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;OL NSVIHS KL]LSVWTLU[Z JH\ZLK I` [OL *VYVUH WHUKLTPJ OH]L ZOV^U \Z
[OH[ Z\Z[HPUHIPSP[` HUK LU]PYVUTLU[HS WYV[LJ[PVU T\Z[ ILJVTL JLU[YHS
PZZ\LZ PU V\Y ZVJPL[PLZ� (YLHZ JHU UV SVUNLY IL ]PL^LK PU PZVSH[PVU HUK [OL
NSVIHS PU[LYYLSH[PVUZOPWZ VM V\Y LJVUVTPJ HJ[P]P[PLZ T\Z[ IL [HRLU PU[V
HJJV\U[ YLZWVUZPIS �̀

;OL SPNO[PUN ZLJ[VY PZ UV L_JLW[PVU HUK JHU JVU[YPI\[L PU THU` ^H`Z [V
PTWYV]L SP]PUN JVUKP[PVUZ HUK Z\WWVY[ [OL JPYJ\SHY LJVUVT` ^P[O
Z\Z[HPUHISL WYVK\J[ JVUJLW[Z� 6UL ^H` PZ [OYV\NO KPZPUMLJ[PVU HUK
Z[LYPSPaH[PVU� H ÄLSK ^OLYL H NYLH[ KLHS VM YLZLHYJO HUK KL]LSVWTLU[ PZ
ILPUN JHYYPLK V\[ PU VYKLY [V ]HSPKH[L [OL ÄUKPUNZ�

0U [OPZ PZZ\YL VM 3W9 ^L OH]L MVJ\ZLK VU Z\Z[HPUHIPSP[` I` JV]LYPUN [VWPJZ
SPRL <= 3,+Z� Z[LYPSPaH[PVU HUK KPZPUMLJ[PVU� YLHJ[P]L V_`NLU ZWLJPLZ� LJV
KLZPNU HUK SHILSSPUN HUK JPY\JSHY LJVUVT �̀ 6U [OL V[OLY OHUK� ^L HSZV
^HU[LK [V NP]L `V\ HU \UKLYZ[HUKPUN VM [OL [VWPJ VM Z\Z[HPUHIPSP[` PU H
IYHVKLY ZLUZL� HUK ZV OH]L PUJS\KLK HY[PJSLZ VU O\THU JLU[YPJ SPNO[PUN�
[\UHISL SPNO[PUN HUK OVY[PJ\S[\YHS SPNO[PUN� (Z H ZWLJPHS MLH[\YL ^L OH]L HSZV
KLKPJH[LK H ZLJ[PVU [V 3PKHY [LJOUVSVN �̀

>L HYL HSZV PU[LYLZ[LK PU I\PSKPUN H IYPKNL [V [OL HWWSPJH[PVUZ [OLTZLS]LZ
HUK ^PSS JVU[PU\L [V W\ISPZO TVYL HY[PJSLZ VU SPNO[PUN KLZPNU PU [OL M\[\YL ¶
[OPZ [PTL MLH[\YPUN [OL [VWPJ VM TLKPH KH[H�

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

@V\YZ :PUJLYLS �̀

:PLNMYPLK 3\NLY

3\NLY 9LZLHYJO L�<�� -V\UKLY  *,6
3,+ WYVMLZZPVUHS� ;YLUKZ PU 3PNO[PUN� 3W: +PNP[HS  .SVIHS 3PNO[PUN +PYLJ[VY`
7OV[VUPJZ��� 4LTILY VM [OL )VHYK VM :[HRLOVSKLYZ
0U[LYUH[PVUHS :VSPK�:[H[L 3PNO[PUN (SSPHUJL �0:(�� 4LTILY VM [OL )VHYK VM (K]PZVYZ
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� ;OL )HZPJ :HSLZ (YN\TLU[Z MVY 3,+ 3PNO[PUN
I` +VUH[HZ :;6*ć 2<ā 5(:� *VTTLYJL 4HUHNLY
H[ (2;6

1(:6

�� 0U[LYUH[PVUHS 3PNO[PUN 5L^Z

�� 9LN\SH[PVU 5L^Z

/S6 ',*,7$/

�� +LZPNUPUN ^P[O +`UHTPJ 3PNO[ ;L_[\YLZ ¶
,USPNO[LUPUN +LZPNULYZ

,17(59,(:

�� :JV[[ A044,94(5� -V\UKLY HUK *OPLM 9LZLHYJO
6MÄJLY �*96� VM :PSHZ� <:( ¶ ¸9,(*;0=,
6?@.,5 :7,*0,:¹
JVTWPSLK I` (YUV .9()/,9�4,@,9� 3,+
WYVMLZZPVUHS

