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0U +LJLTILY ����� [OL 3W: +PNP[HS (^HYKZ� OPNOSPNO[PUN [OL MVJ\Z VM [OL
WYL]PV\Z `LHY� ^LYL WYLZLU[LK� ;OVZL OPNOSPNO[Z� ^OPJO 0 ^PSS WPJR \W VU
ILSV �̂ ^PSS OLSW N\PKL \Z [OYV\NO [OL JVTPUN `LHY�

;OL H^HYK ^PUULYZ HYL UHTLK ZLWHYH[LS` PU [OPZ PZZ\L»Z 3PNO[PUN 5L^Z�

3PNO[PUN KLZPNUZ HUK ZVS\[PVUZ HYL PUJYLHZPUNS` ILPUN KLZPNULK HUK
KL]LSVWLK HJJVYKPUN [V Z\Z[HPUHIPSP[` HUK [OL JPYJ\SHY LJVUVT �̀ 3PNO[PUN
[LJOUVSVNPLZ MVJ\Z L]LU TVYL VU ZWLJ[YHS VW[PTPaH[PVUZ [V Z[PT\SH[L
O\THU ULLKZ� ;OLZL ZVS\[PVUZ� RUV^U \UKLY [OL JH[LNVY` VM
/\THU�*LU[YPJ 3PNO[PUN� HYL HSZV YLMLYYLK [V HZ PU[LNYH[P]L SPNO[PUN�
ILJH\ZL [OL KLZPNUZ PUÅ\LUJL VY JVU[YVS SPNO[PUN HUK WO`ZPVSVNPJHS LMMLJ[Z�
5L^ SPNO[PUN [LJOUVSVNPLZ HSZV LUHISL [OL YLZVS]PUN VM [OL JVU[YHKPJ[PVU
IL[^LLU LMÄJHJ` HUK *90� [O\Z HSSV^PUN TVYL MYLLKVT MVY VW[PTHS SPNO[PUN
KLZPNUZ� 6M JV\YZL� SPNO[ PZ HSZV \ZLK [V JVTIH[ ]PY\ZLZ� HUK ^P[O <=�*
ZVS\[PVUZ� ^L L_WLJ[ [V ZLL L]LU TVYL L_JP[PUN JVUJLW[Z VU [OL THYRL[�

+PNP[HSPaH[PVU JVU[PU\LZ [V HK]HUJL YHWPKS �̀ :LLPUN SPNO[ HZ H KH[H JHYYPLY VM
PUMVYTH[PVU HUK [HSRPUN HIV\[ WSH[MVYTZ PUZ[LHK VM TVK\SLZ� ZOV^Z� MVY
L_HTWSL� [OL KL]LSVWTLU[Z PU [OL ÄLSK VM 3P-P� ^OPJO VWLU \W LU[PYLS` UL^
WVZZPIPSP[PLZ�

;OL 3W: +PNP[HS (^HYKZ HYL JLY[HPUS` UV[ HSS�LUJVTWHZZPUN� I\[ [OL`
OPNOSPNO[ [OL SPNO[PUN ZLJ[VY»Z THPU MVJHS WVPU[Z [OPZ `LHY�

>L OVWL [OPZ PZZ\L VMMLYZ THU` UL^ PTW\SZLZ MVY `V\ HUK� HIV]L HSS� [OH[
`V\ LUQV` YLHKPUN P[� 0[ JVU[HPUZ [OL WVPU[Z TLU[PVULK HIV]L� PUJS\KPUN HU
PU KLW[O PU[LY]PL^ ^P[O [OL MV\UKLY VM 3P-P� 7YVMLZZVY /HYHSK /HHZ�

@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
4LTILY VM [OL .VVK 3PNO[ .YV\W HUK [OL ,\YVWLHU 7OV[VUPJZ 0UK\Z[Y` *VUZVY[P\T



The Comprehensive 
Guide to the Lighting
World 

The Global Lighting 
Directory 2022

Published by 
LED professional & 
Trends in Lighting

REGISTER 
FOR FREE 

https://gld.lighting


*65;,5; 6=,9=0,> ! " #

� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� c 3PNO[PUN ;LJOUVSVNPLZ  +LZPNU 0ZZ\L � �1HU�-LI�����

� ,+0;690(3

&200(17$5<

� :OHWPUN [OL -\[\YL VM [OL 3PNO[PUN
0UK\Z[Y` ;VNL[OLY
I` 6\YHUPH .,69.6<;:(26<� :LJYL[HY`
.LULYHS VM 3PNO[PUN,\YVWL

1(:6

�� 0U[LYUH[PVUHS 3PNO[PUN 5L^Z

/L)L ò ,17(59,(:

�� 7YVMLZZVY /HYHSK /((:� <UP]LYZP[` VM
:[YH[OJS`KL
JVTWPSLK I` ,KP[VYZ� 3,+ WYVMLZZPVUHS

/36 ',*,7$/

�� 3W: +PNP[HS! 3PNO[PUN *VUMLYLUJL 
,_OPIP[PVU ����

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

�� .SHZZ /V\ZL .HYKLU 9VVT� :LV\S
I` 3PJO[]PZPVU +LZPNU

5(*8/$7,216

�� >OH[ [OL 3PNO[PUN 0UK\Z[Y` 5LLKZ [V
2UV^ HIV\[ [OL ,< ,JVKLZPNU HUK
,ULYN` 3HILSSPUN 9LN\SH[PVUZ
I` ,SLUH :*(9650� 3PNO[PUN,\YVWL

+&/

�� >OLU /\THU *LU[YPJ 3PNO[PUN .L[Z
7LYZVUHS! p�/*3
I` 1LHU�7H\S 3055(9;A� 7YVM� +Y� 0Y�� :PNUPM` HUK
,PUKOV]LU <UP]LYZP[` VM ;LJOUVSVN`" *OHYPRSLPH
7(7(;:047(� 7O�+�� ,PUKOV]LU <UP]LYZP[` VM
;LJOUVSVN`
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�� 3<?;,*/ 6MMLYZ -PYZ[ *VTWLSSPUN -SL_
4VK\SLZ +LZPNULK [V 9LWSHJL ;YHKP[PVUHS
9PNPK 4VK\SLZ! 3<?YVSS �<3 3PZ[LK�
I` 3<?;,*/

89& 5(6($5&+

�� ;OL =PY\JPKHS ,MMLJ[Z VM ��� UT =PZPISL
3PNO[ VU :(9:�*V=�� HUK 0UÅ\LUaH (
=PY\Z
I` (KVSMV .(9*0(�:(:;9,� 7O+� .SVIHS /LHS[O
 ,TLYNPUN 7H[OVNLUZ 0UZ[P[\[L HUK 0JHOU :JOVVS
VM 4LKPJPUL H[ 4V\U[ :PUHP" L[ HS�

89& /('V

�� -\UKHTLU[HSZ VM +PZPUMLJ[PVU +L]PJL
+L]LSVWTLU[
I` +VTPUPR 2k*2� 4:J� >�Y[O ,SLR[YVUPR LP:VZ

/(' '5,9(56

�� /V^ [V <ZL 3;ZWPJL [V 7YVK\JL )VKL
7SV[Z MVY 3,+ +YP]LYZ
I` 2LP[O :A63<:/( HUK )YHUKVU 5./,� (UHSVN
+L]PJLZ

�� ()6<; c 047905;

$'9(57,6,1* ,1'(;
� 3W: +PNP[HS (^HYKZ
� *YLL 3,+
� *HYJSV 6W[PJZ
� .SVIHS 3PNO[PUN +PYLJ[VY`
 6:9(4

�� 3\TPSLKZ

�� 3\TPSLKZ
�� *YLL 3,+
�� )HY[LUIHJO
�� 3<?;,*/
�� 3W: +PNP[HS
�� SLNYHUK ¶ 2LUHSS

�� 3W: +PNP[HS
�� 3,+ WYVMLZZPVUHS 9L]PL^
�� ;YLUKZ PU 3PNO[PUN



*644,5;(9@ 6<9(50( .,69.6<;:(26< ! " #

� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� c 3PNO[PUN ;LJOUVSVNPLZ  +LZPNU 0ZZ\L � �1HU�-LI�����

2XUDQLD
*(25*2876$.28
2XUDQLD *HRUJRXWVDNRX LV
WKH 6HFUHWDU\ *HQHUDO RI
/LJKWLQJ(XURSH� WKH YRLFH RI
WKH OLJKWLQJ LQGXVWU\ LQ
%UXVVHOV� 2XUDQLD MRLQHG
/LJKWLQJ(XURSH LQ $SULO ����
DQG LV UHVSRQVLEOH IRU
/LJKWLQJ(XURSH¶V VWUDWHJ\
DQG LPSDFW� +HU UROH LV WR
UHSUHVHQW (XURSH¶V OLJKWLQJ
LQGXVWU\ LQ WKH %UXVVHOV
SROLWLFDO DUHQD� OLDLVH ZLWK
LQGXVWU\ H[HFXWLYHV DQG
PDQDJH WKH DVVRFLDWLRQ¶V
RSHUDWLRQV�

6KH KDV RYHU ���\HDUV¶
H[SHULHQFH RI DGYRFDWLQJ
IRU PHPEHUVKLS
DVVRFLDWLRQV� SUHYLRXVO\
ZRUNLQJ DV 'LUHFWRU RI
3XEOLF 3ROLF\ LQ (XURSH IRU
6(0, DQG DV 6HQLRU 3ROLF\
&RRUGLQDWRU ZLWK WKH
$VVHPEO\ RI (XURSHDQ
5HJLRQV LQ 6WUDVERXUJ DQG
LQ %UXVVHOV�

3HAPING THE &UTURE OF THE ,IGHTING )NDUSTRY
4OGETHER
;OL WHZ[ [^V `LHYZ OH]L IYV\NO[ HU L_�
[YH [V\JO VM JVTWSL_P[` [V HSS V\Y SP]LZ�
LZWLJPHSS` ^OLU P[ JVTLZ [V WSHUUPUN�
I\[ [OL VUS` ^H` [V NV YLTHPUZ MVY^HYK�

0U ���� ,\YVWL»Z SPNO[PUN PUK\Z[Y` ^PSS
IL HZRLK [V ZWLHR ^P[O H ZPUNSL ]VPJL
VU ^OLYL ^L ^HU[ [V IL PU H ML^ `LHYZ»
[PTL�

;OL WVSPJPLZ HUK Y\SLZ [OH[ ^PSS IL KL�
JPKLK PU ,\YVWL V]LY [OL UL_[ �¶� `LHYZ
^PSS OH]L H KPYLJ[ PTWHJ[ VU OV^ SPNO[PUN
WYVK\J[Z HYL KLZPNULK� THU\MHJ[\YLK
HUK ZVSK VU [OL ,\YVWLHU THYRL[� ;OL`
HYL [OL VWWVY[\UP[` [V Z\WWVY[ HUK HJ�
JLSLYH[L [OL KLSP]LY` VM V\Y ]PZPVU [V PU�
JYLHZL [OL ]HS\L VM SPNO[PUN MVY WLVWSL�
MVY [OL WSHUL[ HUK MVY [OL SPNO[PUN ]HS\L
JOHPU�

¸;OL Y\SLZ HUK YLX\PYLTLU[Z
[OH[ ^PSS JVTL HYL H YHYL
VWWVY[\UP[` [V ZOHWL [OL
M\[\YL VM V\Y PUK\Z[Y` MVY [OL
UL_[ ��� `LHYZ�¹

6<9(50( .,69.6<;:(26<

4HRL UV TPZ[HRL ¶ [OL Y\SLZ HUK YL�
X\PYLTLU[Z [OH[ ^PSS JVTL HYL H YHYL
VWWVY[\UP[` [V ZOHWL [OL M\[\YL VM V\Y
PUK\Z[Y` MVY [OL UL_[ ��� `LHYZ� 0M `V\
[OPUR HIV\[ P[� ^L»]L ILLU VU [OL LKNL
VM ZVTL[OPUN UL^ MVY H ^OPSL UV �̂ >OH[
WLVWSL [OPUR PZ PTWVY[HU[ HUK ^OH[ [OL`
^HU[ PZ JOHUNPUN� /V^ PUZ[P[\[PVUZ� NV]�
LYUTLU[Z HUK JVTWHUPLZ HYL WLYJLP]LK
HUK ^OH[ [OLPY YVSL ZOV\SK IL PZ L]VS]�
PUN� ^P[O PUJYLHZLK [HSR HIV\[ SP]PUN PU H
WVZ[�KLTVJYHJ` HUK WVZ[�MHJ[Z ^VYSK�
9LZPSPLUJL [V J`ILY� LU]PYVUTLU[HS HUK
OLHS[O [OYLH[Z PZ UV^ H WYPVYP[ �̀ ;OL J\Y�
YLU[ WHUKLTPJ OHZ M\Y[OLY KPZY\W[LK
LZ[HISPZOLK WH[[LYUZ� PUJS\KPUN PU V\Y
NSVIHS Z\WWS` JOHPUZ�

:VTLVUL KPK ZH` ¸UL]LY ^HZ[L H NVVK
JYPZPZ¹�

(UK [O\Z ^L HYL WYP]PSLNLK [V Z[HUK VU
[OL LKNL VM [OPZ ¸ZVTL[OPUN UL^¹� H WV�
[LU[PHS WHYHKPNT ZOPM[ PU V\Y LJVUVTPLZ�
V\Y NV]LYUHUJL Z[Y\J[\YLZ� V\Y PU[LYUH�
[PVUHS [YHKPUN YLSH[PVUZOPWZ� HUK [V IL
WHY[ VM ZOHWPUN [OL M\[\YL VM [OL SPNO[PUN
PUK\Z[Y` [VNL[OLY�

7R JLYH \RX D WDVWH RI ZKDW¶V LQ VWRFN
IRU /LJKWLQJ(XURSH WKLV QHZ \HDU�
⇒ >L OH]L H ZOVY[SPZ[ VM �� KYHM[ ,<
SH^Z VY WVSPJPLZ [OH[ ^PSS IL W\ISPZOLK VY
]V[LK VU PU ����� >L L_WLJ[ H[ SLHZ[ �
KYHM[ [L_[Z VU Z\Z[HPUHISL WYVK\J[Z I`
[OL LUK VM 8�� TVZ[ SPRLS` HKKYLZZPUN
JPYJ\SHY WYVK\J[ KLZPNU� YLWHPY  YL\ZL�
LU]PYVUTLU[HS KLJSHYH[PVUZ� Z\IZ[HU[P�
H[PUN NYLLU JSHPTZ HUK TVYL� ,_PZ[PUN
I\ZPULZZ TVKLSZ HYL HSZV \W MVY KPZ�
J\ZZPVU� ^P[O PUJLU[P]LZ MVY ¸WYVK\J[Z
HZ H ZLY]PJL¹ HUK WVZZPISL VISPNH[PVUZ
[V THPU[HPU� YLM\YIPZO VY YLTHU\MHJ[\YL
WYVK\J[Z�
⇒ >OPSL THU` JVTWHUPLZ HYL Z[PSS NL[�
[PUN [V NYPWZ ^P[O [OL UL^ LJVKLZPNU HUK
LULYN` SHILSSPUN YLX\PYLTLU[Z MVY SPNO[
ZV\YJLZ HUK [OL ,< ,79,3 KH[HIHZL ¶
PM `V\ KVU»[ RUV^ ^OH[ 0»T [HSRPUN HIV\[�
JOLJR V\[ [OL 3PNO[PUN,\YVWL .\PKL�
SPULZ VU V\Y ^LIZP[L ¶ PU 3PNO[PUN,\YVWL
^L HYL WYLWHYPUN [OL UL_[ NLULYH[PVU VM
SLNPZSH[PVU WVZ[������ ;OL J\YYLU[ Y\SLZ
JVU[HPU H SPZ[ VM WVZZPISL HKKP[PVUHS YL�
X\PYLTLU[Z [OH[ JV\SK IL PU[YVK\JLK� (Z
HU PUK\Z[Y` ^L ZOV\SK HSZV YL]PL^ [OL
ZJVWL VM [OL SLNPZSH[PVU HUK THRL YLJ�
VTTLUKH[PVUZ VU OV^ [V ZL[ Y\SLZ [OH[
JVTWHUPLZ JHU \UKLYZ[HUK HUK HWWS`
HUK [OH[ H\[OVYP[PLZ JHU JOLJR HUK LU�
MVYJL�
⇒ 5L^ WVSPJPLZ HYL IYPUNPUN UL^ VWWVY�
[\UP[PLZ MVY ]HYPV\Z HWWSPJH[PVUZ� ;OLYL»Z
PUJYLHZLK TVTLU[\T MVY I\PSKPUNZ YLU�
V]H[PVU HUK HU PU[LYLZ[ PU JVUULJ[LK
Z`Z[LTZ� [OH[ ^PSS IL HJJLSLYH[LK I` [OL
UL_[ ^H]L VM ,< WOHZL V\[Z VM JVU]LU�
[PVUHS SPNO[PUN V]LY [OL UL_[ [OYLL `LHYZ�
0U [OL HNYPJ\S[\YL HUK MVVK ZLJ[VY [OLYL»Z
H ZLHYJO MVY HS[LYUH[P]LZ [V WLZ[PJPKLZ VY
[V \ZPUN JOLTPJHSZ HUK WHJRHNPUN MVY
MVVK WYLZLY]H[PVU TL[OVKZ� <= KPZPUMLJ�
[PVU [LJOUVSVNPLZ HYL PUJYLHZPUNS` WLY�
JLP]LK HZ H YLSPHISL VW[PVU [V HSSV^ \Z [V
HNHPU JV�L_PZ[ PU ZHML OLHS[O` ZWHJLZ� "

6�.�
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0U +LJLTILY� [OL 3W: +PNP[HS ���� (^HYK
^PUULYZ ^LYL HUUV\UJLK HUK OVUVYLK K\YPUN
[OL HUU\HS SP]L�Z[YLHT L]LU[ VU +LJLTILY
�UK� ;OL MV\Y HYLHZ YLJVNUPaLK ^LYL! )LZ[
3LJ[\YLZ� :\Z[HPUHIPSP[ �̀ :JPLU[PÄJ :[\K` HUK
)LZ[ 7YVK\J[Z� ;OL TVZ[ V\[Z[HUKPUN
JVU[YPI\[PVUZ HUK ZVS\[PVUZ MYVT [OL WHZ[ `LHY
^LYL OVUVYLK� ;OL H^HYKZ JV]LYLK [OL
Z\IQLJ[ HYLHZ VM 3,+ ;LJOUVSVNPLZ� /*3�
<=�*� 3P-P� HUK *PYJ\SHY ,JVUVT �̀

,%#452% !7!2$

0LNRODM 35=<%</$
¸0U[YVK\J[PVU [V <= 3PNO[ 4LHZ\YLTLU[
7YPUJPWSLZ� /V^ [V 4LHZ\YL <= 3,+Z
*VYYLJ[S`¹

0LNRODM 35=<%</$! *OPLM 6WLYH[PVU 6MÄJLY� .3
6W[PJ� *0, HUK 0,: 4LTILY

;OL Q\Y` KPZ[PUN\PZOLZ [OPZ SLJ[\YL HZ [OL TVZ[
YLJVNUPaLK WYLZLU[H[PVU VU 3W: +PNP[HS
��������� 9LSPHISL <= YHKPH[PVU TLHZ\YLTLU[Z
HYL [OL MV\UKH[PVU MVY L]LY` <= SPNO[
KPZPUMLJ[PVU Z`Z[LT� "

=PL^ [OL SLJ[\YL VU 3W: +PNP[HS�

,%#452% !7!2$

;DYLHU '(1,6
¸PW9.* :LUZP[P]L 6W[PTPaLK 3,+ :WLJ[Y\T
HUK 0[Z (WWSPJH[PVU PU *VSVY ;\UHISL 3PNO[PUN
:VS\[PVUZ¹

;DYLHU '(1,6! ;LJOUPJHS 4HYRL[PUN 4HUHNLY�
5PJOPH ,\YVWL

;OL Q\Y` KPZ[PUN\PZOLZ [OPZ SLJ[\YL HZ HU
PTWVY[HU[ Z[PT\S\Z HUK [LJOUVSVN` Z[LW MVY
O\THU�JLU[YPJ � PU[LNYH[P]L SPNO[PUN KLZPNUZ�
;OL *`HU 3,+ [LJOUVSVN �̀ IHZLK VU :(,
WOVZWOVYZ� PZ PU[YVK\JLK� "

=PL^ [OL SLJ[\YL VU 3W: +PNP[HS�

,%#452% !7!2$

0XVD 810(+23$
¸;OL -\[\YL 7V[LU[PHS VM 3P-P ¶ 3PNO[ -PKLSP[` ¶ 0Z
/LYL ;VKH`¹

0XVD 810(+23$! /LHK VM ,JVZ`Z[LTZ HUK
:[YH[LNPJ (SSPHUJLZ� :PNUPM`

;OL Q\Y` KPZ[PUN\PZOLZ [OPZ SLJ[\YL HZ HU
PTWVY[HU[ Z[PT\S\Z MVY SPNO[ JVTT\UPJH[PVU
[LJOUVSVNPLZ HUK P[Z THYRL[ WLUL[YH[PVU� ;OL
SLJ[\YL OPNOSPNO[Z 3P-PLJVZ`Z[LT� 3P-P
Z[HUKHYKPaH[PVU HUK MVJ\ZLZ VU
THYRL[�HWWSPJH[PVU VWWVY[\UP[PLZ� "

=PL^ [OL SLJ[\YL VU 3W: +PNP[HS�

,%#452% � 3534!).!"),)49
!7!2$

0DUN 5,'/(5
¸6]LY]PL^ VM *PYJ\SHY ,JVUVT` (WWYVHJOLZ PU
3PNO[PUN +LZPNU HUK 7YVQLJ[Z¹

0DUN 5,'/(5! /LHK VM 3PNO[PUN� )+7

;OL Q\Y` KPZ[PUN\PZOLZ [OPZ SLJ[\YL HZ HU
PTWVY[HU[ Z[PT\S\Z MVY Z\Z[HPUHISL SPNO[PUN
KLZPNU� ;OL WYLZLU[H[PVU ZOV^Z H
JVTWYLOLUZP]L WPJ[\YL VM *PYJ\SHY ,JVUVT` PU
3PNO[PUN +LZPNU QVPULK ^P[O YLZ\S[Z MYVT
YLZLHYJO� WYHJ[PJL HUK [OL IYVHK L_WLY[PZL VM
[OL H\[OVY� 0U HKKP[PVU [V [OL SLJ[\YL� H
Z\WWSLTLU[HY` PU[LY]PL^ VU [OL [VWPJ VM
Z\Z[HPUHIPSP[` ^HZ THKL� "

=PL^ [OL SLJ[\YL VU 3W: +PNP[HS�

3#)%.4)&)# ,%#452% !7!2$

+DUDOG +$$6
¸3P-P� ;OL *H[HS`Z[ MVY 5L^ 3,+ (WWSPJH[PVUZ¹

+DUDOG +$$6! 7YVMLZZVY� <UP]� VM :[YH[OJS`KL

7YVM� /HHZ PSS\Z[YH[LZ [OL IHJRNYV\UK MVY OPZ
3P-P YLZLHYJO ¶ [OL ULLK MVY OPNOLY IHUK^PK[O
[V TH[JO [OL JVU[PU\V\ZS` NYV^PUN
JVTT\UPJH[PVU KH[H ]VS\TL� /L NP]LZ HU
V]LY]PL^ VM VUNVPUN L_WLYPTLU[HS YLZLHYJO�
MVJ\ZZPUN VU VWLU JOHSSLUNLZ HUK HJOPL]LK
YLZ\S[Z� -PUHSS �̀ OL NP]LZ H WLYZWLJ[P]L VU ^OH[
3P-P JV\SK TLHU MVY [OL SPNO[PUN PUK\Z[Y �̀ "

=PL^ [OL SLJ[\YL VU 3W: +PNP[HS�

https://led-professional-symposium.com/portfolio/miko-przyblya-gl-optic/
https://led-professional-symposium.com/portfolio/xavier-denis-nichia/
https://led-professional-symposium.com/portfolio/musa-unmehopa-signfiy/
https://led-professional-symposium.com/portfolio/mark-ridler/
https://led-professional-symposium.com/portfolio/harald-haas-univ-of-edinburgh/
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+� /(' 6HULHV
¸3,+ ;LJOUVSVN` [OH[ *VTIPULZ /PNO ,MÄJHJ`
HUK /PNO *90 PU 6UL 7YVK\J[¹

+� /(' 6HULHV

;OL Q\Y` KPZ[PUN\PZOLZ [OPZ WYVK\J[ HZ H
IYLHR[OYV\NO [V PTWYV]L OPNO�X\HSP[` ZTHY[
SPNO[PUN ZVS\[PVUZ HUK JVU[YPI\[L [V Z\Z[HPUHISL
SPNO[PUN KLZPNUZ� ;OL /� ZLYPLZ [HRLZ
HK]HU[HNL VM H \UPX\L YLK UHYYV^ IHUK
WOVZWOVY [LJOUVSVN �̀ 3PNO[PUN WYVMLZZPVUHSZ
UV SVUNLY OH]L [V JOVVZL IL[^LLU OPNO JVSVY
YLUKLYPUN HUK OPNO LMÄJHJ �̀ "

=PL^ [OL WYVK\J[ WYLZLU[H[PVU VU 3W: +PNP[HS�

$ERXW 1,&+,$ &RUSRUDWLRQ
/H]PUN º,]LY 9LZLHYJOPUN MVY H )YPNO[LY >VYSK»
HZ H TV[[V� 50*/0( [HRLZ NYLH[ WYPKL PU ILPUN
[OL [LJOUVSVN` SLHKLY HUK ^VYSK»Z SHYNLZ[ 3,+
THU\MHJ[\YLY� -V\UKLK PU � �� HZ H ZWLJPHSPZ[
JOLTPJHS WYVK\JLY� 50*/0( X\PJRS` ILJHTL
[OL SLHKLY PU S\TPULZJLU[ TH[LYPHSZ
�WOVZWOVYZ�� 5PJOPH SH[LY KL]LSVWLK HUK
JVTTLYJPHSPaLK [OL ÄYZ[ OPNO IYPNO[ULZZ IS\L
3,+ PU �  � HUK [OL ÄYZ[ ^OP[L 3,+ PU �  ��
(KKP[PVUHS UP[YPKL�IHZLK 3,+Z PU ]HYPV\Z JVSVYZ
^LYL KL]LSVWLK� PUJS\KPUN \S[YH]PVSL[ HUK
]PZPISL SHZLY KPVKLZ� 50*/0( ILSPL]LZ [OH[ P[Z
WYVK\J[Z ^PSS YLTHPU H[ [OL MVYLMYVU[ VM LULYN`
LMÄJPLU[ ZVS\[PVUZ [OYV\NOV\[ [OL ^VYSK MVY
`LHYZ [V JVTL� 50*/0( ^PSS JVU[PU\L [V IL H
JVTWHU` [OH[ THRLZ JVU[YPI\[PVUZ [V [OL
^VYSK I` L]VS]PUN P[Z VYPNPUHS HUK \UPX\L
[LJOUVSVNPLZ HUK º,]LY 9LZLHYJOPUN MVY H
)YPNO[LY >VYSK»�
https://www.nichia.co.jp/en/about_ni

chia/index.html

02/$5#4 !7!2$

/<6
¸3P]L /LHS[OPLY ^P[O 3PNO[¹

/<6 %XWWRQ� D ZHDUDEOH OLJKW VHQVRU�

/<6 ,Q�DSS FRDFKLQJ GHVLJQHG ZLWK OHDGLQJ
H[SHUWV�

;OL Q\Y` KPZ[PUN\PZOLZ [OPZ Z`Z[LT ZVS\[PVU HZ
HU PTWVY[HU[ JVU[YPI\[PVU [V Z[PT\SH[L IL[[LY
SPNO[� SPNO[ X\HSP[` HUK OLHS[O PTWYV]LTLU[
[OYV\NO SPNO[� 7LVWSL JHU [YHJR [OLPY SPNO[
L_WVZ\YL HUK \UKLYZ[HUK SPNO[»Z PTWHJ[ VU
ZSLLW HUK LULYN �̀ 0TWYV]L V]LYHSS ZSLLW�
^LSSILPUN HUK WYVK\J[P]P[` [OYV\NO [OL 3@:
3PNO[ +PL[ WYVNYHT IHZLK VU ZTHY[� HUK
JSV\K�IHZLK [LJOUVSVNPLZ� "

=PL^ [OL WYVK\J[ WYLZLU[H[PVU VU 3W: +PNP[HS�

$ERXW /<6 7HFKQRORJLHV
-V\UKLK I` HU PUUV]H[PVU KLZPNULY HUK H
IPVTLKPJHS LUNPULLY� 3@: JVTIPULZ H O\THU
\UKLYZ[HUKPUN MVY NVVK KLZPNU ^P[O
L]PKLUJL�IHZLK [LJOUVSVN �̀ >OH[ ILNHU HZ H
2PJRZ[HY[LY PU ���� OHZ NYV^U [V NSVIHS�
H^HYK�^PUUPUN I\ZPULZZ� 3@: JHU UV^ IL
MV\UK PU �� JV\U[YPLZ ^VYSK^PKL� MYVT
5\PXZ\[� (SHZRH HSS [OL ^H` [V V\Y
ZV\[OLYUTVZ[ \ZLY PU *OYPZ[JO\YJO� 5L^
ALHSHUK� (S[OV\NO 3@: TPNO[ Q\Z[ IL [OL UL_[
IPN IYLHR[OYV\NO PU O\THU�JLU[YPJ SPNO[PUN�
3@: Z[H`Z [Y\L [V [OLPY ZPTWSL JHSSPUN ^OPJO PZ
[V THRL OLHS[O` SPNO[ H]HPSHISL [V L]LY`VUL�
https://lystechnologies.io

02/$5#4 !7!2$

+&/ /(' 6HULHV
¸,HJO 7SHJL /HZ 0[Z 6^U 7\YWVZL� *VTWSL[L
P[ ^P[O [OL 9PNO[ 3PNO[¹

+&/ /(' 6HULHV

;OL Q\Y` KPZ[PUN\PZOLZ [OPZ WYVK\J[ MHTPS`
�34���5 +(@� 34���5 50;,� HZ HU LZZLU[PHS
JVU[YPI\[PVU [V OLHS[O HUK ^LSSILPUN�
-\Y[OLYTVYL� ,SPV 1PU�/H 204 L_WSHPUZ [OL
[VWPJ VM /*3 PU OPZ V\[Z[HUKPUN ^LIPUHY� ^OPJO
HSZV PUJS\KLZ HU HJ[\HS ZWLJ[YH TLHZ\YLTLU[
KLTVUZ[YH[PVU VU KPMMLYLU[ SPNO[PUN
JVUKP[PVUZ� "

=PL^ [OL WYVK\J[ WYLZLU[H[PVU VU 3W: +PNP[HS�

$ERXW 6DPVXQJ
:HTZ\UN .YV\W LUNHNLZ PU [OL THU\MHJ[\YPUN
HUK ZLSSPUN VM LSLJ[YVUPJZ HUK JVTW\[LY
WLYPWOLYHSZ� ;OL JVTWHU` VWLYH[LZ [OYV\NO
MVSSV^PUN I\ZPULZZ KP]PZPVUZ! *VUZ\TLY
,SLJ[YVUPJZ� 0UMVYTH[PVU ;LJOUVSVN`  4VIPSL
*VTT\UPJH[PVUZ HUK +L]PJL :VS\[PVUZ� ;OL
+L]PJL :VS\[PVUZ I\ZPULZZ KP]PZPVU JVTWYPZLZ
VM TLTVY �̀ Z`Z[LT SHYNL ZJHSL PU[LNYH[LK
JPYJ\P[ HUK SPNO[ LTP[[PUN KPVKL� ;OL JVTWHU`
^HZ MV\UKLK VU 1HU\HY` ��� � � HUK PZ
OLHKX\HY[LYLK PU :\^VU� :V\[O 2VYLH�
https://www.samsung.com

https://led-professional-symposium.com/portfolio/expo-nichias-h6-series/
https://www.nichia.co.jp/en/about_nichia/index.html
https://www.nichia.co.jp/en/about_nichia/index.html
https://led-professional-symposium.com/portfolio/lys-technologies/
https://lystechnologies.io
https://led-professional-symposium.com/portfolio/expo-samsung-3/
https://www.samsung.com
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:O\QP 5HRHT\YH� 7YPUJL *OHYSLZ� +Y� 2Ha\HRP
;HRHOHZOP� 3VYK )YV^UL� 9\ZZLS +\W\PZ� +HTL
3`UU .SHKKLU" SLM[ [V YPNO[� IHJR [V MYVU[ �7OV[V
JYLKP[! 0THNL JV\Y[LZ` VM [OL 8,7YPaL��

;OL ���� 8,7YPaL PZ H^HYKLK MVY [OL JYLH[PVU
HUK KL]LSVWTLU[ VM 3,+ SPNO[PUN� ^OPJO MVYTZ
[OL IHZPZ VM HSS ZVSPK Z[H[L SPNO[PUN [LJOUVSVN �̀
0ZHT\ (RHZHRP� :O\QP 5HRHT\YH� 5PJR
/VSVU`HR 1Y� 4� .LVYNL *YHMVYK HUK 9\ZZLSS
+\W\PZ HYL YLJVNUPZLK UV[ VUS` MVY [OL NSVIHS
PTWHJ[ VM 3,+ HUK ZVSPK Z[H[L SPNO[PUN I\[ HSZV
MVY [OL [YLTLUKV\Z JVU[YPI\[PVU [OL
[LJOUVSVN` OHZ THKL� HUK ^PSS JVU[PU\L [V
THRL� [V YLK\JPUN LULYN` JVUZ\TW[PVU HUK
HKKYLZZPUN JSPTH[L JOHUNL�

-PYZ[ H^HYKLK PU ���� PU [OL UHTL VM /LY
4HQLZ[` ;OL 8\LLU� [OL 8,7YPaL L_PZ[Z [V
JLSLIYH[L NYV\UK�IYLHRPUN PUUV]H[PVU PU
LUNPULLYPUN� ;OL ���� ^PUULYZ HYL HUUV\UJLK
[VKH` I` 3VYK )YV^UL VM 4HKPUNSL �̀ *OHPYTHU
VM [OL 8\LLU ,SPaHIL[O 7YPaL MVY ,UNPULLYPUN
-V\UKH[PVU� /9/ ;OL 7YPUJLZZ 9V`HS ZOHYLK
H TLZZHNL VM JVUNYH[\SH[PVU MVY [OL ^PUULYZ�

:VSPK Z[H[L SPNO[PUN [LJOUVSVN` OHZ JOHUNLK
OV^ ^L PSS\TPUH[L V\Y ^VYSK� 0[ JHU IL MV\UK
L]LY`^OLYL MYVT KPNP[HS KPZWSH`Z HUK JVTW\[LY
ZJYLLUZ [V OHUKOLSK SHZLY WVPU[LYZ�
H\[VTVIPSL OLHKSPNO[Z HUK [YHMÄJ SPNO[Z�
;VKH`»Z OPNO�WLYMVYTHUJL 3,+Z HYL \ZLK PU
LMÄJPLU[ ZVSPK Z[H[L SPNO[PUN WYVK\J[Z HJYVZZ
[OL ^VYSK HUK HYL JVU[YPI\[PUN [V [OL
Z\Z[HPUHISL KL]LSVWTLU[ VM ^VYSK LJVUVTPLZ
I` YLK\JPUN LULYN` JVUZ\TW[PVU�

=PZPISL 3,+Z HYL UV^ H NSVIHS PUK\Z[Y`
WYLKPJ[LK [V IL ^VY[O V]LY ���� IPSSPVU I`
���� [OYV\NO SV^ JVZ[� OPNO LMÄJPLUJ` SPNO[PUN�
3,+ SPNO[PUN PZ ��� TVYL LULYN` LMÄJPLU[ [OHU
[YHKP[PVUHS PUJHUKLZJLU[ HUK JVTWHJ[
Å\VYLZJLU[ I\SIZ� HUK PZ WSH`PUN H JY\JPHS YVSL
PU YLK\JPUN JHYIVU KPV_PKL LTPZZPVUZ� 3,+
I\SIZ SHZ[ �� [PTLZ SVUNLY [OHU PUJHUKLZJLU[
I\SIZ HUK [OLPY SHYNL�ZJHSL \ZL YLK\JLZ [OL
LULYN` KLTHUK YLX\PYLK [V JVVS I\PSKPUNZ� -VY
[OPZ� [OL` HYL VM[LU YLMLYYLK [V HZ [OL ºNYLLU
YL]VS\[PVU» ^P[OPU SPNO[PUN�

¸,UNPULLYPUN PZ PTWLYH[P]L [V ZVS]PUN O\THU
WYVISLTZ� (SS V]LY [OL ^VYSK� L]LY`VUL RUV^Z
[OL 8,7YPaL� 4VZ[ PTWVY[HU[S �̀ [OPZ PZ H [LHT
WYPaL� 0 ^HZ HISL [V KV ^OH[ 0 KPK PU [OL � ��Z�
ILJH\ZL VM ^OH[ OHK JVTL ILMVYL� >OLU 0
^HZ TVKPM`PUN YLHJ[VYZ L]LY` TVYUPUN HUK
L]LY` HM[LYUVVU JVU[PU\V\ZS` MVY H `LHY HUK H
OHSM� 0 UL]LY [OV\NO[ P[ ^V\SK IL ZV
Z\JJLZZM\S�¹ 7YVMLZZVY :O\QP 5HRHT\YH

¸;OPZ PZ H YLHSS` ZWLJPHS TVTLU[ MVY TL� ;OL
8,7YPaL PZ ZV WYLZ[PNPV\Z HUK P[ PZ ZWLJ[HJ\SHY
[V YLJLP]L YLJVNUP[PVU MYVT ;OL 9V`HS -HTPS �̀ 0[
PZ H JHYLLY OPNOSPNO[ [OH[ PZ PTWVZZPISL [V ILH[�
,UNPULLYPUN PZ PUJYLKPISL� HUK 0 HT WYV\K [V
WHY[ VM ZVTL[OPUN [OH[ OHZ THKL Z\JO H IPN
PTWHJ[ VU [OL ^VYSK�¹ +Y .LVYNL *YHMVYK

¸0[ PZ YLHSS` ZVTL[OPUN [V ZOHYL PU [OPZ H^HYK
^PU HTVUN T` MYPLUKZ HUK JVSSLHN\LZ ¶ HSS Ä]L
VM \Z LHJO WSH`LK HU PTWVY[HU[ YVSL� HUK [OPZ
YLJVNUP[PVU TLHUZ HU H^M\S SV[� 0U [OVZL LHYS`
KH`Z� ^OLU P[ ^HZ SVUN KH`Z HUK UPNO[Z
OHUK�I\PSKPUN YLHJ[VYZ� 5PJR /VSVU`HR
TLU[VYLK \Z� /L YLHSS` KYL^ \Z PU HUK PUZWPYLK
\Z [V IL WHY[ VM [OL HK]LU[\YL [OH[ PZ
LUNPULLYPUN�¹ 7YVMLZZVY 9\ZZLSS +\W\PZ

¸;OPZ `LHY»Z 7YPaL ^PUULYZ OH]L UV[ VUS` OLSWLK
O\THUP[` [V HJOPL]L H NYLH[LY KLNYLL VM
THZ[LY` V]LY [OL LU]PYVUTLU[� [OL` OH]L
LUHISLK \Z [V KV ZV PU H Z\Z[HPUHISL ^H �̀ ;OL`
OH]L JYLH[LK H WYVK\J[ ^OPJO ^L UV^ [HRL MVY
NYHU[LK� I\[ ^OPJO ^PSS WSH` H THQVY YVSL PU
LUZ\YPUN [OH[ O\THUP[` JHU SP]L PU OHYTVU`
^P[O UH[\YL MVY THU` TVYL JLU[\YPLZ [V JVTL�¹
3VYK )YV^UL VM 4HKPUNSL �̀ *OHPYTHU� 8\LLU
,SPaHIL[O 7YPaL MVY ,UNPULLYPUN -V\UKH[PVU

¸;OL PTWHJ[ VM [OPZ PUUV]H[PVU PZ UV[ [V IL
\UKLYZ[H[LK� 0[ THRLZ SPNO[PUN H SV[ JOLHWLY
HUK TVYL HJJLZZPISL MVY LTLYNPUN LJVUVTPLZ�
-VY L_HTWSL� 3,+Z HYL ILPUN \ZLK VU ÄZOPUN
IVH[Z ^OLYL WYL]PV\ZS` [OL VUS` VW[PVU ^V\SK
OH]L ILLU WHYHMÄU SHTWZ� ;OL` HYL T\JO
JOLHWLY HUK ZHMLY� 0[ PZ UV[ VUS` HU L_[YLTL
LUNPULLYPUN HJOPL]LTLU[� I\[ H ZVJPL[HS
PTWHJ[ [OH[ OHZ H ZPNUPÄJHU[ PTWHJ[ VU [OL
LU]PYVUTLU[�¹ 7YVMLZZVY :PY *OYPZ[VWOLY
:UV^KLU� *OHPY VM [OL 8,7YPaL 1\KNPUN 7HULS

;OL ^PUULYZ ^LYL MVYTHSS` OVUV\YLK H[ [OL
8,7YPaL JLYLTVU �̀ ;OL` YLJLP]LK [OL ��
TPSSPVU WYPaL HUK HU PJVUPJ [YVWO �̀ KLZPNULK I`
[OL ���� *YLH[L [OL ;YVWO` ^PUULY /HUUHO
.VSKZTP[O� H ���`LHY�VSK KLZPNU Z[\KLU[ MYVT
[OL <UP[LK 2PUNKVT�

3VYK )YV^UL HSZV HUUV\UJLK H JOHUNL PU [OL
8,7YPaL J`JSL [V YLÅLJ[ [OL MHJ[ [OH[ Q\Z[ HZ
LUNPULLYPUN PZ JVU[PU\HSS` L]VS]PUN ZV [VV PZ [OL
8,7YPaL� ^OPJO ^PSS UV^ IL H^HYKLK VU HU
HUU\HS IHZPZ� ;OL PUJYLHZL PU [OL MYLX\LUJ` VM
[OL WYPaL J`JSL ^PSS VMMLY NYLH[LY VWWVY[\UP[PLZ
[V YLJVNUPZL LUNPULLYPUN L_JLSSLUJL�

9LNHYKPUN [OPZ JOHUNL 3VYK )YV^UL ZHPK� ¸([
[OL 8\LLU ,SPaHIL[O 7YPaL MVY ,UNPULLYPUN� ^L
YLJVNUPZL [OH[ H UL^ HNL VM PUUV]H[PVU
KLTHUKZ H UL^ HWWYVHJO� (Z LUNPULLYPUN

HUK P[Z WSHJL PU ZVJPL[` RLLW L]VS]PUN� ZV [VV
T\Z[ [OL 7YPaL� >L ^HU[ [V L_WHUK V\Y
OVYPaVUZ� HUK KV TVYL [V YLJVNUPZL [OL
KP]LYZP[` VM JVU[LTWVYHY` LUNPULLYPUN�¹

¸0 JHUUV[ [OPUR VM H IL[[LY ^H` [V OVUV\Y ^OH[
OHZ ILLU HU L_[YHVYKPUHY` `LHY MVY
LUNPULLYPUN� HUK [V JLSLIYH[L [OL JLU[YHSP[` VM
LUNPULLYZ [V [OL Z[VY` VM O\THU WYVNYLZZ�¹ "

3IGNIFY TO !CQUIRE &LUENCE TO
3TRENGTHEN !GRICULTURE
,IGHTING 'ROWTH 0LATFORM

:PNUPM` HUUV\UJLK [OH[ P[ OHZ LU[LYLK PU[V H
KLÄUP[P]L HNYLLTLU[ ^P[O HTZ 6:9(4 �:0?!
(4:� [V HJX\PYL (\Z[PU� ;L_HZ IHZLK -S\LUJL
MVY <:+ ��� TPSSPVU �,<9 ��� TPSSPVU� VU H
JHZO HUK KLI[�MYLL IHZPZ� ;OPZ HJX\PZP[PVU ^PSS
Z[YLUN[OLU V\Y NSVIHS (NYPJ\S[\YL SPNO[PUN
NYV^[O WSH[MVYT HUK L_[LUK V\Y WVZP[PVU PU [OL
H[[YHJ[P]L 5VY[O (TLYPJHU OVY[PJ\S[\YHS SPNO[PUN
THYRL[� ;OL HJX\PZP[PVU PZ M\SS` PU SPUL ^P[O V\Y
Z[YH[LN` [V L_WHUK PU H[[YHJ[P]L NYV^[O
ZLNTLU[Z HUK V\Y JVTTP[TLU[ [V PTWYV]PUN
MVVK H]HPSHIPSP[` I` WYV]PKPUN NYV^LYZ ^P[O
OVY[PJ\S[\YHS SPNO[PUN [OH[ OLSWZ [OLT [V YLK\JL
YLZV\YJL JVUZ\TW[PVU HUK PUJYLHZL `PLSKZ�
>L L_WLJ[ [OL NSVIHS THYRL[ MVY HNYPJ\S[\YHS
SPNO[PUN [V NYV^ I` TVYL [OHU ��� WLY `LHY [V
,<9 ��� IPSSPVU PU �����

;OL HJX\PZP[PVU ^PSS HKK -S\LUJL»Z
JVTWSLTLU[HY` OVY[PJ\S[\YHS SPNO[PUN
[LJOUVSVN` [V V\Y L_PZ[PUN RUV^SLKNL HUK
L_WLY[PZL� ;OPZ PUJS\KLZ SPNO[ YLJPWLZ MVY [OL
SLNHS NYV^PUN VM JHUUHIPZ ��� ZLL MVV[UV[L� ¶
^OPJO� K\L [V [OL SLNHSPaH[PVU PU *HUHKH HUK
THU` <: Z[H[LZ PU YLJLU[ `LHYZ� J\YYLU[S`
NLULYH[LZ [OL THQVYP[` VM -S\LUJL»Z ZHSLZ ¶ HUK
SPNO[ YLJPWLZ MVY [OL JVTWHU`»Z MHZ[�NYV^PUN
I\ZPULZZ [V NYV^ V[OLY JYVWZ� -S\LUJL»Z
[LJOUVSVN` HSZV PUJS\KLZ TVYL [OHU ���
PZZ\LK HUK WLUKPUN WH[LU[Z� MVJ\ZPUN VU
HYLHZ Z\JO HZ SPNO[ X\HSP[ �̀ [OLYTHS
THUHNLTLU[ HUK PUZ[HSSH[PVU TL[OVKZ�
*\YYLU[S` -S\LUJL NLULYH[LZ H THQVYP[` VM P[Z
ZHSLZ PU 5VY[O (TLYPJH�

¸>L»YL L_JP[LK [V HUUV\UJL [OH[ ^L»YL
HJX\PYPUN -S\LUJL� Z[YLUN[OLUPUN V\Y
HNYPJ\S[\YHS SPNO[PUN I\ZPULZZ� VUL VM V\Y THPU
NYV^[O WSH[MVYTZ� 0[ HSZV M\Y[OLY \UKLYSPULZ [OL
Z[YH[LNPJ PTWVY[HUJL VM [OL 5VY[O (TLYPJHU
THYRL[ [V V\Y I\ZPULZZ�¹ ZHPK /HYZO *OP[HSL�
+P]PZPVU 3LHKLY +PNP[HS :VS\[PVUZ H[ :PNUPM �̀



5,>:05;,95(;065(3 30./;05. ¶ )\ZPULZZ 5L^Z! " #

0ZZ\L � �1HU�-LI����� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� c 3PNO[PUN ;LJOUVSVNPLZ  +LZPNU ��

¸>L»YL SVVRPUN MVY^HYK [V ^LSJVTPUN [OL [LHT
MYVT -S\LUJL� 0[Z SPNO[PUN PUUV]H[PVUZ HUK ZVSPK
NV�[VTHYRL[ Z[YH[LN` OH]L OLSWLK I\PSK H
YLJVNUPaLK IYHUK ^P[O H Z[YVUN WVZP[PVU PU
5VY[O (TLYPJH HUK H MHZ[�NYV^PUN I\ZPULZZ PU
,\YVWL� >L MLLS [OH[ UV^ PZ [OL YPNO[ TVTLU[
[V QVPU MVYJLZ� HSSV^PUN IV[O VM \Z [V ZLY]L
TVYL J\Z[VTLYZ ^P[O OPNO�X\HSP[` OVY[PJ\S[\YL
SPNO[PUN WYVK\J[Z�¹

¸:PUJL -S\LUJL»Z MV\UKPUN� P[ OHZ ILLU V\Y ZVSL
TPZZPVU [V PTWYV]L [OL PU[LYHJ[PVU IL[^LLU
SPNO[ HUK SPML [V `PLSK H OLHS[OPLY HUK TVYL
Z\Z[HPUHISL ^VYSK� (KKPUN V\Y SPNO[PUN
ZVS\[PVUZ [V :PNUPM`»Z Z[YVUN WVY[MVSPV
LTWV^LYZ V\Y JVTIPULK I\ZPULZZLZ [V
KLSP]LY [OL ^VYSK»Z TVZ[ HK]HUJLK OVY[PJ\S[\YL
[LJOUVSVN` [V J\S[P]H[VYZ VU H NSVIHS ZJHSL�¹
ZHPK +H]PK *VOLU� *,6 VM -S\LUJL� ¸;OL
JVTIPUH[PVU VM V\Y JVTWHUPLZ ^PSS
PTTLKPH[LS` L_WHUK V\Y JVSSLJ[P]L MVV[WYPU[Z
HUK PUQLJ[ ]HS\HISL L_WLY[PZL PU[V IV[O
JVTWHUPLZ» WYVK\J[ PUUV]H[PVUZ� >L SVVR
MVY^HYK [V \UP[PUN ^P[O [OL :PNUPM` [LHT�¹

-S\LUJL LTWSV`Z TVYL [OHU ��� WLVWSL� 0U
[OL [YHPSPUN �� TVU[OZ �6J[VILY ���� [V
:LW[LTILY ������ -S\LUJL NLULYH[LK <:+
��� TPSSPVU �,<9 ��� TPSSPVU� PU YL]LU\L�
-S\LUJL ^PSS VWLYH[L HZ HU LU[P[` ^P[OPU
:PNUPM`»Z HNYPJ\S[\YHS SPNO[PUN I\ZPULZZ PU
+P]PZPVU +PNP[HS :VS\[PVUZ� ;OL HJX\PZP[PVU PZ
L_WLJ[LK [V JSVZL PU [OL ÄYZ[ OHSM VM �����
Z\IQLJ[ [V YLN\SH[VY` HWWYV]HSZ HUK V[OLY
JVUKP[PVUZ�

��� :PNUPM` HUK -S\LUJL ZOHYL H ZPTPSHY WVSPJ`
[V VUS` WYV]PKL SPNO[PUN WYVK\J[Z MVY [OL
JHUUHIPZ PUK\Z[Y` [V NYV^LYZ [OH[ HYL SLNHSS`
WLYTP[[LK [V KV ZV� PUJS\KPUN THYRL[Z [OH[
WLYTP[ NYV^PUN MVY YLJYLH[PVUHS \ZL� -S\LUJL
HIPKLZ I` HUK YLZWLJ[Z SVJHS SH^Z HUK KVLZ
UV[ WYV]PKL SPNO[PUN MVY JHUUHIPZ WYVK\J[PVU PU
NLVNYHWOPLZ PU ^OPJO P[ PZ UV[ WLYTP[[LK� "

3CHAHL,%$ ,IGHTING !CQUIRES
,%$ 4ECHNICS 'ERMANY

*HYZ[LU >LILY� :HSLZ +PYLJ[VY :JOHOS3,+"
(UKYLHZ 2YL\ZZ� *,6 3,+ ;LJOUPJZ .LYTHU`"
,YPJO 6ILYTL`LY� )\ZPULZZ 4HUHNLY :JOHOS3,+"
)LYUK ]VU +VLYPUN� )\ZPULZZ 4HUHNLY
:JOHOS3,+

:JOHOS3,+ 3PNO[PUN .TI/ HJX\PYLZ 3,+
;LJOUPJZ .LYTHU` .TI/ �3;.�� :JOHOS3,+ PZ
H SLHKPUN WYV]PKLY VM PU[LSSPNLU[ KPNP[HS SPNO[PUN
ZVS\[PVUZ MVY PUK\Z[Y` HUK SVNPZ[PJZ IHZLK PU
<U[LYZJOSLP�OLPT� 3,+ ;LJOUPJZ .LYTHU`
THU\MHJ[\YLZ OPNOS` LMÄJPLU[� \ZLY�MYPLUKS` 3,+

SPNO[PUN MVY TLKP\T�ZPaLK I\ZPULZZLZ� ;OL
3;. IYHUK ^PSS JVU[PU\L [V L_PZ[ HSVUNZPKL
:JOHOS3,+� VW[PTHSS` H\NTLU[PUN
:JOHOS3,+»Z WYVK\J[ WVY[MVSPV� .VPUN MVY^HYK�
J\Z[VTLYZ ^PSS OH]L HJJLZZ [V JVU[YVSSLK HUK
\UJVU[YVSSLK ZVS\[PVUZ MYVT IV[O IYHUKZ� HUK
JHU JOVVZL [V VW[PTPaL 3;. :`Z[LTZ ^P[O
:JOHOS3,+ JVU[YVSSPUN ZVS\[PVUZ�

¸3,+ ;LJOUPJZ .LYTHU` PZ H WLYMLJ[ Ä[ MVY V\Y
HTIP[PV\Z NYV^[O Z[YH[LN �̀¹ ZH`Z )LYUK ]VU
+VLYPUN� THUHNPUN KPYLJ[VY H[ :JOHOS3,+�
¸;VNL[OLY� ^L JHU VMMLY PU[LSSPNLU[�
J\[[PUN�LKNL 3,+ SPNO[PUN ZVS\[PVUZ MVY [OL
PUK\Z[YPHS HUK SVNPZ[PJZ ZLJ[VYZ�¹ 3;.»Z
I\ZPULZZ TVKLS PZ HSZV H Z[YH[LNPJ TH[JO! ;OL
JVTWHUPLZ» UL[^VYR VM KPYLJ[ HUK KPNP[HS ZHSLZ
JOHUULSZ PZ H Ä[ MVY :JOHOS3,+Z SVUN�[LYT
NVHSZ MVJ\ZLK VU Z\Z[HPUHIPSP[` [OYV\NO SV^LY
LULYN` JVUZ\TW[PVU HUK [OL KL]LSVWTLU[ VM
PU[LSSPNLU[ ZVS\[PVUZ�

¸>L OH]L ^VYRLK [VNL[OLY JSVZLS` PU [OL WHZ[�
HUK KPZJV]LYLK [OH[ ^L ZOHYL JVYL ]HS\LZ SPRL
WHZZPVU� JVTTP[TLU[ HUK H OHUKZ�VU
TLU[HSP[`¹� ZH`Z (UKYLHZ 2YL\ZZ� ^OV ^PSS
JVU[PU\L [V SLHK 3,+ ;LJOUPJZ .LYTHU` HZ
THUHNPUN KPYLJ[VY HUK HKKP[PVUHSS` KL]LSVW
:JOHOS3,+»Z ZHSLZ UL[^VYR PU ^LZ[LYU
.LYTHU �̀ 4Y� 2YL\ZZ MV\UKLK 3;. [^LS]L
`LHYZ HNV HUK OHZ SLHK [OL JVTWHU` ZPUJL�
¸0»T WYV\K [OH[ V\Y KL]LSVWTLU[ HZ H
JVTWHU` OHZ W\[ \Z VU [OL THW MVY Z\JO H
Z[YVUN WHY[ULY� HUK SVVR MVY^HYK [V QVPU MVYJLZ

https://lumileds.com/ecodesign-search/
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�� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� c 3PNO[PUN ;LJOUVSVNPLZ  +LZPNU 0ZZ\L � �1HU�-LI�����

^P[O :JOHOS3,+ PU KL]LSVWPUN L]LU IL[[LY
PU[LSSPNLU[ KPNP[HS SPNO[PUN ZVS\[PVUZ�¹

(IV\[ 3,+ ;LJOUPJZ .LYTHU` .TI/
3,+ ;LJOUPJZ .LYTHU` ^HZ MV\UKLK PU ��� 
HUK KL]LSVWZ OPNO�LUK HUK LULYN`�LMÄJPLU[
SPNO[PUN ZVS\[PVUZ MVY PUK\Z[Y` HUK I\ZPULZZ
J\Z[VTLYZ� ;OL *VSVNUL�IHZLK JVTWHU`»Z
3,+ Z`Z[LTZ WYV]PKL TLKP\T�ZPaLK
I\ZPULZZLZ ^P[O HMMVYKHISL� \ZLY�MYPLUKS`
SPNO[PUN ZVS\[PVUZ [OH[ YLK\JL LULYN`
JVUZ\TW[PVU� >P[O H IHJRNYV\UK PU LSLJ[YPJHS
LUNPULLYPUN� MV\UKLY HUK THUHNPUN KPYLJ[VY
(UKYLHZ 2YL\ZZ LTWOHZPaLZ [HPSVY�THKL
SPNO[PUN ZVS\[PVUZ [OH[ HYL LZWLJPHSS` LHZ` [V
PTWSLTLU[� 3,+ ;LJOUPJZ .LYTHU` ZLY]LZ
TLKP\T�ZPaLK JVTWHUPLZ MYVT HSS V]LY
.LYTHU �̀ HUK OHZ H Z[YVUN WYLZLUJL PU [OL
9OPULSHUK YLNPVU� *\Z[VTLYZ PUJS\KL *VSVNUL
)VUU (PYWVY[� +L_[YV ,ULYN �̀ .V[[MYPLK :JO\S[a
:,� )VYIL[ .TI/ HUK THU` TVYL� -VY TVYL
PUMVYTH[PVU� ]PZP[
www.led-technics-germany.de

(IV\[ :JOHOS3,+ 3PNO[PUN .TI/
:JOHOS3,+ PZ H [\YURL` ZLY]PJL WYV]PKLY VM
PU[LSSPNLU[ 3,+ ZVS\[PVUZ MVY [OL PUK\Z[YPHS HUK
SVNPZ[PJZ ZLJ[VYZ ^P[O TVYL [OHU �� `LHYZ VM
SPNO[PUN HUK �� `LHYZ VM 3,+ L_WLYPLUJL� ;OL
JVTWHU` PZ IHZLK PU <U[LYZJOSLP�OLPT ULHY
4\UPJO HUK PZ HJ[P]L PU .LYTHU �̀ (\Z[YPH�
:^P[aLYSHUK HUK 7VSHUK� (Z IV[O
THU\MHJ[\YLY HUK M\SS�ZLY]PJL WYV]PKLY�
:JOHOS3,+ WSHUZ SPNO[PUN JVUJLW[Z HUK
Z\WWSPLZ PU[LSSPNLU[ 3,+ SPNO[PUN Z`Z[LTZ� >P[O
HU L_[LUZP]L UL[^VYR VM ZHSLZ HUK ZLY]PJL
WHY[ULYZ PU .LYTHU �̀ (\Z[YPH� :^P[aLYSHUK HUK
7VSHUK� :JOHOS3,+ JVTWSL[LZ TVYL [OHU VUL
O\UKYLK WYVQLJ[Z HUU\HSS �̀ -VY TVYL
PUMVYTH[PVU� ]PZP[ www.schahlled.de� "

