

∇2T (x, t)− 1
α
∂T (x, t)

∂t
= − q(x, t)

k
. ���

;OL ZV\YJL [LYT ĖZ LU[LYZ HZ H ZV\YJL
KLUZP[` q(x, t)� (KKP[PVUHSS �̀ [OL WHYHTL[LY
α� ^OPJO KLUV[LZ [OL [OLYTHS KPMM\ZP]P[ �̀ PZ
PU[YVK\JLK� /LYL� [OL [OLYTHS JVUK\J[P]P[ �̀
k� PZ HZZ\TLK [V IL PZV[YVWPJ HUK OVTVNL�
ULV\Z� ;OLYTHS JVUK\J[P]P[` HUK [OLYTHS
KPMM\ZP]P[` HYL SPURLK [V LHJO V[OLY ]PH [OL
THZZ KLUZP[ �̀ ρ� HUK [OL ZWLJPÄJ OLH[ JH�
WHJP[ �̀ cW� P�L��

α =
k

ρ · cW
. ���

;OPZ PZ [OL NLULYHS MVYT\SH[PVU VM [OL OLH[
LX\H[PVU� 0[ JHU IL \ZLK [V ZVS]L MVY [OL
[LTWLYH[\YL ÄLSK VM H NP]LU Z`Z[LT HUK H
ZL[ VM IV\UKHY` JVUKP[PVUZ HUK ZV\YJLZ�
=PJL ]LYZH� [OL ZV\YJL KPZ[YPI\[PVU JHU IL
KLYP]LK MYVT P[Z [LTWLYH[\YL ÄLSK� 0U [OPZ
^VYR� [YHUZPLU[ OLH[ JVUK\J[PVU PZ VM ZWL�
JPHS PU[LYLZ[�

7UDQVLHQW 3UREOHPV LQ
&RPSRVLWH 0HGLD

;YHUZPLU[ WYVISLTZ HYPZL ^OLU H Z`Z[LT
PZ OLH[LK ^P[O H JVUZ[HU[ ZV\YJL KPZ[YPI\�
[PVU MVY H WLYPVK VM [PTL� \U[PS P[ YLHJOLZ HU

LX\PSPIYP\T [LTWLYH[\YL KPZ[YPI\[PVU ]PH OLH[
ÅV^ V]LY [OL IV\UKHYPLZ� ;OLU [OL OLH[PUN
WV^LY PZ [\YULK VMM HUK [OL [LTWLYH[\YL
ÄLSK YLSH_LZ IHJR [V P[Z LX\PSPIYP\T Z[H[L�
;OL ILOH]PVY VM [OL [LTWLYH[\YL ÄLSK ^OPSL
YLSH_PUN IHJR [V LX\PSPIYP\T NP]LZ PUZPNO[Z
HIV\[ [OL [OLYTHS WYVWLY[PLZ VM [OL Z`Z[LT�

(Z [OLYTHS Z`Z[LTZ PU WYHJ[PJL HYL YHYLS`
OVTVNLULV\Z� ZHTWSLZ JVUZPZ[PUN VM KPM�
MLYLU[ TLKPH HYL JVUZPKLYLK� ( UH[\YHS Z[LW
[V JVUZ[Y\J[ H TVYL JVTWSL_ TLKP\T PZ [V
SVVR H[ [^V TH[LYPHSZ ^P[O KPMMLYLU[ [OLYTHS
WYVWLY[PLZ PU JVU[HJ[ ^P[O LHJO V[OLY ^P[O
H JLY[HPU JVU[HJ[ YLZPZ[HUJL� ;OPZ ZJOLTL
JHU IL NLULYHSPaLK [V H SH`LYLK TH[LYPHS�
^OPJO JVUZPZ[ VM THU` OVTVNLULV\Z Z\I�
Z`Z[LTZ ^OPJO HYL PU JSVZL JVU[HJ[ [V LHJO
V[OLY� 0M [OL ZPaL VM [OL Z\IZ`Z[LT PZ M\Y[OLY
YLK\JLK� H IL[[LY HWWYV_PTH[PVU [V HYIP[YHY`
TLKPH PZ HJOPL]LK�

7KH (OHFWUR�WKHUPDO $QDORJ\

( JVTTVU ZPTWSPÄJH[PVU ^OLU KLHSPUN ^P[O
ZTHSS [OLYTHS Z\IZ`Z[LTZ PZ [V HZZ\TL [OH[
[OL [LTWLYH[\YL PZ JVUZ[HU[ PUZPKL [OLT� ZV
[OH[ H ZPUNSL [LTWLYH[\YL JHU IL HZZPNULK
[V [OL Z`Z[LT� >OPSL [OL [LTWLYH[\YL PU�
ZPKL Z\JO H Z\IZ`Z[LT PZ OVTVNLULV\Z�
ULPNOIVYPUN Z`Z[LTZ JHU OH]L KPMMLYLU[
[LTWLYH[\YLZ HUK [OPZ PZ YLÅLJ[LK I` H [OLY�
THS YLZPZ[HUJL IL[^LLU IV[O Z`Z[LTZ� ;OPZ
HWWYV_PTH[PVU JHU IL THKL TVYL L_HJ[ I`
[OL YLK\J[PVU VM [OL Z`Z[LT ZPaL� ( Z`Z[LT
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ZPTWSPÄLK PU Z\JO H ^H` PZ JHSSLK H S\TWLK
JHWHJP[` TVKLS�

;OPZ RPUK VM HWWYV_PTH[PVU PZ WVW\SHY IL�
JH\ZL [OL WYVISLT JHU IL YLZ[H[LK HZ H
UL[^VYR WYVISLT� ;OL NVHS PZ [V JVUZ[Y\J[
HU LSLJ[YPJ JPYJ\P[ [OH[ YLZLTISLZ [OL IL�
OH]PVY VM [OL [OLYTHS Z`Z[LT� ( TL[OVK
\ZLK [V JVUZ[Y\J[ [OPZ LX\P]HSLU[ UL[^VYR
PZ JHSSLK PKLU[PÄJH[PVU I` KLJVU]VS\[PVU >�@�
;OL HTV\U[ VM LULYN` Z[VYLK PU H Z\IZ`Z�
[LT JHU IL PKLU[PÄLK ^P[O H [OLYTHS JH�
WHJP[` ]HS\L� C[O� HUK [OL THNUP[\KL VM [OL
[LTWLYH[\YL KYVW [V HU HKQHJLU[ Z`Z[LT
PZ X\HU[PÄLK I` H [OLYTHS YLZPZ[HUJL ]HS\L�
R[O� ;O\Z� H [PTL JVUZ[HU[

τ = R[O · C[O ���

JHU IL H[[YPI\[LK [V LHJO Z\IZ`Z[LT�

;OL LSLJ[YPJ HUHSVN` VM [OPZ ILOH]PVY PZ H
SV^�WHZZ VY 9*�JPYJ\P[� +LWLUKPUN VU [OL
NLVTL[Y` HUK WHY[P[PVUPUN VM [OL Z`Z[LT�
]HYPV\Z RPUKZ VM UL[^VYRZ JHU IL JVU�
Z[Y\J[LK� /LYL� [OL MVJ\Z PZ ZL[ VU H VUL�
KPTLUZPVUHS TVKLS [OH[ PZ OLH[LK VU VUL
ZPKL I` H ZPUNSL OLH[ ZV\YJL� /LUJL� [OL
UL[^VYR ILJVTLZ H JOHPU VM 9*�JPYJ\P[Z HZ
KLWPJ[LK PU )LJXUH ��

-PN\YL �! *H\LY UL[^VYR MVY LSLJ[YV�[OLYTHS
HUHSVN`

;OL ]VS[HNL HWWSPLK VU [OL SLM[ ZPKL VM [OL
JPYJ\P[ JVYYLZWVUKZ [V H [LTWLYH[\YL KPMMLY�
LUJL VM [OL ZV\YJL YLSH[P]L [V [OL Z\YYV\UK�
PUN [OLYTHS YLZLY]VPY� [OH[ PZ YLWYLZLU[LK I`
[OL NYV\UK WV[LU[PHS PU LSLJ[YPJ [LYTZ�

0U WYHJ[PJL� [OL [OLYTHS WYVWLY[PLZ VM [OL PU�
KP]PK\HS SH`LYZ HUK IV\UKHYPLZ HYL VM[LU \U�
RUV^U� /LUJL� [OLPY YLZWLJ[P]L YLZPZ[HUJLZ
HUK JHWHJP[PLZ [OH[ OH]L [V IL WYLZJYPILK
[V LHJO 9*�JPYJ\P[ HYL HSZV \URUV^U� 0[
PZ� OV^L]LY� WVZZPISL [V YLJVUZ[Y\J[ [OL
[OLYTHS WYVWLY[PLZ \ZPUN H [YHUZPLU[ TLH�
Z\YLTLU[ VM [OL Z[LW YLZWVUZL VM [OL [LT�
WLYH[\YL [V H JOHUNL VM [OL OLH[PUN WV^LY�
0U [OPZ ^VYR� [OL [LTWLYH[\YL YLZWVUZL PZ
TLHZ\YLK I` HU PUMYHYLK JHTLYH�

([SHULPHQWDO 6HWXS

7KHUPRJUDSK\ 6HWXS

;OL [OLYTVNYHWO` ZL[\W PZ JVTWYPZLK
VM HU PUMYHYLK JHTLYH �0UMYH;LJ 0THNL09
����:�� ^OPJO \ZLZ HU PUKP\T HU[PTVUPKL
MVJHS WSHUL HYYH` ZUHWZOV[ KL[LJ[VY� ;OL
NLVTL[YPJ YLZVS\[PVU PZ ���×��� W_� (Z

[OL JHTLYH PZ ZLUZP[P]L MVY [OL TPK�PUMYHYLK
ZWLJ[YHS YHUNL ����¶��� �T�� P[ OHZ H UVPZL
LX\P]HSLU[ [LTWLYH[\YL KPMMLYLUJL VM ILSV^
��T2 H[ [LTWLYH[\YLZ JSVZL [V YVVT [LT�
WLYH[\YL HUK P[ Y\UZ H[ H TH_PT\T ZHT�
WSPUN YH[L VM ���/a� ;OL OV\ZPUN VM [OL
LX\PWTLU[ TPUPTPaLZ [OL PUÅ\LUJL VM YL�
ÅLJ[PVUZ MYVT L_[LYUHS ZV\YJLZ HUK ZOPLSKZ
[OL ZHTWSL MYVT \U^HU[LK JVU]LJ[PVU
SVZZLZ� ;OL JHTLYH PZ VWLYH[LK PU H [VW�
KV^U JVUÄN\YH[PVU HUK PZ MHJPUN [OL [VW
ZPKL VM [OL 3,+Z� ( ZLX\LUJL VM PTHNLZ
PZ [HRLU [OH[ ZOV^Z [OL Z\YMHJL [LTWLYH�
[\YL VM [OL LU[PYL 3,+ IVHYK� ;OL JHTLYH
PZ JVUULJ[LK [V H JVTW\[LY MVY MYHTL Z`U�
JOYVUPaH[PVU HUK KH[H WVZ[�WYVJLZZPUN�

7KH /(' $UUD\

;OL 3,+ HYYH` \UKLY PU]LZ[PNH[PVU PZ H JVT�
TLYJPHSS` H]HPSHISL VUL HUK JVTWYPZLZ VM ��
3,+Z� ;OL KPVKLZ HYL HYYHUNLK PU H � × �
NLVTL[Y` HUK HYL ZVSKLYLK VU H WYPU[LK JPY�
J\P[ IVHYK� ;OL LU[PYL HYYH` PZ TV\U[LK VU
H [LTWLYH[\YL JVU[YVSSLK OLH[ ZPUR� ,HJO
VM [OL �� 3,+Z JVTWYPZLZ H Z[HJR VM WOVZ�
WOVY VU [VW� H ZLTPJVUK\J[VY JOPW ILULH[O
HUK H ZVSKLY JVUULJ[PVU [V [OL 7*)� ;OL
7*) PZ TV\U[LK [V [OL OLH[ ZPUR ^P[O JSPWZ
^P[OV\[ HKKP[PVUHS OLH[ [YHUZMLY WHZ[L� ;OL
PUMYHYLK LTPZZP]P[` VM [OL WOVZWOVY� P�L� [OL
Z\YMHJL VM [OL 3,+Z� PZ JVUZPKLYLK [V IL
JSVZL [V \UP[ �̀

,SLJ[YPJHSS �̀ [OL 3,+ HYYH` JVTWYPZLZ VM MV\Y
Z[YPUNZ� ^OPJO HYL JVUULJ[LK PU WHYHSSLS�
,HJO Z[YPUN JVUZPZ[Z VM MV\Y 3,+Z HUK VUL
YLZPZ[VY� ;OL HYYH` PZ VWLYH[LK H[ ��� ( HUK
�=� ;OLYTHS SVZZLZ PU [OL ZLTPJVUK\J�
[VY HZ ^LSS HZ [OL SPNO[ JVU]LYZPVU WYVJLZZ
PU [OL WOVZWOVY �Z[VRLZ ZOPM[� YLWYLZLU[
OLH[ ZV\YJLZ� (KKP[PVUHSS �̀ H JVUZPKLY�
HISL HTV\U[ VM LULYN` PZ SVZ[ PU [OL HIV]L�
TLU[PVULK YLZPZ[VYZ VU [OL IV[[VT ZPKL VM
[OL HYYH �̀ ;OL WV^LY Z\WWS` PZ JVU[YVSSLK
KPNP[HSS` I` H JVTW\[LY HUK Z`UJOYVUPaLK
^P[O [OL JHTLYH [V N\HYHU[LL HU L_HJ[
RUV^SLKNL VM [OL [PTL HM[LY [\YUPUN VMM [OL
3,+ HYYH �̀

([SHULPHQWDO 'HWDLOV

0HDVXUHPHQW 3URFHGXUH

(Z TLU[PVULK HIV]L� [OL 3,+ HYYH` PZ VW�
LYH[LK H[ ��� ( HUK �=� 6UJL [OL [OLYTHS
LX\PSPIYP\T PZ YLHJOLK� [OL [OLYTVNYHÄJ
TLHZ\YLTLU[Z HYL Z[HY[LK� (M[LY H ^OPSL�
[OL 3,+ HYYH` PZ WV^LYLK VMM HUK [OL [LT�
WLYH[\YL PZ TLHZ\YLK MVY HWWYV_PTH[LS`
��� Z� -VY [OL WLYPVK ZOVY[S` ILMVYL HUK
HM[LY WV^LY VMM� [OL PTHNL YLJVYKPUN PZ RLW[
H[ H OPNO YH[L [V N\HYHU[LL H ÄUL [LTWVYHS
YLZVS\[PVU VM [OL ZO\[KV^U WYVJLZZ� 3H[LY

[OL ZHTWSPUN YH[L PZ YLK\JLK SVNHYP[OTP�
JHSS` [V RLLW [OL V]LYHSS HTV\U[ VM KH[H
THUHNLHISL� ;OLZL TLHZ\YLTLU[Z HYL YL�
WLH[LK MVY [OYLL KPMMLYLU[ 3,+ HYYH`Z VM [OL
ZHTL WYVK\J[PVU�

(YDOXDWLRQ 3URFHGXUH

;OL TLHZ\YLTLU[ WYV]PKLZ H ZLX\LUJL
VM [OLYTVNYHÄJ PTHNLZ� ^OPJO HYL M\Y[OLY
HUHS`aLK I` KLJVU]VS\[PVU >�@� )LJXUH �
ZOV^Z Z\JO HU PTHNL Q\Z[ ILMVYL [OL WV^LY
Z\WWS` PZ Z^P[JOLK VMM�

-PN\YL �! 0THNL VM VUL VM [OL 3,+ HYYH`Z
PTTLKPH[LS` ILMVYL [\YUPUN VMM [OL WV^LY� ;OL
3,+Z HYL HYYHUNLK PU H �× � NLVTL[Y �̀ HUK ^P[O
H YV^ VM YLZPZ[VYZ H[ [OL IV[[VT

-YVT [OLZL PTHNLZ� [OL [LTWLYH[\YL ZPNUHS
T (t) MVY LHJO 3,+ PZ L_[YHJ[LK I` H]LYHN�
PUN V]LY H ZTHSS HYLH VM WP_LSZ HYV\UK [OL
OV[ ZWV[� ;OPZ ZPNUHS PZ \ZLK [V JVUZ[Y\J[
[OL K`UHTPJ [OLYTHS PTWLKHUJL Z[O ]PH
(TXDWLRQ ���� /LYL� P PZ [OL KPMMLYLUJL PU
WV^LY KLWVZP[PVU PUZPKL [OL 3,+� ^OLU
[\YUPUN VMM [OL LSLJ[YPJ Z\WWS �̀

Z[O =
T0 − T (t)

P
���

;OL YLMLYLUJL [LTWLYH[\YL T0 PZ [HRLU [V
IL [OL WOVZWOVY [LTWLYH[\YL PTTLKPH[LS`
ILMVYL [OL WV^LY Z[LW� ;OL KLYP]H[P]L VM

a(z) = Z[O
(
t = L_W(z)

)
���

PU SVNHYP[OTPJ [PTL z = SU(t) PZ YLSH[LK [V
[OL [PTL JVUZ[HU[ ZWLJ[Y\T R[O(z) I` [OL
JVU]VS\[PVU >�@

K
Kz

a(z) = R[O(z)⊗ wz(z). ���

;OL [PTL JVUZ[HU[ PZ SPURLK [V [OL [OLYTHS
YLZPZ[HUJL R[O HUK [OL [OLYTHS JHWHJP[HUJL
C[O ]PH (TXDWLRQ ���� ;OL M\UJ[PVU wz(z) PZ
KLÄULK HZ

wz(z) = L_W
(
z − L_W (z)

)
. ���

;V JHSJ\SH[L [OL [PTL JVUZ[HU[ ZWLJ[Y\T
R[O(z)� H KLJVU]VS\[PVU OHZ [V IL KVUL�
^OPJO PZ WLYMVYTLK PU [OL -V\YPLY ZWHJL ]PH
MHZ[ -V\YPLY [YHUZMVYTH[PVU �--;�� ;OL MYL�
X\LUJ` ZWLJ[Y\T PZ ÄS[LYLK ]PH H )SHJRTHU�
5\[HSS ÄS[LY� ^OPJO ILSVUNZ [V [OL JSHZZ
VM [OL JVZPUL Z\T ^PUKV^Z� -PS[LYPUN PZ
ULJLZZHY` [V YLK\JL [OL PUÅ\LUJL VM OPNO
MYLX\LUJ` UVPZL JVTWVULU[Z [OH[ HYL V[O�
LY^PZL Z[YVUNS` HTWSPÄLK I` [OL KLJVU]VS\�
[PVU WYVJLZZ�
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([SHULPHQWDO 5HVXOWV

,PDJLQJ WKH /(' $UUD\

)LJXUH � ZOV^Z VUL VM [OL 3,+ HYYH`Z PT�
TLKPH[LS` ILMVYL [\YUPUN VMM [OL WV^LY� 0[
ZOV^Z [OL MV\Y I` MV\Y NLVTL[Y` VM [OL
3,+Z HUK [OL LSLJ[YPJHS JVUULJ[PVU IL�
[^LLU [OLT� ;OL IYPNO[LZ[ HYLHZ� OLUJL
OV[[LZ[ HYL VIZLY]LK H[ [OL YLZPZ[VYZ SV�
JH[LK H[ [OL IV[[VT VM [OL IVHYK JSVZL
[V [OL WV^LY Z\WWS �̀ ;OL 3,+Z ZOV^
WLHR [LTWLYH[\YLZ IL[^LLU ���� ◦* HUK
��� ◦*� ^OPSL [OL YLZPZ[VY [LTWLYH[\YLZ H[
[OL Z\YMHJL L_JLLK �� ◦*�

;OL SHYNL ISHJR ZWV[ ]PZPISL PUZPKL [OL HYYH`
PZ H YLÅLJ[PVU MYVT [OL JHTLYH� HSZV RUV^U
HZ [OL 5HYJPZZ\Z LMMLJ[� 6]LYHSS� H ZTHSS
[LTWLYH[\YL NYHKPLU[ PZ ]PZPISL VU [OL IHZL
WSH[L ^P[O PUJYLHZPUN [LTWLYH[\YL JSVZLY [V
[OL YLZPZ[VYZ HUK [OL WV^LY Z\WWS �̀

;V L_[YHJ[ H ZPUNSL [LTWLYH[\YL J\Y]L MVY
LHJO 3,+� H ZTHSS JPYJ\SHY HYLH PZ KYH^U
HYV\UK [OL JVYYLZWVUKPUN OV[ ZWV[Z V]LY
^OPJO [OL H]LYHNL ]HS\L PZ KL[LYTPULK�
7DEOH � ZOV^Z [OL [LTWLYH[\YL KPMMLYLUJLZ
MVY LHJO 3,+ VM [OL HYYH` MYVT [OL ILNPU�
UPUN [V [OL LUK VM [OL TLHZ\YLTLU[� ;OL
[VW SLM[ 3,+ PU )LJXUH � PZ SHILSSLK (���
^OPSL [OL IV[[VT YPNO[ 3,+ PZ SHILSSLK +���
0[ PZ UV[PJLHISL [OH[ [OL 3,+Z VM [OL * HUK
+ YV^Z ZOV^ OPNOLY [LTWLYH[\YLZ [OHU
[OVZL VM [OL ( HUK ) YV^Z� /V^L]LY� 3,+Z
(�� HUK )�� ZOV^ OPNOLY PUP[PHS [LTWLYH�
[\YLZ [OHU [OLPY ULPNOIVYPUN 3,+Z�

3,+ � � � �

( ��� ��� ��� ���

) ��� ��� ��� ���

* ��� ��� ��� ���

+ ��� ��� ��� ���

;HISL �! ;LTWLYH[\YL KPMMLYLUJLZ MVY LHJO 3,+
HYYH` MYVT Z[HY[ [V LUK VM [OL TLHZ\YLTLU[ PU 2

;PTL�KLWLUKLU[ HIZVS\[L [LTWLYH[\YL
]HS\LZ MVY [OL [VW YV^ �(� HYL KLWPJ[LK PU
)LJXUH �� ;OL x�H_PZ ZOV^Z [OL [PTL t
YLSH[P]L [V [OL Z[HY[ VM [OL TLHZ\YLTLU[� 0[
PZ ZJHSLK SVNHYP[OTPJHSS` ZV [OH[ P[ YLZLTISLZ
z = SU (t)�

&DOFXODWLQJ WKH 7LPH
&RQVWDQW 6SHFWUXP

;V JHSJ\SH[L [OL [PTL JVUZ[HU[ ZWLJ[Y\T HZ
KLÄULK I` (TXDWLRQ ���� [OL [LTWLYH[\YL
J\Y]L VM )LJXUH � PZ \ZLK� -PYZ[� [OL [OLY�
THS PTWLKHUJL OHZ [V IL JHSJ\SH[LK \ZPUN
(TXDWLRQ ���� ;V KV [OPZ� [OL WV^LY Z[LW PU
L]LY` 3,+ OHZ [V IL RUV^U� (Z H ZPTWSPÄ�

10-2 10-1 100 101 102

24

25

26

27

28

te
m

pe
ra

tu
re

 T
 in

 °C

 LED A.1
 LED A.2
 LED A.3
 LED A.4

time t in s
-PN\YL �! ;LTWLYH[\YL L]VS\[PVU VM [OL [VW YV^ VM
[OL 3,+Z KLWPJ[LK PU )LJXUH �

JH[PVU� SPNO[ LTPZZPVU HUK UVU�\UPMVYTP[PLZ
VM [OL LSLJ[YPJ YLZPZ[HUJL IL[^LLU [OL 3,+Z
Q\UJ[PVUZ HYL ULNSLJ[LK� ^OPJO PZ LX\P]HSLU[
[V [OL HZZ\TW[PVU VM HU PKLU[PJHS WV^LY
Z[LW MVY LHJO VM [OL 3,+Z� :PUJL H YLSH[P]L
JVTWHYPZVU PZ VM PU[LYLZ[ VUS �̀ [OL ]HS\L VM
[OL WV^LY Z[LW PZ HZZ\TLK [V IL \UP[ �̀ ;OL
Z[HY[PUN [LTWLYH[\YLZ T0 MVY LHJO 3,+ JHU
IL [HRLU MYVT )LJXUH �� ;OL K`UHTPJ [OLY�
THS PTWLKHUJL PZ ZOV^U PU )LJXUH � VU H
SVNHYP[OTPJ [PTL ZJHSL�
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 LED A.3
 LED A.4

time t in s
-PN\YL �! ;OLYTHS PTWLKHUJL MVY [OL [VW YV^ VM
3,+Z ZOV^U PU )LJXUH �

-YVT [OL KLYP]H[P]L VM [OL PTWLKHUJL PU
SVNHYP[OTPJ [PTL HZ KLÄULK PU (TXDWLRQ ����
[OL [PTL JVUZ[HU[ ZWLJ[Y\T PZ JHSJ\SH[LK
]PH MHZ[ -V\YPLY [YHUZMVYTH[PVU HUK ZWLJ[YHS
ÄS[LYPUN� ;OL YLZ\S[ PZ KPZWSH`LK PU )LJXUH ��
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 LED A.2
 LED A.3
 LED A.4

time constant t  in s
-PN\YL �! ;PTL JVUZ[HU[ ZWLJ[Y\T MVY [OL [VW YV^
VM [OL 3,+Z ZOV^U PU )LJXUH �

-YVT H WO`ZPJHS WVPU[ VM ]PL �̂ [OL [PTL
JVUZ[HU[ ZWLJ[Y\T OHZ [V IL WVZP[P]L�
/V^L]LY� ILJH\ZL VM [OL OPNO UVPZL HT�
WSPÄJH[PVU VM [OL KLJVU]VS\[PVU WYVJLZZ HUK
[OL WYVWLY[PLZ VM [OL ÄS[LY M\UJ[PVUZ ZVTL
ULNH[P]L ]HS\LZ TPNO[ VJJ\Y� (Z [OL` HYL

UVU�WO`ZPJHS� [OL` HYL ZL[ [V aLYV [V PUJS\KL
[OLT PU [OL L]HS\H[PVU�

;V JVTW\[L [OL WHYHTL[LYZ VM [OL JVYYL�
ZWVUKPUN *H\LY UL[^VYR �)LJXUH �� MYVT
[OL [PTL JVUZ[HU[ ZWLJ[Y\T� ZVTL HK�
KP[PVUHS JHSJ\SH[PVU OHZ [V IL KVUL [OH[
PU]VS]LZ H KPZJYL[PZH[PVU� /V^L]LY� [OPZ
HWWYVHJO PZ UV[ M\Y[OLY W\YZ\LK ZPUJL [OL
[PTL JVUZ[HU[ ZWLJ[Y\T JHU IL PU[LYWYL[LK
KPYLJ[S` MVY [OL ZHRL VM JVTWHYPZVU�

$QDO\VLQJ WKH 7LPH &RQVWDQW
6SHFWUXP

0U )LJXUH �� [OL [PTL JVUZ[HU[ ZWLJ[YH MVY
[OL MV\Y 3,+Z VM [OL [VW YV^ HYL ZOV^U�
;̂ V WLHRZ HYL JSLHYS` ]PZPISL PU [OLYTHS
YLZPZ[HUJL� ;OL ÄYZ[ WLHR SPLZ H[ HWWYV_�
PTH[LS` ��� Z HUK H ZLJVUK TH_PT\T PZ
MV\UK JSVZL [V � Z� 0U [OL [OLYTHS PTWLKHUJL
ZWLJ[Y\T �)LJXUH ��� [OLZL MLH[\YLZ HYL
HSZV ]PZPISL H[ [OL JVYYLZWVUKPUN [PTL ]HS�
\LZ� >OPSL [OL ZLJVUK WLHR OHZ [OL ZHTL
OLPNO[ MVY HSS KPVKLZ ZOV^U� [OL 3,+ (��
OHZ H SHYNLY ]HS\L MVY [OL ÄYZ[ TH_PT\T
[OHU [OL 3,+Z (�� [V (��� >OLU JVTWHYPUN
[OLZL WLHR PU[LUZP[PLZ [V [OL JVYYLZWVUK�
PUN [LTWLYH[\YL KPMMLYLUJLZ PU 7DEOH �
H TVUV[VUV\Z JVYYLSH[PVU PZ MV\UK� 0U�
JYLHZPUN WLHR PU[LUZP[PLZ PU [OL ÄYZ[ WLHR
JVYYLZWVUK [V PUJYLHZPUN [LTWLYH[\YL KPM�
MLYLUJLZ�

;OL JVVSPUN ILOH]PVY JHU HSZV IL PU[LY�
WYL[LK WO`ZPJHSS �̀ (Z [OL JHTLYH PZ VI�
ZLY]PUN [OL 3,+ Z[HJR MYVT [OL [VW� [OL
[LTWLYH[\YL TLHZ\YLK JHU IL PKLU[PÄLK
^P[O [OL WOVZWOVY [LTWLYH[\YL� )LJH\ZL
VM [OH[ [OL MHZ[LZ[ JVVSPUN K`UHTPJZ IL�
SVUN [V [OL JVUULJ[PVU VM [OL WOVZWOVY
[V [OL ZLTPJVUK\J[VY JOPW HUK [OL ZVSKLY
JVUULJ[PVU VM [OL LU[PYL JOPW [V [OL 7*)�
6U H ZSV^LY [PTL ZJHSL� [OL YLSH_H[PVU VM
[OL [LTWLYH[\YL PZ SPTP[LK I` [OL JVUULJ�
[PVU VM [OL 7*) [V [OL OLH[ ZPUR� -VY [OLZL
YLHZVUZ� [OL ÄYZ[ WLHR PU )LJXUH � PZ PU[LY�
WYL[LK HZ H JVVSPUN K`UHTPJ ILSVUNPUN [V
LHJO PUKP]PK\HS 3,+ HUK [O\Z Z\TTPUN [V�
NL[OLY [OL PUÅ\LUJLZ VM [OL WOVZWOVY� [OL
ZLTPJVUK\J[VY HUK [OL ZVSKLYPUN X\HSP[ �̀
;OL ZLJVUK WLHR PZ PU[LYWYL[LK HZ [OL PUÅ\�
LUJL VM [OL Z\YYV\UKPUN 7*) K`UHTPJZ VU
[OL 3,+ [LTWLYH[\YL� ;OPZ PUJS\KLZ SVJHS
[LTWLYH[\YL [YLUKZ VU [OL 7*) V^PUN [V
SVJH[PVUZ VM V[OLY OLH[ ZV\YJLZ HUK OLH[
ZPURZ HZ ^LSS HZ Z[Y\J[\YL HUK [`WL VM [OL
TH[LYPHS \ZLK MVY [OL IVHYK�



;/,946.9(7/@ 6- 3,+ 46+<3,:;/,94(3 *65+<*;065 7(;/ (5(3@:0: 6- 3,+ 46+<3,:! " #

0ZZ\L ���:LW[�6J[����� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� c 3PNO[PUN ;LJOUVSVNPLZ 
 +LZPNU ��

&RQFOXVLRQ
(SS [LTWLYH[\YL ZV\YJLZ PU [OL 7*) JHU
IL PKLU[PÄLK HUK JVTWHYLK X\HU[P[H�
[P]LS` H[ [OL ZHTL [PTL� .SVIHS [LTWLY�
H[\YL [YLUKZ VU [OL 7*) HYL ]PZPISL HUK
ZOV^ [OH[ [OL YLZPZ[VYZ H[ [OL IV[[VT
ZPKL VM [OL IVHYK OH]L H ZPNUPÄJHU[ LM�
MLJ[ VU [OL 3,+ [LTWLYH[\YLZ�

5L]LY[OLSLZZ� [OL YLSH[P]L WLYMVYTHUJL
VM [OL PUKP]PK\HS JVVSPUN WH[OZ VM [OL
3,+Z [V [OL 7*) JHU IL HZZLZZLK VU
[OL IHZPZ VM [PTL L]VS\[PVU� [HRPUN PU[V
HJJV\U[ [OLPY HTIPLU[ [LTWLYH[\YL SL]LS�
0[ PZ ZOV^U [OH[ 3,+ WOVZWOVY [LTWLYH�
[\YLZ JHU IL JVYYLSH[LK ^P[O [OL PU[LUZP[`
VM [OL WLHR HZZVJPH[LK ^P[O [OL ZLTP�
JVUK\J[VY JOPW� ;OL HJJ\YHJ` JHU IL
PUJYLHZLK M\Y[OLY I` PUJS\KPUN KPMMLY�
LUJLZ PU [OL THNUP[\KL VM [OL WV^LY
Z[LW�

(UHS`aPUN [OL LU[PYL 3,+ HYYH` ]PH PU�
MYHYLK [OLYTVNYHWO` LUHISLZ H JVT�
WYLOLUZP]L L_HTPUH[PVU VM [OL [OLYTHS
ILOH]PVY VM [OL JVTWVULU[� "

$87+25� 3HWHU :� 12/7(� 'U�
7L[LY >� 5VS[L VI[HPULK OPZ THZ[LY VM
ZJPLUJL PU WO`ZPJZ MYVT [OL <UP]LYZP[` VM
7HKLYIVYU� .LYTHU �̀ PU ����� :\IZL�
X\LU[S �̀ OL Z[HY[LK [V ^VYR PU [OL ÄLSK
VM WOV[VUPJ JY`Z[HSZ HUK ZPSPJVU WOV�
[VUPJZ H[ [OL 4HY[PU 3\[OLY <UP]LYZP[`
VM /HSSL�>P[[LUILYN� .LYTHU �̀ ^OLYL
OL KLMLUKLK OPZ 7O+ [OLZPZ PU ����� 0U
����� OL TV]LK [V [OL -YH\UOVMLY (W�
WSPJH[PVU *LU[LY MVY 0UVYNHUPJ 7OVZWOVYZ
PU :VLZ[� ^OPJO PZ H IYHUJO SHI VM [OL
-YH\UOVMLY 0UZ[P[\[L MVY 4PJYVZ[Y\J[\YL
VM 4H[LYPHSZ HUK :`Z[LTZ 04>: PU /HSSL
�:HHSL�� /L J\YYLU[S` SLHKZ H YLZLHYJO
[LHT� MVJ\ZPUN VU [OL YLSPHIPSP[` VM SPNO[
LTP[[PUN KPVKLZ HUK WOVZWOVYZ�

&2�$87+256� 5PSZ APLNLSLY �:V\[O
>LZ[WOHSPH <UP]LYZP[` VM (WWSPLK :JP�
LUJLZ�� 7YVM� +Y� :[LMHU :JO^LPaLY
�-YH\UOVMLY (WWSPJH[PVU *LU[LY MVY 0U�
VYNHUPJ 7OVZWOVYZ� :V\[O >LZ[WOHSPH
<UP]LYZP[` VM (WWSPLK :JPLUJLZ��

)UDXQKRIHU $SSOLFDWLRQ &HQWHU IRU
,QRUJDQLF 3KRVSKRUV� 3PNO[ LTP[[PUN
KPVKLZ �3,+Z� HYL [OL M\[\YL VM SPNO[�
PUN [LJOUVSVN �̀ 4VKLYU OPNO�WV^LY
3,+Z VMMLY U\TLYV\Z HK]HU[HNLZ PU
[LYTZ VM LMÄJPLUJ �̀ JVTWHJ[ULZZ� SPML�
[PTL� HUK LU]PYVUTLU[HS WYV[LJ[PVU HZ
JVTWHYLK [V JVU]LU[PVUHS PUJHUKLZ�
JLU[ HUK LULYN`�ZH]PUN SHTWZ� 5L^
JOHSSLUNLZ JVUZPZ[ UV[ VUS` VM PTWYV]PUN
[OL 3,+ JOPWZ� I\[ HSZV PU [OL WOVZWOVY
HUK LUJHWZ\SH[PVU TH[LYPHSZ� 0U HKKP�
[PVU [V [OL LMÄJPLUJ` VM [OL 3,+Z HUK
[OL WOVZWOVY� YLSPHIPSP[` HUK JVSV\Y Z[H�
IPSP[` HYL HSZV PTWVY[HU[ HZWLJ[Z� ;OL
[OLYTHS THUHNLTLU[ VM 3,+Z HUK 3,+
TVK\SLZ PZ VM JY\JPHS PTWVY[HUJL� 9PZPUN
KLTHUKZ PU PU[LSSPNLU[ SPNO[PUN Z`Z[LTZ�
LZWLJPHSS` PU [OVZL ^OPJO HYL WHY[PJ\�
SHYS` HKHW[LK [V [OL YLZWLJ[P]L ULLKZ
VM [OL \ZLY VY HWWSPJH[PVU� HYL [YPNNLY�
PUN NYLH[ HTV\U[ VM PU[LYLZ[ PU Z[HY[PUN
UL^ YLZLHYJO WYVQLJ[Z� 0U [OL ÄLSK VM
WOVZWOVYZ� V\Y YHUNL VM ZLY]PJLZ JVU�
ZPZ[Z VM [OL KLZPNU HUK KL]LSVWTLU[
VM WOVZWOVYZ HUK WOVZWOVY Z`Z[LTZ�
HUK [OLPY WLYMVYTHUJL L]HS\H[PVU ^P[O
[OL HPT VM PTWYV]PUN [OLPY LMÄJPLUJ �̀
YLSPHIPSP[ �̀ HUK JVSV\Y Z[HIPSP[ �̀ 0U VYKLY
[V KV ZV� JVTWYLOLUZP]L VW[PJHS HUK
ZWLJ[YVZJVWPJ HUHS`ZLZ� [OLYTHS HUK
TPJYVZ[Y\J[\YHS JOHYHJ[LYPaH[PVUZ HYL HW�
WSPLK H[ [OL -YH\UOVMLY (WWSPJH[PVU *LU�
[LY PU :VLZ[ HZ ^LSS HZ PU]LZ[PNH[PVUZ PU[V
[OL SVUN�[LYT Z[HIPSP[` VM SPNO[�LTP[[PUN
KPVKLZ HUK SPNO[PUN LSLTLU[Z� ;OL V\[�
W\[ VM V\Y YLZLHYJO HJ[P]P[PLZ OH]L SLK
[V WOVZWOVY�KVWLK NSHZZLZ HUK NSHZZ
JLYHTPJZ MVY SPNO[PUN HUK SPNO[PUN [LJO�
UVSVN` HZ ^LSS HZ TLKPJHS KPHNUVZ[PJZ�
-\Y[OLY YLZLHYJO ÄLSKZ PUJS\KL [OL JOHY�
HJ[LYPaH[PVU VM VW[PJZ MVY SPNO[�LTP[[PUN
KPVKLZ HZ ^LSS HZ [OL TPJYVZ[Y\J[\YPUN VM
VW[PJZ HUK WOVZWOVYZ�

9HUNL VM ZLY]PJLZ! ;OL -YH\UOVMLY (W�
WSPJH[PVU *LU[LY PU :VLZ[ WYV]PKLZ [HPSVY�
THKL ZLY]PJLZ HZ WLY J\Z[VTLY YLX\PYL�
TLU[Z� ;OL HPT PZ [V Z\WWVY[ [OL JVT�
WL[P[P]LULZZ HUK [OL M\[\YL VM [OL SPNO[PUN
HUK P[Z HZZVJPH[LK PUK\Z[Y` HZ ^LSS HZ
YLSH[LK HYLHZ� ;OL VW[PTPaH[PVU VM TH�
[LYPHSZ� JVTWVULU[Z� HUK Z`Z[LTZ HYL
HPTLK [V JVU[YPI\[L [V [OL Z\JJLZZ VM
[OL WYVQLJ[ WHY[ULYZ� ;OL MVJ\Z YLTHPUZ
[OL JVSSHIVYH[PVU VM IV[O WHY[PLZ PU [OL
JVUJLW[ HUK HWWSPJH[PVUZ�

5HIHUHQFHV

B�D 3H[PM 4� 1PQP� /LH[ *VUK\J[PVU� ;OPYK ,KP[PVU�
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*OVVZPUN [OL 9PNO[ 0UK\J[VY
;LJOUVSVNPLZ MVY (\[VTV[P]L 3,+
3PNO[PUN
0U [LYTZ VM JVZ[� ]VS\TL� ^LPNO[ HUK V]LYHSS M\UJ[PVUHSP[ �̀ [OL
LSLJ[YVUPJ JVU[LU[ PU ]LOPJSLZ JVU[PU\LZ [V PUJYLHZL ZPNUPÄJHU[S �̀ (
JVUZLX\LUJL VM [OLZL [YLUKZ PZ [OL KLTHUK P[ WSHJLZ VU [OL WV^LY
Z`Z[LTZ� ;OLYL PZ H NLULYHS [YLUK [V^HYK ��= Z`Z[LTZ PU ]LOPJSLZ�
WHY[S` [V Z\WWVY[ [OL HKVW[PVU VM TPSK O`IYPK KYP]L[YHPUZ I\[ HSZV [V
IL[[LY TLL[ [OL PUJYLHZLK KLTHUK MVY WV^LY HJYVZZ [OL LU[PYL
]LOPJSL� /V^L]LY� [OL ��= JPYJ\P[ YLTHPUZ WYPTHYPS` YLZWVUZPISL MVY
[OL THQVYP[` VM [OL IVK` LSLJ[YVUPJZ HUK [OPZ PZ SPRLS` [V JVU[PU\L�
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$
SRUWLRQ RI WKH LQFUHDVHG GHPDQG
RQ WKH ��= V\VWHP LV DWWULEXWHG
WR WKH LQWURGXFWLRQ DQG ZLGHU XVH

RI /(' OLJKWLQJ� ERWK LQWHUQDOO\ DQG H[�
WHUQDOO\� :KLOH /(' WHFKQRORJ\ LV� E\ LWV
QDWXUH� PRUH SRZHU HIðFLHQW WKDQ RWKHU
IRUPV RI OLJKWLQJ� LW KDV LWV RZQ SRZHU�
UHODWHG UHTXLUHPHQWV� 3DUW RI WKDW UHODWHV
WR WKH TXDOLW\ RI WKH SRZHU SURYLGHG�
ZKLFK QHHGV WR EH KLJKO\ VWDEOH DQG
UHJXODWHG� 7KH TXDOLW\ RI WKH ��= EXV
FDQ YDU\ FRQVLGHUDEO\ ZLWKLQ D V\VWHP
ZKHUH WKH LQVWDQWDQHRXV FXUUHQW ñRZ
FDQ VXIIHU IURP PDVVLYH ñXFWXDWLRQV
LQ ORDG GHPDQG� EDVHG RQ WKH GULYLQJ
FRQGLWLRQV�

7KH PRVW UHFHQW H[DPSOHV RI KRZ /('
OLJKWLQJ LV FKDQJLQJ WKH DXWRPRWLYH VHF�
WRU LQFOXGH KLJK SHUIRUPDQFH /(' KHDG�
OLJKWV DQG VPDUW DGDSWLYH OLJKWLQJ V\V�
WHPV� ,Q DGGLWLRQ WR SURYLGLQJ D FRQVWDQW
OLJKW RXWSXW� WKHVH VROXWLRQV DUH FDSD�
EOH RI PRGXODWLQJ WKHLU RXWSXW EDVHG RQ
H[WHUQDO FRQGLWLRQV� 7KHVH LQFUHDVLQJO\
VRSKLVWLFDWHG DXWRPRWLYH /(' OLJKWLQJ
V\VWHPV UHTXLUH HTXDOO\ DGYDQFHG HOHF�
WURQLF FLUFXLWU\ WR FRQWURO WKH KHDGOLJKWâV
LQWHQVLW\� DQJOH DQG IRFXV� 7KHVH V\V�
WHPV PXVW DOVR FRQWLQXH WR GHOLYHU WKH
UHOLDELOLW\ WKDW DXWRPRWLYH PDQXIDFWXU�
HUV GHPDQG� $ FULWLFDO HOHPHQW LQ DOO RI
WKHVH V\VWHPV DUH WKH LQGXFWLYH FRP�
SRQHQWV XVHG LQ WKH SRZHU VXSSOLHV� DV
WKLV DUWLFOH ZLOO H[SODLQ�

1HZ $XWRPRWLYH /('
/LJKWLQJ $SSOLFDWLRQV

;OL ^H` 3,+Z HYL UV^ \ZLK PU ]LOPJSLZ PZ
L]VS]PUN YHWPKS �̀ [OHURZ [V [OLPY ÅL_PIPSP[ �̀
SV^ WV^LY HUK SV^ WYVÄSL� ;OL` LUHISL
LU[PYLS` UL^ \ZLY L_WLYPLUJLZ� IV[O PUZPKL
HUK V\[ZPKL [OL ]LOPJSL� 0UP[PHSS �̀ 3,+ [LJO�
UVSVN` KPZWSHJLK JVU]LU[PVUHS ÄSHTLU[
I\SIZ PU [\YU ZPNUHSZ� I\[ OHZ X\PJRS` WYV�
NYLZZLK [V IYHRL SPNO[Z� 0UKLLK� [OLYL HYL
ML^ JHYZ UV^ [OH[ KV UV[ MLH[\YL H OPNO�
SL]LS YLHY IYHRL SPNO[� H KL]LSVWTLU[ [OH[
^HZ HSTVZ[ LU[PYLS` LUHISLK I` 3,+ [LJO�
UVSVN �̀

-PN\YL �! 3,+ SPNO[PUN PZ JOHUNPUN [OL H\[VTV[P]L
PUK\Z[Y`

;OL KL]LSVWTLU[ VM OPNO ]VS[HNL 3,+
SPNO[PUN TLHUZ P[ JHU UV^ IL HWWSPLK [V
MVY^HYK�MHJPUN SPNO[Z [VV� 3,+�IHZLK OLHK�
SPNO[Z HYL X\PJRS` V]LY[HRPUN [OL \ZL VM
VSKLY [LJOUVSVNPLZ Z\JO HZ OHSVNLU� ;OL
^PKLY \ZL VM KH`SPNO[ Y\UUPUN SPNO[Z� VY +93�
PZ HSZV [OHURZ [V 3,+ [LJOUVSVN �̀

0U HKKP[PVU� P[ PZ ILJVTPUN TVYL JVTTVU
MVY ]LOPJSL THU\MHJ[\YLYZ [V VMMLY JVU�
ÄN\YHISL PU[LYPVY SPNO[PUN� IHZLK VU 3,+

[LJOUVSVN �̀ [OH[ HSSV^Z [OL JHY V^ULY [V
J\Z[VTPaL [OLPY LU]PYVUTLU[� (SS VM [OLZL
UL^ MLH[\YLZ ULLK JVU[YVS Z`Z[LTZ" [OLZL
HYL T\JO TVYL JVTWSL_ [OHU [OL ZPTWSL
¸VU�VMM¹ JPYJ\P[Z [OH[ ^LYL \ZLK PU VSKLY
Z[`SL SPNO[PUN JPYJ\P[Z� ;OL TV]L [V TVYL
ZVWOPZ[PJH[LK JVUÄN\YH[PVUZ� MLH[\YPUN T\S�
[PWSL 3,+ Z[YPUNZ VY L]LU TH[YPJLZ VM 3,+Z�
JVTLZ ^P[O [OLPY V^U KLTHUKZ�

7KH 3RZHU 'HPDQGV RI
/(' /LJKWLQJ LQ
$XWRPRWLYH $SSOLFDWLRQV

(Z [OL Q\UJ[PVU PUZPKL HU 3,+ PZ LMMLJ[P]LS`
MVYTLK VU H ZLTPJVUK\J[VY Z\IZ[YH[L�
LHJO 3,+ ^PSS L_WLYPLUJL H MVY^HYK�]VS[HNL
KYVW" KLWLUKPUN VU P[Z JVUZ[Y\J[PVU HUK
SPNO[ MYLX\LUJ` [OPZ JV\SK IL HZ T\JO HZ
�=� 0U HKKP[PVU� [OL [LTWLYH[\YL VM [OL
Z\IZ[YH[L JHU HSZV PUÅ\LUJL [OL ]VS[HNL
KYVW� TLHUPUN P[ PZ Z\IQLJ[ [V JOHUNL PU VW�
LYH[PVU� >OPSL [OL ]VS[HNL KYVW TH` ]HY �̀
[OL J\YYLU[ ULLKZ [V YLTHPU JVUZ[HU[ [V
WYVK\JL H Z[HISL SPNO[ SL]LS� ;OPZ TLHUZ
JVU[YVS Z`Z[LTZ T\Z[ [HRL PU[V JVUZPKLYH�
[PVU [OL [VWVSVN` \ZLK� [OL Z[HIPSP[` VM [OL
WV^LY Z\WWS �̀ [OL VWLYH[PUN [LTWLYH[\YL
HUK [OL WVZZPISL JOHUNLZ PU SVHK K\L [V
KLTHUK�

(UV[OLY PTWVY[HU[ JVUZPKLYH[PVU OLYL PZ [OL
YVSL [OH[ SPNO[PUN� PU NLULYHS� UV^ WSH`Z PU
[OL PU[LNYH[PVU VM HK]HUJLK KYP]LY HZZPZ�
[HUJL Z`Z[LTZ �(+(:� PU H ]LOPJSL� 4HU`
VM [OLZL Z`Z[LTZ UV^ LTWSV` PTHNL ZLU�
ZVYZ [V TVUP[VY [OL Z\YYV\UKPUN LU]PYVU�
TLU[� 0UP[PHSS �̀ PTHNL ZLUZVYZ ^LYL \ZLK PU



-PN\YL �! ( [`WPJHS IVVZ[ JVU]LY[LY JPYJ\P[ MVY 3,+ SPNO[PUN

-PN\YL �! (U L_HTWSL VM H :,70* Z^P[JOPUN JPYJ\P[ MVY HU 3,+ Z[YPUN \ZPUN K\HS JVPS
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WHYRPUN JHTLYHZ� ^OPJO OH]L UV^ [V[HSS`
KPZWSHJLK V[OLY [`WLZ VM WYV_PTP[` WHYR�
PUN ZLUZVYZ PU UL^ TVKLSZ� 4VYL YLJLU[S �̀
HKHW[P]L Z`Z[LTZ� Z\JO HZ JY\PZL JVU[YVS�
SHUL KLWHY[\YL HUK JVSSPZPVU H]VPKHUJL�
\ZL PTHNL ZLUZVY KH[H [V THRL KLJPZPVUZ�
;OLZL Z`Z[LTZ ^VYR ILZ[ PU JVUKP[PVUZ
^OLYL [OL SPNO[ PZ JVUZ[HU[ HUK Z[HISL� HUK
HZ Z\JO VWLYH[L PU JVSSHIVYH[PVU ^P[O OPNO�
PU[LUZP[` 3,+ SPNO[PUN [V KLSP]LY KLWLUKHISL
WLYMVYTHUJL�

;OL PUJYLHZLK \ZL VM (+(:� THU` VM ^OPJO
OH]L JVUZPKLYHISL WV^LY YLX\PYLTLU[Z�
HSZV W\[Z NYLH[LY KLTHUK VU [OL WV^LY
Z`Z[LTZ� *VUZLX\LU[S �̀ [OL WV^LY JPYJ\P[Z
KL]LSVWLK MVY H\[VTV[P]L HWWSPJH[PVUZ [`W�
PJHSS` VWLYH[L V]LY H T\JO ^PKLY ]VS[HNL
YHUNL [OHU [OL Z`Z[LT»Z IH[[LY` ]VS[HNL
TPNO[ ZLLT [V PUKPJH[L� ( JVTWSL_ WV^LY
THUHNLTLU[ Z[YH[LN` PZ ULJLZZHY` PU VYKLY
[V HJJVTTVKH[L [OL PUJYLHZLK KPZY\W[PVU
[OH[ YHWPKS` Z^P[JOPUN JPYJ\P[Z JHU PU[YVK\JL
PU H JSVZLK Z`Z[LT� Z\JO HZ H ]LOPJSL�

>P[O ZV THU` JOHSSLUNLZ PU]VS]LK� P[ PZ
^VY[O JVUZPKLYPUN ^O` [OL PUK\Z[Y` Z[PSS
MLLSZ [OH[ [OL HKVW[PVU VM 3,+ [LJOUVSVN`
PZ Q\Z[PÄLK� ;OL SVUNLY�[LYT ILULÄ[Z VM 3,+
[LJOUVSVN` HYL ^LSS KVJ\TLU[LK HJYVZZ HSS
VM [OL ZLJ[VYZ HUK HWWSPJH[PVU HYLHZ ^OLYL
[OL` HYL UV^ \ZLK� ;OLZL PUJS\KL H ZPN�
UPÄJHU[S` SVUNLY ^VYRPUN SPML ^P[O H OPNOLY
SPNO[ V\[W\[ MVY H NP]LU WV^LY� ;OPZ LMÄJHJ`
[YHUZSH[LZ KPYLJ[S` PU[V IL[[LY WV^LY LMÄ�
JPLUJ �̀ ^OPJO PZ ILJVTPUN TVYL PTWVY[HU[
K\L [V [OL YLHZVUZ V\[SPULK LHYSPLY�

(UV[OLY YLHZVU PZ [OL PUJYLHZLK M\UJ[PVUHS�
P[` THKL WVZZPISL I` 3,+ [LJOUVSVN �̀ 6UL
Z\JO HK]HUJLTLU[ PZ [OL HKHW[P]L KYP]PUN
ILHT� VY (+)� >P[O (+)� [OL OLHKSPNO[Z
YLTHPU PU OPNO ILHT TVKL \U[PS [OL JHY
ZLUZLZ [OH[ P[ ULLKZ [V KPT [OLT� K\L WLY�
OHWZ [V HUV[OLY ]LOPJSL HWWYVHJOPUN� H[
^OPJO WVPU[ [OL SPNO[ PZ LP[OLY KPTTLK VY
Z[LLYLK H^H` MYVT [OL VUJVTPUN H\[VTV�
IPSL� ;OL ILULÄ[Z VM \ZPUN OPNO ILHTZ HSS
VM [OL [PTL HYL JSLHY� I\[ [OL [LJOUVSVN` YL�
X\PYLTLU[Z ULLKLK [V VWLYH[PVUHSPaL [OLZL
ILULÄ[Z HYL X\P[L JVTWSL_� ;̀ WPJHSS �̀ (+)
M\UJ[PVUHSP[` ^PSS YLS` VU T\S[PWSL ZLUZVYZ [V
TVUP[VY [OL YVHK� VUJVTPUN [YHMÄJ HUK [OL
H[[P[\KL VM [OL JHY �PZ P[ NVPUN \WOPSS� MVY L_�
HTWSL� VY YV\UKPUN H ILUK�� ;OL YLX\PYLK
WYVJLZZPUN ULLKLK [V OHUKSL [OL KH[H PZ
ZPNUPÄJHU[� L]LU PM [OL V\[W\[ VM [OH[ WYV�
JLZZPUN PZ ZPTWS` KPTTPUN [OL SPNO[ V\[W\[
[LTWVYHYPS �̀

/(' 'ULYHU 7HFKQRORJ\

4VKLYU SPNO[ Ä[[PUNZ� Z\JO HZ OLHKSPNO[Z�
JHU JVTWYPZL THU` PUKP]PK\HS M\UJ[PVUZ�
PUJS\KPUN OPNO HUK SV^ ILHTZ� KH`SPNO[ Y\U�

UPUN SPNO[Z HUK [\YU ZPNUHSZ� ,HJO VM [OLZL
M\UJ[PVUZ ^PSS IL IHZLK VU LP[OLY PUKP]PK\HS
3,+Z VY 3,+ Z[YPUNZ� ;OL SPNO[ LTP[[LK MYVT
LHJO 3,+ ^PSS IL H M\UJ[PVU VM [OL ]VS[HNL
HJYVZZ [OL Q\UJ[PVU HUK [OL J\YYLU[ ÅV^PUN
[OYV\NO P[" TVK\SH[PUN [OL J\YYLU[ ^PSS YLZ\S[
PU ]HY`PUN [OL SPNO[ V\[W\[� >OPSL P[ PZ LU[PYLS`
MLHZPISL [V \ZL SPULHY YLN\SH[VYZ [V TVK�
PM` [OL SPNO[ PU[LUZP[ �̀ H Z^P[JOPUN ZVS\[PVU
PZ TVYL LMÄJPLU[� >OLU \ZPUN H Z^P[JOPUN
[VWVSVN �̀ [OL ZPaL HUK ]HS\L VM [OL WHZZP]L
JVTWVULU[Z JHU KPYLJ[S` PTWHJ[ [OL LUK
ZVS\[PVU»Z LMÄJHJ �̀

)LJH\ZL [OLYL HYL ]HYPV\Z MVY^HYK�]VS[HNL
KYVWZ PU]VS]LK� H Z\WWS` JPYJ\P[ TH` IL
ULLKLK MVY LHJO M\UJ[PVU� -VY L_HTWSL�
PM VUS` VUL 3,+ PZ \ZLK� [OL Z\WWS` JPYJ\P[
^V\SK OH]L H ZPUNSL JVU]LY[LY HUK H KYP]LY
[OH[ ^V\SK Z[LW�KV^U [OL ]VS[HNL� 0U [OL
JHZL VM H SVUN Z[YPUN ^P[O T\S[PWSL 3,+Z
JVUULJ[LK PU ZLYPLZ� T\S[PWSL JVU]LY[LYZ
TH` IL \ZLK ^P[O T\S[PWSL KYP]LYZ [V Z[LW
[OL IH[[LY` ]VS[HNL \W VY KV^U� 0U ZVTL
JHZLZ� [OL KLZPNU KLJPZPVU TH` IL [V \ZL
H Z[LW \W�Z[LW KV^U KYP]LY� HSZV RUV^U HZ
I\JR�IVVZ[� ;OLYL HYL ]HYPV\Z [VWVSVNPLZ
\ZLK [V PTWSLTLU[ H I\JR�IVVZ[ WV^LY
Z\WWS �̀ PUJS\KPUN Å`IHJR� [OL /�)YPKNL
HUK :,70* �ZPUNSL�LUKLK WYPTHY`�PUK\J[VY
JVU]LY[LY��

)LJH\ZL VM [OL SHYNL U\TILY VM PUKP]PK�
\HS 3,+Z UV^ PU]VS]LK� 0[ PZ PUJYLHZPUNS`
JVTTVU [V \ZL HU PU[LNYH[LK KYP]LY MVY
3,+ Z[YPUNZ� HZ VWWVZLK [V KPZJYL[L JPY�
J\P[Z� WHY[PJ\SHYS` PU (+) OLHKSPNO[Z� ;OLZL
KYP]LYZ HSSV^ H Z[YPUN VM 3,+Z [V IL JVU�
ULJ[LK [VNL[OLY I\[ JVU[YVSSLK PUKLWLU�

KLU[S` �)LJXUH ��� 0U [OPZ ZJLUHYPV� [OL HW�
WYVHJO [HRLU ^V\SK IL [V IVVZ[ [OL IH[[LY`
]VS[HNL [V H SL]LS VM HYV\UK ��=� HUK Z\W�
WS` LHJO 3,+ [OYV\NO P[Z V^U� JVU[YVSSHISL�
I\JR JVU]LY[LY [V TVK\SH[L LHJO 3,+»Z
V\[W\[� 0U [OPZ JVUÄN\YH[PVU� LHJO I\JR
JVU]LY[LY ^V\SK YLX\PYL HU PUK\J[VY ^P[O H
YLSH[P]LS` OPNO ]HS\L VM HYV\UK ��� �/ HUK
^V\SK IL JVTWSLTLU[LK I` H ZTVV[OPUN
JHWHJP[VY YH[LK H[ HYV\UK ���=� ^P[O H
JHWHJP[HUJL VM IL[^LLU � �- HUK �� �-�

-PN\YL �! (U L_HTWSL VM HU PU[LNYH[LK 3,+ Z[YPUN
KYP]LY

-YVT )LJXUH � P[ PZ JSLHY [OH[ [OL [`WL VM
3,+ JVUÄN\YH[PVU ^PSS PUÅ\LUJL [OL [`WL VM
WV^LY Z\WWS` \ZLK� :PTPSHYS �̀ [OL [`WL VM
WV^LY Z\WWS` PTWSLTLU[LK KPJ[H[LZ [OL YL�
X\PYLTLU[Z VM [OL PUK\J[VYZ� 0U H Z^P[JOPUN
JPYJ\P[ [OL PUK\J[VY PZ PU[YPUZPJ [V [OL VW�
LYH[PVU" [OL PUK\J[VY Z[VYLZ HUK YLSLHZLZ
LULYN` H[ H YH[L IHZLK VU [OL Z^P[JOPUN MYL�
X\LUJ �̀ 0U NLULYHS� [OL OPNOLY [OL Z^P[JOPUN
MYLX\LUJ �̀ [OL TVYL MYLX\LU[S` [OL LULYN`
PZ [YHUZMLYYLK� ;OPZ [LUKZ [V HSSV^ ZTHSSLY
PUK\J[VYZ [V IL \ZLK PU Z^P[JOPUN JPYJ\P[Z
VWLYH[PUN H[ OPNOLY MYLX\LUJPLZ� /V^L]LY�
OPNOLY Z^P[JOPUN MYLX\LUJPLZ JHU HSZV OH]L
HU PTWHJ[ VU [OL HTV\U[ VM PU[LYMLYLUJL
NLULYH[LK� 0UK\J[VYZ HYL� VM JV\YZL� HSZV
HU PU[LNYHS JVTWVULU[ PU LSLJ[YVTHNUL[PJ
ÄS[LYZ� ZV [OL` HYL PTWVY[HU[ MVY T\S[PWSL
YLHZVUZ�
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)LJXUH � WYV]PKLZ HU L_HTWSL VM H IVVZ[
JVU]LY[LY JPYJ\P[ MVY H OLHKSHTW HWWSPJH�
[PVU IHZLK VU HU 3,+ Z[YPUN JVUULJ[LK PU
ZLYPLZ� ;OL JPYJ\P[ KPHNYHT PKLU[PÄLZ [OL
PUK\J[VYZ \ZLK MVY ÄS[LYPUN HUK WV^LY JVU�
]LYZPVU� ;OPZ JPYJ\P[ ^V\SK IL HISL [V Z\W�
WS` HYV\UK ��> H[ ��= [V [OL 3,+ Z[YPUN
HUK ^V\SK VWLYH[L H[ IL[^LLU ��� R/a
HUK ��� R/a�

6[OLY HWWSPJH[PVUZ ^P[O SV^LY WV^LY YL�
X\PYLTLU[Z� Z\JO HZ +93 VY PU[LYPVY SPNO[�
PUN� JV\SK IL ZLY]LK I` H I\JR�IVVZ[
JVU]LY[LY� [`WPJHSS` IHZLK VU [OL :,70*
[VWVSVN �̀ )LJXUH � ZOV^Z H :,70* JPYJ\P[
IHZLK VU H K\HS�JVPS PUK\J[VY� Z\JO HZ [OL
)�����+ ZLYPLZ MYVT ;+2�

.H\ )HDWXUHV RI
,QGXFWRUV IRU
$XWRPRWLYH /('
$SSOLFDWLRQV

7V^LY PUK\J[VYZ HYL NLULYHSS` THU\MHJ�
[\YLK \ZPUN LP[OLY ^PYL�^V\UK� T\S[PSH`LY
VY [OPU�ÄST JVUZ[Y\J[PVU� ;OL JVYL»Z TH[L�
YPHS ^PSS LP[OLY IL MLYYP[L VY V[OLY THNUL[PJ
TL[HS" [OL OPNO THNUL[PJ Å\_ KLUZP[` VM�
MLYLK I` TL[HSSPJ THNUL[PJ JVYLZ THRLZ
[OLT Z\P[HISL MVY [OL OPNOLY J\YYLU[Z \ZLK
PU H\[VTV[P]L 3,+ HWWSPJH[PVUZ� 3PRL 3,+Z
PU [OL SPNO[PUN HWWSPJH[PVU� PUK\J[VYZ L_OPIP[
SVZZLZ [OH[ JHU JOHUNL K`UHTPJHSS �̀ IHZLK
VU [OL VWLYH[PUN JVUKP[PVUZ� ;OLZL SVZZLZ
[LUK [V YLZ\S[ PU HU PUJYLHZLK JVYL [LTWLY�
H[\YL� ^OPJO ^PSS HSZV HMMLJ[ [OL PUK\J[HUJL
]HS\L� )LJH\ZL VM [OPZ� JOVVZPUN [OL YPNO[
PUK\J[VY MVY HU HWWSPJH[PVU PZ JY\JPHS [V [OL
V]LYHSS JPYJ\P[ WLYMVYTHUJL HUK LMÄJPLUJ �̀

0U [OL JHZL VM )LJXUH �� [OL ]VS[HNLZ HW�
WSPLK [V 3� HUK 3� HYL [OL ZHTL� IHZLK VU
H K\HS JVPS KL]PJL ^P[O H ^PUKPUN YH[PV VM
�!�� 0U [OPZ JVUÄN\YH[PVU� [OL SVHK VU [OL
PUK\J[VY PZ [^PJL [OL SVHK VM H ZPUNSL JVPS�
PU ^OPJO JHZL HU PUK\J[VY ^P[O H SV^ JVYL
SVZZ HUK OPNO +* Z\WLYPTWVZP[PVU ^V\SK IL
ZLSLJ[LK�

)` [OLPY UH[\YL� HU PUK\J[VY JYLH[LZ HUK
JVSSHWZLZ H THNUL[PJ ÄLSK� MVYTLK I` H
JVUK\J[VY ^V\UK HYV\UK [OL JVYL� +L�
WLUKPUN VU P[Z JVUZ[Y\J[PVU� [OL THN�
UL[PJ Å\_ NLULYH[LK ^PSS IL LP[OLY H JSVZLK
THNUL[PJ WH[O VY HU VWLU THNUL[PJ WH[O�
)HZLK VU [OPZ KLZJYPW[PVU� [OL PUK\J[VY
^PSS IL [LYTLK HZ LP[OLY H UVU�ZOPLSKLK VY
ZOPLSKLK [`WL� ^OPJO YLSH[LZ [V OV^ T\JO
SLHRHNL Å\_ VJJ\YZ�

( UVU�ZOPLSKLK� VY VWLU THNUL[PJ WH[O
PUK\J[VY� ^PSS [`WPJHSS` L_OPIP[ NYLH[LY SLHR�
HNL Å\_" [OPZ LULYN` JHU WYV]VRL UVPZL

HUK PU[LYMLYLUJL PU ULHYI` ^V\UK KL]PJLZ�
HKQHJLU[ JVTWVULU[Z HUK 7*) [YHJRZ�
/V^L]LY� THU` THU\MHJ[\YLYZ UV^ \[PSPaL
H YLZPU JVH[PUN [V LUJHWZ\SH[L [OL PUK\J�
[VY»Z ^PUKPUN [OH[ JVU[HPUZ H THNUL[PJ
TH[LYPHS� ;OPZ JHU YLZ\S[ PU HU PUK\J[VY
^OPJO M\UJ[PVUHSS` WLYMVYTZ ZPTPSHYS` [V H
JSVZLK THNUL[PJ WH[O KLZPNU� HS[OV\NO H
¸M\SS` ZOPLSKLK¹ [`WL ^PSS VMMLY HU PTWYV]LK
SLHRHNL ÄN\YL� )L`VUK [OPZ� [OL TL[HSSPJ
PU[LNYHS TVSKPUN [`WL� ^OPJO \ZLZ LUJHW�
Z\SH[PVU MVYTLK MYVT ZVM[ THNUL[PJ TL[HS
WV^KLY� L_OPIP[Z [OL SV^LZ[ Å\_ SLHRHNL
WLYMVYTHUJL�

0U TVYL KLTHUKPUN HWWSPJH[PVUZ� Z\JO HZ
H\[VTV[P]L 3,+ SPNO[PUN� H MLYYP[L YPUN JVYL
ZOPLSK PZ VM[LU JOVZLU� K\L [V P[Z Z\WL�
YPVY WLYMVYTHUJL� ;OL *3-�50�+ ZLYPLZ
MYVT ;+2 PZ VUL L_HTWSL VM [OL WV^LY
PUK\J[VYZ H]HPSHISL MVY H\[VTV[P]L HWWSPJH�
[PVUZ� ;OLZL PUK\J[VYZ MLH[\YL ^PYLZ ^V\UK
HYV\UK H MLYYP[L JVYL� [OLU LUJSVZLK I` H
ZVSPK YPUN JVYL� ;OL ZLYPLZ JV]LYZ PUK\J�
[HUJL ]HS\LZ MYVT ��� �/ [V ��� �/ HUK
JHU VWLYH[L H[ [LTWLYH[\YLZ \W [V ��� �*�
(\[VTV[P]L NYHKL WV^LY PUK\J[VYZ HYL TL�
JOHUPJHSS` TVYL YVI\Z[� Z\WWVY[ L_[YLTL
ZOVJR� ]PIYH[PVU� HUK ^PKL [LTWLYH[\YL
WLYMVYTHUJL V]LY JVTTLYJPHS NYHKL� (J�
[\HS JPYJ\P[ JVUKP[PVU KLTHUKZ JVTIPULK
^P[O WO`ZPJHS SVJH[PVU ^P[OPU [OL ]LOPJSL PU�
Å\LUJL ^OPJO PUK\J[VY PZ [OL YPNO[ JOVPJL
[`WL� PUJS\KPUN [LJOUVSVN` HUK JVUZ[Y\J�
[PVU�

&RQFOXVLRQ
;OL H\[VTV[P]L PUK\Z[Y` PZ NVPUN [OYV\NO
H WLYPVK VM L_JLW[PVUHS JOHUNL� ^P[O [OL
PUJYLHZLK HKVW[PVU VM LSLJ[YPJ KYP]L[YHPUZ
HUK [OL LSLJ[YPÄJH[PVU VM V[OLY TLJOHUPJHS
M\UJ[PVUZ� ( JHY PZ HSYLHK` H OPNOS` JOHS�
SLUNPUN LU]PYVUTLU[ MVY ZLUZP[P]L LSLJ[YPJHS
Z`Z[LTZ� H ZP[\H[PVU [OH[ PZ L_WLJ[LK [V
JVU[PU\L HZ [OL LSLJ[YVUPJ JVU[LU[ ^P[OPU
]LOPJSLZ PUJYLHZLZ�

(Z SPNO[PUN [YHUZP[PVUZ [V M\SS` 3,+�IHZLK�
P[ ^PSS M\UJ[PVU HZ ZPNUPÄJHU[S` TVYL [OHU
TLYLS` ZPTWSL PSS\TPUH[PVU� 0[ ^PSS IL PU�
[LNYHSS` ]P[HS� SPURLK ^P[O HK]HUJLK KYP]LY
HZZPZ[HUJL Z`Z[LTZ� �(+(:�� HWWSPJH[PVUZ
Z\JO HZ MVY^HYK�SVVRPUN JVSSPZPVU H]VPK�
HUJL� SHUL KLWHY[\YL HUK WHYRPUN� ;OLZL
3,+ Z`Z[LTZ ^PSS IL YLZWVUZPISL MVY JYL�
H[PUN [OL WYVWLY LU]PYVUTLU[� LUHISPUN
HK]HUJLK PTHNL ZLUZVYZ [V M\UJ[PVU VW[P�
THSS �̀ ,]LU TPUVY Å\J[\H[PVUZ PU SPNO[ V\[�
W\[ JV\SK SLHK [V H ULNH[P]L LMMLJ[ VU [OLZL
Z`Z[LTZ�

)L`VUK (+(:� 3,+ SPNO[PUN PZ UV^ H KPM�
MLYLU[PH[VY MVY THU` H\[VTV[P]L THU\MHJ�
[\YLYZ� *VUZ\TLYZ HYL Z[HY[PUN [V KLTHUK

3,+ SPNO[PUN� ^OPJO W\[Z [OLT PU [OL KYP]LY»Z
ZLH[� *VUZLX\LU[S �̀ THU\MHJ[\YLYZ T\Z[
PTWSLTLU[ 3,+ SPNO[PUN PU [OL ]LY` ILZ[ ^H`
WVZZPISL� ^OPJO \S[PTH[LS` JVTLZ KV^U [V
[OL Z[HIPSP[` VM [OL WV^LY Z\WWS �̀ 0UK\J[VYZ
HYL PU[LNYHS [V HJOPL]L [OH[ \ZLY L_WLYPLUJL�

(\[VTV[P]L 3,+ SPNO[PUN PZ Q\Z[ VUL HWWSPJH�
[PVU ^OLYL [OL JOVPJL VM PUK\J[VY PZ JYP[PJHS�
;+2 OHZ ILLU THU\MHJ[\YPUN MLYYP[L TH�
[LYPHSZ ZPUJL � �� HUK V]LY [OH[ [PTL OHZ
I\PS[ \W HU LU]PHISL SL]LS VM L_WLY[PZL PU P[Z
\ZL� PU HSS HWWSPJHISL HYLHZ� 0[ UV^ VMMLYZ
ZL]LYHS WYVK\J[ SPULZ X\HSPÄLK [V (,*�8���
HUK Z\P[HISL MVY 3,+ SPNO[PUN� PUJS\KPUN [OL
*3-�50�+� :74� =3:����+?�+ HUK [OL
)�����+ PUK\J[VY ZLYPLZ�

,UNPULLYZ SVVRPUN [V KL]LSVW 3,+ SPNO[PUN
ZVS\[PVUZ ZOV\SK UV[ \UKLYLZ[PTH[L [OL
PTWVY[HUJL VM JOVVZPUN [OL YPNO[ PUK\J[VY
[LJOUVSVN �̀ "

$87+25� %LOO *LVVHOHU
)PSS .PZZLSLY PZ H ZLUPVY HWWSPJH[PVUZ LUNP�
ULLY H[ ;+2 *VYWVYH[PVU VM (TLYPJH �3PU�
JVSUZOPYL� 03� ^P[O V]LY �� `LHYZ» L_WLYPLUJL
PU THNUL[PJZ HUK LTJ JVTWVULU[ HW�
WSPJH[PVUZ� /L ZLY]LZ HZ JOHPY VM [OL ,0(
0UK\J[P]L +L]PJLZ Z\IJVTTP[[LL� )PSS OHZ
L_WLYPLUJL KPYLJ[PUN THU\MHJ[\YPUN VWLYH�
[PVUZ VM :(> ÄS[LYZ� 9- PZVSH[VYZ� HUK -,;
Z^P[JO WYVK\J[Z�
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*VTIPUH[PVU VM HU (K]HUJLK
;OLYTV�;YHUZMLY ;LJOUVSVN` HUK H
5V]LS /PNO 0TWHJ[ 3PNO[ :V\YJL [V
0TWYV]L 49�� 7YVK\J[Z
49�� PZ OHZ ILLU� HUK Z[PSS PZ H WVW\SHY MVYT MHJ[VY� UV[ Q\Z[ PU
YLZPKLU[PHS HWWSPJH[PVUZ I\[ PU THU` [YHKP[PVUHS SPNO[PUN Z`Z[LTZ�
:PUJL [OL Z^P[JO [V 3,+ [LJOUVSVN` THU` 49�� WYVK\J[Z Z\MMLY
MYVT WVVY X\HSP[ �̀ WVVY LMÄJHJ �̀ WVVY S\TPUV\Z Å\_ HUK WVVY V]LYHSS
SPNO[ X\HSP[ �̀ ( UV]LS [OLYTV�[YHUZMLY [LJOUVSVN` JVTIPULK ^P[O
UL^ OPNO PTWHJ[ SPNO[ ZV\YJL WYVTPZLZ [V JOHUNL [OPZ ZP[\H[PVU�
)LY[YHUK 6\LSSL[� 6^ULY VM 3<)6 3PNO[PUN� THU\MHJ[\YLY HUK
WYV]PKLY VM HYJOP[LJ[\YHS HUK SHUKZJHWPUN L_[LYPVY SPNO[PUN Ä_[\YLZ
L_WSHPUZ OV^ [OL JVTIPUH[PVU VM [OLZL [^V [LJOUVSVNPLZ LZWLJPHSS`
YLZVS]L OLH[ KPZZPWH[PVU PZZ\LZ HUK YLZ\S[Z PU HU HK]HUJLK
OPNO�WLYMVYTHUJL SPNO[PUN Z`Z[LT [OH[ MLH[\YLZ S\TLU� SVUNL]P[ �̀
HUK Z\Z[HPUHIPSP[ �̀ /L KLZJYPILZ HUK L_WSHPUZ [OL IHZPJ PKLH� [OL
[LJOUVSVNPLZ HUK HWWSPJH[PVUZ IHZLK VU 3<)6 3PNO[PUN»Z
*HTLSLVU ZWV[ SPNO[�

3,+ 3(47 49�� 04796=,+ 49�� 30./; :6<9*, ! " #
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7
KH DSSURDFK RI WKH QRYHO 05��
LV EDVHG RQ WZR FRPSOHPHQWDU\
KHDWVLQN FRQWDFW WHFKQRORJLHV�

WKH SDWHQWHG WKHUPR�WUDQVIHU WHFKQRO�
RJ\ DOORZV HIðFLHQW KHDW GLVVLSDWLRQ LQ D
UHWURðW ð[WXUH ZLWK VPDOO HFRORJLFDO IRRW�
SULQW DV ZHOO DV WKH UHFHQWO\ ODXQFKHG
SURGXFW FROOHFWLRQ RI QRYHO 05�� EXOEV
LQ WKUHH YDULDWLRQV ��� ST� ��� ST DQG
���� ST� FRQFHLYHG VSHFLðFDOO\ IRU 05��
IRUPDW DSSOLFDWLRQV� 7KLV DUWLFOH GH�
VFULEHV WKH IXQFWLRQLQJ RI WKLV QHZ OLJKW�
LQJ V\VWHP DQG LWV FRPSRQHQWV�

/(' /LJKWLQJ 5HWURðW
)L[WXUH ZLWK $GYDQFHG
+HDW 'LVVLSDWLQJ
)HDWXUHV
/LH[ KPZZPWH[PVU PZ JYP[PJHS ^OLU H 3,+ PZ
WSHJLK PUZPKL H ZLHSLK SPNO[PUN Ä_[\YL Z\JO
HZ HU V\[KVVY SHTW� ;OPZ PZ H THQVY JVU�
JLYU PU [OL SPNO[PUN PUK\Z[Y` ILJH\ZL S\TLU
LMÄJPLUJ` JHUUV[ YLHJO P[Z M\SS WV[LU[PHS

^P[OV\[ H KPYLJ[ SPUR ^P[O OLH[ KPZZPWH[PVU�
;OPZ OLH[ ZPUR [LJOUVSVN` HZZ\YLZ [OL OLH[
[YHUZMLY PUZPKL HU LUJSVZLK SPNO[PUN Ä_[\YL
�)LJXUH ��� 0[ PZ JVTWH[PISL ^P[O Z[HUKHYK
49�� SPNO[ I\SIZ� I\[ JHU IL VW[PTPaLK
^P[O H OPNOS` WLYMVYTHU[ SPNO[ I\SI JVSSLJ�
[PVU� [OH[ OH]L ILLU ZWLJPÄJHSS` JYLH[LK [V
TH_PTPaL [OLYTHS [YHUZMLY VM [OL SPNO[PUN
Ä_[\YL [V JYLH[L OPNO�PTWHJ[ S\TLU WV^LY
�\W [V ���� ST� VU H ]LY` ZTHSS MVV[WYPU[�

+LJK ,PSDFW /LJKW
6RXUFH WR ,PSURYH
05�� /LJKWV

0UZWPYLK I` [OL JVUJLW[ VM [OL JPYJ\SHY
LJVUVT �̀ [OPZ WH[LU[LK HK]HUJLK [OLYTV�
[YHUZMLY [LJOUVSVN` HZZ\YLZ WLYMVYTHUJL�
M\UJ[PVUHSP[` HUK LMÄJPLUJ �̀ ;OPZ [LJOUVSVN`
PZ TLYNLK PU [OL HS\TPU\T OVSSV^ IVK` VM
[OL SPNO[PUN Ä_[\YL PU )LJXUH ��

;OPZ Ä_[\YL PZ H TPUPTHSPZ[ ZPaL MVYTH[ MVY
Z[HUKHYK 49�� V\[LY KPHTL[LY ����¹ ×

SLUN[O �� �¹ �PUULY KPHTL[LY �¹�� ;OL SPNO[�
PUN Ä_[\YL PZ H ��= HJJLU[ HUK KPTTHISL
ÅVVK SPNO[� 0[ PZ H]HPSHISL ^P[O HKQ\Z[HISL
YLHY JLU[LY Z^P]LS HSSV^PUN SVJR YV[H[PVU
\UKLY ���� ;03; HUK ���� YV[H[PVU� ;OPZ
SPNO[PUN Ä_[\YL JVTLZ ^P[O ]HYPV\Z TV\U[�
PUN HWWSPJH[PVUZ� SLUZLZ� SV\]LYZ HUK JVSVY
KPJOYVPJ ÄS[LYZ [V JYLH[L KPMMLYLU[ SPNO[PUN
LMMLJ[Z� ;OL JVUZ[Y\J[PVU VM [OL Ä_[\YL PZ
THKL ^P[O �����;� (S\TPU\T HUK HWWYV�
WYPH[LS` ÄUPZOLK I` HU HUVKPaPUN WYVJLZZ
�JVH[PUN [OPJRULZZ �� [V �� TPJYVUZ� MVY
VW[PTHS \ZHNL HUK JVU[HJ[ ^P[O [OL I\SIZ
�[OLYTV�[YHUZMLY [LJOUVSVN`�� ;OPZ JVH[�
PUN ^VYRZ ILZ[ MVY KPMMLYLU[ LU]PYVUTLU[Z
HUK PZ HKHW[LK MVY YPNVYV\Z JSPTH[LZ� -VY
VW[PTHS KPZZPWH[PUN TH[LYPHS� [OL HS\TPU\T
[OLYTHS�JVUK\J[P]P[` PZ ���¶���>�T2
^P[O H OHYK^HYL ::� ;OL Ä_[\YL JHU IL
PUZ[HSSLK PU ]HYPV\Z HWWSPJH[PVUZ Z\JO HZ
Z[HRLZ� JHUVWPLZ MVY [YLLZ� OV\ZLZ� LSLJ[YPJ
IV_LZ HUK TVYL� ;OL SLHK ^PYLZ HYL [PUULK
JVWWLY ^PYLZ �<3,** �� (>.�� *LY[PÄLK
MVY SHUKZJHWL SPNO[PUN� <3 ���� HUK SV^
]VS[HNL�
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6SRW )L[WXUH
&RPSRQHQWV

-VY H IL[[LY \UKLYZ[HUKPUN VM [OL ^VYRPUN
WYPUJPWSL VM [OL 07 WYV[LJ[LK Z`Z[LT� [OL
L_WSVKLK KYH^PUN PU )LJXUH � ZOV^Z [OL
YLSL]HU[ JVTWVULU[Z VM [OL YLMLYLUJLK
ZWV[ SPNO[ �U\TILYZ � [V � ZOV^ [OL TVZ[
YLSL]HU[ WHY[Z VM [OL TLJOHUPJHS HZZLTIS`
MVY [OL [OLYTV�[YHUZMLY [LJOUVSVN`��

-PN\YL �! ( WH[LU[LK HK]HUJLK [OLYTV�[YHUZMLY
[LJOUVSVN` HZZ\YLZ WLYMVYTHUJL� M\UJ[PVUHSP[`
HUK LMÄJPLUJ`

�� 2SWLRQDO JODUH VKLHOG ���� DQJOH�
VKRUW RU ORQJ�
4HKL ^P[O (3������;� HSZV HJ[Z SPRL JYP[�
PJHS THZZ MVY [OL [OLYTV�[YHUZMLY� ;OL Ä_�
[\YL PUJS\KLZ HU VW[PVUHS ��� HUNSL ZOPLSK�
WVZZPIPSP[` VM  JT SVUN HUK HKQ\Z[HISL� ([�
[HJO [V OV\ZPUN ^P[O ;O\TI :JYL^ ^P[O

-PN\YL �! ,_WSVKLK KYH^PUN VM [OL S\TPUHPYL

7VS`TLY [PW MVY ZHMLY JVU[HJ[� :JYLLU PZ
YLTV]HISL� Ä_LK V]LY [OL IVK` �OV\ZPUN�
\ZPUN KPMMLYLU[ OLPNO[ MVY IL[[LY NSHYL JVU�
[YVS�

�� /HQV
,_[LYPVY SLUZ �(9 SV^ PYVU �:� OLH[ Z[YLUN[OLU�
-VY ��� TVYL S\TLU [YHUZTP[[HUJL�   � �
[YHUZTP[[HUJL�

�� +RXVLQJ )L[WXUH
4HKL I` *5* WYVJLZZ ^P[O (3������;�
[OLYTV�[YHUZMLY JVUK\J[P]P[` ����¶���>�T2�
;OL JSVZ\YL PZ ^P[O H IH`VUL[ SVJR TLJOH�
UPZT� -VY IL[[LY NSHYL JVU[YVS� [OL OV\ZPUN

PZ YLTV]HISL YLHK` MVY VUL VY [^V PU[LYUHS
HJJLZZVYPLZ Z\JO HZ ]HYPV\Z SLUZLZ� SV\�
]LYZ� JVSVYZ VY KPJOYVPJ ÄS[LYZ�

�� 1HZ 05�� �EXW ðWV DOVR DOO
VWDQGDUG 05��âV�
7VZZPIPSP[` VM � ]HYPH[PVUZ VM [OL UL^ I\SI
JVSSLJ[PVU HUK HSS Z[HUKHYK 49��»Z� ¶ 0UZPKL
LHJO UV]LS SPNO[I\SI PZ H *6) 3,+ MYVT
5PJOPH� /LH[ [YHUZMLY ZOHWL PZ THKL VM
HUVKPaLK HS\TPU\T �����;��

�� 6OHHYH
;OL ZSLL]L OHZ [^V JH]P[PLZ! VUL MVY [OL
ZVJRL[ OVSKPUN Ä_LK ^P[O HU (SSLU ZJYL �̂
;OL V[OLY JH]P[` PZ [V ZLJ\YL [OL 49��»Z
IP�WPU ^OLU JSVZPUN [OL Ä_[\YL�

�� 6SULQJ
(ZZ\YLZ ILZ[ I\SI OLH[ ZPUR JVU[HJ[ ^P[O
[OL OV\ZPUN� 0[ W\ZOLZ \W HU` SPNO[ I\SI
�UV]LS I\SI VY Z[HUKHYK 49����

�� 2�ULQJ
:PSPJVUL 6�YPUN ZLHSLK ^P[O OHSM�JSVZLK JH]�
P[` [OH[ Z[HIPSPaLZ ZPKL \UP[ OV\ZPUN HUK
Z[HISL ZPKL \UP[�

�� 6WDEOH VLGH XQLW
:[HIPSPaL HUK ZLJ\YL [OL KPYLJ[PVU ^P[O
2U\JRSL ;LL[O� :LJ\YL [OL JVU[HJ[ ^P[O [OL
OV\ZPUN \ZPUN IH`VUL[ SVJR TLJOHUPZT�

�� 7KXPE 6FUHZ
:[HPUSLZZ Z[LLS� [V HKQ\Z[ KPYLJ[PVU�

��� 2�ULQJ
:PSPJVUL NHZRL[ WYV]PKLZ ZLHS MVY RU\JRSL [V
WYL]LU[ ^H[LY PU[Y\ZPVU VY K\Z[�

��� 0RELOH VLGH
(KQ\Z[HISL YLHY JLU[LY Z^P]LS ^P[O SVJR YV�
[H[PVU \UKLY ���� ;03; HUK ���� YV[H[PVU�
7YV]PKLZ K\YHISL TV\U[PUN MVY S\TPUHPYL�

��� 0RXQWLQJ DFFHVVRULHV
4HU` VW[PVUZ H]HPSHISL MVY TVK\SHYP[`!
*HUVW`! �¹� �¹� MVY [YLLZ� LSLJ[YPJ IV_LZ�
ZWPRLZ HUK TVYL� ;OL KYP]LY MVY [OL I\SI
�����3� PZ SVJH[LK ILOPUK [OL JHUVW �̀

6\VWHP &RPSRQHQWV IRU
(&2 'HVLJQ

;OL UL^LZ[ I\SI JVSSLJ[PVUZ OLH[ ZPUR PZ
JVTWSLTLU[HY` [V [OL SPNO[PUN Ä_[\YLZ OLH[
ZPUR �)LJXUH � U\TILY � [V ��� ;OPZ JVT�
IPULK [LJOUVSVN` OHZ ILLU KL]LSVWLK PU
JVSSHIVYH[PVU ^P[O 67;,*/ �0UZ[P[\[L VM
7OV[VUPJZ HUK 6W[PJZ�� ;OL Z`Z[LT OHZ
ILLU KL]LSVWLK MVY \WTVZ[ ]LYZH[PSP[` ^P[O
HK]HUJLK JVTIPULK [LJOUVSVN �̀ ;OL Ä_�
[\YL ^P[O HK]HUJLK OLH[ ZPUR �)LJXUH �� PZ
HSZV JVTWH[PISL ^P[O HSS Z[HUKHYK 49��
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SPNO[ I\SIZ� (S[OV\NO� [OL Z[HUKHYK 49��»Z
T\Z[ OH]L [VW ÅH[ HS\TPU\T YPUNZ MVY VW�
[PTHS JVU[HJ[ ^P[O [OL PUZPKL OV\ZPUN ÅH[
JVU[HJ[ MVY IL[[LY OLH[ [YHUZMLY� ;OPZ PZ [OL
ÄYZ[ OLH[ ZPUR KL]LSVWTLU[ ^P[O LJV KL�
ZPNU JVUJLW[ MVY T\S[PWSL [`WL VM 49�� SPNO[
I\SIZ�

>P[O [OL ZHTL HUVKPaL TPUPTHSPZ[ SPNO[�
PUN Ä_[\YL [OH[ HSSV^Z HSS Z[HUKHYK 49��»Z
HUK HSZV [OL UV]LS I\SIZ [V M\UJ[PVU H[
OPNO WLYMVYTHUJL� >P[O [OL ]LYZH[PSP[` VM
HWWSPJH[PVUZ� [OL I\SIZ JHU YLHJO H OPNO
U\TILY VM S\TLUZ ^P[O Q\Z[ VUL TPUPTHSPZ[
Ä_[\YL �)LJXUH ��� ;OPZ SPNO[PUN Ä_[\YL \ZLZ
H TPUPT\T VM YH^ TH[LYPHS �[OYLL [PTLZ
SLZZ HS\TPU\T� HUK VUS` ^LPNOZ� ^P[O [OL
I\SI� PUJS\KLK ���� Va� 9H^ TH[LYPHS OHZ H
O\NL PTWHJ[ VU [OL HTV\U[ VM *6� VU [OL
WSHUL[� ;OPZ PZ ^O` TPUPTHS HS\TPU\T \ZL PZ
WYLMLYHISL MVY TH_PT\T LMÄJHJ �̀

-PN\YL �! 4PUPTHSPZ[PJ JVUÄN\YH[PVU VM [OL UL^
HWWYVHJO [OH[ Z[PSS WYV]PKLZ OPNO WLYMVYTHUJL

(S[OV\NO� [OL Z[HUKHYK 49��»Z T\Z[ OH]L
[VW ÅH[ HS\TPU\T YPUNZ MVY VW[PTHS JVU�
[HJ[ ^P[O [OL PUZPKL OV\ZPUN ÅH[ JVU[HJ[ MVY
IL[[LY OLH[ [YHUZMLY� ;OPZ PZ [OL ÄYZ[ OLH[
ZPUR KL]LSVWTLU[ ^P[O LJV KLZPNU JVUJLW[
^OPJO NP]LZ \Z H WVZZPIPSP[` VM \ZPUN HSTVZ[
HU` Z[HUKHYK 49�� VU [OL THYRL[ ^P[O ZL�
J\YL LMÄJPLUJ` WLYMVYTHUJL� ;OL HS\TPU\T
Ä_[\YL �)LJXUH ��� \ZLK MVY PU[LNYH[LK HK�
]HUJLK [OLYTV�[YHUZMLY PU HKKP[PVU [V [OL
OPNO PTWHJ[ SPNO[ ZV\YJL PZ H ]LY` ZTHSS
YL[YVÄ[ Ä_[\YL KLZPNULK MVY *6) 3,+ 7LY�
MVYTHUJL� 0[ VUS` ^LPNOZ ���� Va ^P[O [OL
I\SI PUJS\KLK HUK P[ PZ THKL ^P[O WYLJPZPVU
I` *5*�

;OPZ Ä_[\YL JSVZLZ ^P[O H IH`VUL[ TLJOH�
UPZT �)LJXUH �� ^OPJO YLK\JLZ MYPJ[PVU VU
OHSM PUJO TV]LTLU[� PUZ[LHK VM [OYLL [V MV\Y
[\YU ZJYL^PUN [YLHKZ ^OPJO JV\SK KLZ[H�
IPSPaLZ [OL I\SIZ IP�WPUZ WSHJLTLU[� 0[ PZ
ZLHSLK ^P[O OHSM�JSVZLK JH]P[` [OH[ Ä_LZ PU
WSHJL [OL ZPSPJVUL 6�YPUN MVY ILZ[ V\[KVVY
WYV[LJ[PVU HNHPUZ[ ^H[LY HUK K\Z[� 2LLW�
PUN [OL YL[YVÄ[ Z`Z[LT HSP]L PZ [V ZLJ\YL [OL
M\[\YL NLULYH[PVU VM JVU[YPI\[PUN [V JPYJ\SHY
LJVUVT` I` ÄUKPUN HU` I\SI YLWSHJLTLU[
HUK V[OLY JVTWVULU[Z �KYP]LY� KPVKL� L[J��

;OL ZSLL]L OHZ [^V JH]P[PLZ! VUL MVY [OL
ZVJRL[ �Ä_LK ^P[O (SSLU ZJYL^�� HUK VUL [V

ZLJ\YL [OL IHZL VM HU` 49�� I\SI �)P�
7PUZ�� ;OL I\SI PZ ZLJ\YL PU VUL VM [OL
ZSLL]LZ JH]P[PLZ �)LJXUH �! 5\TILY �� ^OPSL
JSVZPUN [OL IH`VUL[ TLJOHUPZT VM [OL SHTW
ILJH\ZL [OL 49�� )P�7PUZ HYL Ä_LK PU�
ZPKL KPMMLYLU[ K\YV�WSHZ[PJZ MVY Z[HIPSP[ �̀ ;OL
ZWYPUN \UKLY [OL ZSLL]L� W\ZOLZ HU` Z[HU�
KHYK 49�� I\SIZ VY H UV]LS I\SI �)LJXUH �!
5\TILY �� MVY LMÄJPLU[ JVU[HJ[ ^P[O [OL
OV\ZPUN VM [OL Ä_[\YL [YHUZMLYYPUN [OL OLH[
V\[ZPKL [OL LUJSVZLK SPNO[PUN Ä_[\YL�

;OPZ [LJOUVSVN` N\HYHU[PLZ H OLHS[O` SPML
MVY HU` 49�� SPNO[ I\SIZ ILJH\ZL VM [OL
OLH[ZPUR LMÄJPLUJ �̀ 3HIVYH[VY` [LZ[ YLZ\S[Z
ZOV^ [OH[ H THU\MHJ[\YLK SPNO[ I\SI [LT�
WLYH[\YL PUZPKL HU LUJSVZLK Ä_[\YL �:LL
/LH[ +PZZPWH[PVU *OHY[�� KYVWZ [V HU H]�
LYHNL VM � ���� JVTWHYLK [V H YVVT
[LTWLYH[\YL VM H SPNO[I\SI �)LJXUH ��� ;OPZ
[LTWLYH[\YL KYVW PZ H NHPU MVY [OL [OLYTV�
[YHUZMLY [LJOUVSVN` [OH[ HSSV^Z UV]LS OPNO�
WLYMVYTHUJL I\SIZ [V YLHJO TVYL S\TLU�
-YVT [OL YLZ\S[Z VM [OL OLH[ KPZZPWH[PVU
JOHY[� VUS` ����� VM [OL [OLYTV�[YHUZMLY PZ
\ZLK HUK [OL UV]LS OPNO PTWHJ[ SPNO[ ZV\YJL
HSSV^Z [V \ZL [OL M\SS WV[LU[PHS VM [OL OLH[
KPZZPWH[PVU [LJOUVSVN �̀

7KUHH %XOE 9DULDWLRQV
DQG 0RUH
;OL UV]LS 49�� I\SI ZLYPLZ PUJS\KLZ � ]HYP�
H[PVUZ ^P[O � VW[PJ SLUZLZ LHJO ^P[O ��� ST�
��� ST HUK ���� ST �V\[ZPKL KYP]LY ^P[O
7>4 KPTTPUN WYVJLZZ� SPNO[ ZV\YJLZ� (Z
TVYL S\TLUZ TLHUZ TVYL OLH[ L]HJ\H�
[PVU HUK YLK\J[PVU VM SPMLZWHU MVY I\SIZ� MVY
TVYL WYLJPZL OLH[ ZPUR JVU[HJ[ IL[^LLU
[OL Ä_[\YL ^P[O WH[LU[LK [OLYTV�[YHUZMLY�
[OL UV]LS 49��»Z HYL THKL ^P[O WYLJPZPVU
THJOPULK *5* WYVJLZZ� ;OL I\SIZ V\[LY
KPHTL[LY VM ��  �¹ PZ KLZPNULK [V Ä[ [OL
SPNO[PUN Ä_[\YL ^P[O HU PUULY KPHTL[LY VM
�����¹ �)LJXUH �� ^OPJO LUHISLZ [OL YL[YVÄ[
OLH[ ZPUR JVU[HJ[ ^P[O TVYL LMÄJPLUJ �̀ ;OL
SPNO[ ZV\YJL PZ HISL [V YLHJO ��� S\TLU
^P[O TVYL [OHU ������/ SPML H[ 34���

7HFKQRORJ\ 2YHUYLHZ�

� <ZPUN HU L_[LYUHS KYP]LY� [OL SHTWZ JHU
YLHJO ��� ST ^OPJO TLHUZ H NHPU VM
����� TVYL S\TLU V\[W\[� >P[O PU�
[LNYH[LK KYP]LY� [OL I\SIZ JHU WYV]PKL
���� ST�

� -VY VW[PTHS JVTWH[PIPSP[` [OL JOVPJL VM
HS\TPU\T �����;� HSSV^Z HU VW[PTHS
[OLYTHS JVUK\J[P]P[` ���¶���>�T2
�JVTWHYLK ^P[O (���  �>�T2 HSTVZ[
[^V [PTL TVYL [OLYTHS JVUK\J[P]P[`� MVY
[OL I\SI OLH[ZPUR HUK TVZ[S` MVY [OL
OV\ZPUN�

� -VY H IL[[LY OLH[ KPZZPWH[PVU JVU[HJ[ [OL
JOVPJL VM [YLH[TLU[ Z\YMHJLZ T\Z[ IL HU

HUVKPaLK! [OL I\SIZ OLH[ ZPUR HUK HSS [OL
HS\TPU\T Ä_[\YL �)LJXUH ���

� *5* WYVJLZZ THU\MHJ[\YPUN NP]LZ VW�
[PT\T HUK WYLJPZL JVU[HJ[ IL[^LLU
LSLTLU[Z�

� ��� TVYL S\TLU [YHUZTP[[HUJL�   � �
[YHUZTP[[HUJL�

� 7YLJPZL [OLYTHS THZZ HUK ZOHWL� UV[
TVYL UVY SLZZ� MVY ZLJ\YL [OLYTHS KPZZP�
WH[PVU LMÄJPLUJ �̀

&RPSDULVRQ RI WKH 1HZ
7HFKQRORJ\ WR D
&RQYHQWLRQDO 05��
3URGXFW ZLWK
&RPSDUDEOH /LJKW
2XWSXW

( ZPKL�I`�ZPKL TLHZ\YLTLU[ VM S\TPUHPYLZ
^P[O [OL UL^ 07 WYV[LJ[LK [LJOUVSVN` ^P[O
[OL JVU]LU[PVUHS 49�� [LJOUVSVN` ^HZ
THKL [V WYV]L [OL HK]HU[HNLZ VM [OL UL^
[LJOUVSVN �̀ ;OL YLZ\S[Z ZOV^U PU 7DEOH �
PTWYLZZP]LS` KLTVUZ[YH[L OV^ T\JO IL[[LY
[OL [OLYTHS ILOH]PVY VM [OL UL^ JVUJLW[ PZ�

7KH 1RYHO 05�� %XOE
ZLWK ���� ST DQG
([WHUQDO 'ULYHU
;OL Z[HUKHYK KYP]LY PZ KLZPNU ^P[O 7-*
^OPJO JVU[YPI\[LZ [V LULYN` LMÄJPLUJ �̀
:SPNO[ ÅPJRLY TH` IL YLJVNUPaLK ^P[O [OL
JHTLYH VM H ZTHY[WOVUL� 3LZZ ÅPJRLY TH`
IL YLJVNUPaLK ^P[O ��= (* VY ��= +*
[YHUZMVYTLYZ� *VUULJ[PVU [V LSLJ[YVUPJ ��=
[YHUZMVYTLY ^P[O KPTTLYZ VM[LU JH\ZL \U�
ZTVV[O KPTTPUN� ÅPJRLY VY V[OLY JVTWH[P�
IPSP[` PZZ\L� )\[ [OPZ UV]LS 49�� JVSSLJ[PVU
JHU L]LU ^VYR ^P[O TVZ[ ��= LSLJ[YVUPJ
OHSVNLU�[YHUZMVYTLYZ� ;OL VW[PJ SLUZ PZ
HISL [V ZUHW PU HUK V\[ VM [OL SPNO[I\SIZ
IVK` �)LJXUH �� H[ [OYLL ZWLJPÄJ JH]P[PLZ
HSYLHK` Ä_LK I` *5*� (SS SLUZLZ OH]L [OL
ZHTL ZOHWL [V YLK\JL PU]LU[VY �̀

-PN\YL �! ;OL =,.(3\_ ���� ST SHTW OHZ [OL
ZHTL KPTLUZPVUZ HZ H Z[HUKHYK 49��
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&RQFOXVLRQV
;OPZ I\SI JVSSLJ[PVU OHZ UV^ JVTWSL[LK
[OL ÄYZ[ Z[HNL VM KL]LSVWTLU[ I` HJOPL]�
PUN [OL OPNOLZ[ U\TILY VM S\TLU PUZPKL HU
LUJSVZLK Ä_[\YL� 0[ PZ PTWVY[HU[ [V TLU[PVU
[OH[ [OL 49�� I\SI PZ \ZLK HZ H TVKLS MVY
[OL ÄYZ[ WYV[V[`WL [V YLWYLZLU[ [OPZ [LJO�
UVSVN �̀ 0[ PZ WVZZPISL [V HWWS` [OPZ [LJO�
UVSVN` PU KPMMLYLU[ MVYTH[Z� ;OL PUUV]H[P]L
49�� SPNO[PUN Z`Z[LT JHU L]VS]L [V H ZLJ�
VUK Z[HNL VM KL]LSVWTLU[! VW[PTPaH[PVU VM
WLYMVYTHUJL� ;OL ZLJVUK Z[HNL ^PSS HSZV
PUJS\KL ]LYZPVUZ KLZPNULK [V \ZL SPUL ]VS[�
HNL ����=����= V\[KVVY HUK PUKVVY�� 0[
PZ HSZV WSHUULK [V THRL [OLT H]HPSHISL PU
KPMMLYLU[ MVYTH[Z� Z\JO HZ 49��� 49��
HUK 7(9�� ^P[O SPUL =VS[HNL VY ��=� ;OL
OPNO LMÄJPLUJ` SPNO[ I\SI Z`Z[LT JVTLZ
JSVZL [V WLYMLJ[PVU HZ [OL UL^ NLULYH[PVU
VM *6) 3,+ TH` YLHJO *90  � MVY H IL[[LY
LJVSVNPJHS MVV[WYPU[� [V LUYPJO SP]LZ HUK [OL
LU]PYVUTLU[� ;OPZ OPNO�X\HSP[` SPNO[ PZ HU
L_JLSSLU[ Z[LW MVY^HYK MVY OLHS[OPLY SP]L HUK
LU]PYVUTLU[� "

$87+25� %HUWUDQG 28(//(7
4Y� 8\LSSL[ PZ -V\UKLY HUK 6^ULY VM ZTHSS
I\ZPULZZ 3<)6 3PNO[PUN HUK OHZ ILLU MV�
J\ZPUN VU KLZPNUPUN Z[H[L�VM�[OL�HY[ SPNO[PUN
ZVS\[PVUZ ^P[O ZTHSS LU]PYVUTLU[HS MVV[WYPU[�
HSSV^PUN SPNO[PUN KLZPNULYZ HUK HYJOP[LJ[Z
[V LUOHUJL HUK ZOV^JHZL [OLPY ^VYR ZPUJL
�  �� /L OHZ ILLU VW[PJHS YLZLHYJOLY MVY
H WYVQLJ[ KL]LSVWTLU[ MVY [^V `LHYZ ^P[O
67;,*/ � 0UZ[P[\[L VM 7OV[VUPJZ HUK 6W�
[PJZ� [V JYLH[LK H UL^ 49�� SPNO[ I\SI [V
IL PU[LNYH[LK PUZPKL HU LUJSVZLK SPNO[PUN
Ä_[\YL I` SL]LYHNPUN 3<)6 3PNO[PUN»Z OLH[
KPZZPWH[PVU [LJOUVSVN �̀ 7H[LU[ ����! ;LJO�
UVSVN` MVY V\[KVVY ZLHSLK SPNO[PUN Ä_[\YLZ�
( OLH[ KPZZPWH[PVU HSSV^PUN LULYN` ZH]PUN
HUK HSSV^PUN HU L_[LUKLK SPML MVY [OL 3,+
I\SIZ� /L YLHSPaLK HYJOP[LJ[\YHS HUK SHUK�
ZJHWL SPNO[PUN JVUJLW[Z PU 3VUN 0ZSHUK�
5L^ @VYR� HZ ^LSS HZ [OYV\NOV\[ 8\LILJ
MYVT ���� [V �����

https://bit.ly/2QNE0Jx


;OL 7VL[PJZ VM +HYRULZZ
+HYRULZZ! ;OL WHY[PHS VY [V[HS HIZLUJL VM SPNO[� (SZV KLÄULK HZ
[LULIYVZP[ �̀ L]PS� ^PJRLKULZZ� ZPU� KL]PSY �̀ OLSS� \UOHWWPULZZ�
KPZ[YLZZ� PNUVYHUJL� HTVUN V[OLYZ� =LY` ML^ ^VYKZ ^P[O WVZP[P]L
JVUUV[H[PVUZ HYL \ZLK [V KLZJYPIL KHYRULZZ" HSZV SPNO[� NVVK� HUK
KH` HYL Z\NNLZ[LK HZ HU[VU`TZ MVY KHYRULZZ P[ZLSM B D�
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7
KLV SDSHU RIIHUV D FULWLFDO UHñHF�
WLRQ RQ KRZ ZH DV KXPDQ EHLQJV
WKLQN DQG FRQFHLYH GDUNQHVV� ZLWK

WKH LQWHQW RI H[SDQGLQJ WKH FRQYHUVDWLRQ
DQG XOWLPDWHO\ UHIUDPH RXU DSSURDFK WR�
ZDUGV GDUNQHVV ZLWKLQ WKH FUHDWLYH SUR�
FHVV� $V OLJKWLQJ GHVLJQHUV RXUVHOYHV�
ZH H[SHULHQFH WKDW GDUNQHVV LV UDUHO\
GLVFXVVHG RU HYHQ DGGUHVVHG LQ WKH GH�
VLJQ SURFHVV� +RZHYHU� ZH FRQVLGHU
WKDW OLJKWLQJ GHVLJQ LV GLUHFWO\ UHODWHG
ZLWK WKH HIIHFWLYH XVH RI GDUNQHVV DQG
FRQWUDVW� ,Q IDFW� WR XQGHUVWDQG KRZ WR
ZRUN ZLWK OLJKW LV WR FRPSUHKHQG DQG
DFNQRZOHGJH LWV LQKHUHQW UHODWLRQVKLS
ZLWK GDUNQHVV DQG VKDGRZ >�@�

'DUNQHVV KDV D XQLTXH SUHVHQFH LQ WKH
ZD\ ZH XQGHUVWDQG RXU VXUURXQGLQJV�
,WV HSKHPHUDO TXDOLW\ KHOSV XV GHðQH WKH
FKDUDFWHU RI DUFKLWHFWXUDO VSDFHV� DQG
WKH UHODWLRQVKLS EHWZHHQ WKH HOHPHQWV
WKDW LQWHJUDWH LW� LQñXHQFLQJ WKH H[SH�
ULHQFH ZH OLYH LQ VSDFH DQG DV D UHVXOW
PDNLQJ LW PHPRUDEOH� ,I GDUNQHVV KROGV
VXFK D UHOHYDQW UROH� ZK\ GR ZH DV GH�
VLJQHUV WHQG WR PLQLPL]H LWV SRWHQWLDO"

3UHFHGHQWV DQG &RQWH[W
>OH[ PZ KHYRULZZ& /V^ KV ^L \UKLYZ[HUK
KHYRULZZ& ;OYV\NOV\[ OPZ[VY` [OL PKLH VM
KHYRULZZ OHZ ILLU LZ[HISPZOLK HUK ZOHWLK
I` PTWSPLK HZZVJPH[PVUZ IHZLK VU V\Y J\S�
[\YL HUK VYPNPU >��@� ;OLZL UV[PVUZ HYL
KLLWS` YVV[LK PU V\Y JVSSLJ[P]L JVUZJPV\Z�
ULZZ [OYV\NO ULNH[P]L JVUJLW[Z [OH[ ^L
OH]L HJJLW[LK HZ \UP]LYZHS [Y\[OZ� -VY PU�
Z[HUJL� OH]L `V\ L]LY \ZLK KHYRULZZ HZ
H Z`UVU`T MVY L]PS& /H]L `V\ L]LY \ZLK P[
[V KLZJYPIL ZVTL[OPUN \URUV^U& 6Y WLY�
OHWZ KHYRULZZ OHZ PTWHJ[LK `V\Y MLLSPUN
VM ZHML[` ^P[OPU H ZWHJL& :PTPSHYS �̀ ^L JHU
YLJVNUPaL MHSZL JVUJLW[Z YLSH[LK [V OV^
KHYRULZZ TPNO[ PTWHJ[ V\Y L_WLYPLUJL VM
ZWHJL� Z\JO HZ! [OL PTWYLZZPVU VM SPTP[PUN
SLNPIPSP[` ^OPSL JVUJLHSPUN MLH[\YLZ� OPUKLY
VYPLU[H[PVU VY JYLH[L JVUM\ZPVU ^P[OPU [OL
I\PS[ LU]PYVUTLU[ HZ H YLZ\S[ VM SPTP[LK ]PZP�
IPSP[` >�@�

(UV[OLY MHJ[VY [OH[ KL[LYTPULZ V\Y \UKLY�
Z[HUKPUN VM KHYRULZZ HUK SPNO[ YLSH[LZ [V
SHUN\HNL� (Z OPU[LK WYL]PV\ZS �̀ SPNO[ HUK
YLSH[LK [LYTZ HYL VM[LU \ZLK [V KLZJYPIL
WVZP[P]L X\HSP[PLZ VM VIQLJ[Z� ZWHJLZ VY WLV�
WSL� >OLYLHZ KHYRULZZ PZ JVTTVUS` \ZLK
PU H ULNH[P]L JVU[L_[ [V KLZJYPIL L_WL�
YPLUJLZ HUK LTV[PVUZ� 9LMLYYPUN [V [OPZ
KPHNYHT I` *SH\KPH +\[ZVU �)LJXUH ��� ^L
JHU ZLL OV^ SHUN\HNL PZ KP]PKLK ^OLU [HSR�
PUN HIV\[ KHYRULZZ HUK SPNO[� /H]PUN HU
HTWSL HUK YPJO ]VJHI\SHY` VM WVZP[P]L [LYTZ
[V YLMLY [V SPNO[� HUK VU [OL JVU[YHY` ]LY`
ML^ WVZP[P]L ^VYKZ [V KLZJYPIL KHYRULZZ"
THRPUN L]PKLU[ [OL ULNH[P]L ]HS\L H[[HJOLK
[V P[ >�@� ;OPZ HZZVJPH[PVU VM SHUN\HNL HUK
[OL JSLHY ZLWHYH[PVU PU V\Y ]VJHI\SHY �̀ JVU�
KP[PVUZ [OL ^H` ^L \UKLYZ[HUK KHYRULZZ
[VKH �̀

0[ PZ PTWVY[HU[ [V UV[L V\Y \UKLYZ[HUKPUN
VM KHYRULZZ OHZ L]VS]LK ^P[O [PTL� 0U [OL

WHZ[� ^L OHK H SLZZ JVUÅPJ[P]L YLSH[PVU�
ZOPW ^P[O KHYRULZZ� 6\Y HUJLZ[VYZ \ZLK
[V SP]L HYV\UK [OL Z\U J`JSL K\YPUN [OL KH`
HUK [^PSPNO[ H[ UPNO[� \ZPUN [OL L`LZ PUUH[L
HIPSP[` [V HKHW[ [V WLYMVYT HJ[P]P[PLZ \UKLY
KPT SPNO[� PU V[OLY ^VYKZ LTIYHJPUN KHYR�
ULZZ >�@� (S[OV\NO [VKH �̀ V\Y SPMLZ[`SLZ HUK
ULLKZ OH]L JOHUNLK� ^L T\Z[ UV[ MVYNL[
[OH[ Z\JO HIPSP[` [V HKQ\Z[ [V KPMMLYLU[ SPNO[
PU[LUZP[PLZ PZ Z[PSS LTILKKLK PU V\Y Z`Z[LT
>�@� ;OL ^PKL YHUNL VM IYPNO[ULZZ SL]LSZ [OL
L`L JHU L_WLYPLUJL PZ PSS\Z[YH[LK I` >PSSPHT
3HT PU )LJXUH �� KLTVUZ[YH[PUN P[Z HIPSP[`
[V HKHW[ [V T\S[PWSL SPNO[ JVUKP[PVUZ NVPUN
MYVT SV^ S\TPUHUJL SL]LSZ PU H KHYR UPNO[
[V [LU [OV\ZHUK [PTLZ TVYL SPNO[ PU H IYPNO[
Z\UU` KH �̀ 9LJVNUPaPUN [OPZ WYVWLY[` VM
V\Y ]PZ\HS Z`Z[LT PZ JYP[PJHS [V PU[YVK\JL
KHYRULZZ PU H ZWHJL�

;OL L`L OVSKZ H KVTPUHU[ YVSL PU V\Y J\S�
[\YL� /PZ[VYPJHSS �̀ SPNO[ HUK ZPNO[ OH]L ILLU
PU[LYYLSH[LK HUK \UKLYZ[VVK HZ LX\P]H�
SLU[� 3PNO[ YLMLYZ [V [OL HJ[PVU VM ZLLPUN
HUK KHYRULZZ [V [OL PTWVZZPIPSP[` VM ZLLPUN
HUK [OL ZLUZL VM [V\JO� (Z HU L_HTWSL�
[OL .YLLR»Z [OLVY` VM SPNO[ ^HZ JLU[LYLK VU
O\THU ]PZPVU HUK THU` VM [OLPY Z\JJLZ�
ZVYZ MVSSV^LK [OPZ PKLH [OH[ SPNO[ P[ZLSM LT�
HUH[LK MYVT [OL L`L HZ H TL[HWOVY [V ZLL
[OL ^VYSK >��@� (Z H YLZ\S[ VM [OPZ [OV\NO[�
[OL PUOLYLU[ SPUR IL[^LLU SPNO[ HUK KHYR�
ULZZ ILNHU [V KPZHWWLHY� *VUZLX\LU[S �̀
[OL >LZ[LYU J\S[\YL OHZ ILLU KVTPUH[LK
I` [OL TVKLS VM VJ\SHYJLU[YPZT� MVJ\ZPUN
VU [OL ]PZ\HS Z`Z[LT HZ [OL WYPTVYKPHS PU�
Z[Y\TLU[ [V \UKLYZ[HUK V\Y ^VYSK� ;OPZ
WOPSVZVWO` OHZ JVUKP[PVULK V\Y HYJOP[LJ�
[\YL HUK JVU[LTWVYHY` JP[ �̀ Z\WWYLZZPUN
[OL T\S[P�ZLUZVY` LZZLUJL VM V\Y LU]PYVU�
TLU[Z HUK JH\ZPUN HU PTIHSHUJL PU V\Y
JVNUP[P]L Z`Z[LT >��@� -VJ\ZPUN VUS` PU [OL
ZLUZL VM ZPNO[ HUK YLK\JPUN [OL YLZ[ VM [OL
ZLUZLZ JYLH[LZ H NHW IL[^LLU \Z HUK [OL
^VYSK [OH[ Z\YYV\UKZ \Z�



-PN\YL �! ;OL SHUN\HNL PZ KP]PKLK ^OLU [HSRPUN HIV\[ KHYRULZZ HUK SPNO[ I` *SH\KPH +\[ZVU

-PN\YL �! 9HUNL VM IYPNO[ULZZ SL]LSZ I` >PSSPHT 4�*� 3HT

-PN\YL �! 0SS\TPUH[PVUZ YLJVTTLUKLK MVY NLULYHS VMÄJLZ PU [OL <:� <2� HUK [OL :V]PL[ <UPVU�9\ZZPH ZPUJL
� �� �HM[LY 4PSSZ HUK )VYN� �   � I` )V`JL� 7L[LY 9� /\THU -HJ[VYZ PU 3PNO[PUN� *9* 7YLZZ! �UK ,KP[PVU�
����

-PN\YL �! 9LSH[PVUZOPW IL[^LLU IYPNO[ULZZ HUK WYVK\J[P]P[` I` >PSSPHT 4�*� 3HT
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&XUUHQW 3UDFWLFH
;VKH` PU WHY[PJ\SHY� ^L MVJ\Z VU [OL ZLUZL
VM ZPNO[ [OYV\NO ÄLSKZ Z\JO HZ LSLJ[YPJ SPNO[�
PUN� JVUZ[HU[S` YLPUMVYJLK I` [LJOUVSVNPJHS
PUUV]H[PVUZ [OH[ WYVTV[L IYPNO[LY ZV\YJLZ
PU [OL LMMVY[ VM WYV]PKPUN ¸IL[[LY¹ S\TPUHPYLZ�
(Z H YLZ\S[� ^L PUOHIP[ V]LY PSS\TPUH[LK
JP[PLZ KLZPNULK [V HWWLHS [V [OL ZLUZL VM
ZPNO[ HUK ULNSLJ[PUN [OL \ZL VM [OL V[OLY
ZLUZLZ�

0[ PZ ^VY[O TLU[PVUPUN HZ ^LSS� [OH[ PU V\Y
J\YYLU[ WYHJ[PJL HZ SPNO[PUN KLZPNULYZ� [OL
YLJVTTLUKH[PVUZ HUK Z[HUKHYKZ JVU�
[YPI\[L [V YLPUMVYJL [OPZ [LUKLUJ` WYV SPNO[
HUK \UMVY[\UH[LS` HNHPUZ[ KHYRULZZ� (Z
HU L_HTWSL� )LJXUH � JVTWHYLZ SPNO[PUN
YLJVTTLUKH[PVUZ MVY HU VMÄJL ZWHJL PU
9\ZZPH� [OL <UP[LK 2PUNKVT HUK [OL <UP[LK
:[H[LZ IL[^LLU [OL `LHYZ VM � �� [V � ���
KLTVUZ[YH[PUN HU PUJYLHZL PU SPNO[ SL]LSZ
[OYV\NO [OL `LHYZ� 0M ��� S\_ ^LYL JVUZPK�
LYLK Z\MÄJPLU[ PU � ��� ^O` [VKH` ��� S\_
VY TVYL HYL YLX\PYLK [V WLYMVYT [OL ZHTL
[`WL VM HJ[P]P[`& (S[OV\NO HYJOP[LJ[\YL HUK
[OL ^H` ^L WLYMVYT [HZRZ OH]L L]VS]LK�
[OL L`L HKHW[H[PVU HIPSP[` YLTHPUZ J\YYLU[
I\[ UVUL[OLSLZZ ULNSLJ[LK >�@�

>L HJRUV^SLKNL [OH[ JLY[HPU [HZRZ YLX\PYL
ZWLJPÄJ SPNO[ SL]LSZ ^P[OPU PU[LYPVY ZWHJLZ�
5VUL[OLSLZZ� YLZLHYJO OHZ KLTVUZ[YH[LK
[OH[ PUJYLHZPUN [OL HTV\U[ VM SPNO[ ^P[OPU
H ZWHJL PZ UV[ Z`UVU`TV\Z ^P[O IL[[LY
WYVK\J[P]P[` >�@�

3VVRPUN H[ )LJXUH �� ^L JHU VIZLY]L [OL
YLSH[PVUZOPW IL[^LLU IYPNO[ULZZ HUK WYV�
K\J[P]P[ �̀ ;OL ]LY[PJHS H_PZ PUKPJH[LZ [OL
WLYJLU[HNL VM WLVWSL»Z LMMLJ[P]LULZZ [V
WLYMVYT ZWLJPÄJ [HZRZ� [OL OVYPaVU[HS H_PZ
ZOV^Z [OL HTV\U[ VM S\TPUHUJL [OL L`L
WLYJLP]LZ MYVT [OL ^VYR Z\YMHJL� ;OLYL
PZ H ��� HIPSP[` [V WLYMVYT H [HZR H[ ]LY`
SV^ SPNO[ SL]LSZ� ^OLU SPNO[ SL]LSZ PUJYLHZL H
���� V\Y HIPSP[` [V WLYMVYT [OL ZHTL [HZR
PUJYLHZLZ JVUZPKLYHIS` I` ���� /V^L]LY�
MYVT [OPZ WVPU[ MVY^HYK [OL WLYJLU[HNL PU�
JYLHZL VM WYVK\J[P]P[` HUK SPNO[ SL]LSZ PZ UV[
WYVWVY[PVUHS� ([ [OPZ WVPU[ PM SPNO[ SL]LSZ HYL
YHPZLK ���� WLVWSL»Z WLYMVYTHUJL ^V\SK
PUJYLHZL VUS` ��� 0[ PZ L]PKLU[ [OH[ HS[OV\NO
WLYMVYTHUJL PUJYLHZL PZ Z\IZ[HU[PHS H[ [OL
ILNPUUPUN� IL`VUK [OH[ [OYLZOVSK OPNOLY
S\TPUHUJL KVLZ UV[ PTWHJ[ WLYMVYTHUJL
TLHUPUNM\SS` LUV\NO [V Z\WWVY[ OPNOLY SPNO[
SL]LSZ� >L [HRL [OPZ HZ H JSLHY PUKPJH[PVU
[OH[ KLZPNU ZVS\[PVUZ KYP]LU VUS` I` X\HU[P�
[H[P]L WHYHTL[LYZ TPNO[ SPTP[ JYLH[P]P[` HUK
L_WSVYH[PVU K\YPUN [OL KLZPNU WYVJLZZ >�@�

3PNO[PUN YLJVTTLUKH[PVUZ HYL HU PU[LNYHS
WHY[ VM V\Y WYHJ[PJL OV^L]LY [V LUHISL JYL�
H[P]L L_WSVYH[PVU� P[ PZ LZZLU[PHS [V IL H^HYL
[OH[ X\HSP[` SPNO[PUN KLZPNU NVLZ IL`VUK



-PN\YL �! +HYRULZZ HZ H ZWLJ[Y\T� PUÄUP[L WVZZPIPSP[PLZ PU [OL I\PS[ LU]PYVUTLU[ I` *HZ[YV HUK 3SHTHZ

-PN\YL �! *VU[YHZ[ HUK JVU[YHZ[ YH[PV I` 0,: /HUKIVVR
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WYV]PKPUN SPNO[ MVY [OL ZHRL VM ZLLPUN� IL�
`VUK WYVK\JPUN ZWHJLZ [OH[ HWWLHS THPUS`
[V V\Y ZPNO[� (WWYVHJOPUN KLZPNU MYVT [OPZ
X\HU[P[H[P]L WLYZWLJ[P]L� MYHTLZ SPNO[PUN
KLZPNU HZ H ]PZ\HS WYVK\J[ VUS �̀ KPZJVU�
ULJ[PUN P[ MYVT [OL PUOLYLU[ [LTWVYHSP[` HUK
KLW[O [OH[ KHYRULZZ HUK ZOHKV^Z IYPUN
PU[V ZWHJL >��@�

3URSRVDO

;OPZ SLHKZ [V V\Y THPU X\LZ[PVU! OV^ [V YL�
JV]LY [OL WVL[PJ ]HS\L VM KHYRULZZ PU SPNO[�
PUN KLZPNU& >L HPT [V KLTVUZ[YH[L [OL
WV[LU[PHS VM \UKLY�SPNO[PUN HUK P[Z T\S[PWSL
ILULÄ[Z� LUJV\YHNPUN V[OLYZ [V JVUZPKLY
[OL WVL[PJ L_WLYPLUJL VM KHYRULZZ [OH[ ^PSS
ZWHYR [OL T\S[PZLUZVY` WHY[PJPWH[PVU VM [OL
VIZLY]LY�

-PYZ[ ^L WYVWVZL [V YLJHSPIYH[L V\Y KLZPNU

WYVJLZZ� YLJVNUPaPUN [OH[ KHYRULZZ HUK
SPNO[ OH]L LX\HS ]HS\L HZ JYLH[P]L [VVSZ� ;V
\UKLYZ[HUK [OPZ M\Y[OLY� ^L JHU YLMLY IHJR
[V �)LJXUH ���

:[HY[PUN I` JVUZPKLYPUN SPNO[ HUK KHYRULZZ
HZ LX\HS PU ]HS\L� HUK SVVRPUN H[ [OLZL
^VYKZ MYVT [OPZ WLYZWLJ[P]L ^L ZLSLJ[LK
[OVZL [OH[ JV\SK [HSR HIV\[ X\HSP[PLZ MVY
IV[O� MVY L_HTWSL! OHSV� [^PURSL� NSV �̂
KPT� S\Z[LY� VWHJP[ �̀ WLU\TIYH HUK \T�
IYH� ;OLU� ^OH[ PM ^L YLTV]L [OL UV[PVUZ VM
WVZP[P]L HUK ULNH[P]L� HUK Z[HY[ [OPURPUN VM
[OLZL HZ YLSH[P]L ]HS\LZ� UV[ NVVK� UVY IHK
I\[ JVTWSLTLU[HY` [V LHJO V[OLY� >P[O [OPZ
UV[PVU HZ IHZL� ^L WYVWVZL [V JVUZPKLY
KHYRULZZ HZ H ]HZ[ ZWLJ[Y\T ^P[O T\S[PWSL
U\HUJLZ HUK PU[LUZP[PLZ� >OLU ^L YLJVN�
UPaL KHYRULZZ HZ H YLSH[P]L JVUKP[PVU ^P[O
[OL ZHTL JYLH[P]L ]HS\L HZ SPNO[� ^L Z[HY[ [V
KPZZPWH[L [OL WYLL_PZ[PUN ULNH[P]L UV[PVUZ
HYV\UK P[� HUK ^LSJVTL [OL WVZZPIPSP[` VM

L_WSVYPUN P[ HZ WHY[ VM V\Y JYLH[P]L WYVJLZZ
>�@�

4VYLV]LY� [V YLP[LYH[L [OL PKLH VM YLSH[P]L
]HS\LZ� V\Y PU[LU[PVU PZ [V JVU]L` [OH[ LHJO
VM [OLZL X\HSP[PLZ VM SPNO[ HUK KHYRULZZ
�)LJXUH �� JV\SK YLWYLZLU[ PUÄUP[L WVZZP�
IPSP[PLZ PU [OL I\PS[ LU]PYVUTLU[� 4HRPUN
L]PKLU[ [OH[ [OL WYLZLUJL VM KHYRULZZ PZ
UV[ HIZVS\[L� VU [OL JVU[YHY` P[ HSSV^Z \U�
SPTP[LK ^H`Z VM L_WYLZZPVU ^OLU PU[LYHJ[PUN
^P[O SPNO[ >�@� (SS [VNL[OLY JVUZPKLYPUN KHYR�
ULZZ HZ H ZWLJ[Y\T ILNPUZ [V YL]LHS V[OLY
MLH[\YLZ PU ZWHJLZ [OH[ \S[PTH[LS` ^PSS LZ�
[HISPZO H UL^ YO`[OT VM WLYJLW[PVU HUK
L_WLYPLUJL�

$SSOLFDWLRQ

,]LY` WYVQLJ[ PZ HU VWWVY[\UP[` [V W\[ PU
WYHJ[PJL [OPZ JVUJLW[ HUK ZLL SPNO[ HUK
KHYRULZZ [OYV\NO [OPZ SLUZ� >L JVUZPKLY
[OH[ VUL LMMLJ[P]L HUK WYHJ[PJHS ^H` VM PU�
[YVK\JPUN [OL HWWSPJH[PVU VM [OL SPNO[ [V KHYR
ZWLJ[Y\T PZ [OYV\NO \UKLYZ[HUKPUN JVU�
[YHZ[ HUK JVU[YHZ[ YH[PVZ� =HYPV\Z TVVKZ
JV\SK IL [YPNNLYLK KLWLUKPUN VU [OL YH[PV
VM KHYRULZZ [V IYPNO[ULZZ� YHUNPUN MYVT H
Z\I[SL [V H Z[YVUN PTWYLZZPVU�

<ZPUN HZ H YLMLYLUJL [OL MVSSV^PUN JOHY[
MYVT [OL 0,: OHUKIVVR �)LJXUH ��� OLSWZ [V
WYV]PKL H IL[[LY \UKLYZ[HUKPUN VM [OL YLSH�
[P]L ]HS\L VM KHYRULZZ� ( JSHZZPJ L_HTWSL VM
[OPZ JVUKP[PVU PZ �)LJXUH �� ^OLYL [^V LX\HS
ZX\HYLZ HWWLHY [V IL H KPMMLYLU[ ZOHKL K\L
[V H IYPNO[LY VY KHYRLY IHJRNYV\UK�

-PN\YL �! ;̂ V LX\HS ZX\HYLZ HWWLHY [V IL H
KPMMLYLU[ ZOHKL K\L [V H IYPNO[LY VY KHYRLY
IHJRNYV\UK

>OLU PU[YVK\JPUN [OPZ JVUJLW[� P[ PZ PT�
WVY[HU[ [V YLJVNUPaL [OH[ LHJO ZWHJL HUK
WYVNYHT ^PSS OH]L KPMMLYLU[ JVUZ[YHPU[Z HUK
YLX\PYLTLU[Z� (Z VUL ^V\SK HZZ\TL� HU
VMÄJL ZWHJL YLX\PYLZ OPNOLY SPNO[ SL]LSZ [OHU
H IYLHRV\[ YVVT� -YVT OLYL P[ PZ WVZZPISL
[V PKLU[PM` [OL ILZ[ Z\P[LK YH[PVZ MVY LHJO
[`WL VM HWWSPJH[PVU! H KYHTH[PJ JVU[YHZ[ YH�
[PV ^V\SK ^VYR ILZ[ PU YL[HPS VY OVZWP[HSP[ �̀
H TVKLYH[L JVU[YHZ[ YH[PV JV\SK LUOHUJL
[YHUZP[PVUHS ZWHJLZ� ^OLYLHZ H JVYWVYH[L
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LU]PYVUTLU[ ^V\SK ILULÄ[ MYVT H Z\I[SL
JVU[YHZ[ YH[PV >�@�

/H]PUN KL[LYTPULK [OH[ KHYRULZZ HZ H
ZWLJ[Y\T PZ HZ ]HS\HISL HZ SPNO[ P[ZLSM PU [OL
JYLH[P]L WYVJLZZ� ^L HPT [V YLLZ[HISPZO [OL
YLSL]HUJL VM [OL T\S[P�ZLUZVY` L_WLYPLUJL
PU ZWHJL� :\WWVY[LK [OYV\NO JHZL Z[\KPLZ�
^L ZLLR [V KLTVUZ[YH[L OV^ ILULÄJPHS [OL
PU[LU[PVUHS \ZL VM KHYRULZZ JHU IL ^P[OPU
HYJOP[LJ[\YL�

(Z WYL]PV\ZS` KLZJYPILK� V\Y \UKLYZ[HUK�
PUN VM KHYRULZZ PZ SPURLK [V V\Y JVSSLJ[P]L
JVUZJPV\ZULZZ� 0U [OL WHZ[� [OL H]HPSHISL
ZV\YJLZ NH]L ZWHJLZ H \UPX\L SPNO[PUN
X\HSP[`" Z\YYV\UKLK I` K`UHTPJ ZOHKV^Z
HUK H ^HYTLY KPT SPNO[� ;VKH �̀ [OPZ TLT�
VY` PZ Z[PSS WYLZLU[� HZ WYVVM ^L JVU[PU\L [V
LUQV` JHUKSLSP[ ZWHJLZ HZ ^LSS HZ TVTLU[Z
I` H ÄYLWSHJL >�@�

;OVTHZ >PSMYLK PU OPZ ^VYR *SH]PS\_ \ZLK
SPNO[� JVSVY HUK TV]LTLU[ [V JYLH[L KLW[O�
HUK LTWOHZPaL KPMMLYLU[ ZH[\YH[PVU PU[LU�
ZP[PLZ� 0U [OPZ WHY[PJ\SHY JHZL� KHYRULZZ
HJ[Z HZ H IHJRNYV\UK [V [OL WPLJLZ� +HYR�
ULZZ LUOHUJLZ [OL LWOLTLYHS HUK K`UHTPJ
X\HSP[PLZ VM SPNO[� HSSV^PUN \Z [V HWWYLJPH[L P[
H[ P[Z M\SSLZ[ JHWHJP[ �̀ ;OPZ L_WLYPLUJL H[ P[Z
JVYL� YLZLTISLZ [OL L_WLYPLUJL VM JVU[LT�
WSH[PUN H JHUKSL HUK P[Z ÅHTL �)LJXUH ���

-PN\YL �! *SH]PS\_ I` ;OVTHZ >PSMYLK

0U H ZPTPSHY THUULY� (U[OVU` 4H*HSS ^P[O
OPZ ZLYPLZ :VSPK 3PNO[ >VYRZ \ZLZ KHYRULZZ
[V YL]LHS H ZLYPLZ VM L[OLYLHS ]VS\TLZ� 0U
[OPZ JHZL� SPNO[ HUK KHYR OH]L H WYLZLUJL VM
LX\HS ]HS\L� IV[O HYL ZOHWPUN V\Y WLYJLW�
[PVU HUK JYLH[PUN H ]LY` \UPX\L YO`[OT PU
[OL ^H` ^L L_WLYPLUJL [OL ZWHJL� :WLJ[H�
[VYZ [LUK [V NH[OLY HYV\UK [OLZL ZJ\SW[\YLZ
VM SPNO[� PU HU HJ[ VM JVSSLJ[P]L Z`UJOYVUPJP[`
JVTWHYHISL [V [OL L_WLYPLUJL VM NH[OLYPUN
HYV\UK H IVUÄYL �)LJXUH ���

+HYRULZZ JV\SK HSZV IL \ZLK [V WYV]PKL
ZWH[PHS ZOLS[LY� HKKYLZZPUN [OL TVZ[ YLSH[�

-PN\YL  ! :LYPLZ :VSPK 3PNO[ >VYRZ I` (U[OVU`
4H*HSS

HISL TPZJVUJLW[PVU! KHYRULZZ PZ \UZHML
HUK OPNO SPNO[ SL]LSZ [OL VWWVZP[L� 0UZ[LHK
^L WYVWVZL [OL \ZL VM KHYRULZZ [V HSSV^
HUVU`TP[` ^P[OPU H ZWHJL� SL[[PUN \ZLYZ
LUQV` TVTLU[Z VM WYP]HJ` HUK [YHUX\PSP[`
[V Z\WWVY[ Z[PSSULZZ HUK ZLYLUP[` PU JLY[HPU
ZWHJLZ ^P[OV\[ [OL \ZL VM WO`ZPJHS IV\UK�
HYPLZ >�@� ;OPZ PKLH JV\U[LYHJ[Z [OL ILSPLM VM
SHJR VM ZLJ\YP[` PU SV^ SPNO[� HUK WYV]PKLZ H
WVZP[P]L HZWLJ[ [V [OL \ZL VM KHYRULZZ�

([ [OL 40; *OHWLS I` :HHYPULU� [OL \ZL
VM KHYRULZZ KYH^Z H[[LU[PVU [V KL[HPS� ;OL
PU[LU[PVUHS \ZL VM \UKLY PSS\TPUH[PVU LT�
IYHJLZ [OL ]PZP[VYZ HUK Z\WWVY[Z L`L HKHW�
[H[PVU MYVT [OL ZVM[ NSV^ H[ [OL WLYPTL[LY
[V [OL MVJHS WVPU[ H[ [OL ZR`SPNO[� *YLH[PUN
PU IL[^LLU H [OYLZOVSK HYLH VM KPT SPNO[ MVY
JVU[LTWSH[PVU HUK ZOLS[LY �)LJXUH ����

-PN\YL ��! 40; *OHWLS I` ,LYV :HHYPULU

,]LU [OV\NO [OL S\TPUHPYLZ HYL TLHU[ [V
WYV]PKL SPNO[ MVY ]PZPIPSP[` HUK ZHML[` PU W\ISPJ
ZWHJLZ� NSHYL \Z\HSS` VIZJ\YLZ HUK OPUKLYZ
ZPNO[� ([ [OL /PNOSPUL I` 3»6IZLY]H[VPYL
0U[LYUH[PVUHS� [OL \ZL VM KHYRULZZ Z\J�
JLZZM\SS` WYL]LU[Z [OPZ LMMLJ[� +PT SPNO[ PZ
Z[YH[LNPJHSS` SVJH[LK [V YLK\JL NSHYL HUK
Z\WWVY[Z L`L HKHW[H[PVU HSSV^PUN ]PZP[VYZ
[V TV]L [OYV\NO ZWHJL HUK HWWYLJPH[L [OL
JVU[L_[� YLJVUJPSPUN KHYRULZZ ^P[O ZHML[`
�)LJXUH ����

(UV[OLY ILULÄ[ PZ [OL PU[LU[PVUHS \ZL VM
KHYRULZZ HZ H ZV\YJL VM ]PZ\HS PUMVYTH[PVU�

-PN\YL ��! /PNOSPUL I` 3»6IZLY]H[VPYL
0U[LYUH[PVUHS

6U [OL VUL OHUK� ZOHKV^Z JVTT\UPJH[L
KPYLJ[PVU� [PTL HUK SVJH[PVU PUOLYLU[S` JVU�
[YPI\[PUN [V ZWH[PHS SLNPIPSP[` HUK VYPLU[H[PVU
>�@� 6U [OL V[OLY OHUK� KHYRULZZ HUK JVU�
[YHZ[ JHU HSZV WYLZLU[ Z`TIVSPJ PUMVYTH[PVU
YLSH[LK [V [OL \ZL VY PU[LU[PVU VM ZWHJL� +P�
YLJ[S` VY PUKPYLJ[S �̀ [OL HWWSPJH[PVU VM KHYR�
ULZZ ^P[OPU H ZWHJL JHU L_WHUK VU [OL
TLHUPUN HUK W\YWVZL VM Z\JO ZWHJL�

¸4` MH]VYP[L SLZZVU MYVT [OPZ
YLZLHYJO ^HZ YLHSPaPUN [OH[ ^L
HSS SPRL HUK ULLK H SL]LS VM
KHYRULZZ PU V\Y LU]PYVUTLU[�
(Z SPNO[PUN KLZPNULYZ� [OL [VVSZ
HYL HSYLHK` H[ OHUK� P[»Z \W [V
\Z [V TH_PTPaL KHYRULZZ
WV[LU[PHS I` YLJVUJPSPUN HUK
YLMYHTPUN [OL ^H` ^L L_WYLZZ
HUK [OPUR HIV\[ P[�¹

4650*( 33(4(:

¸-VY P[Z LWOLTLYHS
JOHYHJ[LYPZ[PJZ HUK PUOLYLU[
YLSH[P]P[` [V VUL»Z WLYJLW[PVU
[OL 7VL[PJZ VM +HYRULZZ PZ H
JVTWSL_ [VWPJ� `L[ P[ VMMLYZ H
JOHSSLUNL [V YLKLÄUL V\Y
ZLUZPIPSP[` [V V\Y LU]PYVUTLU[�
VWLUPUN [OL WVZZPIPSP[` VM
HKKYLZZPUN SHYNLY JVSSLJ[P]L
PZZ\LZ�¹

-369,5*0( *(:;96
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0U [OL *OHWLS VM [OL *HW\JOPUHZ PU 4L_PJV
*P[ �̀ [OL PU[LYHJ[PVU VM JVSVY� TH[LYPHSP[`
HUK ZOHKV^ IYVHKLU [OL \UKLYZ[HUKPUN
VM ZWHJL� ;OL ZPKL HWLY[\YL WYVQLJ[Z HU
L]LY K`UHTPJ ZOHKV^ VU [OL JVSVYM\S ^HSS�
TV]PUN HUK JOHUNPUN HZ [PTL WHZZLZ VY
KH`SPNO[ JVUKP[PVUZ ]HYPLZ� IYPUNPUN [V [OL
PU[LYPVY [OL LSLTLU[ VM [PTL HUK YLPUMVYJPUN
[OL ZWPYP[\HS JOHYHJ[LY VM [OL ZWHJL� (SS H[
VUJL [OLZL JVTWVULU[Z YL]LHS [V [OL ]PZP[VY
[OL Z`TIVSPJ JVU[LU[ VM ZWHJL �)LJXUH ����

0U [OL ZHTL THUULY� 3L *VYI\ZPLY H[ 7HSHPZ
KLZ -PSH[L\YZ PU >LZ[LYU 0UKPH� WSH`Z ^P[O
JVU[YHZ[ [V YL]LHS [OL TH[LYPHSP[` HUK KLW[O
VM [OL HYJOP[LJ[\YHS THZZPUN� 0U [OPZ JHZL
ZOHKV^ OLSWZ \Z [V \UKLYZ[HUK [OL [L_[\YL�
[OL JOHYHJ[LY VM [OL TH[LYPHSZ HUK [OL VYP�
LU[H[PVU VM [OL I\PSKPUN� 0U HKKP[PVU [OLZL
TVTLU[Z VM SPNO[ HUK KHYR IYPUN MVY[O [OL
[HJ[PSP[` VM [OL JVUJYL[L ^HSSZ� VUL JV\SK
LHZPS` PTHNPUL OV^ ^HYT VY JVVS [OLZL
^V\SK MLLS \UKLY KPYLJ[ SPNO[ VY Z\YYV\UKLK
I` WLU\TIYH� ;OLZL LSLTLU[Z PU JVUQ\UJ�
[PVU HSSV^ \Z [V L_WLYPLUJL T\S[PWSL ZJLUHY�
PVZ [OYV\NOV\[ [OL KH` �)LJXUH ����

3HZ[S �̀ [OL SH`LYPUN VM KHYRULZZ HUK SPNO[
JHU OLSW LZ[HISPZO OPLYHYJO` HUK LTWOH�
ZPaL ZWH[PHS KLW[O" TVKPM`PUN V\Y ZLUZVY`
L_WLYPLUJL� ;OPZ Z[YH[LN` WYVWVZLZ H UL^
WLYJLW[\HS YO`[OT [OH[ JV\SK Z\NNLZ[ T\S�
[PWSL UHYYH[P]LZ ^P[OPU H ZWHJL >�@�

([ [OL :HSR 0UZ[P[\[L I` 3V\PZ 2HOU [OL WSH`
VM SPNO[ HUK ZOHKV^ TVKPÄLZ [OL ZWHJL
[OYV\NOV\[ [OL KH` VMMLYPUN \UL_WLJ[LK
L_WLYPLUJLZ [V [OL ]PZP[VYZ L]LY` [PTL [OL`
HWWYVHJO >�@� /LYL KHYRULZZ ILJVTLZ
HWWLHSPUN� KPZZPWH[PUN [OL TPZJVUJLW[PVU VM
MLHY [V [OL \URUV^U �)LJXUH ����

9PJOHYK 2LSS �̀ H[ [OL .LULYHS 4V[VYZ ;LJO�
UPJHS *LU[LY WYLZLU[Z SPNO[ HUK KHYRULZZ
HZ [^V W\YL ]VS\TLZ [OH[ KLÄUL WLYJLW�
[\HS IV\UKHYPLZ ^P[OPU [OL ZWHJL� +HYRULZZ
HYV\UK [OL ]VS\TL VM SPNO[ OLSWZ KLÄUL [OL
KLW[O VM ZWHJL HUK MYHTLZ [OL \ZLY»Z H[�
[LU[PVU �)LJXUH ����

-PN\YL ��! *OHWLS VM [OL *HW\JOPUHZ I` 3\PZ
)HYYHNHU

-PN\YL ��! 7HSHPZ KLZ -PSH[L\YZ I` 3L *VYI\ZPLY

-PN\YL ��! :HSR 0UZ[P[\[L I` 3V\PZ 2HOU

-PN\YL ��! .LULYHS 4V[VYZ ;LJOUPJHS *LU[LY I`
9PJOHYK 2LSS`

&RQFOXVLRQ
>P[O [OLZL JHZL Z[\KPLZ V\Y NVHS PZ [V
KLTVUZ[YH[L [OH[ [OL WV[LU[PHS VM \UKLY�
SPNO[PUN HZ H KLZPNU Z[YH[LN` HS[OV\NO
\UPX\L PZ WVZZPISL� I\[ \UMVY[\UH[LS` ZLLU
HZ PUHKLX\H[L MVY HYJOP[LJ[\YL� -YVT OLYL�
^L OVWL KLZPNULYZ HYL HISL [V YLÅLJ[ M\Y�
[OLY VU ^OH[ PZ JVUZPKLYLK HZ HJJLW[HISL
SPNO[ SL]LSZ [V ^LSJVTL [OL WVZZPIPSP[` VM
KHYRULZZ HUK LTIYHJPUN [OL ILULÄ[Z VM
P[Z HWWSPJH[PVU �)LJXUH ���� 0U WHY[PJ\SHY�
\UKLYZ[HUKPUN [OH[ KHYRULZZ JHU IL T\S[P�
MHJL[LK HUK JHU IL \ZLK [V KLÄUL KPMMLYLU[
LSLTLU[Z HZ ^LSS HZ T\S[PWSL L_WLYPLUJLZ�
4VYL PTWVY[HU[� KHYRULZZ LUHISLZ H UL^
YO`[OT VM WLYJLW[PVU PU ZWHJL�

;V JVUJS\KL� ^L JVUZPKLY [OH[ [OL ]PY[\LZ VM
KHYRULZZ JHU IL JSHZZPÄLK PU [^V HZWLJ[Z�
VUL [OH[ YLMLYZ [V [OL X\HSP[` VM ZWHJL HUK
HUV[OLY VUL [OH[ YLSH[LZ [V [OL WYHJ[PJHS HUK
X\HU[P[H[P]L HZWLJ[ VM KLZPNU� 0U [OL X\HS�
P[H[P]L HZWLJ[� P[ PZ PTWVY[HU[ [V YLJVNUPaL
[OL ]HS\L VM KHYRULZZ MVY ^OH[ P[ YL]LHSZ
HUK UV[ MVY ^OH[ P[ JVUJLHSZ� -YVT [OL ÄLSK
VM WLYJLW[PVU HUK L_WLYPLUJL� KHYRULZZ
ZSV^S` YL]LHSZ ^OH[ H[ ÄYZ[ NSHUJL PZ UV[
ZLLU� [OH[ PZ� \USPRL SPNO[ [OH[ HSSV^Z \Z [V
ZLL L]LY`[OPUN H[ VUJL� ;OL HWWSPJH[PVU
VM KHYRULZZ HZ H ZWLJ[Y\T� JVU[YPI\[LZ [V
ZWH[PHS YPJOULZZ� Z[PT\SH[PUN HSS [OL ZLUZLZ
HUK PU]P[PUN \Z [V WHY[PJPWH[L PU [OL L_WLYP�
LUJL� (SS [VNL[OLY� P[ HSSV^Z [V YLLZ[HISPZO
[OL PUOLYLU[ PU[HUNPISL LZZLUJL� NP]PUN HJ�
JLZZ [V [OL WVL[PJ ÄLSK PU HYJOP[LJ[\YL�

0U [OL X\HU[P[H[P]L HZWLJ[� ^L JVUJS\KL [OH[
[OLYL PZ H ULLK [V YL�L]HS\H[L [OL Z[HUKHYKZ
HUK YLJVTTLUKH[PVUZ MVY [OL WYHJ[PJL VM
SPNO[PUN KLZPNU" [V YLJHSPIYH[L OV^ ^L ]HS�
PKH[L SPNO[PUN KLZPNU� [OPURPUN IL`VUK [OL
HTV\U[ VM SPNO[ PU ZWHJL� (S[OV\NO [OLYL
HYL ]HSPK YLJVTTLUKH[PVUZ KLKPJH[LK [V
[OL \UKLYZ[HUKPUN VM WLYJLW[PVU� PU V\Y
KHPS` WYHJ[PJL ^L JVU[PU\L [V NP]L WYPVYP[` [V
[OL HTV\U[ VM SPNO[ HWWSPLK [V LHJO Z\YMHJL�
-PUHSS �̀ [OL PU[LU[PVUHS HWWSPJH[PVU VM KHYR�
ULZZ PTWSPLZ HU H\[VTH[PJ ILULÄ[ PU ZH]PUN
LULYN` JVUZ\TW[PVU� WYVWVZPUN [V YLK\JL
[OL U\TILY VM S\TPUHPYLZ PU ZWHJL� [\YU�
PUN LHJO WYVQLJ[ PU[V H Z\Z[HPUHISL KLZPNU
ZVS\[PVU �)LJXUH ���� "