$720,& /$<(5 '(326,7,21

�� ([VTPJ 3H`LY +LWVZP[PVU ¶ 3LHKPUN ;OPU -PST
*VH[PUN ;LJOUVSVN` MVY :VSPK :[H[L 3PNO[PUN
I` 4PUUH ;60=63(� +�:J��;LJO��� 4HYRL[PUN
4HUHNLY H[ 7PJVZ\U

+&/ /(' &20321(176 _ $GYHUWRULDO

�� 6W[PTPaLK 3PNO[ MVY *PYJHKPHU 9O`[OT
:`UJOYVUPaH[PVU ,UOHUJPUN 0UKVVY 3PMLZ[`SLZ
I` :HTZ\UN ,SLJ[YVUPJZ

'((3 8/75$9,2/(7 /('V

�� ;OL 2L` ;LJOUVSVN` VM +LLW <S[YH]PVSL[ �+<=�
3,+Z HUK 0[Z (WWSPJH[PVU
I` 1\U_P >(5.� +Y� L[ HS�� 9LZLHYJOLY H[ 0UZ[P[\[L
VM :LTPJVUK\J[VYZ� *OPULZL (JHKLT` VM
:JPLUJLZ� )LPQPUN� *OPUH

781$%/( :+,7( 7(&+12/2*<

�� 0U[YVK\J[PVU VM 6U�))3 ;\UHISL >OP[L ;LJOUVSVN`
I` ;VTVRHa\ 5(+(� 4HUHNPUN +PYLJ[VY H[ A0.,5
3PNO[PUN :VS\[PVU

/,*+7,1* '(6,*1 	 62&,$/ 0(',$

�� (TIPLU[ 3PNO[PUN +LZPNU MVY 7LYZ\HZP]L
,U]PYVUTLU[Z <ZPUN :VJPHS 4LKPH +H[H
I` @HZHTHU 4(==(1� 4:J� 7YVK\J[ +LZPNULY H[
2VLYULY +LZPNU

&,5&8/$5 (&2120<

�� >OLU *PYJ\SHY ,JVUVT` 4LL[Z [OL 3PNO[PUN
0UK\Z[Y` �3*(�
I` +LPKYL >63--� 4:J� 7YVQLJ[ ,UNPULLY H[
*H[HSVUPH 0UZ[P[\[L MVY ,ULYN` 9LZLHYJO �09,*�

(&2'(6,*1 	 (1(5*< /$%(//,1*

�� ,<»Z ,JVKLZPNU HUK ,ULYN` 3HILSSPUN 9LN\SH[PVUZ
I` (_LS )(:*/5(.,3� 4HY*VT 4HUHNLY H[
3PNO[PUN,\YVWL

+257,&8/785$/ /,*+7,1*

�� :WLJPM`PUN 3,+ *VSVYZ MVY /VY[PJ\S[\YHS 3PNO[PUN
I` 0HU (:/+6>5� 7�,UN��9L[�� -0,:� 7YLZPKLU[
HUK :LUPVY :JPLU[PZ[ MVY :\U;YHJRLY ;LJOUVSVNPLZ

',6,1)(&7,21 $1' 67(5,/,=$7,21

�� <= 3,+Z PU +PZPUMLJ[PVU HUK :[LYPSPaH[PVU
I` 5VYTHU )(9+:3,@� +Y�� *OPLM (UHS`Z[ VM [OL
0U[LYUH[PVUHS :VSPK�:[H[L 3PNO[PUN (SSPHUJL �0:(�

/,'$5 7(&+12/2*<

�� 6WLU�:V\YJL 30+(9 7YV[V[`WPUN 7SH[MVYT
I` 0Z[]mU *:6469;Í50 L[ HS�� -7.( +LZPNU
,UNPULLY H[ (UHSVN +L]PJLZ

 � ()6<; c 047905;

$'9(57,6,1* ,1'(;
� .SVIHS 3PNO[PUN +PYLJ[VY`
� (K]HUJL I` :PNUPM`
� *YLL
� 9�OT
� :LV\S :LTPJVUK\J[VY
 :LV\S :LTPJVUK\J[VY
�� ;YLUKZ PU 3PNO[PUN
�� 0UZ[Y\TLU[ :`Z[LTZ

�� ;VWSP[L
�� 3\NLY 9LZLHYJO
�� 5VYKPJ 7V^LY *VU]LY[LYZ
�� 3W: +PNP[HS
�� 9LWYV�3PNO[
�� 3W: +PNP[HS
�� .SVIHS 3PNO[PUN +PYLJ[VY`
�� ;YLUKZ PU 3PNO[PUN