&ARADAY &UTURE !NNOUNCES
(3, AS %XTERIOR ,IGHTING
3UPPLIER

-HYHKH` -\[\YL 0U[LSSPNLU[ ,SLJ[YPJ 0UJ�� H
*HSPMVYUPH�IHZLK NSVIHS ZOHYLK PU[LSSPNLU[
LSLJ[YPJ TVIPSP[` LJVZ`Z[LT JVTWHU �̀
HUUV\UJLK /:3 HZ [OL SLHK L_[LYPVY SPNO[PUN
Z\WWSPLY MVY P[Z ÅHNZOPW� \S[PTH[L PU[LSSPNLU[
[LJOS\_\Y` --  � ,=�

/:3 ZYS� Z\WWSPLZ PU[LSSPNLU[ SPNO[PUN Z`Z[LTZ
HUK OPNO�WLYMVYTHUJL JVTWVULU[Z MVY SLHKPUN
L_JS\ZP]L JHY IYHUKZ ^VYSK^PKL� >P[O P[Z HNPSL
THU\MHJ[\YPUN� /:3 LUHISLZ MHZ[ THYRL[
LU[YPLZ ^P[O H Z[YVUN MVJ\Z VU PUKP]PK\HSPaH[PVU

HUK [LJOUPJHS WLYMLJ[PVU� ,X\PWWLK ^P[O
RUV^SLKNLHISL H\[VTV[P]L ]L[LYHUZ [OH[
JV]LY L]LY` MHJL[ VM L_[LYPVY SPNO[PUN� /:3 ^PSS
^VYR ^P[O -- [OYV\NOV\[ [OL WYVK\J[PVU
WYVJLZZ [V LUZ\YL H WYLTP\T HUK PUUV]H[P]L
L_[LYPVY SPNO[PUN KPZWSH �̀

¸;OL L_[LYPVY SPNO[Z WSH` H RL` YVSL PU [OL
]LOPJSL»Z V]LYHSS HLZ[OL[PJ� ^OPJO PZ ^O` ^L
WHY[ULYLK ^P[O H KPZ[PUN\PZOLK Z\WWSPLY [OH[
OHZ KLLW L_WLYPLUJL PU WYLTP\T L_[LYPVY
SPNO[PUN�¹ ZHPK 7HNL )LLYTHUU� +LZPNU
+PYLJ[VY H[ -HYHKH` -\[\YL� ¸+L[HPSZ Z\JO HZ
[OL --  �»Z YLHY �+ JY`Z[HS�SPRL HYYH` [LUK [V
IL VUL VM [OL SHZ[ [OPUNZ ÄUPZOLK PU H JHY
KL]LSVWTLU[ WYVNYHT� I\[ PZ VUL VM [OL ÄYZ[
[OPUNZ J\Z[VTLYZ UV[PJL�¹

/:3 ^PSS Z\WWS` [OL ,_[LYPVY 3PNO[PUN MVY [OL --
 �� *VTWSLTLU[PUN [OL M\[\YL�MVY^HYK KLZPNU
VM [OL ]LOPJSL� [OL YLHY VM [OL --  � ^PSS KPZWSH`
H \UPX\L� �+ JY`Z[HS�SPRL HYYH` [OH[ Z[HUKZ
HWHY[ MYVT HU`[OPUN LSZL VU [OL YVHK�
(KKP[PVUHSS �̀ LHJO PUKP]PK\HS 3,+ PZ
WYVNYHTTHISL� LUHISPUN J\Z[VTPaLK SPNO[PUN
HUPTH[PVUZ [OH[ JHU IL \WSVHKLK [V [OL
]LOPJSL H[ HU` [PTL� ^P[O WYLZL[ HUPTH[PVUZ
H]HPSHISL H[ SH\UJO�

¸6\[Ä[[PUN [OL --  � ^P[O V\Y WYLTP\T HUK
PUUV]H[P]L L_[LYPVY SPNO[PUN LUZ\YLZ P[Z \UPX\L
WVZP[PVU HTVUN [VW S\_\Y` ]LOPJSLZ�¹ ZHPK
4PYRV )VU]LJJOPV� *;6 H[ /:3� ¸;OL M\[\YL
MVY^HYK KLZPNU HUK [OL WVZZPISL
WLYZVUHSPaH[PVU VM [OL SPNO[PUN KLZPNU PZ
V\[Z[HUKPUN�¹

/:3»Z L_WLYPLUJL HUK JVTTP[TLU[ [V [OL --
 � WYVNYHT ^PSS JVU[YPI\[L [V [OL VU�ZJOLK\SL
KLSP]LY` VM [OL ]LOPJSL PU 1\S` ����� ;OL --  �
-\[\YPZ[ (SSPHUJL ,KP[PVU HUK --  � -\[\YPZ[
TVKLSZ YLWYLZLU[ [OL UL_[ NLULYH[PVU VM
PU[LSSPNLU[� PU[LYUL[�KYP]LU LSLJ[YPJ ]LOPJSLZ �,=��
;OL` HYL OPNO�WLYMVYTHUJL ,=Z� HSS�HIPSP[`
JHYZ� HUK \S[PTH[L YVIV[PJ ]LOPJSLZ� HSSV^PUN
\ZLYZ [V L_WLYPLUJL [OL [OPYK PU[LYUL[ SP]PUN
ZWHJL� ;OL TVKLSZ HSZV LUJVTWHZZ L_[YLTL
[LJOUVSVN �̀ HU \S[PTH[L \ZLY L_WLYPLUJL HUK H
JVTWSL[L LJVZ`Z[LT�

<ZLYZ JHU YLZLY]L HU --  � -\[\YPZ[ TVKLS
UV^ ]PH [OL -- PU[LSSPNLU[ (77 VY --�JVT H[!
https://www.ff.com/us/reserve�

(IV\[ -HYHKH` -\[\YL
,Z[HISPZOLK PU 4H` ����� -HYHKH` -\[\YL PZ H
NSVIHS ZOHYLK PU[LSSPNLU[ TVIPSP[` LJVZ`Z[LT
JVTWHU �̀ OLHKX\HY[LYLK PU 3VZ (UNLSLZ�
*HSPMVYUPH� :PUJL P[Z PUJLW[PVU� -HYHKH` -\[\YL
OHZ PTWSLTLU[LK U\TLYV\Z PUUV]H[PVUZ
YLSH[PUN [V P[Z WYVK\J[Z� [LJOUVSVN �̀ I\ZPULZZ
TVKLS� WYVÄ[ TVKLS� \ZLY LJVZ`Z[LT� HUK
NV]LYUHUJL Z[Y\J[\YL� 6U 1\S` ��� �����
-HYHKH` -\[\YL ^HZ SPZ[LK VU 5(:+(8 ^P[O
[OL UL^ JVTWHU` UHTL ¸-HYHKH` -\[\YL
0U[LSSPNLU[ ,SLJ[YPJ 0UJ�¹� HUK [OL [PJRLY Z`TIVSZ
¸--0,¹ MVY P[Z *SHZZ ( JVTTVU Z[VJR HUK
¸--0,>¹ MVY P[Z ^HYYHU[Z� ;OL ¸0¹ PU --0, Z[HUKZ
MVY 0U[LSSPNLU[ HUK 0U[LYUL[ HUK [OL ¸,¹ Z[HUKZ
MVY ,JVZ`Z[LT HUK ,SLJ[YPJ� -- PZ UV[ Q\Z[ HU

,= JVTWHU �̀ I\[ HSZV HU PU[LYUL[ HUK
[LJOUVSVN` JVTWHU �̀ HU (0 WYVK\J[ JVTWHU �̀
H ZVM[^HYL JVTWHU �̀ HUK H \ZLY LJVZ`Z[LT
JVTWHU �̀ -HYHKH` -\[\YL HPTZ [V WLYWL[\HSS`
PTWYV]L [OL ^H` WLVWSL TV]L I` JYLH[PUN H
MVY^HYK�[OPURPUN TVIPSP[` LJVZ`Z[LT [OH[
PU[LNYH[LZ JSLHU LULYN �̀ (0� [OL 0U[LYUL[ HUK
UL^ \ZLYZOPW TVKLSZ� >P[O [OL \S[PTH[L
PU[LSSPNLU[ [LJOS\_\Y` IYHUK WVZP[PVUPUN�
-HYHKH` -\[\YL»Z ÄYZ[ ÅHNZOPW WYVK\J[ --  �
-\[\YPZ[ PZ LX\PWWLK ^P[O L_JLW[PVUHS WYVK\J[
WV^LY� 0[ PZ UV[ Q\Z[ H OPNO�WLYMVYTHUJL ,=� HU
HSS�HIPSP[` JHY� HUK HU \S[PTH[L YVIV[PJ ]LOPJSL�
I\[ HSZV [OL [OPYK PU[LYUL[ SP]PUN ZWHJL� "

6OLVO #ARS 4ECH &UND )NVESTS
IN /PTICAL AND )MAGING
4ECHNOLOGY 3TARTUP
3PECTRALICS

=VS]V *HYZ OHZ PU]LZ[LK PU [OL VW[PJHS HUK
PTHNPUN [LJOUVSVN` Z[HY[�\W :WLJ[YHSPJZ
[OYV\NO [OL =VS]V *HYZ ;LJO -\UK� [OL
JVTWHU`»Z ]LU[\YL JHWP[HS PU]LZ[TLU[ HYT�
;OL PU]LZ[TLU[ NP]LZ =VS]V *HYZ HJJLZZ [V
WYVTPZPUN [LJOUVSVN` H[ HU LHYS` Z[HNL VM
KL]LSVWTLU[ [OH[ JV\SK JVU[YPI\[L [V THRPUN
JHYZ ZHMLY HUK YL]VS\[PVUPZL PU�JHY \ZLY
L_WLYPLUJL�

*VTPUN MYVT H IHJRNYV\UK PU HLYVZWHJL
[LJOUVSVN` KL]LSVWTLU[� 0ZYHLS�IHZLK
:WLJ[YHSPJZ JYLH[LZ Z[H[L�VM�[OL�HY[ PTHNPUN
HUK VW[PJHS PUMYHZ[Y\J[\YL ZWHUUPUN TH[LYPHSZ�
OHYK^HYL HUK ZVM[^HYL� LUHISPUN H ^PKL
]HYPL[` VM HK]HUJLK VW[PJHS JHWHIPSP[PLZ�

6UL VM [OL JVTWHU`»Z JVYL ZVS\[PVUZ PZ [OL
T\S[P�SH`LYLK [OPU JVTIPULY �43;*� ^OPJO PZ H
UL^ [`WL VM [OPU VW[PJZ ºÄST» HWWSPJHISL [V
ZLL�[OYV\NO Z\YMHJLZ VM HSS ZOHWLZ HUK ZPaLZ�
0U[LNYH[LK PU[V H JHY»Z ^PUKZOPLSK VY ^PUKV^Z�
[OL [LJOUVSVN` JV\SK IL \ZLK [V V]LYSH`
PTHNLY` VU [OL NSHZZ�

0U H ^PUKZOPLSK JVUÄN\YH[PVU� [OL [LJOUVSVN`
JV\SK JYLH[L H ^PKL ÄLSK VM ]PL^ ºOLHKZ�\W
KPZWSH`» [OH[ JHU PUZ[PSS H ZLUZL VM KPZ[HUJL HZ
]PY[\HS VIQLJ[Z HYL Z\WLYPTWVZLK VU[V [OL
YLHS�^VYSK LU]PYVUTLU[ MVY H ZHML HUK
PTTLYZP]L L_WLYPLUJL�

¸:WLJ[YHSPJZ PZ HU L_JP[PUN JVTWHU` ^P[O
[LJOUVSVN` [OH[ OVSKZ [Y\S` NYLH[ WYVTPZL�¹
ZHPK /LUYPR .YLLU� JOPLM WYVK\J[ VMÄJLY H[
=VS]V *HYZ� ¸)` Z\WWVY[PUN [OLPY KL]LSVWTLU[�

www.led-technics-germany.de
www.schahlled.de
https://www.ff.com/us/reserve
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^L JHU IYPUN MVY^HYK [OL WV[LU[PHS [OLPY
WYVK\J[Z JV\SK OH]L PU M\[\YL =VS]V JHYZ�¹

6[OLY WV[LU[PHS \ZLZ VM [OL [LJOUVSVN` PUJS\KL
HK]HUJLK ÄS[LYZ MVY ]HYPV\Z HWWSPJH[PVUZ�
PU�JHIPU ZLUZPUN� ISPUK�WYVVM MYVU[�SVVRPUN
JHTLYHZ HUK KPNP[HS OVSVNYHWOPJ WYVQLJ[PVUZ�

¸>L HYL WYV\K [V WHY[ULY ^P[O H WYVNYLZZP]L
[LJOUVSVN` SLHKLY SPRL =VS]V *HYZ�¹ ZHPK 9HU
)HY�@VZLM� JV�MV\UKLY HUK JOPLM L_LJ\[P]L
VMÄJLY VM :WLJ[YHSPJZ� ¸>L PKLU[PM` T\S[PWSL
[V\JO�WVPU[Z ^P[O =VS]V *HYZ» ]PZPVU PU [OL
LJVZ`Z[LT HUK YLJVNUPZL M\[\YL =VS]VZ HZ [OL
YPNO[ Ä[ MVY UL^ [LJOUVSVNPLZ�¹

:WLJ[YHSPJZ PZ HU HS\TU\Z VM [OL 4VIPSP[`?3HI
WYVNYHTTL PU .V[OLUI\YN� :^LKLU HUK PZ
WHY[ VM [OL +90=, UL[^VYR PU ;LS�(]P]� 0ZYHLS�
;OL` HYL IV[O HJJLSLYH[VYZ MVY WYVTPZPUN
Z[HY[�\WZ ^P[O PKLHZ [OH[ JHU IYLHR UL^
NYV\UK PU [OL TVIPSP[` ZLJ[VY� =VS]V *HYZ OHZ
ILLU H SLHKPUN WHY[ULY PU IV[O PUP[PH[P]LZ ZPUJL
�����

¸;OPZ PU]LZ[TLU[ PZ HUV[OLY YLZ\S[ VM V\Y
Z\JJLZZM\S JVSSHIVYH[PVU ^P[O 4VIPSP[`?SHI HUK
+90=,� HUK P[ KLLWLUZ V\Y YLSH[PVUZOPW ^P[O
[OLZL PUUV]H[PVU WHY[ULYZ�¹ ZHPK 3LL 4H� OLHK
VM [OL =VS]V *HYZ ;LJO -\UK� ¸:WLJ[YHSPJZ PZ H
NVVK WVY[MVSPV Ä[ MVY \Z HUK ^L ILSPL]L [OH[
[OLPY [LJOUVSVN` OHZ [OL WV[LU[PHS [V ZL[ H
Z[HUKHYK MVY [OL UL_[ NLULYH[PVU VM KPZWSH`Z
HUK JHTLYHZ�¹

;OL =VS]V *HYZ ;LJO -\UK ^HZ SH\UJOLK PU
���� HUK PU]LZ[Z PU OPNO�WV[LU[PHS [LJOUVSVN`
Z[HY[�\WZ HYV\UK [OL NSVIL� 0[ MVJ\ZLZ P[Z
PU]LZ[TLU[Z VU Z[YH[LNPJ [LJOUVSVN` [YLUKZ
[YHUZMVYTPUN [OL H\[V PUK\Z[Y �̀ Z\JO HZ
HY[PÄJPHS PU[LSSPNLUJL� LSLJ[YPÄJH[PVU HUK
H\[VUVTV\Z KYP]PUN� "

53 !RMY TO %XPAND
$EPLOYMENT OF ,I&I AS PURE,I&I
IS !WARDED !NOTHER "IG $EAL

.SVIHS SLHKLY PU 3P-P [LJOUVSVN �̀ W\YL3P-P OHZ
ZLJ\YLK HUV[OLY T\S[P�TPSSPVU�KVSSHY KLHS [V
Z\WWS` [OL <: (YT` ^P[O [OV\ZHUKZ VM
HKKP[PVUHS \UP[Z VM [OL 3P-P +LMLUJL Z`Z[LT�
2P[LÄU��

¸;OL 2P[LÄU� Z`Z[LT PZ UV^ VMÄJPHSS`
KPZY\W[PUN [OL LJVZ`Z[LT VM ^PYLSLZZ KLMLUJL
[LJOUVSVNPLZ� 2P[LÄU WYV]PKLZ [OL SH[LZ[
HK]HUJLTLU[Z WYV[LJ[PUN TPZZPVU JYP[PJHS

JVTT\UPJH[PVUZ HUK OHZ [OL WV[LU[PHS [V ZH]L
TPZZPVUZ HUK SP]LZ� >L ^VU»[ Z[VW OLYL" [OL
[YHPU OHZ UV^ SLM[ [OL Z[H[PVU HUK 3P-P PZ VU P[Z
^H` [V L]LU IYVHKLY KLWSV`TLU[Z HUK UL^
THYRL[Z� >L ^PSS W\[ 3P-P PU [OL OHUKZ VM
TPSSPVUZ VM \ZLYZ�¹ ZH`Z (SPZ[HPY )HUOHT� *,6
VM W\YL3P-P�

;LJOUVSVNPLZ Z\JO HZ >P-P� �. HUK �. \ZL
YHKPV MYLX\LUJPLZ [V [YHUZTP[ KH[H� ^OPJO
WYVK\JL SHYNL HYLHZ VM YHKPV MYLX\LUJ`
LTPZZPVUZ [OH[ HYL LHZ` [V KL[LJ[� PU[LYJLW[�
HUK JHU JH\ZL V]LYJYV^KPUN YLZ\S[PUN PU ZSV^
ZWLLKZ HUK \UYLSPHISL JVTT\UPJH[PVUZ K\L [V
PUJYLHZLK 9- JVUNLZ[PVU� 3P-P \ZLZ SPNO[ YH[OLY
[OHU YHKPV MYLX\LUJPLZ YLZ\S[PUN PU ^PYLSLZZ
JVTT\UPJH[PVUZ [OH[ PZ TVYL YLSPHISL�
ZPNUPÄJHU[S` TVYL ZLJ\YL� HUK ZPTWSLY [V
KLWSV �̀

;OL <: (YT` ,\YVWL PZ L_WHUKPUN [OLPY \ZL VM
[OPZ J\[[PUN�LKNL [LJOUVSVN` HZ 3P-P OHZ
WYV]LU [V IL YLSPHISL MVY [OL TVZ[ JYP[PJHS
JVTT\UPJH[PVUZ� 3P-P UV[ VUS` LUOHUJLZ [OL
<: (YT`»Z ^PYLSLZZ JVUULJ[P]P[` [VVSZL[� I\[
OHZ KLTVUZ[YH[LK PU HJ[PVU� [OH[ 3P-P ZVS]LZ
YLHS WYVISLTZ MHJLK I` KLMLUJL HUK UH[PVUHS
ZLJ\YP[ �̀

¸3P-P VMMLY HU L_[YLTLS` Z\Y]P]�
HISL MVYT VM JVTT\UPJH[PVUZ�¹

(5+9,> -69,4(5

¸3P-P [LJOUVSVNPLZ HUZ^LY HSS [OYLL VM [OL
ZLYPV\Z PZZ\LZ HZZVJPH[LK ^P[O [OL 9- WVY[PVU
VM [OL ZWLJ[Y\T� -PYZ[� K\L [V [OL SV^
WYVIHIPSP[` VM KL[LJ[PVU� QHTTPUN� HUK
PU[Y\ZPVU� -:6 HUK 3P-P VMMLY HU L_[YLTLS`
Z\Y]P]HISL MVYT VM JVTT\UPJH[PVUZ ^OLU PU
KPYLJ[ JVUÅPJ[ ^P[O H ULHY�WLLY HK]LYZHY �̀¹ ZHPK
*>� (UKYL^ -VYLTHU� <:(9,<9�(- *OPLM
;LJOUVSVN` 6MÄJLY�

W\YL3P-P HYL YLJVNUPZLK YPZPUN Z[HYZ PU [OL
NSVIHS [LJOUVSVN` ZJLUL HUK UHTLK VUL VM
[OL ¸,, ;PTLZ :PSPJVU ��� Z[HY[�\WZ [V ^H[JO¹
[^V `LHYZ Y\UUPUN� /H]PUN UV^ ZLJ\YLK
T\S[PWSL TPSSPVU�KVSSHY KLHSZ ^P[O [OL <: (YT`
,\YVWL� W\YL3P-P OH]L VMÄJPHSS` THKL [OLPY
THYR VU [OL ^PYLSLZZ JVTT\UPJH[PVUZ
THYRL[WSHJL�

>P[O NYV^PUN KLTHUK MVY IHUK^PK[O O\UNY`
[LJOUVSVNPLZ� Z\JO HZ H\NTLU[LK HUK ]PY[\HS
YLHSP[ �̀ UL_[ NLULYH[PVU THU\MHJ[\YPUN HUK [OL
TL[H]LYZL� UL^ ^PYLSLZZ JVTT\UPJH[PVUZ
[LJOUVSVNPLZ HYL ULLKLK [V LUHISL UL^ \ZL
JHZLZ HUK [LJOUVSVN` IYLHR[OYV\NOZ�

W\YL3P-P PZ UV^ VMMLYPUN OPNO�ZWLLK
JVTWVULU[Z YLHK` MVY PU[LNYH[PVU PU[V
JVUZ\TLY LSLJ[YVUPJZ Z\JO HZ TVIPSL WOVULZ�
SHW[VWZ HUK [HISL[Z� ^P[O H ]PL^ VM [HRPUN 3P-P
THPUZ[YLHT HUK VMMLYPUN \UWYLJLKLU[LK
IHUK^PK[O� \S[YH�MHZ[ ZWLLKZ HUK TPSP[HY`
NYHKL ZLJ\YP[` [V [OL JVUZ\TLY� "

'2%%.EXT 0ROVIDES
3USTAINABLE AND 2ESILIENT
%NERGYASA3ERVICE

:JOULPKLY ,SLJ[YPJ YLJVNUPaLK HZ [OL >VYSK»Z
TVZ[ Z\Z[HPUHISL JVYWVYH[PVU PU ���� I`
*VYWVYH[L 2UPNO[Z� HUK ;LTHZLR HUUV\UJLK
[OL SH\UJO VM .9,,5L_[� H QVPU[ ]LU[\YL [OH[
^PSS WYV]PKL Z\Z[HPUHISL HUK YLZPSPLU[ LULYN`
ZVS\[PVUZ [V JVTTLYJPHS HUK PUK\Z[YPHS
J\Z[VTLYZ [OYV\NO ZVSHY HUK IH[[LY` O`IYPK
TPJYVNYPK [LJOUVSVN �̀ .9,,5L_[ ^PSS \[PSPZL
WYL�LUNPULLYLK Z[HUKHYKPZLK TPJYVNYPK
[LJOUVSVN �̀ ^OPJO PUJYLHZLZ KLWSV`TLU[
ZWLLK� [OH[ ^PSS KPZ[YPI\[L ZVSHY WV^LY HUK
JVTL ^P[O PU[LNYH[LK� KPNP[HSS` VW[PTPZLK
IH[[LYPLZ [V Z[VYL WV^LY� WYV]PKPUN HU
HKKP[PVUHS SH`LY VM YLSPHIPSP[ �̀ (Z HU
,ULYN`�HZ�H�:LY]PJL� .9,,5L_[ ^PSS YLTV]L
[OL ULLK MVY SHYNL \WMYVU[ JHWP[HS VY L_WLUZP]L
PUMYHZ[Y\J[\YL \WNYHKLZ [OYV\NOV\[ [OL SPML[PTL
VM [OL JVU[YHJ[� 7V^LYLK I` YLUL^HISL
LULYN �̀ P[ ^PSS HSSV^ J\Z[VTLYZ [V YLK\JL [OLPY
JHYIVU LTPZZPVUZ� ILULÄ[ MYVT SV^LY LSLJ[YPJP[`
JVZ[Z HUK LUQV` H TVYL YLZPSPLU[ LULYN` Z\WWS �̀

;OPZ WPSV[ WOHZL ^PSS MVJ\Z PUP[PHSS` VU 0UKPH� ^P[O
WV[LU[PHS MVY M\Y[OLY L_WHUZPVU [V :V\[OLHZ[
(ZPH�

3\J 9LTVU[� ,_LJ\[P]L =PJL 7YLZPKLU[�
0U[LYUH[PVUHS 6WLYH[PVUZ� :JOULPKLY ,SLJ[YPJ
ZHPK� ¸:JOULPKLY ,SLJ[YPJ HUK ;LTHZLR ZOHYL H
]PZPVU VM ZJHSPUN [LJOUVSVNPLZ HUK I\ZPULZZLZ
[OH[ JHU OLSW [OL ^VYSK [YHUZP[PVU [V YLUL^HISL
LULYN �̀ >L HYL L_JP[LK HIV\[ OV^ [OPZ ]LU[\YL
JHU HJJLSLYH[L [OL YLUL^HISL LULYN` [YHUZP[PVU
I` YLTV]PUN [OL \WMYVU[ JHWP[HS IHYYPLY�¹

5HNP /HTP`LO� 1VPU[ /LHK VM 0U]LZ[TLU[
.YV\W HUK /LHK VM 7VY[MVSPV +L]LSVWTLU[�
;LTHZLR ZHPK� ¸,UHISPUN I\ZPULZZLZ [V
HJJLSLYH[L [OLPY KLJHYIVUPZH[PVU LMMVY[Z ^PSS IL
RL` [V [HJRSPUN [OL JSPTH[L JYPZPZ ^L HSS MHJL�
;LTHZLR OHZ ILLU HJ[P]LS` PU]LZ[PUN PU
JSPTH[L�HSPNULK VWWVY[\UP[PLZ� JH[HS`ZPUN
IYLHR[OYV\NO [LJOUVSVNPLZ HUK UH[\YL�IHZLK
ZVS\[PVUZ [OH[ HPT [V \ZOLY PU H SV^ JHYIVU
M\[\YL� >L HYL WSLHZLK [V IL WHY[ULYPUN
:JOULPKLY ,SLJ[YPJ [V L_WSVYL OV^ ^L JHU
ZJHSL TPJYVNYPK ZVS\[PVUZ [V YLK\JL [OL
VWLYH[PVUHS JHYIVU LTPZZPVUZ VM JVTWHUPLZ PU
0UKPH� ^P[O [OL WVZZPIPSP[` VM PU[YVK\JPUN Z\JO
[LJOUVSVN` [V V[OLY YLNPVUHS JV\U[YPLZ�¹ "
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*:( .YV\W� H NSVIHS SLHKLY PU ;LZ[PUN�
0UZWLJ[PVU HUK *LY[PÄJH[PVU� OHZ HUUV\UJLK
[OL VWLUPUN VM H UL^ 3PNO[PUN *LU[LY VM
,_JLSSLUJL PU 0Y]PUL� *HSPMVYUPH� ;OL UL �̂
Z[H[L�VM�[OL�HY[ MHJPSP[` ^PSS JLU[YHSPaL HUK
LUOHUJL *:( .YV\W»Z SPNO[PUN L]HS\H[PVU
ZLY]PJLZ� KPYLJ[S` HKKYLZZPUN H ULLK I`
THU\MHJ[\YLYZ SVVRPUN MVY H TVYL Z[YLHTSPULK
[LZ[PUN� PUZWLJ[PVU HUK JLY[PÄJH[PVU WYVJLZZ
HUK MHZ[LY [\YUHYV\UK [PTLZ�

;OYV\NO [OL UL^ 3PNO[PUN *LU[LY VM
,_JLSSLUJL� *:( .YV\W ^PSS WYV]PKL H
JVTWYLOLUZP]L ZL[ VM ZLY]PJLZ PUJS\KPUN
6:/( 59;3 �5H[PVUHSS` 9LJVNUPaLK ;LZ[PUN
3HIVYH[VY`� JLY[PÄJH[PVU ZLY]PJLZ" LULYN`
WLYMVYTHUJL [LZ[PUN� PUJS\KPUN 34�� "
WOV[VIPVSVNPJHS [LZ[PUN" WOV[VTL[YPJ [LZ[PUN�
PUJS\KPUN OVY[PJ\S[\YHS" HUK HJV\Z[PJ [LZ[PUN�
HTVUN V[OLYZ�

¸-HJLK ^P[O HU PUJYLHZPUNS` JVTWL[P[P]L
THYRL[WSHJL HUK VUNVPUN Z\WWS` JOHPU
JOHSSLUNLZ� 5VY[O (TLYPJHU SPNO[PUN
THU\MHJ[\YLYZ HYL SVVRPUN MVY H [LZ[PUN�
PUZWLJ[PVU HUK JLY[PÄJH[PVU WYV]PKLY ^OV UV[
VUS` OLSWZ [OLT UH]PNH[L [OL JLY[PÄJH[PVU
ZJOLTL YLX\PYLTLU[Z VM WYVK\J[Z� I\[ ^OV
\UKLYZ[HUKZ [OLPY ULLK [V NL[ WYVK\J[Z [V
THYRL[ X\PJRS �̀¹ ZH`Z 2* -SL[JOLY� 3PNO[PUN
*LU[LY VM ,_JLSSLUJL 4HUHNLY� ¸,Z[HISPZOPUN
V\Y 3PNO[PUN *LU[LY VM ,_JLSSLUJL PU :V\[OLYU
*HSPMVYUPH� PU JSVZL WYV_PTP[` [V THU` VM V\Y
J\Z[VTLYZ� ^PSS OLSW \Z Z[YLUN[OLU [OL
J\Z[VTLY L_WLYPLUJL�¹

*:( .YV\W PZ H[ [OL MVYLMYVU[ VM HK]HUJLZ PU
SPNO[PUN [LZ[PUN� LZWLJPHSS` PU [OL OVY[PJ\S[\YHS
SPNO[PUN PUK\Z[Y �̀ ;OL UL^ 3PNO[PUN *LU[LY VM
,_JLSSLUJL ^PSS Z[YLUN[OLU *:( .YV\W»Z
SPNO[PUN L]HS\H[PVU JHWHIPSP[PLZ MVY THYRL[Z
HJYVZZ [OL NSVIL PUJS\KPUN JLY[PÄJH[PVU
ZLY]PJLZ MVY *HUHKH HUK ,\YVWL� ;OL UL^
3PNO[PUN *LU[LY VM ,_JLSSLUJL PZ HJJYLKP[LK
HUK YLJVNUPaLK [V [LZ[ HUK JLY[PM` [V ]HYPV\Z
SVJHS HUK PU[LYUH[PVUHS Z[HUKHYKZ�

=PZP[ *:( .YV\W»Z 3PNO[PUN *LU[LY VM
,_JLSSLUJL ^LIZP[L [V SLHYU TVYL� "

7(&+12/2*< 1(:6

,58%/. ���� (% $ELIVERS
(IGHER %FlCACY IN A
(IGHPOWER ,%$

3\TPSLKZ� PUUV]H[VY VM [OL VYPNPUHS ���� 3,+�
OHZ L_WHUKLK P[Z YHUNL VM VW[PVUZ [V TLL[
THU\MHJ[\YLYZ» ULLKZ MVY KPMMLYLU[PH[LK
ZVS\[PVUZ HKKYLZZPUN JVZ[� LMÄJHJ �̀ HUK WV^LY�
;OL UL^ 3<?,65 ���� /, 3,+ KPYLJ[S`
HKKYLZZLZ [OL PUJYLHZPUN KLTHUK MVY ZVSHY
HUK VMM�NYPK ZVS\[PVUZ� YLUL^HISL WV^LY
VW[PVUZ� HUK PTWYV]LK Z\Z[HPUHIPSP[` TL[YPJZ� 0[
L_WHUKZ VW[PVUZ HSVUN [OL LMÄJHJ`¶V\[W\[
JVU[PU\\T NP]PUN S\TPUHPYL THU\MHJ[\YLYZ [OL
HIPSP[` [V IL[[LY [HYNL[ WLYMVYTHUJL [V [OLPY
J\Z[VTLYZ» YLX\PYLTLU[Z�

¸+YP]PUN L]LY OPNOLY LMÄJHJ` SL]LSZ Z\WWVY[Z
Z\Z[HPUHIPSP[` VIQLJ[P]LZ HUK P[ YLK\JLZ
WH`IHJR J`JSLZ�¹ ZHPK 4LP @P 7YVK\J[ 3PUL
4HUHNLY H[ 3\TPSLKZ� ¸;OL UL^ 3<?,65
���� /, KLSP]LYZ ��� S\TLUZ WLY ^H[[ VY
TVYL HUK HSSV^Z MVY )64 JVZ[ YLK\J[PVU ^OPSL
THPU[HPUPUN [OL YVI\Z[ULZZ HUK SVUNL]P[`
L_WLJ[LK MYVT H 3<?,65 3,+�¹

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

3<?,65 ���� /, PZ PTTLKPH[LS` H]HPSHISL PU
����¶����2 **;Z H[ ��*90� 0[ PZ
JOHYHJ[LYPaLK MVY IV[O PSS\TPUH[PVU HUK
OVY[PJ\S[\YL ^P[O S\TLU HUK LMÄJHJ` YH[PUNZ HZ
^LSS HZ 77- ��TVS�Z� HUK 77-�> ��TVS�1��

*VTWSL[L ZWLJPÄJH[PVUZ HUK PUMVYTH[PVU MVY
3<?,65 ���� /, JHU IL MV\UK H[
https://lumileds.com/LUXEON5050HE�

(SS 3<?,65 ���� 3,+Z HYL H]HPSHISL MVY
PTTLKPH[L ZHTWSPUN� 7YVK\J[PVU VYKLYZ HYL
H]HPSHISL UV^ [OYV\NO V\Y KPZ[YPI\[PVU UL[^VYR
HUK SLHK [PTLZ HYL \W [V � ^LLRZ� "

%DISON /PTO 56! � 7HITE �
56# 3ERIES #USTOMIZE $ESIGN
3OLUTION

,KPZVU 6W[V VMMLYZ J\Z[VTPaLK <=( � >OP[L
HUK <=* ZVS\[PVUZ MVY JVU[PU\V\Z KPZPUMLJ[PVU
[V YLK\JL IHJ[LYPH HUK HPYIVYUL ]PY\ZLZ� 0U [OL
^HRL VM [OL NSVIHS V\[IYLHR VM *6=0+�� � [OL
WLVWSL»Z ULLK MVY HU[P�LWPKLTPJ� Z[LYPSPaH[PVU�
HUK HU[P�]PY\Z WYVK\J[Z OHZ LZJHSH[LK� YHUNPUN
MYVT WVY[HISL Z[LYPSPaH[PVU LX\PWTLU[� OVTL
HWWSPHUJLZ Z[LYPSPaH[PVU� HUK W\ISPJ OLHS[O
Z[LYPSPaH[PVU�

>P[O [OL YPZL VM LU]PYVUTLU[HS H^HYLULZZ HUK
PU YLZWVUZL [V [OL 4PUHTH[H *VU]LU[PVU� <=
SHTWZ JVU[HPUPUN TLYJ\Y` ^PSS ULLK [V IL
YLWSHJLK I` JSLHU HUK TVYL LMÄJPLU[ 3,+Z� 0U
[OL M\[\YL� PU [OL WVZ[�LWPKLTPJ LYH� <=* 3,+
WYVK\J[Z ^PSS JVU[PU\L [V NYV^ Z[LHKPS` PU [OL
Z[LYPSPaH[PVU� HUK W\YPÄJH[PVU� HUK ^H[LY
[YLH[TLU[ THYRL[Z�

;V TH[JO [OPZ YPZPUN ULLK� ,KPZVU 6W[V OHZ
SH\UJOLK UL^ <= WYVK\J[Z HUK J\Z[VTPaLK
TVK\SL ZLY]PJLZ� <=* 4PK�/PNO WV^LY
TVK\SLZ HYL PKLHS MVY WVY[HISL Z[LYPSPaH[PVU
KL]PJLZ� KPZPUMLJ[PVU SPNO[ [\ILZ� KPZPUMLJ[PVU
WHULS SPNO[� L[J� <=* /PNO WV^LY KL]PJLZ HYL
WLYMLJ[ ZVS\[PVUZ MVY KPZPUMLJ[PUN HPY� ^H[LY� HUK
Z\YMHJLZ� -\Y[OLYTVYL� ,KPZVU 6W[V KLZPNULK
HUK THU\MHJ[\YLZ <=( � >OP[L TVK\SLZ MVY
ZP[\H[PVUZ [OH[ YLX\PYL JVU[PU\V\Z KPZPUMLJ[PVU�
Z\JO HZ OVZWP[HS YVVTZ�

0U HKKP[PVU [V WYV]PKPUN JVTWSL[L LHJO
KPMMLYLU[ HWWSPJH[PVU YLX\PYLTLU[� ,KPZVU VMMLYZ
J\Z[VTPaLK ZLY]PJLZ� ;OL` HYL TH[JOLK ^P[O
[OL KPMMLYLU[ ÄLSK YLX\PYLTLU[Z [V HJOPL]L [OL
ILZ[ Z[LYPSPaH[PVU LMMLJ[� ;OL [OPYK�WHY[` \UP[
[LZ[ YLWVY[ ZOV^Z [OH[ [OL Z[LYPSPaH[PVU LMMLJ[
JHU IL HZ OPNO HZ   �  � PU HWWS`PUN HPY
Z[LYPSPaH[PVU�

(IV\[ ,KPZVU 6W[V
,KPZVU 6W[V MYVT 5L^ ;HPWLP� ;HP^HU� ^HZ
I\PS[ PU ����� ;OL JVTWHU`»Z TPZZPVU PZ [V
WYV]PKL J\Z[VTLYZ ^P[O H JVTWSL[L 3,+
SPNO[PUN WYVK\J[ SPUL� ;OL SPUL YHUNLZ MYVT
JVTWVULU[Z� (*�+* TVK\SLZ� SPNO[ Z[YPWZ�
Z[YLL[Z�V\[KVVY SPNO[PUN� HM[LY H\[VTV[P]L
SPNO[PUN� HUK OVY[PJ\S[\YL SPNO[PUN� >L
LZ[HISPZOLK [OL PU[LNYH[LK SPNO[PUN KLZPNU
THU\MHJ[\YPUN ZLY]PJL� 3+4: OLSWZ
J\Z[VTLYZ THUHNL L]LY` PZZ\L ^OPSL
KLZPNUPUN 3,+ SPNO[PUN WYVK\J[Z�
https://www.edison-opto.com.tw/en. "

https://lumileds.com/LUXEON5050HE
https://www.edison-opto.com.tw/en.
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3\TPU\Z +L]PJLZ PZ L_JP[LK [V PU[YVK\JL [OL
*=4��� *6) HYYH`Z� ZWLJPÄJHSS` KLZPNULK MVY
Z[\KPV HUK Z[HNL SPNO[PUN� [OL ÄYZ[ PU H MHTPS` VM
9VI\Z[V� WYVK\J[Z� ;OPZ UL^ SPUL MYVT
3\TPU\Z PZ HISL [V KLSP]LY PUJYLKPISL  ��
S\TLU THPU[LUHUJL HUK JVSVY Z[HIPSP[` IL`VUK
��R OV\YZ� L]LU H[ JHZL [LTWLYH[\YLZ HZ OPNO
HZ ��� �*�

;OL ÄYZ[ VM [OL 9VI\Z[V WYVK\J[Z� [OL
*=4��� *6)Z OH]L V\[Z[HUKPUN JVSVY X\HSP[ �̀
OPNO S\TLU PU[LUZP[ �̀ HUK [OL PUK\Z[Y`»Z ILZ[
Å\_ HUK JVSVY Z[HIPSP[` V]LY [OLPY VWLYH[PUN SPML�
;OL *=4���� H[ ���> [V ���>� KLSP]LYZ \W
[V [^V [PTLZ [OL Å\_ SL]LSZ VM JVU]LU[PVUHS
TL[HS OHSPKL ZV\YJLZ� K\L [V P[Z OPNO S\TLU
V\[W\[ HUK KPYLJ[PVUHS LTPZZPVU ¶ UV TVYL
¸YLWSHJLTLU[ I\SIZ¹ ULLKLK� 6]LY ������
S\TLU V\[W\[ PZ HJOPL]HISL H[ ����2 HUK
���>� ^P[O % � ;3*0 HUK *90� HUK %��R
OV\YZ S\TLU THPU[LUHUJL� +H]PK +H]P[V� *6)
7YVK\J[ 3PUL +PYLJ[VY� 0SS\TPUH[PVU H[ 3\TPU\Z�
ZOHYLZ OPZ LU[O\ZPHZT MVY [OPZ UL^ WYVK\J[
SPUL� ¸*VTIPUPUN V\[Z[HUKPUN JVSVY X\HSP[ �̀
������ S\TLUZ VM PU[LUZP[ �̀ HUK [OL PUK\Z[Y`»Z
TVZ[ Z[HISL Å\_ HUK JVSVY� [OL *=4��� NP]LZ
[OL ÄST HUK ;= PUK\Z[Y` [OL OPNO V\[W\[ SPNO[
ZV\YJL [OL` JHU YLS` VU MVY HU` WYVQLJ[�¹

0U HU LMMVY[ [V Z[YLHTSPUL [OL KLZPNU WYVJLZZ�
J\Z[VTLYZ JHU WHPY [OL *=4��� *6)Z ^P[O
[OL *\]tL :`Z[LTZ YLJLU[S` YLSLHZLK 4=4*
KYP]LY [V JYLH[L H M\SS ZVS\[PVU� ;OL 4=4*
:LYPLZ VM 3,+ KYP]LYZ OHZ ILLU KLZPNULK MVY
TPK�]VS[HNL� TPK�J\YYLU[ HWWSPJH[PVUZ [OH[ HYL
JVTTVU [V LU[LY[HPUTLU[� PUK\Z[YPHS� HUK
NLULYHS SPNO[PUN ZVS\[PVUZ� :\WWVY[PUN V\[W\[Z
VM \W [V �� (TWZ HUK ��=� [OL %��� >H[[
YH[LK KYP]LYZ VMMLY L_JLSSLU[ KPTTPUN
ÅPJRLY�MYLL WLYMVYTHUJL� HUK HJ[P]L [OLYTHS
THUHNLTLU[ [V TVUP[VY 3,+ [LTWLYH[\YL�
J\YYLU[� HUK ]VS[HNL� 2PU *OHU� +PYLJ[VY VM

7YVK\J[ 4HUHNLTLU[ L_WSHPUZ� ¸6\Y 4=4*
KYP]LYZ JHU KYP]L OPNO ]VS[HNL� OPNO WV^LY 3,+
HYYH`Z ^P[O WYLJPZL KLLW KPTTPUN HUK ÅPJRLY
MYLL ^OPJO PZ ULLKLK MVY L_JLSSLU[ OPNO
KLÄUP[PVU ÄSTPUN�¹

-VY H M\SS SPZ[ VM MLH[\YLZ� HWWSPJH[PVUZ HUK
ILULÄ[Z VM [OL *=4��� *6) HYYH`Z ]PZP[
https://download.luminus.com/datashe
ets/Luminus_CVM-45_Datasheet.pdf� -VY H
M\SS SPZ[ VM MLH[\YLZ� HWWSPJH[PVUZ HUK ILULÄ[Z VM
[OL 4=4* KYP]LY ]PZP[ http:
//cuveesystems.com/wp-content/upload
s/2021/08/Cuvee_MVMC_Driver_DS.pdf�

(Z ^P[O V[OLY JVTWH[PISL 3\TPU\Z *6) HUK
*\]tL 3,+ KYP]LY JVTIPUH[PVUZ� [OL ZVS\[PVU
JVTLZ ^P[O H JVTIPULK ��`LHY Z`Z[LT
^HYYHU[` [OH[ JV]LYZ IV[O [OL 3,+ HUK [OL
KYP]LY� )V[O WYVK\J[ SPULZ HYL H]HPSHISL [OYV\NO
3\TPU\Z» H\[OVYPaLK KPZ[YPI\[VYZ� "

"RIDGELUX 2ELEASES 4HRIVE ��

)YPKNLS\_ ;OYP]L PZ L_WHUKPUN P[Z YHUNL VM
OPNO�ÄKLSP[` WYVK\J[Z [V PUJS\KL IV[O ;OYP]L  �
HUK ;OYP]L  � �*90 VM  � HUK  � YLZWLJ[M\SS �̀�
)V[O MHTPSPLZ JYLH[L H Z[HISL VM 3,+ ZVS\[PVUZ
[OH[ YLWYLZLU[ [OL JSVZLZ[ TH[JO [V UH[\YHS
SPNO[ HJYVZZ [OL JYP[PJHS ^H]LSLUN[O YHUNL �MYVT
IS\L [V NYLLU� MVY O\THU OLHS[O� )V[O ;OYP]L
WYVK\J[Z LUNHNL H IYVHK�IS\L JOPW
[LJOUVSVN` HUK H ZWLJPHS WOVZWOVY ISLUK [V ÄSS
PU [OL JVTTVU J`HU NHW [OH[ WSHN\LZ TVZ[
3,+ ZVS\[PVUZ�

¸;OL )YVHK )S\L LTPZZPVU PZ ^OH[ HSSV^Z [OL
;OYP]L MHTPS` VM WYVK\J[Z [V TH[JO UH[\YHS SPNO[
ZV ^LSS�¹ ZH`Z 4HYR ]HU KLU )LYN� =7 VM :HSLZ
H[ )YPKNLS\_� ¸)` JYLH[PUN T\S[PWSL IS\L
LTPZZPVU WLHRZ� ^L HYL HISL [V IL[[LY YLWSPJH[L
UH[\YHS SPNO[ [OHU JVTWL[P[VYZ ^OVZL 3,+Z
LTP[ H ZPUNSL� UHYYV^ ZWPRL VM IS\L�¹ )LULÄ[Z
VM [OL LUYPJOLK IS\L ZWLJ[Y\T HUK M\SS
ZWLJ[Y\T JV]LYHNL PUJS\KL PTWYV]LK L`L

JVTMVY[� ZSLLW�^HRL J`JSL HUK LTV[PVUHS
^LSS�ILPUN�

>OLYL ;OYP]L  � \ZLZ H SVUNLY ^H]LSLUN[O
YLK� ^OPJO OLSWZ HJOPL]L 9 % �� ;OYP]L  �»Z
YLK WLHR PZ ZSPNO[S` ZOVY[LY PU [OL ]PZPISL
ZWLJ[Y\T� ^OPJO WYVK\JLZ 9 %��� ;OPZ ZSPNO[
TVKPÄJH[PVU JYLH[LZ H ��� JVTWL[P[P]L LKNL
PU LMÄJHJ` V]LY ;OYP]L  � HUK JVTWL[PUN
 �*90 WYVK\J[Z� ¸0U ;OYP]L  �� KLZPNULYZ JHU
LUQV` WYLTP\T ÄKLSP[` HJYVZZ [OL LU[PYL
ZWLJ[Y\T PU HKKP[PVU [V HTHaPUN LMÄJPLUJ` HSS
PU [OL ZHTL 3,+ WHJRHNL�¹ ZH`Z ;PT 3LZ[LY�
*,6 VM )YPKNLS\_�

)YPKNLS\_ PU WYLWHYPUN ;OYP]L  � MVY [OL SPNO[PUN
KLZPNU JVTT\UP[` JYLH[LK HU L_[LUZP]L MVYTHS
Z\Y]L` JVUK\J[LK ^P[O ZVTL VM [OL [VW
ZWLJPÄLYZ PU ,\YVWL HUK 5VY[O (TLYPJH� 0U
V]LY �� OV\YZ VM PU[LY]PL^Z� ;OYP]L ^HZ
JVTWHYLK [V [YHKP[PVUHS  �*90 WYVK\J[Z� 6]LY
 �� VM [OVZL PU[LY]PL^LK WYLMLYYLK ;OYP]L [V
 �*90� +LZPNULYZ MLS[ [OH[ JVSVYZ YLUKLYLK
\UKLY ;OYP]L ^LYL TVYL UH[\YHS� :\YWYPZPUNS �̀
KLZPNULYZ HSZV MLS[ [OH[ ;OYP]L ^HZ ZV
Z\JJLZZM\S H[ JVSVY [LTWLYH[\YLZ [OH[ [OL`
^V\SKU»[ UH[\YHSS` \ZL �Z\JO HZ ����2�� [OH[
[OL` ^V\SK JVUZPKLY L_WHUKPUN [OLPY WHSL[[L [V
PUJS\KL H IYVHKLY YHUNL VM **;Z� ;OYP]L
WYVK\J[Z HYL ILPUN \ZLK HJYVZZ T\S[PWSL
WSH[MVYTZ ^OPJO LUZ\YLZ [OH[ `V\ JHU IYPUN
Z\U�SPRL X\HSP[` VM SPNO[ [V IV[O `V\Y OVTL HUK
`V\Y VMÄJL� "

%NRICHED ,IGHT WITH
$AYLIGHTLIKE 3PECTRUM
)MPROVES ,EARNING AND
-EMORY &UNCTION

:LV\S :LTPJVUK\J[VY *V� HUUV\UJLK [OH[
MVSSV^PUN :LV\S 5H[PVUHS <UP]LYZP[` PU 2VYLH
HUK )HZLS <UP]LYZP[` PU ,\YVWL� H YLZLHYJO
[LHT MV\UK [OH[ L_WVZ\YL [V ZOVY[�^H]LSLUN[O
LUYPJOLK SPNO[ ^P[O KH`SPNO[�SPRL ZWLJ[Y\T
PTWYV]LZ RL` JVTWVULU[Z VM SLHYUPUN Z\JO HZ

8JUI�����PS�NPSF�MVNFOT�BU����N"�BOE���¡$�-69&0/�)-�9�JT�JEFBM
GPS�SPBEXBZ�BSDIJUFDUVSBM�IJHI�BOE�MPX�CBZ�MJHIUJOH�BOE�FWFO�UPSDIFT�
5IF����Y���NN�EPNFE�FNJUUFS�XJUI�B���TUSJQF�GPPUQSJOU�JT�IJHIMZ�
DPNQBUJCMF�XJUI�TJNJMBS�FNJUUFST�GPS�FBTF�PG�EFTJHO��0QUJPOT�GPS�
������BOE���$3*�BOE�$$5T�GSPN�����,�o�����,�BWBJMBCMF�GPS�PSEFS
XJUI�TUBOEBSE�MFBE�UJNFT�GSPN�-VNJMFET�EJTUSJCVUJPO�OFUXPSL�

/8;(21�+/�;�%RRVWV�/XPHQ�0DLQWHQDQFH��
/RQJHYLW\��DQG�&RORU�6WDELOLW\

XXX�MVNJMFET�DPN

https://download.luminus.com/datasheets/Luminus_CVM-45_Datasheet.pdf
https://download.luminus.com/datasheets/Luminus_CVM-45_Datasheet.pdf
http://cuveesystems.com/wp-content/uploads/2021/08/Cuvee_MVMC_Driver_DS.pdf
http://cuveesystems.com/wp-content/uploads/2021/08/Cuvee_MVMC_Driver_DS.pdf
http://cuveesystems.com/wp-content/uploads/2021/08/Cuvee_MVMC_Driver_DS.pdf
https://lumileds.com/products/high-power-leds/luxeon-hl2x/?utm_source=ledpro&utm_medium=paid&utm_campaign=luxeonhl2x&utm_content=featured-product
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^VYRPUN TLTVY �̀ JVNUP[P]L WYVJLZZPUN ZWLLK�
HUK [LZ[PUN HJJ\YHJ �̀

;OL JSPUPJHS [YPHS ILNHU PU ��� � JVUK\J[LK I`
[OL +P]PZPVU VM :SLLW HUK *PYJHKPHU +PZVYKLYZ
H[ )YPNOHT HUK >VTLU»Z /VZWP[HS� H [LHJOPUN
HMÄSPH[L VM /HY]HYK 4LKPJHS :JOVVS� HUK
PUJS\KLK JVSSLNL�HNLK HK\S[Z� ;OL YLZ\S[Z MYVT
[OL Z[\K` JSLHYS` ZOV^LK [OL LMMLJ[P]LULZZ VM
PTWYV]PUN WYVJLK\YHS SLHYUPUN�

:OHKHI 9HOTHU� 7O+ 47/� H YLZLHYJOLY PU
[OL +P]PZPVU VM :SLLW HUK *PYJHKPHU +PZVYKLYZ
H[ )YPNOHT HUK >VTLU»Z /VZWP[HS HUK
(ZZPZ[HU[ 7YVMLZZVY VM 4LKPJPUL H[ /HY]HYK
4LKPJHS :JOVVS� SLK [OL Z[\K` HSVUN ^P[O 3LPSHO
.YHU[� 7O+� 4LSPZZH :[� /PSHPYL� 7O+� :[L]LU
3VJRSL �̀ 7O+� HUK V[OLY YLZLHYJOLYZ H[ [OL
)YPNOHT� +Y� 9HOTHU ZHPK� ¸,]LU PM [OL JVSVY
[LTWLYH[\YL HUK IYPNO[ULZZ HYL [OL ZHTL� SPNO[
^P[O KPMMLYLU[ ZWLJ[YH TH` HMMLJ[ UVU�]PZ\HS
YLZWVUZLZ [V SPNO[ L_WVZ\YL� PUJS\KPUN [OVZL VM
JPYJHKPHU YO`[OTZ HUK JVNUP[PVU� KPMMLYLU[S �̀ 0U
[OPZ L_WLYPTLU[� ^L MV\UK PTWYV]LTLU[ PU
^VYRPUN TLTVY �̀ JVNUP[P]L WYVJLZZPUN ZWLLK�
WYVJLK\YHS SLHYUPUN� HUK [LZ[PUN HJJ\YHJ` ^P[O
`V\UN HK\S[Z \UKLY KH`SPNO[�SPRL SPNO[ ZWLJ[Y\T
SPNO[PUN JVTWHYLK [V JVU]LU[PVUHS�3,+
ZWLJ[Y\T SPNO[PUN� ;OPZ PZ HU PTWVY[HU[ YLZ\S[
[OH[ JHU PUMVYT SPNO[PUN JOVPJLZ MVY PUKVVY \ZL
[V LUOHUJL Z[\KLU[Z» SLHYUPUN HUK TLTVY`
M\UJ[PVU�¹

;OL KH`SPNO[�SPRL ZWLJ[Y\T SPNO[PUN \ZLK PU [OL
Z[\K` ^HZ WYV]PKLK I` :LV\S :LTPJVUK\J[VY
*V�� 3[K�� THRLYZ VM :\U3PRL� :\U3PRL PZ HU
VW[PJHS ZLTPJVUK\J[VY [LJOUVSVN` [OH[
YLWYVK\JLZ [OL UH[\YHS Z\USPNO[ ZWLJ[Y\T
J\Y]L� [OH[ PZ� [OL PU[LUZP[` VM SPNO[ MVY LHJO
^H]LSLUN[O VM YLK� VYHUNL� `LSSV �̂ NYLLU� IS\L�
HUK W\YWSL� ;OPZ UL^ JVUJLW[ VM 3,+ SPNO[
ZV\YJL LTIVKPLZ HSTVZ[ [OL ZHTL
JOHYHJ[LYPZ[PJZ VM UH[\YHS SPNO[ HUK PZ VW[PTPaLK
MVY O\THU ���OV\Y JPYJHKPHU YO`[OT
HJJVYKPUNS �̀

;OLYL OHZ ILLU HU PUJYLHZL PU YLZLHYJO HJ[P]P[`
VU [OL YLSH[PVUZOPW IL[^LLU SPNO[ HUK O\THU
IPV�M\UJ[PVU� PUJS\KPUN H YLJLU[ ZJPLU[PÄJ Z[\K`
MVJ\ZPUN VU [OL LMMLJ[Z VM SPNO[ ZWLJ[Y\T VU
ZSLLW X\HSP[ �̀ ]PZ\HS JVTMVY[� ^LSS�ILPUN HUK
KH`[PTL HSLY[ULZZ JVUK\J[LK I` 7YVM�
*OYPZ[PHU *HQVJOLU HUK OPZ [LHT H[ [OL
<UP]LYZP[` VM )HZLS PU :^P[aLYSHUK� LU[P[SLK!
º,MMLJ[ VM +H`SPNO[ 3,+ VU =PZ\HS *VTMVY[�
4LSH[VUPU� 4VVK� >HRPUN 7LYMVYTHUJL� HUK

:SLLW�» W\ISPZOLK PU [OL 1V\YUHS VM 3PNO[PUN
HUK 9LZLHYJO ;LJOUVSVN` VU 4HYJO ��� ��� �
0U HKKP[PVU� PU HU L_WLYPTLU[ H[ :LV\S 5H[PVUHS
<UP]LYZP[` *VSSLNL VM 4LKPJPUL PU 1\S` ����� P[
^HZ KLTVUZ[YH[LK [OH[ ]P[HSP[` HUK HSLY[ULZZ
^LYL PUJYLHZLK ^OLU :\U3PRL 3,+ SPNO[PUN
^HZ \ZLK�

¸(Z [OL ZH`PUN NVLZ� º4V[OLY 5H[\YL PZ NYLH[»�
[OL O\THU IVK` OHZ H ���OV\Y JPYJHKPHU JSVJR
[OH[ OHZ L]VS]LK [V ZL[ P[Z [PTL I` [YHJRPUN [OL
KHPS` J`JSL VM Z\USPNO[� :\U3PRL PZ H [LJOUVSVN`
[OH[ YLWYVK\JLZ HSS ^H]LSLUN[OZ VM ]PZPISL SPNO[
HZ JSVZLS` HZ WVZZPISL [V Z\USPNO[� >L»]L ILLU
^VYRPUN VU 9+ V]LY [OL WHZ[ �� `LHYZ [V
VW[PTPaL [OPZ [LJOUVSVN` [V WYV]PKL WSHU[Z�
HUPTHSZ HUK O\THUZ HJJLZZ [V SPNO[ [OH[ PZ
JSVZLZ[ [V Z\USPNO[ [V WYVTV[L OLHS[O`
JPYJHKPHU YO`[OTZ HUK ZSLLW� ^OPJO JHU HSZV
OLSW JOPSKYLU HUK Z[\KLU[Z [V Z[\K` LMMLJ[P]LS`
HUK THPU[HPU NVVK OLHS[O¹� ZHPK *O\UN�OVVU
3LL� *,6 VM :LV\S :LTPJVUK\J[VY�

:LV\S :LTPJVUK\J[VY HUK ;VZOPIH 4H[LYPHSZ
^LYL QVPU[S` PU]VS]LK PU [OL KL]LSVWTLU[ HUK
YLSLHZL VM :\U3PRL PU ����� ^OPJO OHZ ULLKLK
PU]LZ[TLU[ [V M\Y[OLY L_WHUK Z[HISL
WYVK\J[PVU HUK ZHSLZ� (Z H YLZ\S[ VM
JVU[PU\V\Z JVUZ\S[H[PVUZ IL[^LLU [OL [^V
JVTWHUPLZ V]LY [OL WHZ[ [^V `LHYZ [V PTWYV]L
[OL ZWLLK VM KLJPZPVU HUK VWLYH[PVUHS
LMÄJPLUJ` MVY [OL :\U3PRL I\ZPULZZ� :LV\S
:LTPJVUK\J[VY OHZ HJX\PYLK HSS [LJOUVSVNPLZ�
WH[LU[Z� [YHKLTHYRZ� L[J� YLSH[LK [V :\U3PRL�
[OL SPNO[ TVZ[ ZPTPSHY [V Z\USPNO[� 2L` ^VYRLYZ
MYVT ;VZOPIH 4H[LYPHSZ HSZV QVPULK :LV\S
:LTPJVUK\J[VY� HUK [OL` ILNHU LMMVY[Z [V
L_WHUK ZHSLZ MYVT :LW[LTILY� "

.EW /SLON "LACK &LAT 8 &AMILY
FOR !UTOMOTIVE &RONT ,IGHTING

(\[VTV[P]L SPNO[PUN OHZ ILJVTL L_[YLTLS`
]LYZH[PSL [OHURZ [V UL^ [LJOUVSVNPJHS
HK]HUJLZ� 0U WHY[PJ\SHY� M\Y[OLY KL]LSVWTLU[Z
PU 3,+ [LJOUVSVN` OH]L VWLULK \W UL^
WVZZPIPSP[PLZ� 3,+Z YLX\PYL TPUPT\T
PUZ[HSSH[PVU ZWHJL ^OPSL PTWYLZZPUN ^P[O
V\[Z[HUKPUN IYPNO[ULZZ ]HS\LZ� NP]PUN
THU\MHJ[\Y� LYZ LUVYTV\Z MYLLKVT PU
KLZPNUPUN [OLPY SPNO[PUN ZVS\[PVUZ�

¸;OL 6ZSVU )SHJR -SH[ WYVK\J[ MHTPS` OHZ ILLU
HU PKLHS ZVS\[PVU MVY OPNO�X\HSP[` HUK H[ [OL

ZHTL [PTL JVZ[�VW[PTPaLK OLHKSHTW KLZPNUZ
MVY THU` `LHYZ�» ZHPK 7OPSPWW 7\JOPUNLY�
4HYRL[PUN 4HUHNLY (\[VTV[P]L ,_[LYPVY H[
HTZ 6:9(4� ¸>P[O [OL [^V UL^ WYVK\J[Z PU
[OL 6ZSVU )SHJR -SH[ ? SPUL� HTZ 6:9(4 PZ
VUJL HNHPU \UKLYSPUPUN P[Z PUUV]H[PVU
SLHKLYZOPW PU H\[VTV[P]L SPNO[PUN�¹

;OL Z\YMHJL�TV\U[HISL JVTWVULU[Z JHU IL
WYVJLZZLK WHY[PJ\SHYS` LHZPS` PU THU\MHJ[\YLYZ»
Z[HUK� HYKPaLK WYVK\J[PVU WYVJLZZLZ� 0U
HKKP[PVU [V [OL THYRL[�SLHKPUN IYPNO[ULZZ VM
[`W� ��� ST H[ �(� [OL ��JOPW ]HYPHU[ PZ
JOHYHJ[LYPaLK I` P[Z JVTWHJ[ KPTLUZPVUZ VM
����TTí����TT� ;OL ZWLJPHS 8-5 WSH[MVYT
VM [OL 3,+Z LUHISLZ J\Z[VTLYZ [V WLYMVYT
WHY[PJ\SHYS` ZPTWSL [OLYTHS THUHNLTLU[� +L�
WLUKPUN VU [OL Z`Z[LT� OLH[ ZPURZ JHU IL
ZPNUPÄJHU[S` YLK\JLK PU ZPaL VY L]LU LSPTPUH[LK
HS[V� NL[OLY� ;OL 6ZSVU )SHJR -SH[ ? MHTPS`»Z
SLHKMYHTL WHJRHNL HSZV HJOPL]LZ H SV^LY
[OLYTHS YL� ZPZ[HUJL �9[O� [OHU [OL SLHKPUN
JLYHTPJ WHJRHNLZ PU [OPZ JVU[L_[ [V KH[L�
;VNL[OLY ^P[O H ZWLJPHS ;P6� LUJHWZ\SH[PVU�
[OL ISHJR WHJRHNL VM [OL 3,+Z KLSP]LYZ OPNO
JVU[YHZ[Z VM �!���� 0U HKKP[PVU� [OL UL^
JVTWVULU[Z HYL JOHYHJ[LYPaLK I` H ]LY`
OVTVNLUPJ JVSVY V]LY HUNSL YHKPH[PVU�

;OL 6ZSVU )SHJR -SH[ ? MHTPS` ^PSS Z[HY[ ^P[O H
�� HUK H ��JOPW ]LYZPVU� =HYPV\Z T\S[P�JOPW
]LYZPVUZ ^PSS IL HKKLK PU TPK������ "

)NFRARED ,ASER $IODE FOR
)NDUSTRIAL ,I$!2 !PPLICATIONS

3P+(9� ZOVY[ MVY ¸3PNO[ +L[LJ[PVU HUK
9HUNPUN�¹ PZ VUL VM [OL JLU[YHS [LJOUVSVNPLZ
MVY H\[VUVTV\Z KYP]PUN� )\[ [OLYL HYL HSZV
U\TLYV\Z HWWSPJH[PVUZ MVY [OL
[OYLL�KPTLUZPVUHS KL[LJ[PVU VM Z\YYV\UKPUNZ
V\[ZPKL VM [OL H\[VTV[P]L PUK\Z[Y �̀ HTZ
6:9(4� H SLHKLY PU [OL KL]LSVWTLU[ HUK
WYVK\J[PVU VM PUMYHYLK W\SZL SHZLYZ MVY 3P+(9

6Q�UP����8��������MN���BO�VOCFBUBCMF�DPNCJOBUJPO�PG�IJHI�PVUQVU
JOUFOTJUZ�BOE�SFMJBCJMJUZ�NFBOT�MJHIUJOH�NBOVGBDUVSFST�DBO�SFEVDF
UIFJS�DPTU�VTJOH�GFXFS�PQUJDT�1$#T�BOE�IFBU�TJOLT�UIBO�XJUI�TUBOEBSE
-&%T��9-BNQ�9)1�����-&%T�BSF�PQUJNJ[FE�GPS�PVUEPPS�JOEPPS�
MJHIUJOH�BQQMJDBUJPOT�UIBU�SFRVJSF�MBSHF�BNPVOUT�PG�MJHIU�PVUQVU�GSPN
TNBMM�TQBDFT�TVDI�BT�TUBEJVN�PVUEPPS�BSFB�BOE�BSDIJUFDUVSBM�TQPUMJHIU�

7KH�QHZ�;/DPS��;+3�����+,�/('V�GHOLYHU�
XS�WR�������OXPHQV�IURP�D��[�PP�/(6��

DSFF�MFE�DPN

https://cree-led.com/media/documents/ds-XHP70-3.pdf?WT.mc_id=crd275
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Z`Z[LTZ� PZ UV^ SH\UJOPUN [OL :73 ;3 �(;���
^OPJO PZ PKLHS MVY HWWSPJH[PVUZ Z\JO HZ
PUK\Z[YPHS H\[VTH[PVU� ZP[L SL]LSPUN HUK PU]PZPISL
[YHMÄJ TVUP[VYPUN�

¸6\Y THU` `LHYZ VM L_WLYPLUJL
PU [OL KL]LSVWTLU[ VM PUMYHYLK
SHZLYZ HUK JSVZL JVVWLYH[PVU
^P[O SLHKPUN JVTWHUPLZ PU [OL
3P+(9 ÄLSK OH]L NP]LU \Z H
\UPX\L WVZP[PVU PU [OL THYRL[�¹

4(;;/0(: /6,50.� 4(92,;05. 4(5(.,9 -69
30+(9 (; (4: 6:9(4

5V TH[[LY ^OPJO 3P+(9 HWWSPJH[PVU PZ \ZLK�
[OL M\UJ[PVUHSP[` VM [OLZL Z`Z[LTZ PZ HS^H`Z
]LY` ZPTPSHY� ( SPNO[ ZV\YJL LTP[Z PUMYHYLK SPNO[
PU[V [OL LU]PYVUTLU[� >OLU [OL SPNO[ OP[Z HU
VIQLJ[� P[ PZ YLÅLJ[LK I` [OL VIQLJ[ HUK
YLNPZ[LYLK I` H KL[LJ[VY� )HZLK VU [OL [PTL P[
[HRLZ [OL SPNO[ [V YLHJO [OL VIQLJ[ HUK IHJR [V
[OL KL[LJ[VY� [OL KPZ[HUJL VY Z[Y\J[\YL VM [OL
VIQLJ[ JHU IL KL[LYTPULK�

;OL :73 ;3 �(;�� MYVT HTZ 6:9(4 ^HZ
ZWLJPÄJHSS` KL]LSVWLK MVY ZOVY[ SHZLY W\SZLZ
IL[^LLU � HUK ��� UHUVZLJVUKZ� ;OL SHZLY
HJOPL]LZ HU VW[PJHS V\[W\[ VM �� ^H[[Z MYVT HU
HWLY[\YL VM ��� �T H[ H MVY^HYK J\YYLU[ VM ��(
¶ JVYYLZWVUKPUN [V HU V\[Z[HUKPUN LMÄJPLUJ`
VM HIV\[ �� WLYJLU[� ;OL KL]PJL JVTLZ PU [OL
WYV]LU HUK L_[YLTLS` Y\NNLK ;6�� 4L[HS*HU
WHJRHNL� ;OL PUMYHYLK JVTWVULU[ LTP[Z SPNO[
PU [OL LZ[HISPZOLK ^H]LSLUN[O VM  ��
UHUVTL[LYZ MVY 3P+(9 HWWSPJH[PVUZ HUK PZ HSZV
Z\P[HISL MVY H YHUNL VM V[OLY HWWSPJH[PVUZ
[OHURZ [V P[Z JVTWHJ[ KPTLUZPVUZ�

(UV[OLY HK]HU[HNL VM [OL SHZLY PZ [OL
WHY[PJ\SHYS` UHYYV^ LTPZZPVU ^PK[O �[OL HYLH PU
^OPJO [OL SPNO[ SLH]LZ [OL JVTWVULU[�� 0[
HSSV^Z [OL \ZL VM JVTWHJ[ VW[PJZ HUK [O\Z
YLK\JLZ [OL V]LYHSS ZPaL VM [OL Z`Z[LT� 0U
HKKP[PVU� [OL SHZLY PZ H]HPSHISL PU HUV[OLY WPU
JVUÄN\YH[PVU HZ [OL :73 <3 �(;���

-VY TVYL PUMVYTH[PVU VU PUK\Z[YPHS 3P+(9�
WSLHZL ]PZP[ [OL ^LIZP[L!
https://www.osram.com/os/application
s/industrial_lidar.jsp� "

&(6 /,*+7,1* ,1129$7,216

3MART -ULTI#OLOR !�� "ULB
WITH (EALTH -ONITORING 2ADAR

:LUNSLK PZ [HRPUN [OL ZTHY[ SPNO[ I\SI ^OLYL P[
[Y\S` OHZ UL]LY ILLU ILMVYL ^P[O I\PS[�PU OLHS[O
TVUP[VYPUN YHKHY [LJOUVSVN �̀ )LULÄ[Z PUJS\KL
ZSLLW [YHJRPUN HZ ^LSS HZ JLY[HPU IPVTL[YPJ
TLHZ\YLTLU[Z Z\JO HZ OLHY[ YH[L� IVK`
[LTWLYH[\YL� HUK V[OLY ]P[HS ZPNUZ�
-YLX\LUJ`�4VK\SH[LK *VU[PU\V\Z >H]L
�-4*>� YHKHY PZ \ZLK [VNL[OLY ^P[O :LUNSLK
HK]HUJLK WYVWYPL[HY` (0 HSNVYP[OTZ [V OLSW
\ZLYZ TVUP[VY OLHS[O Z[H[PZ[PJZ� 4\S[PWSL I\SIZ
JVUULJ[LK ]PH H )S\L[VV[O 4LZO UL[^VYR ^VYR
[VNL[OLY [V JYLH[L H ]PY[\HS THW [OH[ JHU OLSW
KL[LJ[ O\THU ILOH]PVY HUK KL[LYTPUL PM
ZVTLVUL OHZ MHSSLU HUK ZLUK MVY OLSW� >P[O
P[»Z >P�-P�)S\L[VV[O 4LZO K\HS�JOPW� UV O\I PZ
ULLKLK� https://us.sengled.com/ "

,%$ #OLOR "ULB WITH
3UBSCRIPTION 3ERVICE

(IVKL \ZLK *,: [V THYR [OL SH\UJO VM P[Z ÄYZ[
JVSVY 3,+ I\SIZ� ;OL Z[HUKV\[ MLH[\YL ^P[O
[OLZL PZ H Z\IZJYPW[PVU ZLY]PJL [OH[ NP]LZ
HJJLZZ [V H YHUNL VM HK]HUJLK H\[VTH[PVU
MLH[\YLZ� ;OH[ ^H �̀ `V\ JHU ZL[ T\S[PWSL SH`LYZ
VM JVUKP[PVUZ MVY [OL SPNO[Z [V IL HJ[P]H[LK� ZL[
ISHJRV\[ WLYPVKZ� HUK [PL PU ^P[O V[OLY (IVKL
ZTHY[ OVTL WYVK\J[Z�
https://goabode.com/ "

#YNC !PP� POWERED BY 3AVANT

;OL *`UJ (WW� WV^LYLK I` :H]HU[� PZ H
WYVWYPL[HY` UL^ TVIPSL HWW MVY P6: HUK
(UKYVPK [OH[ JVU[YVSZ ., 3PNO[PUN� H :H]HU[
JVTWHU`»Z NYV^PUN *`UJ MHTPS` VM ZTHY[
OVTL WYVK\J[Z ZVSK H[ THQVY <: YL[HPSLYZ HUK
WYV]PKLZ H J\Z[VT� LHZ` [V \ZL HUK
JVU]LUPLU[ ZTHY[ OVTL L_WLYPLUJL�
https://www.gelighting.com/cync-
smart-home-app "

#AREWEAR ,IGHT 4HERAPY WITH
$IGITAL (EALTH %COSYSTEM

*HYL^LHY»Z 3PNO[ ;OLYHW` Z`Z[LT PZ H ^PYLSLZZ�
^LHYHISL� V]LY�[OL�JV\U[LY -+( JSLHYLK� *,
4++ JSHZZ 00H TLKPJHS KL]PJL MVY [OL
THUHNLTLU[ VM WHPU� [YLH[TLU[ VM ZVM[ [PZZ\L
PUQ\Y �̀ ^YPURSLZ HUK HJUL� 0[ PZ WHPYLK ^P[O H
KPNP[HS OLHS[O PUMYHZ[Y\J[\YL HSSV^PUN JSPUPJPHUZ
[V ZLSLJ[ [YLH[TLU[ WHYHTL[LYZ HUK V\[JVTL
PUKPJH[VYZ� TVUP[VY \[PSPaH[PVU HUK YLWVY[
YLHS�[PTL [OYV\NO [OL JSV\K�
https://www.carewear.net/ "

(9(176

,IGHT � "UILDING ����

(Z [OL WHUKLTPJ ZP[\H[PVU JVU[PU\LZ [V
KL]LSVW ]LY` K`UHTPJHSS �̀ 4LZZL -YHURM\Y[ PZ
WVZ[WVUPUN [OL ^VYSK»Z SLHKPUN [YHKL MHPY MVY
SPNO[ HUK I\PSKPUN [LJOUVSVN` [V H\[\TU �����
3HZ[ +LJLTILY� PU[LUZP]L KPZJ\ZZPVUZ ^P[O
J\Z[VTLYZ HUK JVVWLYH[PVU WHY[ULYZ OHK
HSYLHK` SLK [V [OL L_HTPUH[PVU VM HS[LYUH[P]LZ
[V [OL VYPNPUHS KH[L PU 4HYJO� 5V^ [OL UL^
KH[L OHZ ILLU ZL[! 3PNO[ � )\PSKPUN (\[\TU
,KP[PVU ^PSS IL OLSK PU )UDQNIXUW DP 0DLQ
IURP � WR � 2FWREHU ����� "

https://www.osram.com/os/applications/industrial_lidar.jsp
https://www.osram.com/os/applications/industrial_lidar.jsp
https://us.sengled.com/
https://goabode.com/
https://www.gelighting.com/cync-smart-home-app
https://www.gelighting.com/cync-smart-home-app
https://www.carewear.net/
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h7ITH ,I&I� 7E 3EE A 3HIFT &ROM A
$EVICE TO A 0LATFORM IN ,IGHTINGv
0ROFESSOR (ARALD (!!3� 5NIVERSITY OF
3TRATHCLYDE

+DUDOG +$$6
7YVMLZZVY /HYHSK /HHZ VM [OL
<UP]LYZP[` VM :[YH[OJS`KL HUK
JV�MV\UKLY VM W\YL3P-P ^HZ W\[ PU
[OL SPTLSPNO[ HM[LY OL JVPULK [OL
[LYT ¸3P-P¹ H[ [OL ;,+ ;HSR .SVIHS�
����� 0[ ^HZ VU [OH[ Z[HNL [OH[ OL
^HZ HISL [V OPNOSPNO[ VUL VM [OL
UL^LZ[ WPLJLZ VM [LJOUVSVN` [OH[
^HZ HISL [V [YHUZTP[ OPNO ]VS\TLZ
VM KH[H H[ OPNO�ZWLLK JHWHJP[`
^P[O VUS` [OL \ZL VM V]LYOLHK
SPNO[PUN�



9LJLU[S �̀ 7YVMLZZVY /HYHSK /((: YLJLP]LK [OL 3W: +PNP[HS (^HYK MVY [OL
ILZ[ ZJPLU[PÄJ JVUMLYLUJL JVU[YPI\[PVU� +Y� .�U[OLY :LQRVYH HUK :PLNMYPLK
3\NLY OHK [OL OVUVY VM [HSRPUN [V 7YVMLZZVY /((:� MV\UKLY VM [OL TVKLYU
3P-P [LJOUVSVN �̀ :[H[L VM [OL HY[ [LJOUVSVN �̀ HWWSPJH[PVUZ� HUK YLHSPaLK
WYVQLJ[Z ^LYL ZPT\S[HULV\ZS` MHZJPUH[PUN HUK HZ[V\UKPUN� 0[ ^HZ H SLZZVU
VU OV^ PTWVY[HU[ P[ PZ [V JVUULJ[ JVTT\UPJH[PVU ^P[O SPNO[PUN HYLHZ" H
JOHSSLUNL HUK HU L_JLSSLU[ VWWVY[\UP[` [V \[PSPaL 3P-P [LJOUVSVN �̀ ;LU
`LHYZ HM[LY 7YVMLZZVY /((:» ZLUZH[PVUHS ;,+ ;HSR� [OL [PTL OHZ JVTL MVY
PTWSLTLU[H[PVU� >L ^HU[ [V LUJV\YHNL HSS SPNO[PUN Z`Z[LT KL]LSVWLYZ [V
[HJRSL 3P-P LMMLJ[P]LS` HUK L_WSVP[ [OL WV[LU[PHSZ VM 3P-P [LJOUVSVN �̀
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0ZZ\L � �1HU�-LI����� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� c 3PNO[PUN ;LJOUVSVNPLZ  +LZPNU ��

/(' SURIHVVLRQDO� 3URIHVVRU +DDV� LWâV
DQ KRQRU IRU XV WR KDYH \RX KHUH IRU
WKLV LQWHUYLHZ� :H DUH HVSHFLDOO\ LQ�
WHUHVWHG LQ LQWHUYLHZLQJ \RX EHFDXVH
RI WKH /S6 'LJLWDO RQOLQH DZDUG \RX
UHFHLYHG IRU WKH EHVW OHFWXUH LQ �����
,I \RX GRQâW PLQG� FRXOG ZH VWDUW ZLWK
VRPH LQIRUPDWLRQ SHUWDLQLQJ WR \RXU
KLVWRU\ ò ERWK SHUVRQDO DQG LQ WKH DUHD
RI UHVHDUFK" +RZ GLG D *HUPDQ HQJL�
QHHU EHFRPH D SURIHVVRU LQ 6FRWODQG"

3URIHVVRU +DUDOG +$$6� -PYZ[ VM HSS�
WSLHZL SL[ TL [HRL [OPZ VWWVY[\UP[` [V
[OHUR 3\NLY 9LZLHYJO MVY [OL NYLH[
OVUVY VM ILZ[V^PUN [OL )LZ[ :JPLU[PÄJ
;HSR H^HYK VU TL� 0[ ^HZ H O\TISPUN L_�
WLYPLUJL� :V [OHUR `V\ ]LY` T\JO�

@V\ HYL YPNO[ ¶ 0 HT H .LYTHU LUNPULLY�
0 OH]L H YLSH[P]LS` SVUN OPZ[VY` PU [OL PU�
K\Z[Y �̀ 4` JHYLLY Z[HY[LK ^P[O H ZJOVS�
HYZOPW MYVT [OL /LPUa 5P_KVYM -V\UKH�
[PVU� ^OPJO LUHISLK TL [V ZWLUK VUL
`LHY PU )VTIH` HZ WHY[ VM H [LHT VM
:PLTLUZ LUNPULLYZ [OH[ ^HZ I\PSKPUN H
.:4 UL[^VYR MVY [OL JP[` VM )VTIH`
�UV^ 4\TIHP�� ;OH[ ZJOVSHYZOPW [VVR
TL V\[ VM H ZTHSS )H]HYPHU ]PSSHNL HUK
NH]L TL T` ÄYZ[ PU[LYUH[PVUHS L_WLYP�
LUJLZ� ;OPZ WYHJ[PJHS L_WLYPLUJL NV[
TL ]LY` L_JP[LK HIV\[ TVIPSL JVTT\�
UPJH[PVUZ� HUK 0 ^HU[LK [V SLHYU TVYL
HIV\[ [OL OHUKZL[ [LJOUVSVN �̀ ;OLYL�
MVYL� 0 Z\IZLX\LU[S` Z[HY[LK [V ^VYR H[
:PLTLUZ :LTPJVUK\J[VYZ PU �  �� ^OPJO
SH[LY ILJHTL 0UÄULVU� ;OLYL� 0 ^VYRLK
^P[O H [LHT VU H TVIPSL JVTT\UPJH�
[PVUZ JOPWZL[� ^OPJO H[ [OH[ [PTL ^HZ
MVY [OL �UK NLULYH[PVU JLSS\SHY [LJOUVS�
VN �̀ .:4� 0[ ^HZ H JOPWZL[ KLZPNULK MVY
[OL :PLTLUZ TVIPSL KP]PZPVU� 0U [OVZL

KH`Z� ^L Z[PSS OHK TVIPSL WOVULZ MYVT
:PLTLUZ� :V [OH[ ^HZ T` ÄYZ[ YLHS L_�
WLYPLUJL PU [OL TVIPSL JVTT\UPJH[PVUZ
PUK\Z[Y �̀ 0 YLHSPaLK [OH[ [OLYL ^HZ Z[PSS H
SV[ [V IL KPZJV]LYLK� HUK [OLYLMVYL 0 KL�
JPKLK [V ^VYR [V^HYKZ H 7O+ KLNYLL�
4` /LPUa� 5P_KVYM ZJOVSHYZOPW PUZWPYLK
TL [V M\Y[OLY T` JHYLLY PU HU ,UNSPZO
ZWLHRPUN JV\U[Y �̀ 0U VYKLY [V JVTIPUL
,UNSPZO HUK T` 7O+ HTIP[PVU� 0 YLHJOLK
V\[ [V [OL <UP]LYZP[` VM ,KPUI\YNO HUK
[OL` VMMLYLK TL H YLZLHYJO WVZ[ [V W\Y�
Z\L H 7O+ KLNYLL� >OPSL ^VYRPUN VU T`
7O+ 0 ^VYRLK VU UL^ [LJOUVSVNPLZ MVY
[OL [OPYK NLULYH[PVU VM TVIPSL UL[^VYRZ�
JHSSLK <4;:� HUK 0 KL]LSVWLK H WH[LU[�
;OH[ WH[LU[ ^HZ VM PU[LYLZ[ [V :PLTLUZ PU
4\UPJO HUK [OL \UP]LYZP[` ZVSK [OL WH[LU[
[V [OL 4VIPSL *VTT\UPJH[PVUZ 5L[^VYRZ
+P]PZPVU VM :PLTLUZ� :PLTLUZ [OLU VM�
MLYLK TL H YLZLHYJO WYVQLJ[ THUHNLY
WVZP[PVU MVY H YLZLHYJO WYVQLJ[ [OH[ PU�
JS\KLK [OYLL *OPULZL HUK [OYLL .LYTHU
\UP]LYZP[PLZ� 0 ÄUPZOLK T` 7O+ H[ ,KPU�
I\YNO <UP]LYZP[` PU ���� HUK [OH[ ZHTL
`LHY Z[HY[LK H[ :PLTLUZ� 0U [OL YLZLHYJO
WYVQLJ[ ^L JYLH[LK H ZPNUPÄJHU[ WH[LU[
WVY[MVSPV MVY ^OH[ ^V\SK ILJVTL [OL
�[O NLULYH[PVU VM JLSS\SHY JVTT\UPJH�
[PVUZ� 3;,� 0 ^VYRLK VU [OH[ ]LY` L_JP[PUN
WYVQLJ[� I\[ HNHPU� 0 JHTL [V [OL WVPU[ VM
ZH[\YH[PVU HUK 0 ^HU[LK [V Z[LW \W HUK
KV TVYL�

0 [OLU NV[ HU VMMLY MVY H WYVMLZZVYZOPW H[
H UL^ \UP]LYZP[` PU )YLTLU ¶ [OL 0U[LY�
UH[PVUHS <UP]LYZP[` )YLTLU ^OPJO SH[LY
ILJHTL 1HJVIZ <UP]LYZP[ �̀ ;OL MYLLKVT
VM HJHKLTPH ^HZ [OL TV[P]H[PUN KYP]LY
MVY T` KLJPZPVU [V TV]L PU[V HJHKLTPH�
0 ^HZ PU[YPN\LK I` [OL WV[LU[PHS VM ºTVIPSL
T\S[PTLKPH» HUK VWWVY[\UP[PLZ Z[LTTPUN

MYVT [OPZ WHYHKPNT ZOPM[� ;V JHSPIYH[L ^P[O
^OH[ ^HZ JVTTLYJPHSS` H]HPSHISL H[ [OPZ
[PTL� 0 ULLK [V Z[YLZZ [OH[ [OPZ ^HZ IL�
MVYL [OL ZTHY[WOVUL LYH� 0 YLHSPaLK H[
[OH[ [PTL [OH[ [OL YHKPV ZWLJ[Y\T PZ H
SPTP[LK ZV\YJL HUK [OH[ ^HZ ^O` 0 ^HZ
PU[YPN\LK I` ]PZPISL SPNO[ JVTT\UPJH[PVUZ�
([ HYV\UK [OL ZHTL [PTL [OL OPNO IYPNO[�
ULZZ ^OP[L 3,+Z Z[HY[LK [V NL[ [YHJ[PVU
MVSSV^PUN [OL ZLTPUHS ^VYR VM 7YVMLZ�
ZVY :O\QP 5HRHT\YH HUK OPZ JVSSLHN\LZ
VU [OL KL]LSVWTLU[ VM [OL IS\L 3,+�
>OP[L 3,+Z JHTL V\[ HYV\UK ���� VY
���� HUK ^L Z[HY[LK [V KV ZVTL J\YPVZ�
P[` KYP]LU L_WLYPTLU[Z H[ [OL \UP]LYZP[ �̀
;OH[»Z ^O` 0 Z[HY[LK [V JVTIPUL ]PZP�
ISL SPNO[ JVTT\UPJH[PVU HUK SPNO[PUN�
0 ^VYRLK H[ 1HJVIZ <UP]LYZP[` \U[PS ����
^OLU 0 NV[ HU VMMLY MYVT [OL <UP]LYZP[`
VM ,KPUI\YNO MVY HU HJHKLTPJ WVZP[PVU
[OLYL� (UK [OLU 0 TV]LK [V :JV[SHUK
^P[O T` MHTPS �̀ :V [OH[»Z OV^ 0 ^LU[
MYVT ^VYRPUN PU ^PYLSLZZ LUNPULLYPUN PU
:PLTLUZ [V VW[PJHS ^PYLSLZZ PU :JV[SHUK�

/(' SURIHVVLRQDO� 6FRWODQG VHHPV WR
EH D IRFDO SRLQW IRU /L)L UHVHDUFK DQG
GHYHORSPHQW� &DQ \RX WHOO XV D OLWWOH
DERXW WKDW DQG WKH UROH \RX SOD\ LQ LW"

3URIHVVRU +DUDOG +$$6� @LZ� [OH[»Z
[Y\L� >L ZLLT [V OH]L H JLU[YHS HJ[P]P[`
PU :JV[SHUK� I\[ ILMVYL 0 L_WHUK VU [OH[�
SL[ TL ZH` [OH[ [OL ÄLSK VM VW[PJHS ^PYL�
SLZZ JVTT\UPJH[PVU OHZ ILLU HYV\UK
MVY H[ SLHZ[ MVY[` `LHYZ� (UK PM `V\ ^HU[
[V NV IHJR PU OPZ[VY` L]LU M\Y[OLY� `V\
TH` L]LU ZH` [OH[ (SL_HUKLY .YHOHT
)LSS ^HZ [OL VUL [OH[ Z[HY[LK [OH[ RPUK VM
YLZLHYJO� (Z `V\ TH` RUV �̂ OL PU]LU[LK
[OL WOV[VWOVUL ILMVYL OL PU]LU[LK [OL
[LSLWOVUL� ;OLYL PZ HSZV H SV[ VM ^VYR



-PN\YL �! 0U �� `LHYZ� TVIPSL KH[H [YHMÄJ ^PSS PUJYLHZL �� [V ��� [PTLZ MYVT [VKH �̀ 9LMLYLUJL! ;� *VNHSHU
HUK /� /HHZ� ¸>O` ^V\SK �. ULLK VW[PJHS ^PYLSLZZ JVTT\UPJH[PVUZ&�¹ ���� 0,,, ��[O (UU\HS 0U[LYUH[PVUHS
:`TWVZP\T VU 7LYZVUHS� 0UKVVY� HUK 4VIPSL 9HKPV *VTT\UPJH[PVUZ �7049*�� 4VU[YLHS� 8*� �����
WW� �¶�� KVP! ������ �7049*�������� ��� �
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�� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� c 3PNO[PUN ;LJOUVSVNPLZ  +LZPNU 0ZZ\L � �1HU�-LI�����

[OH[ ^HZ KVUL PU [OL � ��»Z I` 0)4 YL�
ZLHYJO PU A\YPJO HYV\UK PU[LYJVUULJ[PVUZ
VM JVTW\[LYZ� :[HUMVYK HUK 7LUU :[H[L
<UP]LYZP[` KPK H SV[ VM ^VYR HUK THU`
V[OLYZ� (Z `V\ RUV �̂ 09+( ^HZ H IPN
[VWPJ PU [OL �  �»Z� I\[ P[ ^HZ HSS IHZLK
VU PUMYHYLK� ( JVSSLHN\L HUK JVSSHIVYH�
[VY� 7YVMLZZVY 5HRHNH^H� H[ 2LPV <UP]LY�
ZP[` ^HZ IHZPJHSS` [OL THPU KYP]LY ILOPUK
]PZPISL SPNO[ JVTT\UPJH[PVU HYV\UK �  �
������ >L ^LYL PUZWPYLK I` OPZ ^VYR
HUK KYV]L P[ M\Y[OLY PU [LYTZ VM KH[H YH[LZ
HUK [V^HYKZ H TVIPSL ^PYLSLZZ UL[^VYR�
PUN ZVS\[PVU� 7YVM 5HRHNH^H HUK OPZ
[LHT WYPTHYPS` MVJ\ZLK VU WVPU[ [V WVPU[
JVUULJ[P]P[ �̀ HU L_HTWSL VM ^OPJO PZ \U�
KLY^H[LY KP]LY�[V�KP]LY JVTT\UPJH[PVU�
;OL YLHZVU ^O` [OPZ PZ H ]LY` PU[LYLZ[PUN
\ZL JHZL PZ ILJH\ZL P[ PZ UV[ WVZZPISL [V
JVTT\UPJH[L V]LY SVUNLY KPZ[HUJLZ \U�
KLY ^H[LY \ZPUN YHKPV MYLX\LUJ` ZPNUHSZ�
;OL` OHK H WYV[V[`WL VM [^V ÅHZOSPNO[Z
ILPUN OLSK I` [^V KP]LYZ [V OLSW [OLT
JVTT\UPJH[L \UKLY ^H[LY� ;OPZ ^HZ HU
L_JP[PUN HWWSPJH[PVU� 0 T\Z[ ZH �̀ I\[ V\Y
]PZPVU ^HZ [V JVTIPUL T` L_WLYPLUJL PU
JLSS\SHY JVTT\UPJH[PVUZ ^P[O [OL VWWVY�
[\UP[` [V \ZL SPNO[ HZ H TLKP\T [V I\PSK
JLSS\SHY UL[^VYRZ� 0 ILSPL]LK HUK Z[PSS KV
ILSPL]L [OH[ [OL YHKPV MYLX\LUJ` ZWLJ�
[Y\T JY\UJO PZ [OL RL` KPMMLYLU[PH[VY MYVT
LHYSPLY H[[LTW[Z VM PU[YVK\JPUN VW[PJHS
^PYLSLZZ UL[^VYRZ� (UK [OH[ YLHSS` KYV]L
\Z [V HKVW[ ]PZPISL SPNO[ JVTT\UPJH[PVUZ
HUK [YHUZMVYT P[ PU[V H M\SS TVIPSL ^PYLSLZZ

UL[^VYR ZVS\[PVU� (M[LY Ä]L `LHYZ VM M\U�
KHTLU[HS YLZLHYJO� 0 Z[HY[LK T` [YHUZSH�
[PVUHS YLZLHYJO ^P[O L_HJ[S` [OH[ ]PZPVU I`
HWWS`PUN MVY H :JV[[PZO ,U[LYWYPZL M\UKLK
WYVQLJ[� +�3PNO[� PU ���� ^OLU 0 TV]LK
[V ,KPUI\YNO ^P[O [OL JSLHY PU[LU[PVU VM
JYLH[PUN H JVTWHU �̀ YLHSPaPUN [OH[ [OLYL
^HZ H SV[ VM JVTTLYJPHS ]HS\L PU [OH[
[LJOUVSVN �̀ ;OL SHZ[ YLX\PYLK TPSLZ[VUL
VM [OL +�3PNO[ WYVQLJ[ ^HZ [OL MVYTH[PVU
VM H JVTWHU �̀

0[ ^HZ JSLHY MYVT [OL Z[HY[ [OH[ ^L ^PSS
JVTTLYJPHSPaL [OL YLZ\S[Z VM [OL +�3PNO[
WYVQLJ[ [OYV\NO H ZWPU�V\[ JVTWHU �̀
HUK [OL ;,+ ;HSR .SVIHS PU]P[H[PVU K\Y�
PUN [OL WYVQLJ[ JHTL PU ]LY` OHUK �̀ ;OL
+�3PNO[ WYVQLJ[ YHU IL[^LLU ��� HUK
���� HUK ^L MV\UKLK W\YL3P-P PU 1HU�
\HY` ����� >L HYL UV^ JLSLIYH[PUN [OL
��[O HUUP]LYZHY` VM W\YL3P-P� W\YL3P-P�
0 [OPUR� PZ VUL VM [OL SLHKPUN PU[LYUH[PVUHS
JVTWHUPLZ ZLSSPUN 3P-P WYVK\J[Z� @V\
TH` OH]L ZLLU YLJLU[S` [OH[ [OLYL OHZ
ILLU HUV[OLY IPN KLHS ^P[O [OL <: (YT`
,\YVWL HUK (MYPJH� ^OV HYL I\`PUN [OLZL
3P-P \UP[Z I` [OL [OV\ZHUKZ� :V� [OL WPSV[
WOHZL OHZ LUKLK HUK ^L HYL PU [OL M\SS
KLWSV`TLU[ WOHZL VM 3P-P UL[^VYRZ� 4`
]PZPVU ^HZ [V [YHUZSH[L ]PZPISL SPNO[ JVT�
T\UPJH[PVU PU[V H ^PYLSLZZ UL[^VYRPUN
[LJOUVSVN` HUK 0 [OPUR ^L HYL [OLYL� (UK
HYV\UK [OL JVTTLYJPHS HJ[P]P[` 0 ^HU[LK
[V LZ[HISPZO H ]LY` Z[YVUN YLZLHYJO JLU�
[LY� ;OH[»Z ^O` 0 LZ[HISPZOLK [OL 3P-P 9L�

ZLHYJO HUK +L]LSVWTLU[ *LU[LY �39+*�
^OLYL ^L JVU[PU\L [V KV ]LY` M\UKH�
TLU[HS ^VYR HUK [YHUZSH[L P[ [V OPNO [LJO�
UVSVN` YLHKPULZZ SL]LS WYV[V[`WLZ� >P[O
[OL WYV[V[`WLZ ^L HPT [V HKKYLZZ [OL
M\SS HUK IYVHK 3P-P THYRL[ ¶ MYVT ZH[LS�
SP[L JVTTZ [V PU�]P]V ^PYLSLZZ UL[^VYRZ�
0 ILSPL]L [OLYL PZ ]LY` Z[YVUN HUK IYVHK
3P-P HJ[P]P[` UV^ PU :JV[SHUK� >L OH]L
W\YL3P-P MVY JVTTLYJPHSPaH[PVU HUK ^L
OH]L [OL 39+* ^P[O H [V[HS HTV\U[ VM
JVTWL[P[P]L ^VU M\UKPUN ZPUJL ���� VM
HYV\UK ��� TPSSPVU KYP]PUN [OL YLZLHYJO�
0»T YLHSS` WYV\K VM [OL Z[YVUN JS\Z[LY ^L
OH]L KL]LSVWLK OLYL� 0 HSZV ^HU[ [V ZH`
[OH[ [OLYL HYL H SV[ VM L_JLSSLU[ HJ[P]P[PLZ
NVPUN VU HYV\UK [OL ^VYSK Z\JO HZ PU
*OPUH� [OL <:(� *HUHKH� HUK ,\YVWL�
HUK ^L THPU[HPU Z[YVUN PU[LYUH[PVUHS JVS�
SHIVYH[PVUZ HYV\UK [OL ^VYSK�

/(' SURIHVVLRQDO� +RZ PDQ\ SHRSOH
ZRUN LQ WKH UHVHDUFK FHQWHU LQ 6FRW�
ODQG"

3URIHVVRU +DUDOG +$$6� ;OL YLZLHYJO
JLU[LY J\YYLU[S` LTWSV`Z HYV\UK �� WLV�
WSL� ;OL` HYL WYPTHYPS` YLZLHYJO HUK KL�
]LSVWTLU[ LUNPULLYZ� WVZ[KVJZ HUK 7O+
Z[\KLU[Z HUK HSZV HJHKLTPJZ� ;OL 39+*
PZ UV^ H[ [OL <UP]LYZP[` VM :[YH[OJS`KL�
^OLYL ^L TV]LK [V PU ����� /LYL ^L
THPU[HPU JVSSHIVYH[PVUZ ^P[O THQVY JS\Z�
[LYZ HYV\UK �. HUK X\HU[\T [LJOUVSV�
NPLZ PUJS\KPUN [OL -YH\UOVMLY <2 HUK [OL
0UZ[P[\[L VM 7OV[VUPJZ SLK I` 7YVMLZZVY
+H^ZVU� 6\Y YLZLHYJO PZ Z[Y\J[\YLK PU[V
[OYLL OVYPaVU[HS SH`LYZ! �� -\UKHTLU[HS
+L]PJLZ �ZV M\UKHTLU[HS [YHUZTP[[LY�YL�
JLP]LY KL]PJLZ�� �� Z\IZ`Z[LTZ HUK ��
JVTWSL[L ^PYLSLZZ Z`Z[LTZ� ;OLU ^L
OH]L H ]LY[PJHS Z[Y\J[\YL ^OPJO HYL HW�
WSPJH[PVUZ YHUNPUN MYVT �. HUK UV^ �.�
OLHS[O� 0V;� UL[�aLYV� ZLJ\YP[ �̀ HUK ZV VU�
:V IHZPJHSS` ^L [YHUZSH[L V\Y YLZLHYJO
PU[V [OLZL HWWSPJH[PVUZ� >L LUNHNL ^P[O
[OL PUK\Z[Y �̀ HUK ^L VI]PV\ZS` OH]L H
SPUR ^P[O W\YL3P-P� I\[ ^L ^VYR ^P[O [OL
PUK\Z[Y` HZ H ^OVSL ¶ MVY L_HTWSL ¶ ^L
HSZV ^VYR ^P[O :VYHH3HZLY� UV^ 2`VJLYH
:3+ 3HZLY �2:3+� HUK OH]L KYP]LU [OLPY
UV]LS SPNO[PUN KL]PJLZ [V UL^ OLPNO[Z PU
[LYTZ VM KH[H YH[LZ VM ^OP[L SPNO[�

/(' SURIHVVLRQDO� 7KHUH DUH WZR GLI�
IHUHQW WHUPV IRU OLJKW FRPPXQLFDWLRQ�
RQH LV 9/& �9LVLEOH /LJKW &RPPXQL�
FDWLRQ� DQG WKH RWKHU LV /L)L �/LJKW
)LGHOLW\�� &RXOG \RX JLYH XV D VKRUW
H[SODQDWLRQ RI WKH GLIIHUHQFH EHWZHHQ
WKH WZR"
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3URIHVVRU +DUDOG +$$6� ;OH[ PZ H ]LY`
PTWVY[HU[ X\LZ[PVU� 0U ZOVY[� ]PZPISL SPNO[
PZ \ZPUN ^OH[ [OL UHTL ZH`Z� \ZPUN ]PZ�
PISL SPNO[ MVY KH[H JVTT\UPJH[PVUZ� 3P-P
PZ ^PYLSLZZ UL[^VYRPUN ^P[O SPNO[� (UK
[OH[ PZ ]PZPISL SPNO[ HUK HSZV PUMYHYLK SPNO[�
,ZZLU[PHSS �̀ 3P-P \ZLZ [OL LU[PYL VW[PJHS
ZWLJ[Y\T [V I\PSK ^PYLSLZZ UL[^VYRZ� =PZ�
PISL SPNO[ JVTT\UPJH[PVUZ PZ HU LSLTLU[
VM P[ ¶ WYPTHYPS` [OL KV^USPUR LSLTLU[ ¶
[OPZ PZ [OL JVTT\UPJH[PVU SPUR MYVT H
Ä_LK HJJLZZ WVPU[ VY IHZL Z[H[PVU [V H
TVIPSL [LYTPUHS� -VY JYLH[PUN HU \WSPUR�
[OH[ PZ [OL SPUR MYVT [OL TVIPSL [LYTPUHS [V
[OL HJJLZZ WVPU[ VY IHZL Z[H[PVU� ^L \ZL
PU]PZPISL SPNO[� MVY L_HTWSL� PUMYHYLK SPNO[�
ILJH\ZL ^L KV UV[ ULJLZZHYPS` ^HU[ [V
ZOPUL SPNO[ MYVT V\Y ZTHY[WOVUL ^OLU
^L JVTT\UPJH[L IP�KPYLJ[PVUHSS` [V [OL
HJJLZZ WVPU[� :V IHZPJHSS �̀ `V\ OH]L
IV[O [LJOUVSVNPLZ PUJVYWVYH[LK ^P[OPU
[OL 3P-P ]PZPVU�

/(' SURIHVVLRQDO� 6R LV LW DOZD\V WKH
FDVH WKDW WKH GRZQOLQN LV WKURXJK 9/&
DQG WKH XSOLQN LV WKURXJK LQIUDUHG"

3URIHVVRU +DUDOG +$$6� ;OH[ PZ H JVU�
JLW[� I\[ OH]PUN ZHPK [OH[� P[ PZ HSZV WVZ�
ZPISL [V \ZL PUMYHYLK MVY [OL KV^USPUR�
0THNPUL PM `V\ ^HU[ [V JVTT\UPJH[L K\Y�
PUN [OL KH`! @V\ WYVIHIS` KV UV[ ^HU[ [V
OH]L [OL SPNO[Z VU� ZV `V\ JV\SK Z^P[JO
[V HU 09 SPUR� 0[»Z YLHSS` \ZPUN [OL LU[PYL
VW[PJHS ZWLJ[Y\T [V I\PSK H ^PYLSLZZ UL[�
^VYR�

/(' SURIHVVLRQDO� :H KDYH NQRZQ
DERXW YLVLEOH OLJKW FRPPXQLFDWLRQ WR�

JHWKHU ZLWK OLJKW ðEHUV IRU DJHV� 2Q
WKH RWKHU KDQG� /L)L LV D SUHWW\ QHZ
WHFKQRORJ\� RU DW OHDVW RQO\ UHFHQWO\
EHFRPLQJ NQRZQ� 7KH URRWV JR EDFN
DERXW IRUW\ RU ðIW\ \HDUV� &DQ \RX WHOO
XV D OLWWOH DERXW WKH KLVWRU\ RI /L)L"
:KHQ GLG LW VWDUW WR EHFRPH VR LQWHU�
HVWLQJ"

3URIHVVRU +DUDOG +$$6� ;OL OPZ[VY`
NVLZ IHJR HZ MHY HZ (SL_HUKLY .YHOHT
)LSS PU ���� ^P[O [OL WOV[VWOVUL� 0[ ^HZ
H ]LY` PUNLUPV\Z KL]LSVWTLU[� >OH[
OL KPK ^HZ� OL \ZLK Z\USPNO[ PU JVU�
Q\UJ[PVU ^P[O H [YHUZTP[[LY [OH[ ^HZ H
]PIYH[PUN TPYYVY [OH[ JOHUNLK P[Z HUNSL�
;OL JOHUNL VM [OL HUNSL ^HZ PU HJJVY�
KHUJL ^P[O [OL ]VPJL JHW[\YLK I` H TP�
JYVWOVUL� :V OL NV[ [OL PU[LUZP[` VM H
SPNO[ ILHT TVK\SH[LK HUK ZLU[ [OPZ ZPN�
UHS V]LY H KPZ[HUJL VM ��� TL[LYZ� 6U
[OL V[OLY LUK OL OHK H WHYHIVSPJ TPYYVY
HUK PU [OL TPKKSL ^HZ H ZLSLUP\T JLSS�
^OPJO PZ H KL[LJ[VY� HUK [OL ZLSLUP\T
JLSS JH\NO[ [OL HTWSP[\KL JOHUNLZ MYVT
[OL TPYYVY� (UK [OLU OL OHK H ZWLHRLY�
^OLYL OL KLJVKLK [OL KPYLJ[ TVK\SH[LK
ZPNUHS� PU[V ZWLLJO� :V� OL [YHUZTP[[LK
]VPJL \ZPUN Z\USPNO[ V]LY ��� TL[LYZ HUK
HSSLNLKS` OL ^HZ YLHSS` L_JP[LK HIV\[ OPZ
PU]LU[PVU� /L L]LU [OV\NO[ HIV\[ UHT�
PUN OPZ ZLJVUK KH\NO[LY 7OV[VWOVUL�
/L [OV\NO[ P[ ^HZ OPZ IPNNLZ[ PU]LU[PVU�
)\[ [OYLL `LHYZ SH[LY OL PU]LU[LK [OL [LSL�
WOVUL� ^OPJO VI]PV\ZS` ILJHTL [OL KL�
]PJL OL PZ ILZ[ RUV^U MVY�

;OPZ PU]LU[PVU OHZ SHPK [OL MV\UKH[PVUZ
VM 3P-P� 0U [OL � ��»Z ^L OHK [OL ;=

YLTV[L JVU[YVS ^OPJO ^HZ MYLL�ZWHJL
VUL�KPYLJ[PVUHS WVPU[�[V�WVPU[ JVTT\�
UPJH[PVU \ZPUN [OL PUMYHYLK ZWLJ[Y\T� (Z
`V\ ZH �̀ ÄILYJVT JHTL \W� -PILYJVT
PZ WYPTHYPS` PUMYHYLK [OYV\NO [OL ÄILYZ�
HUK [OH[»Z [OL IHJRIVUL VM V\Y TVKLYU
JVTT\UPJH[PVU UL[^VYRZ� *OHYSLZ 2\LU
2HV� ^OV ^HZ [OL PU]LU[VY HUK WPVULLY
VM ÄILY UL[^VYRZ� YLHSS` PZ [OL ¸NVKMH[OLY
VM IYVHKIHUK¹� 0U OPZ ZLTPUHS ^VYR SPNO[
^HZ JVUÄULK HUK N\PKLK [OYV\NO H NSHZZ
TLKP\T� (UK [OLU PU [OL � ��»Z 0)4
YLZLHYJO KPK WPVULLYPUN IP�KPYLJ[PVUHS VW�
[PJHS ^PYLSLZZ UL[^VYRPUN \ZPUN PUMYHYLK
KL]PJLZ�

¸>L HYL J\YYLU[S` PU]VS]LK PU H
YLZLHYJO WYVQLJ[ JHSSLK ;6>:
MVY �.� SVVRPUN H[ [OL ^PYLSLZZ
JVUULJ[P]P[` VM H [LYHIP[ WLY
ZLJVUK� ([ [OL TVTLU[� �. PZ�
PU [OL ILZ[ JHZL� VUL NPNHIP[
WLY ZLJVUK� :V� [OPZ PZ H [OV\�
ZHUK [PTLZ TVYL� ^P[O SPNO[�¹
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;OLZL ^PYLSLZZ UL[^VYRZ WYPTHYPS` ^LYL
KLZPNULK [V JVTT\UPJH[PVU Z[H[PJ JVT�
W\[LYZ� ;OPZ ^VYR [OLU SLK [V Z[HUKHYK�
PaH[PVU HJ[P]P[PLZ [OYV\NO [OL 0UMYHYLK +H[H
(ZZVJPH[PVU �0Y+(�� ;OLU ^L ^P[ULZZLK
[OL OPNO IYPNO[ULZZ ^OP[L 3,+ H[ [OL LUK



-PN\YL �! (]HPSHISL ]PZPISL HUK PUMYHYLK SPNO[ [LJOUVSVNPLZ HUK KL]PJLZ� 9LMLYLUJLZ! B�D +�;ZVUL]� L[ HS��
¸;V^HYKZ H ��� .I�Z ]PZPISL SPNO[ ^PYLSLZZ HJJLZZ UL[^VYR�¹ 6W[� ,_WYLZZ ��� ��������� �������
B�D ;�2VVULU� L[ HS�� ¸<S[YH�OPNO JHWHJP[` PUKVVY VW[PJHS ^PYLSLZZ JVTT\UPJH[PVU \ZPUN Z[LLYLK WLUJPS
ILHTZ�¹ ���� 0U[LYUH[PVUHS ;VWPJHS 4LL[PUN VU 4PJYV^H]L 7OV[VUPJZ �4>7� 7HWOVZ� ����� B�D (�.VTLa L[
HS�� ¸+LZPNU HUK +LTVUZ[YH[PVU VM H ��� .I�Z 0UKVVY 6W[PJHS >PYLSLZZ *VTT\UPJH[PVU 3PUR�¹ PU 1V\YUHS VM
3PNO[^H]L ;LJOUVSVN �̀ ]VS� ��� UV� ��� WW� �������� � ��5V]��������� B�D ,� :HYIHaP� L[ HS�� ¸( ;I�Z
0UKVVY 6W[PJHS >PYLSLZZ (JJLZZ :`Z[LT <ZPUN =*:,3 (YYH`Z�¹ ���� 0,,, ��Z[ (UU\HS 0U[LYUH[PVUHS
:`TWVZP\T VU 7LYZVUHS� 0UKVVY HUK 4VIPSL 9HKPV *VTT\UPJH[PVUZ� 3VUKVU� <UP[LK 2PUNKVT� ����� WW�
���� KVP! ������ �7049*����������� �������
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VM [OL �  �»Z� 4` JVSSLHN\LZ HUK 0 YLHS�
PaLK [OL VWWVY[\UP[` [V \ZL [OLZL KL]PJLZ
MVY SPNO[ JVTT\UPJH[PVU� >L ^HU[ [V
\ZL JVTIPULK ]PZPISL SPNO[ HUK PUMYHYLK
ZWLJ[Y\T� ^OPJO PZ ����� [PTLZ SHYNLY
[OHU [OL YHKPV ZWLJ[Y\T� [V HKK NPNHIP[
HUK [LYHIP[ WLY ZLJVUK JHWHIPSP[PLZ [V
�[O NLULYH[PVU JLSS\SHY UL[^VYRZ� PU VY�
KLY [V V]LYJVTL [OL ZWLJ[Y\T JY\UJO
HUK LUHISPUN HSS [OL I\ZPULZZ VWWVY[\�
UP[PLZ PU [OL SPNO[PUN PUK\Z[Y` ¶ MVY [OLT
[V ILJVTL [LSLJVT WYV]PKLYZ HZ ^LSS HZ
SPNO[PUN WYV]PKLYZ�

/(' SURIHVVLRQDO� 7KDW EULQJV PH WR
RXU QH[W WRSLF� ,Q \RXU DZDUG�ZLQQLQJ
OHFWXUH \RX H[SODLQHG WKDW RQH RI WKH
ELJJHVW DGYDQWDJHV RI /L)L LV KLJKHU
GDWD YROXPH \RX FDQ WUDQVIHU GXH WR
WKH EDQGZLGWK RIIHUHG E\ RSWLFDO UDGL�
DWLRQ� :K\ LV LW QHFHVVDU\ WR LQFUHDVH
RXU GDWD YROXPH E\ VXFK D KLJK QXP�
EHU"

3URIHVVRU +DUDOG +$$6� 0 [OPUR [OH[ PZ
H ]LY` PTWVY[HU[ X\LZ[PVU HUK 0 ULLK [V
ZH` \WMYVU[ [OH[ H[ [OL TVTLU[ ^L HYL
J\YYLU[S` PU]VS]LK PU H YLZLHYJO WYVQLJ[
OLYL PU [OL <2� JHSSLK ;6>: �;LYHIP[ 6W�
[PJHS >PYLSLZZ :`Z[LT MVY �.�� @V\ TH`
YLMLY [V P[ HZ 3P-P ���� :V� ^L HYL YLHSS`
SVVRPUN H[ [OL ^PYLSLZZ JVUULJ[P]P[` VM H
[LYHIP[ WLY ZLJVUK� :V� [OPZ PZ �� [V [OL
WV^LY VM ��� ([ [OL TVTLU[� �. PZ� PU
[OL ILZ[ JHZL� VUL NPNHIP[ WLY ZLJVUK�
:V� [OPZ PZ H [OV\ZHUK [PTLZ TVYL� ^P[O
SPNO[� HUK PU WHY[PJ\SHY� PU [OPZ JHZL� ^P[O

PUMYHYLK SPNO[� ;OL YLHZVU ^O` ^L ULLK
P[ PZ� PM `V\ ^H[JO [OL PUK\Z[Y �̀ ^L Q\Z[
OHK H IPN ZOPM[ PU ZVJPHS UL[^VYRPUN� ^P[O
-HJLIVVR YLIYHUKPUN PU[V 4L[H� ;OLYL
TH` IL UVU�[LJOUPJHS YLHZVUZ MVY [OPZ
JOHUNL I\[ [OLYL HYL HSZV [LJOUPJHS YLH�
ZVUZ� 0[»Z H ^H` VM JYLH[PUN [OL J`ILY
WO`ZPJHS JVU[PU\\T� :V� JYLH[PUN H TL[H�
]LYZL ^OLYL� PU [OL M\[\YL� `V\»YL UV[ VUS`
L_WLYPLUJPUN H [^V KPTLUZPVUHS ZJYLLU
PU MYVU[ VM \Z� I\[ H [OYLL KPTLUZPVUHS
L_WLYPLUJL ^P[O OVSVNYHWOPJ KPZWSH`Z VY
MV\Y KPTLUZPVUHS L_WLYPLUJL ^OLYL `V\
HSZV NL[ ZLUZPUN KH[H [OYV\NO [OL VW[PJHS
Z`Z[LT� HUK THU` TVYL KPTLUZPVUZ� :V�
`V\ YLHSS` ^V\SK PTTLYZL PU[V H ]PY[\HS
^VYSK HZ PM `V\ ^LYL PU H YLHS ^VYSK� ;OL
J`ILY WO`ZPJHS JVU[PU\\T ^OPJO HSZV PU�
JS\KLZ ºKPNP[HS [^PUZ» PZ ZVTL[OPUN [OH[
PZ ILPUN KYP]LU PU [OL PUK\Z[Y` H[ [OL TV�
TLU[�

¸;OL J`ILY WO`ZPJHS JVU[PU\\T
^OPJO HSZV PUJS\KLZ ºKPNP[HS
[^PUZ» PZ ZVTL[OPUN [OH[ PZ
ILPUN KYP]LU PU [OL PUK\Z[Y` H[
[OL TVTLU[�¹
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0 KVU»[ ^HU[ [V NV PU[V HSS [OL KPTLUZPVUZ�
I\[ PM ^L VUS` WPJR [^V KPTLUZPVUHS ?9