$87+25� 0RQLFD //$0$6
(Z HU HYJOP[LJ[ HUK SPNO[PUN KLZPNULY� 4VU�
PJH OHZ NYLH[ ZLUZPIPSP[` [V ZWHJL HUK SPNO[
ULLKZ� :OL ZVS]LZ JVTWSL_ KLZPNU WYVI�
SLTZ [OYV\NO JYP[PJHS HUHS`ZPZ VM ZWHJL HUK
[OL WLVWSL ^OV PUOHIP[ P[� >P[O V]LY � `LHYZ
VM KLZPNU L_WLYPLUJL PU .\H[LTHSH HUK
5L^ @VYR� 4VUPJH JVU[PU\LZ [V ZRPSSM\SS` HUK
JYLH[P]LS` JVTT\UPJH[L UL^ HWWYVHJOLZ
[V SPNO[PUN KLZPNU ^P[OPU T\S[PKPZJPWSPUHY`
[LHTZ� *\YYLU[S` 4VUPJH PZ WHY[ VM [OL 6M�
ÄJL MVY =PZ\HS 0U[LYHJ[PVU [LHT JVSSHIVYH[�



-PN\YL ��! )LULÄ[Z VM [OL PU[LU[PVUHS \ZL VM KHYRULZZ I` *HZ[YV HUK 3SHTHZ

-PN\YL ��! 8\HSP[H[P]L HUK X\HU[P[H[P]L HZWLJ[Z I` *HZ[YV HUK 3SHTHZ
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PUN HZ H M\SS [PTL :LUPVY 3PNO[PUN +LZPNULY�
ZOL HSZV JVU[PU\LZ [V IL HU HK]VJH[L MVY
LTLYNPUN KLZPNULYZ HUK WYVTV[PUN [OL L_�
JOHUNL VM PKLHZ� :OL ZWYLHKZ [OL ]VPJLZ
VM `V\UN WYVMLZZPVUHSZ [OYV\NO OLY WHY�
[PJPWH[PVU H[ 3,+\JH[PVU HUK 3PNO[-HPY 0U�
[LYUH[PVUHS HUK OHZ ILLU YLJVNUPaLK MVY
OLY L_JLW[PVUHS HIPSP[PLZ ^P[O H �� <UKLY
�� (^HYK MYVT 3PNO[PUN 4HNHaPUL� 4VUPJH
OVSKZ H )HJOLSVY VM (YJOP[LJ[\YL KLNYLL
MYVT <UP]LYZPKHK -YHUJPZJV 4HYYVX\xU
�.\H[LTHSH� .;� HUK H 4-( 3PNO[PUN +L�
ZPNU KLNYLL MYVT 7HYZVUZ ;OL 5L^ :JOVVS
MVY +LZPNU �5L^ @VYR� 5@��

$87+25� )ORUHQFLD &$6752
;YHPULK HZ HU HYJOP[LJ[� -SVYLUJPH YLJVN�
UPaLZ [OL WV^LY VM SPNO[ HUK ZOHKV^ [V
OLPNO[LU [OL L_WLYPLUJL VM [OL I\PS[ LU]P�
YVUTLU[� /LY HWWYVHJO JHZ[Z SPNO[PUN KL�
ZPNU HZ H JYLH[P]L `L[ [LJOUPJHS JOHSSLUNL" H

JVTWSLTLU[HY` WYHJ[PJL IL[^LLU KH`SPNO[
HUK LSLJ[YPJ SPNO[� ;VKH �̀ ZOL JVSSHIVYH[LZ
HZ H ZLUPVY SPNO[PUN KLZPNULY ^P[O -S\_ :[\�
KPV� H KLZPNU ÄYT IHZLK PU 5L^ @VYR *P[ �̀
MVJ\ZLK VU H [YHUZKPZJPWSPUHY` WYHJ[PJL HUK
JVTTP[TLU[ [V SPNO[ HUK P[Z YLSH[PVUZOPW [V
V\Y WLYJLW[PVU VM ZWHJL� /LY L_[YHJ\YYPJ�
\SHY JVU[YPI\[PVU [V [OL WYVMLZZPVU MVJ\ZLZ
VU WYVTV[PUN KPHSVN\L HUK JYP[PJHS [OPUR�
PUN HIV\[ SPNO[ HUK KLZPNU� -VY OLY ^VYR
PU [OL SPNO[PUN JVTT\UP[` -SVYLUJPH OHZ
ILLU UHTLK VUL VM [OL �� TVZ[ WYVTPZPUN
\W�HUK�JVTPUN KLZPNULYZ� ��<UKLY�� I`
3PNO[PUN 4HNHaPUL ����� -SVYLUJPH OVSKZ H
)HJOLSVY VM (YJOP[LJ[\YL MYVT <UP]LYZPKHK
KL SHZ (TLYPJHZ 7\LISH �7\LISH� 4?� HZ
^LSS HZ H 4HZ[LY VM 3PNO[PUN +LZPNU KLNYLL
MYVT 7HYZVUZ ;OL 5L^ :JOVVS MVY +LZPNU
�5L^ @VYR�5@��

(\[OVYZ! 4VUPJH �[VW�� -SVYLUPJH �IV[[VT�

5HIHUHQFHV

B�D )V`JL� 7L[LY� ����� /\THU MHJ[VYZ PU SPNO[PUN� *9*
7YLZZ�

B�D +\[ZVU� *SH\KPH� ����� 3PNO[ ]VS\TLZ� KHYR TH[[LYZ�
/LSLU /HTS`U *LU[YL� 9V`HS *VSSLNL VM (Y[�

B�D 2HOU� 3V\PZ� ����� 3V\PZ 2HOU LZZLU[PHS [L_[Z� >�>�
5VY[VU *VTWHU �̀

B�D 2P[L� :[LWOLU� ����� :OHKV^ THRLYZ! ( J\S[\YHS
OPZ[VY` VM ZOHKV^Z PU HYJOP[LJ[\YL�

B�D )SVVTZI\Y �̀ 0SS\TPUH[PUN ,UNPULLYPUN :VJPL[ �̀ �����
;OL 3PNO[PUN /HUKIVVR� 0,:�

B�D 3HT� >PSSPHT 4�*� � ��� 7LYJLW[PVU HUK SPNO[PUN HZ
MVYTNP]LYZ MVY HYJOP[LJ[\YL� =HU 5VZ[YHUK 9LPUOVSK�

B�D 3V^L� *OYPZ� ����� 9LPU[YVK\JPUN +HYRULZZ (UK
4`Z[LY` 0U[V 3PNO[PUN +LZPNU! *OYPZ 3V^L BHJJLZZLK
-LIY\HY` ��� ����D� (]HPSHISL MYVT! ?iiT,ffrrrXi?
2/Qm#H2M2;�iBp2X+QXmFfkyR8fykf`2BMi`Q/m+
BM;@/�`FM2bb@�M/@Kvbi2`v@BMiQ@HB;?iBM;@
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B�D 4HQVY� 4HYR� ����� ;OL KHYR HY[Z� 3PNO[PUN 4HNHaPUL
<2�

B D 6_MVYK <UP]LYZP[` 7YLZZ»Z 6_MVYK+PJ[PVUHYPLZ�JVT
B��D 7HSSHZTHH� 1\OHUP� �  �� ;OL L`LZ VM [OL ZRPU�

>PSL �̀
B��D 7HSSHZTHH� 1\OHUP� ����� ;OL LTIVKPLK PTHNL!

0THNPUH[PVU HUK PTHNLY` PU HYJOP[LJ[\YL� (+ 7YPTLYZ�
B��D AHQVUJ� (Y[O\Y� �  �� *H[JOPUN [OL SPNO[! ;OL

LU[^PULK OPZ[VY` VM SPNO[ HUK TPUK� )HU[HT )VVRZ�
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.HTPUN PU [OL 3PNO[PUN :LJ[VY
( .HTL *OHUNLY&
7SH[MVYT�KYP]LU I\ZPULZZ TVKLSZ HYL JSVZPUN NHWZ IL[^LLU
Z\WWSPLYZ HUK JVUZ\TLYZ� ;OL JVTWHUPLZ [OH[ OH]L NYV^U [OL
TVZ[ V]LY [OL WHZ[ KLJHKL HYL IHZLK VU [OPZ PKLH� 3VVRPUN H[
V[OLY IYHUJOLZ� [OPZ OHZ NVUL OHUK PU OHUK ^P[O H ZLYPLZ VM [VVSZ
HUK JVUÄN\YH[VYZ [OH[ Z\WWVY[ [OL LUK \ZLY PU KLJPZPVU�THRPUN�
HUK PUJYLHZL ]HYPHU[Z PU [OL WVY[MVSPV H[ PU[LYLZ[PUN JVZ[ YH[PVZ�
0KLHZ SPRL WHYHTL[YPJ KLZPNU� HUK YLJLU[ KL]LSVWTLU[Z PU [OL
NHTPUN PUK\Z[Y` VMMLY UL^ VWWVY[\UP[PLZ MVY LHZ` JYLH[PVU VM
L_JLSSLU[ SPNO[PUN ZVS\[PVUZ MVY LUK \ZLYZ� KLZPNULYZ� Z\WWSPLYZ HUK
Z`Z[LT PU[LNYH[VYZ�
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$ 7KRXJKW ([SHULPHQW

;OL ÄYZ[ THNPJ P[LT PU [OL /HYY` 7V[[LY
UV]LSZ PZ H +LS\TPUH[VY >�@� ;OPZ ZOV\SKU»[
Z\YWYPZL HU` SPNO[ 7HZZPVUPZ[Z� )HZLK VU
J\YYLU[ WYHJ[PJL� [OL HIPSP[` [V JVUULJ[ [V
HU` S\TPUHPYL YLTV[LS` HUK Z^P[JO [OLT
VU HUK VMM PZ [Y\S` THNPJHS� /V^L]LY� [OPZ
TPNO[ UV[ IL H NVVK PKLH PU YLHS SPML� LZWL�
JPHSS` ^P[O SPNO[Z [OH[ WYV]PKL V\Y WLYJLP]LK
ZLJ\YP[ �̀

0U ]PY[\HS ZWHJL� [OL PKLH VM H +LS\TPUH[VY PZ
H YLHS HZZL[� 3PNO[ HUK SPNO[PUN LMMLJ[Z JHU
IL L_WLYPLUJLK KPYLJ[S �̀ 3PNO[PUN KLZPNU�
LYZ TPNO[ HKK H ZLYPLZ VM M\UJ[PVUZ� SPRL [OL
WSH` VU Z\YMHJLZ� JVSVY [LTWLYH[\YL� SPNO[
KPZ[YPI\[PVU� OLPNO[Z� KH`SPNO[� ZLUZVYZ� L[J�
¶ [OL SPZ[ X\PJRS` [LUKZ [V IL VM JVUZPKLY�
HISL SLUN[O�

6[OLY PUK\Z[YPLZ [VVR [OL Z[LW PU[V [OL ]PY�
[\HS ^VYSK LHYSPLY� ;OL JHY JVUÄN\YH[VY PZ
H JSHZZPJ L_HTWSL� 5V[ VUS` JHU `V\ JYL�
H[L `V\Y JHY VUSPUL� `V\ JHU HSZV PTTLYZL
PU [OL KLZPNU ]PH =9 >�@� 3H[LY PU [OL ZHSLZ
WYVJLZZ� [OL ÄUHS JVUÄN\YH[PVU ILJVTLZ
[OL MV\UKH[PVU VM [OL JVU[YHJ[� HUK JVU[YVSZ
H\[VTH[PZTZ PU THU\MHJ[\YPUN WYVJLZZLZ
HUK PUZ[HSSLK ZVM[^HYL VW[PVUZ PU [OL JHY�
-VY V\Y [OV\NO[ L_WLYPTLU[� ^L HYL [OLYL�
MVYL L_WHUKPUN V\Y +LS\TPUH[VY ^P[O [OL
JVTWVULU[Z VM V\Y SPNO[PUN ZVS\[PVU ¶ [OL
YLHS ZLUZVYZ HUK S\TPUHPYLZ� ^OPJO HYL JVU�
ÄN\YLK ]PH [OL WHYHTL[LYZ VM [OLPY ]PY[\HS
YLSH[P]LZ �)LJXUH ���

7KH 5HDOLW\

9LHSPZ[PJ SPNO[PUN PU ]PY[\HS ZWHJLZ PZ H Z[HU�
KHYK MVY THU` JVTW\[LY NHTLZ HUK ]PY[\HS
ÄST ZLX\LUJLZ� ;OPZ ^HZ ZLJVUKHY` [V
7HJTHU HUK ;L[YPZ ¶ JSHZZPJZ VM [OL NHTPUN
PUK\Z[Y` PU [OL ILNPUUPUN� )\[ UV^HKH`Z�
[OL WO`ZPJHS WYPUJPWSLZ VM YLHS WLYJLW[PVU
OH]L ILLU PTWSLTLU[LK PU ]PY[\HS ^VYSKZ�
1HTLZ *HTLYVU»Z JSHZZPJ (]H[HY MYVT ��� 
^HZ JLY[HPUS` H KVVY VWLULY MVY [OL PUK\Z�
[Y �̀ ( MHU[HZ[PJ ^VYSK� ^P[O H ZLYPLZ VM PT�
WVZZPISL LSLTLU[Z� LTILKKLK PU H THQVYP[`
VM MHTPSPHY SVVRPUN VIQLJ[Z� >P[O [OL YPZPUN
L_WLJ[H[PVU HUK JVTWL[P[PVU� [OL IVYKLYZ
OH]L ILLU TV]LK H SV[ PU YLJLU[ `LHYZ� ;OL
ÄST ¸9LIPY[O¹ WYVK\JLK I` 8\P_LS >�@ VY PU�
ZPNO[Z PU[V ¸*VU[YVS¹ >�@� H JVTW\[LY NHTL
[OH[ ^VU ZL]LYHS H^HYKZ PU ��� � JSLHYS`
KLTVUZ[YH[L [OH[ [OL JVTWSL_ Z\IQLJ[ VM
SPNO[PUN JHU IL WYLZLU[LK PU OPNO X\HSP[`

[VKH �̀ >OLU MVJ\ZPUN [OL PU[LYHJ[PVU VU
SPNO[PUN PUZ[LHK VM V[OLY NHTLWSH �̀ ]LY`
NVVK YLZ\S[Z HYL HJOPL]HISL ^P[O Z[HUKHYK
7* WLYMVYTHUJLZ [VKH �̀ HS[OV\NO H OPNO�
X\HSP[` .7< ^PSS HS^H`Z HKK JVUZPKLYHISL
X\HSP[ �̀

6]LY [OL WHZ[ ML^ ^LLRZ� -\[\YL(*;
OHZ KL]LSVWLK HUK HUHS`aLK HMMVYKHISL
I\ZPULZZ TVKLSZ� ;OL MVSSV^PUN MV\Y HYL
KLLTLK [V IL OPNOS` YLSL]HU[ MVY [OL \W�
JVTPUN TVU[OZ�

7KH 6KRZURRP

>P[O H ]PY[\HS ZOV^YVVT [OH[ HJJVTTV�
KH[LZ ZL]LYHS ]HYPHU[Z HUK Z[`SLZ� ^OVSL�
ZHSLYZ� JVU[YHJ[VYZ HUK PUZ[HSSLYZ JHU THRL
KLJPZPVU�THRPUN WYVJLZZLZ MHZ[LY� TVYL
LMÄJPLU[ HUK TVYL ]HS\HISL H[ HMMVYKHISL
JVZ[Z� ;OL JVTIPUH[PVU VM SPNO[Z� I\[�
[VUZ� ZLUZVYZ� ISPUKZ� LSLJ[YPJHS KL]PJLZ
HUK YLTV[L�JVU[YVS VW[PVUZ HSSV^Z [OL \ZLY
X\PJR KLJPZPVUZ HUK WYPVYP[` ZL[[PUN� ,ZWL�
JPHSS` ZVS\[PVUZ MVY ZTHY[ OVTLZ HUK 0V;
HWWSPJH[PVUZ WYVÄ[ MYVT H ]PY[\HS ZOV^YVVT�
(U LTW[` YVVT ^P[O [OL VW[PVU MVY [OL \ZLY
[V JYLH[L [OLPY PUKP]PK\HS ]HYPHU[ PZ H ^PU�
;OL JVUULJ[PVU [V ,97 Z`Z[LTZ PZ KVHISL
�)LJXUH ���

7KH &RQðJXUDWRU

:WLJPÄJ WYVK\J[ JVUÄN\YH[VYZ HYL THZZP]L
ZHSLZ Z\WWVY[ MVY THU\MHJ[\YLYZ� :HTWSL
Z[YLL[Z� WHYRPUN SV[Z HUK PUK\Z[YPHS LU]PYVU�



-PN\YL �! ;OPZ PZ H KLTVUZ[YH[PVU MVY HU HWWSPJH[PVU ZWLJPÄJ JVUÄN\YH[VY� >P[O [OL JSPJR VM H TV\ZL� `V\ JHU JOHUNL YVHK JSHZZPÄJH[PVUZ� WVSL HUK IYHJRL[ KPTLUZPVUZ
VY HWWS` ]HYPV\Z SPNO[PUN Z[YH[LNPLZ PU YLHS [PTL� SPRL [OL :THY[UVKLZ SPNO[ I\IISL

-PN\YL �! (U L_HTWSL VM H ZPTWSPÄLK SPNO[PUN JVUÄN\YH[VY� :PTWSPÄLK HYJOP[LJ[\YL HUK JVU[YVS V]LY H ZLYPLZ VM WHYHTL[LYZ HSSV^Z H X\PJR JOLJR VM WYVK\J[ YLSH[LK
HZWLJ[Z

-PN\YL �! ;OPZ WYVQLJ[ JVTIPULZ 25? JVU[YVSZ� H\[VTH[PJ ISPUKZ HUK H O\THU JLU[YPJ SPNO[PUN HWWYVHJO \ZPUN [OL JOHUNL VM JVSVY� IYPNO[ULZZ HUK KPYLJ[PVU� HSS
KLWLUKLU[ VU [PTL� HUK VMMLYZ YLZ\S[Z HUK JVUÄN\YH[PVU VWWVY[\UP[PLZ PU YLHS�[PTL
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TLU[Z OH]L WYV]LU [V IL NYLH[ HWWSPJH[PVUZ
[V Z[HY[ ^P[O� ;OL YHWPK ]HYPH[PVU VM SPNO[PUN
KPZ[YPI\[PVUZ� OLPNO[Z� IYHJRL[ KPTLUZPVUZ
HUK M\Y[OLY VW[PVUZ SPRL KH`SPNO[� ZLHZVU�
[YLLZ� L[J�� YLZ\S[ PU H NVVK MV\UKH[PVU
MVY KLTVUZ[YH[PUN MLH[\YLZ HUK ILULÄ[Z
�)LJXUH ���

7KH 6SHFLðF 3URMHFW

-VY SHYNLY HUK TVYL JVTWSL_ WYVQLJ[Z ¶
LHZPS` PKLU[PÄLK ^OLU [OLYL PZ H ZHTWSL
I\KNL[ ¶ HU PU[LYHJ[P]L TVKLS PZ Z\P[HISL MVY
KLZPNU Z\WWVY[� 0U [OL LHYS` Z[HNLZ� IHZPJ
]HYPHU[Z VM S\TPUHPYLZ� IYPNO[ULZZ SL]LSZ HUK
TH[LYPHSZ ^PSS IL THKL JVU[YVSSHISL� +\Y�
PUN [OL KLJPZPVU�THRPUN WYVJLZZ� KLJPZP]L
WHYHTL[LYZ HYL YLTV]LK HUK HK]HUJLK

WHYHTL[LYZ HYL YLSLHZLK� ;O\Z� [OL TVKLS
KL]LSVWZ PU [OL WYVJLZZ \U[PS HSS KLJPZPVUZ
OH]L ILLU THKL� ;OL YLZ\S[PUN ¸NHTL¹ JHU
IL \ZLK H[ HU` [PTL ¶ [VNL[OLY ^P[O H MLLK�
IHJR PU[LYMHJL ¶ ^OLUL]LY WHY[PJPWH[PVU PZ
HK]HU[HNLV\Z ¶ P�L� PU T\UPJPWHS WYVQLJ[Z�
( ZPTWSL [V\JOZJYLLU PZ JVTWSL[LS` Z\MÄ�
JPLU[ MVY [OPZ �)LJXUH ���

7KH *8, 3URMHFW

*VU[YVS HSNVYP[OTZ HUK WLYZVUHSPaLK \ZLY
PU[LYMHJLZ JHU IL KL]LSVWLK HUK KLJPKLK
PU [OL ]PY[\HS ^VYSK� (M[LY^HYKZ� [OL ZVS\[PVU
PZ SPURLK [V YLHSP[` ]PH HWWYVWYPH[L OHYK�
^HYL PU[LYMHJLZ� ;O\Z� [OL ]PY[\HS .<0 TPNO[
ILJVTL [OL YLHS JVU[YVS JLU[LY� ;OPZ PZ WHY�
[PJ\SHYS` Z\P[HISL MVY ZTHY[ OVTL HUK WPSV[

HWWSPJH[PVUZ HZ ^LSS HZ MVY YLZLHYJO HUK
KL]LSVWTLU[ WYVQLJ[Z� -VY WYVQLJ[ ZPaLZ
PU ^OPJO KLJLU[YHSPaH[PVU WSH`Z HU PTWVY�
[HU[ YVSL� [OL JLU[YHS PU[LSSPNLUJL OHZ [V IL
KPZ[YPI\[LK HWWYVWYPH[LS �̀

7KH 6WDUWLQJ 3RLQW

)LPUN HISL [V KPZJ\ZZ [OL HIV]L VW[PVUZ
PZ WYPTHYPS` WVZZPISL K\L [V [OL WYVNYLZZ VM
[OL WSH[MVYTZ PU [OL NHTPUN PUK\Z[Y` [OH[
THRLZ [OL VW[PVUZ ÄUHUJPHSS` MLHZPISL� ,_�
HTWSLZ VM [OPZ HYL [OL <UYLHS ,UNPUL >�@�
<UP[` >�@ VY [OL *Y`LUNPUL >�@� 0U[LYHJ[P]L�
[OYLL�KPTLUZPVUHS ^VYSKZ JHU IL JYLH[LK
VU [OLZL LKP[VYZ� ;OLZL WSH[MVYTZ HSZV VMMLY
MYLL WYVNYHTTHIPSP[` HUK HJJLZZ [V WO`ZP�
JHS WYPUJPWSLZ� TH[LYPHSZ� \ZLY PU[LYMHJL HUK



-PN\YL �! 7YVNYLZZ PZ UV[ VUS` KV^U [V W\YL JVTW\[LY WV^LY� ;OLYL HYL H ]HYPL[` VM PKLHZ [OH[ THRL NHTPUN MVY JVUZ[Y\J[PVU HUK LUNPULLYPUN PU[LYZ[PUN HUK HMMVYKHISL
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JVU[YVS VW[PVUZ� 0TTLYZP]L ]PY[\HS YLHSP[` PZ
Q\Z[ HZ WVZZPISL HZ ZPTWSL ^LI ZVS\[PVUZ
\ZPUN WP_LS Z[YLHTPUN�

6IQLJ[Z JHU IL LHZPS` PU[LNYH[LK PU[V [OLZL
^VYSKZ� *SHZZPJ MVYTH[Z� Z\JO HZ +>.�
0-*� �+:� 6)1 VY -)? HYL H]HPSHISL MVY PT�
WVY[� ;OPZ HSZV PUJS\KLZ [OL VW[PVU VM PU[L�
NYH[PUN PU[LSSPNLU[ VIQLJ[Z �L�N� )04 )\PSKPUN
0UMVYTH[PVU 4VKLSPUN >�@�� JP[` TVKLSZ �L�N�
6WLU :[YLL[ 4HW >��@� HUK ZRLSL[HS �+ VI�
QLJ[Z �L�N� WLVWSL PU TV[PVU � 4P_HTV >��@��
-VY [OPZ W\YWVZL� ZL]LYHS ^LI WSH[MVYTZ
OH]L ILLU ZL[ \W HUK THKL HJJLZZPISL�
;OPZ ZPTWSPLZ HJJLZZ MVY [OL ]HYPV\Z JVU�
Z[Y\J[PVU HUK KLZPNU PUK\Z[YPLZ� -VY SPNO[PUN
KLZPNULYZ HUK Z\WWSPLYZ� [OL WVZZPIPSP[` VM
PU[LNYH[PUN 0,: SPNO[PUN KPZ[YPI\[PVUZ IHZLK
VU S\TPUV\Z Å\_ PZ VM PTTLUZL PTWVY[HUJL�

<ZPUN [OL HIV]L VW[PVUZ� ]PY[\HS ^VYSKZ JHU
IL JYLH[LK� >P[O SP[[SL LMMVY[ [OL` JHU NL[
]LY` JSVZL [V WOV[VYLHSPZT� (U PU[LYLZ[PUN
VWWVY[\UP[` PZ [V TVKLS [OL S\TPUHPYL PTHNL
HUK SPNO[ KPZ[YPI\[PVU ZLWHYH[LS` HUK HUK
SPUR [OLT [V LHJO V[OLY� -VY [OL ]HYPL[` VM
[YHUZWHYLU[� ZLTP�[YHUZWHYLU[ HUK TL[HSSPJ
Z\YMHJLZ Z\YYV\UKPUN S\TPUHPYLZ� ^L ÄUHSS`
JHU JVTIPUL H WOV[VYLHSPZ[PJ ]PZ\HS WLYJLW�
[PVU VM [OL S\TPUHPYL ^P[O [OL KPZ[YPI\[PVU VM
SPNO[PUN PU [OL ZWHJL �)LJXUH ���

;OL KLJPZP]L MHJ[VY MVY [OL SPNO[PUN ZLJ[VY
MVY UV^ PZ [V JYLH[L ZPTWSL PU[LYHJ[PVU PU�
[LYMHJLZ� ;OL VWLU LKP[VY HWWYVHJO VM [OL
NHTPUN LUNPULZ \ZPUN JSHZZPJ WYVNYHTTPUN

SHUN\HNLZ ¶ WYPTHYPS` * VY * �� ¶ PZ Z\W�
WVY[P]L� .YHWOPJ ZVM[^HYL KLZPNU VW[PVUZ
>��@ THRL P[ LHZ` [V NL[ Z[HY[LK HUK HSSV^
MVY X\PJR HKHW[H[PVU PU UL^ WYVQLJ[Z� 6]LY
[OL WHZ[ ML^ TVU[OZ� -\[\YL(*; OHZ KL�
]LSVWLK H ^OVSL HYZLUHS VM TLU\Z MVY [OL
SPNO[PUN HUK PUZ[HSSH[PVU PUK\Z[Y` [OH[ JHU
IL W\[ [VNL[OLY MVY PUKP]PK\HS HWWSPJH[PVUZ
IHZLK VU [OL 3LNV WYPUJPWSL� ;OPZ HSZV PU�
JS\KLZ ZPTWSL PU[LYMHJLZ [V V[OLY WYVNYHTZ
HUK WYVNYHTTPUN SHUN\HNLZ� ;*7 � 07�
+(30� 25? HUK )S\L[VV[O OH]L HSYLHK`
ILLU Z\JJLZZM\SS` PTWSLTLU[LK�

7KH %HQHðFLDULHV
;V IL H YLHS NHTL JOHUNLY� [OL X\LZ[PVU
VM [OL ILULÄJPHYPLZ HYPZLZ� ;OL SPRLSPOVVK VM
H NHTL JOHUNLY PZ VUS` IPN PM L]LY` WHY[PJ�
PWHU[ PU]VS]LK PU [OL ZHSLZ M\UULS ILULÄ[Z
MYVT [OL KL]LSVWTLU[� ;O\Z� [OL JLU[YHS
X\LZ[PVU PZ! >OV ^V\SK WYVÄ[ MYVT HU VW[P�
TPaLK +LS\TPUH[VY&

� +LJPZPVU�THRLYZ ZLL ]HYPHU[Z ZPKL I`
ZPKL H[ [OL W\ZO VM H I\[[VU� JHU KL[LY�
TPUL [OLPY V^U WLYZWLJ[P]L HUK TVKPM`
WHYHTL[LYZ� ;OPZ Z\WWVY[Z [OL HZZLZZ�
TLU[ VM [OL ]HS\L VM SPNO[PUN HUK P[Z JVU�
ZLX\LUJLZ� ;O\Z� KLJPZPVUZ HYL THKL
MHZ[LY� 9LHS ILULÄ[Z HYL RLW[ PU PU TPUK�
;OPZ YLK\JLZ LYYVYZ SH[LY�

� +LZPNU [LHTZ JHU WYLZLU[ ZHTWSLZ MVY
[OL ZHTL I\KNL[ VU H T\JO IPNNLY ZJHSL
^P[OV\[ WYVK\JPUN ^HZ[L� (IV]L HSS�

[OPZ OLSWZ ^OLU [LZ[PUN HSNVYP[OTZ HUK
UL[^VYRLK M\UJ[PVUZ PU ZTHY[ M\[\YL HW�
WSPJH[PVUZ�

� 3PNO[PUN Z\WWSPLYZ ZOV^ [OLPY MLH[\YLZ PU
YLHS \ZLY ILULÄ[Z� ;OPZ OLSWZ MVY PU[LYUHS
[YHPUPUN VM V^U LTWSV`LLZ HUK JYLH[LZ
NYLH[LY THYRL[ WYV_PTP[ �̀ (U PU]HS\HISL
HK]HU[HNL MVY [YHPUPUN JLU[LYZ� THYRL[PUN
HUK ZHSLZ�

� *VU[YVS WYV]PKLYZ THW PU[LY]LU[PVUZ HUK
ZLUZVYZ SP]L HUK SP[LYHSS` THRL JVTWSL_P[`
[HUNPISL� ;OPZ PZ LZWLJPHSS` [Y\L� ^OLU
YLHS ZLUZVYZ HUK [V\JO WHULSZ JVU[YVS
[OL ]PY[\HS HWWSPJH[PVU�

� :`Z[LT PU[LNYH[VYZ WHYHTL[LYPaL [OL
[LJOUVSVN` PU H T\JO LHYSPLY WYVQLJ[
WOHZL� ;OPZ ZPTWSPÄLZ WYVQLJ[ M\UKPUN�
0U HKKP[PVU� [OL NYHWOPJ PU[LYMHJL MYVT [OL
KLZPNU WOHZL TPNO[ ILJVTL [OL ]PZ\HS�
PaH[PVU HUK JVU[YVS Z\YMHJL VM [OL WYVQLJ[�
:PUJL KLJPZPVU�THRLYZ HUK \ZLYZ HYL
HSYLHK` \ZLK [V [OL PU[LYMHJL� TPZ\UKLY�
Z[HUKPUNZ HYL YLK\JLK�

� >OVSLZHSLYZ JHU I\UKSL ZPUNSL WYVK\J[Z
[V HK]HUJLK ZVS\[PVUZ� ;OPZ Z\WWVY[Z
[OLPY J\Z[VTLYZ ^P[O PUJYLHZLK ZLY]PJLZ
HUK JYLH[LZ HKKLK�]HS\L�

� ,ZWLJPHSS` YL[HPS JOHPUZ WYVNYHT HUK [LZ[
HKQ\Z[TLU[Z ILMVYLOHUK PU ]PY[\HS ZWHJL
HUK WHYHTL[LYPaL [OLPY U\TLYV\Z SVJH�
[PVUZ YLTV[LS �̀ ;OPZ THRLZ ZLHZVUHS
HKQ\Z[TLU[Z HUK ZHSLZ VY ZWHJL VW[P�
TPaH[PVU LHZ �̀ ;OL PUKP]PK\HS YL[HPSLYZ NL[
HU PUZPNO[ PU[V [OL \WJVTPUN L_WLYPLUJLZ
PU HK]HUJL HUK WYLWHYL [OLTZLS]LZ WLY�
MLJ[S �̀
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� ;OL J\Z[VTLY WYL�JVUÄN\YLZ OPZ ZVS\�
[PVU ¶ SPRL HU` JHY JVUÄN\YH[VY [VKH �̀
(Z H YLZ\S[� [OL PUP[PHS JVUZ\S[H[PVU PZ
X\HSP[H[P]LS` IL[[LY� TVYL LMÄJPLU[ HUK
YL]VS]LZ WYPTHYPS` HYV\UK \ZLY ULLKZ HUK
X\LZ[PVUZ� -VY [OL ZVS\[PVU WYV]PKLY� [OPZ
MV\UKH[PVU VMMLYZ H NYLH[ VWWVY[\UP[` [V
VW[PTPaL [OLPY MVSSV^�\W�WYVJLZZLZ HUK
PUJYLHZL JVTWL[P[P]LULZZ�

2XWORRN
;OL [PTL PZ YPWL MVY [OL \ZL VM NHTPUN HW�
WYVHJOLZ PU [OL SPNO[PUN PUK\Z[Y �̀ ;OL SPNO[�
PUN PUK\Z[Y` JHU \ZL [OL [VVSZ VM [OL NHT�
PUN PUK\Z[Y` ^P[O YLSH[P]LS` SP[[SL LMMVY[� -PYZ[
WYVQLJ[Z KLTVUZ[YH[L Z\JJLZZ� ;OL U\T�
ILY VM ILULÄJPHYPLZ PZ O\NL� HUK [OL IHYYP�
LYZ HYL YLSH[P]LS` SV �̂ ;OL HYJOP[LJ[\YL >��@
HUK H\[VTV[P]L PUK\Z[YPLZ HYL NVVK YVSL
TVKLSZ HUK ZLY]L HZ H YLMLYLUJL MVY THU�
HNLTLU[ KLJPZPVUZ� >P[O [OL 3,+� ^OPJO
PZ LSLJ[YVUPJHSS` JVU[YVSSHISL� [OL PUK\Z[Y`
MV\UKH[PVU PZ L_JLSSLU[� ;OL O\NL [HZR VM
UL[^VYRPUN SPNO[PUN PU[V 0V; HWWSPJH[PVUZ ^PSS
ZLY]L HZ H JH[HS`Z[� ;OL \WJVTPUN `LHYZ
^PSS VMMLY [OL WVZZPIPSP[` VM KPMMLYLU[PH[PVU MVY
LHYS` HKVW[LYZ� 0U [OL SVUN Y\U� NHTPUN ^PSS
JOHUNL [OL PUK\Z[Y` HUK ILJVTL H O`NPLUL
MHJ[VY� "

5HIHUHQFHV

B�D -HUKVT 7HNL VM /HYY` 7V[[LY ?iiTb,ff?�``vTQi
i2`X7�M/QKX+QKfrBFBf.2HmKBM�iQ`

B�D P�L� 7VYZJOL ?iiTb,ffrrrXTQ`b+?2X+QKfBMi2`M
�iBQM�HfKQ/2Hbi�`if�HHf

B�D P�L� 3L_\Z ?iiTb,ff`2rBM/X+QfTQ`i7QHBQfH2tm
b@p`@2tT2`B2M+2f

B�D 9LIPY[O ?iiTb,ffrrrXvQmim#2X+QKfr�i+?\p4N7
*kyLq?t9b

B�D *VU[YVS .HTL ?iiTb,ff+QMi`QH;�K2X+QKf
B�D <UYLHS ,UNPUL ?iiTb,ffrrrXmM`2�H2M;BM2X+QKf2

M@laf
B�D <UP[` ?iiTb,ffmMBivX+QKf
B�D *Y`,UNPUL ?iiTb,ffrrrX+`v2M;BM2X+QKf
B D P�L� )04 6IQLJ[Z ?iiTb,ffrrrX#BKQ#D2+iX+QKf

/2@�ifT`Q/m+i
B��D 6WLU :[YL[ 4HW ?iiTb,ffrrrXQT2Mbi`22iK�TX

Q`;f
B��D 4P_HTV ?iiTb,ffrrrXKBt�KQX+QKfOf
B��D P�L� <UYLHS ,UNPUL )S\LWYPU[Z ?iiTb,ff/Q+bXmM`

2�H2M;BM2X+QKf2M@laf1M;BM2f"Hm2T`BMibfBM/2t
X?iKH

B��D +LZPNU 7HYHTL[LYZ [V 7HYHTL[YPJ +LZPNU� 7H�
[YPR :JO\THJOLY� 3VUKVU ����� 7\ISPZOLK PU! ;OL
9V\[SLKNL *VTWHUPVU MVY (YJOP[LJ[\YL +LZPNU
HUK 7YHJ[PJL! ,Z[HISPZOLK HUK ,TLYNPUN ;YLUKZ�
,KP[LK I` 4P[YH 2HUHHUP HUK +HR 2VWLJ� 9V\[�
SLKNL�;H`SVY HUK -YHUJPZ� 5L^ @VYR ���� ?iiTb,
ffrrrXT�i`BFb+?mK�+?2`X+QKfh2tibf.2bB;MWky
S�`�K2i2`bWkyiQWkyS�`�K2i`B+Wky.2bB;MX?iKH

$ERXW )XWXUH$&7
;OL HPT VM -\[\YL(*; PZ [V MHJPSP[H[L KLJPZPVU�
THRPUN� PTWYV]L LU]PYVUTLU[ HUK \ZL
YLZV\YJLZ TVYL LMÄJPLU[S �̀ ,_JLSSLUJL PZ
YLHJOLK I` \ZPUN [OL ILULÄ[Z VM KPNP[PaH�
[PVU HUK \ZLY�JLU[YPJ KLZPNU ¶ MYVT LHZ�
PLY WHY[PJPWH[PVU WYVJLZZLZ [V OPNO LT�
WH[O` PU [OL ZVS\[PVU KLZPNU� (Z H YLZ\S[
[OL JVTWHU` KL]LSVWZ ZVS\[PVUZ� [OH[ HYL
WYVÄ[HISL HUK� H[ [OL ZHTL [PTL� L[OPJHSS`

HUK ZVJPHSS` YLZWLJ[LK� >P[O [OLPY YLJLU[
WYVQLJ[Z ¸TLUZJOSPJO;¹���� � HUK ¸7HYH�
;PTL+LZPNULY¹������ ¶ [OL VMÄJL KLTVU�
Z[YH[LK H UL^ VM [OPURPUN�

$87+25� :ROIJDQJ %(51(&.(5
>VSMNHUN )LYULJRLY PZ J\YYLU[S` *,6 HUK
MV\UKLY VM -\[\YL(*; L�<� H THUHNLTLU[
JVUZ\S[HUJ` ^P[O [OL MVJ\Z VU SPNO[PUN HUK
KPNP[HS ZVS\[PVUZ MVY [OL LHYS` HKVW[LY THY�
RL[� /L JVTIPULZ OPZ LK\JH[PVU HZ HU LU�
NPULLY ¶ ZWLJPHSPaPUN PU JVTT\UPJH[PVUZ
LUNPULLYPUN ¶ ^P[O OPZ L_WLYPLUJL PU KL�
ZPNU HUK I\ZPULZZ� 0U [OL WHZ[ OL ^VYRLK
HZ SPNO[PUN KLZPNULY� [VVR V]LY H ZLYPLZ VM
Z[YH[LNPJ WVZP[PVUZ PU [OL A\T[VILS .YV\W
HUK THUHNLK [^V [LJOUVSVN` T\ZL\TZ�
/L MV\UKLK -\[\YL(*; ��� � (Z H ¸:THY[
+LZPNULY¹ HUK ¸7YVQLJ[ -HJPSP[H[VY¹� OL PZ
JOHYHJ[LYPaLK I` OPZ OVSPZ[PJ HWWYVHJO�

7YVQLJ[ WPJ[\YL VM H MLHZPIPSP[`
Z[\K` J\YYLU[S` PU WYVNYLZZ

https://harrypotter.fandom.com/wiki/Deluminator
https://harrypotter.fandom.com/wiki/Deluminator
https://www.porsche.com/international/modelstart/all/
https://www.porsche.com/international/modelstart/all/
https://rewind.co/portfolio/lexus-vr-experience/
https://rewind.co/portfolio/lexus-vr-experience/
https://www.youtube.com/watch?v=9fC20NWhx4s
https://www.youtube.com/watch?v=9fC20NWhx4s
https://controlgame.com/
https://www.unrealengine.com/en-US/
https://www.unrealengine.com/en-US/
https://unity.com/
https://www.cryengine.com/
https://www.bimobject.com/de-at/product
https://www.bimobject.com/de-at/product
https://www.openstreetmap.org/
https://www.openstreetmap.org/
https://www.mixamo.com/%23/
https://docs.unrealengine.com/en-US/Engine/Blueprints/index.html
https://docs.unrealengine.com/en-US/Engine/Blueprints/index.html
https://docs.unrealengine.com/en-US/Engine/Blueprints/index.html
https://www.patrikschumacher.com/Texts/Design%20Parameters%20to%20Parametric%20Design.html
https://www.patrikschumacher.com/Texts/Design%20Parameters%20to%20Parametric%20Design.html
https://www.patrikschumacher.com/Texts/Design%20Parameters%20to%20Parametric%20Design.html


047905; :<):*907;065:� 79,=0,> 
 7<)30:/,9 ! " #

�� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� c 3PNO[PUN ;LJOUVSVNPLZ 
 +LZPNU 0ZZ\L ���:LW[�6J[�����

!NNUAL 3UBSCRIPTIONS
/S5 'LJLWDO 0DJD]LQH
� L4HNHaPUL �7+- KV^USVHK�
� � 0ZZ\LZ WLY @LHY �)P�TVU[OS`�
� -\SS (YJOP]L (JJLZZ

�HSS WYL]PV\Z L4HNHaPUL PZZ\LZ�
� ,<9 �����

/S5 3ULQWHG 	 'LJLWDO 0DJD]LQH
� 7YPU[ 4HNHaPUL PUJS\KPUN ZOPWWPUN
� L4HNHaPUL �7+- KV^USVHK�
� � 0ZZ\LZ WLY @LHY �)P�TVU[OS`�
� -\SS (YJOP]L (JJLZZ

�HSS WYL]PV\Z L4HNHaPUL PZZ\LZ�
� :OPWWPUN JVZ[Z PUJS\KLK
� ,<9  ����

3UBSCRIBE

?iiTb,ffrrrXH2/@T`Q72bbBQM�HX+QKfbm#
b+`BTiBQM

!DVERTISE

?iiTb,ffrrrXH2/@T`Q72bbBQM�HX+QKf�/p
2`iBb2

,P2 �� \ .OV�$EC ����
#/.4%.4 02%6)%7

)NTERVIEW n !) AND )O4 #ONTROLS
(Y[PÄJPHS 0U[LSSPNLUJL� 0U[LYUL[ VM ;OPUNZ� *VU�
[YVSZ� ,ULYN` :H]PUNZ� 7YVQLJ[ 9LZ\S[Z

,IGHTING &IXUTURE $ESIGN
*\S[\YHS ,UOHUJLTLU[� ;YHKP[PVU� 0UUV]H[PVU

-ICRO
,%$ $ISPLAYS
9LK 5P[YPKL +PZWSH`Z� 9LX\PYLTLU[Z� 7LYMVY�
THUJL

0HOSPHORS
)PVNLUPJ 7OVZWOVYZ� 9LZLHYJO 9LZ\S[Z� ,\YV�
WLHU 7YVQLJ[

#HROMATICITY 3HIFT
9LZLHYJO :[\K �̀ 3,+ *VTWHYPZVUZ� 3,+
7HJRHNLZ

56
# $ISINFECTION
*6=0+�� � <=�3,+Z� 0U[LUZP[PLZ� >H]LSLUNO[Z

,I&I #OMMUNICATION
7YVQLJ[ 9LWVY[� (S[LYUH[P]L 3P-P ;LJOUVSVN`

,%$ 0ROJECTORS
9LWSHJLTLU[ VM 9V[H[PUN 7YVQLJ[VYZ� 0UUV]H�
[P]L 3\TPUHY` ;LJOUVSVN`

'REEN 7ALLS
/VY[PJ\S[\YL 3PNO[PUN� 6W[PT\T >OP[L 3,+Z�
7SHU[ /LHS[O

,P2 �� \ .OV�$EC ����
$%!$,).%3

!$ #,/3%
6*;6),9 ��� ����

-!4%2)!, $5%
6*;6),9 � � ����

$)')4!, 05",)#!4)/.
56=,4),9 ��� ����

02).4 05",)#!4)/.
+,*,4),9 �� ����

,P2 �� \ .OV�$EC ����
%.15)2)%3
K�BHiQ,BM7Q!Hm;2``2b2�`+?X+QK

)MPRINT

,%$ PROFESSIONAL 2EVIEW �,P2	
)33. ����
���8

0UBLISHING #OMPANY
3\NLY 9LZLHYJO L�<� c � ���������
0UZ[P[\[L MVY 0UUV]H[PVU 
 ;LJOUVSVN`
4VVZTHOKZ[YHZZL ��� (����� +VYUIPYU�
(\Z[YPH� ,\YVWL
PUMV'S\NLYYLZLHYJO�JVT c ^^ �̂S\NLYYLZLHYJO�JVT
7 ��� ���� � �� � 
- ��� ���� � �� �  �

3XEOLVKHU
:PLNMYPLK 3\NLY ��� �  ���� ����

Z�S\NLY'S\NLYYLZLHYJO�JVT

(GLWRUV
(YUV .YHIOLY�4L`LY ��� �  ���� ����

H�N�T'SLK�WYVMLZZPVUHS�JVT

+Y� .�U[OLY :LQRVYH ��� �  ���� ����
N�ZLQRVYH'S\NLYYLZLHYJO�JVT

:HYHO ;V^HYK ��� �  ���� ����
ZHYHO�[V^HYK'S\NLYYLZLHYJO�JVT

;OLYLZH 2�UPN ��� �  ���� ����
[OLYLZH�RVLUPN'SLK�WYVMLZZPVUHS�JVT

$FFRXQW 0DQDJHU
*OYPZ[PUL 3\NLY ��� �  ���� ����

J�S\NLY'S\NLYYLZLHYJO�JVT

&KLQD� +RQJ�.RQJ
3VSV @V\UN ����  � � ����

SVSV'JHZ[PU[S�JVT

*HUPDQ\
(YTPU >LaLS �� ����� � �  �

HYTPU'L\YVRVT�TLKPH�KL

,QGLD
7YP`HURH 9HP � � ��� �������

WYP`HURH�YHP'IPUHY`ZLTHU[PJZ�JVT

6RXWK .RUHD
1\UN�>VU :\O ��� � �� �����

ZPUZLNP'ZPUZLNPTLKPH�PUMV

7DLZDQ
3LVU *OLU ���� � ��� �� ������

1LVU'QRTLKPH�JVT�[^

%HQHOX[� )UDQFH� ,UHODQG� 6FDQGLQDYLD� 8.
ALUH *V\Wt ��� � �� �� �� ��

aLUH'L_WVTLKPH�IPa

86$ 	 &DQDGD
3LZSL` /HYTVUPUN �� ��� ��� ����

SLZSL`'SOTLKPHPUJ�JVT

#OPYRIGHTS n ,UGER 2ESEARCH E�5�

;OL LKP[VYZ THRL L]LY` YLHZVUHISL LMMVY[ [V ]LYPM` [OL PUMVYTH[PVU
W\ISPZOLK� I\[ 3\NLY 9LZLHYJO L�<� HZZ\TLZ UV YLZWVUZPIPSP[` MVY [OL
]HSPKP[` VM HU` THU\MHJ[\YLYZ� UVU WYVÄ[ VYNHUPaH[PVUZ VY PUKP]PK\HSZ
JSHPTZ VY Z[H[LTLU[Z� 3\NLY 9LZLHYJO L�<� KVLZ UV[ HZZ\TL HUK
OLYLI` KPZJSHPTZ HU` SPHIPSP[` [V HU` WLYZVU MVY HU` SVZZ VY KHTHNL
JH\ZLK I` LYYVYZ VY VTPZZPVUZ PU [OL TH[LYPHS JVU[HPULK OLYLPU�
YLNHYKSLZZ VM ^OL[OLY Z\JO LYYVYZ YLZ\S[ MYVT ULNSPNLUJL� HJJPKLU[
VY HU` V[OLY JH\ZL ^OH[ZVL]LY� @V\ TH` UV[ JVW �̀ YLWYVK\JL�
YLW\ISPZO� KV^USVHK� WVZ[� IYVHKJHZ[� [YHUZTP[� THRL H]HPSHISL [V
[OL W\ISPJ� VY V[OLY^PZL \ZL 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� JVU[LU[
^P[OV\[ WYPVY ^YP[[LU JVUZLU[ MYVT 3\NLY 9LZLHYJO L�<�

� ��������� 3\NLY 9LZLHYJO L�<� � 0UZ[P[\[L MVY 0UUV]H[PVU 
 ;LJOUVS�
VN` � =(; 5V� (;<�� ������ ,690 5V� (;,6:����������� *VT�
TLYJPHS 9LNPZ[LY -5������W� 9LNPVUHS *V\Y[ -LSKRPYJO� (\Z[YPH�
,\YVWL !

https://www.led-professional.com/subscription
https://www.led-professional.com/subscription
https://www.led-professional.com/subscription
https://www.led-professional.com/advertise
https://www.led-professional.com/advertise
https://www.led-professional.com/advertise
mailto:info@lugerresearch.com


LED professional is the comprehensive
publication and platform, connecting experts
in the design, testing and production of the 
latest lighting technologies information from 
around the world.

powered by Luger Research e.U.

The Global Information 
Hub for Lighting 
Technologies & Design

More than31,500
Readers

GET YOUR 
FREE E-MAGAZINE SAMPLE
www.led-professional.com/free

Get your Free E-Magazine Sample

https://bit.ly/3hTwokz


THE FIRST DIGITAL 
LIGHTING CONFERENCE 

AND EXHIBITION
EXPERIENCE THE 
FUTURE OF LIGHT

www.LpS-Digital.global

https://bit.ly/2QNqDsT

	EDITORIAL
	CONTENTS
	COMMENTARY
	NEWS INTERNATIONAL LIGHTING
	NEWS REGULATION
	LpS Digital – Conference & Exhibition
	INTERVIEW
	Thrust Area Analysis of LiFi Communication Patents
	Lighting for Good
	New Requirements for Energy Efficiency and Labelling of Lighting
	Future Scenarios of the Lighting Industry: Towards a More Sustainable and Innovative Market
	Full Spectrum LED Study 1.0
	Average Spectral Difference – New Metric to Evaluate the Naturalness of Artificial Light Sources
	Facing the Challenges of Spectral Engineering with a New Software Tool
	Transient Infrared Thermography for Thermal Conduction Path Analysis of LED Modules
	Choosing the Right Inductor Technologies for Automotive LED Lighting
	Combination of an Advanced Thermo-Transfer Technology and a Novel High Impact Light Source to Improve MR16 Products
	The Poetics of Darkness
	Gaming in the Lighting Sector – A Game Changer?
	ABOUT | IMPRINT