�� 0U[LYUH[PVUHS :VSPK�:[H[L
3PNO[PUN (SSPHUJL

�� 3,+ WYVMLZZPVUHS 9L]PL^
�� 9LWYV�3PNO[
 � 3W: +PNP[HS
 � ,KP[VYPHS *HSLUKHY
 � .SVIHS 3PNO[PUN +PYLJ[VY`
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'RQDWDV 672o.³1$6
'RQDWDV 6WRFĂNXüQDV KDV
EHHQ LQYROYHG LQ WKH OLJKWLQJ
LQGXVWU\ IRU DOPRVW ��
\HDUV� )RU WKH ODVW � \HDUV�
'RQDWDV DV WKH &RPPHUFH
0DQDJHU DW $.72 OHDGV
FXVWRPHU VXSSRUW DQG
PDUNHWLQJ WHDPV� +H LV DOVR
LQ FKDUJH RI FRQWUROOLQJ WKH
IXOO VFRSH RI VDOHV
SURFHVVHV� H[SDQVLRQ WR WKH
QHZ PDUNHWV DQG
LPSOHPHQWDWLRQ RI RWKHU
FRPSDQ\ JRDOV� ,QWHUHVW LQ
WKH /(' OLJKWLQJ SURGXFWV
PDQXIDFWXULQJ SURFHVVHV ±
FRPSRQHQWV VXSSO\� TXDOLW\
FRQWURO� FXVWRPHU QHHGV
DQG RWKHU LQGXVWU\ QHZV
KHOSV WR VHHN WKH ZKROH
FRPSDQ\µV REMHFWLYH RI
SURYLGLQJ WKH KLJKHVW
TXDOLW\ FRPSRQHQWV IRU
OXPLQDULHV PDQXIDFWXUHUV�
VKRS¾WWLQJ FRPSDQLHV DQG
RWKHU LQWHUHVWHG SDUWLHV�

4HE "ASIC 3ALES !RGUMENTS FOR ,%$ ,IGHTING
-YVT [OL ]LY` ILNPUUPUN VM SPNO[ LTP[�
[PUN KPVKLZ �3,+Z�� THZZ WYVK\J[PVU
OHZ WHZZLK [OL OHSM JLU[\Y` THYR� 0U [OL
WHZ[ ÄM[` `LHYZ� [OL 3,+ SPNO[PUN PUK\Z[Y`
OHZ KL]LSVWLK L_WVULU[PHSS` HUK JVU�
[PU\LZ [V NYV �̂ 6]LY [OPZ WLYPVK VM [PTL
PZ OHZ ILJVTL ^PKLS` RUV^U [OH[ 3,+
SPNO[PUN PZ Z\WLYPVY PU IV[O LULYN` HUK
JVZ[Z ZH]PUNZ� LU]PYVUTLU[HS HZWLJ[Z
HUK OHZ H TVYL ]LYZH[PSL YHUNL VM M\UJ�
[PVUHSP[PLZ� +LZWP[L [OLZL MHJ[Z� [OLYL PZ
Z[PSS H JVUZPKLYHISL HTV\U[ VM PUJHUKLZ�
JLU[� Å\VYLZJLU[ SPNO[Z �*-3� ILPUN \ZLK�
0M `V\Y OVTL� VMÄJL VY V[OLY JVTTLY�
JPHS WYVWLY[` PZ PSS\TPUH[LK ^P[O PUZ\MÄ�
JPLU[ SPNO[PUN ZVS\[PVUZ� OLYL HYL [OL THPU
WVPU[Z [V JVUZPKLY PM `V\ ^HU[ [V RUV^
^O` [OL [YHUZP[PVU [V 3,+ SPNO[PUN JHU IL
ILULÄJPHS MVY `V\�

6UL VM [OL THPU HK]HU[HNLZ HYL [OL
LJVUVTPJ MHJ[VYZ� -VY Z[HY[LYZ� 3,+Z
UV[ VUS` OH]L H SPML ZWHU VM \W [V ������
OV\YZ� I\[ [OL` HSZV YLK\JL LSLJ[YPJP[`
JVZ[Z I` JVUZ\TPUN SLZZ WV^LY ^OPSL YL�
JLP]PUN [OL ZHTL SPNO[ �S\TLU� V\[W\[� 0U
JVTWHYPZVU� JVU]LU[PVUHS PUJHUKLZJLU[
I\SIZ HUK Å\VYLZJLU[ SPNO[Z JVUZ\TL
TVYL LULYN` HUK VUS` SHZ[ HWWYV_PTH[LS`
����� [V ����� OV\YZ� :V PU [OL SVUN
Y\U� 3,+ SPNO[PUN YLK\JLZ IV[O LSLJ�
[YPJP[` HUK THPU[LUHUJL JVZ[Z� ^OPJO
JHU X\PJRS` HKK \W ¶ LZWLJPHSS` ^OLU P[
JVTLZ [V JVTTLYJPHS HWWSPJH[PVUZ�

3,+ SPNO[PUN PZ HSZV RUV^U [V IL LJV�
MYPLUKSPLY� 7YVK\J[Z MYVT SLHKPUN 3,+
SPNO[PUN THU\MHJ[\YLYZ UV[ VUS` TLL[
LULYN` LMÄJPLUJ` Z[HUKHYKZ HUK LU�
]PYVUTLU[HS YLX\PYLTLU[Z I\[ \Z\HSS`
L]LU L_JLLK [OLT� 0U TVZ[ JHZLZ� [OL
JVTWVZP[PVU VM 3,+ SPNO[PUN WYVK\J[Z
JVU[HPUZ VUS` [OVZL TH[LYPHSZ [OH[ JHU
IL YLJ`JSLK� 4VYLV]LY� 3,+ SPNO[Z HYL
MYLL MYVT [V_PJ JOLTPJHSZ SPRL TLYJ\Y`
VY OHYTM\S NHZLZ [OH[ JHU IL MV\UK PU
Å\VYLZJLU[ SPNO[Z�

0U HKKP[PVU [V [OL HK]HU[HNLZ KPZJ\ZZLK�
3,+ SPNO[PUN ZVS\[PVUZ VMMLY ^PKLY HYLHZ
VM HWWSPJH[PVU HZ ^LSS HZ TVYL M\UJ[PVU�
HSP[PLZ� -VY PUZ[HUJL� PUJYLHZPUNS` WVW\SHY
[\UHISL ^OP[L 3,+ TVK\SLZ HSSV^ `V\ [V

MYLLS` JOHUNL [OL JVSVY [LTWLYH[\YL MYVT
����2 [V ����2 Q\Z[ ^P[O VUL WYVK\J[�
;OL YLHZVUZ [OH[ [OPZ PZ ILULÄJPHS YHUNL
MYVT HLZ[OL[PJ [V [OLYHWL\[PJ�

;V ILNPU ^P[O� P[ PZ ^LSS RUV^U [OH[
JVVSLY SPNO[� Z\JO HZ KH`SPNO[� OHZ H WVZ�
P[P]L LMMLJ[ VU V\Y WYVK\J[P]P[ �̀ ;OPZ MLH�
[\YL PZ PTWVY[HU[� UV[ VUS` PU ZJOVVSZ VY
VMÄJLZ� I\[ PU V\Y OVTLZ� HZ ^LSS� ;OPZ
PZ LZWLJPHSS` [Y\L MVY [OVZL [OH[ ^VYR
YLTV[LS �̀ 0THNPUL OV^ \ZLM\S [\UHISL
SPNO[PUN JV\SK IL PM `V\ OHK H ^VYR Z[H�
[PVU PU `V\Y ILKYVVT VY SP]PUN YVVT�
+\YPUN ^VYR OV\YZ `V\ JHU HKHW[ P[ [V
JVVSLY SPNO[ HUK SH[LY� ^OLU P[»Z [PTL [V
YLZ[� `V\ JHU JYLH[L H TVYL JVTMVY[HISL
HUK YLSH_PUN H[TVZWOLYL I` JOHUNPUN
[OL JVSVY [LTWLYH[\YL [V ^HYT SPNO[�
4H[JOPUN [OL SPNO[ JVSVY HJJVYKPUN [V
UH[\YHS KH` HUK UPNO[ YO`[OTZ PZ HSZV
ILULÄJPHS [V V\Y IPVSVNPJHS JSVJRZ� 0U
[OL SVUN Y\U P[ JHU OLSW ^P[O `V\Y ZSLLW
ZJOLK\SL H[ UPNO[ HUK JVUJLU[YH[PVU
K\YPUN [OL KH �̀ 0[ PZ L]LU ILSPL]LK [OH[
JVVSLY SPNO[ JHU JYLH[L H WZ`JOVSVNPJHS
LMMLJ[� THRPUN `V\ MLLS H SP[[SL JVVSLY VU H
OV[ HUK Z\UU` KH` HUK ^HYT SPNO[ THR�
PUN `V\ MLLS ^HYTLY VU H JVSK� YHPU` KH �̀
;OPZ MLH[\YL JHU IL ILULÄJPHS [V ]HYPV\Z
I\ZPULZZLZ ^OLYL P[ PZ HPTLK H[ JYLH[PUN
[OL ILZ[ WVZZPISL J\Z[VTLY L_WLYPLUJL�
;\UHISL ^OP[L 3,+ WYVK\J[Z JHU HSZV
IL ]LY` ILULÄJPHS PU T\ZL\TZ HUK HY[
NHSSLYPLZ ILJH\ZL `V\ JHU LHZPS` JOHUNL
[OL SPNO[PUN KLWLUKPUN VU [OL WHY[PJ\�
SHY L_WVZP[PVU� )L`VUK [OH[� 3,+Z KVU»[
LTP[ <= SPNO[ \USLZZ [OL` HYL ZWLJPÄ�
JHSS` KLZPNULK [V KV ZV� -\Y[OLYTVYL�
[OL ZWLJ[Y\T VM 3,+Z JHU IL HKHW[LK
HUK [\ULK [V H]VPK LTPZZPVUZ [OH[ JV\SK
OHYT HUK KLZ[YV` HY[^VYR�

)LZPKLZ HSS [OH[� [\UHISL ^OP[L 3,+ S\TP�
UHYPLZ VY 9.) 3,+ WYVK\J[Z LUHISL `V\
[V YLWYVK\JL TPSSPVUZ VM JVSVYZ HUK OH]L
H ]HYPL[` VM JVSVY [LTWLYH[\YLZ ^P[O�
V\[ [OL \ZL VM HKKP[PVUHS SPNO[ ÄS[LYZ [OH[
^V\SK IL YLX\PYLK ^OLU \ZPUN JVU]LU�
[PVUHS SPNO[Z� 4VYL [OHU [OH[� 3,+ SPNO[PUN
Z`Z[LTZ JHU IL JVU[YVSSLK ^P[O [OL OLSW
VM KPNP[HS JVU[YVSZ� LUZ\YPUN TH_PT\T
LMÄJPLUJ` HUK JVTMVY[� "

+�:�
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,AURA 6OSS *OINS &OUNDRY
,ONDON

/DXUD 9RVV QVPULK -V\UKY �̀ IHZLK PU 3VUKVU�
HZ H 3PNO[PUN +LZPNULY� 6]LY [OL WHZ[ Ä]L
`LHYZ� 3H\YH OHZ ^VYRLK PU [OL SPNO[PUN KLZPNU
PUK\Z[Y` H[ 5\S[ �̀ KWH HUK 0ZVTL[YP_� +\YPUN
OLY [PTL H[ 0ZVTL[YP_� 3H\YH ^VYRLK VU THU`
OPNO WYVÄSL WYVQLJ[Z ZWHUUPUN [OL <2 SPRL
(UUHILS»Z 3VUKVU HUK (U[VU` .VTSL`»Z ��� 
L_OPIP[PVU H[ [OL 9V`HS (JHKLT` VM [OL (Y[Z� HZ
^LSS HZ M\Y[OLY HÄLSK� 3H\YH»Z L_WLYPLUJL [V

3H\YH =VZZ

KH[L OHZ ZLLU OLY ^VYR HJYVZZ H YHUNL VM
ZLJ[VYZ PUJS\KPUN JVTTLYJPHS� OVZWP[HSP[ �̀
YLZPKLU[PHS� SLPZ\YL HUK \YIHU ZWHJL�

)LMVYL ILNPUUPUN OLY JHYLLY� 3H\YH JVTWSL[LK
OLY KLNYLL PU (YJOP[LJ[\YL HUK OLY 4( PU
(YJOP[LJ[\YHS 3PNO[PUN +LZPNU� /LY 4HZ[LY
;OLZPZ L_WSVYLK [OL ]HYPV\Z PZZ\LZ YLZ\S[PUN
MYVT SPNO[ WVSS\[PVU� HUK L_HTPULK KPMMLYLU[
Z[YH[LNPLZ HUK HWWYVHJOLZ� [V JVU[YVS HUK
YLK\JL [OLZL WYVISLTZ�

3H\YH PZ WHZZPVUH[L HIV\[ [OL SPNO[PUN PUK\Z[Y �̀
HUK OLY ^VYR ^P[OPU� HUK YLN\SHYS` H[[LUKZ
PUK\Z[Y` JVUMLYLUJLZ� L_OPIP[PVUZ HUK L]LU[Z
[V M\Y[OLY OLY RUV^SLKNL� HUK [V RLLW \WKH[LK
VU [OL SH[LZ[ THYRL[ [YLUKZ HUK [LJOUVSVNPLZ�

3H\YH PZ J\YYLU[S` ^VYRPUN VU ZL]LYHS SHYNL
0U[LYUH[PVUHS WYVQLJ[Z PU [OL YL[HPS HUK
OVZWP[HSP[` ZLJ[VYZ HZ WHY[ VM OLY KLZPNU ^VYR
H[ -V\UKY` 3VUKVU� "

.EW 7%%& 'ROUP -ANAGING
$IRECTOR

>,�,- HUUV\UJLK [OH[ :[LWOHU -YP[aZJOL PZ
[V Z[LW KV^U H[ [OL LUK VM :LW[LTILY HUK
4HYPV +YLPZTHUU PZ [OL PUJVTPUN .YV\W 4+�
;OL W\YWVZL VM [OL LHYS` HUUV\UJLTLLU[ PZ [V
LUZ\YL JVU[PU\P[` HUK WYVTV[L KL]LSVWTLU[�
(M[LY ZL[[PUN [OL JV\YZL MVY [OL M\[\YL VM >,�,-
I` QVPUPUN [OL -HNLYO\S[ .YV\W [OYLL `LHYZ
HNV� 4HUHNPUN +PYLJ[VY :[LWOHU -YP[aZJOL OHZ
KLJPKLK [V PUP[PH[L [OL Z\JJLZZPVU WYVJLZZ