�L_[LUKLK YLHSP[`� L_WLYPLUJL� ^OLYL `V\
^HU[ [OL ZHTL ]PZ\HS L_WLYPLUJL HZ PU H
YLHS�^VYSK HUK KV UV[ ^HU[ [V NL[ ZLH�
ZPJR� ^OLU `V\ OH]L HU H\NTLU[LK YL�
HSP[` VY ]PY[\HS YLHSP[` NSHZZ PU MYVU[ VM `V\�
`V\»]L NV[ [V OH]L [OL ZHTL YLZVS\[PVU�
;OPZ PUJS\KLZ OH]PUN [OL ZHTL ]PZPVU�
[OL ZHTL SH[LUJ` [OH[ `V\ ^V\SK OH]L PU
H YLHS ^VYSK� ;V HJOPL]L [OPZ VUL ^V\SK
ULLK KH[H [YHUZTPZZPVU ZWLLKZ� ^P[O�
V\[ KH[H JVTWYLZZPVU� VM HYV\UK VUL
[LYHIP[ WLY ZLJVUK� 6I]PV\ZS �̀ [OLYL PZ
KH[H JVTWYLZZPVU OHWWLUPUN� I\[ `V\
Z[PSS ULLK HYV\UK Ä]L NPNHIP[Z WLY ZLJVUK
[V OH]L H ]LY` NVVK L_WLYPLUJL ^P[O `V\Y
(9 =9 NSHZZLZ� ;OH[ PZ VUL VM [OL THPU
KYP]LYZ ^O` `V\ ULLK YLHSS` OPNO KH[H
YH[LZ HUK [OL IHUK^PK[O VM 9- PZ SPTP[LK�

/(' SURIHVVLRQDO� :KHUH LV WKH OLPLW RI
5) FRPPXQLFDWLRQ LQ WKH EDQGZLGWK"

3URIHVVRU +DUDOG +$$6� ;OL SPTP[ PZ
[OH[ [OL ZWLJ[Y\T [OH[ PZ H]HPSHISL PU YH�
KPV PZ ��� NPNH /LY[a� ;OH[ PUJS\KLZ HSS
`V\Y YHKPV HUK ;= IYVHKJHZ[Z ¶ HSS VM [OL
]HYPV\Z ^PYLSLZZ Z`Z[LTZ PUJS\KPUN ZH[LS�
SP[L Z`Z[LTZ� (UK V\Y WYLKPJ[PVU PZ� MYVT
[OLZL NYV^PUN HWWSPJH[PVUZ� [OH[ PU [LU
`LHYZ `V\ ^PSS ULLK H[ SLHZ[ �� NPNH /LY[a
VM HKKP[PVUHS IHUK^PK[O ¶ [OPZ PZ YV\NOS`
H ÄM[O VM [OL LU[PYL YHKPV ZWLJ[Y\T� 0[ PZ
\USPRLS` [OH[ [OPZ SL]LS VM UL^ ZWLJ[Y\T
JHU IL MV\UK PU [OL 9- KVTHPU� ( ZV�
S\[PVU ^V\SK IL [V \ZL VM [OL [LYH /LY[a
ZWLJ[Y\T IL[^LLU ��� NPNH /LY[a HUK
�� [LYH /LY[a� I\[ KL]PJLZ [OH[ JHU VW�
LYH[L PU [OPZ ZWLJ[Y\T HYL VUS` J\YYLU[S`
ILPUN YLZLHYJOLK HUK KL]LSVWLK� (U
HKKP[PVUHS JOHSSLUNL PZ [OL ZPNUHS WYV�
JLZZPUN JHWHIPSP[` VM J\YYLU[ ZLTPJVU�
K\J[VY KL]PJLZ ^OPJO Z\WWVY[ TH_PT\T
MYLX\LUJPLZ \W [V HIV\[ ��� NPNH /LY[a�
/V^L]LY� HZ `V\ HSS\KLK [V� [OLYL HYL
ZVSPK Z[H[L SPNO[PUN KL]PJLZ [OH[ JHU IL
\ZLK MVY MYLL�ZWHJL VW[PJHS JVTT\UP�
JH[PVU HZ ^LSS HZ KL]PJLZ \ZLK PU ÄIYL
JVTTZ HUK [VNL[OLY [OL` JHU IL \ZLK
[V I\PSK ]LY` OPNO ZWLLK� OPNO WLYMVYTPUN
UL[^VYRZ [V YLHSS` KYP]L [OL M\[\YL NLULY�
H[PVU VM ^PYLSLZZ [LJOUVSVN` HUK ZLY]PJLZ
HYV\UK P[� 0U HKKP[PVU� ZPUJL ^L HWWS` PU�
[LUZP[` TVK\SH[PVU HUK KPYLJ[ KL[LJ[PVU�
[OL ZPNUHS WYVJLZZPUN YLX\PYLTLU[Z HYL
SPURLK [V [OL LSLJ[YPJHS IHUK^PK[O VM [OL
KL]PJL HUK HYL� [OLYLMVYL� ^LSS ^P[OPU [OL
JHWHIPSP[` VM J\YYLU[ ZLTPJVUK\J[VY WYV�
JLZZLZ�

/(' SURIHVVLRQDO� 6R� YROXPH LV RQH
RI WKH ELJ DGYDQWDJHV RI /L)L DQG , EH�
OLHYH WKHUH DUH DGGLWLRQDO DGYDQWDJHV�
DP , ULJKW"



-PN\YL �! 3P-P UL[^VYRPUN IL[^LLU SPNO[ ZV\YJLZ HUK TVIPSL KL]PJLZ PU YVVTZ� ( 3P-P Z`Z[LT ^PSS Z\WWVY[
\ZLY TVIPSP[` HUK YHUKVT TVIPSL KL]PJL VYPLU[H[PVUZ� 0U HKKP[PVU� H ZPUNSL 3P-P HJJLZZ WVPU[� ^OPJO PZ [OL
KV^USPNO[LY� ^PSS JVUULJ[ T\S[PWSL TVIPSL [LYTPUHSZ PU H IP�KPYLJ[PVUHS MHZOPVU� 0M H ZPUNSL SPUR PZ ISVJRLK� [OLYL
^PSS IL V[OLY SPURZ [OH[ ^PSS WYV]PKL IHJR\W JVUULJ[P]P[ �̀ ,]LY` KV^USPNO[LY ^PSS JV]LY H JLY[HPU HYLH HUK ^OLU
\ZLYZ JYVZZ JV]LYHNL HYLHZ [OL Z`Z[LT ^PSS PUP[PH[L H ZLHTSLZZ OHUKV]LY [V LUZ\YL JVU[PU\V\Z JVUULJ[P]P[ �̀
;OLYL ^PSS IL V]LYSHW YLNPVUZ ^OLYL PU[LYMLYLUJL ^PSS VJJ\Y ^OPJO JHU IL TP[PNH[LK I` QVPU[ [YHUZTPZZPVU
[LJOUPX\LZ� 3HZ[S �̀ L]LY` KV^USPNO[LY OHZ H IHJROH\S JVUULJ[PVU ^OPJO JVUULJ[Z P[ [V [OL PU[LYUL[� ;OPZ
IHJROH\S JVUULJ[PVU JHU IL ^PYLK VY ^PYLSLZZ�
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3URIHVVRU +DUDOG +$$6� (U HSTVZ[
\USPTP[LK IHUK^PK[O PZ VUL VM [OL RL`
HK]HU[HNLZ� (UK [OL V[OLY THPU HK]HU�
[HNL PZ ZLJ\YP[ �̀ ;OH[»Z ^O` W\YL3P-P� PM
`V\ SVVR H[ [OL UL^Z� OHZ H Z[YVUN LU�
NHNLTLU[ ^P[O [OL <: (YT` ,\YVWL HUK
(MYPJH ¶ ^OV OH]L JVPULK [OL WOYHZL!
¸:H]L 4PZZPVUZ HUK 3P]LZ ^P[O 3P-P�¹

;OL YLHZVU ILPUN! H >P-P YV\[LY PU HU
VWLYH[PVUHS [OLH[LY VU [OL NYV\UK PU H
IH[[SLÄLSK ZJLUHYPV JHU IL LHZPS` KL�
[LJ[LK V\[ZPKL [OL VWLYH[PVUHS [OLH[YL HZ
YHKPV ^H]LZ WYVWHNH[L [OYV\NO [OL MHI�
YPJ� 0[ KVLZ UV[ [HRL H SV[ VM ZVWOPZ[PJH[LK
LX\PWTLU[ [V KL[LJ[ [OL YHKPV LX\PWTLU[
[OH[ WVZLZ H NYLH[ ]\SULYHIPSP[` PU [OH[
[`WL VM ZP[\H[PVU� )\[� 3P-P PUZPKL [OL VW�
LYH[PVUHS [OLH[YL OHZ ILLU WYV]LU UV[ [V
JYLH[L HU` KPNP[HS ZPNUH[\YL V\[ZPKL P[�

;OL ZHTL ZLJ\YP[` MLH[\YLZ JHU IL L_�
[LUKLK [V HU VMÄJL LU]PYVUTLU[ [V VMMLY
ZLJ\YL ^PYLSLZZ JVTT\UPJH[PVUZ PU JYP[�
PJHS SVJH[PVUZ Z\JO HZ [OL *,6»Z VMÄJL�
IVHYKYVVTZ ¶ LZZLU[PHSS` L]LY`^OLYL
^OLYL LH]LZKYVWWPUN TH` YLZ\S[ PU ZLJ\�
YP[` ]\SULYHIPSP[PLZ ^OPJO L_[LUKZ [V THU�
\MHJ[\YPUN ZP[LZ� 0U [OL TVKLYU ^VYSK�
^OLYL J`ILY ZLJ\YP[` PZ ]LY` PTWVY[HU[�
3P-P OHZ H ]LY` Z[YVUN HK]HU[HNL� 4VYL�
V]LY� P[ OHZ [OL WV[LU[PHS [V IL TVYL LU�
LYN` LMÄJPLU[ K\L [V PU[LU[PVUHS ^PYLSLZZ
KH[H SPURZ�

/(' SURIHVVLRQDO� +RZ ZLOO WKH GRZQ�
OLQN WKURXJK /L)L EH UHDOL]HG LQ D OLJKW�
LQJ LQVWDOODWLRQ" :LOO WKH OLJKW FRPLQJ
IURP WKH OXPLQDLUH EH PRGXODWHG RU
LV LW D VHSDUDWH FKDQQHO" :K\ VKRXOG
ZH� OHWâV VD\� PRGXODWH WKH /(' GULYHU
RXWSXW OLJKW� EHFDXVH WKHQ LW ZRXOG DO�
ZD\V KDYH WR EH VZLWFKHG RQ�

3URIHVVRU +DUDOG +$$6� 0[»Z IV[O ¶ IL�
JH\ZL [OL ]PZPISL ZWLJ[Y\T WYV]PKLZ H
]HZ[ HTV\U[ VM ^PYLSLZZ [YHUZTPZZPVU YL�
ZV\YJLZ� 1\Z[ [V NP]L `V\ HU L_HTWSL�
^L OH]L [HRLU YLK� NYLLU� IS\L HUK `LS�
SV^ 3,+Z VMM [OL ZOLSM MYVT -HYULSS� ;OL
LU[PYL ZL[ VM :4+ 3,+Z ^HZ SLZZ [OHU H
,\YV� (UK ^L JVUZ[Y\J[LK H ^OP[L SPNO[
ILHT V\[ VM [OLZL MV\Y JVSVYZ V]LY ���
TL[LYZ �[OL [`WPJHS KPZ[HUJL IL[^LLU H
SPNO[ PU [OL JLPSPUN HUK H ZTHY[WOVUL PU H
^HSRPUN ZJLUHYPV� HUK [YHUZTP[[LK ����
NPNHIP[Z WLY ZLJVUK� (UK [OH[»Z �� [PTLZ
MHZ[LY [OHU `V\ OH]L PU �.� ZV P[»Z H ]P�
HISL ZWLJ[Y\T [V IL \ZLK MVY ^PYLSLZZ
KH[H [YHUZTPZZPVU�

0M `V\ OH]L H SPNO[ HUK P[»Z [\YULK VU HUK
`V\»YL PSS\TPUH[PUN HU`^H �̀ ^O` UV[ WPN�
N`IHJR OPNO�ZWLLK KV^USPUR KH[H JVT�
T\UPJH[PVU& 0[ PZ TVYL VY SLZZ MVY MYLL
HUK P[ JVUZLY]LZ LULYN` ILJH\ZL [OL
SPNO[ PZ VU HU`^H �̀ 0M 0 YLHSS` ^HU[ [V [HRL
P[ MVY^HYK [V [OL UL_[ NLULYH[PVU VM PSS\�
TPUH[PVU KL]PJLZ� P[ TH` IL H KPZJ\ZZPVU
MVY [OL PUK\Z[Y �̀ I\[ [OLYL HYL HSZV WLV�
WSL SPRL 7YVMLZZVY 5HRHT\YH HUK V[OLYZ

[OH[ WYVTV[L SHZLY SPNO[PUN� :V YLHSS �̀ [OL
UL_[ ^H]L VM SPNO[PUN PZ IHZLK VU H IS\L
SHZLY PUZ[LHK VM H IS\L 3,+� >L»]L KVUL
H SV[ VM L_WLYPTLU[Z ^P[O SHZLY SPNO[Z HUK
IHZPJHSS` H[ *,: ����� KLTVUZ[YH[LK
�� NPNH IP[Z WLY ZLJVUK ^P[O ^OP[L SPNO[
V]LY H KPZ[HUJL VM [OYLL TL[LYZ PU H OV�
[LS YVVT PU 3HZ =LNHZ� HUK ��� .IWZ H[
*,: ����� (UK ^L»YL KYP]PUN [OH[ KH[H
YH[L M\Y[OLY ZV ��� NPNH IP[Z WLY ZLJVUK
MYVT H SPNO[ PU H YVVT PZ MHY IL`VUK ^OH[
HU` >P-P YV\[LY JHU J\YYLU[S` KV� >OLU
[OL SPNO[ PZ [\YULK VMM PUMYHYLK SPNO[ JHU
JVU[PU\L [V WYV]PKL ^PYLSLZZ KH[H� 4VYL�
V]LY� [OL ZHTL KL]PJLZ JHU IL \ZLK MVY
ZLUZPUN HUK [OL ZHTL VW[PJHS Z`Z[LT
TH` IL \ZLK HZ H 3PKHY Z`Z[LT� ;OLYL
PZ H O\NL ILULÄ[ PU [LYTZ VM T\S[PWSL \ZL
JHZLZ \ZPUN [OL SPNO[�

/(' SURIHVVLRQDO� :RXOG WKDW DOVR
PHDQ WKDW WKHVH OLJKWLQJ V\VWHPV ZLOO
DOZD\V FRQVLVW RI 5*% RU LQIUDUHG VR�
OXWLRQV EXW QR SKRVSKRU /('V EH�
FDXVH LW KDV D GHOD\" $QG ZKDW DERXW
ZKLWH SKRVSKRU /('V"

3URIHVVRU +DUDOG +$$6� ;OL �� NPNH IP[
WLY ZLJVUK ^P[O SHZLY SPNO[ ^HZ IHZLK VU
WOVZWOVY L_JP[LK ¶ UV[ WOVZWOVY JVH[LK
¶ PSS\TPUH[PVU� ( IS\L SHZLY PZ ZOPUPUN VU
WOVZWOVY ^OPJO JYLH[LZ ^OP[L SPNO[� HUK
[OPZ Z[PSS HSSV^Z NPNHIP[ WLY ZLJVUK KH[H
ZWLLKZ ILJH\ZL VM [OL OPNO IHUK^PK[O
VM [OL SHZLY� 6I]PV\ZS �̀ P[ PZ WVZZPISL [V
\ZL 9.)� 0U MHJ[� VUL ^V\SK IL IL[[LY VMM
\ZPUN 9.)� )\[ PM [OL ^OP[L SPNO[ JVTLZ
MYVT WOVZWOVY JVH[LK IS\L 3,+Z� P[ PZ
Z[PSS WVZZPISL [V NL[ Z\IZ[HU[PHS KH[H YH[LZ
MYVT P[� 0U ZVTL 0V; HWWSPJH[PVUZ� `V\
KVU»[ ULLK H OPNO KH[H YH[L! `V\ JHU
ZLY]L H SV[ VM ZLUZVYZ PU H YVVT \ZPUN [OL
WOVZWOVY JVH[LK 3,+�

/(' SURIHVVLRQDO� 2Q WKH VXEMHFW RI
PLFUR /('V� ZH KDYH SL[HODWHG OLJKW�
LQJ ZLWK 5*%� WKDW ZRXOG VXSSRUW /L)L
TXLWH ZHOO� ZRXOGQâW LW"

3URIHVVRU +DUDOG +$$6� (IZVS\[LS �̀
0»]L ILLU ^VYRPUN ^P[O T` JVSSLHN\L�
7YVMLZZVY 4HY[PU +H^ZVU� MVY UPUL `LHYZ
UV^ HUK ^L OH]L WPVULLYLK [OL \ZL
VM TPJYV 3,+Z MVY ^PYLSLZZ KH[H JVT�
T\UPJH[PVU� 0U ���� ^L ^YV[L H WHWLY
KLTVUZ[YH[PUN [OYLL NPNH IP[ WLY ZLJVUK
MYVT H ZPUNSL IS\L .H5 TPJYV 3,+ ^P[O
HU VW[PJHS V\[W\[ WV^LY VM Ä]L TPSSP^H[[�
(UK UV �̂ ^L OH]L [OLT PU KPZWSH`Z� ;OPZ
VMMLYZ [OL VWWVY[\UP[` [V [YHUZTP[ PUKL�
WLUKLU[ KH[H Z[YLHTZ MYVT LHJO WP_LS
PU H KPZWSH �̀ (Z H YLZ\S[ P[ PZ WVZZPISL [V
HJOPL]L THZZP]L WHYHSSLS KH[H Z[YLHTZ



-PN\YL �! ;OL ÄN\YL ZOV^Z H W\YL3P-P 3P-P�?* HJJLZZ WVPU[� ;OL HJ[\HS KH[H [YHUZTP[[LY PZ HU VYKPUHY` 3,+
KV^USPNO[LY ^OPJO PZ JVUULJ[ [V H ZWLJPHS KYP]LY [OH[ HSZV WYV]PKLZ OPNO ZWLLK KH[H JOHUULSZ [V T\S[PWSL
\ZLYZ ]PH [OL ZHTL SPNO[� ;OPZ HJJLZZ WVPU[ PZ HSZV LX\PWWLK ^P[O H SPNO[ KL[LJ[VY ^OPJO JHU IL ZLLU UL_[ [V
[OL KV^USPNO[LY� ;OPZ HJ[Z HZ H 3P-P KH[H YLJLP]LY MVY [OL \WSPUR JVUULJ[PVU�
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]PH ZWH[PHS T\S[PWSL_PUN I` TLHUZ VM
4046 �T\S[PWSL PUW\[ T\S[PWSL V\[W\[�
HUK�VY ^H]LSLUN[O KP]PZPVU T\S[PWSL_PUN
�>+4� :V� P[ PZ WVZZPISL [V SPULHYS` PU�
JYLHZL KH[H YH[LZ ^P[O TPJYV 3,+Z� ;OPZ
PZ HUV[OLY NYLH[ JVTTLYJPHS H]LU\L I`
LUHISPUN KPZWSH`Z [V IL H THZZP]L 4046
[YHUZJLP]LY�

/(' SURIHVVLRQDO� ,Q \RXU OHFWXUH \RX
PDGH WKH H[DPSOH RI WKH FRPPV LQ�
GXVWU\ ò IURP WKH GHYLFH LQWR WKH SODW�
IRUP� <RX VKRZHG WKDW WKH OLJKWLQJ
FDQ JR IURP WKH GHYLFH DQG LQWR WKH
SODWIRUP XVLQJ WKH H[DPSOH RI D EXOE
ZLWK DQ LQWHOOLJHQW PLFUR FRQWUROOHU
LQVLGH� %XW ZKDW KDV WR EH GRQH WR
DFKLHYH WKDW" :KHUH DUH ZH ZKHQ LW
FRPHV WR SODWIRUPV IRU OLJKW EXOEV RU
OLJKWLQJ V\VWHPV"

3URIHVVRU +DUDOG +$$6� ;OPZ PZ VUL VM
T` MH]VYP[L [VWPJZ� -PYZ[ VM HSS� [OL WYV�
WVZLK JVUJLW[ KYP]LZ [OL WHYHKPNT VM
LKNL JVTW\[PUN [OH[ PZ KPZJ\ZZLK PU JLS�
S\SHY JVTT\UPJH[PVUZ� 0U MHJ[� P[ [HRLZ HSS
[OL ^PUUPUN WHYHKPNTZ PU JLSS\SHY JVT�
T\UPJH[PVU [V UL^ OLPNO[Z ¶ JLSS KLU�
ZPÄJH[PVU� KH[H YH[LZ� HUK SH[LUJ �̀ -VY
L_HTWSL! MVY H\[VTH[PVU ¶ PM `V\ [OPUR
VM H ZJLUHYPV ^P[OPU H THU\MHJ[\YPUN LU�
]PYVUTLU[� ^OLYL [OLYL HYL YVIV[Z [OH[
ULLK [V YLHJ[ [V JLY[HPU Z[PT\S\Z ^P[OPU
[OLPY VWLYH[PVUZ ]LY` X\PJRS �̀ HUK [OLYL
PZ [OL ULLK [V OH]L ]LY` SV^ SH[LUJ` IL�
[^LLU ZVTLVUL JVU[YVSSPUN [OL YVIV[ [OL
^PYLSLZZ Z`Z[LT T\Z[ OH]L ]LY` SV^ LUK�
[V�LUK SH[LUJ �̀ 0U [OPZ JHZL� P[ TH` UV[
IL WVZZPISL [V YV\[L [OL [YHMÄJ [OYV\NO

[OL ^VYSK ^PKL ^LI HUK JSV\K ZLY]LYZ
SVJH[LK PU 3VZ (UNLSLZ� MVY L_HTWSL�
^OLU P[ PZ H MHJ[VY` SVJH[LK PU ,\YVWL IL�
JH\ZL [OL KLSH`Z HYL [YLTLUKV\Z� :V�
[OLYL PZ [OL ULLK MVY OH]PUN SVJHS JVT�
T\UPJH[PVUZ HUK LKNL JVTW\[PUN HUK
SVJHS JSV\KZ JSVZL [V [OL HWWSPJH[PVU�
;OL SPNO[Z JV\SK IL L_HJ[S` [OPZ ¶ H JVT�
T\UPJH[PVU KL]PJL� H ZLUZPUN KL]PJL� H
JVTW\[PUN KL]PJL� H KH[H Z[VYHNL KL�
]PJL HUK H JSV\K ZLY]LY� 0M `V\ [OPUR VM H
ZOVW ÅVVY LU]PYVUTLU[ ^OLYL `V\ THU�
\MHJ[\YL [OPUNZ SPRL HU HPYJYHM[� HUK `V\
OH]L [VVSZ [OH[ HYL NL[[PUN KH[H MYVT [OL
JSV\K� IHZLK VU [OL SVJH[PVU VM [OL [VVS�
[OL Z`Z[LT YLHSPaLZ ^OH[ RPUK VM ZJYL^ VY
^OH[ RPUK VM [VYX\L ULLKZ [V IL HWWSPLK
HUK P[ PZ H\[VTH[PJHSS` MLK [V [OL [VVS HUK
P[ HKQ\Z[Z P[Z HJ[PVU�

¸0U T` ]PL^ [OLYL PZ H Z[YVUN
JVTTLYJPHS VWWVY[\UP[` VU [OL
LKNL IL[^LLU JVTT\UPJH�
[PVUZ HUK SPNO[PUN�¹

796-,::69 /(9(3+ /((:

;OPZ [`WL VM ZJLUHYPV HSZV YLX\PYLZ SV^
SH[LUJ �̀ OPNO ZWLLK KH[H JVTT\UPJH�
[PVU HUK YLSPHIPSP[ �̀ (UK HNHPU SPNO[ I\SIZ
JV\SK [HRL [OPZ HJ[PVU ¶ UV[ VUS` PU H
THU\MHJ[\YPUN LU]PYVUTLU[ I\[ HSZV PU
H OVTL LU]PYVUTLU[� (UK HZ 0 ZHPK PU
[OL SLJ[\YL� SPRL [OL TVIPSL WOVUL ^HZ

H ZPUNSL�ZLY]PJL KL]PJL MVY TVIPSL [LSL�
WOVU` H[ [OL ILNPUUPUN VM [OL � ��»Z�
[OL SPNO[ I\SI OHZ ILLU H ZPUNSL ZLY]PJL
KL]PJL MVY SPNO[PUN MVY THU �̀ THU` `LHYZ
¶ ZPUJL ,KPZVU�

;OL TVIPSL WOVUL OHZ KL]LSVWLK PU[V
H TVIPSL JVTW\[PUN WSH[MVYT WYV]PKPUN
O\UKYLKZ VM ZLY]PJLZ�HWWZ� :PTPSHYS �̀ ^L
ZLL H ZOPM[ MYVT H KL]PJL [V H WSH[MVYT PU
[OL SPNO[PUN PUK\Z[Y �̀ ( WYLYLX\PZP[L MVY
[OPZ PZ [OL ZLY]PJL KP]LYZPÄJH[PVU� 0SS\TPUH�
[PVU PZU»[ ZVTL[OPUN [OH[ PZ Z\Z[HPUHISL HZ
H I\ZPULZZ TVKLS ILJH\ZL VM [OL SPML[PTL
VM [OLZL KL]PJLZ� 0[»Z H ULJLZZP[` [V HKK
]HS\L [V P[� ZV UV �̂ ^L HYL [HRPUN [OL VW�
WVY[\UP[` VM TV]PUN H SPNO[PUN KL]PJL PU[V
H SPNO[PUN WSH[MVYT�

;OPZ PZ LUHISLK ^P[O HSS [OL JVTWVULU[Z
KLZJYPILK HIV]L HYV\UK JVTT\UPJH�
[PVUZ� JVTW\[PUN HUK ZLUZPUN� 0M `V\
^HU[LK P[ [V� H SPNO[I\SI JV\SK TVYWO PU[V
H UL\YVU VM V\Y M\[\YL (0 KYP]LU ºTL[H�
^VYSK»� 0[ JV\SK IL H JY\JPHS LUHISLY MVY
\S[YH�ZTHY[ I\PSKPUNZ� ZTHY[ OVTLZ� HUK
ZTHY[ JP[PLZ� )\[ [OLYL PZ HSZV H JOHS�
SLUNL� ;OPZ ]PZPVU ZP[Z IL[^LLU [^V THQVY
PUK\Z[YPLZ! [OL SPNO[PUN PUK\Z[Y` HUK [OL
^PYLSLZZ JVTTZ PUK\Z[Y �̀ 0M `V\ [HSR [V
[OL ^PYLSLZZ JVTTZ PUK\Z[Y` ¶ [OL` KVU»[
^HU[ [V OLHY HIV\[ SPNO[PUN� (UK PM `V\
[HSR [V [OL SPNO[PUN PUK\Z[Y �̀ [OL` KVU»[
^HU[ [V OLHY HIV\[ JVTT\UPJH[PVUZ ¶
ILJH\ZL [OH[»Z UV[ ^OH[ [OL` KV� 0[»Z H
YLHS JOHSSLUNL IYPUNPUN [OVZL [^V PUK\Z�
[YPLZ [VNL[OLY� I\[ 0 Z[PSS OVWL 0 JHU JVU�
]PUJL [OLT VM [OL O\NL ILULÄ[Z� 0[ JHU»[
IL KVUL PU H YHKPJHS ^H`! `V\ ULLK ZTHSS
Z[HY[\WZ [OH[ YLHSPaL [OL JVTTLYJPHS WV�
[LU[PHS [V IL OHK I` [OPZ M\ZPVU VM [OL [^V
PUK\Z[YPLZ� HUK [OLU [OL` JHU KYP]L [OL
IPNNLY PUK\Z[Y` HUK [HRL [OL SHYNL JVY�
WVYH[PVUZ HSVUN [OH[ ]PZPVU� 0U T` ]PL^
[OLYL PZ H Z[YVUN JVTTLYJPHS VWWVY[\UP[`
VU [OL LKNL IL[^LLU JVTTZ HUK SPNO[�
PUN�

/(' SURIHVVLRQDO� ,I ZH WDON DERXW
SODWIRUPV� , WKLQN WKH QH[W WKRXJKWV
VKRXOG EH DERXW VWDQGDUGV� +RZ IDU
ZRXOG \RX VD\ ZH DUH LQ WKH ðHOG RI
VWDQGDUGV� ULJKW QRZ"

3URIHVVRU +DUDOG +$$6� >L HYL X\P[L
HK]HUJLK ^P[O Z[HUKHYKZ� (UK [OLYL PZ
VUL Z[HUKHYK [OH[ YLHSS` Z[HUKZ V\[ [OH[
LUJVTWHZZLZ [OL UL[^VYRPUN ]PZPVU�
HUK [OH[ PZ ^P[OPU 0,,,� 0[»Z JHSSLK 0,,,
������ ^OPJO PZ [OL IVK` [OH[ Z[HUKHYK�
PaLK >P-P� (UK ^P[OPU [OPZ IVK` VM >P-P
Z[HUKHYKPaH[PVUZ [OLYL PZ H [HZR NYV\W
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-PN\YL �! ;OL 2P[LÄU� Z`Z[LT I` W\YL3P-P PZ HSYLHK` KPZY\W[PUN [OL LJVZ`Z[LT VM ^PYLSLZZ KLMLUJL
[LJOUVSVNPLZ� 2P[LÄU WYV]PKLZ [OL SH[LZ[ HK]HUJLTLU[Z WYV[LJ[PUN TPZZPVU JYP[PJHS JVTT\UPJH[PVUZ HUK OHZ
[OL WV[LU[PHS [V ZH]L TPZZPVUZ HUK SP]LZ�

-PN\YL �! ;OL 3P-P�?* I` W\YL3P-P PZ [OL ^VYSK»Z ÄYZ[ JLY[PÄLK� JVTWSL[L 3P-P Z`Z[LT� ;OL 3P-P�?* Z`Z[LT
JVUZPZ[Z VM HU HJJLZZ WVPU[ HUK <:) KVUNSL [OH[ PZ JVTWH[PISL ^P[O >PUKV^Z� 3PU\_� HUK 4(* VWLYH[PUN
Z`Z[LTZ�
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JHSSLK ;HZR .YV\W ºII» [OH[ OHZ KLÄULK
H Z[HUKHYK MVY 3P-P� ;OLYL PZ H ÄYZ[ KYHM[
V\[ [OLYL HUK ^L ^PSS ZLL H YH[PÄLK Z[HU�
KHYK I` [OL LUK VM [OPZ `LHY� :V� PU [OL
ÄYZ[ X\HY[LY VY OHSM VM UL_[ `LHY� `V\ TH`
ZLL WYL�Z[HUKHYK WYVK\J[Z HUK I` [OL
ZLJVUK OHSM VM [OPZ `LHY `V\»SS ZLL M\SS`
Z[HUKHYKPaLK WYVK\J[Z�

/(' SURIHVVLRQDO� <RX PHQWLRQHG
WKDW SXUH/L)L KDV EHHQ JLYHQ DQRWKHU
DZDUG IRU WKH /L)L GHIHQVH V\VWHP
.LWHðQ� <RX DOVR PDGH D PXOWL�PLOOLRQ�
GROODU GHDO ZLWK WKH 86 DUP\� &RXOG
\RX H[SODLQ WR XV ZKDW .LWHðQ LV"

3URIHVVRU +DUDOG +$$6� ;OL 2P[LÄU
PZ H 3P-P Z`Z[LT [OH[ PZ IHZLK VU ]PZPISL
SPNO[ MVY [OL KV^USPUR� 0[»Z H Y\NNLKPaLK
^PYLSLZZ HJJLZZ WVPU[ HUK SPNO[PUN Z`Z�
[LT [OH[ WYV]PKLZ PSS\TPUH[PVU HUK H[ [OL
ZHTL [PTL KLSP]LYZ ZLJ\YL HUK YLSPHISL
IP�KPYLJ[PVUHS ^PYLSLZZ KH[H JHWHJP[ �̀ 0[»Z
H TVZ[ HK]HUJLK ]PZPISL SPNO[ JVTT\UP�
JH[PVU Z`Z[LT MVY PSS\TPUH[PVU HUK KH[H
JVTT\UPJH[PVU HUK VWLYH[PUN PU OHYZO
LU]PYVUTLU[Z� 0[ OHZ ULHY aLYV ,4 ZPN�
UH[\YL HUK ZH]LZ [PTL HUK TVUL` VU
KLWSV`TLU[ K\L [V [OL ZPTWSPJP[` VM PU�
Z[HSSH[PVU�

/(' SURIHVVLRQDO� :KDW GR \RX WKLQN
WKH WHFKQRORJLFDO FKDOOHQJHV DUH LQ
WKH QHDU IXWXUH" $QG ZKHQ GR \RX
WKLQN ZHâOO EH UHDG\ WR KDYH PDU�
NHWDEOH /L)L VROXWLRQV"

3URIHVVRU +DUDOG +$$6� 0 ILSPL]L [OH[
[OL WYLZZ YLSLHZL `V\ Q\Z[ YLHK PZ H THY�
RL[HISL 3P-P ZVS\[PVU ILJH\ZL P[ PZ PTWVY�
[HU[ [V UV[L [OH[ [OLZL KLWSV`TLU[Z HYL
UV[ WYVVM�VM�JVUJLW[� ;OL` HYL UV[ WP�
SV[Z� ;OL <: (YT` ,\YVWL HUK (MYPJH HYL
UV[ WPSV[PUN [OLZL KL]PJLZ MVY 3P-P� [OL`
HYL YVSSPUN [OLT V\[ PU YLHS ^VYSK KLWSV`�
TLU[Z� :V� [OH[»Z [OL ILHJOOLHK THYRL[�
;OLZL HYL [OL ÄYZ[ HKVW[LYZ� HUK ^L HYL
]LY` NYH[LM\S [V HSS [OL ]PZPVUHYPLZ PU [OL
<: (YT` ^OV ZLL [OL NYLH[ ILULÄ[Z VM
3P-P�
)\[ 0 N\LZZ `V\»YL [HSRPUN HIV\[ [OL JVU�
Z\TLY THYRL[� @V\»YL [HSRPUN HIV\[ KL�
WSV`TLU[ PU V\Y VMÄJLZ VY OVTLZ� 4H`IL
VU V\Y Z[YLL[Z� Z[YLL[SPNO[Z� PU V\Y JHYZ�
>L HYL VU [OL IYPUR VM IYLHRPUN PU[V [OL
THZZ THYRL[� 6UL VM [OL JOHSSLUNLZ PZ
[OL PU[LNYH[PVU PU[V H ZTHSS KL]PJL� )YPUN�
PUN 3P-P [LJOUVSVN` PU[V H OHUKZL[ PZ [OL
\S[PTH[L NVHS HUK L]LY`IVK` [OH[ PZ ^VYR�
PUN VU 3P-P ^V\SK� 0 Z\WWVZL� KLJSHYL
[OPZ HZ HU VIQLJ[P]L� :V THRPUN P[ ZTHSS

¶ UV[ IPNNLY [OHU [OL ZPaL VM H JHTLYH
TVK\SL ¶ PZ [OL VIQLJ[P]L� (UK 0»K SPRL
[V ZH` OLYL� [OH[ [OPZ PZ UV[ ÄJ[PVU� (J[\�
HSS �̀ W\YL3P-P YLSLHZLK [OL ÄYZ[ 3P-P SPNO[
HU[LUUH TVK\SL ZTHSS LUV\NO MVY PU[L�
NYH[PVU PU[V ZTHY[WOVULZ PU ��� � ;OPZ
SPNO[ HU[LUUH TVK\SL PZ UV[ IPNNLY [OHU H
JHTLYH TVK\SL� JVTT\UPJH[PUN NPNHIP[Z
WLY ZLJVUK ]PH 3P-P HUK KVPUN \ZL JHZLZ
Z\JO HZ KL]PJL [V KL]PJL JVTT\UPJH�
[PVU�

-PN\YL �! ;OL ÄN\YL ZOV^Z [OL W\YL3P-P SPNO[
HU[LUUH TVK\SL �3(4� MVY PU[LNYH[PVU PU[V ZTHY[�
WOVULZ HUK SPNO[PUN Z`Z[LTZ� -PYZ[ ZTHY[WOVULZ
OH]L ILLU LX\PWWLK HUK [YPHSSLK ^P[O [OPZ 3(4�

:V P[»Z UV[ H YLZLHYJO JOHSSLUNL� P[»Z HU
LUNPULLYPUN JOHSSLUNL [OH[ OHZ HSYLHK`
ILLU ZVS]LK� >L HYL UV^ ^HP[PUN MVY P[
[V JVTL V\[ PU H YLHS JVTTLYJPHS THZZ
THYRL[� )\[ NP]LU [OL Z[H[L VM KL]LSVW�
TLU[� 0 KVU»[ ZLL P[ [HRPUN SVUNLY [OHU H
`LHY VY [^V�

/(' SURIHVVLRQDO� <RX PHQWLRQHG WKH
FRPPXQLFDWLRQ EXVLQHVV RQ WKH RQH
VLGH� DQG WKH OXPLQDLUH EXVLQHVV RQ
WKH RWKHU VLGH� 6R LI D OXPLQDLUH PDQ�
XIDFWXUHU WKRXJKW WR WKHPVHOI WKDW LW
PLJKW EH WKH ULJKW WLPH WR VWHS LQWR WKH
/L)L EXVLQHVV� KRZ VKRXOG WKH\ SUR�
FHHG"

3URIHVVRU +DUDOG +$$6� -PYZ[ VM HSS�
0 [OPUR P[ ^V\SK IL NYLH[ PM H SPNO[PUN THU�
\MHJ[\YLY YLHSPaLK [OL JVTTLYJPHS VWWVY�
[\UP[PLZ VM JVTIPUPUN SPNO[PUN HUK JVT�
T\UPJH[PVU� 0[ ^V\SK IL H ÄYZ[ Z[LW HUK
0 YLHSS` ^HU[ [V OPNOSPNO[ [OL ]LY` PTWVY�
[HU[ KL]LSVWTLU[Z PU JVTT\UPJH[PVUZ
ILJH\ZL VUL VM [OL WHYHKPNT ZOPM[Z PU �.
PZ [OL TV]L PU[V [OL JSV\K� 9HKPV HJJLZZ
[LJOUVSVNPLZ ¶ 6WLU�9(5� MVY L_HT�
WSL� TLHUZ [OH[ H SV[ VM [OL WYVJLZZPUN VM
[OL JVTT\UPJH[PVU ZPNUHSZ PZ KVUL PU H
JSV\K�
(UK H JSV\K PZ JVTW\[PUN KL]PJLZ ZWYLHK
HYV\UK VY KPZ[YPI\[LK ¶ HUK [OL PKLH VM
JVTW\[H[PVUHS JLU[LYZ ¶ JVTT\UPJH[PVU
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JLU[LYZ MVY YHKPV JVTTZ� HUK ZV VU ¶
TV]PUN [OL JSV\K V\[ PU[V [OL LKNLZ" PU[V
[OL SPNO[ I\SIZ� PZ H UH[\YHS Z[LW� 0[ PZ H
UH[\YHS Z[LW VM [OL JSV\KPÄJH[PVU� HZ [OL`
JHSS P[� VM JLSS\SHY JVTT\UPJH[PVUZ� )\[
[OH[ [YLUK OHZ HSYLHK` Z[HY[LK� :V HSS H
SPNO[PUN JVTWHU` ^V\SK ULLK [V KV PZ [V
YLHSPaL [OL VWWVY[\UP[` HUK ZH` ¶ VRH �̀
^L ^PSS Z\JR [OL JSV\K PU[V V\Y SPNO[ I\SI�
HUK OH]L V\Y ¸SP]PUN YVVT JSV\K¹ HUK
V\Y ¸RP[JOLU JSV\K¹ ¶ ZV OH]PUN H JSV\K
ZWYLHK HYV\UK PU H OV\ZL� Z[VYPUN SVJHS
KH[H PU HU LU]PYVUTLU[" Z[VYPUN SVJHS PU�
MVYTH[PVU ¶ OH]PUN ZLUZLZ PUJS\KLK HZ
^LSS� HUK ÄSSPUN HU LU[PYL LJVZ`Z[LT VM
HWWSPJH[PVUZ HYV\UK P[ ^OLYL SPNO[PUN PZ
VUL VM [OLT� 0U[LSSPNLU[ SPNO[PUN ¶ Z^P[JO�
PUN VU HUK VMM VY JOHUNPUN JVSVY KLWLUK�
PUN VU [OL TVVKZ VM [OL WLVWSL� ^V\SK�
H[ [OL ZHTL [PTL� IL WYV]PKPUN ZLY]PJLZ
[V [OLT� 0 ^V\SK PTHNPUL P[ ^V\SK YLX\PYL
H ZOPM[ PU ZRPSSZ PU H SPNO[PUN JVTWHU �̀
( ZOPM[ VM ZRPSSZ ^OLYL JVTT\UPJH[PVUZ
L_WLY[Z ^V\SK ULLK [V IL JVUZ\S[LK�
(UK VM JV\YZL� H UH[\YHS Z[LW MVY [OVZL
JVTWHUPLZ ^V\SK IL MVY [OLT [V ZWLHR
[V WLVWSL SPRL \Z� ;OL` JV\SK OLHY MYVT
\Z HUK V[OLYZ ^OH[ [LJOUVSVNPLZ L_PZ[ [V
JVTIPUL SPNO[PUN HUK ^PYLSLZZ JVTT\�
UPJH[PVUZ HUK L_WSVYL [OL VWWVY[\UP[PLZ�
;OLYL PZ H SV[ VM HK]PJL [OH[ JHU IL NP]LU
PU [LYTZ VM ^OH[ ULLKZ [V IL KVUL�

¸0 YLHSS` ^HU[ [V OPNOSPNO[ [OL
]LY` PTWVY[HU[ KL]LSVWTLU[Z
PU JVTT\UPJH[PVUZ ILJH\ZL
VUL VM [OL WHYHKPNT ZOPM[Z PU
�. PZ [OL TV]L PU[V [OL JSV\K�¹
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3PRL^PZL� [OLYL PZ H SV[ VM HK]PJL [OH[ [OL`
JV\SK NP]L [V \Z� ZP[[PUN VU [OL JVTT\�
UPJH[PVUZ ZPKL� PU [LYTZ VM [OL JVZ[ Z[Y\J�
[\YL VM SPNO[PUN HUK [OL KYP]LYZ PU [OH[
PUK\Z[Y �̀ >L JV\SK W\[ [OPUNZ [VNL[OLY
HUK I\PSK H Z`Z[LT [OH[ M\SÄSZ [OL YLX\PYL�
TLU[Z VM SPNO[PUN WS\Z JVTT\UPJH[PVUZ�
0[»Z YLHSS` H TH[[LY VM YLHJOPUN V\[ [V WLV�
WSL HJYVZZ [OH[ ZLJ[VY�

/(' SURIHVVLRQDO� 7KDQN \RX VR PXFK�
,W KDV EHHQ DQ KRQRU EHLQJ DEOH WR
WDON WR WKH IRXQGHU RI /L)L� :H UHDOO\
DSSUHFLDWH DOO WKH WLPH \RX KDYH WDNHQ
IRU XV DQG RXU UHDGHUV�

3URIHVVRU +DUDOG +$$6� ;OHUR `V\
HZ ^LSS ¶ P[ OHZ ILLU HU HIZVS\[L WSLH�
Z\YL� "

$ERXW 3URIHVVRU +DUDOG +$$6�
7YVMLZZVY /HHZ PZ H -LSSV^ VM [OL 9V`HS
(JHKLT` VM ,UNPULLYPUN� [OL 9V`HS :VJP�
L[` VM ,KPUI\YNO� [OL 0UZ[P[\[L VM ,SLJ[YP�
JHS HUK ,SLJ[YVUPJZ ,UNPULLYZ �0,,,� HUK
[OL 0UZ[P[\[PVU VM ,UNPULLYPUN HUK ;LJO�
UVSVN` �0,;�� 0U ����� OL HSZV YLJLP]LK
[OL >VSMZVU 9LZLHYJO 4LYP[ (^HYK VM
[OL 9V`HS :VJPL[` PU [OL <UP[LK 2PUN�
KVT� ;OPZ ]LY` WYLZ[PNPV\Z (^HYK HPTZ
H[ YL[HPUPUN YLZWLJ[LK ZJPLU[PZ[Z VM V\[�
Z[HUKPUN HJOPL]LTLU[ HUK WV[LU[PHS [V
[OL <2�
9LJLU[S �̀ 7YVM� /HHZ OHZ ILJVTL VUL
VM [OL TVZ[ ]PZPISL HUK TVZ[ JP[LK YL�
ZLHYJOLYZ PU [OL HYLH VM VW[PJHS ^PYLSLZZ
JVTT\UPJH[PVUZ� -VY L_HTWSL� HJJVYK�
PUN [V .VVNSL :JOVSHY� OPZ O�PUKL_ PZ
 � HUK OPZ ^VYR ^HZ JP[LK TVYL [OHU
������ [PTLZ� ^P[O TVYL [OHU ������
JP[H[PVUZ PU [OL WHZ[ � `LHYZ� /L OHZ
W\ISPZOLK TVYL [OHU ��� WLLY�YL]PL^LK
WHWLYZ� 7YVMLZZVY /HHZ OHZ ILLU SPZ[LK
I` *SHYP]H[L �>LI VM :JPLUJL� HZ H /PNOS`
*P[LK 9LZLHYJOLY PU [OL ÄLSK VM *VT�
W\[LY :JPLUJL JVU[PU\V\ZS` ZPUJL �����
/PZ ^VYR OHZ YLJLP]LK ZL]LYHS YLJVNUP�
[PVUZ� -VY PUZ[HUJL� OL ^HZ JV�YLJPWPLU[
VM [OL ���� 1HJR 5L\IH\LY 4LTVYPHS
(^HYK MYVT [OL 0,,, =LOPJ\SHY ;LJOUVS�
VN` :VJPL[ �̀ [OL ���� ,<9(:07 )LZ[
7HWLY (^HYK VM [OL 1V\YUHS VM >PYLSLZZ
*VTT\UPJH[PVUZ HUK 5L[^VYRPUN� 0,,,
0U[LYUH[PVUHS *VTT\UPJH[PVU *VUMLYLUJL
�0**� ILZ[ WHWLY H^HYKZ PU [OYLL JVU�
ZLJ\[P]L `LHYZ MYVT ���� ¶ ����� 0** PZ
[OL PU[LYUH[PVUHS ÅHNZOPW JVUMLYLUJL PU
[OL ÄLSK VM JVTT\UPJH[PVUZ� 0U ��� � OL
YLJLP]LK [OL 1HTLZ ,]HUZ (]HU[ .HYKL
(^HYK VM [OL 0,,, =LOPJ\SHY ;LJOUVSVN`
:VJPL[` MVY WPVULLYPUN JVU[YPI\[PVUZ [V
T\S[PWSL HU[LUUH [YHUZTPZZPVU Z`Z[LTZ
HUK VW[PJHS ^PYLSLZZ JVTT\UPJH[PVUZ�
PU WHY[PJ\SHY ZWH[PHS TVK\SH[PVU HUK 3P-P
�3PNO[ -PKLSP[`�� /L ^HZ [OL ^PUULY VM
[OL ,UNPU\P[` *VUULJ[LK 7SHJLZ 0UUV]H�
[PVU (^HYK� PU [OL <2 PU ����� 7YVMLZZVY
/HHZ OHZ HSZV ILLU ZLSLJ[LK HZ VUL V\[
VM �� 9LJVNUPZPUN 0UZWPYH[PVUHS :JPLU[PZ[Z
HUK ,UNPULLYZ �90:,� 3LHKLYZ PU [OL <2
PU �����

/L OVSKZ �� H^HYKLK WH[LU[Z HUK PZ VUL
VM H ML^ WLVWSL PU [OL ^VYSK ^OV ^LYL PU�
]P[LK I` ;,+ .SVIHS [^PJL� 0U OPZ ÄYZ[ PU�
]P[LK ;,+ [HSR! ¸>PYLSLZZ KH[H MYVT L]LY`
SPNO[ I\SI¹ ^OPJO YLZ\S[LK MYVT [OL YLJVN�
UP[PVU PU 7YVM� /HLUZJO»Z IVVR! ¸��� 7YV�
K\R[L KLY A\R\UM[! >LN^LPZLUKL 0KLLU�
KPL \UZLY 3LILU ]LYpUKLYU ^LYKLU¹� OL
ÄYZ[ JVPULK º3P-P» HUK KLTVUZ[YH[LK ^PYL�
SLZZ KH[H [YHUZTPZZPVU MYVT HU VYKPUHY`
SPNO[ I\SI [V [OL W\ISPJ� /PZ VUSPUL ]PKLV
OHZ ILLU ^H[JOLK TVYL [OHU ���������
[PTLZ� ;OL ;04, 4HNHaPUL SPZ[LK º3P-P»
HZ VUL VM [OL �� ILZ[ PU]LU[PVUZ PU [OLPY
5V]LTILY ���� PZZ\L� :\IZLX\LU[S �̀
7YVM� /HHZ HUK OPZ ^VYR VU VW[PJHS ^PYL�
SLZZ JVTT\UPJH[PVUZ MLH[\YLK PU ZL]LYHS
PU[LYUH[PVUHS TLKPH V\[SL[Z Z\JO HZ ))*�
579� *5)*� 5L^ @VYR ;PTLZ� >PYLK
<2� 5L^:JPLU[PZ[� ;OL ,JVUVTPZ[� -P�
UHUJPHS ;PTLZ HUK *55 0U[LYUH[PVUHS� /PZ
ZLJVUK PU]P[LK ;,+ [HSR ¸-VYNL[ >P�-P�
4LL[ [OL 5L^ 3P�-P 0U[LYUL[¹ ^OLYL OL
KLTVUZ[YH[LK MVY [OL ÄYZ[ [PTL PU W\ISPJ
[OL ZPT\S[HULV\Z \ZL VM HU VYKPUHY` ZV�
SHY WHULS HZ HU LULYN` OHY]LZ[PUN KL]PJL
HUK OPNO ZWLLK VW[PJHS ^PYLSLZZ KH[H KL�
[LJ[VY� ;OPZ [HSR OHZ ILLU ^H[JOLK TVYL
[OHU ��������� [PTLZ ^P[OPU ZP_ `LHYZ�
/L OHZ YLJLP]LK TVYL [OHU ��� PU]P[H�
[PVUZ MVY SLJ[\YLZ� RL`UV[LZ HUK WSLUHY`
[HSRZ� (Z WHY[ VM OPZ Z[YP]L MVY ^PKLY PT�
WHJ[� OL ZL[�\W HUK JV�MV\UKLK W\YL3P-P
3[K ^OPJO J\YYLU[S` LTWSV`Z H ^VYRMVYJL
VM �� OPNOS` ZRPSSLK WLVWSL PU [OL <2� ,\�
YVWL� (ZPH HUK [OL <:(� /L J\YYLU[S`
ZLY]LZ W\YL3P-P HZ [OL *OPLM :JPLU[PÄJ 6M�
ÄJLY �*:6��
)LMVYL OL Z[HY[LK [V MVJ\Z VU VW[PJHS
^PYLSLZZ JVTT\UPJH[PVUZ PU ����� 7YVM�
/HHZ OHK ^VYRLK PU YHKPV MYLX\LUJ` �9-�
^PYLSLZZ JVTT\UPJH[PVUZ MVY �� `LHYZ
PUJS\KPUN ZL]LYHS `LHYZ PU PUK\Z[Y �̀ /L
YLJLP]LK H /LPUa�5P_KVYM :JOVSHYZOPW
MVY :V\[O�,HZ[ (ZPH HUK JVU[YPI\[LK [V
[OL ZL[\W VM [OL ÄYZ[ .:4 UL[^VYR MVY
4\TIHP ILMVYL OL QVPULK :PLTLUZ :LTP�
JVUK\J[VYZ �UV^ 0UÄULVU� PU �  � ^OLYL
OL ^HZ WHY[ VM H [LHT [OH[ KL]LSVWLK
[OL ÄYZ[ .:4 JOPWZL[ MVY :PLTLUZ TVIPSL
WOVULZ�

0U ����� OL PU[YVK\JLK H JVTWSL[LS` UL^
T\S[P�HU[LUUH [YHUZTPZZPVU [LJOUPX\L
^OPJO OL JVPULK ºZWH[PHS TVK\SH[PVU»�
:WH[PHS TVK\SH[PVU OHZ ZPUJL ILLU HK�
]HUJLK I` THU` YLZLHYJO NYV\WZ ^VYSK�
^PKL� ;OLYL HYL J\YYLU[S` TVYL [OHU
���� YLZLHYJO WHWLYZ [OH[ OH]L PU]LZ�
[PNH[LK H ^PKL YHUNL VM PZZ\LZ YLSH[LK
[V [OPZ JVTWSL[LS` UL^ ^PYLSLZZ [YHUZ�
TPZZPVU HWWYVHJO� ;OPZ [LJOUVSVN` ^HZ
HKVW[LK I` :HTZ\UN�



3W: +PNP[HS! 3PNO[PUN *VUMLYLUJL 
,_OPIP[PVU ����
3W: +PNP[HS PZ [OL \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\HS�
PÄLK HUK HKKYLZZ RL` WLYZVUZ PU [OL YL�
ZWLJ[P]L JOHUULS�

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

/LJKWLQJ 'HVLJQ &KDQQHO

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

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

%HQHðWV IRU &RQIHUHQFH
$XWKRUV

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

%HQHðWV IRU 9LUWXDO
([KLELWRUV

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

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

https://led-professional-symposium.com/portfolio/dee-denteneer-zhaga-consortium/
https://led-professional-symposium.com/portfolio/marion-ebel-lightingeurope-2/
https://led-professional-symposium.com/portfolio/benjamin-stampfer-university-innsbruck/
https://led-professional-symposium.com/portfolio/elena-scaroni-lightingeurope/
https://led-professional-symposium.com/portfolio/emilio-hernandez-green-light-alliance/
https://led-professional-symposium.com/portfolio/manuel-spitschan-oxford-university/
https://www.bluetooth.com/lighting?utm_source=bluetooth-website&utm_campaign=connected-device&utm_medium=web&utm_term=text&utm_content=LpS-lighting-mag
http://www.nichia.co.jp/en/about_nichia/index.html


.SHZZ /V\ZL .HYKLU 9VVT� :LV\S
3PJO[]PZPVU +LZPNU
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6LWWLQJ DWRS WKH +\XQGDL 0RNGRQJ 'H�
SDUWPHQW 6WRUH LQ 6HRXO� WKH *ODVV
+RXVH *DUGHQ 5RRP SURYLGHV DQ XU�
EDQ RDVLV IRU VKRSSHUV DQG YLVLWRUV�
/LFKWYLVLRQ DQG WKH WHDP DW &DVSHU
0XHOOHU .QHHU $UFKLWHFWV UHLQWHUSUHWV
WKH WUDGLWLRQDO JUHHQKRXVH WR UH¿HFW
PRGHUQ GD\ DHVWKHWLFV� *UHHQ SODQW
LVODQGV DUH ORFDWHG WKURXJKRXW WKH
VSDFH� H[WHQGLQJ WKH URRIWRS WHUUDFH
LQWR WKH LQWHULRU� 6ZDUPV RI SODQW�
IULHQGO\ /(' OLJKW ¾WWLQJV DUH SODFHG
DERYH WKHVH LVODQGV� DFFHQWXDWLQJ WKH
SODQWV ZKLOH DOVR VXSSOHPHQWLQJ DGGL�
WLRQDO ZKLWH OLJKW UHTXLUHG IRU KHDOWK\
SODQW JURZWK� 6SHFLDO DWWHQWLRQ ZDV
JLYHQ GXULQJ WKH GHVLJQ DQG /(' VHOHF�
WLRQ SURFHVV WR HQVXUH FRORU UHQGHULQJ�
OLJKW VSHFWUXP DQG OLJKWLQJ FRQWUROV
ZHUH DFFRUGLQJ WR ELRSKLOLF GHVLJQ
DSSURDFK� 7KH *ODVV +RXVH *DUGHQ
5RRP LV /LFKWYLVLRQ¶V ¾UVW SURMHFW ZLWK
D VSHFL¾F HPSKDVLV RQ ELRSKLOLF GH�
VLJQ� :H ORRN IRUZDUG LQ FRQWLQXLQJ WR
H[SORUH DQG DSSO\ WKHVH SULQFLSOHV LQ
RXU IXWXUH SURFHVVHV�

;OL /`\UKHP +LWHY[TLU[ :[VYL 4VRKVUN
PU :LV\S MLH[\YLZ [OL ^VYSK»Z TVZ[ MHTV\Z
S\_\Y` IYHUKZ� >OPSL VUL»Z ZLUZLZ HYL JOHS�
SLUNLK PU [OL ZOVWWPUN ZLJ[PVUZ ILSV �̂ [OL
[VW ÅVVY VMMLYZ H ZWHJL [V YLZ[� ;OL TPUP�
THSPZ[ ¸.SHZZ /V\ZL .HYKLU 9VVT¹ VMMLYZ
H WSHJL VM [YHUX\PSSP[` MVY ZOVWWLYZ HUK ]PZ�
P[VYZ� 0[ ZLY]LZ HZ [OL LU[YHUJL ÅVVY [V [OL
Z\YYV\UKPUN YLZPKLU[PHS [V^LYZ HUK JHU WSH`
OVZ[ MVY L]LU[Z HUK L_OPIP[PVUZ� ;OL ZWHJL
PZ ]PZ\HSS` IYVRLU \W I` PZSHUKZ VM NYLLU
WSHU[Z [OH[ HYL LTILKKLK PU [OL ÅVVY�
( Z^HYT VM WSHU[�MYPLUKS` 3,+ SPNO[Z PZ
WSHJLK HIV]L LHJO PZSHUK� ^OPJO HYL PU�
[LUKLK [V WYVTV[L IV[O O\THU HUK WSHU[
^LSS�ILPUN�

$ 3ODFH RI 5HFUHDWLRQ

*HZWLY 4\LSSLY 2ULLY (YJOP[LJ[Z HUK 3PJO[]P�
ZPVU +LZPNU OH]L KLZPNULK [OL ZWHJL HZ H
JVU[LTWVYHY` PU[LYWYL[H[PVU VM [OL [YHKP�
[PVUHS NYLLU OV\ZL HUK [YHUZMVYTLK P[ PU[V
HU VHZPZ YPNO[ PU [OL OLHY[ VM [OL JP[ �̀ ;OL`
OH]L HSYLHK` YLHSPaLK ]HYPV\Z HYLHZ VM V[OLY
/`\UKHP Z[VYLZ PU :LV\S�

0U 4VRKVUN� [OL Z\YYV\UKPUN YVVM [LYYHJL
VU [OL ZL]LU[O ÅVVY ^HZ L_[LUKLK PU[V [OL
PU[LYPVY ¶ KH`SPNO[� OV^L]LY� VUS` LU[LYZ [OL