HM[LY �� `LHYZ PU [OL MHTPS` I\ZPULZZ HUK [V
Z[LW KV^U HZ VM �� :LW[LTILY [OPZ `LHY�

0DULR 'UHLVPDQQ� ^OV OVSKZ H KLNYLL PU
)\ZPULZZ 4HUHNLTLU[� QVPULK >,�,- VU
� 1\UL HUK PZ ^VYRPUN [VNL[OLY ^P[O :[LWOHU
-YP[aZJOL \U[PS �� :LW[LTILY K\YPUN [OL
OHUKV]LY WLYPVK� 6U � 6J[VILY ���� 4HYPV
+YLPZTHUU ^PSS [OLU VMÄJPHSS` [HRL V]LY M\SS
YLZWVUZPIPSP[` MYVT :[LWOHU -YP[aZJOL HZ
4HUHNPUN +PYLJ[VY VM [OL >,�,- .YV\W�

(M[LY NYHK\H[PUN ^P[O H +LNYLL PU ,UNPULLYPUN�
PU � �� :[LWOHU -YP[aZJOL QVPULK [OL MHTPS`
I\ZPULZZ MV\UKLK I` OPZ MH[OLY >VSMNHUN
-YP[aZJOL PU )PZWPUNLU PU � ��� /L
Z\JJLZZM\SS` SLK >,�,- [OYV\NO THQVY
JOHSSLUNLZ Z\JO HZ NSVIHSPZH[PVU� KPNP[HSPZH[PVU
HUK [OL 3,+ YL]VS\[PVU [V P[Z J\YYLU[ Z[YVUN
THYRL[ WVZP[PVU� HUK JVUZPZ[LU[S` WYVTV[LK
[OL KL]LSVWTLU[ VM H YVI\Z[� ÅL_PISL HUK
PUUV]H[P]L JVTWHU` Z[Y\J[\YL� /PZ
THUHNLTLU[ Z[`SL� ^OPJO PZ JOHYHJ[LYPZLK I`
YLZWVUZPIPSP[ �̀ PU[LNYP[` HUK MHPYULZZ� OHZ SLM[ P[Z
THYR VU >,�,- HUK OHZ LHYULK OPT [OL
YLJVNUP[PVU HUK YLZWLJ[ VM LTWSV`LLZ�
I\ZPULZZ WHY[ULYZ HUK PUK\Z[Y` JVSSLHN\LZ
HSPRL�

;OL HPT VM [OL Z\JJLZZPVU WSHU PZ [V OHUK V]LY
YLZWVUZPIPSP[` [V [OL UL^ THUHNLTLU[ VM [OL
-HNLYO\S[ .YV\W HZ ZTVV[OS` HZ WVZZPISL� ¸>L
HYL WSLHZLK [V ^LSJVTL 4HYPV +YLPZTHUU HZ
[OL M\[\YL 4HUHNPUN +PYLJ[VY VM [OL >,�,-
.YV\W� /L PZ ^LSS�X\HSPÄLK [V JHYY` MVY^HYK [OL
Z\JJLZZ� [OL ZWLJPÄJ JOHYHJ[LY HUK [OL
PUUV]H[P]L ZWPYP[ VM >,�,- PU HU PUJYLHZPUNS`
JVTWSL_ ^VYSK�¹ :[LWOHU -YP[aZJOL ZHPK PU
JVTTLU[PUN VU OPZ JOVZLU Z\JJLZZVY�

:[LWOHU -YP[aZJOL �SLM[� HUK 4HYPV +YLPZTHUU
�YPNO[�

4HYPV +YLPZTHUU OHZ PU[LYUH[PVUHS
THUHNLTLU[ L_WLYPLUJL HZ H I\ZPULZZ SLHKLY
HUK PZ HU L_WLY[ PU [OL JVUZ[Y\J[PVU HUK
SPNO[PUN PUK\Z[YPLZ� -VSSV^PUN OPZ NYHK\H[PVU PU
I\ZPULZZ THUHNLTLU[� 4HYPV +YLPZTHUU ^HZ
OLHK VM ZHSLZ HUK THYRL[PUN H[ +VYTH MVY
ZL]LYHS `LHYZ� 0U OPZ TVZ[ YLJLU[ WVZP[PVU HZ
*,6 H[ (UZVYN HUK H TLTILY VM [OL
THUHNLTLU[ IVHYK VM [OL =P[YH .YV\W ^OLYL
OL ^HZ YLZWVUZPISL MVY [OL ZOVWÄ[[PUN KP]PZPVU�
¸0 HT WHZZPVUH[L HIV\[ NVVK HYJOP[LJ[\YL HUK
SPNO[PUN� [^V [OPUNZ [OH[ >,�,- JVTIPULZ PU
HU PKLHS ^H �̀ ([ [OL ZHTL [PTL� 0 ZLL T`ZLSM HZ
H [LHT WSH`LY ^P[O H Z[YVUN PU[LYLZ[ PU
WYVK\J[Z� SLHKLYZOPW HUK WLVWSL�¹ 4HYPV
+YLPZTHUU L_WSHPULK� "

&ILIX ,IGHTING !PPOINTS .EW
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-PSP_ 3PNO[PUN ^P[O P[Z ,\YVWLHU /8 PU *YVH[PH
ZWLJPHSPZLZ PU JVUJLW[\HS SPNO[ KLZPNU HUK
LUNPULLYPUN� ,HYSPLY [OPZ TVU[O [OL HUUV\UJLK
[OL HWWVPU[TLU[ VM $ODQ 'RZHQ HZ 4HUHNPUN
+PYLJ[VY MVY [OLPY (7(* YLNPVUHS WYLZLUJL�
JV]LYPUN ;OL 7OPSPWWPULZ� 0UKVULZPH� 4HSH`ZPH
HUK =PL[UHT MYVT H UL^ -PSP_ 3PNO[PUN VMÄJL
IHZLK PU 4HUPSH� 7OPSPWWPULZ�

(SHU +V^LU

>P[O HU PUJYLHZPUN LUK JSPLU[ HUK JOHUULS
IHZL HJYVZZ [OL YLNPVU� -PSP_ 3PNO[PUN ^P[O [OLPY
YLUV^ULK *,6 4HYRV 1\YTHU HUK OPZ [LHT�
ZLL (SHU ^P[O OPZ [LHT THUHNLTLU[ ZRPSSZ�
YLNPVUHS RUV^SLKNL HUK SVJH[PVU IHZL HZ HU
PKLHS SLHKLY [V NYV^ [OLPY WYLZLUJL� ^OPSL
Z\WWVY[PUN [OVZL RL` LUK JSPLU[Z HUK SPNO[PUN
WHY[ULYZ [OH[ [OL` OVSK KLHY�

(SHU OHZ ILLU PU THUHNLTLU[ MVY ��� `LHYZ
^VYRPUN PU HUK SLHKPUN ZHSLZ� LUNPULLYPUN HUK
[LHTZ PU JVUZ[HU[ YLZ\S[Z ^P[OPU RL` YVSLZ�
(SZV ZWLJPHSPZPUN PU UL^ I\ZPULZZ ZHSLZ HUK
VWLYH[PVUHS ZL[ \W� (SHU OHZ ^VYRLK PU YLNPVUZ
MYVT 4HUPSH� :PUNHWVYL� 2\HSH 3\TW\Y�
1HRHY[H HUK /VUN 2VUN VU UL^ I\PSK WYVQLJ[Z
MVY V[OLY THU\MHJ[\YPUN \UP[Z K\YPUN [OL SHZ[
�� `LHYZ�

¸;OPZ PZ HU L_JP[PUN VWWVY[\UP[` [V L_WHUK PU
L_WLYPLUJL HUK ^P[OPU HU PUK\Z[Y` SLHKPUN
SPNO[PUN THU\MHJ[\YLY ^OV OHZ H ^LHS[O VM
L_WLYPLUJL HUK RUV^SLKNL� )LPUN IHZLK PU
T` OVTL [LYYP[VY �̀ ^P[OPU HU L_JP[PUN YLNPVU HZ
P[ UV^ SLH]LZ H ºKHYR WLYPVK PU [PTL» MVSSV^PUN
*�� � ^PSS NP]L TL [OL JOHSSLUNLZ HUK YL^HYKZ
THU` ZLHYJO MVY� 0»T SVVRPUN MVY^HYK [V
^VYRPUN ^P[O SLHKPUN PUK\Z[Y` L_WLY[PZL�
SLHKLYZ HUK JSPLU[Z ^OV OH]L [OL ZHTL
KYLHTZ VM HJOPL]PUN L_JLSSLUJL HZ 0 KV¹� "