YVVT [OYV\NO [OL ZPKL ^PUKV^Z� (S[OV\NO
[OL JLPSPUN PZ TVKLSSLK HM[LY H NYLLUOV\ZL
YVVM� P[Z WHULSZ HYL HY[PÄJPHSS` IHJRSP[�
;OL HJ[\HS JLPSPUN HIV]L PZ ÅH[ HUK KVLZ
UV[ SL[ PU HU` KH`SPNO[� ;OLYLMVYL� P[ ^HZ
ULJLZZHY` [V KL]LSVW H SPNO[PUN ZVS\[PVU
[OH[ MVZ[LYZ [OL OLHS[O` KL]LSVWTLU[ VM
[OL WSHU[Z HUK H[ [OL ZHTL [PTL PTWYV]LZ
O\THU ^LSS�ILPUN�

6ZDUPV RI %LRSKLOLF
/XPLQDLUHV

;V OPNOSPNO[ [OL WSHU[ PZSHUKZ� HKKP[PVUHS
WSHU[�MYPLUKS` 3,+ SPNO[Z HYL PUZ[HSSLK HIV]L
LHJO PZSHUK� LUOHUJPUN IV[O [OL ]PZP[VYZ»
HUK [OL WSHU[Z» ^LSS�ILPUN� ;OLZL Ä_[\YLZ
ÅVH[ HIV]L [OL WSHU[Z SPRL Z^HYTZ VM KPMM\ZL
S\TPUV\Z JSV\KZ� ;V WHYHSSLS [OL ZWHJLZ» HY�
JOP[LJ[\YHS Z[`SL HUK MLLS� 3PJO[]PZPVU ZWLJ�
PÄLK S\TPUHPYLZ ^P[O HU PUK\Z[YPHS HLZ[OL[PJ
HUK ^P[O H YH^ HS\TPUP\T ÄUPZO� )PVWOPSPJ
KLZPNU WYPUJPWSLZ ^LYL PUJVYWVYH[LK PU[V
[OL HY[PÄJPHS SPNO[PUN KLZPNU� HZ 3PJO[]PZPVU
ZV\NO[ [V OHYTVUPaL HYJOP[LJ[\YL ^P[O UH�
[\YL HUK WSHJL WLVWSL H[ [OL JLU[YL�

;V JVTWLUZH[L MVY [OL ZTHSS HTV\U[ VM
KH`SPNO[ PU [OL ZWHJL� HY[PÄJPHS SPNO[ PZ \ZLK
[V LUOHUJL [OL OLHS[O VM [OL WSHU[Z PU [OL
NSHZZOV\ZL� )HZLK VU [OL SH[LZ[ YLZLHYJO�
3,+ S\TPUHPYLZ ^P[O H JVSVY [LTWLYH[\YL
VM ����� RLS]PU� NVVK JVSVY YLUKLYPUN� HUK
PUJYLHZLK SPNO[ SL]LSZ ^LYL JOVZLU� ;OPZ PZ
HU VW[PTHS ZVS\[PVU IL[^LLU SPNO[ X\HSP[`
HUK X\HU[P[ �̀ MVY IV[O O\THU HUK WSHU[
WO`ZPVSVN �̀

3,+ JOPWZ ^P[O YLK\JLK YLK�SPNO[ JVTWV�
ULU[ ^LYL \ZLK [V H]VPK V]LYZ[PT\SH[PVU
HUK [V H]VPK JYLH[PUN H Z[YLZZM\S NYV^[O
LU]PYVUTLU[ MVY [OL WSHU[Z� 0U HKKP[PVU� [OL
PSS\TPUHUJL SL]LSZ ^LYL KLZPNULK [V TLL[
[OL WSHU[Z» ULLKZ ^OPSL H]VPKPUN NSHYL [V
]PZP[VYZ�

6XVWDLQDEOH /LJKW IRU
:HOO�EHLQJ

;OL ¸.SHZZ /V\ZL .HYKLU 9VVT¹ JVT�
IPULZ H TVKLYU HLZ[OL[PJ ^P[O H Z[H[L�
VM�[OL�HY[ HWWYVHJO [V ZWH[PHS KLZPNU HUK
SPNO[PUN� [OH[ PZ Z\P[HISL [V WYVTV[L WSHU[
NYV^[O� 0[ IYPUNZ UH[\YHS LSLTLU[Z PU[V H
ZWHJL ^P[O [OL PU[LUKLK W\YWVZL [V LU�
OHUJL [OL VJJ\WHU[Z» ^LSS�ILPUN�

4VKLYU SPNO[PUN WYHJ[PJLZ HUK HWWYVHJOLZ
NP]L KLZPNULYZ H ^H` [V YLHSPaL [OPZ� ;OPZ
PZ 3PJO[]PZPVU»Z ÄYZ[ MVYH` PU[V IPVWOPSPJ KL�
ZPNU� HWWYVHJOPUN UH[\YL�VYPLU[LK ZWHJLZ
^P[O [OL PU[LUKLK MVJ\Z VU VJJ\WHU[Z»
^LSS�ILPUN� 0[ PZ [O\Z HU PTWVY[HU[ TPSL�
Z[VUL MVY [OL KLZPNU Z[\KPV [V L]HS\H[L [OL
SH[LZ[ YLZLHYJO YLZ\S[Z PU WYHJ[PJL� [V OLSW
Z[LLY M\[\YL KL]LSVWTLU[Z HUK [V IL HISL
[V TLL[ JOHSSLUNLZ Z\JO HZ Z\Z[HPUHIPSP[`
L]LU IL[[LY PU [OL M\[\YL�

7\SRORJ\� 7\ISPJ�9L[HPS�4P_LK <ZL
6FRSH RI :RUN� (Y[PÄJPHS 3PNO[PUN
6WDUW 	 &RPSOHWLRQ� :LW[LTILY ���� ¶
4H` ����
/RFDWLRQ� :LV\S �4VRKVUN�� :V\[O 2VYLH
6L]H� ����T�

&OLHQW�2ZQHU� /`\UKHP +LWHY[TLU[ :[VYL
7HQDQW�8VHU� /`\UKHP +LWHY[TLU[ :[VYL
3URMHFW /HDG� 3PJO[]PZPVU +LZPNU" 2HYLU
0OSH\� +LZPNU +PYLJ[VY HUK 7HVSV *VJJVUP�
7YVQLJ[ +LZPNULY
$UFKLWHFW�'HVLJQHU� *HZWLY 4\LSSLY
2ULLY (YJOP[LJ[Z 3KRWRJUDSKHU� 9VOZWHJL
5HQGHULQJV� *HZWLY 4\LSSLY 2ULLY (YJOP�
[LJ[Z

/LQNV�
https://www.lichtvision.com/pr

ojects/public-buildings/garden-
conservatoryseoul-south-korea.html
https://cmk-architects.com/project

s/garden-conservatory-in-seoul

O[[W!��^^ �̂SPJO[]PZPVU�JVT

https://www.lichtvision.com/projects/public-buildings/garden-conservatoryseoul-south-korea.html
https://www.lichtvision.com/projects/public-buildings/garden-conservatoryseoul-south-korea.html
https://www.lichtvision.com/projects/public-buildings/garden-conservatoryseoul-south-korea.html
https://cmk-architects.com/projects/garden-conservatory-in-seoul
https://cmk-architects.com/projects/garden-conservatory-in-seoul
http://www.lichtvision.com
http://www.lichtvision.com
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;OL WSHU[ PZSHUKZ� [OL PUK\Z[YPHS�SVVRPUN
S\TPUHPYLZ HUK [OL IHJRSP[ JLPSPUN JYLH[L HU
L_JP[PUN JVU[YHZ[�
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;OL ZWHJPV\Z HYLH VM [OL ¸.SHZZ /V\ZL
.HYKLU 9VVT¹ JHU IL \ZLK MVY L]LU[Z�
L_OPIP[PVUZ VY HZ H YLSH_PUN VHZPZ�



>OH[ [OL 3PNO[PUN 0UK\Z[Y` 5LLKZ
[V 2UV^ HIV\[ [OL ,< ,JVKLZPNU
HUK ,ULYN` 3HILSSPUN 9LN\SH[PVUZ
,SLUH :*(9650� 7VSPJ` +PYLJ[VY H[ 3PNO[PUN,\YVWL
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7KH UHTXLUHPHQWV RI WKH QHZ (8 6LQJOH
/LJKWLQJ 5HJXODWLRQ �6/5� �L�H� (FRGH�
VLJQ 5HJXODWLRQ IRU OLJKWLQJ� DQG WKH
(QHUJ\ /DEHOOLQJ 5HJXODWLRQ �(/5� DS�
SO\ VLQFH � 6HSWHPEHU ����� %RWK KDYH
VLJQL¾FDQW FRQVHTXHQFHV IRU WKH OLJKW�
LQJ LQGXVWU\�

;OL :39 ZL[Z WYVK\J[�ZWLJPÄJ WLYMVYTHUJL
YLX\PYLTLU[Z MVY LULYN`�\ZPUN HUK LULYN`�
YLSH[LK WYVK\J[Z� ^OLYLHZ [OL ,39 SPZ[Z
[OL SHILSSPUN YLX\PYLTLU[Z MVY ZLSSPUN [OLZL
WYVK\J[Z VU [OL ,< THYRL[� 0U -LIY\HY`
���� ZL]LYHS HKKP[PVUHS YLX\PYLTLU[Z HUK
JVYYLJ[PVUZ ^LYL PU[YVK\JLK PU IV[O YLN�
\SH[PVUZ! 9LN\SH[PVU �,<� 5V ��������
HTLUKZ [OL :39 HUK 9LN\SH[PVU �,<�
�������� HTLUKZ [OL ,39�

,39 HWWSPLZ [V SPNO[ ZV\YJLZ VUS �̀ ^OPSL
:39 HWWSPLZ [V SPNO[ ZV\YJLZ HUK ZLWHYH[L
JVU[YVS NLHY� HUK S\TPUHPYLZ �UV^ NLULY�
HSS` PKLU[PÄLK HZ JVU[HPUPUN WYVK\J[Z� HYL
HKKYLZZLK VUS` PUKPYLJ[S �̀ 5L]LY[OLSLZZ�
S\TPUHPYL THU\MHJ[\YLYZ T\Z[ YL]PL^ [OL
Y\SLZ HUK LUZ\YL [OLPY WYVK\J[Z JVTWS`
^P[O [OL UL^ YLX\PYLTLU[Z�

3PNO[PUN,\YVWL >�@ OHZ W\ISPZOLK � ZL[Z
VM N\PKLSPULZ ¶ VU [OL :39 >�@� [OL ,39
>�@ HUK VU [OL ,79,3 >�@ VISPNH[PVUZ MVY
SPNO[ ZV\YJLZ ¶ [V OLSW JVTWHUPLZ \UKLY�
Z[HUK HUK HWWS` [OL UL^ Y\SLZ [V [OLPY
WYVK\J[Z� *VTWHUPLZ [OH[ HYL TLTILYZ
VM 3PNO[PUN,\YVWL VY P[Z TLTILY SPNO[PUN
HZZVJPH[PVUZ ILULÄ[ MYVT MYLL HJJLZZ [V [OL
N\PKLSPULZ�

(FRGHVLJQ ò ,PSURYLQJ
3URGXFW 3HUIRUPDQFH
;OL ,JVKLZPNU 9LN\SH[PVU �:39� LZ[HI�
SPZOLZ ,<�^PKL Y\SLZ MVY PTWYV]PUN [OL WLY�
MVYTHUJL VM SPNO[ ZV\YJLZ HUK ZLWHYH[L
JVU[YVS NLHY�

;OL :39 KLÄUP[PVU VM H SPNO[ ZV\YJL PUJS\KLZ
SHTWZ� TVK\SLZ� HUK L]LU ZVTL JVU[HPUPUN
WYVK\J[Z� ( JVU[HPUPUN WYVK\J[ PZ KLÄULK
HZ H WYVK\J[ JVU[HPUPUN VUL VY TVYL SPNO[
ZV\YJL�Z�� VY ZLWHYH[L JVU[YVS NLHYZ� VY
IV[O� ;OPZ JHU PUJS\KL UV[ VUS` S\TPUHPYLZ�
I\[ HSZV SPNO[ ZV\YJLZ JVU[HPULK PU OV\ZL�
OVSK HWWSPHUJLZ VY M\YUP[\YL� ;OL Z\WWSPLY VM
H JVU[HPUPUN WYVK\J[ T\Z[ LUZ\YL [OH[ [OL
SPNO[ ZV\YJL HUK ZLWHYH[L JVU[YVS NLHY \ZLK
PU [OLPY JVU[HPUPUN WYVK\J[ JVTWSPLZ ^P[O HSS
YLSL]HU[ ,< SLNPZSH[PVU ¶ PUJS\KPUN [OL :39
HUK [OL ,39�

;OL :39 ZL[Z TPUPT\T THUKH[VY` YL�
X\PYLTLU[Z MVY LULYN` LMÄJPLUJ �̀ HUK HU`
WYVK\J[ [OH[ MHPSZ [V TLL[ [OLZL YLX\PYL�
TLU[Z ^PSS IL WOHZLK V\[� Z[HY[PUN ^P[O
WYVK\J[Z SPRL *-3P SHTWZ HUK OHSVNLU
9�Z > ���� ST SHTWZ VU �Z[ VM :LW[LT�
ILY ����� (Z H YLZ\S[ VM [OPZ WOHZL�V\[�
[OLZL SPNO[ ZV\YJLZ ^PSS ULLK [V IL YLWSHJLK
^P[O UL^ LULYN`�LMÄJPLU[ SPNO[ ZV\YJLZ HUK
SPNO[PUN PUZ[HSSH[PVUZ ^PSS OH]L [V IL YLUV�
]H[LK�

;OL :39 PU[YVK\JLZ ZL]LYHS UL^ LSLTLU[Z
YLSH[LK [V [OL JPYJ\SHY LJVUVT �̀ -VY L_HT�
WSL� THU\MHJ[\YLYZ� PTWVY[LYZ� HUK H\[OV�
YPZLK YLWYLZLU[H[P]LZ VM JVU[HPUPUN WYVK\J[Z
T\Z[ LUZ\YL [OH[ SPNO[ ZV\YJLZ HUK ZLWH�
YH[L JVU[YVS NLHYZ JHU IL LHZPS` YLWSHJLK
\ZPUN JVTTVUS` H]HPSHISL [VVSZ HUK ^P[O�
V\[ WLYTHULU[S` KHTHNPUN [OL JVU[HPUPUN
WYVK\J[� ;OL` HSZV ULLK [V LUZ\YL [OH[
SPNO[ ZV\YJLZ HUK ZLWHYH[L JVU[YVS NLHYZ
JHU IL YLTV]LK ^P[OV\[ ILPUN WLYTH�
ULU[S` KHTHNLK MVY ]LYPÄJH[PVU W\YWVZLZ I`
THYRL[ Z\Y]LPSSHUJL H\[OVYP[PLZ� 0M [OL SPNO[
ZV\YJLZ JHUUV[ IL YLTV]LK MVY ]LYPÄJH[PVU
^P[OV\[ KHTHNPUN VUL VY TVYL VM [OLT�
[OLU [OL ^OVSL JVU[HPUPUN WYVK\J[ T\Z[ IL

[LZ[LK HZ H SPNO[ ZV\YJL HUK T\Z[ JVTWS`
^P[O [OL YLX\PYLTLU[Z MVY SPNO[ ZV\YJLZ ZL[
V\[ PU [OL :39 HUK [OL ,39�

;OL :39 HSZV YLX\PYLZ [OH[ THU\MHJ[\Y�
LYZ� PTWVY[LYZ� HUK H\[OVYPZLK YLWYLZLU�
[H[P]LZ VM JVU[HPUPUN WYVK\J[Z WYV]PKL PU�
MVYTH[PVU HIV\[ [OL YLWSHJLHIPSP[` VY UVU�
YLWSHJLHIPSP[` VM SPNO[ ZV\YJLZ HUK JVU[YVS
NLHYZ I` LUK�\ZLYZ VY X\HSPÄLK WLYZVUZ�

3PNO[PUN,\YVWL OHZ KL]LSVWLK WPJ[VNYHTZ
^P[O [OL YLX\PYLK PUMVYTH[PVU VU YLWSHJL�
HIPSP[` � UVU�YLWSHJLHIPSP[` ¶ [OL` HYL MYLLS`
H]HPSHISL VU [OL 3PNO[PUN,\YVWL ^LIZP[L MVY
HSS JVTWHUPLZ [V KV^USVHK HUK \ZL�

(/5 ò (PSRZHUPHQW
WKURXJK ,QIRUPDWLRQ

;OL ,39 HKKYLZZLZ SPNO[ ZV\YJLZ� ^OPJO
HYL KLÄULK HZ PU [OL :39 [V PUJS\KL SHTWZ�
TVK\SLZ� HUK L]LU ZVTL JVU[HPUPUN WYVK�
\J[Z ¶ WSLHZL UV[L [OH[ ZPUJL �� +LJLTILY
��� [OLYL PZ UV LULYN` SHILS YLX\PYLTLU[
MVY S\TPUHPYLZ�

;OL 9LN\SH[PVU YLX\PYLZ [OH[ ZWLJPÄJ WYVK�
\J[ PUMVYTH[PVU IL WYV]PKLK ]PH HU LULYN`
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SHILS [OH[ PUJS\KLZ [OL YLZJHSLK LULYN`
JSHZZLZ! [OL UL^ JSHZZLZ HYL ZL[ MYVT (
�TVZ[ LMÄJPLU[� [V . �SLHZ[ LMÄJPLU[� HUK ^PSS
NYHK\HSS` YLWSHJL [OL J\YYLU[ Z`Z[LT VM
(��� [V . LULYN` SHILSZ� 0[ HSZV YLX\PYLZ
[OH[ [OL THU\MHJ[\YLY WYV]PKLZ PUMVYTH[PVU
VU [OL WYVK\J[»Z JSHZZ� HSVUN ^P[O V[OLY YLS�
L]HU[ [LJOUPJHS PUMVYTH[PVU�

(Z [OL 9LN\SH[PVU HWWSPLZ [V [OL LU[PYL Z\W�
WS` JOHPU� [OLYL HYL KPMMLYLU[ YLX\PYLTLU[Z
MVY ^OH[ PUMVYTH[PVU T\Z[ IL WYV]PKLK I`
^OVT�

:\WWSPLYZ �P�L� THU\MHJ[\YLYZ� H\[OVYPZLK
YLWYLZLU[H[P]LZ� HUK PTWVY[LYZ� T\Z[ MVY
L_HTWSL WSHJL HU LULYN` SHILS VU [OL WHJR�
HNPUN VM HSS PUKLWLUKLU[S` WHJRHNLK SPNO[
ZV\YJLZ�

+LHSLYZ �P�L�� YL[HPSLYZ�� VU [OL V[OLY OHUK�
HYL Z\IQLJ[ [V H ZLWHYH[L ZL[ VM YLX\PYL�
TLU[Z� -VY PUZ[HUJL� HK]LY[PZLTLU[Z WYV�
TV[PUN H WYVK\J[ T\Z[ PUJS\KL UV[ VUS` [OH[
WYVK\J[»Z LULYN` LMÄJPLUJ` JSHZZ� I\[ HSZV
[OL YHUNL VM LULYN` LMÄJPLUJ` JSHZZLZ SPZ[LK
VU [OL SHILS�

-VY SHTWZ HSYLHK` VU [OL ,< THYRL[ HUK
^OPJO HYL ZVSK I` YL[HPSLYZ� H YLZJHSPUN
VM [OL LULYN` SHILS PZ YLX\PYLK� 9L[HPSLYZ
^OV HYL ZLSSPUN SPNO[ ZV\YJLZ VUSPUL OHK ��
^VYRPUN KH`Z [V YLWSHJL [OL VSK LULYN` SH�
ILSZ ^P[O [OL UL^ SHILSZ KPZWSH`LK PU [OLPY
VUSPUL ZOVWZ� ;OPZ KLHKSPUL HWWSPLZ [V [OL
LSLJ[YVUPJ KVJ\TLU[H[PVU VM VUSPUL ZHSLZ
HUK UV[ [V WO`ZPJHS ZOVWZ� 9L[HPSLYZ Z[PSS
OH]L �� TVU[OZ �\U[PS � 4HYJO ����� [V YL�
WSHJL L_PZ[PUN SHILSZ VU SPNO[ ZV\YJLZ ^P[O H
YLZJHSLK SHILS VU [OL WO`ZPJHS WYVK\J[ P[ZLSM"
[OPZ PZ ILJH\ZL HU` Z[VJR VM SHTWZ HSYLHK`
VU [OL ,< THYRL[ ^P[O [OL VSK LULYN` SHILS
WYPU[LK VU [OL WHJRHNPUN JHU IL ZVSK \U[PS
�� -LIY\HY` �����

-VY S\TPUHPYLZ� [OL KLKPJH[LK S\TPUHPYL SHILS
^HZ KPZJVU[PU\LK VU �� +LJLTILY ��� �
;OL ,39 HSZV JV]LYZ SPNO[ ZV\YJLZ WSHJLK
VU [OL THYRL[ PU H JVU[HPUPUN WYVK\J[ �L�N�
H S\TPUHPYL ^OPJO JVU[HPUZ H SPNO[ ZV\YJL�!
HZ VM � 4HYJO ����� PUMVYTH[PVU T\Z[ IL
WYV]PKLK VU [OL LULYN` LMÄJPLUJ` JSHZZ VM
[OL JVU[HPULK SPNO[ ZV\YJL� \ZPUN H ZWLJPÄJ
ZLU[LUJL� 5V SPNO[ ZV\YJL LULYN` SHILS PZ
YLX\PYLK� HUK UV SPNO[ ZV\YJL LULYN` SHILS
JHU IL \ZLK VU H JVU[HPUPUN WYVK\J[� 0M H
S\TPUHPYL KVLZ UV[ JVU[HPU H SPNO[ ZV\YJL�
P[ PZ UV[ PU [OL ZJVWL VM [OL 9LN\SH[PVU HUK
KVLZ UV[ OH]L [V JVTWS` ^P[O [OPZ YLX\PYL�
TLU[�

(U LULYN` SHILS JHU VUS` IL ZOV^U� HUK
T\Z[ IL ZOV^U� VU H S\TPUHPYL PM [OL Z\W�
WSPLY OHZ PKLU[PÄLK HUK ]LYPÄLK [OPZ S\TPUHPYL
HZ H SPNO[ ZV\YJL HUK OHZ [OLYLMVYL HSZV

YLNPZ[LYLK [OL YLX\PYLK PUMVYTH[PVU VU [OL
,79,3 KH[HIHZL�

(35(/ 2EOLJDWLRQV IRU
/LJKW 6RXUFHV

;OL ,39 HSZV YLX\PYLZ [OH[ HSS [OL PUMVYTH�
[PVU PUJS\KLK VU H WYVK\J[»Z LULYN` SHILS�
PU P[Z WYVK\J[ PUMVYTH[PVU ZOLL[ HUK PU P[Z
[LJOUPJHS KVJ\TLU[H[PVU OHZ [V IL LU[LYLK
PU[V [OL ,\YVWLHU 7YVK\J[ +H[HIHZL MVY
,ULYN` 3HILSSPUN �,79,3� ILMVYL [OL WYVK�
\J[ JHU IL WSHJLK VU [OL ,< THYRL[�

;OL ,\YVWLHU 7YVK\J[ +H[HIHZL MVY ,ULYN`
3HILSSPUN �,79,3� PZ [OL JVTTVU KH[HIHZL
MVY PUMVYTH[PVU VU [OL LULYN` SHILSSPUN VM
WYVK\J[Z ZVSK PU [OL ,<� PUJS\KPUN SPNO[�
PUN� ;OL KH[HIHZL JVUZPZ[Z VM H W\ISPJ WHY[
HJJLZZPISL [V HSS JVUZ\TLYZ� HUK H JVTWSP�
HUJL WHY[ HJJLZZPISL VUS` [V 4LTILY :[H[L
THYRL[ Z\Y]LPSSHUJL H\[OVYP[PLZ HUK [OL ,\�
YVWLHU *VTTPZZPVU�

;OL 3PNO[PUN,\YVWL N\PKLSPULZ VU [OL
,79,3 KH[HIHZL L_WSHPU ^OV PU [OL Z\W�
WS` JOHPU ULLKZ [V \WSVHK ^OH[ PUMVYTH[PVU
[V [OL ,79,3 KH[HIHZL HUK I` ^OLU� PU�
JS\KPUN!

� H JSHYPÄJH[PVU VM [OL ZJVWL VM [OL ,79,3
KH[HIHZL PUJS\KPUN ^OLU P[ PZ ULJLZZHY`
[V YLNPZ[LY JVU[HPUPUN WYVK\J[Z [V IL
[LZ[LK HZ H SPNO[ ZV\YJL

� [OL ]HS\LZ [V IL \WSVHKLK [V LHJO WHY[
VM [OL ,79,3 KH[HIHZL ^P[O H KL[HPSLK
L_WSHUH[PVU MVY LHJO ]HS\L

� H UVU�L_OH\Z[P]L SPZ[ VM OHYTVUPZLK Z[HU�
KHYKZ�

;OL ,79,3 N\PKLSPULZ HSZV PUJS\KL HU L_JLS
[LTWSH[L [V OLSW JVTWHUPLZ \WSVHK PUMVY�
TH[PVU KPYLJ[S` [V [OL JVTWSPHUJL WHY[ VM
[OL KH[HIHZL�

7KH 9RLFH RI WKH
/LJKWLQJ ,QGXVWU\

(Z [OL ]VPJL VM [OL SPNO[PUN PUK\Z[Y �̀ 3PNO[PUN,\�
YVWL PZ KLKPJH[LK [V OLSWPUN JVTWHUPLZ
\UKLYZ[HUK HUK HWWS` [OLZL JVTWSL_ UL^
Y\SLZ�

;OL 3PNO[PUN,\YVWL .\PKLSPULZ VU [OL
:39� [OL ,39 HUK [OL ,79,3 KH[HIHZL
HYL H]HPSHISL [V KV^USVHK VY VYKLY VU [OL
3PNO[PUN,\YVWL ^LIZP[L�

;V SLHYU TVYL HIV\[ OV^ 3PNO[PUN,\YVWL
JHU OLSW `V\ UH]PNH[L YLN\SH[VY` JOHUNLZ
HUK LUZ\YL `V\ OH]L [OL PUMVYTH[PVU `V\
ULLK [V THRL PUMVYTLK PU]LZ[TLU[ KLJP�
ZPVUZ� ]PZP[ \Z H[ ^^ �̂SPNO[PUNL\YVWL�VYN� "

$XWKRU� (OHQD 6&$521,
,SLUH :JHYVUP QVPULK 3PNO[PUN,\YVWL HZ
7VSPJ` +PYLJ[VY PU :LW[LTILY ���� HUK
PZ YLZWVUZPISL MVY WVSPJPLZ YLSH[LK [V :\Z�
[HPUHIPSP[` HUK [OL [YHUZP[PVU [V 3,+� :OL
OHZ SLK [OL HK]VJHJ` ^VYR VU ILOHSM VM
[OL ,\YVWLHU 3PNO[PUN 0UK\Z[Y` VU [OL SH[�
LZ[ ,JVKLZPNU 9LN\SH[PVU MVY SPNO[ ZV\YJLZ
PU [OL SLNPZSH[P]L KLIH[L IL[^LLU [OL ,\�
YVWLHU *VTTPZZPVU� [OL 4LTILY :[H[LZ
HUK [OL ,\YVWLHU 7HYSPHTLU[� 7YPVY [V
3PNO[PUN,\YVWL� ,SLUH ^VYRLK MVY ��`LHYZ
H[ [OL ,\YVWLHU 0UZ[P[\[PVUHS (MMHPYZ VM ,ULS�
H T\S[PUH[PVUHS LULYN` JVTWHU` MVY LSLJ�
[YPJP[` HUK NHZ� :OL ^HZ YLZWVUZPISL MVY [OL
YLSH[PVUZ ^P[O [OL ,\YVWLHU 7HYSPHTLU[ VU
WVSPJPLZ YLSH[LK [V LU]PYVUTLU[� JSPTH[L�
LULYN �̀ JVUZ\TLYZ HUK *VYWVYH[L :VJPHS
9LZWVUZPIPSP[ �̀ ,SLUH Z[HY[LK OLY JHYLLY HZ
HU (K]PZVY VU 0U[LYUH[PVUHS *VVWLYH[PVU MVY
+L]LSVWTLU[� H[ [OL 0[HSPHU 9LK *YVZZ PU
9VTL HUK PU 2LU`H MVY [OL 5.6 ¸0IV 0[HSPH¹
�[OL 0[HSPHU IYHUJO VM [OL 0U[LYUH[PVUHS )\PSK�
PUN 6YNHUPaH[PVU�� ,SLUH Z[\KPLK PU 9VTL
HUK 7HYPZ� OVSKZ H THZ[LY»Z KLNYLL PU SH^
HUK PZ ZWLJPHSPZLK PU ,\YVWLHU (MMHPYZ�

5HIHUHQFHV
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/LJKW KDV DQ XQTXHVWLRQDEOH HIIHFW
RQ KXPDQ KHDOWK� SK\VLRORJ\� FRP�
IRUW� SURGXFWLYLW\ DQG PHQWDO ZHOOEHLQJ�
7KURXJK LWV SLYRWDO UROH LQ HQWUDLQLQJ
FLUFDGLDQ UK\WKPV� OLJKW H[SRVXUH RU�
FKHVWUDWHV WKH GDLO\ UK\WKPV LQ VHY�
HUDO SK\VLRORJLFDO SKHQRPHQD� :HOO
NQRZQ H[DPSOHV DUH WKH LQ¿XHQFH RI
OLJKW RQ RXU VOHHS�ZDNH F\FOH� KRUPRQH
VHFUHWLRQ� DQG VXEMHFWLYH DOHUWQHVV
DQG SHUIRUPDQFH� 7KH XVH RI PDWKH�
PDWLFDO PRGHOV WR XQGHUVWDQG DQG WR
SUHGLFW WKH HIIHFWV RI OLJKW RQ WKLV FRP�
SOH[ SK\VLRORJLFDO V\VWHP LV EHFRPLQJ
LQFUHDVLQJO\ DFFHSWHG LQ VFLHQWL¾F OLW�
HUDWXUH� 7KDW UDLVHV WKH TXHVWLRQ RI
ZKHQ DQG KRZ WKHVH LQVLJKWV LQ KX�
PDQ DVSHFWV RI OLJKW ¾QG WKHLU ZD\ LQWR
OLJKWLQJ FRQWURO DOJRULWKPV�

1:PNUPM` 9LZLHYJO� 0V;" /PNO ;LJO *HTW\Z
�� ���� (, ,PUKOV]LU� ;OL 5L[OLYSHUKZ"
Q�W�SPUUHY[a'ZPNUPM �̀JVT
2,PUKOV]LU <UP]LYZP[` VM ;LJOUVSVN`"
76 )V_ ���� ���� 4)� ,PUKOV]LU� ;OL
5L[OLYSHUKZ" *�7HWH[ZPTWH'[\L�US

;OL JLU[YHS IPVSVNPJHS JSVJR PU [OL IYHPU
PZ YLZWVUZPISL MVY TVK\SH[PUN [OL KHPS`
YO`[OTZ PU ZL]LYHS WO`ZPVSVNPJHS WOLUVT�
LUH� PUJS\KPUN [OL ZSLLW�^HRL J`JSL� OVY�
TVUL ZLJYL[PVU� NLUL L_WYLZZPVU HUK Z\I�
QLJ[P]L HSLY[ULZZ HUK WLYMVYTHUJL PU O\�
THUZ >�@� (Z Z\JO� [OL IPVSVNPJHS YO`[OT
PUÅ\LUJLZ [OL JHWHIPSP[PLZ VM H O\THU
[OYV\NOV\[ H ���OV\Y J`JSL� -VY L_HT�
WSL� ZWVY[Z HUK T\ZJ\SHY WLYMVYTHUJL HYL
VW[PTHS PU [OL Z\IQLJ[P]L LHYS` L]LUPUN >�@
HUK JPYJHKPHU YO`[OTZ OH]L ILLU MV\UK
PU UL\YVWZ`JOVSVNPJHS WYVJLZZLZ Z\JO HZ
H[[LU[PVU� ^VYRPUN TLTVY �̀ HUK L_LJ\[P]L
M\UJ[PVUZ >�@�

3PNO[ PZ [OL WYLKVTPUHU[ ºaLP[NLILY» �[PTL
NP]LY� [OH[ LU[YHPUZ [OL IPVSVNPJHS JSVJR [V
[OL ���OV\Y SPNO[ HUK KHYR J`JSL� ;OL JLU�
[YHS IPVSVNPJHS JSVJR� PU [\YU� THPU[HPUZ H
[LTWVYHS Z`UJOYVU` IL[^LLU PU[LYUHS WL�
YPVKPJ J`JSLZ HUK [OL L_[LYUHS LU]PYVUTLU[
[OH[ PZ [OV\NO[ [V LUOHUJL V]LYHSS VYNHUPZ�
THS M\UJ[PVU HUK Z\Y]P]HS >�@�

+LZWP[L [OL NYV^PUN ZJPLU[PÄJ \UKLYZ[HUK�
PUN HUK [OL ^LHS[O VM PUZPNO[Z PU[V OV^ SPNO[
PUÅ\LUJLZ V\Y ^LSSILPUN� V\Y JVTMVY[ HUK
V\Y WYVK\J[P]P[ �̀ [OPZ \UKLYZ[HUKPUN PZ Z[PSS
IHYLS` L_WSVP[LK PU SPNO[PUN JVU[YVS Z`Z[LTZ�
*HU TVKLSZ VM O\THU L_WLYPLUJL VM SPNO[
IL X\HU[PÄLK� Z\JO [OH[ H\[VTH[LK Z`Z�
[LTZ JHU PU[LYWYL[ [OLZL& -\[\YL ZTHY[
SPNO[PUN Z`Z[LTZ TH` WYLKPJ[ ^OH[ [OL LM�
MLJ[ VM H JLY[HPU SPNO[ YLJPWL ^PSS IL I` [YHJR�
PUN H KPNP[HS [^PU VM [OL \ZLY� ;OH[ ^V\SK
HSSV^ HU VW[PTPaH[PVU VM SPNO[PUN KLZPNU
HJYVZZ ]HYPV\Z HZWLJ[Z HUK M\UJ[PVUZ VM
SPNO[� Z\JO HZ H OLHS[O` [YHKL�VMM IL[^LLU
[OL M\UJ[PVUHS �[OL HIPSP[` [V WLYMVYT H [HZR��
LTV[PVUHS �YLSH[LK [V HU LU]PYVUTLU[ [OH[
WLVWSL WLYJLP]L PU[\P[P]LS` HZ JVTMVY[HISL
VY ZHML VY ZPTWS` NP]LZ \Z H NVVK MLLSPUN�
HUK IPVSVNPJHS LMMLJ[Z VM SPNO[ �KLZPYLK HSLY[�
ULZZ HUK ZSLLW X\HSP[` H[ UPNO[�� 0[ ^HZ [OL
]PZPVU H[ [OL Z[HY[ VM [OL 6W[PSPNO[ WYVQLJ[ H[
,PUKOV]LU <UP]LYZP[` VM ;LJOUVSVN �̀ [V VW�
[PTPaL [OL SPNO[ ZL[[PUNZ IHZLK VU X\HU[PÄLK
TVKLSZ MVY [OL PTWHJ[ VM SPNO[ VU WLVWSL�

¸/\THU ILOH]PVY HUK L_WLYPLUJL JHUUV[
ZPTWS` IL KLZJYPILK I` H ZL[ VM TH[OLTH[�
PJHS LX\H[PVUZ�¹ +\YPUN [OL LHYS` WOHZLZ
VM [OL WYVQLJ[ [OH[ ^HZ H MYLX\LU[S` OLHYK
JYP[PX\L VU [OL HTIP[PVU VM 6W[PSPNO[� 6U [OL
V[OLY OHUK� SPNO[PUN JVU[YVS HSNVYP[OTZ [OH[
HYL \ZLK [OYV\NOV\[ PUK\Z[Y` YLNYL[[HIS`
KV UV[ \ZL ZJPLU[PÄJ PUZPNO[Z VU IPVSVNPJHS
HZWLJ[Z VM SPNO[ [V H M\SS L_[LU[� ^OPSL T\JO
JHU IL NHPULK� 0U HKQHJLU[ YLZLHYJO HYLHZ�
TH[OLTH[PJHS TVKLSZ VM O\THU WLYJLW�
[PVU HYL JVTTVUS` \ZLK PU HSNVYP[OTZ� 0U
MHJ[� [OPZ OHZ SLK [V NYLH[ PUUV]H[PVUZ! [HR�
PUN H ZTHY[WOVUL 17. ZLSÄL� SPZ[LUPUN [V
47� 0U[LYUL[ YHKPV� VY ^H[JOPUN Z[YLHTLK
]PKLV� HZ ^P[O 5L[ÅP_� ^V\SK UV[ OH]L ILLU
WVZZPISL ^P[OV\[ LSHIVYH[L TVKLSZ VM OV^
WLVWSL WLYJLP]L ZV\UKZ HUK PTHNLZ� >OPSL
J\YYLU[ TH[OLTH[PJHS YLWYLZLU[H[PVUZ VM [OL
WO`ZPVSVN` VM ZSLLW HUK JPYJHKPHU Z`Z[LT
OH]L ILLU ]HSPKH[LK ^PKLS` HJYVZZ Z[\KPLZ
PU IV[O JVU[YVSSLK SHI L_WLYPTLU[Z HUK YLHS�
SPML ZP[\H[PVUZ� [OLPY WYHJ[PJHS HWWSPJH[PVU PU
H\[VTH[PJ SPNO[PUN Z`Z[LT YLTHPUZ SPTP[LK�

/V^L]LY� PU [OL WHZ[ `LHYZ� [OL SPNO[PUN YL�
ZLHYJO JVTT\UP[` OHZ NHPULK T\JO TVYL
JVUÄKLUJL PU [OL \ZL VM X\HU[P[H[P]L TH[O�
LTH[PJHS JPYJHKPHU TVKLSZ� 4HQVY QV\YUHSZ
Z\JO HZ 0,,, ;YHUZHJ[PVUZ VU )PVTLKPJHS
,UNPULLYPUN� L�N� >���@ HUK 5H[\YL :JPLU�
[PÄJ 9LWVY[Z >���@ HYL HJJLW[PUN [OLVYL[PJHS
^VYR [V WYLKPJ[ [OL LMMLJ[ VM ZTHY[ SPNO[PUN
JVU[YVS VU O\THUZ PU H X\HU[PÄLK� TH[O�
LTH[PJHS ^H �̀ ( RL` IYLHR[OYV\NO PZ [OH[
TH[OLTH[PJHS HIZ[YHJ[PVU SLUKZ P[ZLSM T\JO
IL[[LY MVY \ZL PU SPNO[PUN JVU[YVS HSNVYP[OTZ
[OHU H YLWLY[VPYL VM \ZLY [LZ[Z \UKLY JVU�
[YVSSLK SHI JVUKP[PVUZ�

;V \ZL Z\JO WLYJLW[\HS TVKLSZ MVY SPNO[�
PUN JVU[YVS� T\S[PWSL ZJPLU[PÄJ JOHSSLUNLZ
YLTHPU! 6UL VM [OL THQVY SPTP[H[PVUZ VM L_�
PZ[PUN JPYJHKPHU TVKLSZ PZ [OH[ [OL` HYL UV[
[HPSVYLK [V PUKP]PK\HS WO`ZPVSVNPJHS JOHY�
HJ[LYPZ[PJZ� ,_PZ[PUN TVKLSZ HYL IHZLK VU
NLULYHS WVW\SH[PVU KH[H� Z\JO [OH[ [OL`
YLWYLZLU[ [OL H]LYHNL YLZWVUZLZ VM WO`Z�
PVSVNPJHS WYVJLZZLZ HUK \ZL [OL ZHTL WH�



-PN\YL �! 6W[PTHS SPNO[PUN KLZPNU K\YPUN VMÄJL OV\YZ MVY HU L]LUPUN WLYZVU �PU[YPUZPJ JPYJHKPHU WLYPVK NYLH[LY
[OHU �� OV\YZ��
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YHTL[LY ]HS\LZ MVY HSS PUKP]PK\HSZ� @L[� [OLYL
HYL SHYNL PU[LY�PUKP]PK\HS KPMMLYLUJLZ PU JPYJH�
KPHU HUK ZSLLW�^HRL�YLSH[LK MHJ[VYZ� ^OPJO
PZ PTWVY[HU[ [V JVUZPKLY HZ /*3 Z`Z[LTZ
TH` ^HU[ [V \ZL [OL TVKLSZ [V WYLKPJ[
PUKP]PK\HS YLZWVUZLZ [V PUW\[� ;OL THNUP�
[\KL VM Z\JO PUKP]PK\HS KPMMLYLUJLZ PZ VM[LU
JVUZPKLYHISL HUK JVTWHYHISL [V [OL LMMLJ[
ZPaLZ VM THU` L_WLYPTLU[HS HUK JSPUPJHS PU�
[LY]LU[PVUZ >�@� 7\ISPJH[PVUZ VU \ZLY [LZ[Z
VM[LU Z[Y\NNSL [V PKLU[PM` Z[H[PZ[PJHSS` ZPNUPM�
PJHU[ LMMLJ[Z� PU[LU[PVUHSS` SPTP[ [OL U\TILY
VM ]HYPHISLZ HUK WHYHTL[LYZ [V H]VPK V]LY�
Ä[[PUN VU [VV ZTHSS KH[H ZL[Z� HUK JHYLM\SS`
KLZJYPIL [OL YLZ[YPJ[PVUZ VM [OL HWWSPJHIPSP[`
VM [OL ÄUKPUNZ�

:LJVUKS �̀ ZLUZVY KH[H JVTL ^P[O SHYNL
PUHJJ\YHJPLZ� WHY[PJ\SHYS` PM WYP]HJ` HUK
JVTMVY[ VM [OL \ZLY WYVOPIP[Z PU[Y\ZP]L VI�
ZLY]H[PVUZ� ;OL SPNO[ L_WVZ\YL VM VMÄJL
^VYRLYZ PU]VS]LZ HZWLJ[Z Z\JO HZ [HZR HYLH
PU[LUZP[ �̀ S\TPUHUJL VM ^HSSZ HUK VM JLPSPUNZ�
ZWH[PHS \UPMVYTP[` HUK V[OLY WHYHTL[LYZ
VM [OL KPZ[YPI\[PVUZ� Z\JO HZ NSHYL� ^OPJO
TH` YLX\PYL WYVJLZZPUN VM JHTLYH PTHNLZ PM
KVUL HJJ\YH[LS �̀ (SZV� JVU[L_[ PZ RUV^U [V
OPNOS` PUÅ\LUJL ^OL[OLY H SPNO[ KPZ[YPI\[PVU
PZ HWWYVWYPH[L I\[ JV\U[PUN [OL U\TILY VM
WLVWSL PU H YVVT VY KL[LJ[PUN [OLPY HJ[P]P[`
TH` JVUÅPJ[ ^P[O WYP]HJ` JVUJLYUZ� 4VUP�
[VYPUN M\SS ZSLLW�^HRL WH[[LYUZ PU KHPS` SPML�
[V [HRL JPYJHKPHU LMMLJ[Z VM SPNO[ PU[V JVUZPK�
LYH[PVU ^V\SK IL MHY [VV VI[Y\ZP]L� L]LU PM
VUL YLMYHPUZ MYVT \ZPUN JSPUPJHS Z[HUKHYKZ�
;OPYKS �̀ SPNO[»Z LMMLJ[Z VU ]PZ\HS L_WLYPLUJL�
VU HSLY[ULZZ� HUK VU ZSLLW HSS MVSSV^ [LT�
WVYHSS �̀ ZWH[PHSS �̀ HUK ZWLJ[YHSS` KPMMLYLU[
WH[O^H`Z >��@�

5VUL[OLSLZZ H ^LHS[O VM PUZPNO[Z PZ H]HPSHISL
MYVT Z[\KPLZ PU JVU[YVSSLK SHI JVUKP[PVUZ�
;OL UVU�PTHNL MVYTPUN LMMLJ[Z VM SPNO[
VU JPYJHKPHU YO`[OTZ HYL L]LU TVKLSLK
HZ H ZL[ VM KPMMLYLU[PHS LX\H[PVUZ� ZV [OPZ

NP]LZ H Z[HY[PUN WVPU[� )\PSKPUN \WVU L_PZ[�
PUN RUV^SLKNL� 6W[PSPNO[ OHZ Z\JJLZZM\SS`
[LZ[LK [OL MLHZPIPSP[` VM JYLH[PUN H ¸KPNP[HS
[^PU¹ VM [OL O\THU [OH[ HKOLYLZ [V ]HSP�
KH[LK JOYVUVIPVSVNPJHS WYPUJPWSLZ HUK [OH[
VU H KH`�[V�KH` IHZPZ SLHYUZ HIV\[ HU PU�
KP]PK\HS»Z IPVSVNPJHS JSVJR WOHZL HUK [OLPY
JOYVUV[`WL� ;OL ZLSM�SLHYUPUN KPNP[HS [^PU
PZ I\PS[ \WVU L_PZ[PUN WO`ZPVSVNPJHS TVKLSZ
VM [OL JPYJHKPHU Z`Z[LT I\[ PZ JVU[PU\V\ZS`
\WKH[LK ^P[O KH[H MYVT ZLUZVYZ TVUP[VY�
PUN [OL YLHS \ZLY� ;OPZ YLHS�[PTL KH[H PZ MLK
IHJR [V [OL PUP[PHS TVKL HUK JVU[PU\V\ZS`
\WKH[LZ P[� 0U [OH[ ^H �̀ RL` TVKLS WHYHT�
L[LYZ HYL JHSPIYH[LK [V TH[JO [OL \ZLY� P�L��
[V JHW[\YL OPZ�OLY WLYZVUHS YLZWVUZLZ HUK
WYLMLYLUJLZ [V SPNO[ L_WVZ\YL HUK [V YLÄUL
[OL KPNP[HS [^PU TVKLS�

/V^L]LY� HZ VIZLY]H[PVUZ PU YLHS�^VYSK Z`Z�
[LTZ JVTL ^P[O SHYNL \UJLY[HPU[PLZ HUK
¸UVPZL¹� [OL HWWYVHJO ULLKZ [V HJJV\U[ MVY
Z[H[PZ[PJHS KL]PH[PVUZ YH[OLY [OHU KL[LYTPU�
PZ[PJHSS` WYLKPJ[ LMMLJ[Z� -VY WLYZVUHSPaLK
/*3� 6W[PSPNO[ L_[LUKLK [OL KPNP[HS [^PU
JVUJLW[ PU[V HU HWWYVHJO [OH[ L]HS\H[LZ
T\S[PWSL UVPZ` ]HYPHU[Z PU WHYHSSLS HUK [V
YLN\SHYS` WPJR [OL TVZ[ SPRLS` ]HYPHU[� ;OPZ
JVUJLW[ PZ RUV^U PU [OL ÄLSK VM Z[H[PZ[PJHS
ZPNUHS WYVJLZZPUN HZ H WHY[PJSL ÄS[LY >�����@�

;OPZ KPNP[HS [^PU VM VUL»Z IPVSVNPJHS JSVJR
L_[LUKLK ^P[O H WHY[PJSL ÄS[LY ^HZ \ZLK [V
WYLKPJ[ HUK [V HU[PJPWH[L [OL PTWHJ[ VM ]HY�
PV\Z SPNO[ YLJPWLZ� -\[\YL SPNO[ YLJPWLZ HYL
[LZ[LK VU [OL KPNP[HS TVKLS �PUZ[LHK VM VU
[OL YLHS WLYZVU�� HUK [OPZ HSSV^Z [OL WYL�
ZLSLJ[PVU VM [OL VW[PTHS SPNO[ YLJPWL MVY [OL
PUKP]PK\HS IHZLK VU OPZ�OLY WHY[PJ\SHY ULLKZ
HUK OPZ�OLY YLZWVUZLZ HUK ZLUZP[P]P[` [V
SPNO[ PUW\[� ;OL SH[[LY HYL SLHYULK MYVT WHZ[
VIZLY]H[PVUZ VM YLHJ[PVUZ [V SPNO[ L_WVZ\YL�
+PMMLYLU[ WLVWSL OH]L KPMMLYLU[ ULLKZ HUK
HYL L_WVZLK [V KPMMLYLU[ ZL[[PUNZ� ( SPNO[PUN
YLJPWL KLZPNULK [V THRL HU L]LUPUN WLY�

ZVU ^HRL \W LHYSPLY PU [OL TVYUPUN WYLMLY�
HIS` PZ UV[ [OL ZHTL HZ [OL SPNO[PUN YLJPWL
MVY H TVYUPUN WLYZVU�

-VY L_HTWSL� 0[ PZ ^LSS WYV]LU [OH[ SH[L
L]LUPUN HUK UPNO[ SPNO[ KLSH`Z [OL JPYJH�
KPHU ^HRL WYVWLUZP[` YO`[OT HUK HZ H
YLZ\S[ WLVWSL [OH[ HYL L_WVZLK [V IYPNO[
L]LUPUN SPNO[ OH]L SH[L ZWVU[HULV\Z ZSLLW
HUK ^HRL�\W [PTLZ� -VY HU L]LUPUN WLY�
ZVU [OH[ LMMLJ[ JHU IL KL[YPTLU[HS HZ [OL`
HSYLHK` OH]L H JSVJR [OH[ Y\UZ H[ H ZSV^LY
WHJL HUK YLJLP]PUN SPNO[ PU [OL ^YVUN [PTL
VM [OL KH` JHU ZOPM[ [OLPY ZSLLW ZJOLK\SL
L]LU SH[LY� ;OPZ ULNH[P]L LMMLJ[ VM L]LUPUN
SPNO[ VU ZSLLW ZJOLK\SL JHU [V ZVTL L_[LU[
IL VMMZL[ I` PUJYLHZPUN PSS\TPUHUJL K\YPUN
VMÄJL OV\YZ� LZWLJPHSS` K\YPUN [OL ÄYZ[ WHY[
VM [OL KH` [OH[ SPNO[ PZ TVYL IPVSVNPJHSS`
LMMLJ[P]L� (Z H YLZ\S[� HU VW[PTHS SPNO[PUN
KLZPNU MVY HU L]LUPUN WLYZVU PZ [`WPJHSS`
JOHYHJ[LYPaLK I` H IVVZ[ VM SPNO[ L_WVZ\YL
PU [OL ÄYZ[ WHY[ VM [OL VMÄJL KH �̀ MVSSV^LK
I` H ZLJVUK IVVZ[ SH[LY PU [OL LHYS` L]LUPUN
�)LJXUH ��� /V^L]LY� Z\JO H YLJPWL JV\SK
IL JV\U[LY�WYVK\J[P]L MVY H ]LY` TVYUPUN
WLYZVU� 4VYUPUN WLVWSL [`WPJHSS` OH]L H
JSVJR [OH[ Y\UZ H[ H MHZ[ WHJL� ;OPZ ^V\SK
TLHU [OH[ Z\JO WLVWSL ZOV\SK UV[ IL YL�
JLP]PUN SPNO[ PU [OL SH[L HM[LYUVVU ILJH\ZL
[OLPY JSVJR PZ HSYLHK` PU H WOHZL ^OLYL SPNO[
KLSH`Z [OL JSVJR� (Z H YLZ\S[� [OL ZLJVUK
SH[L HM[LYUVVU IVVZ[ ^V\SK IL JV\U[LY�
WYVK\J[P]L MVY [OLPY JPYJHKPHU OLHS[O HUK
ZSLLW�

9LZ\S[Z \W [V UV^ ZOV^ [OH[ H ¸VUL ZPaL
Ä[Z HSS¹ HWWYVHJO [V /\THU *LU[YPJ 3PNO[PUN
JHUUV[ M\SS` KLSP]LY [OL ZPNUPÄJHU[ ILULÄ[Z
[OH[ PTWYV]LK WLYZVUHSPaLK SPNO[PUN TH`
`PLSK� >OH[ ^VYRZ ]LY` ^LSS MVY VUL PUKP]PK�
\HS TH` IL JV\U[LYWYVK\J[P]L MVY V[OLYZ�

-VY [OL L]HS\H[PVU VM /*3 Z`Z[LTZ [OH[
T\Z[ ^VYR ^P[OV\[ WLYZVUHSPaLK \ZLY KH[H�
6W[PSPNO[ ZPTPSHYS` TVKLSSLK H WVW\SH[PVU VM
KPNP[HS YLWYLZLU[H[P]LZ� I\[ [OPZ [PTL LHJO
KPNP[HS YLWSPJH ^HZ NP]LU P[Z V^U WHYHTL[LY
ZL[� L�N�� H ZWLJPÄJ PU[YPUZPJ JPYJHKPHU WL�
YPVK HUK JOYVUV[`WL� HUK P[Z V^U SPNO[ PUW\[
WH[[LYU� L�N�� L]LUPUN SPNO[ MYVT H JVTW\[LY
ZJYLLU� 0U[LYLZ[PUNS` Z\JO TH[OLTH[PJHS
L_LYJPZLZ KLSP]LY YLJPWLZ T\JO MHZ[LY [OHU
SHI L_WLYPTLU[HS Z[\KPLZ ^P[O O\THU Z\I�
QLJ[Z� )\[ Z\JO [OLVY`�IHZLK YLZ\S[Z ULLK
[V IL [YLH[LK ^P[O JH\[PVU� 0U 6W[PSPNO[� [OL
[LHT JVVWLYH[LK ^P[O L_WLY[Z VU LU]PYVU�
TLU[HS WZ`JOVSVN` HUK O\THU [LJOUVS�
VN` PU[LYHJ[PVU YLZLHYJO! 7YVM� @]VUUL KL
2VY[ PUP[PHSS` ^HZ ZRLW[PJHS HIV\[ [OL \ZL VM
TH[OLTH[PJHS TVKLSZ MVY WYLKPJ[PUN O\THU
ILOH]PVY� ¸)\[ ^L ZLL [OH[ [OL IPVSVNPJHS
JSVJR TVKLSZ JHU IL WV^LYM\S PU L_WSHPU�
PUN KPMMLYLUJLZ PU [OL LMMLJ[ VM SPNO[ YLJPWLZ
VU ZSLLW [PTPUN� 6W[PSPNO[ HUHS`ZLZ� MVY PU�
Z[HUJL� ZOV^LK [OH[ H SPNO[ YLJPWL»Z WVZP[P]L



-PN\YL �! ;OL KPNP[HS [^PU JVUJLW[ MVY WLYZVUHSPaLK O\THU JLU[YPJ SPNO[PUN� D� :HTL SPNO[PUN YLJPWL PZ HWWSPLK [V HSS WLVWSL ZOHYPUN [OL ZHTL VMÄJL� :PUJL WLVWSL TPNO[
IL PU H KPMMLYLU[ WOHZL VM [OLPY JPYJHKPHU YO`[OT HUK TPNO[ OH]L KPMMLYLU[ ULLKZ� [OPZ SPNO[ YLJPWL TPNO[ IL ILULÄJPHS MVY ZVTL Z\IZL[ VM [OL WVW\SH[PVU� TH` OH]L UV
LMMLJ[ VU HUV[OLY WHY[ VM [OL WVW\SH[PVU HUK TPNO[ IL JV\U[LYWYVK\J[P]L MVY V[OLYZ� E� ;OL KPNP[HS [^PU VM L]LY` WLYZVU PZ JVUZ[Y\J[LK PU T\S[PWSL JVWPLZ� IHZLK VU
WO`ZPVSVN`�IHZLK TVKLSZ HUK \ZLY ZWLJPÄJ KH[H� ,HJO [^PU PUOLYP[Z [OL ZHTL TH[OLTH[PJHS Z[Y\J[\YL� P�L�� [OL ZHTL \UKLYS`PUN TVKLS� I\[ PZ JVTW\[H[PVUHSS` [LZ[LK
^P[O KPMMLYLU[ SPNO[PUN YLJPWLZ� ;OL SPNO[ YLJPWL [OH[ OHZ [OL ILZ[ LMMLJ[ VU [OL KPNP[HS [^PU PZ ZLSLJ[LK MVY [OH[ WLYZVU� 3PNO[ YLJPWLZ JHU IL NYV\WLK MVY Z\INYV\WZ VM
WLVWSL [OH[ ZOHYL ZPTPSHY JOHYHJ[LYPZ[PJZ�

-PN\YL �! :`Z[LT JVUJLW[ VM H IPV�JSVJR H^HYL SPNO[PUN JVU[YVS Z`Z[LT� ;OL Z`Z[LT TVUP[VYZ H WLYZVU»Z YLHS�[PTL SPNO[ L_WVZ\YL ^OPJO PZ [OL THPU PUW\[ [V [OL
IPVSVNPJHS JSVJR� (SZV� [OL WLYZVU»Z YLZWVUZL [V SPNO[ L_WVZ\YL �V\[W\[� PZ TVUP[VYLK� ^OPJO JV\SK IL ]PH IVK` ^VYU ZLUZVYZ� ;OLZL PUW\[Z HUK V\[W\[Z HYL \ZLK [V
[YHJR HU LZ[PTH[L VM [OL O\THU Z[H[L �IPV JSVJR� PU[YPUZPJ WHYHTL[LYZ� PU ¸KPNP[HS ZPISPUNZ¹� ;OLZL KPNP[HS ZPISPUNZ HYL JVTW\[LY TVKLSZ [OH[ JHU ^L \ZLK [V MHZ[ MVY^HYK
WV[LU[PHS SPNO[ YLJPWLZ HUK [V L]HS\H[L [OLPY HJ\[L HUK M\[\YL PTWHJ[ VU [OL YLHS O\THU� ;OL *OPULZL OH[ HIV]L [OL JSVJR VY HIV]L HU LTV[PVU PZ \ZLK ZPTPSHY [V [OL
TH[OLTH[PJHS UV[H[PVU [V KLUV[L HU LZ[PTH[L [OH[ [OL Z`Z[LT THRLZ VM [OL \ZLY L_WLYPLUJL HUK [OL WOHZL VM [OL IPV JSVJR� ;OL KPNP[HS ZPISPUNZ KV UV[ RUV^ [OL YLHS
\ZLY ZH[PZMHJ[PVU I\[ THRL H KPNP[HS LZ[PTH[L�
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-PN\YL �! 6W[PTHS SPNO[PUN ZJOLK\SLZ K\YPUN VMÄJL OV\YZ [V ZOPM[ [OL LTWSV`LLZ ^HRL�\W [PTL�
�D� JUD\� ,TWSV`LL � YLJLP]LZ SPNO[ K\YPUN [OL LHYS` TVYUPUN �WOHZL HK]HUJPUN YLNPVU�� MVSSV^LK I` H KPW PU
[OL SPNO[ SL]LSZ K\YPUN [OL TPK�KH` �KLHK�aVUL PU [OL IPVSVNPJHS JSVJR�� MVSSV^LK I` HU PUJYLHZL K\YPUN [OL
LHYS` L]LUPUN �HTWSP[\KL H[[LU\H[PVU YLNPVU�" �E� RUDQJH� ;OL ZLJVUK LTWSV`LL YLJLP]LZ SPNO[ K\YPUN [OL
WOHZL HK]HUJPUN YLNPVU �LHYS` TVYUPUN�� MVSSV^LK I` H SHYNLY KPW PU [OL SPNO[ SL]LSZ K\YPUN TPK�KH �̀ MVSSV^LK
I` H TVKLYH[L PUJYLHZL K\YPUN [OL LHYS` L]LUPUN" �F� \HOORZ� ;OL [OPYK LTWSV`LL»Z HM[LYUVVU SPNO[ IVVZ[ PZ
ZOPM[LK I` HWWYV_PTH[LS` HU OV\Y JVTWHYLK [V LTWSV`LL ��
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LMMLJ[Z VU H ZWLJPÄJ Z\IZL[ VM WHY[PJPWHU[Z
JHU IL JV\U[LYWYVK\J[P]L MVY V[OLY WHY�
[PJPWHU[Z� ;OPZ ZOV\SK UV^ TV[P]H[L \Z [V
KL]LSVW ZPTPSHY TVKLSZ MVY HSZV WYLKPJ[PUN
HJ\[L HSLY[PUN LMMLJ[Z� HUK MVY WYLKPJ[PUN
\ZLYZ» WYLMLYLUJLZ PU [LYTZ VM [OL ]PZ\HS
L_WLYPLUJL¹�

( SLZZVU SLHYULK PZ [OH[ /\THU *LU[YPJ
3PNO[PUN PZ TVYL LMMLJ[P]L PM P[ PZ WLYZVUHS�
PaLK" I` [HRPUN ZWLJPÄJ WYLMLYLUJLZ HUK
JOYVUVIPVSVNPJHS WHYHTL[LYZ VM [OL PUKP�
]PK\HS PU[V HJJV\U[� SPNO[ YLJPWLZ ILJVTL
ZPNUPÄJHU[S` TVYL LMMLJ[P]L� )\[ HZ [OL PT�
WHJ[ VM SPNO[ L_WVZ\YL PZ H ZSV^ HUK Z\I[SL
WYVJLZZ� [OL LMMLJ[Z VM SPNO[ VU [OL ZWLJPÄJ
\ZLYZ HYL WYLMLYHIS` [YHJRLK V]LY SVUNLY
WLYPVKZ VM [PTL� 6UL JHUUV[� HUK WYLMLY�
HIS` ZOV\SK UV[ HPT [V KYHZ[PJHSS` ZOPM[ JPY�
JHKPHU WOHZL HUK ZSLLW J`JSLZ� ( ZLJVUK
PTWVY[HU[ SLZZVU SLHYULK PZ [OH[ YLZLHYJO
PU WZ`JOVSVNPJHS YLZLHYJO JHU IL KLZPNULK
Z\JO [OH[ [OL` TVYL LHZPS` HSSV^ MVY [OL
Z\IZLX\LU[ KL]LSVWTLU[ VM TH[OLTH[PJHS
HIZ[YHJ[PVUZ�

/*3 Z`Z[LTZ [OH[ JHUUV[ \ZL WLYZVUHS�
PaLK KH[H JHU UVUL[OLSLZZ IL VW[PTPaLK I`
L]HS\H[PUN [OL LMMLJ[Z VM H SPNO[ YLJPWL VU
H SHYNLY WVW\SH[PVU PUZ[LHK VM VUS` VU VUL
WVW\SH[PVU�H]LYHNL YLMLYLUJL WLYZVU� -VY
PUZ[HUJL� PUZ[LHK VM VUS` VW[PTPaPUN MVY [OL
H]LYHNL WLYZVU� VUL TH` H]VPK YLJPWLZ PU
^OPJO [VV SHYNL MYHJ[PVUZ VM [OL WVW\SH[PVU
^V\SK ZLL HK]LYZL LMMLJ[Z >�@�

%LR�&ORFN $ZDUH 2IðFH
;OLZL JVUJLW[Z JHU IL \ZLK [V JYLH[L H
ZTHY[ VMÄJL >��������@ ^P[O H WLYZVUHS�
PaLK IPV�HKHW[P]L VMÄJL SPNO[PUN Z`Z[LT�
JVU[YVSSLK [V LTP[ H SPNO[PUN YLJPWL [HP�
SVYLK [V [OL PUKP]PK\HS LTWSV`LL� 0KLHSS �̀
[OL JOYVUVIPVSVNPJHS TVKLSZ HYL \ZLK PU
H WLYZVUHSPaLK VW[PTPaH[PVU HSNVYP[OT [OH[
ÄUKZ [OL ILZ[ VMÄJL SPNO[PUN WYVÄSL [HRPUN
[OL ZWLJPÄJ WYLMLYLUJLZ HUK WHYHTL[LYZ
VM [OL PUKP]PK\HS LTWSV`LLZ PU[V HJJV\U[ [V
HJOPL]L JPYJHKPHU HSPNUTLU[ [V [OL ���OV\Y
J`JSL�

;OL Z`Z[LT HPTZ [V Z\WWVY[ LTWSV`LLZ»
JPYJHKPHU YO`[OT HUK LUZ\YL [OH[ [OL` YL�
JLP]L [OL YPNO[ SPNO[ H[ [OL YPNO[ [PTL VM [OL
KH �̀ )LJXUH � WYLZLU[Z YLZ\S[Z VM [OL VW[P�
TPaH[PVU MVY [OYLL KPMMLYLU[ LTWSV`LLZ [OH[
ZOHYL [OL ZHTL VMÄJL I\[ OH]L KPMMLYLUJLZ
PU [OLPY JOYVUV[`WLZ HUK�VY PU [OLPY L]LUPUN
HJ[P]P[PLZ�

;OL YLZ\S[PUN WYVÄSLZ ZOHYL ZVTL JVTTVU
JOHYHJ[LYPZ[PJZ� -VY L_HTWSL� [OL` YLJVT�
TLUK OPNOLY SPNO[ SL]LSZ LHYS` PU [OL TVYU�
PUN �ZH �̀ IL[^LLU �!�� [V  !�� (4�� ;OPZ
[OLVYL[PJHS ÄUKPUN HWWLHYZ [V HNYLL ^LSS
^P[O ZL]LYHS Z[\KPLZ ^P[O O\THU Z\IQLJ[Z�
:\JO Z[\KPLZ JVUÄYT [OH[ KH`[PTL SPNO[ L_�
WVZ\YL Z\WWVY[Z ^LSSILPUN HUK PTWYV]LZ
ZSLLW� (SS WYVÄSLZ HSZV PU]VS]L H KPTTPUN
PU [OL SPNO[ L_WVZ\YL K\YPUN [OL TPKKSL VM

[OL KH �̀ +\YPUN [OPZ WHY[ VM [OL KH �̀ SPNO[
PZ SLZZ IPVSVNPJHSS` LMMLJ[P]L PU [OL ZLUZL
[OH[ PUJYLHZPUN SPNO[ K\YPUN [OH[ [PTL KVLZ
UV[ SLHK [V HU` UV[PJLHISL JPYJHKPHU WOHZL
ZOPM[Z� 6UL OHZ [V UV[L [OH[ SPNO[ K\YPUN [OL
TPK�KH` PZ Z[PSS HISL [V PU[YVK\JL ZOPM[Z PU [OL
JPYJHKPHU WHJLTHRLY" OV^L]LY� P[Z LMMLJ[
PZ SLZZ JVTWHYLK [V SPNO[ K\YPUN [OL LHYS`
TVYUPUN VY SH[L HM[LYUVVU� ;OL SPNO[Z HYL
KPTTLK THPUS` [V JVUZLY]L LULYN �̀ 0U[LY�
LZ[PUNS �̀ K\YPUN [OL HM[LYUVVU [OL KLYP]LK
YLJVTTLUKLK SPNO[ WYVÄSLZ KPMMLY HTVUN
WLVWSL� 0M ZVTLVUL PZ SPRLS` [V IL L_WVZLK
[V LUOHUJLK SPNO[ SL]LSZ SH[LY PU [OL L]LUPUN�
MVY L_HTWSL ZVTLVUL [OH[ [`WPJHSS` OHZ H
SH[L KPUULY ^P[O [OL MHTPS �̀ [OL YLZ\S[PUN SPNO[
YLJPWL ZOV^Z HU PUJYLHZL PU [OL SPNO[ SL]LSZ
PU [OL LHYS` HM[LYUVVU �)LJXUH �H�� (S[OV\NO
[OPZ YLZ\S[ TPNO[ ZLLT JVU[YHKPJ[VY �̀ P[ PZ
Z\WWVY[LK I` L_WLYPTLU[HS Z[\KPLZ [OH[
OH]L ZOV^U [OH[ [OL LMMLJ[Z VM SH[L L]LUPUN
L_WVZ\YL VU WO`ZPVSVN` HUK ZSLLWPULZZ
HYL YLK\JLK ^OLU [OPZ SPNO[ L_WVZ\YL PZ
WYLJLKLK I` LHYS` L]LUPUN SPNO[ >��@� ;OPZ
HM[LYUVVU IVVZ[ PZ SLZZ WYVTPULU[ ^OLU
VUL KVLZ UV[ OH]L L_[LUKLK SPNO[ L_WVZ\YL
SH[LY PU [OL KH` �)LJXUH �I�� ;OL [PTPUN VM
[OPZ HM[LYUVVU SPNO[ L_WVZ\YL HSZV KPMMLYZ I`
PUKP]PK\HS� -VY L_HTWSL� H WLYZVU ^P[O HU
LHYSPLY JOYVUV[`WL �)LJXUH �I� YLJLP]LZ [OL
HM[LYUVVU SPNO[ ºIVVZ[» H[ HU LHYSPLY WVPU[ PU
[OL HM[LYUVVU ILJH\ZL I` [YHJRPUN [OL \ZLY
^P[O ^LHYHISLZ VUL JHU PKLU[PM` [OL L_HJ[
JPYJHKPHU WOHZL [OH[ SPNO[ OHZ [OL IVVZ[PUN
LMMLJ[�

6W[PSPNO[� ^HZ QVPU[S` M\UKLK I` [OL +\[JO
5>6 HUK I` :PNUPM �̀ ;OL [LHT THKL ZJP�
LU[PÄJHSS` YLJVNUPaLK Z[LWZ [V^HYKZ \ZPUN
[OLZL PUZPNO[Z HUK RUV^SLKNL MYVT JOYVUV�
IPVSVN` PU HK]HUJLK SPNO[PUN JVU[YVS� I\[
HSZV ]LYPÄLK [V ^OH[ L_[LU[ [OLZL WYPUJPWSLZ
JHU IL \ZLK PU /*3 ZVS\[PVUZ� :PNUPM` KL�
]LSVWLK 5H[\YL*VUULJ[ HZ H O\THU JLU[YPJ
SPNO[PUN Z`Z[LT I\PS[ VU WYV]LU IPVWOPSPJ
KLZPNU WYPUJPWSLZ [V YLJVUULJ[ WLVWSL [V
[OL V\[ZPKL ^VYSK� ;OL Z`Z[LT TPTPJZ [OL
UH[\YHS WH[[LYUZ VM KH`SPNO[ [V JYLH[L JVT�
MVY[HISL� LUNHNPUN HUK H[[YHJ[P]L PUKVVY
LU]PYVUTLU[Z� 0U [OL 6W[PSPNO[ WYVQLJ[� [OL
JOYVUVIPVSVNPJ VZJPSSH[VY TVKLSZ OH]L ILLU
\ZLK [V YL]PL^ HUK YLÄUL [OLZL WH[[LYUZ
^P[O [OL WV[LU[PHS PTWHJ[ VU ZSLLW PU TPUK�
0U MHJ[� HSZV ^P[OV\[ WLYZVUHSPaLK� WVZZPIS`
WYP]HJ`�PU]HZP]L [YHJRPUN VM [OL \ZLYZ� [OL
TVKLSZ JHU IL \ZLK [V HK]HU[HNL�

�4H[OLTH[PJHS 6W[PTPaH[PVUZ MVY /\THU *LU[YPJ
3PNO[PUN� https://www.nwo.nl/en/projects/14671�

https://www.nwo.nl/en/projects/14671
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0XOWLGLVFLSOLQDU\ +&/ LQ
(LQGKRYHQ
>P[OPU [OL 0U[LSSPNLU[ 3PNO[PUN 0UZ[P[\[L VM
,PUKOV]LU <UP]LYZP[` VM ;LJOUVSVN �̀ [OL
L_WLY[PZL VU O\THU PU[LYHJ[PVU� HUK ZPNUHS
WYVJLZZPUN� [OL YVSL VM SPNO[ PU I\PSKPUNZ HUK
[OL HYJOP[LJ[\YL VM SPNO[PUN JVU[YVS Z`Z[LTZ
PZ JVTIPULK PU QVPU[ WYVQLJ[Z HJYVZZ T\S�
[PWSL KLWHY[TLU[Z� ;OPZ JYLH[LK H \UPX\L
IHZPZ MVY H WYVQLJ[ SPRL 6W[PSPNO[� 0[ PZ H JSLHY
L_HTWSL VM JVTIPUPUN L_PZ[PUN IPVSVNP�
JHS RUV^SLKNL VU [OL LMMLJ[Z VM SPNO[ VU
O\THU WO`ZPVSVN` HUK ILOH]PVY ^P[O TH�
JOPUL SLHYUPUN MVY [OL KLZPNU VM ZTHY[ ZLSM�
SLHYUPUN HSNVYP[OTZ� ;OL YLZLHYJO L_WLY[PZL
VM Z[H[PZ[PJHS ZPNUHS WYVJLZZPUN HSSV^Z [OL
\ZL VM RUV^SLKNL HUK PUZPNO[Z MYVT O\THU
WLYJLW[PVU HUK WO`ZPVSVN` [V KL]LSVW HS�
NVYP[OTZ� 0[ H]VPKZ ISHJR�IV_ HWWYVHJOLZ
^OLYL HSNVYP[OTZ T\Z[ Z[HY[ I\PSKPUN HY[P�
ÄJPHS PU[LSSPNLUJL MYVT ZJYH[JO� 0U [OL ÄLSK
VM JOYVUVIPVSVN` HUK SPNO[PUN� O\UKYLKZ VM
WHWLYZ KLZJYPIL [OL PTWHJ[ VM SPNO[ \UKLY
]HYPV\Z JVUKP[PVUZ� 0[ ^V\SK IL UH{]L UV[
[V \ZL [OH[ L_WLY[PZL L_WSPJP[S` PU [OL HSNV�
YP[OTZ� "
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-HDQ�3DXO /,11$57=� 3URI� 'U� ,U�
1LHU�7H\S 3PUUHY[a PZ H 9LZLHYJO -LSSV^
H[ :PNUPM` HUK H 7YVMLZZVY H[ ,PUKOV]LU
<UP]LYZP[` VM ;LJOUVSVN` PU [OL 5L[OLY�
SHUKZ� /PZ YLZLHYJO HKKYLZZLZ PU[LSSPNLU[
SPNO[PUN Z`Z[LTZ HUK VW[PJHS ^PYLSLZZ JVT�
T\UPJH[PVU �3P-P�� 7YL]PV\ZS �̀ ^P[O ;< +LSM[
HUK [OL <UP]LYZP[` VM *HSPMVYUPH H[ )LYRLSL �̀
OL ^VYRLK VU ^PYLSLZZ YHKPV JVTT\UPJH�
[PVU �OL PU[YVK\JLK 4*�*+4(�� (Z WYPU�
JPWHS ZJPLU[PZ[ HUK SH[LY HZ ZLUPVY KPYLJ[VY
H[ 7OPSPWZ 9LZLHYJO� OL ^VYRLK VU LSLJ�
[YVUPJ ^H[LYTHYRPUN HUK VU HUVU`TV\Z
IPVTL[YPJZ� /PZ ^VYR PZ JP[LK V]LY ������
[PTL �.:� HUK SLK [V TVYL [OHU �� NYHU[LK
WH[LU[Z� ZVTL VM ^OPJO HYL [OL IHZPZ MVY
[OYLL ]LU[\YLZ� /L PZ H -LSSV^ VM [OL 0,,,
MVY SLHKLYZOPW PU ZLJ\YP[` ^P[O UVPZ` KH[H
HUK [OLZL PKLHZ ZLJ\YL TVYL [OHU ��� 4PS�
SPVU 0V; KL]PJLZ�

&KDULNOHLD �&KDUD� 3$3$76,03$� 3K�'�
*OHYPRSLPH �*OHYH� 7HWH[ZPTWH YLJLP]LK OLY
)�:J� HUK 4�:J� KLNYLL PU LSLJ[YPJHS HUK
JVTW\[LY LUNPULLYPUN MYVT [OL <UP]LYZP[`
VM 7H[YHZ� 7H[YHZ� .YLLJL� PU ����� HUK
OLY 7O�+� KLNYLL PU HUHS`ZPZ VM PU[LSSPNLU[
SPNO[PUN Z`Z[LTZ MYVT ,PUKOV]LU <UP]LYZP[`
VM ;LJOUVSVN �̀ ,PUKOV]LU� [OL 5L[OLY�
SHUKZ� PU ��� � :OL PZ J\YYLU[S` H 7VZ[�
+VJ YLZLHYJOLY H[ ,PUKOV]LU <UP]LYZP[` VM
;LJOUVSVN �̀ /LY YLZLHYJO IYPUNZ [VNL[OLY
PUZPNO[Z MYVT JOYVUVIPVSVN` HUK M\UKHTLU�
[HSZ VM Z[H[PZ[PJHS ZPNUHS WYVJLZZPUN HUK HPTZ
[V [YHUZSH[L PUZPNO[Z VM O\THU YLZWVUZL [V
SPNO[ [V PTWSPJH[PVUZ MVY PU[LSSPNLU[ SPNO[PUN
ZVS\[PVUZ�

https://doi.org/10.1152/japplphysiol.00698.2009
https://doi.org/10.1152/japplphysiol.00698.2009
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7KH ,QGLUHFW &RVWV RI 8VLQJ
5LJLG %RDUGV 0DNH
6ZLWFKLQJ WR )OH[LEOH /('
0RGXOHV D &RPSHOOLQJ
&KRLFH

(Z YPNPK TVK\SLZ OH]L SVUN KVTPUH[LK [OL
3,+ TVK\SL THYRL[� 6,4 Ä_[\YL THU�
\MHJ[\YLYZ OH]L KLHS[ ^P[O [OL PUJYLHZLK
JVZ[Z HUK JVTWSL_P[` VM THUHNPUN HU \U�
ULJLZZHY` U\TILY VM TVK\SL :2<Z �:[VJR
2LLWPUN <UP[Z� ¶ ���¹� ��¹� ��¹� ��¹� ��¹
L[J� ;OLZL OPNO :2< JV\U[Z THRL P[ TVYL
JOHSSLUNPUN [V SL]LYHNL OPNO ]VS\TL I\`PUN
WV^LY MVY HU` PUKP]PK\HS IVHYK� LZWLJPHSS`
MVY OPNO TP_ THU\MHJ[\YLYZ� *SL]LY KLJP�
ZPVUZ HIV\[ ^OPJO TVK\SL SLUN[OZ [V PU]LU�
[VY` JHU VUS` NV ZV MHY� HUK PUZ[HSSH[PVU [PTL
PUJYLHZLZ HZ VWLYH[VYZ OH]L [V [YPT� PUZ[HSS�
HUK ^PYL T\S[PWSL YPNPK TVK\SLZ [VNL[OLY PU
H ZPUNSL Ä_[\YL�

>P[O :4; THJOPULZ J\YYLU[S` SPTP[LK [V
� MVV[ I\PSK SLUN[OZ� HU` Ä_[\YL SVUNLY [OHU
� MLL[ YLX\PYLZ T\S[PWSL YPNPK IVHYKZ� (KKP�
[PVUHSS �̀ [OL KPZJYLL[ IVHYK SLUN[OZ SPTP[ [OL
]HYPL[` VM S\TPUHPYL SLUN[OZ [OH[ Ä_[\YL THU�
\MHJ[\YLYZ JHU VMMLY [V [OLPY J\Z[VTLYZ� <Z�
PUN J\Z[VT YPNPK TVK\SL SLUN[OZ WYLZLU[Z
HKKP[PVUHS YPZRZ I` THRPUN PU]LU[VY` SLZZ
]LYZH[PSL [V IL \ZLK PU KPMMLYLU[ WYVK\J[Z�
VM[LU SLHKPUN [V \UKLZPYHISL SLHK [PTLZ
^OLU MYLX\LU[ JOHUNLZ PU Ä_[\YL KLTHUK
[YPNNLY Z\WWS` THUHNLTLU[ JOHSSLUNLZ�
;OLZL V]LYOLHK JVZ[Z VM PU]LU[VY` THU�
HNLTLU[ HUK WYLJPV\Z ÅVVY ZWHJL JVT�
WV\UK X\PJRS` ^OLU \[PSPaPUN YPNPK TVK\SLZ
PU THU` SLUN[OZ� 0THNPUL H ^VYSK ^OLYL H
ZPUNSL TVK\SL :2< JV\SK IL JVU[PU\V\ZS`
PUZ[HSSLK PU HU` SLUN[O Ä_[\YL�

/8;7(&+âV /8;UROO )OH[ LV
WKH ��6.8�)LWV�$OO 6ROXWLRQ

3<?YVSS NP]LZ Ä_[\YL 6,4Z [OL HIPSP[` [V YL�
K\JL IV[O S\TPUHPYL JVZ[Z HUK SLHK [PTLZ
I` KLSP]LYPUN HYJOP[LJ[\YHS NYHKL SPNO[ ^P[O
HSS VM [OL HKKP[PVUHS ILULÄ[Z VM \ZPUN H ZPU�
NSL :2< PU WSHJL VM T\S[PWSL YPNPK IVHYK
SLUN[OZ� -P_[\YLZ JHU IL I\PS[ [V HU` SLUN[O
KV^U [V [OL OHSM PUJO ZWLJPÄJH[PVU ZV [OL
ZHTL TVK\SL JHU IL \ZLK HJYVZZ HSS Ä_[\YL
SLUN[OZ MVY IV[O Z[HUKHYK HUK J\Z[VTPa�
HISL WYVK\J[ VMMLYPUNZ �)LJXUH ��� 3<?YVSS
YLK\JLZ V]LYHSS SLHK [PTLZ HUK HSSV^Z MVY
TVYL YLZWVUZP]LULZZ [V JOHUNLZ PU KL�
THUK MVY KPMMLYLU[ Ä_[\YL [`WLZ HUK SLUN[OZ�
:PUJL P[ PZ \ZLK HJYVZZ WYVK\J[Z� P[ LUHISLZ
6,4Z [V YLJLP]L ]VS\TL WYPJL IYLHRZ MVY
IV[O OPNO HUK SV^ Y\UUPUN Ä_[\YLZ� *VT�
WHYLK [V PUZ[HSSPUN YPNPK IVHYKZ� 3<?YVSS PZ
[`WPJHSS` [^PJL HZ MHZ[ [V PUZ[HSS TLHUPUN
OPNOLY [OYV\NOW\[ PU THU\MHJ[\YPUN� ;OLYL
PZ UL]LY H ULLK [V ^PYL IVHYKZ [VNL[OLY
[V HJOPL]L SVUNLY Y\UZ VY PUZ[HSS T\S[PWSL
ZJYL^Z WLY IVHYK� 0U]LU[VY` MVV[WYPU[� VW�
LYH[PUN JVZ[Z� HUK L]LU TVK\SL ZOPWWPUN
JVZ[Z HYL HSZV VM[LU ZPNUPÄJHU[S` YLK\JLK
^P[O [OL KLUZLS` WHJRLK HUK YLLSLK ÅL_
TVK\SLZ�

6SHHG RI ,QVWDOODWLRQ�
/8;UROO LV �Ė )DVWHU WR ,QVWDOO
7KDQ 7UDGLWLRQDO 5LJLG
%RDUGV

3<?YVSS >�@ [`WPJHSS` PTWYV]LZ [OL ZWLLK VM
TVK\SL PUZ[HSSH[PVU )LJXUH � I` �í ^OLU
JVTWHYLK [V PUZ[HSSPUN � YPNPK IVHYKZ PU
Ä_[\YLZ %� MLL[ PU SLUN[O� 3<?;,*/ OHZ H
]PKLV >�@ ZOV^PUN [OPZ JVTWHYPZVU�

=PL^ [OL PUZ[HSSH[PVU ]PKLV�

;OL OPNO�Z[YLUN[O �4 HKOLZP]L PZ ZPT�
WSL HUK X\PJR [V PUZ[HSS ^OPSL ZPT\S[HUL�
V\ZS` JYLH[PUN HU L_JLSSLU[ [OLYTHS KPZ�
ZPWH[PVU WH[O MVY [OL TVK\SL �)LJXUH ��
)LJXUH ��� ;OL [HWL JHU IL SPM[LK HUK HK�
Q\Z[LK ^OLU PUZ[HSSPUN I\[ WYV]PKLZ H YVI\Z[
IVUK �7DEOH �� MVY SVUN [LYT YLSPHIPSP[` L]LU
\UKLY OHYZO [OLYTHS JVUKP[PVUZ�

8/ /LVWHG�
6SHFLðFDWLRQ�*UDGH
3HUIRUPDQFH

3<?YVSS OHZ H NYLH[LY [OLYTHS KPZZPWH�
[PVU WLYMVYTHUJL [OHU JVTWHYHISL -9�
YPNPK TVK\SLZ �)LJXUH �� K\L [V [OL OPNO
Z[YLUN[O �4 [OLYTHS HKOLZP]L� (Z -9�
TVK\SLZ HYL KYP]LU OHYKLY HUK OLH[ \W� [OL
ZJYL^Z JHU JH\ZL [OL IVHYK [V I\JRSL MYVT
[OLYTHS L_WHUZPVU ^OPJO PUJYLHZLZ YPZR
VM [OLYTHS Y\UH^H` HUK 3,+ MHPS\YL� >P[O
3<?YVSS� [OLYTHS JVU[HJ[ PZ HS^H`Z THPU�
[HPULK� HUK [OL 3,+ Q\UJ[PVU [LTWLYH[\YL
PZ RLW[ ^LSS ILSV^ �� �* L]LU H[ %��>�M[
^P[O TPUPTHS OLH[ ZPURPUN VU [`WPJHS Ä_[\YL
TH[LYPHSZ� ;OL <3���� SPZ[PUN MVY 3<?YVSS
OVSKZ MVY \ZL L]LU VU ^VVK Z\IZ[YH[L� 7LLS
MVYJL KH[H ZOV^Z 3<?YVSS»Z Z[YLUN[O HJYVZZ
H ]HYPL[` VM TH[LYPHSZ� L]LU H[ OPNO VWLYH[�
PUN [LTWLYH[\YLZ �7DEOH ���

https://luxtech.com/products/luxroll/
https://luxtech.com/products/luxroll/
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-PN\YL �! ;OLYTHS 7LYMVTHUJL *VTWHYPZVU �VU 1\UJ[PVU ;LTWLYH[\YL ;Q� IL[^LLU H ZJYL^ TV\U[LK -9�
TVK\SL �VYHUNL� HUK 3<?YVSS �NYL`��

-PN\YL �! 4H[LYPHS 7LYMVYTHUJL *VTWHYPZVU �VU 1\UJ[PVU ;LTWLYH[\YL ;Q� IL[^LLU (S\TPU\T �IS\L�� >VVK
�VYHUNL�� HUK :[LLS �NYL`��

;HISL �! )VUK -VYJL *VTWHYPZVU MVY KPMMLYLU[ TH[LYPHSZ H[ �� �* HUK �� �*�
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/8;UROO 9DULDWLRQV

3<?YVSS PZ H]HPSHISL PU JVUZ[HU[ J\YYLU[
^OP[L HUK [\UHISL ^OP[L� HUK JVUZ[HU[
]VS[HNL 9.) HUK 9.)�>� (SS :2<Z HYL
<3���� SPZ[LK [V THRL [OL Ä_[\YL SPZ[PUN
WYVJLZZ JOLHWLY HUK MHZ[LY� >P[O [OL ZHTL
MVYT MHJ[VY� Z^HWWPUN V\[ HU` ]LYZPVU MVY
HUV[OLY PZ Z\WLY ZPTWSL� ;OL ^OP[L HUK
[\UHISL ^OP[L VW[PVUZ HYL J\[[HISL L]LY`
ñ PUJO ^OPSL 9.) HUK 9.)> VW[PVUZ HYL
J\[[HISL L]LY` � PUJOLZ� (SS JVTL Z[HU�
KHYK ^P[O WVRL PU JVUULJ[VYZ HUK WHJR�
HNLK PU �� MVV[ YLJ`JSHISL YLLSZ� :[VJRLK PU
7OPSHKLSWOPH MVY UL_[ KH` ZOPWWPUN�

6XPPDU\� 5HSODFLQJ 5LJLG
%RDUGV ZLWK )OH[ 0DNHV D
/RW RI 6HQVH

(Z JVU[PU\V\Z YLLS�[V�YLLS THU\MHJ[\Y�
PUN [LJOUPX\LZ JVU[PU\L [V TH[\YL PU [OL
LSLJ[YVUPJZ PUK\Z[Y �̀ JVU[PU\V\Z HUK ÅL_�
PISL 3,+ TVK\SLZ ^PSS ILJVTL [OL Z[HU�
KHYK PU 3,+ S\TPUHPYLZ� ;OLYL HYL JSLHY
ILULÄ[Z MVY ]LYZH[PSP[ �̀ ]VS\TL WYPJPUN� YL�
K\JLK PUZ[HSSH[PVU SHIVY� HUK ZPTWSPÄLK
PU]LU[VY` THUHNLTLU[� ;V SLHYU TVYL
HIV\[ 3<?YVSS� JOLJR V\[ 3<?;,*/»Z WYVK�
\J[ ]PKLVZ HUK N\PKLZ OLYL! h t t p s :
//luxtech.com/products/luxroll/�

:LL [OL ILULÄ[Z MVY `V\YZLSM HUK YLX\LZ[ H
3<?YVSS ZHTWSL RP[ >�@ [VKH �̀ "

5HIHUHQFHV

B�D 3<?YVSS
https://luxtech.com/products/luxroll/

B�D :WLLK VM 0UZ[HSSH[PVU =PKLV
https://luxtech.com/products/luxroll/

B�D 3<?;,*/ *VU[HJ[
https://luxtech.com/contact/

https://luxtech.com/products/luxroll/
https://luxtech.com/products/luxroll/
https://luxtech.com/products/luxroll/
https://luxtech.com/products/luxroll/
https://luxtech.com/contact/
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;OL =PY\JPKHS ,MMLJ[Z VM ��� UT
=PZPISL 3PNO[ VU :(9:�*V=�� HUK
0UÅ\LUaH ( =PY\Z
9H]LLU 9(;/5(:05./,������ :VUPH 1(5.9(���� 3PZH
406905���� 4PJOHLS :*/6;:(,9;���� *SPMMVYK @(/52,�� 
(KVSMV .(9*0(�:(:;9,����������LTHPS�� 7O+� +PYLJ[VY VM [OL
.SVIHS /LHS[O  ,TLYNPUN 7H[OVNLUZ 0UZ[P[\[L HUK 7YVMLZZVY VM
4PJYVIPVSVN` HUK 4LKPJPUL H[ [OL 0JHOU :JOVVS VM 4LKPJPUL H[
4V\U[ :PUHP
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7KH JHUPLFLGDO SRWHQWLDO RI VSHFL¾F
ZDYHOHQJWKV ZLWKLQ WKH HOHFWURPDJ�
QHWLF VSHFWUXP LV DQ DUHD RI JURZLQJ
LQWHUHVW� :KLOH XOWUD�YLROHW �89� EDVHG
WHFKQRORJLHV KDYH VKRZQ VDWLVIDF�
WRU\ YLUXFLGDO SRWHQWLDO� WKH SKRWRWR[�
LFLW\ LQ KXPDQV FRXSOHG ZLWK 89 DV�
VRFLDWHG SRO\PHU GHJUDGDWLRQ OLPLW
WKHLU XVH LQ RFFXSLHG VSDFHV� $OWHU�
QDWLYHO\� ORQJHU ZDYHOHQJWKV ZLWK OHVV
LUUDGLDWLRQ HQHUJ\ VXFK DV YLVLEOH OLJKW
����QP� KDYH ODUJHO\ EHHQ H[SORUHG LQ
WKH FRQWH[W RI EDFWHULFLGDO DQG IXQJL�
FLGDO DSSOLFDWLRQV� 6XFK VWXGLHV LQGL�
FDWHG WKDW ���QP PHGLDWHG LQDFWLYD�
WLRQ LV FDXVHG E\ WKH DEVRUEDQFH RI
SRUSK\ULQV ZLWKLQ WKH RUJDQLVP FUH�
DWLQJ UHDFWLYH R[\JHQ VSHFLHV ZKLFK
UHVXOW LQ IUHH UDGLFDO GDPDJH WR LWV '1$
DQG GLVUXSWLRQ RI FHOOXODU IXQFWLRQV�
7KH YLUXFLGDO SRWHQWLDO RI YLVLEOH�OLJKW
EDVHG WHFKQRORJLHV KDV EHHQ ODUJHO\
XQH[SORUHG DQG VSHFXODWHG WR EH LQ�
HIIHFWLYH JLYHQ WKH ODFN RI SRUSK\ULQV
LQ YLUXVHV� 7KH FXUUHQW VWXG\ GHPRQ�
VWUDWHG LQFUHDVHG VXVFHSWLELOLW\ RI
OLSLG�HQYHORSHG UHVSLUDWRU\ SDWKRJHQV
RI LPSRUWDQFH VXFK DV 6$56�&R9��
�FDXVDWLYH DJHQW RI &29,'���� DQG LQ�
¿XHQ]D $ YLUXV WR ���QP� YLVLEOH OLJKW
LQ WKH DEVHQFH RI H[RJHQRXV SKRWR�
VHQVLWL]HUV WKHUHE\ LQGLFDWLQJ D SRWHQ�
WLDO DOWHUQDWLYH SRUSK\ULQ�LQGHSHQGHQW
PHFKDQLVP RI YLVLEOH OLJKW PHGLDWHG
YLUDO LQDFWLYDWLRQ� 7KHVH UHVXOWV ZHUH
REWDLQHG XVLQJ OHVV WKDQ H[SHFWHG LU�
UDGLDQFH OHYHOV ZKLFK DUH FRQVLGHUHG
VDIH IRU KXPDQV DQG FRPPHUFLDOO\
DFKLHYDEOH� 2XU UHVXOWV VXSSRUW IXU�
WKHU H[SORUDWLRQ RI WKH XVH RI YLVLEOH
OLJKW WHFKQRORJ\ IRU WKH DSSOLFDWLRQ RI
FRQWLQXRXV GHFRQWDPLQDWLRQ LQ RF�
FXSLHG DUHDV ZLWKLQ KRVSLWDOV DQG�RU
LQIHFWLRXV GLVHDVH ODERUDWRULHV� VSHFLI�

LFDOO\ IRU WKH LQDFWLYDWLRQ RI UHVSLUDWRU\
SDWKRJHQV VXFK DV 6$56�&R9�� DQG
,Q¿XHQ]D $�

;OL ZL]LYL�HJ\[L YLZWPYH[VY` Z`UKYVTL
JVYVUH ]PY\Z � �:(9:�*V=���� [OL JH\ZH[P]L
HNLU[ VM [OL *6=0+�� WHUKLTPJ� PZ H
TLTILY VM [OL IL[H�JVYVUH]PY\Z MHTPS`
HUK P[ LTLYNLK H[ [OL LUK VM ��� PU [OL
/\ILP WYV]PUJL PU >\OHU *OPUH >�@� )`
SH[L -LIY\HY` ����� TVYL [OHU ��� TPSSPVU
JHZLZ OHK ILLU YLWVY[LK ^OPSL HJJV\U[PUN
MVY HWWYV_PTH[LS` ��� TPSSPVU KLH[OZ� \UKLY�
ZJVYPUN [OL YHWPK KPZZLTPUH[PVU VM [OL ]PY\Z
VU H NSVIHS ZJHSL >�@� (Z H JVTWSLTLU[
[V Z[HUKHYK WYLJH\[PVUZ Z\JO HZ OHUK�
^HZOPUN� THZRPUN� Z\YMHJL KPZPUMLJ[PVU� HUK
ZVJPHS KPZ[HUJPUN� V[OLY LUOHUJLTLU[Z [V
LUJSVZLK ZWHJLZ Z\JO HZ PTWYV]LK ]LU[PSH�
[PVU HUK ^OVSL�YVVT KPZPUMLJ[PVU HYL ILPUN
JVUZPKLYLK I` ZLNTLU[Z IL`VUK HJ\[L
OLHS[OJHYL Z\JO HZ JVTTLYJPHS VMÄJLZ� YL�
[HPS� KPUPUN� HUK [YHUZWVY[H[PVU >�@�

0UP[PHS N\PKHUJL MYVT OLHS[O H\[OVYP[PLZ Z\JO
HZ [OL *+* HUK >/6 VU LU]PYVUTLU[HS
[YHUZTPZZPVU MVJ\ZLK VU JVU[HTPUH[LK
Z\YMHJLZ HZ MVTP[LZ>�@� +H[H WLY[HPUPUN [V
[OL Z\Y]P]HS VM :(9:�*V=�� HUK V[OLY YL�
SH[LK JVYVUH]PY\ZLZ [V KH[L OHZ PUKPJH[LK
[OH[ ]PYPVUZ HYL HISL [V WLYZPZ[ VU MVTP[LZ
JVTWVZLK VM WSHZ[PJ >�@� ^VVK >�@� WHWLY
>�@� TL[HS >�@ HUK NSHZZ >�@ WV[LU[PHSS` \W
[V  KH`Z� 9LJLU[ Z[\KPLZ OH]L Z\NNLZ[LK
[OH[ :(9:�*V=�� TH` HSZV YLTHPU ]PHISL
HWWYV_PTH[LS` H[ SLHZ[ � KH`Z PU Z\JO Z\Y�
MHJLZ HUK HUV[OLY [^V Z[\KPLZ ZOV^LK
[OH[ H[ YVVT [LTWLYH[\YL ���¶�� �*�� H
���KH` [PTL�WLYPVK ^HZ YLX\PYLK [V ZLL H
4.5− 5 SVN10 VM [OL ]PY\Z >����@�

:PUJL [OL Z[HY[ VM [OL WHUKLTPJ� [YHUZTPZ�
ZPVU VM [OL ]PY\Z I` YLZWPYH[VY` KYVWSL[Z HUK
HLYVZVSZ OHZ ILJVTL HU HJJLW[LK TL[OVK

VM [YHUZTPZZPVU HS[OV\NO [OL YLSH[P]L PTWHJ[
VM LHJO TVKL VM [YHUZTPZZPVU PZ [OL Z\IQLJ[
VM T\JO KLIH[L� 5L]LY[OLSLZZ� LUJSVZLK
ZWHJLZ ^P[O NYV\WZ VM WLVWSL L_LYJPZPUN
VY ZPUNPUN OH]L ILLU HZZVJPH[LK ^P[O PU�
JYLHZLK [YHUZTPZZPVU� ;OL OHSM�SPML Z\Y]P]HS
VM :(9:�*V=�� PU [OPZ [`WL VM LU]PYVUTLU[
OHZ ILLU LZ[PTH[LK IL[^LLU � HUK � O
>�������@�

;HRPUN [OPZ PUMVYTH[PVU PU[V JVUZPKLYH[PVU�
ZL]LYHS TL[OVKZ OH]L ILLU ZOV^U [V LM�
MLJ[P]LS` PUHJ[P]H[L :(9:�*V=��� *OLTPJHS
TL[OVKZ� ^OPJO MVJ\Z VU Z\YMHJL KPZPU�
MLJ[PVU� \[PSPaL ��� HSJVOVS HUK ISLHJO
HUK [OLPY ILULÄ[Z HYL ^LSS LZ[HISPZOLK�
;OLZL TL[OVKZ HYL HSZV LWPZVKPJ �VY UVU�
JVU[PU\V\Z� TLHUPUN [OH[ PUIL[^LLU HW�
WSPJH[PVUZ� [OL LU]PYVUTLU[ PZ UV[ ILPUN
[YLH[LK >��@�

�'HSDUWPHQW RI 0LFURELRORJ\� ,FDKQ
6FKRRO RI 0HGLFLQH DW 0RXQW 6LQDL�
1HZ <RUN� 1< ������ 86$� �*OREDO
+HDOWK DQG (PHUJLQJ 3DWKRJHQV ,Q�
VWLWXWH� ,FDKQ 6FKRRO RI 0HGLFLQH DW
0RXQW 6LQDL� 1HZ <RUN� 1< ������ 86$�
�*UDGXDWH 6FKRRO RI %LRPHGLFDO 6FL�
HQFHV� ,FDKQ 6FKRRO RI 0HGLFLQH DW
0RXQW 6LQDL� 1HZ <RUN� 1< ������ 86$�
�'LYLVLRQ RI ,QIHFWLRXV 'LVHDVHV� 'H�
SDUWPHQW RI 0HGLFLQH� ,FDKQ 6FKRRO
RI 0HGLFLQH DW 0RXQW 6LQDL� 1HZ <RUN�
1< ������ 86$� �7KH 7LVFK &DQFHU ,Q�
VWLWXWH� ,FDKQ 6FKRRO RI 0HGLFLQH DW
0RXQW 6LQDL� 1HZ <RUN� 1< ������ 86$�
�.HQDOO 0DQXIDFWXULQJ� .HQRVKD� :,
������ 86$� �HPDLO� FOLII�\DKQNH#
NHQDOO�FRP� DGROIR�JDUFLD�VDVWUH#
PVVP�HGX
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0U HKKP[PVU [V JOLTPJHSZ� VUL VM [OL TVZ[
\[PSPaLK TL[OVKZ MVY ^OVSL�YVVT KPZPU�
MLJ[PVU PZ NLYTPJPKHS \S[YH]PVSL[ * �<=*"
≈ ��� UT� >��@� ;OPZ [LJOUVSVN` PZ ^LSS
LZ[HISPZOLK >��@ HUK OHZ ILLU ZOV^U [V
PUHJ[P]H[L H YHUNL VM WH[OVNLUZ PUJS\KPUN
IHJ[LYPH >��@� M\UNP >��@ HUK ]PY\ZLZ >��@�
;OL TLJOHUPZT VM HJ[PVU VM <=* PZ WOV�
[VKPTLYPaH[PVU VM NLUL[PJ TH[LYPHS Z\JO HZ
95( �YLSL]HU[ MVY :(9:�*V=� HUK 0(=� HUK
+5( �YLSL]HU[ MVY +5( ]PY\ZLZ HUK IHJ[LYPHS
WH[OVNLUZ� HTVUN V[OLYZ� >��@� <UMVY�
[\UH[LS �̀ [OPZ LMMLJ[ OHZ ILLU HZZVJPH[LK
^P[O KLSL[LYPV\Z LMMLJ[Z PU L_WVZLK O\THUZ
Z\JO HZ WOV[VRLYH[VJVUQ\UJ[P]P[PZ PU L`LZ
HUK WOV[VKLYTH[P[PZ PU ZRPU >��@� -VY [OLZL
YLHZVUZ� <=* PYYHKPH[PVU YLX\PYLZ ZHML[`
WYLJH\[PVUZ HUK JHUUV[ IL \ZLK [V KLJVU�
[HTPUH[L MVTP[LZ HUK OPNO JVU[HJ[ HYLHZ PU
[OL WYLZLUJL VM O\THUZ >��@�

.LYTPJPKHS WYVWLY[PLZ VM ]PVSL[�IS\L ]PZP�
ISL SPNO[ ����¶��� UT�� LZWLJPHSS` ^P[OPU
[OL YHUNL VM ��� UT [V ��� UT OH]L ILLU
ZOV^U HZ HU HS[LYUH[P]L [V <=* PYYHKPH�
[PVU PU O\THU VJJ\WPLK ^OVSL�YVVT KPZ�
PUMLJ[PVU ZJLUHYPVZ ^OLYL P[ OHZ ZOV^U
YLK\J[PVU VM IHJ[LYPH >�����@ HUK Z\YNP�
JHS ZP[L PUMLJ[PVUZ >��@� (S[OV\NO ��� UT
VY JSVZLS` YLSH[LK ^H]LSLUN[OZ OH]L ILLU
ZOV^U [V IL SLZZ NLYTPJPKHS [OHU <=*� P[Z
PUHJ[P]H[PVU WV[LU[PHS OHZ ILLU HZZLZZLK PU
WH[OVNLUPJ IHJ[LYPH Z\JO HZ 3PZ[LYPH ZWW�
HUK *SVZ[YPKP\T ZWW� >�����@� HUK PU M\U�
NHS ZWLJPLZ Z\JO HZ :HJJOHYVT`JLZ ZWW�
HUK *HUKPKH ZWW� >��@� 0[ PZ [OV\NO[ [OH[
[OL \UKLYS`PUN TLJOHUPZT VM IS\L�SPNO[
TLKPH[LK PUHJ[P]H[PVU PZ HZZVJPH[LK ^P[O HI�
ZVYW[PVU VM SPNO[ ]PH WOV[VZLUZP[PaLYZ Z\JO
HZ WVYWO`YPUZ ^OPJO YLZ\S[Z PU [OL YLSLHZL
VM YLHJ[P]L V_`NLU ZWLJPLZ �96:� >�����@�
;OL LTLYNLUJL VM 96: PZ HZZVJPH[LK ^P[O
KPYLJ[ KHTHNL [V IPVTVSLJ\SLZ Z\JO HZ
WYV[LPUZ� SPWPKZ HUK U\JSLPJ HJPKZ ^OPJO
HYL LZZLU[PHS JVUZ[P[\LU[Z VM IHJ[LYPH� M\UNP
HUK ]PY\ZLZ� -\Y[OLY Z[\KPLZ OH]L ZOV^U
[OH[ 96: JHU HSZV SLHK [V [OL SVZZ VM JLSS
TLTIYHUL WLYTLHIPSP[` TLKPH[LK I` SPWPK
V_PKH[PVU >��@� .P]LU [OL SHJR VM LUKVNL�
UV\Z WOV[VZLUZP[PaLYZ Z\JO HZ WVYWO`YPUZ
PU ]PYPVUZ� P[ ^HZ L_WLJ[LK [OH[ LMÄJPLU[ KL�
JVU[HTPUH[PVU VM ]PY\ZLZ �IV[O LU]LSVWLK
HUK UVU�LU]LSVWLK� YLX\PYLK [OL HKKP�
[PVU VM L_VNLUV\Z WOV[VZLUZP[PaLYZ >��@�
>P[O [OL \ZL VM TLKPH Z\ZWLUZPVUZ �L�N�
ZHSP]H� ISVVK� L[J�� JVU[HPUPUN IV[O LUKVNL�
UV\Z HUK�VY L_VNLUV\Z WOV[VZLUZP[PaLYZ
�[V JYLH[L [OL 96: YLX\PYLK MVY PUHJ[P]H�
[PVU�� ��� UT SPNO[ ^HZ ZOV^U [V PUHJ[P]H[L
]PY\ZLZ Z\JO HZ MLSPUL JHSJP]PY\Z �-*=����
]PYHS OLTVYYOHNPJ ZLW[PJLTPH ]PY\Z �=/:=�
>��@ HUK T\YPUL UVYV]PY\Z�� >��@ \ZPUN \U�
ZHML� JVTTLYJPHSS` PTWYHJ[PJHS PYYHKPHUJL
SL]LSZ� ;OPZ OPNOSPNO[Z [OL PTWVY[HUJL VM
HUZ^LYPUN [OL IHZPJ ZJPLU[PÄJ X\LZ[PVUZ
YLSH[LK [V ]PYHS PUHJ[P]H[PVU ^P[OPU [OL JVU�
[L_[ VM [OL HWWSPLK ZJPLUJL YLX\PYLK MVY

JSPUPJHS HWWSPJH[PVU� 6\Y Z[\K` ZWLJPÄJHSS`
MVJ\ZLK VU [OYLL X\LZ[PVUZ! ��� KVLZ [OL
ZHTL ^H]LSLUN[O VM SPNO[ ���� UT� [OH[ PU�
HJ[P]H[LZ IHJ[LYPH HSZV PUHJ[P]H[L LU]LSVWLK
]PY\ZLZ� ��� PZ H WVYWO`YPU YPJO TLKP\T YL�
X\PYLK MVY [OPZ PUHJ[P]H[PVU� HUK ��� JHU [OPZ
PUHJ[P]H[PVU IL HJOPL]LK \ZPUN ZHML� JVT�
TLYJPHSS` WYHJ[PJHS PYYHKPHUJL SL]LSZ&

0U [OL J\YYLU[ Z[\K �̀ ^L ZOV^ [OL PTWHJ[ VM
��� UT PYYHKPH[PVU VU PUHJ[P]H[PVU VM :(9:�
*V=�� HUK PUÅ\LUaH ( /�5� ]PY\ZLZ ^P[O�
V\[ [OL \ZL VM WOV[VZLUZP[PaLYZ THRPUN
P[ KPYLJ[S` YLSL]HU[ [V [OL JSPUPJHS LU]PYVU�
TLU[� >L ZOV^ [OPZ \ZPUN H JVTTLYJPHSS`
H]HPSHISL ]PZPISL SPNO[ KPZPUMLJ[PVU Z`Z[LT
LUZ\YPUN [OH[ [OL PYYHKPHUJL \ZLK PZ IV[O
ZHML HUK WYHJ[PJHSS` HJOPL]HISL PU H JSPU�
PJHS ZL[[PUN Z\WWVY[PUN [OL WVZZPISL \ZL
VM ��� UT PYYHKPH[PVU HZ H [VVS [V JVUMLY
JVU[PU\V\Z KLJVU[HTPUH[PVU VM YLZWPYH�
[VY` WH[OVNLUZ Z\JO HZ :(9:�*V=�� HUK
PUÅ\LUaH ( ]PY\ZLZ� >L M\Y[OLY ZOV^ [OL
PUJYLHZLK Z\ZJLW[PIPSP[` VM SPWPK�LU]LSVWLK
]PY\ZLZ MVY PYYHKPH[PVU PU JVTWHYPZVU [V UVU�
LU]LSVWLK ]PY\ZLZ� M\Y[OLY JOHYHJ[LYPaPUN
[OL ]PY\JPKHS LMMLJ[Z VM ]PZPISL SPNO[�

0DWHULDOV DQG 0HWKRGV
��� QP ([SRVXUH 6\VWHP
;OL ]PZPISL SPNO[ KPZPUMLJ[PVU WYVK\J[ \ZLK
PU [OPZ Z[\K` ^HZ H JVTTLYJPHSS` H]HPSHISL
�� 3,+ KV^USPNO[ �0UKPNV�*SLHU� 2LUHSS�
2LUVZOH� >0� [V HSSV^ MVY \ZL ^P[OPU H ):3�
� SL]LS JVU[HPUTLU[ OVVK� >P[OPU [OL OVVK�
[OL KPZ[HUJL IL[^LLU [OL MHJL VM [OL Ä_[\YL
HUK [OL ZHTWSL ^HZ ���� ¶ T\JO SLZZ [OHU
[OL UVYTHS ���T \ZLK PU UVYTHS� ^OVSL�
YVVT KPZPUMLJ[PVU HWWSPJH[PVUZ� ;OL V\[W\[
VM [OL Ä_[\YL ^HZ TVKPÄLK LSLJ[YVUPJHSS`
K\YPUN P[Z THU\MHJ[\YL [V TH[JO [OPZ KPMMLY�
LUJL HUK LUZ\YL [OH[ [OL TLHZ\YLTLU[Z
^V\SK YLWYLZLU[ [OL WLYMVYTHUJL VM [OL
KL]PJL PU HJ[\HS \ZL� ;OPZ [LZ[ ZL[\W PZ
ZOV^U PU H ):3�� OVVK PU )LJXUH �(� 5V[L
[OL ZWLJ[YVYHKPVTL[LY HUK [OL IV[[VT
WVY[PVU VM [OL YPN �≈ ���� \ZLK MVY JHSPIYH�
[PVU ^LYL YLTV]LK K\YPUN [OL HJ[\HS Z[\K`
�)LJXUH �)��

*VU[YVSZ ^LYL WSHJLK V\[ZPKL [OL [LZ[
YPN I\[ ^P[OPU [OL ):3 OVVK HZ ZOV^U PU
)LJXUH �)� 5V[L [OH[ [OPZ WPJ[\YL JVU[HPUZ
[OL IV[[VT WVY[PVU VM [OL [LZ[ YPN [V OPNO�
SPNO[ [OL WVZP[PVU VM [OL YHKPVTL[LY� -VY [OL
YHUNL VM V\[W\[ \ZLK PU [OPZ Z[\K �̀ T\S[PWSL
KPZJYL[L SL]LSZ ^LYL JYLH[LK \ZPUN W\SZL
^PK[O TVK\SH[PVU ^P[OPU [OL 3,+ KYP]LY
P[ZLSM� ;OLZL SL]LSZ ^LYL THKL [V IL PU�
KP]PK\HSS` ZLSLJ[HISL \ZPUN H ZPTWSL RUVI
VU [OL H[[HJOLK JVU[YVS TVK\SL� -VY YLM�
LYLUJL� [OL HTV\U[ VM ]PZPISL SPNO[ ^P[OPU
[OL ���¶��� UT IHUK^PK[O� TLHZ\YLK PU
T>JTò�� PZ H TLHZ\YLTLU[ VM [OL ¸KVZL¹

KLSP]LYLK [V [OL [HYNL[ VYNHUPZT HUK PZ
\ZLK [V X\HU[PM` [OPZ YLSH[PVUZOPW ZPTPSHY [V
[OH[ \ZLK PU <= KPZPUMLJ[PVU HWWSPJH[PVUZ�

;V M\SS` L_HTPUL [OPZ LMMLJ[� H YHUNL VM PY�
YHKPHUJL ]HS\LZ ^LYL \ZLK YLWYLZLU[�
PUN HJ[\HS WYVK\J[ KLWSV`TLU[ JVUKP�
[PVUZ PU VJJ\WPLK YVVTZ� ;OL SV^LZ[ ]HS\L
������T>JTò�� YLWYLZLU[Z H ZPUNSL�
TVKL� SV^LY ^H[[HNL \ZLK PU NLULYHS SPNO[�
PUN HWWSPJH[PVUZ ^OPSL [OL OPNOLZ[ ]HS\L
����T>JTò�� YLWYLZLU[Z H K\HS�TVKL�
OPNOLY ^H[[HNL \ZLK PU JYP[PJHS JHYL HWWSPJH�
[PVUZ Z\JO HZ HU VWLYH[PUN YVVT�

;OL KL]PJL ^HZ WSHJLK PU H YPN [V LUZ\YL
H JVUZPZ[LU[ KPZ[HUJL ������ IL[^LLU [OL
Ä_[\YL HUK [OL ZHTWSLZ� ;OL V\[W\[ VM [OL
Ä_[\YL PU [OL [LZ[ YPN ^HZ TLHZ\YLK \ZPUN
H :[LSSHY�9(+ 9HKPVTL[LY MYVT :[LSSHY5L[
JVUÄN\YLK [V THRL ^H]LSLUN[O HUK PYYH�
KPHUJL TLHZ\YLTLU[Z MYVT ���¶���� UT
^P[O < � UT ZWLJ[YHS IHUK^PK[O \ZPUN H
50:; [YHJLHISL JHSPIYH[PVU� ;V LUZ\YL [OH[
[OL YLN\SHY ^OP[L SPNO[ WVY[PVU VM [OL PSS\TP�
UH[PVU �^OPJO PZ UVU�KPZPUMLJ[PUN� ^HZ UV[
TLHZ\YLK� [OL TLHZ\YLTLU[ ^HZ LSLJ[YVU�
PJHSS` SPTP[LK [V H � UT IHUK^PK[O V]LY [OL
���¶��� UT YHUNL� ;OL UVYTHSPaLK ZWLJ�
[YHS WYVÄSL PZ ZOV^U PU )LJXUH �* ILSV �̂
;OL HIZVS\[L ]HS\L VM [OL TLHZ\YLTLU[
^HZ KL[LYTPULK \ZPUN H 50:; [YHJLHISL JHS�
PIYH[PVU HZ WYL]PV\ZS` KLZJYPILK� :HTWSLZ
^LYL PYYHKPH[LK ^P[O [OL YHUNL VM ^H]L�
SLUN[OZ KLWPJ[LK PU )LJXUH �*� ;OPZ ^HZ
KLSPILYH[LS` KVUL MVY [^V YLHZVUZ! ��� WYPVY
^VYR OHK ZOV^U [OH[ ]PZPISL SPNO[ KPZPUMLJ�
[PVU ^HZ WYPTHYPS` HJ[P]L H[ ��� UT >��@
HUK ��� [V LTWOHZPaL [OL HWWSPLK ZJPLUJL
HZZVJPH[LK ^P[O HJ[\HS JSPUPJHS \ZL ^OLYL H
]PY\Z PU [OL LU]PYVUTLU[ JV\SK IL L_WVZLK
[V IV[O ��� UT HUK YLN\SHY ^OP[L SPNO[ PU HU
VJJ\WPLK YVVT�

;V PZVSH[L [OL JVU[YPI\[PVU VM ��� UT SPNO[�
[OL JVU[YVS ZHTWSLZ ^LYL WSHJLK V\[ZPKL
[OL ÄLSK VM PYYHKPH[PVU JYLH[LK I` [OL KPZ�
PUMLJ[PVU WYVK\J[ I\[ ^P[OPU [OL IPVZHML[`
OVVK� (JJVYKPUNS �̀ [OLZL ZHTWSLZ ^LYL
L_WVZLK [V [OL V]LYOLHK SPNO[Z ^P[OPU [OL
YVVT ^OPJO JVU[HPULK ]PY[\HSS` UV ��� UT
SPNO[ �< �.���T>JT−���

0U HU` HZZLZZTLU[ VM ]PYHS PUHJ[P]H[PVU� [OLY�
THS KLUH[\YPUN VM [OL VYNHUPZT PZ H JVU�
JLYU� 6SKLY SPNO[PUN [LJOUVSVNPLZ Z\JO HZ
PUJHUKLZJLU[ ZV\YJLZ OLH[ H YLZPZ[P]L LSL�
TLU[ HUK ^LYL ^PKLS` \ZLK PU H ]HYPL[` VM
HWWSPJH[PVUZ� ;OPZ JYLH[LZ OLH[ H[ IV[O [OL
ZV\YJL HUK [V VIQLJ[Z ^P[OPU P[Z ÄLSK� -VY�
[\UH[LS �̀ [OL KPZPUMLJ[PUN SPNO[ �ZHTWSL� HUK
[OL V]LYOLHK SPNO[Z PU [OL YVVT �JVU[YVS�
KPK UV[ \ZL [OPZ [LJOUVSVN` HUK [OLYLMVYL
JVU[HPU UV PUMYHYLK LTPZZPVUZ �> ��� UT� H
JVTTVUS` RUV^U ILULÄ[ HZZVJPH[LK ^P[O
3,+ SPNO[PUN� (Z H JVUÄYTH[PVU� [OL [LT�
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[OL Z[\K �̀ �*� 5VYTHSPaLK ZWLJ[YHS WV^LY KPZ[YPI\[PVU ZOV^PUN WLHR PYYHKPHUJL H[ ��� UT� �+� 5VYTHSPaLK ZWLJ[YHS WV^LY KPZ[YPI\[PVU MVY [OL Å\VYLZJLU[ JVU[YVS SPNO[
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WLYH[\YL ILULH[O [OL KPZPUMLJ[PUN SPNO[ ^HZ
TLHZ\YLK \ZPUN H JVTTLYJPHSS` H]HPSHISL
[OLYTVJV\WSL K\YPUN H ���O WLYPVK� +\YPUN
[OPZ [PTL� [OL [LTWLYH[\YL H[ [OL ZHTWSL
WVZP[PVU ^HZ JVUZ[HU[ H[ �� ◦*± �.� ◦*
L]LU H[ [OL OPNOLZ[ KPZPUMLJ[PUN WV^LY
����T>JTò���

-VY YLMLYLUJL� [^V ZWLJ[YHS WYVÄSLZ� VUL
MVY [YHKP[PVUHS Å\VYLZJLU[ SPNO[PUN HUK [OL
V[OLY MVY Z[HUKHYK 3,+ SPNO[PUN HYL WYV�
]PKLK PU )LJXUH � ILSV �̂ >OPSL IV[O [`WLZ
VM SPNO[PUN HYL JVTTVUS` \ZLK PU [OL V]LY�
OLHK SPNO[Z ^P[OPU I\PSKPUNZ� [OL SPNO[Z PU [OL
):3�� SHIVYH[VY` ^LYL [YHKP[PVUHS Å\VYLZ�
JLU[� (Z ZOV^U PU )LJXUH �)� [OL JVU[YVSZ
^LYL L_WVZLK VUS` [V [YHKP[PVUHS Å\VYLZJLU[
SPNO[PUN ^P[O H ULNSPNPISL HTV\U[ VM KPZPU�
MLJ[PUN SPNO[ �< �.���T>JT−�� IL[^LLU
��� UT HUK ��� UT� +\L [V [OL PUOLYLU[
KPMMLYLUJLZ IL[^LLU Å\VYLZJLU[ HUK 3,+
SPNO[PUN� [OL Z[HUKHYK 3,+ ZWLJ[YH OHZ H
ZTHSS� I\[ TLHZ\YHISL HTV\U[ VM KPZPUMLJ[�

PUN SPNO[ ������T>JTò�� IL[^LLU ��� UT
HUK ��� UT� (Z ^PSS IL SH[LY ZOV^U� [OPZ
HTV\U[ VM SPNO[ JHU OH]L H TLHZ\YHISL KPZ�
PUMLJ[PUN LMMLJ[�

&HOOV DQG 9LUXVHV
=LYV�,� JLSSZ �(;**� *93������� JSVUL
,�� ^LYL THPU[HPULK PU +\SILJJV»Z 4VKP�
ÄLK ,HNSL 4LKP\T �+4,4� JVTWSLTLU[LK
^P[O ��� OLH[�PUHJ[P]H[LK -L[HS )V]PUL
:LY\T �/0�-):" 7,(2 ZLY\T�� WLUPJPSSPU¶
Z[YLW[VT`JPU �.PIJV" ����������� /,7,:
I\MMLY �.PIJV" ���������� HUK 4,4 UVU�
LZZLU[PHS HTPUV�HJPKZ �.PIJV" �����*3� H[
�� �* ^P[O �� *6�� =LYV�**3�� �(;**�

*93����� JLSSZ HUK 4+*2 JLSSZ �(;**�

**3���� ^LYL J\S[\YLK PU +4,4 Z\W�
WSLTLU[LK ^P[O ��� /0�-): HUK WLUP�
JPSSPU�Z[YLW[VT`JPU H[ �� �* ^P[O �� *6��
(SS L_WLYPTLU[Z PU]VS]PUN :(9:�*V=�
�<:(�>(������ ),0 YLZV\YJL¶59������
^LYL JVUK\J[LK ^P[OPU H IPVZHML[`�SL]LS �
�):3�� JVU[HPUTLU[ MHJPSP[` H[ 0JHOU ZJOVVS

VM TLKPJPUL H[ 4V\U[ :PUHP I` [YHPULK
^VYRLYZ \WVU H\[OVYPaH[PVU VM WYV[VJVSZ
I` H IPVZHML[` JVTTP[[LL� (TWSPÄJH[PVU
VM :(9:�*V=�� ]PYHS Z[VJRZ ^HZ KVUL
PU =LYV�,� JLSS JVUÅ\LU[ TVUVSH`LYZ I`
\ZPUN HU PUMLJ[PVU TLKP\T JVTWVZLK VM
+4,4 Z\WWSLTLU[LK ^P[O �� /0�-):�
5VU�LZZLU[PHS HTPUV HJPKZ �5,((�� /LWLZ
HUK WLUPJPSSPU¶Z[YLW[VT`JPU H[ �� �* ^P[O
�� *6� MVY �� O� 0UÅ\LUaH ( ]PY\Z \ZLK
OLYL ^HZ NLULYH[LK \ZPUN WSHZTPK IHZLK
YL]LYZL NLUL[PJZ Z`Z[LT HZ WYL]PV\ZS` KL�
ZJYPILK >��@� ;OL IHJRIVUL \ZLK PU [OL
Z[\K` ^HZ (�7\LY[V 9PJV������4V\U[
:PUHP �/�5�� \UKLY [OL .LU)HUR HJJLZ�
ZPVU U\TILY (-�� ���� 0(=�79� ]PY\Z
^HZ NYV^U HUK [P[YH[LK PU 4+*2 HZ WYL]P�
V\ZS` KLZJYPILK >��@� (Z H UVU�LU]LSVWLK
]PY\Z� [OL JLSS J\S[\YL HKHW[LK T\YPUL ,U�
JLWOHSVT`VJHYKP[PZ ]PY\Z �,4*=" � =9�
��)� ^HZ WYVWHNH[LK HUK [P[YH[LK PU =LYV�
**3�� JLSSZ ^P[O +4,4 HUK �� /0�-):
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�*� H KVZL VM �����T>JTò� VY �+� H KVZL VM ���T>JTò� ^HZ HWWSPLK [V PYYHKPH[L ZHTWSLZ H[ ��� UT V]LY H JV\YZL VM �� ^OPSL ZHTWSPUN H[ �� �� �� HUK �� O �MVY (�
) HUK *� VY V]LY H JV\YZL VM � O ^OPSL ZHTWSPUN H[ �� �� � HUK � O �+� ^HZ KVUL PU PUKLWLUKLU[ [YPWSPJH[LZ� )S\L IHYZ PUKPJH[L [YLH[LK ZHTWSLZ HUK YLK IHYZ
JVYYLZWVUK [V [OL \U[YLH[LK LX\P]HSLU[ [OH[ ^HZ SLM[ H[ [OL IPVZHML[` JHIPUL[ \UKLY [OL ZHTL JVUKP[PVUZ ^OPSL UV[ Z\IQLJ[PUN [V KPZPUMLJ[PUN PYYHKPH[PVU� +H[H ZOV^U HZ
7-<TS−1 PU [YPWSPJH[L HZZLZZLK I` WSHX\L HZZH �̀ �,� 7SHX\L WOLUV[`WL JVTWHYPZVU MYVT VUL PUKLWLUKLU[ L_WLYPTLU[ H[ HU PYYHKPH[PVU KVZL VM ���T>JTò�� -P_LK
HUK ISVJRLK WSHX\LZ ^LYL PTT\UVZ[HPULK \ZPUN HU[P�:(9:�*V=���57 HU[PIVK` ILMVYL KL]LSVWPUN \ZPUN ;Y\L)S\L YLHNLU[� +H[H ZOV^U OLYL HYL MYVT [OYLL
PUKLWLUKLU[ YLWSPJH[LZ �4LHU � :,4��
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HUK WLUPJPSSPU¶Z[YLW[VT`JPU H[ �� �* ^P[O
�� *6� MVY �� O >��@�

��� QP ,QDFWLYDWLRQ RI 9LUXVHV
;OL :(9:�*V=�� ]PY\Z ^HZ L_JS\ZP]LS`
OHUKSLK H[ [OL 0JHOU ZJOVVS VM 4LKPJPUL
):3�� HUK Z[\KPLZ PU]VS]PUN 0(= HUK ,4*=
^LYL OHUKSLK PU ):3�� JVUKP[PVUZ� 0UKP�
JH[LK 7-< HTV\U[Z ^LYL TP_LK ^P[O Z[LYPSL
�í 7): HUK ^LYL PYYHKPH[LK PU  � ^LSS MVY�
TH[ JLSS J\S[\YL WSH[LZ PU [YPWSPJH[LZ� 0U [OLZL
Z[\KPLZ� ( Z[HY[PUN KVZL VM �× ��� 7-< MVY
:(9:�*V=�� HUK Z[HY[PUN KVZLZ VM �× ���

7-< MVY 0(= HUK ,4*= ^LYL \ZLK� ;OL

ÄUHS ]VS\TLZ MVY PUHJ[P]H[PVU ^LYL ��� �S
WLY YLWSPJH[L� ;OL \U[YLH[LK ZHTWSLZ ^LYL
WYLWHYLK [OL ZHTL ^H` HUK ^LYL SLM[ PU�
ZPKL [OL IPVZHML[` JHIPUL[ PZVSH[LK MYVT [OL
PUHJ[P]H[PVU KL]PJL H[ YVVT [LTWLYH[\YL�
;OL WSH[LZ ^LYL ZLHSLK ^P[O X7*9 WSH[L
[YHUZWHYLU[ ZLHS HUK HU HWWYV_PTH[L ���
YLK\J[PVU VM [OL PU[LUZP[` ^HZ VIZLY]LK K\L
[V [OL ZLHSPUN ÄST� ;OL KPZ[HUJL MYVT [OL
SHTW HUK [OL ZHTWSLZ ^HZ TLHZ\YLK [V
IL ����� (SS ZHTWSLZ ^LYL L_[YHJ[LK H[ PU�
KPJH[LK [PTLZ HUK ^LYL MYVaLU H[ −�� ◦*
HUK ^LYL [OH^LK [VNL[OLY MVY [P[YH[PVU ]PH
WSHX\L HZZH`Z�

3ODTXH $VVD\V
-VY :(9:�*V=�� Z[\KPLZ� JVUÅ\LU[ TVUV�
SH`LYZ VM =LYV�,� JLSSZ PU ���^LSS WSH[L MVY�
TH[ ^LYL PUMLJ[LK �^P[O HU PUVJ\S\T ]VS�
\TL ��� �S� ^P[O [LUMVSK ZLYPHSS` KPS\[LK
ZHTWSLZ PU �í WOVZWOH[L�I\MMLYLK ZHSPUL
�7):� Z\WWSLTLU[LK ^P[O IV]PUL ZLY\T
HSI\TPU �):(� HUK WLUPJPSSPU¶Z[YLW[VT`JPU
MVY HU OV\Y ^OPSL NLU[S` ZOHRPUN [OL WSH[LZ
L]LY` �� TPU� (M[LY^HYKZ� [OL PUVJ\S\T
^HZ YLTV]LK� HUK [OL JLSSZ ^LYL PUJ\IH[LK
^P[O HU V]LYSH` JVTWVZLK VM 4,4 ^P[O
�� -): HUK ����� 6_VPK HNHY MVY �� O
H[ �� �* ^P[O �� *6�� ;OL WSH[LZ ^LYL
Z\IZLX\LU[S` Ä_LK \ZPUN ��� MVYTHSKL�
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H[ ��� UT V]LY H JV\YZL VM � O ^OPSL ZHTWSPUN H[ �� �� � HUK � O �KVUL PU PUKLWLUKLU[ [YPWSPJH[LZ�� )S\L IHYZ PUKPJH[L [YLH[LK ZHTWSLZ HUK YLK IHYZ JVYYLZWVUK [V [OL
\U[YLH[LK LX\P]HSLU[ [OH[ ^HZ SLM[ H[ [OL IPVZHML[` JHIPUL[ \UKLY [OL ZHTL JVUKP[PVUZ ^OPSL UV[ Z\IQLJ[LK [V KPZPUMLJ[PUN PYYHKPH[PVU� +H[H ZOV^U HZ 7-<TS−1 PU
[YPWSPJH[L HZZLZZLK I` WSHX\L HZZH �̀ �)� 7SHX\L WOLUV[`WL JVTWHYPZVU MYVT VUL PUKLWLUKLU[ L_WLYPTLU[ H[ HU PYYHKPH[PVU KVZL VM ���T>JTò�� -P_LK HUK ISVJRLK
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<=* 9,:,(9*/ =09<*0+(3 ,--,*;: 6- ��� 54 =0:0)3, 30./; ! " #

�� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� c 3PNO[PUN ;LJOUVSVNPLZ  +LZPNU 0ZZ\L � �1HU�-LI�����

O`KL V]LYUPNO[ HUK [OL MVYTHSKLO`KL ^HZ
YLTV]LK HSVUN ^P[O [OL V]LYSH �̀ -P_LK
TVUVSH`LYZ ^LYL ISVJRLK ^P[O �� TPSR
PU ;YPZ�I\MMLYLK ZHSPUL ^P[O ���� [^LLU�
�� �;):�;� MVY HU OV\Y� (M[LY^HYKZ� WSH[LZ
^LYL PTT\UVZ[HPULK \ZPUN H TVUVJSVUHS
HU[PIVK` HNHPUZ[ :(9:�*V=� U\JSLV�
WYV[LPU �*YLH[P]L�)PVSHIZ" 57�*�*�� H[
H KPS\[PVU VM �!���� MVSSV^LK I` �!����
HU[P�TV\ZL 0N. TVUVJSVUHS HU[PIVK` HUK
^HZ KL]LSVWLK \ZPUN 273 ;Y\L)S\L WLY�
V_PKHZL Z\IZ[YH[L MVY �� TPU �:LYHJHYL"
����������� (M[LY ^HZOPUN [OL WSH[LZ ^P[O
KPZ[PSSLK ^H[LY� [OL U\TILY VM H WSHX\LZ
^LYL JV\U[LK� 7SHX\L HZZH`Z MVY 0(= HUK
,4*= ^LYL KVUL PU H ZPTPSHY MHZOPVU� -VY
0(=� JVUÅ\LU[ TVUVSH`LYZ VM 4+*2 JLSSZ
Z\WWSLTLU[LK ^P[O 4,4�IHZLK V]LYSH`
^P[O ;7*2�[YLH[LK [Y`WZPU ^HZ \ZLK HUK
^HZ PUJ\IH[LK MVY �� O H[ �� �* ^P[O ��
*6�� -VY ,4*=� =LYV�**3�� JLSSZ ^LYL
\ZLK [V KV WSHX\L HZZH`Z PU � ^LSS WSH[L
MVYTH[ ^P[O HU PUVJ\S\T ]VS\TL VM ��� �S
HUK ^HZ PUJ\IH[LK MVY �� O H[ �� �* ^P[O
�� *6�� 7SHX\LZ MVY 0(= HUK ,4*= ^LYL

]PZ\HSPaLK \ZPUN JY`Z[HS ]PVSL[� +H[H ZOV^U
OLYL PZ KLYP]LK MYVT [OYLL PUKLWLUKLU[ L_�
WLYPTLU[HS ZL[\WZ�

5HVXOWV
'RVH DQG 7LPH 'HSHQGHQW ,QDF�
WLYDWLRQ RI 6$56�&R9�� LQ WKH $E�
VHQFH RI 3KRWRVHQVLWL]HUV
;OL SV^LZ[ PYYHKPH[PVU KVZL VM �����T>JTò�

^HZ HWWSPLK MVY :(9:�*V=�� HUK ^OLU
JVTWHYLK [V [OL ;�/ \U[YLH[LK JVU[YVS�
H YLK\J[PVU VM �.���� SVN�� ^HZ ZLLU HZ
LHYS` HZ � O HUK HM[LY �� O VM PYYHKPH[PVU�
HU PUHJ[P]H[PVU VM �.���� SVN�� �HWWYV_P�
TH[LS` �� [PTLZ YLK\J[PVU PU PUMLJ[P]P[`� ^HZ
VIZLY]LK MVY :(9:�*V=�� ]PH WSHX\L HZ�
ZH`Z �)LJXUH �(�� ( ZSPNO[S` OPNOLY KVZL
VM �����T>JTò� `PLSKLK �.���� SVN���
�.���� SVN�� HUK �.�� � SVN�� YLK\J[PVU I`
�� � HUK �� O WVZ[ PYYHKPH[PVU ^OLU JVT�
WHYLK [V [OL YLZWLJ[P]L \U[YLH[LK JVU�
[YVSZ �)LJXUH �)�� :\IZLX\LU[ PUJYLHZL VM
[OL PYYHKPH[PVU KVZL [V �����T>JTò� YL�

Z\S[LK PU H YLK\J[PVU VM �.���� SVN�� HM[LY
� O ^OPJO [OLU OHK H �.���� SVN�� HM[LY
�� O� 0YYHKPH[PVU MVY �� O H[ �����T>JTò�

Z\NNLZ[LK H [V[HS YLK\J[PVU VM �.���� SVN��
���� [PTLZ� MVY :(9:�*V=�� HUK �)LJXUH �*��
(Z H ÄUHS L_WLYPTLU[� H OPNO PYYHKPH[PVU
KVZL VM ���T>JTò� ^HZ \ZLK [V HZZLZZ
[OL PUHJ[P]H[PVU WV[LU[PHS ^P[OPU H T\JO
ZOVY[LY [PTL MYHTL� 0YYHKPH[PVU MVY � O YL�
Z\S[LK PU H YLK\J[PVU VM �.���� SVN�� ^OPJO
YLHJOLK �.� �� SVN�� YLK\J[PVU I` � O HUK
�.�� SVN�� ���� [PTLZ� HM[LY � O PU JVT�
WHYPZVU [V \U[YLH[LK JVU[YVSZ ZHTWSLZ H[
[OL JVYYLZWVUKPUN [PTLZ� �)LJXUH �+�,�� (SS
L_WLYPTLU[HS JVUKP[PVUZ KLTVUZ[YH[LK [OL
Z[HIPSP[` VM \U[YLH[LK :(9:�*V=�� ^OPJO
^HZ SLM[ H[ YVVT [LTWLYH[\YL PU 7):� HZ
ZOV^U I` [OL THYNPUHS YLK\J[PVU VM ]PYHS
[P[LY V]LY [PTL�

,QñXHQ]D $ 9LUXV LV 6XVFHSWLEOH
WR ��� QP ,QDFWLYDWLRQ LQ WKH $E�
VHQFH RI 3KRWRVHQVLWL]HUV
.P]LU [OL VIZLY]H[PVUZ KLYP]LK MYVT :(9:�
*V=��� H ZLWHYH[L PUHJ[P]H[PVU Z[\K` \ZPUN



-PN\YL �! 0UHJ[P]H[PVU WV[LU[PHS MVY :(9:�*V=�� \ZPUN Z[HUKHYK 3,+ SPNO[PUN JVU[HPUPUN ZWLJ[YHS ^H]LSLUN[OZ
MYVT ��� [V ��� UT� :[HUKHYK 3,+ SPNO[Z ^LYL \ZLK [V PYYHKPH[L ZHTWSLZ V]LY H JV\YZL VM �� O ^OPSL
ZHTWSPUN H[ �� �� �� HUK �� O �KVUL PU PUKLWLUKLU[ [YPWSPJH[LZ�� )S\L IHYZ PUKPJH[L [YLH[LK ZHTWSLZ HUK YLK
IHYZ JVYYLZWVUK [V [OL \U[YLH[LK LX\P]HSLU[ [OH[ ^HZ SLM[ H[ [OL IPVZHML[` JHIPUL[ \UKLY [OL ZHTL JVUKP[PVUZ
^OPSL UV[ Z\IQLJ[LK [V KPZPUMLJ[PUN PYYHKPH[PVU� +H[H ZOV^U HZ 7-<TS−1 PU [YPWSPJH[L HZZLZZLK I` WSHX\L
HZZH �̀
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H KPMMLYLU[ SPWPK�LU]LSVWLK 95( ]PY\Z ^HZ
JVUK\J[LK I` \ZPUN PUÅ\LUaH ( 7\LY[V
9PJV �(�/�5��79��4V\U[ :PUHP� ]PY\Z
Z[YHPU� 0YYHKPH[PVU ^P[O H OPNO KVZL VM ���T>JTò�

Z\NNLZ[LK H [PTL KLWLUKLU[ YLK\J[PVU
VM PUMLJ[PV\Z [P[LYZ HZ JHSJ\SH[LK I` [OL
�.��� SVN��� �.��� SVN��� HUK �.���� SVN��
��� [PTLZ� YLK\J[PVUZ H[ �� �� � HUK � O YL�
ZWLJ[P]LS` �)LJXUH �(�� (UK [OL YLK\J[PVU
VM WSHX\LZ ^HZ HWWHYLU[ �)LJXUH �)�� ;OL
Z[HIPSP[` VM 0(= ]PY\Z H[ YVVT [LTWLYH[\YL MVY
H WLYPVK VM � O ^HZ MV\UK [V IL [OL ULNSP�
NPISL PU \U[YLH[LK 0(= ZWPRLK 7): ZHTWSLZ
�)LJXUH �(��

(QFHSKDORP\RFDUGLWLV 9LUXV �(0&9�
DV D 0RGHO 1RQ�HQYHORSHG 9LUXV
,QGLFDWHV 5HGXFHG 6XVFHSWLELOLW\
WR ���QP ,QDFWLYDWLRQ LQ WKH $E�
VHQFH RI 3KRWRVHQVLWL]HUV
0U VYKLY [V IL[[LY \UKLYZ[HUK [OL LMMLJ[ VM
[OL SPWPK�LU]LSVWL PU ]PYHS PUHJ[P]H[PVU I`
��� UT PYYHKPH[PVU� ^L \ZLK H UVU�SPWPK LU�
]LSVWLK 95( ]PY\Z KLYP]LK MYVT [OL 7PJVY�
UH]PYPKHL MHTPS �̀ ,4*= ]PY\Z ^HZ PYYHKPH[LK
H[ H OPNO KVZL VM ���T>JTò� ZPTPSHY [V
:(9:�*V=�� HUK 0(=�

0U [OPZ JHZL OV^L]LY� H [V[HS YLK\J[PVU VM
��� � �HWWYV_PTH[LS` � [PTLZ� PU JVT�
WHYPZVU [V [OL \U[YLH[LK HM[LY � O VM PYYH�
KPH[PVU ^HZ VIZLY]LK �)LJXUH �(�)� PUKP�
JH[PUN H SV^LY YH[L VM PUHJ[P]H[PVU �KLZWP[L
PKLU[PJHS KVZPUN� PU JVU[YHZ[ [V [OL SPWPK�
LU]LSVWLK 95( ]PY\ZLZ [LZ[LK PU [OPZ Z[\K �̀
;OL WSHX\L YLK\J[PVU H[ � O KPK UV[ PUKPJH[L
[OL ZHTL KYHTH[PJ YLK\J[PVU HZ VIZLY]LK
^P[O [OL SH[[LY Z[\KPLZ�

'LVLQIHFWLRQ 3RWHQWLDO RI 6WDQGDUG
/(' /LJKWLQJ &RQWDLQLQJ 6SHFWUDO
:DYHOHQJWKV IURP ��� WR ��� QP
(Z ZOV^U PU )LJXUH �+� Z[HUKHYK 3,+
SPNO[PUN �^P[OV\[ [OL ZWLJPÄJ HKKP[PVU VM
��� UT SPNO[� OHZ H ZTHSS I\[ TLHZ\YHISL

HTV\U[ VM KPZPUMLJ[PUN SPNO[ ������T>JTò��
PU [OL ��� UT [V ��� UT YHUNL� ;V X\HU�
[PM` [OL KPZPUMLJ[PUN LMMLJ[ VM [OPZ SPNO[� PY�
YHKPH[PVUZ ^LYL WLYMVYTLK MVY � O� � O�
�� O� HUK �� O� ( YLK\J[PVU VM �.� SVN
^HZ VIZLY]LK I` � O PU JVTWHYPZVU [V
[OL JVU[YVSZ� )` �� O� H [V[HS VM �.� SVN
^HZ VIZLY]LK \ZPUN H Z[HUKHYK 3,+ SPNO[
�)LJXUH ���

'LVFXVVLRQ
;OL VUNVPUN :(9:�*V=�� WHUKLTPJ OHZ
HMMLJ[LK KH`�[V�KH` M\UJ[PVUZ PU [OL LU�
[PYL ^VYSK� YHPZPUN JVUJLYUZ UV[ VUS` ^P[O
YLNHYKZ [V [OLYHWL\[PJZ I\[ HSZV PU [OL
JVU[L_[ VM ]PY\Z Z\Y]P]VYZOPW HUK KLJVU�
[HTPUH[PVU >��@� ;HRPUN PU[V JVUZPKLYH[PVU
[OL YHWPK ZWYLHK VM :(9:�*V=�� MYVT WLY�
ZVU [V WLYZVU I` KYVWSL[Z� HLYVZVSZ� HUK
MVTP[LZ� ^OVSL�YVVT KPZPUMLJ[PVU Z`Z[LTZ
JHU IL ]PL^LK HZ H Z\WWSLTLU[ [V ILZ[
WYHJ[PJLZ MVY PU[LYY\W[PUN [YHUZTPZZPVU VM
[OL ]PY\Z�

.P]LU [OL VUNVPUN *6=0+�� WHUKLTPJ�
^L ^HU[LK [V L_WSVYL [OL PTWHJ[ VM ��� UT
LUYPJOLK ]PZPISL SPNO[ [LJOUVSVN` VU PUHJ�
[P]H[PVU VM YLZWPYH[VY` WH[OVNLUZ Z\JO HZ
:(9:�*V=�� HUK PUÅ\LUaH ( ]PY\Z� >P[O�
V\[ [OL \ZL VM L_VNLUV\Z WOV[VZLUZP[Pa�
LYZ� ^L ^LYL HISL [V ZOV^ [OH[ PYYHKPH[PVU
^P[O SV^ PU[LUZP[` ������T>JTò�� ]PZPISL
SPNO[ `PLSKLK H YLK\J[PVU VM SVN�� �.����
PUHJ[P]H[PVU HM[LY � O ���� 1�JT�� HUK H
[V[HS SVN�� �.���� PUHJ[P]H[PVU VM :(9:�
*V=�� HM[LY �� O ����� 1�JT��� ( ZSPNO[S`
OPNOLY KVZL ������T>JTò�� YLZ\S[LK PU
SVN�� �.�� � YLK\J[PVU HM[LY �� O ����� 1�JT��
^OPSL HU PYYHKPH[PVU KVZL VM �����T>JTò�

ZOV^LK H YLK\J[PVU SVN�� �.���� HM[LY
�� O ���� � 1�JT�� VM PYYHKPH[PVU� -PUHSS �̀
PUJYLHZPUN [OL KVZL [V ���T>JTò� `PLSKLK
SVN�� �.���� YLK\J[PVU VUS` HM[LY � O ������ 1�JT

���

PUKPJH[PUN H IV[O [PTL HUK KVZL KLWLUKLU[
PUHJ[P]H[PVU VM PUMLJ[PV\Z ]PY\ZLZ�

;OL PYYHKPH[PVUZ \ZPUN Z[HUKHYK 3,+ SPNO[PUN
YHPZL ZVTL PU[LYLZ[PUN X\LZ[PVUZ MVY M\Y[OLY
KPZJ\ZZPVU� >P[O ULHYS` �í [OL HTV\U[ VM
KPZPUMLJ[PUN SPNO[ HZ JVTWHYLK [V [YHKP[PVUHS
Å\VYLZJLU[ SPNO[PUN I\[ ���[O [OL SV^LZ[
HTV\U[ VM ��� UT \ZLK PU [OL Z[\K`" P[ PZ
JVUJLP]HISL [OH[ H YLK\J[PVU JV\SK IL VI�
ZLY]LK� ;OL THNUP[\KL VM [OPZ LMMLJ[ H[
SLZZ [OHU �� O ^HZ SHYNLY [OHU L_WLJ[LK
IHZLK VU V[OLY PYYHKPH[PVUZ WLYMVYTLK
PU [OPZ Z[\K` �)LJXUH ��� ;OLZL YLZ\S[Z H[
�� O ^LYL SHYNLS` JVUZPZ[LU[ ^P[O V[OLY PY�
YHKPH[PVU SL]LSZ HUK YLPUMVYJL [OL NLULYHS
VIZLY]H[PVU VM H ��� UT KVZL�KLWLUKLU[
LMMLJ[� ;OL PU[LYTLKPH[L PYYHKPH[PVU SL]LSZ
�� O� � O� HUK �� O� ^LYL NLULYHSS` SHYNLY
[OHU L_WLJ[LK L]LU ^OLU HJJV\U[PUN MVY
L_WLYPTLU[HS \UJLY[HPU[ �̀

( ZPTPSHY LMMLJ[ ^HZ VIZLY]LK I` )HJOL� L[
HS� PU ^OVSL�YVVT IHJ[LYPHS YLK\J[PVU Z[\K�
PLZ >��@� ;OL` ZH^ H KPZPUMLJ[PUN LMMLJ[ MVY
PYYHKPHUJL ]HS\LZ HZ SV^ HZ ������T>JTò��
;OPZ LMMLJ[ ^HZ ZOV^U [V IL \UJVYYLSH[LK
[V [OL SL]LS VM PYYHKPHUJL \ZLK Z\NNLZ[PUN
[OH[ [OL TLYL HI\UKHUJL VM ��� UT SPNO[
JHU PUP[PH[L [OL V_PKPaPUN JOLTPJHS YLHJ[PVU�
5L]LY[OLSLZZ� V\Y YLZ\S[Z JSLHYS` ZOV^ H
KVZL�KLWLUKLU[ LMMLJ[� 6UL WVZZPISL L_�
WSHUH[PVU MVY [OPZ VIZLY]H[PVU PZ [OH[ [OL
SV^LY PYYHKPHUJL SL]LSZ L_WVZL KPMMLYLU[ YL�
ZWVUZLZ I` ZWLJPÄJ VYNHUPZTZ ^P[OPU H
WVW\SH[PVU IHZLK VU [OL PUKP]PK\HS IPVSVN`
VM [OH[ VYNHUPZT� *SLHYS �̀ [OLZL YLZ\S[Z Z\N�
NLZ[ [OH[ HKKP[PVUHS MHJ[VYZ TH` IL H[ ^VYR
HUK ^HYYHU[ M\Y[OLY PU]LZ[PNH[PVU�

>L ZLSLJ[LK JVU]LU[PVUHS WSHX\L HZZH`Z HZ
[OL YLHK V\[ [V ZWLJPÄJHSS` LZ[PTH[L PUMLJ�
[PV\Z ]PY\Z [P[LYZ \WVU KPZPUMLJ[PVU� 4L[OVKZ
IHZLK PU [OL X\HU[PÄJH[PVU VM ]PYHS 95(
]PH 7*9 IHZLK [LJOUPX\LZ TPNO[ IL TPZ�
SLHKPUN HZ [OL` KL[LJ[ ]PYHS 95( MYVT IV[O
PUMLJ[PV\Z HUK UVUPUMLJ[PV\Z ]PYPVUZ�

:(9:�*V=�� PZ H SPWPK�LU]LSVWLK ]PY\Z
JVTWVZLK VM H ZZ95( NLUVTL HUK V\Y
KH[H PUKPJH[LZ P[Z Z\ZJLW[PIPSP[` [V ]PZPISL
SPNO[ TLKPH[LK PUHJ[P]H[PVU� ;V M\Y[OLY JVU�
ÄYT [OLZL VIZLY]H[PVUZ� ^L \ZLK PUÅ\LUaH
( ]PY\Z� ^OPJO PZ HUV[OLY O\THU YLZWP�
YH[VY` ]PY\Z ^P[O H SPWPK LU]LSVWL HUK H
ZLNTLU[LK�95( NLUVTL� <WVU PYYHKPH[�
PUN MVY � O H[ ���T>JTò� ����� 1�JT��� ^L
VIZLY]LK H [V[HS YLK\J[PVU VM SVN�� �.��� 
MVY [OL PUÅ\LUaH ( ]PY\Z JVTWHYLK [V [OL
YLK\J[PVU VM SVN�� �.���� MVY :(9:�*V=�
� \UKLY [OL ZHTL JVUKP[PVUZ� >OPSL IV[O
]PY\ZLZ OH]L SPWPK LU]LSVWLZ� [OLYL PZ JSLHYS`
H KPMMLYLUJL OLYL [OH[ ^PSS YLX\PYL M\Y[OLY
Z[\K �̀ 6UL WVZZPISL L_WSHUH[PVU PZ [OL KPM�
MLYLUJL PU [OL ]PYPVU ZPaL JYLH[PUN H WO`Z�
PJHSS` ZTHSSLY JYVZZ�ZLJ[PVU MVY HIZVYW�
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[PVU� �0(= ≈ ��� UT HUK :(9:�*V=��
≈ ��� UT� >�����@� 5L]LY[OLSLZZ� IV[O
]PY\ZLZ ^LYL SHYNLS` PUHJ[P]H[LK HM[LY � O
HJOPL]PUN TVYL �.� SVN�� YLK\J[PVU� 0U�
[YPN\PUNS �̀ P[ ^HZ VIZLY]LK [OH[ IV[O 95(
]PY\ZLZ ^LYL HISL [V YLTHPU Z[HISL H[ YVVT
[LTWLYH[\YL MVY H[ SLHZ[ �� O� PUKPJH[PUN
TPUPTHS KLJH` ^OPJO PZ JVUZPZ[LU[ ^P[O
WYL]PV\Z Z[\KPLZ >�����@� >L UL_[ PYYHKP�
H[LK H UVU�LU]LSVWLK 95( ]PY\Z� ,4*=�
7YL]PV\Z YLZ\S[Z MVY ]PZPISL SPNO[ HNHPUZ[
UVU�LU]LSVWLK ]PY\ZLZ KLTVUZ[YH[LK [OL
ULLK MVY L_[LYUHS WOV[VZLUZP[PaLYZ Z\JO HZ
HY[PÄJPHS ZHSP]H� ISVVK� MLJLZ� L[J >�����@�
>P[OV\[ H WVYWO`YPU JVU[HPUPUN TLKP\T� ^L
L_WLJ[LK SP[[SL [V UV PUHJ[P]H[PVU ^OLU [OPZ
]PY\Z ^HZ PYYHKPH[LK ^P[O ]PZPISL SPNO[� -VY
[OLZL TLHZ\YLTLU[Z� ^L \ZLK [OL OPNOLZ[
H]HPSHISL PYYHKPHUJL VM ���T>JTò�� (Z HU�
[PJPWH[LK� ^L VIZLY]LK VUS` H SVN�� �.� � 
YLK\J[PVU HM[LY � O� OV^L]LY� [OPZ HW�
WLHYZ [V IL ^P[O [OL Z[H[PZ[PJHS WYLJPZPVU
VM [OL TLHZ\YLTLU[ IHZLK VU [OL YLZ\S[Z
VI[HPULK MYVT ZOVY[LY PYYHKPH[PVUZ ��� ��
HUK � O�� -VY JVTWHYPZVU� H Z[\K` PU]VS]�
PUN [OL 4���IHJ[LYPVWOHNL ]PY\Z �H UVU�
LU]LSVWLK ]PY\Z� ZOV^LK H ��3VN YLK\J[PVU
\ZPUN HU PYYHKPHUJL VM ��T>JTò� �HS�
TVZ[ ��� [PTLZ NYLH[LY [OHU [OL OPNOLZ[
PYYHKPHUJL \ZLK PU [OPZ Z[\K`� MVY �� O H[
��� UT M\Y[OLY Z\WWVY[PUN [OL PKLH [OH[
UVU�LU]LSVWLK ]PY\ZLZ TH` YLX\PYL OPNOLY
KVZLZ VM ]PZPISL SPNO[ >��@�

6\Y Z[\K` ^HZ JVUK\J[LK \ZPUN H UL\[YHS
SPX\PK TLKPH JVTWVZLK VM 7): ^P[OV\[ HU`
WOV[VZLUZP[PaLYZ HUK ^L ^LYL HISL [V ZOV^
[OH[ ]PZPISL SPNO[ JHU PUKLLK PUHJ[P]H[L SPWPK�
LU]LSVWLK ]PY\ZLZ� KPMMLYPUN MYVT [OL [OLVY`
[OH[ Z[H[LZ [OH[ WOV[VZLUZP[PaLYZ HYL H YL�
X\PYLTLU[ MVY PUHJ[P]H[PVU� >OPSL [OLZL YL�
Z\S[Z WYV]PKL PUZPNO[ PU[V [OL IHZPJ ZJPLUJL
PU]VS]LK� [OL` ^LYL WLYMVYTLK ^P[OPU [OL
JVU[L_[ VM [OL HWWSPLK ZJPLUJL ULLKLK [V
ZOV^ [OL WV[LU[PHS PTWHJ[ VM [OPZ [LJOUVS�
VN` \WVU [OL J\YYLU[ *6=0+�� WHUKLTPJ�
)` \ZPUN ZHML� JVTTLYJPHSS` WYHJ[PJHS PYYH�
KPHUJL SL]LSZ� V\Y YLZ\S[Z HYL TVYL KPYLJ[S`
[YHUZSH[HISL [V VJJ\WPLK YVVTZ PU [OL JSPUP�
JHS LU]PYVUTLU[�

6[OLY Z[\KPLZ ^OPJO \ZLK ]PZPISL SPNO[�
IHZLK PYYHKPH[PVU OH]L ZOV^U ZPTPSHY YL�
Z\S[Z PU [OL HIZLUJL VM WOV[V�ZLUZP[PaLYZ�
PUKPJH[PUN [OL WVZZPIPSP[` VM HU HS[LYUH[P]L
PUHJ[P]H[PVU TLJOHUPZT >��������@� :[\KPLZ
OH]L WYVWVZLK [^V [OLVYPLZ MVY [OPZ VIZLY�
]H[PVU WYPTHYPS` K\L [V UVU���� UT ^H]L�
SLUN[OZ LTP[[LK I` [OL ZV\YJL! ��� ZVTL
HTV\U[ VM ���¶��� UT LTP[[LK MYVT [OL
ZV\YJL PZ JVU[YPI\[PUN [V [OL ]PYHS PUHJ[P�
]H[PVU >��@� HUK ��� [OL WYLZLUJL VM <=�(
�� � UT� ^P[OPU [OL ZV\YJL� ;OPZ ^H]L�
SLUN[O PZ RUV^U [V JYLH[L V_PKH[P]L Z[YLZZ
\WVU ]PYHS JHWZPKZ >��@�

3VUNLY ^H]LSLUN[OZ� Z\JO HZ ���¶��� UT�
OH]L ZOV^U PUHJ[P]H[PVU VM [OL T\YPUL
SL\RLTPH ]PY\Z �49=�(�>��@� >OPSL [OPZ PZ HU
PU[YPN\PUN Z[\K �̀ P[ \ZLK H IYVHK�ZWLJ[Y\T
SHTW ^P[O VW[PJHS ÄS[LYZ [V ZLSLJ[P]LS` PKLU�
[PM` [OL ZWLJ[Y\T WYPTHYPS` YLZWVUZPISL ^P[O
[OLPY YLZ\S[Z� <UMVY[\UH[LS �̀ [OL` KPK UV[
X\HU[PM` [OL HTV\U[ VM SPNO[ �\ZPUN YHKPV�
TL[YPJ \UP[Z� ^P[OPU [OL ZWLJ[Y\T VM PU[LY�
LZ[ \ZLK [V PYYHKPH[L [OL ]PY\Z� >OPSL [OL
[YHUZTPZZPVU WYVÄSL VM [OL ÄS[LYZ \ZLK ^HZ
WYV]PKLK� P[ KVLZ UV[ JVUZPKLY [OL ZWLJ[YHS
JVTWVZP[PVU VM [OL ZV\YJL P[ZLSM THRPUN HU`
KPYLJ[ X\HU[P[H[P]L JVTWHYPZVU IL[^LLU V\Y
Z[\KPLZ PTWVZZPISL� 0[ PZ PU[LYLZ[PUN [V UV[L
[OH[ [OL` KPK VIZLY]L ]PYHS PUHJ[P]H[PVU PU
[OLPY JVU[YVSZ MYVT ^H]LSLUN[OZ SLZZ [OHU
��� UT JVUÄYTPUN [OL X\HSP[H[P]L ÄUKPUNZ
VM V\Y Z[\K` ^P[OV\[ JVUÄYTPUN [OL ZWLJPÄJ
\ZL VM ��� UT� ;OPZ Z\NNLZ[Z [OH[ [OL ]P�
YHS PUHJ[P]H[PVU PZ H SPRLS` H IYVHK YLZWVUZL
�> �� UT� ^P[O YLSH[P]L JVU[YPI\[PVUZ \UPX\L
[V [OL JOLTPZ[Y` VM LHJO VYNHUPZT� ;OL`
HSZV JVUZPKLYLK T\JO SVUNLY L_WVZ\YLZ
�≈ � KH`Z� HUK T\JO OPNOLY PSS\TPUHUJL
�> ��� S_� [OHU [OH[ \ZLK PU V\Y Z[\K` HS�
[OV\NO [OPZ PZ HNHPU KPMÄJ\S[ [V JVTWHYL
NP]LU [OL SHJR VM YHKPVTL[YPJ X\HU[PÄJH[PVU
VM [OLPY SPNO[ ZV\YJL� 0[ PZ PTWVY[HU[ [V UV[L
[OH[ [OL JVU[YVS ZHTWSLZ \ZLK PU V\Y Z[\K`
^LYL L_WVZLK [V [OL ZHTL V]LYOLHK �UVU�
��� UT� SPNO[Z HZ [OL PYYHKPH[LK ZHTWSLZ
HUK V\Y YLZ\S[Z HYL [OL VIZLY]LK KPMMLYLUJL
IL[^LLU [OL [^V KLTVUZ[YH[PUN [OL JVU�
[YPI\[PVU MYVT ��� UT V]LY HUK HIV]L [OH[
WV[LU[PHSS` MYVT ��� UT [V ��� UT� -\[\YL
L_WLYPTLU[Z JHU M\Y[OLY X\HU[PM` [OL WV[LU�
[PHS LMMLJ[�

;OL V[OLY [OLVY �̀ WV[LU[PHS <=�( PYYHKPH�
[PVU� ^HZ OPZ[VYPJHSS` HWWSPLK [V SHTW�IHZLK
ZV\YJLZ ^P[O IYVHK ZWLJ[YHS �> ��� UT�
V\[W\[Z� (NHPU� [OL \ZL VM 3,+ [LJOUVSVN`
HKKYLZZLZ [OPZ X\LZ[PVU HZ [OL WLHR PYYHKP�
HUJL H[ � � UT VM [OL KL]PJL \ZLK PU [OPZ
Z[\K` ^HZ < �� VM P[Z WLHR PYYHKPHUJL H[
��� UT ^P[OV\[ [OL ULLK MVY HU` HKKP[PVUHS
ÄS[YH[PVU� -\[\YL L_WLYPTLU[Z JHU M\Y[OLY
X\HU[PM` [OL WV[LU[PHS LMMLJ[�

(UV[OLY JVUZPKLYH[PVU [V IL HKKYLZZLK
PZ [OLYTHS OLH[PUN VM [OL ]PY\Z I` [OL 3,+
ZV\YJL� ;ZLU HUK (JOPSLM\ \ZLK H W\SZLK
SHZLY TL[OVK H[ ��� UT >��@ ^P[O
≈ ���T>JTò� H]LYHNL WV^LY KLUZP[` MVY
< � O ^OPSL ZPT\S[HULV\ZS` TLHZ\YPUN [OL
ZHTWSL [LTWLYH[\YL ^P[O H [OLYTVJV\WSL�
;OL` KL[LJ[LK SLZZ [OHU H � �* KLTVUZ[YH[�
PUN TPUPTHS [LTWLYH[\YL PTWHJ[ L]LU \UKLY
H WV^LY KLUZP[` ULHYS`  VYKLYZ VM THN�
UP[\KL SHYNLY [OHU [OH[ \ZLK PU [OPZ Z[\K �̀
;OPZ ^HZ JVUÄYTLK I` V\Y [OLYTVJV\WSL
TLHZ\YLTLU[Z HZ Z[H[LK LHYSPLY� 5HaHYP
L[ HS� \ZLK HU ��� UT ZV\YJL ^P[O HU H]�
LYHNL WV^LY KLUZP[` VM > ���>�JT� MVY
�� Z� ULHYS` ���� [PTLZ [OH[ \ZLK PU [OPZ
Z[\K` >��@� >OPSL [OL [V[HS LULYN` KLSP]LYLK

^HZ TVYL JVTWHYHISL [V [OH[ \ZLK PU V\Y
Z[\K �̀ [OL` KPK UV[ THRL L_WSPJP[ [LTWLYH�
[\YL TLHZ\YLTLU[Z� [OLPY HUHS`ZPZ Y\SLK V\[
HU` WV[LU[PHS [OLYTHS LMMLJ[Z�

6UL WVZZPISL L_WSHUH[PVU MVY [OL VIZLY]LK
KPMMLYLUJLZ IL[^LLU [OL LU]LSVWLK HUK
UVU�LU]LSVWLK VYNHUPZTZ PZ HIZVYW[PVU VM
[OL ��� UT SPNO[ I` [OL SPWPK LU]LSVWL P[ZLSM�
;OPZ JV\SK� PU [\YU� SLHK [V [OL JYLH[PVU
VM YLHJ[P]L V_`NLU ZWLJPLZ �JH\ZPUN HU
V_PKH[P]L LMMLJ[� VY ZPTWS` KLZ[Y\J[PVU VM
[OL LU]LSVWL SLHKPUN [V H KLUH[\YPUN VM [OL
VYNHUPZT� ;OPZ X\LZ[PVU JV\SK ZLY]L HZ [OL
IHZPZ MVY H YHUNL VM M\[\YL Z[\KPLZ�

;OL YLZ\S[Z VI[HPULK Z\NNLZ[ [OH[ [OL WLY�
MVYTHUJL VM ]PZPISL SPNO[ HNHPUZ[ :(9:�
*V=�� PZ ZPTPSHY [V V[OLY VYNHUPZTZ JVT�
TVUS` MV\UK PU [OL LU]PYVUTLU[ Z\JO HZ :�
H\YL\Z� 7YL]PV\Z Z[\KPLZ OH]L ZOV^U [OH[
[OL ]PZPISL SPNO[ PYYHKPHUJL SL]LSZ \ZLK PU [OPZ
Z[\K` ������T>JTò� [V ���T>JTò��
YLK\JL IHJ[LYPH SL]LSZ PU VJJ\WPLK YVVTZ
HUK PTWYV]L V\[JVTLZ MVY Z\YNPJHS WYV�
JLK\YLZ� 0[ PZ [OLYLMVYL YLHZVUHISL [V JVU�
JS\KL [OH[ ]PZPISL SPNO[ TPNO[ IL HU LMMLJ[P]L
KPZPUMLJ[HU[ HNHPUZ[ :(9:�*V=��� 4VYL
PTWVY[HU[S �̀ [OPZ KPZPUMLJ[PVU JHU VWLYH[L
JVU[PU\V\ZS` HZ P[ PZ ZHML MVY O\THUZ IHZLK
\WVU [OL L_WVZ\YL N\PKLSPULZ PU 0,* �����
>��@� ;OPZ TLHUZ [OH[ VUJL P[ OHZ ILLU PU
\ZL MVY H WLYPVK VM [PTL� [OL LU]PYVUTLU[
^PSS IL JSLHULY HUK ZHMLY H[ HSS M\[\YL [PTLZ
PUJS\KPUN ^OLU P[ PZ VJJ\WPLK I` O\THUZ�

6UL SPTP[H[PVU VM [OPZ Z[\K` PZ [OH[ [OL PU�
HJ[P]H[PVU HZZH`Z ^LYL WLYMVYTLK PU Z[H[PJ
SPX\PK TLKPH HZ VWWVZLK [V HLYVZVSPaLK
KYVWSL[Z� >OPSL [OL \ZL VM ]PZPISL SPNO[ PU
HPY KPZPUMLJ[PVU OHZ ILLU IYPLÅ` Z[\KPLK
^OLYL P[ ^HZ ZOV^U [OH[ P[Z LMMLJ[P]LULZZ
PUJYLHZLK HWWYV_PTH[LS` MV\YMVSK >��@� M\Y�
[OLY Z[\KPLZ PU]VS]PUN K`UHTPJ HLYVZVSPaH�
[PVU HYL ULLKLK [V IL[[LY \UKLYZ[HUK [OL
[Y\L WV[LU[PHS VM ]PZPISL SPNO[ TLKPH[LK ]PYHS
PUHJ[P]H[PVU� 0U HU` JHZL� V\Y Z[\K` ZOV^Z
[OL PUJYLHZLK Z\ZJLW[PIPSP[` VM LU]LSVWLK
YLZWPYH[VY` ]PYHS WH[OVNLUZ [V ��� UT TL�
KPH[LK PUHJ[P]H[PVU PU [OL HIZLUJL VM WOV�
[VZLUZP[PaLYZ� ;OL PYYHKPHUJLZ \ZLK PU [OPZ
Z[\K` HYL ]LY` SV^ HUK TPNO[ IL LHZPS` HW�
WSPLK [V KPZPUMLJ[ VJJ\WPLK HYLHZ ZHMLS`
HUK JVU[PU\V\ZS` ^P[OPU OVZWP[HSZ� ZJOVVSZ�
YLZ[H\YHU[Z� VMÄJLZ HUK V[OLY SVJH[PVUZ� 6M
WHY[PJ\SHY PU[LYLZ[ PZ [OL WV[LU[PHS MVY Z[HU�
KHYK 3,+ SPNO[PUN [V WSH` H YVSL PU YLK\JPUN
[OL WYLZLUJL VM :(9:�*V=�� PU [OL LU]P�
YVUTLU[�
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&RQFOXVLRQV
>L OH]L KLTVUZ[YH[LK [OL IHZPJ ZJPLUJL
VM PUHJ[P]H[PVU VM LU]LSVWLK ]PY\ZLZ Z\JO HZ
:(9:�*V=�� HUK 0UÅ\LUaH�( \ZPUN ��� UT
]PZPISL SPNO[ ^P[OPU [OL JVU[L_[ VM [OL HW�
WSPLK ZJPLUJL YLX\PYLK MVY [OPZ [LJOUVSVN` [V
OH]L HU PTWHJ[ \WVU [OL J\YYLU[ *6=0+�� 
WHUKLTPJ� >P[OV\[ [OL ULLK MVY L_VNL�
UV\Z WOV[VZLUZP[PaLYZ HUK I` \ZPUN ZHML�
JVTTLYJPHSS` WYHJ[PJHS PYYHKPHUJL SL]LSZ� V\Y
YLZ\S[Z JHU IL LHZPS` [YHUZSH[LK [V [OL JSPUP�
JHS LU]PYVUTLU[�

)XWXUH (IIRUWV
-\[\YL ^VYR ZOV\SK MVJ\Z VU L_WSHPUPUN
[OL KPMMLYLUJL IL[^LLU [OL LU]LSVWLK
HUK UVU�LU]LSVWLK YLZ\S[Z� ;OPZ TH` PU�
JS\KL [YHUZTPZZPVU LSLJ[YVU TPJYVZJVW`
�;,4�� OLTHNNS\[PUH[PVU HZZH` �/(�� VY
V[OLY TL[OVKZ MVJ\ZPUN VU [OL WV[LU[PHS
YVSL [OH[ H TLKPH[LK YLHJ[PVU �K\L [V [OL
LU]LSVWL P[ZLSM� TPNO[ WSH �̀ ;OL ZPaL VM [OL
]PYPVU WHY[PJSL TH` WSH` H YVSL PU WOV[VLSLJ�
[YPJ HIZVYW[PVU HUK JV\SK IL Z[\KPLK MVY
KPMMLYLU[ ]PYHS ZWLJPLZ� >L HJRUV^SLKNL
[OH[ ^OPSL \USPRLS �̀ V[OLY ^H]LSLUN[OZ VM
]PZPISL SPNO[� IL`VUK ���¶��� UT TH` WSH`
H YVSL PU [OL PUHJ[P]H[PVU WYVJLZZ HUK M\[\YL
Z[\KPLZ ZOV\SK L_WSVYL [OPZ WVZZPIPSP[` HZ
^LSS� -PUHSS �̀ [OL PUHJ[P]H[PVU RPUL[PJZ VM SV^
PYYHKPHUJLZ JV\SK HKK ]HS\HISL PUZPNO[ PU[V
JSPUPJHS HWWSPJH[PVUZ VM [OPZ [LJOUVSVN �̀ "

$FNQRZOHGJHPHQWV
>L [OHUR 2LUHSS 4HU\MHJ[\YPUN MVY Z\WWS`�
PUN [OL 4�+30*� Ä_[\YL HUK [LZ[ YPN \ZLK
PU [OPZ Z[\K �̀ >L [OHUR 9HUK` (SIYLJO[ MVY
Z\WWVY[ ^P[O [OL ):3� MHJPSP[` HUK WYVJL�
K\YLZ H[ [OL 0:44:� HUK 9PJOHYK *HKHNHU
MVY [LJOUPJHS HZZPZ[HUJL� ;OPZ YLZLHYJO ^HZ
WHY[S` M\UKLK I` *907 �*LU[LY MVY 9LZLHYJO
MVY 0UÅ\LUaH 7H[OVNLULZPZ�� H 50(0+ Z\W�
WVY[LK *LU[LY VM ,_JLSSLUJL MVY 0UÅ\LUaH
9LZLHYJO HUK :\Y]LPSSHUJL �*,09:� JVU�
[YHJ[ 
 //:5������������*�" I` [OL
NLULYV\Z Z\WWVY[ VM [OL 17) -V\UKH[PVU�
[OL 6WLU 7OPSHU[OYVW` 7YVQLJ[ �YLZLHYJO
NYHU[ ����������� ������� HUK HUVU`�
TV\Z KVUVYZ [V (.�:� HUK I` H YLZLHYJO
JVU[YHJ[ MYVT 2LUHSS 4HU\MHJ[\YPUN [V [OL
(.�: SHI�

$XWKRU &RQWULEXWLRQV
9�9�� *�@� HUK (�.�:� JVUJLW[\HSPaLK
[OL WYVQLJ[� 9�9�� :�1�� 3�4� HUK 4�:�
WLYMVYTLK L_WLYPTLU[Z HUK JVTWPSLK
[OL THU\ZJYPW[� (SS H\[OVYZ YL]PL^LK [OL
THU\ZJYPW[�

&RPSHWLQJ ,QWHUHVWV
;OL .HYJxH�:HZ[YL 3HIVYH[VY` OHZ YLJLP]LK
YLZLHYJO Z\WWVY[ MYVT 7ÄaLY� :LUO^H )PV�
ZJPLUJLZ� �/PSSZ 7OHYTH� (]PTL_� )SHKL

;OLYHWL\[PJZ� +`UH]H_� 0TT\UP[`)PV�
5HUVJVTWVZP_ HUK 2LUHSS 4HU\MHJ[\Y�
PUN� (KVSMV .HYJxH�:HZ[YL OHZ JVUZ\S[�
PUN HNYLLTLU[Z MVY [OL MVSSV^PUN JVTWH�
UPLZ PU]VS]PUN JHZO HUK�VY Z[VJR! =P]HSKP
)PVZJPLUJLZ� 7HNVKH� *VU[YHMLJ[� �/PSSZ
7OHYTH� (]PTL_� =H_HS[V� (JJ\YP\Z� 7ÄaLY
HUK ,ZWLYV]H_� 99� *@ HUK (.: OH]L ÄSLK
MVY H WYV]PZPVUHS WH[LU[ IHZLK \WVU [OLZL
YLZ\S[Z�

$GGLWLRQDO ,QIRUPDWLRQ
*VYYLZWVUKLUJL HUK YLX\LZ[Z MVY TH[LYP�
HSZ ZOV\SK IL HKKYLZZLK [V *�@� VY (�.��:�
:WYPUNLY 5H[\YL YLTHPUZ UL\[YHS ^P[O YL�
NHYK [V Q\YPZKPJ[PVUHS JSHPTZ PU W\ISPZOLK
THWZ HUK PUZ[P[\[PVUHS HMÄSPH[PVUZ� 6WLU
(JJLZZ ;OPZ HY[PJSL PZ SPJLUZLK \UKLY H *YL�
H[P]L *VTTVUZ ([[YPI\[PVU ��� 0U[LYUH�
[PVUHS 3PJLUZL� ^OPJO WLYTP[Z \ZL� ZOHYPUN�
HKHW[H[PVU� KPZ[YPI\[PVU HUK YLWYVK\J[PVU
PU HU` TLKP\T VY MVYTH[� HZ SVUN HZ `V\
NP]L HWWYVWYPH[L JYLKP[ [V [OL VYPNPUHS H\�
[OVY�Z� HUK [OL ZV\YJL� WYV]PKL H SPUR [V
[OL *YLH[P]L *VTTVUZ SPJLUJL� HUK PUKP�
JH[L PM JOHUNLZ ^LYL THKL� ;OL PTHNLZ
VY V[OLY [OPYK WHY[` TH[LYPHS PU [OPZ HY[PJSL
HYL PUJS\KLK PU [OL HY[PJSL»Z *YLH[P]L *VT�
TVUZ SPJLUJL� \USLZZ PUKPJH[LK V[OLY^PZL PU
H JYLKP[ SPUL [V [OL TH[LYPHS� 0M TH[LYPHS PZ UV[
PUJS\KLK PU [OL HY[PJSL»Z *YLH[P]L *VTTVUZ
SPJLUJL HUK `V\Y PU[LUKLK \ZL PZ UV[ WLY�
TP[[LK I` Z[H[\[VY` YLN\SH[PVU VY L_JLLKZ
[OL WLYTP[[LK \ZL� `V\ ^PSS ULLK [V VI�
[HPU WLYTPZZPVU KPYLJ[S` MYVT [OL JVW`YPNO[
OVSKLY� ;V ]PL^ H JVW` VM [OPZ SPJLUJL� ]PZP[
O[[W!��JYLH[P]LJVTTVUZ�VYN�SPJLUZLZ�I`������

$XWKRU� $GROIR *$5&,$�6$675(� 3K�'�
+Y� .HYJxH�:HZ[YL PZ 7YVMLZZVY PU [OL +L�
WHY[TLU[ VM 4PJYVIPVSVN` HUK +PYLJ[VY VM
[OL .SVIHS /LHS[O HUK ,TLYNPUN 7H[OVNLUZ
0UZ[P[\[L VM 0JHOU :JOVVS VM 4LKPJPUL H[
4V\U[ :PUHP PU 5L^ @VYR� -VY [OL WHZ[ ��
`LHYZ� OPZ YLZLHYJO PU[LYLZ[ OHZ ILLU MV�
J\ZLK VU [OL TVSLJ\SHY IPVSVN` VM PUÅ\LUaH
]PY\ZLZ HUK ZL]LYHS V[OLY ULNH[P]L Z[YHUK
95( ]PY\ZLZ� +\YPUN OPZ WVZ[�KVJ[VYHS
[YHPUPUN PU [OL LHYS` �  �Z� OL KL]LSVWLK�
MVY [OL ÄYZ[ [PTL� UV]LS Z[YH[LNPLZ MVY L_�
WYLZZPVU VM MVYLPNU HU[PNLUZ I` H ULNH[P]L
Z[YHUK 95( ]PY\Z� PUÅ\LUaH ]PY\Z� /L OHZ

THKL THQVY JVU[YPI\[PVUZ [V [OL PUÅ\LUaH
]PY\Z ÄLSK� PUJS\KPUN �� [OL KL]LSVWTLU[ VM
YL]LYZL NLUL[PJZ [LJOUPX\LZ HSSV^PUN [OL
NLULYH[PVU VM YLJVTIPUHU[ PUÅ\LUaH ]PY\ZLZ
MYVT WSHZTPK +5(� �Z[\KPLZ PU JVSSHIVYH�
[PVU ^P[O +Y� 7HSLZL�" �� [OL NLULYH[PVU HUK
L]HS\H[PVU VM ULNH[P]L Z[YHUK 95( ]PY\Z
]LJ[VYZ HZ WV[LU[PHS ]HJJPUL JHUKPKH[LZ
HNHPUZ[ KPMMLYLU[ PUMLJ[PV\Z KPZLHZLZ� PU�
JS\KPUN THSHYPH HUK (0+:� HUK �� [OL PKLU�
[PÄJH[PVU VM [OL IPVSVNPJHS YVSL VM [OL UVU�
Z[Y\J[\YHS WYV[LPU 5:� VM PUÅ\LUaH ]PY\Z
K\YPUN PUMLJ[PVU! [OL PUOPIP[PVU VM [OL [`WL
0 PU[LYMLYVU �0-5� Z`Z[LT� /PZ Z[\KPLZ WYV�
]PKLK [OL ÄYZ[ KLZJYPW[PVU HUK TVSLJ\SHY
HUHS`ZPZ VM H ]PYHS�LUJVKLK 0-5 HU[HNVUPZ[
HTVUN ULNH[P]L Z[YHUK 95( ]PY\ZLZ� ;OLZL
Z[\KPLZ SLK [V [OL NLULYH[PVU VM H[[LU\�
H[LK PUÅ\LUaH ]PY\ZLZ JVU[HPUPUN KLÄULK
T\[H[PVUZ PU [OLPY 0-5 HU[HNVUPZ[ WYV[LPU
[OH[ TPNO[ WYV]L [V IL VW[PTHS SP]L ]HJ�
JPULZ HNHPUZ[ PUÅ\LUaH� /PZ YLZLHYJO OHZ
YLZ\S[LK PU TVYL [OHU ��� ZJPLU[PÄJ W\ISP�
JH[PVUZ HUK YL]PL^Z� +Y� .HYJxH�:HZ[YL PZ
[OL KPYLJ[VY VM [OL *LU[LY MVY 9LZLHYJO VU
0UÅ\LUaH 7H[OVNLULZPZ �*907�� VUL VM [OL
Ä]L 50(0+ M\UKLK *LU[LYZ VM ,_JLSSLUJL
MVY 0UÅ\LUaH 9LZLHYJO HUK :\Y]LPSSHUJL�
/L ^HZ HTVUN [OL ÄYZ[ TLTILYZ VM [OL
=HJJPUL :[\K` :LJ[PVU HUK TLTILY VM [OL
=PYVSVN` ) :[\K` :LJ[PVU VM 50/� 0U HKKP�
[PVU� OL OHZ ZLY]LK MVY � `LHYZ HZ ,KP[VY VM
1V\YUHS VM ,_WLYPTLU[HS 4LKPJPUL� PZ ,KP�
[VY VM 73V: 7H[OVNLUZ� 1V\YUHS VM =PYVSVN`
HUK =PY\Z 9LZLHYJO� HUK TLTILY VM [OL
,KP[VYPHS )VHYK VM =PYVSVN �̀ =HJJPUL� 571
=HJJPULZ HUK 0UÅ\LUaH HUK 6[OLY 9LZWP�
YH[VY` +PZLHZLZ� /L PZ H TLTILY VM [OL
ZJPLU[PÄJ HK]PZVY` IVHYK VM 2L`Z[VUL :`T�
WVZPH� /L OHZ ILLU H JV�VYNHUPaLY VM [OL
PU[LYUH[PVUHS JV\YZL VU =PYHS =LJ[VYZ �������
OLSK PU /LPKLSILYN� .LYTHU �̀ ZWVUZVYLK
I` -LKLYH[PVU VM ,\YVWLHU )PVJOLTPJHS
:VJPL[PLZ �-,):�� HUK VM [OL ÄYZ[ 9LZLHYJO
*VUMLYLUJL VU 6Y[OVT`_V]PY\ZLZ PU �����
OLSK PU ;LP_LS� ;OL 5L[OLYSHUKZ� ZWVUZVYLK
I` [OL ,\YVWLHU :JPLU[PÄJ >VYRPUN .YV\W
VU 0UÅ\LUaH �,:>0�� /L OHZ HSZV ILLU H
JV�VYNHUPaPUN VM [OL �[O 0U[LYUH[PVUHS :V�
JPL[` MVY =HJJPULZ TLL[PUN PU ����� HUK VM
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EH XVHG IRU VWHULOL]DWLRQ� )RU H[DPSOH�
89 /('V WKDW HPLW UDGLDWLRQ LQ WKH 89�
& UDQJH ����±���QP�� RSHQ XS D ZLGH
UDQJH RI SRVVLELOLWLHV LQ WKH GHVLJQ RI
GLVLQIHFWLRQ GHYLFHV� 6R� ZKDW QHHGV WR
EH FRQVLGHUHG"

:V\YJL! ^SHKPTPY���� ¶ Z[VJR�HKVIL�JVT

;OL KPZPUMLJ[PUN LMMLJ[ VM <= SPNO[ OHZ ILLU
RUV^U ZPUJL ���� HUK HSYLHK` H[[YHJ[LK
NYLH[ PU[LYLZ[ PU [OL ÄNO[ HNHPUZ[ KPZLHZLZ
Z\JO HZ [\ILYJ\SVZPZ� 0U [OL WHZ[� SV^�
WYLZZ\YL TLYJ\Y` ]HWVY KPZJOHYNL SHTWZ
^LYL \ZLK ILJH\ZL [OL` LTP[ H[ [OL NLY�
TPJPKHS ^H]LSLUN[O VM ��� UT HUK OH]L
YLSH[P]LS` OPNO YHKPH[PVU WV^LYZ� ;V [OPZ KH �̀
[OL` HYL VM[LU [OL TVZ[ LJVUVTPJHS ZVS\[PVU
MVY SHYNL�HYLH KPZPUMLJ[PVU� /V^L]LY� <=�*
3,+Z VMMLY ZL]LYHS V[OLY HK]HU[HNLZ� ;OL`
KV UV[ JVU[HPU OHaHYKV\Z Z\IZ[HUJLZ Z\JO
HZ TLYJ\Y`" [OL` KV UV[ OH]L SVUN ^HYT�
\W [PTLZ" HUK [OL` HYL HSZV YVI\Z[ HNHPUZ[
MYLX\LU[ Z^P[JOPUN VU HUK VMM� =PIYH[PVU
HUK ZOVJR YLZPZ[HUJL HZ ^LSS HZ ZTHSS ZPaL
HYL M\Y[OLY HK]HU[HNLZ� ;OL *V]PK�� WHU�
KLTPJ OHZ NP]LU H M\Y[OLY IVVZ[ [V [OL YL�
ZLHYJO HUK JVTTLYJPHS H]HPSHIPSP[` VM <=�*
3,+Z Z\JO [OH[ [OL \ZL VM <=�* 3,+Z PZ
UV^ MLHZPISL PU THU` HWWSPJH[PVUZ�

%DVLFV
<=�* KPZPUMLJ[PVU PZ IHZLK VU [OL MHJ[
[OH[ <=�* YHKPH[PVU KHTHNLZ +5( HUK
PUOPIP[Z [OL WYVSPMLYH[PVU VM IHJ[LYPHS� M\U�
NHS� WSHU[ HUK HUPTHS JLSSZ� 0U H ZPTPSHY
TLJOHUPZT� <= SPNO[ KHTHNLZ [OL 95( VM
]PY\ZLZ� ^OPJO YLUKLYZ [OLT PUHJ[P]L� ;OL
TVYL KHTHNL JH\ZLK [V [OL 95(� [OL SLZZ
[OL ]PY\Z JHU PUMLJ[ V[OLY VYNHUPZTZ� ;V
HJOPL]L H NVVK Z[LYPSPaH[PVU YLZ\S[� H JVT�
IPUH[PVU VM [OL YPNO[ ^H]LSLUN[O HUK H OPNO
HTV\U[ VM YHKPH[PVU PZ ULLKLK� )LJXUH �
ZOV^Z [OL ZWLJ[Y\T VM H <=�* 3,+ JVT�
WHYLK [V [OL ^H]LSLUN[O�KLWLUKLU[ 95(�
KHTHNPUN LMMLJ[�

6M JV\YZL� [OL VW[PT\T ZVS\[PVU ^V\SK
IL HU 3,+ ^P[O H WLHR ^H]LSLUN[O [OH[
JVYYLZWVUKZ L_HJ[S` [V [OL ^H]LSLUN[O
^P[O [OL TH_PT\T 95( KHTHNL� /V^�
L]LY� )LJXUH � ZOV^Z [OH[ 3,+Z ^P[O [OLZL
^H]LSLUN[OZ J\YYLU[S` Z[PSS OH]L H SV^LY LM�
ÄJPLUJ` �>HSS�7S\N�,MÄJPLUJ` ¶ >7,� HUK
[O\Z SV^LY VW[PJHS WV^LY HUK H SLZZ LMMLJ�
[P]L Z[LYPSPaH[PVU LMMLJ[� >�Y[O ,SLR[YVUPR»Z
<=�* 3,+Z >�@ JVTIPUL H ULHY VW[PTHS

^H]LSLUN[O VM ��� UT HZ ^LSS HZ H OPNO VW�
[PJHS WV^LY HUK HYL [OLYLMVYL ^LSS Z\P[LK MVY
Z[LYPSPaH[PVU�

'RVH
;V X\HU[PM` OV^ ^LSS KPZPUMLJ[PVU ^VYRZ�
[OL [LYT ºSVN YLK\J[PVU» PZ \ZLK� ( SVN YL�
K\J[PVU VM U TLHUZ [OH[ VUS` ��−U VM [OL
WYL]PV\Z NLYTZ OH]L Z\Y]P]LK� -VY L_�
HTWSL� � SVN YLK\J[PVU TLHUZ [OH[ VUS`
��−� = ��� VM [OL NLYTZ Z\Y]P]LK� ;OH[
TLHUZ  �� VM [OL NLYTZ ^LYL PUHJ[P]H[LK�
([ � SVN YLK\J[PVU� ��−� = �.��� Z\Y]P]LK�
P�L�   �  � ^LYL PUHJ[P]H[LK� ;V HJOPL]L
[OPZ HTV\U[ VM NLYT PUHJ[P]H[PVU� H JLY[HPU
HTV\U[ VM <=�* SPNO[ OHZ [V IL HIZVYILK
I` [OL NLYTZ� ;OPZ HTV\U[ PZ JHSSLK [OL
KVZL �PYYHKPHUJL × L_WVZ\YL [PTL� HUK PZ
TLHZ\YLK PU 1�T�� -VY H � SVN YLK\J[PVU�
[OL KVZL D90 PZ [OL HTV\U[ VM <=�* SPNO[
ULLKLK [V PUHJ[P]H[L  �� VM [OL NLYTZ
�7DEOH ��� -VY H � SVN YLK\J[PVU� [OL KVZL
D99.99 PZ ULLKLK [V PUHJ[P]H[L   �  � VM
[OL NLYTZ� ;V LZ[PTH[L [OL ]HS\L MVY [OL
D99.99 KVZL� VUL JHU ZPTWS` T\S[PWS` [OL
D90 KVZL I` H MHJ[VY VM ��

:L]LYHS Z[\KPLZ OH]L PU]LZ[PNH[LK [OL D90
KVZL MVY ]PY\ZLZ� V[OLY NLYTZ HUK ZWLJPM�
PJHSS` MVY JVYVUH]PY\Z� +\L [V KPMMLYLU[ L_�
WLYPTLU[HS ZL[\WZ� [OPZ KVZL ]HYPLZ NYLH[S`
IL[^LLU [OL KPMMLYLU[ YLZLHYJO NYV\WZ�
;OL ]HS\LZ NP]LU PU 7DEOH � HYL PUKP]PK\HS
YLZ\S[Z VY TLKPHU ]HS\LZ MYVT PUKP]PK\HS
YLZLHYJO NYV\WZ� (S[OV\NO [OLZL Z[\KPLZ
^LYL JVUK\J[LK ^P[O SV^�WYLZZ\YL <=�*
SHTWZ� H ZPTPSHY D90 KVZL JHU IL HZZ\TLK
MVY H ��� UT 3,+� ZPUJL [OL KHTHNPUN
LMMLJ[ PZ ZPTPSHY H[ ��� UT� LTP[[LK I` SV^�
WYLZZ\YL <=�* SHTWZ �JVTWHYL )LJXUH ���

0U H .LYTHU ^H[LY KPZPUMLJ[PVU N\PKLSPUL� H
]HS\L VM ��� 1�T� PZ YLX\PYLK MVY KPZPUMLJ�
[PVU ^P[O <=�* SV^�WYLZZ\YL SHTWZ� ;OPZ
]HS\L PZ OPNOLY [OHU [OL D90 KVZL MVY TVZ[
[`WPJHS NLYTZ HUK JHU IL JVUZPKLYLK H
N\PKLSPUL ]HS\L MVY [OL KLZPNU VM KPZPUMLJ[PVU
Z`Z[LTZ�



-PN\YL �! :WLJ[Y\T VM H <=�* 3,+ JVTWHYLK [V [OL 95( KHTHNPUN LMMLJ[�

-PN\YL �! ;OL Z[LYPSPaH[PVU LMÄJPLUJ` �NYH`� HZ [OL WYVK\J[ VM 95( KHTHNL �ISHJR� HUK >7, �JYVZZLZ� PZ
ZOV^U HZ H M\UJ[PVU VM ^H]LSLUN[O� ( NVVK Z[LYPSPaH[PVU LMÄJPLUJ` JHU IL HJOPL]LK ^P[O [OL ��� UT 3,+Z�

;HISL �! 6]LY]PL^ VM H ML^ + � KVZLZ�
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/V^L]LY� HZ [OL KPZPUMLJ[PVU YLZ\S[ PZ KL�
WLUKLU[ VU THU` JVUKP[PVUZ Z\JO HZ Z\Y�
MHJL WYVWLY[PLZ VY HIZVYW[PVU VM <=�* YHKP�
H[PVU� Z[\KPLZ T\Z[ IL JHYYPLK V\[ MVY LHJO
Z`Z[LT [V WYV]L YLSPHISL KPZPUMLJ[PVU�

>OLU KLZPNUPUN KPZPUMLJ[PVU HWWSPJH[PVUZ�
P[ PZ PTWVY[HU[ [V \UKLYZ[HUK OV^ H JLY[HPU
KVZL JHU IL HJOPL]LK� -VY [OPZ� H ML^ ÄN�
\YLZ ULLK [V IL \UKLYZ[VVK!

� 5DGLDQW ¿X[�
;OL YHKPHU[ Å\_ PZ [OL [V[HS VW[PJHS WV^LY
V\[W\[ VM [OL 3,+ HUK PZ TLHZ\YLK PU
\UP[Z VM B>D� ;OPZ PZ H ]HS\L [OH[ JHU IL
YLHK MYVT [OL KH[HZOLL[�

� ,UUDGLDQFH�
0YYHKPHUJL PZ [OL HTV\U[ VM YHKPHU[ Å\_
YLJLP]LK I` H Z\YMHJL WLY PYYHKPH[LK HYLH
HUK PZ L_WYLZZLK PU \UP[Z VM B>�T�D� ;OPZ
PYYHKPHUJL JHU IL ZPT\SH[LK VY TLHZ\YLK
MVY KPMMLYLU[ JVUÄN\YH[PVUZ VM 3,+Z�

� ([SRVXUH WLPH�
;OL [PTL MVY ^OPJO H Z\YMHJL PZ L_WVZLK
[V YHKPH[PVU�

� 5DGLDQW H[SRVXUH�
;OL YHKPHU[ L_WVZ\YL VY Å\LUJL PZ [OL
HTV\U[ VM LULYN` YLJLP]LK I` H Z\Y�
MHJL� 0[ PZ JHSJ\SH[LK MYVT PYYHKPHUJL ×
L_WVZ\YL [PTL�

� 'RVH ';;� +VZL PZ [OL HTV\U[ VM LU�
LYN` WLY Z\YMHJL YLX\PYLK [V HJOPL]L H
JLY[HPU WLYJLU[HNL VM KPZPUMLJ[PVU �?? �
PUHJ[P]H[PVU�� ;V HJOPL]L H JLY[HPU SL]LS
VM KPZPUMLJ[PVU� [OL Z\YMHJL T\Z[ IL PYYH�
KPH[LK \U[PS P[ OHZ HJJ\T\SH[LK H YHKPHU[
L_WVZ\YL [OH[ LX\HSZ [OL KLZPYLK KVZL�

;OPZ TLHUZ [OH[ [OL [PTL ULLKLK [V HJOPL]L
H KLZPYLK KPZPUMLJ[PVU YLZ\S[ JHU IL LZ[P�
TH[LK I` RUV^PUN [OL KLZPYLK KVZL HUK
[OL PYYHKPHUJL VM [OL Z`Z[LT�

([DPSOH 6LPXODWLRQ

0U )LJXUH � [OL PYYHKPH[PVU KPZ[YPI\[PVU MVY
KPMMLYLU[ OLPNO[Z VM H 7*) ^P[O  >3�
:<4> ��������)(��� 3,+Z PZ ZOV^U�
>P[O PUJYLHZPUN OLPNO[� [OL PYYHKPH[LK HYLH
ILJVTLZ SHYNLY� I\[ [OL TH_PT\T PYYHKP�
HUJL KLJYLHZLZ� (Z H YLZ\S[� [OL L_WVZ\YL
[PTL YLX\PYLK [V VI[HPU H JLY[HPU KVZL PU�
JYLHZLZ ^P[O [OL ZX\HYL VM [OL KPZ[HUJL
�YLX\PYLK L_WVZ\YL [PTL ∝ KPZ[HUJL��� HZ
ZOV^U PU [OL PUZL[ MVY H KVZL VM �� 1�T�

HUK KL[HPSLK PU )LJXUH �� 7DEOH ��

;OPZ JHSJ\SH[PVU NP]LZ HU PTWVY[HU[ PUKP�
JH[PVU VM [OL YLX\PYLK KPZPUMLJ[PVU [PTLZ
ILMVYL [OL ULJLZZHY` WYVK\J[ [LZ[Z�



-PN\YL �! ;OL PYYHKPHUJL KPZ[YPI\[PVU MVY KPMMLYLU[ OLPNO[Z VM H WHULS ^P[O UPUL 3,+Z MYVT >�Y[O ,SLR[YVUPR
�>3�:<4> ��������)(�����

;HISL �! 9LX\PYLK L_WVZ\YL [PTLZ MVY [OL L_HTWSL <= WHULS [V HJOPL]L H JLY[HPU KVZL� KLWLUKPUN VU [OL
KPZ[HUJL�
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6DIHW\

<= SPNO[ JHU JH\ZL KLNYHKH[PVU PU WVS`�
TLYZ� Z\JO HZ JOHUNL VM JVSVY� YLK\J[PVU
VM LSHZ[PJP[` HUK Z[YLUN[O [OH[ TPNO[ YLZ\S[ PU
JYHJRZ \UKLY Z[YLZZ� ;OPZ ZOV\SK IL JVU�
ZPKLYLK ^OLU KL]LSVWPUN HWWSPJH[PVUZ HUK
ZLSLJ[PUN TH[LYPHSZ� )\[ P[ PZ L]LU TVYL PT�
WVY[HU[ [V H]VPK L_WVZ\YL [V L`L HUK ZRPU
[PZZ\L� 0U UH[\YL� <=�* YHKPH[PVU PZ ISVJRLK
I` [OL VaVUL SH`LY HUK KVLZ UV[ YLHJO
[OL LHY[O»Z Z\YMHJL� -VY [OPZ YLHZVU� SP]PUN
VYNHUPZTZ VU LHY[O OH]L UV[ KL]LSVWLK
YLWHPY TLJOHUPZTZ MVY KHTHNL JH\ZLK I`
<=�* SPNO[�

-PN\YL �! <= ^HYUPUN Z`TIVS HJJVYKPUN [V 0,*
�����������

;OPZ PZ ^O` <=�* PZ ZV LMMLJ[P]L PU RPSSPUN
NLYTZ� I\[ HSZV ^O` P[ PZ ZV KHUNLYV\Z MVY
O\THUZ HUK HUPTHSZ� 0[ PZ WHY[PJ\SHYS` KHU�
NLYV\Z [V V\Y L`LZ HUK ZRPU HUK JHU JH\ZL
ZRPU KHTHNL L]LU SVUN HM[LY L_WVZ\YL�

(JJVYKPUN [V +PYLJ[P]L ��������,*� [OL
TH_PT\T WLYTPZZPISL KVZL WLY LPNO[�OV\Y
^VYRPUN KH` T\Z[ UV[ L_JLLK �� 1�T��
-VY JVU[PU\V\Z L_WVZ\YL� [OPZ TLHUZ
[OH[ [OL PYYHKPHUJL ZOV\SK UV[ L_JLLK
�����>�T��
(WWYVWYPH[L WLYZVUHS WYV[LJ[P]L LX\PWTLU[
VY ZOPLSKPUN T\Z[ IL \ZLK [V LUZ\YL WYVK�
\J[ ZHML[ �̀ ;OL MVSSV^PUN L_HTWSL NP]LZ HU
PKLH VM ^OH[ ZOPLSKPUN YLX\PYLTLU[Z JV\SK
SVVR SPRL�

([DPSOH &DOFXODWLRQ IRU
6KLHOGLQJ 0DWHULDOV

-VY [OL L_HTWSL <= WHULS ZOV^U HIV]L�
[OL TH_PT\T PYYHKPHUJL H[ H KPZ[HUJL VM
�� JT PZ ���>�T�� ;V NL[ ILSV^ [OL TH_P�
T\T HSSV^HISL PYYHKPHUJL VM �����>�T�� H
ZOPLSKPUN T\Z[ OH]L H [YHUZTPZZPVU VM SLZZ
[OHU ≈ ��−�� HZZ\TPUN SVUN�[LYT L_WV�
Z\YL� /V^L]LY� P[ PZ Z[YVUNS` YLJVTTLUKLK
[V YLK\JL [OL [YHUZTPZZPVU VM [OL ZOPLSK�
PUN TH[LYPHS L]LU M\Y[OLY� HZ [OL KHTHNL
MYVT <=�* YHKPH[PVU PZ J\T\SH[P]L V]LY H
SVUN WLYPVK VM [PTL� 0U HKKP[PVU� P[ ZOV\SK IL

UV[LK [OH[ [OL PYYHKPHUJL PZ Z[YVUNS` KLWLU�
KLU[ VU [OL KPZ[HUJL [V [OL <=�* ZV\YJL�
0M PU V\Y L_HTWSL [OL KPZ[HUJL IL[^LLU <=
WHULS HUK ZRPU�L`LZ PZ � JT� [OL [YHUZTPZ�
ZPVU VM H ZOPLSKPUN TH[LYPHS ZOV\SK HSYLHK`
IL SLZZ [OHU ≈ ��−�� ([ H KPZ[HUJL VM
� JT� [OL [YHUZTPZZPVU ZOV\SK HSYLHK` IL
SLZZ [OHU ≈ ��−��
0M [VV T\JO <=�* SPNO[ SLH]LZ [OL HWWSPJH�
[PVU� Z\JO HZ ^P[O OHUK SHTWZ� HSS WLYZVUZ
WV[LU[PHSS` L_WVZLK [V [OL YHKPH[PVU T\Z[
IL WYVWLYS` [YHPULK HUK ^LHY HKLX\H[L WLY�
ZVUHS WYV[LJ[P]L LX\PWTLU[ Z\JO HZ MHJL
ZOPLSKZ� NSV]LZ HUK WYV[LJ[P]L JSV[OPUN�

6XPPDU\

+L]PJLZ ^P[O <=�* 3,+Z MVY KPZPUMLJ[PVU
W\YWVZLZ ^PSS WSH` HU PUJYLHZPUNS` PTWVY�
[HU[ YVSL UV[ VUS` PU [OL J\YYLU[ WHUKLTPJ
ZP[\H[PVU I\[ HSZV PU [OL M\[\YL� MVY L_HTWSL
PU JVWPUN ^P[O OLHS[OJHYL PZZ\LZ Z\JO HZ
T\S[P�YLZPZ[HU[ NLYTZ� <=�* 3,+Z ^PSS HSZV
IL PUJYLHZPUNS` PU KLTHUK MVY NLULYHS NLYT
YLK\J[PVU PU HPY ÄS[YH[PVU Z`Z[LTZ� PU ^H�
[LY Z\WWSPLZ HUK PU [OL MVVK PUK\Z[Y �̀ ;OL
[VWPJZ [V\JOLK VU OH]L THKL P[ JSLHY [OH[
[OL KL]LSVWTLU[ VM <=�* HWWSPJH[PVUZ YL�
X\PYL [OL NYLH[LZ[ JHYL HUK L_[LUZP]L [LZ[�
PUN� 0M 9H`-PSLZ HYL H]HPSHISL� HZ ^P[O >�Y[O
,SLR[YVUPR»Z 3,+Z� [OL LMMVY[ VM HWWSPJH[PVU
KLZPNU JHU IL YLK\JLK I` ZPT\SH[PUN [OL
PYYHKPHUJL ILMVYL I\PSKPUN H WYV[V[`WL� "

$87+25� 'RPLQLN .g&.� 0�6&�
(M[LY NYHK\H[PUN MYVT [OL <UP]LYZP[` VM
>�YaI\YN ��� � PUJS\KPUN H Z[H` H[ [OL
<UP]LYZP[` VM )YP[PZO *VS\TIPH� *HUHKH� +V�
TPUPR Z[HY[LK HZ 7YVK\J[ 4HUHNLY PU [OL
6W[VLSLJ[YVUPJ KLWHY[TLU[ VM [OL >�Y[O
,SLR[YVUPR LP:VZ .TI/  *V� 2.� 0U OPZ
Z[\KPLZ� OL MVJ\ZLK VU ZLTPJVUK\J[VY
WO`ZPJZ� WSHZTVUPJZ HUK PU[LNYH[LK X\HU�
[\T WOV[VUPJZ� +\YPUN OPZ Z[\KPLZ� OL
NHPULK L_WLYPLUJL PU [OL WYVK\J[PVU VM H
SLHKPUN ZLTPJVUK\J[VY SHZLY JVTWHU �̀ ;V�
KH` OL PZ PU]VS]LK HZ H WYVK\J[ THUHNLY
^P[O <=�3,+Z PU >�Y[O ,SLR[YVUPR»Z HYLH VM
VW[V�LSLJ[YVUPJZ�

5HIHUHQFHV

B�D https://www.we-online.com/catalog/en/led
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&ORVHG�ORRS JDLQ DQG SKDVH SORWV DUH
ZHOO�ZRUQ WRROV XVHG WR GHWHUPLQH WKH
VWDELOLW\ RI WKH FRQWURO ORRS LQ VZLWFKLQJ
UHJXODWRUV� *DLQ DQG SKDVH PHDVXUH�
PHQWV� ZKHQ GRQH SURSHUO\� UHTXLUH DF�
FHVV WR� DQG IDPLOLDULW\ ZLWK� IDQF\ QHW�
ZRUN DQDO\]HUV� 7KH PHDVXUHPHQWV LQ�
YROYH EUHDNLQJ WKH FRQWURO ORRS� LQMHFW�
LQJ QRLVH� DQG PHDVXULQJ WKH UHVXOW�
LQJ JDLQ DQG SKDVH RYHU D IUHTXHQF\
VZHHS �VHH )LJXUH ��� 7KLV SUDFWLFH RI
PHDVXULQJ WKH FRQWURO ORRS LV UDUHO\ DS�
SOLHG WR /(' GULYHUV� /(' GULYHU FRQWURO
ORRS SKDVH DQG JDLQ PHDVXUHPHQWV UH�
TXLUH D GLIIHUHQW DSSURDFK �)LJXUH �� ²
D GHYLDWLRQ IURP WKH W\SLFDO UHVLVWLYH�
GLYLGHU�SDWK�WR�*1' YROWDJH UHJXOD�
WRU LQMHFWLRQ DQG PHDVXUHPHQW SRLQW�
,Q ERWK FDVHV� EHQFKWRS FRQWURO ORRS
SKDVH DQG JDLQ PHDVXUHPHQWV DUH WKH
EHVW ZD\ WR JXDUDQWHH VWDELOLW\� EXW QRW
HYHU\ HQJLQHHU KDV WKH UHTXLUHG HTXLS�
PHQW DQG DFFHVV WR DQ H[SHULHQFHG
IDFWRU\ DSSV WHDP DW WKHLU ¾QJHUWLSV�
:KDW GR WKHVH HQJLQHHUV GR"

6UL VW[PVU PZ [V I\PSK [OL 3,+ KYP]LY HUK
ZLL OV^ P[ YLZWVUKZ [V [YHUZPLU[Z� ;YHUZPLU[
YLZWVUZL VIZLY]H[PVU YLX\PYLZ [OL HWWSP�
JH[PVU IVHYK HUK TVYL JVTTVU ILUJO[VW
LX\PWTLU[� ;OL YLZ\S[Z VM [YHUZPLU[ HUHS`ZPZ
SHJR [OL )VKL WSV[»Z MYLX\LUJ`�IHZLK NHPU
HUK WOHZL U\TILYZ ¶ ^OPJO JHU IL \ZLK
[V N\HYHU[LL Z[HIPSP[` ¶ I\[ [OL` JHU HJ[ HZ
H [LSS[HSL MVY NLULYHS JVU[YVS SVVW Z[HIPSP[`
HUK ZWLLK�

3HYNL ZPNUHS [YHUZPLU[Z JHU IL \ZLK [V
JOLJR HIZVS\[L KL]PH[PVU HUK Z`Z[LT YL�
ZWVUZL [PTL� ;OL ZOHWL VM [OL [YHUZPLU[
KPZ[\YIHUJL PUKPJH[LZ [OL WOHZL VY NHPU
THYNPU HUK [O\Z JHU IL \ZLK [V \UKLY�
Z[HUK NLULYHS SVVW Z[HIPSP[ �̀ -VY PUZ[HUJL�
H JYP[PJHSS` KHTWLK YLZWVUZL TPNO[ PUKP�
JH[L ��� [V ��� WOHZL THYNPU� 6Y� H SHYNL
ZWPRL K\YPUN [OL [YHUZPLU[ JHU PUKPJH[L [OL
ULLK MVY TVYL *6<; VY H MHZ[LY SVVW� (
SVUN ZL[[SPUN [PTL JHU PUKPJH[L [OL ULLK [V
ZWLLK \W [OL IHUK^PK[O �HUK JYVZZV]LY
MYLX\LUJ`� VM [OL SVVW� ;OLZL YLSH[P]LS` LHZ`
Z`Z[LT JOLJRZ LUHISL VU�[OL�Å` JOHYHJ�
[LYPaH[PVU VM H Z^P[JOPUN YLN\SH[VY»Z JVU[YVS
SVVW� I\[ NHPU HUK WOHZL )VKL WSV[Z HYL
YLX\PYLK MVY KLLWLY HUHS`ZPZ�

3;ZWPJL� ZPT\SH[PVU JHU IL \ZLK [V NLU�
LYH[L IV[O Z^P[JOPUN YLN\SH[VY V\[W\[ [YHU�
ZPLU[Z HUK )VKL WSV[Z ILMVYL JPYJ\P[Z HYL
HZZLTISLK VY MHIYPJH[LK� ;OPZ JHU OLSW [V
NL[ H YV\NO PKLH VM JVU[YVS SVVW Z[HIPSP[` ¶ H
Z[HY[PUN WVPU[ MVY JVTWLUZH[PVU JVTWVULU[
JOVPJLZ HUK V\[W\[ JHWHJP[VY ZPaPUN� ;OL
WYVJLZZ VM \ZPUN 3;ZWPJL IHZLK VU 4PKKSL�
IYVVR»Z VYPNPUHS YLJVTTLUKH[PVU PU � ��
PZ ^LSS KVJ\TLU[LK �ZLL ¸3;ZWPJL! )HZPJ
:[LWZ PU .LULYH[PUN H )VKL 7SV[ VM :47:¹
>�@�� ;OL HJ[\HS ZPNUHS PUQLJ[PVU SVJH[PVU
SHPK V\[ PU 4PKKSLIYVVR»Z TL[OVK PZ UV[
JVTTVUS` \ZLK [OLZL KH`Z I\[ OHZ ILLU
HKQ\Z[LK V]LY [OL `LHYZ� YLZ\S[PUN PU [OL
JVTTVUS` \ZLK PUQLJ[PVU SVJH[PVU ZOV^U PU
)LJXUH �H�

-\Y[OLYTVYL� 3,+ KYP]LYZ� ^P[O OPNO�ZPKL
ZLUZL YLZPZ[VYZ HUK JVTWSPJH[LK (* YLZPZ�
[HUJL 3,+ SVHKZ� ZOV\SK OH]L H KPMMLYLU[
PUQLJ[PVU WVPU[ [OHU LP[OLY [VKH`»Z PUQLJ�
[PVU WVPU[ VY 4PKKSLIYVVR»Z VYPNPUHS YLJVT�
TLUKH[PVU PU [OL MLLKIHJR WH[O� VUL UV[
WYL]PV\ZS` KLTVUZ[YH[LK PU 3;ZWPJL� ;OL
TL[OVK WYLZLU[LK OLYL ZOV^Z OV^ [V NLU�
LYH[L 3,+ KYP]LY J\YYLU[�ZLUZL MLLKIHJR
SVVW )VKL WSV[Z PU 3;ZWPJL� HUK PU [OL SHI�

3URGXFLQJ &RQWURO /RRS
%RGH 3ORWV
:[HUKHYK Z^P[JOPUN YLN\SH[VY JVU[YVS SVVW
)VKL WSV[Z `PLSK [OYLL JYP[PJHS TLHZ\YL�
TLU[Z� ^OPJO JHU IL \ZLK [V KL[LYTPUL
Z[HIPSP[` HUK ZWLLK!

� 7OHZL THYNPU
� *YVZZV]LY MYLX\LUJ` �IHUK^PK[O�
� .HPU THYNPU

0[ PZ NLULYHSS` HJJLW[LK [OH[ ��� [V ���
VM WOHZL THYNPU PZ YLX\PYLK MVY H Z[HISL
Z`Z[LT� HUK [OH[ ¶�� K) NHPU THYNPU PZ
YLX\PYLK MVY N\HYHU[LLK SVVW Z[HIPSP[ �̀ ;OL
JYVZZV]LY MYLX\LUJ` YLSH[LZ [V NLULYHS SVVW
ZWLLK� )LJXUH � ZOV^Z [OL ZL[\W MVY THR�
PUN [OLZL TLHZ\YLTLU[Z \ZPUN H UL[^VYR
HUHS`aLY�

3;ZWPJL ZPT\SH[PVU JHU IL \ZLK [V JYLH[L
H ZPTPSHY PUQLJ[PVU HUK TLHZ\YLTLU[ PU [OL
JVU[YVS SVVW MVY HU 3,+� )LJXUH � ZOV^Z HU
3,+ KYP]LY �3;� ��� ^P[O HU PKLHS ZPUL ^H]L
VM NP]LU MYLX\LUJ` �f � PUQLJ[LK KPYLJ[S` PU[V
[OL MLLKIHJR WH[O VU [OL ULNH[P]L ZLUZL
SPUL �0:5�� 4LHZ\YLTLU[ WVPU[Z (� )� HUK *
HYL \ZLK [V JHSJ\SH[L [OL NHPU �K)� HUK [OL
WOHZL ��� H[ [OL PUQLJ[PVU MYLX\LUJ` �f �� 0U
VYKLY [V NYHWO [OL LU[PYL JVU[YVS SVVW )VKL
WSV[� [OPZ TLHZ\YLTLU[ T\Z[ IL YLWLH[LK
V]LY H SHYNL MYLX\LUJ` Z^LLW� Z[VWWPUN H[
f:>/� �OHSM VM [OL Z^P[JOPUN MYLX\LUJ` VM
[OL JVU]LY[LY��



-PN\YL �! :^P[JOPUN YLN\SH[VY JVU[YVS SVVW )VKL WSV[ TLHZ\YLTLU[ ^P[O H UL[^VYR HUHS`aLY MVY �D� ]VS[HNL
YLN\SH[VY HUK �E� 3,+ KYP]LY� ;V THRL [OL TLHZ\YLTLU[� [OL JVU[YVS SVVW PZ IYVRLU HUK H ZPU\ZVPKHS
WLY[\YIH[PVU W\ZOLZ PU[V H OPNO PTWLKHUJL WH[O� ^OPSL [OL YLZ\S[PUN JVU[YVS SVVW NHPU HUK WOHZL PZ
TLHZ\YLK� LUHISPUN [OL KLZPNULY [V X\HU[PM` [OL Z[HIPSP[` VM [OL SVVW�

-PN\YL �! 3;� �� +*����( KLTVUZ[YH[PVU JPYJ\P[ 3,+ KYP]LY 3;ZWPJL TVKLS ^P[O JVU[YVS SVVW UVPZL PUQLJ[PVU
HUK TLHZ\YLTLU[ WVPU[Z�

-PN\YL �! ;OL TLHZ\YLTLU[ VM WVPU[Z (� )� HUK * PU -PN\YL � KL[LYTPUL [OL NHPU HUK WOHZL VM [OL JVU[YVS
SVVW H[ [OL PUQLJ[PVU MYLX\LUJ` �f �� +PMMLYLU[ PUQLJ[PVU MYLX\LUJPLZ `PLSK KPMMLYLU[ NHPU HUK WOHZL� -PN\YLZ �H
HUK �I ZOV^ [OL NHPU HUK WOHZL VM 10 kHz ± 10mV (* PUQLJ[PVU� -PN\YLZ �J HUK �K ZOV^ [OL NHPU HUK
WOHZL VM 40 kHz ± 10mV (* PUQLJ[PVU� ( Z^LLW VM MYLX\LUJPLZ HUK [OL TLHZ\YLTLU[Z VM NHPU HUK WOHZL
IL[^LLU )�* HUK (�* HYL ^OH[ MVYT [OL JSVZLK�SVVW )VKL WSV[�
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;OL TLHZ\YLTLU[ VM WVPU[Z (� )� HUK * PU
)LJXUH � KL[LYTPUL [OL NHPU HUK WOHZL VM
[OL JVU[YVS SVVW H[ [OL PUQLJ[PVU MYLX\LUJ`
�f �� +PMMLYLU[ PUQLJ[PVU MYLX\LUJPLZ `PLSK
KPMMLYLU[ NHPU HUK WOHZL� -VY ZPTWSPJP[ �̀
HUK [V ZLL OV^ [OPZ ^VYRZ� VUL JHU ZL[ [OL
PUQLJ[PVU MYLX\LUJ` HUK TLHZ\YL [OL NHPU
HUK WOHZL VM (�* HUK )�*� ;OPZ `PLSKZ H
ZPUNSL MYLX\LUJ` WVPU[ VM [OL JVU[YVS SVVW
)VKL WSV[� )LJXUH �H HUK )LJXUH �I ZOV^
[OL NHPU HUK WOHZL VM �� R/a ��� T= (*
PUQLJ[PVU� )LJXUH �J HUK )LJXUH �K ZOV^
[OL NHPU HUK WOHZL VM �� R/a ��� T= (*
PUQLJ[PVU�

( Z^LLW VM MYLX\LUJPLZ HUK [OL TLHZ\YL�
TLU[ VM NHPU HUK WOHZL IL[^LLU )�* HUK
(�* HYL ^OH[ MVYT [OL LU[PYL JSVZLK�SVVW
)VKL WSV[� (Z TLU[PVULK PU [OL (IZ[YHJ[�
[OPZ PZ [`WPJHSS` HJJVTWSPZOLK VU [OL ILUJO
\ZPUN H MHUJ` �[OH[ PZ� L_WLUZP]L� UL[^VYR
HUHS`aLY� :\JO H Z^LLW PZ HSZV WVZZPISL PU
3;ZWPJL� HZ ZOV^U PU )LJXUH �� ;OLZL YL�
Z\S[Z HYL JVUÄYTLK I` JVTWHYPUN [OLT [V
[OL YLZ\S[Z VM H ILUJO[VW [LZ[ \ZPUN H UL[�
^VYR HUHS`aLY �)LJXUH ���

-PN\YL �! )VKL WSV[ TLHZ\YLTLU[Z ^P[O [OL
3;� �� PU 3;ZWPJL ZOV^PUN NHPU �ZVSPK SPUL� HUK
WOHZL �KHZOLK SPUL��

0DNH )XOO *DLQ DQG
3KDVH 6ZHHSV DQG
3ORWV LQ /7VSLFH

;V JYLH[L H M\SS )VKL WSV[� H NYHWOPJHS
Z^LLW VM NHPU HUK WOHZL� PU 3;ZWPJL MVY
[OL JVU[YVS SVVW� MVSSV^ [OLZL Z[LWZ�

6WHS �� &UHDWH WKH $& ,QMHFWLRQ
6RXUFH
0U 3;ZWPJL� PUZLY[ [OL ±10T= (* PUQLJ�
[PVU ]VS[HNL ZV\YJL HUK PUQLJ[PVU YLZPZ[VY
HUK SHILS UVKLZ (� )� HUK * HZ ZOV^U PU
)LJXUH �� ;OL (* ]VS[HNL ZV\YJL ]HS\L
6,1(�� ��P >)UHT@� ZL[Z [OL ��T= WLHR
HUK Z^LLWZ [OL MYLX\LUJ �̀ ;OL \ZLY JHU
WSH` ^P[O WLHR ZPUL ]HS\LZ IL[^LLU �T=
HUK ��T=� 2LLW PU TPUK [OH[ ZLUZL ]VS[�
HNL MVY THU` 3,+ KYP]LYZ PZ ���T= HUK
���T=� /PNOLY PUQLJ[PVU UVPZL JHU JYLH[L
3,+ J\YYLU[ YLN\SH[PVU LYYVYZ�



-PN\YL �! 3,+ KYP]LY JVU[YVS SVVW )VKL WSV[ TLHZ\YLTLU[ ZL[\W \ZPUN H UL[^VYR HUHS`aLY�

-PN\YL �! =LUHISL :`Z[LT 4VKLS ����( ]PU[HNL UL[^VYR HUHS`aLY \ZLK MVY OPNO�ZPKL ÅVH[PUN UVPZL PUQLJ[PVU
HUK TLHZ\YLTLU[ VM 3,+ KYP]LYZ�

-PN\YL �! 5VPZL PUQLJ[PVU HUK TLHZ\YLTLU[ WVPU[Z VU [OL 3;� �� 3,+ KYP]LY�
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6WHS �� $GG WKH 0DWK
0UZLY[ [OL �TLHZ\YL Z[H[LTLU[Z VU [OL
ZJOLTH[PJ HZ �ZW �:70*,� KPYLJ[P]LZ� ;OLZL
KPYLJ[P]LZ WLYMVYT -V\YPLY [YHUZMVYTZ HUK
JVTW\[L [OL JVTWSL_ VWLU�SVVW NHPU HUK
WOHZL VM [OL 3,+ KYP]LY PU K) HUK WOHZL�
/LYL HYL [OL KPYLJ[P]LZ!

� TLHZ\YL (H]N H]N =�H��=�J�
� TLHZ\YL )H]N H]N =�I��=�J�
� TLHZ\YL (YL H]N �=�H��=�J��(H]N��
JVZ�����[PTL�-YLX�

� TLHZ\YL (PT H]N ��=�H��=�J��(H]N��
ZPU�����[PTL�-YLX�

� TLHZ\YL )YL H]N �=�I��=�J��)H]N��
JVZ�����[PTL�-YLX�

� TLHZ\YL )PT H]N ��=�I��=�J��)H]N��
ZPU�����[PTL�-YLX�

� TLHZ\YL .HPU4HN WHYHT ���SVN���O`WV[
�(YL�(PT� � O`WV[�)YL�)PT��

� TLHZ\YL .HPU7OP WHYHT TVK�H[HU��(PT�
(YL� � H[HU��)PT� )YL��������������

6WHS �� 6HW WKH 0HDVXUHPHQW 3D�
UDPHWHUV
( ML^ TVYL ZTHSS KPYLJ[P]LZ HYL ULLKLK�
-PYZ[� [OL JPYJ\P[ T\Z[ IL PU H Z[LHK` Z[H[L
VM [OL ZPT\SH[PVU �WHZ[ Z[HY[\W� PU VYKLY [V
THRL WYVWLY TLHZ\YLTLU[Z� (KQ\Z[ [OL
[�� VY Z[HY[ [PTL MVY [OL TLHZ\YLTLU[� HUK
Z[VW [PTL� ;OL Z[HY[ [PTL JHU IL LZ[PTH[LK
VY NHYULYLK I` Z[HY[PUN \W [OL ZPT\SH[PVU
HUK VIZLY]PUN [OL Z[HY[�\W [PTL� ;OL Z[VW
[PTL PZ JOVZLU [V IL ���MYLX� VY �� WLYPVKZ�
HM[LY Z[LHK` Z[H[L PZ YLHJOLK·YLK\JPUN
LYYVYZ I` H]LYHNPUN V]LY �� J`JSLZ MVY LHJO
MYLX\LUJ �̀
/LYL HYL [OL KPYLJ[P]LZ!

� �WHYHT [�$���T
� �[YHU � B[�����MYLXD B[�D Z[HY[\W
� �Z[LW VJ[ WHYHT MYLX �2 �4 �

6WHS �� 6HW WKH )UHTXHQF\ 6DPSOH
6WHS DQG 5DQJH
;OL �Z[LW JVTTHUK ZL[Z [OL MYLX\LUJ`
YLZVS\[PVU HUK YHUNL V]LY ^OPJO [V WLYMVYT
[OL HUHS`ZPZ� 0U [OPZ L_HTWSL� [OL ZPT\SH[PVU
Y\UZ MYVT � R/a [V �4/a \ZPUN H YLZVS\�
[PVU VM [OYLL WVPU[Z WLY VJ[H]L� )VKL WSV[
TLHZ\YLTLU[Z HYL HJJ\YH[L \W [V M:>���
ZV [OL \WWLY MYLX\LUJ` SPTP[ ZOV\SK IL ZL[
[V OHSM VM [OL Z^P[JOPUN MYLX\LUJ` VM [OL
Z`Z[LT� 6I]PV\ZS �̀ TVYL WVPU[Z PTWYV]L
YLZVS\[PVU� I\[ [OL ZPT\SH[PVU [HRLZ SVUNLY�
;OYLL WVPU[Z WLY VJ[H]L PZ [OL SV^ LUK VM
YLZVS\[PVU� I\[ Y\UUPUN [OL ZPT\SH[PVU H[
TPUPT\T YLZVS\[PVU JHU ZH]L ZVTL [PTL�
5L]LY[OLSLZZ� SVVRPUN H[ [OL V]LYHSS KLZPNU
J`JSL WPJ[\YL� H ��TPU\[L ZPT\SH[PVU PZ VY�
KLYZ VM THNUP[\KL MHZ[LY [OHU KLZPNUPUN�
HZZLTISPUN� HUK [LZ[PUN 7*)Z� >P[O [OPZ PU
TPUK� `V\ TH` ^HU[ [V Q\Z[ Y\U H[ H OPNOLY
YLZVS\[PVU� Z\JO HZ Ä]L VY TVYL WVPU[Z WLY
VJ[H]L� [V WYVK\JL TVYL JVTWSL[L HUK
LHZPLY [V ]PL^ YLZ\S[Z�



-PN\YL �! )VKL WSV[Z MVY [OL 3;� �� 3,+ KYP]LY VU H +*����( KLTVUZ[YH[PVU JPYJ\P[� ;OL WSV[Z NLULYH[LK
[OYV\NO 3;ZWPJL ZPT\SH[PVU �IS\L SPUL� OH]L H Z[YVUN JVYYLSH[PVU [V [OVZL NLULYH[LK \ZPUN H UL[^VYR HUHS`aLY
�NYLLU SPUL��

;HISL �! )VKL 7SV[ TLHZ\YLTLU[ KH[H JVTWHYPZVU VM 3;ZWPJL ]Z� UL[^VYR HUHS`aLY MVY [OL 3;� ���
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6WHS �� 5XQ WKH 6LPXODWLRQ
0[ ZLLTZ Z[YHPNO[MVY^HYK� I\[ 3;ZWPJL YL�
X\PYLZ T\S[PWSL WYVK\J[PVU Z[LWZ [V WYVK\JL
[OL )VKL WSV[� ;OL ÄYZ[ Z[LW PZ 9\U [OL
:PT\SH[PVU� ^OPJO KVLZ UV[ `PLSK �`L[� [OL
WSV[� I\[ PUZ[LHK ZOV^Z UVYTHS ZJVWL ]VS[�
HNL HUK J\YYLU[ TLHZ\YLTLU[Z� -VSSV^ [OL
UL_[ Z[LWZ [V WYVK\JL [OL )VKL WSV[Z�

6WHS �� 3URGXFH WKH %RGH 3ORW
6WLU [OL :70*, ,YYVY 3VN I` YPNO[�JSPJRPUN
[OL ZJOLTH[PJ ^PUKV^ HUK JOVVZPUN 7SV[
�Z[LW»LK �TLHZ KH[H� *OVVZL =PZPISL ;YHJLZ
MYVT [OL 7SV[ :L[[PUNZ 4LU\ HUK ZLSLJ[
.HPU [V WSV[ [OL KH[H� 6W[PVUHSS �̀ TLHZ\YL�
TLU[ KH[H JHU IL L_WVY[LK I` JSPJRPUN -PSL
HUK ZLSLJ[PUN ,_WVY[ +H[H HZ ;L_[ [V WYV�
K\JL H *:= ÄSL VM [OL )VKL KH[H�

%RGH 3ORW &RQðUPDWLRQ
ZLWK D 1HWZRUN
$QDO\]HUċ%H\RQG
6LPXODWLRQ
:PT\SH[PVU VM JVU[YVS SVVWZ PZ UV[ HZ YLSPHISL
HZ [OL YLHS [OPUN HUK ZOV\SK UV[ IL \ZLK
MVY H JVTWSL[L N\HYHU[LL VM SVVW Z[HIPSP[`
HUK THYNPUZ� ([ ZVTL Z[HNL VM [OL KLZPNU
WYVJLZZ� [OL JVU[YVS SVVW ZOV\SK IL ]LYPÄLK
PU [OL SHI \ZPUN H UL[^VYR HUHS`aLY [VVS�

;OL )VKL WSV[Z NLULYH[LK PU 3;ZWPJL JHU
IL JVTWHYLK [V UL[^VYR HUHS`aLY )VKL
WSV[ TLHZ\YLTLU[ YLZ\S[Z� 1\Z[ SPRL [OL ZPT�
\SH[PVU� [OL HJ[\HS SVVW TLHZ\YLTLU[Z HYL
JHW[\YLK I` PUQLJ[PUN UVPZL PU[V [OL MLLK�
IHJR SVVW HUK TLHZ\YPUN HUK WYVJLZZ�
PUN [OL (�) HUK (�* NHPU HUK WOHZL� ;OL
TLHZ\YLTLU[ ZL[\W ZJOLTH[PJ HUK WOV[V
HYL ZOV^U PU )LJXUH � [OYV\NO )LJXUH ��

3;ZWPJL ZPT\SH[PVU YLZ\S[Z �7DEOH �� ZOV^ H
Z[YVUN JVYYLSH[PVU [V UL[^VYR HUHS`aLY KH[H�
WYV]PUN [OH[ 3;ZWPJL PZ H \ZLM\S [VVS PU 3,+
KYP]LY KLZPNU·WYVK\JPUN H YV\NO IHZLSPUL
[V HPK [OL LUNPULLY PU UHYYV^PUN [OL YHUNL
VM JVTWVULU[ JOVPJLZ� ;OL NHPU HUK WOHZL
H[ SV^LY MYLX\LUJPLZ JSVZLS` MVSSV^ OHYK�
^HYL� ^P[O H NYLH[LY KPMMLYLUJL IL[^LLU
ZPT\SH[PVU HUK OHYK^HYL KH[H H[ OPNOLY
MYLX\LUJPLZ� ;OPZ TPNO[ YLWYLZLU[ [OL JOHS�
SLUNL VM TVKLSPUN OPNO MYLX\LUJ` WVSLZ� aL�
YVLZ� WHYHZP[PJ PUK\J[HUJLZ� JHWHJP[HUJLZ�
HUK LX\P]HSLU[ ZLYPLZ YLZPZ[HUJLZ�

5HIHUHQFHV

B�D .HIPUV (SVUZV� ¸3;ZWPJL! )HZPJ :[LWZ PU .LULYH[PUN
H )VKL 7SV[ VM :47:�¹ https://www.analog.com
/en/technical-articles/ltspice-basic-steps-
in-generating-a-bode-plot-of-smps.html"
(UHSVN +L]PJLZ� 0UJ�

&RQFOXVLRQ
3;ZWPJL TVKLSPUN JHU IL \ZLK [V TLHZ\YL
JVU[YVS SVVW NHPU HUK WOHZL� [O\Z WYV�
K\JPUN )VKL WSV[Z MVY 3,+ KYP]LYZ� ;OL
HJJ\YHJ` VM [OL 3;ZWPJL ZPT\SH[PVU KH[H PZ
KLWLUKLU[ VU [OL HJJ\YHJ` VM [OL :70*,
TVKLSZ \ZLK� [OV\NO JHYLM\SS` TVKLSPUN
LHJO JVTWVULU[ [V HJJV\U[ MVY YLHS�^VYSK
ILOH]PVY JVTLZ H[ [OL JVZ[ VM PUJYLHZLK
ZPT\SH[PVU [PTLZ� -VY [OL W\YWVZL VM 3,+
KYP]LY KLZPNU� 3;ZWPJL KH[H PZ \ZLM\S MVY
YLSH[P]LS` X\PJRS` UHYYV^PUN [OL ÄLSK VM JVT�
WVULU[Z HUK WYLKPJ[PUN NLULYHS JPYJ\P[ IL�
OH]PVY L]LU ^P[OV\[ WLYMLJ[ JVTWVULU[
TVKLSPUN� ( ^VYRPUN ZPT\SH[PVU OLSWZ N\PKL
[OL KLZPNU LUNPULLY ILMVYL [YHUZP[PVUPUN
[V OHYK^HYL PTWSLTLU[H[PVU� ZH]PUN V]LY�
HSS KLZPNU [PTL� 6UJL YV\NO JVTWVULU[
JOVPJLZ OH]L ILLU THKL� TLHZ\YLTLU[Z
\ZPUN H I\PS[ IVHYK ^P[O H UL[^VYR HUHS`aLY
JHU JVUÄYT VY JVU[YHZ[ [OL ZPT\SH[PVU YL�
Z\S[Z HZ H TLHUZ VM OHYK^HYL ]HSPKH[PVU
K\YPUN KL]LSVWTLU[� "

$87+25� .HLWK 6=2/86+$
2LP[O :aVS\ZOH PZ HU HWWSPJH[PVUZ KPYLJ�
[VY ^P[O (UHSVN +L]PJLZ PU :HU[H *SHYH�
*HSPMVYUPH� 2LP[O OHZ ^VYRLK PU [OL ))0
7V^LY 7YVK\J[Z .YV\W ZPUJL ����� MVJ\Z�
PUN VU IVVZ[� I\JR�IVVZ[� HUK 3,+ KYP]LY
WYVK\J[Z� ^OPSL HSZV THUHNPUN [OL WV^LY
WYVK\J[Z ,40 JOHTILY� /L YLJLP]LK OPZ
)�:�,�,� PU �  � HUK 4�:�,�,� PU �  � MYVT
40; PU *HTIYPKNL� 4HZZHJO\ZL[[Z� ^P[O H
JVUJLU[YH[PVU PU [LJOUPJHS ^YP[PUN� /L JHU
IL YLHJOLK H[ RLP[O�ZaVS\ZOH'HUHSVN�JVT�

$87+25� %UDQGRQ 1*+(
)YHUKVU 5NOL PZ HU HWWSPJH[PVUZ LUNP�
ULLY H[ (UHSVN +L]PJLZ� /L YLJLP]LK OPZ
4�:�,�,� MYVT *HSPMVYUPH 7VS`[LJOUPJ :[H[L
<UP]LYZP[` PU ����� )YHUKVU PZ YLZWVUZP�
ISL MVY [OL KLZPNU HUK [LZ[PUN VM IVVZ[�
I\JR�IVVZ[� HUK 3,+ KYP]LY +*�[V�+*
JVU]LY[LYZ MVY SV^ ,40 H\[VTV[P]L HW�
WSPJH[PVUZ� /L JHU IL YLHJOLK H[ IYHU�
KVU�UNOL'HUHSVN�JVT�
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