:UMTOBEL !NNOUNCE .EW
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0U 4H` A\T[VILS .YV\W MVYTHSS` HUUV\UJLK
[OL HWWVPU[TLU[ VM .DULQ =XPWREHO
�&KDPPDK HZ [OL UL^ *OHPY VM [OL
:\WLY]PZVY` )VHYK� (M[LY ÄUPZOPUN OLY 4)( H[
[OL <UP]LYZP[` VM -YPIV\YN� ZOL OLSK SLHKPUN
THUHNLTLU[ WVZP[PVUZ H[ THQVY ÄUHUJPHS
PUZ[P[\[PVUZ� 0U �  � 4Z A\T[VILS�*OHTTHO
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QVPULK [OL A\T[VILS .YV\W ^OLYL ZOL OLSK H
U\TILY VM THYRL[PUN WVZP[PVUZ HUK TVZ[
YLJLU[S` OLHKLK [OL (Y[Z  *\S[\YL
+LWHY[TLU[ ILMVYL QVPUPUN [OL :\WLY]PZVY`
)VHYK PU 1\S` ��� �

2HYPU A\T[VILS�*OHTTHO

;OL A\T[VILS .YV\W PZ HU (\Z[YPHU
JVTWHU` ZWLJPHSPZPUN PU SPNO[PUN [LJOUVSVN`
OLHKX\HY[LYLK PU +VYUIPYU� (\Z[YPH�
A\T[VILS LUNHNLZ PU [OL KL]LSVWTLU[�
WYVK\J[PVU HUK ZHSLZ VM SPNO[PUN [LJOUVSVN`
HUK VMMLYZ SPNO[PUN ZVS\[PVUZ� S\TPUHPYLZ�
SPNO[PUN THUHNLTLU[ HUK SPNO[PUN
JVTWVULU[Z MVY PUKVVY HUK V\[KVVY
HWWSPJH[PVUZ� "

.EW ,IGHT � "UILDING
$IRECTOR

4HYPH /HZZLSTHU OHUKZ V]LY [V -RKDQQHV
0|OOHU MYVT 1\S` ����� 4�SSLY PZ HU
L_WLYPLUJLK NYHK\H[L [YHKL�MHPY� JVUNYLZZ
HUK L]LU[ THUHNLY� NH[OLYPUN ZHSLZ
L_WLYPLUJL ^P[O [OL 7YVSPNO[ � :V\UK [YHKL
MHPY MVY THU` `LHYZ ILMVYL ZWLUKPUN MV\Y
`LHYZ HZ WLYZVUHS HZZPZ[HU[ [V [OL 7YLZPKLU[
HUK *OPLM ,_LJ\[P]L 6MÄJLY VM 4LZZL
-YHURM\Y[� :\IZLX\LU[S �̀ PU ����� OL ^HZ
HWWVPU[LK +PYLJ[VY VM [OL )YHUK
4HUHNLTLU[ HUK +L]LSVWTLU[ ;LHT PU
[OL JVTWHU`»Z ;LJOUVSVN` )\ZPULZZ <UP[�

1VOHUULZ 4�SSLY PZ JSLHY HIV\[ [OL
JOHSSLUNLZ MHJPUN [OL SPNO[PUN HUK
I\PSKPUN�ZLY]PJLZ ZLJ[VY� ¸4` HPT PZ [V HKK
[V [OL L_WLYPLUJL VM [OL MHPY MVY HSS
JVUJLYULK� PUJS\KPUN [OYV\NO [OL \ZL VM
KPNP[HS JOHUULSZ� (JJVYKPUNS �̀ [OL WVY[MVSPV
^PSS ZVVU IL Z\WWSLTLU[LK I` H ]HYPL[` VM
MVYTH[Z� Z\JO HZ WVKJHZ[Z� VUSPUL WYVK\J[
HUK [YLUK ZOV^Z� HZ ^LSS HZ PU[LYUL[
KPZJ\ZZPVU MVY\TZ¹� ZH`Z 4�SSLY� ¸([ [OL
ZHTL [PTL� [OLYL JHU IL UV KV\I[ [OH[
WLYZVUHS LUJV\U[LYZ HYL PYYLWSHJLHISL� ;OPZ
HWWSPLZ UV[ VUS` [V JVUÄKLUJL�I\PSKPUN
TLHZ\YLZ HUK WYVK\J[ X\HSP[` HUHS`ZPZ I\[
HSZV� VM JV\YZL� [V UL[^VYRPUN HUK [OL
L_JOHUNL VM PKLHZ HUK PUMVYTH[PVU� 0 HT
SVVRPUN MVY^HYK [V HJOPL]PUN [OPZ HPT I`
JVU[PU\PUN [OL JSVZL ^VYRPUN YLSH[PVUZOPW
^P[O V\Y JVVWLYH[PVU WHY[ULYZ� [OL A=,0
HUK A=,/ HZZVJPH[PVUZ¹� HKKZ 4�SSLY�

>P[O [OL OHUKV]LY VM YLZWVUZPIPSP[ �̀ 3PNO[ �
)\PSKPUN PZ HSZV LTIHYRPUN VU [OL UL_[

KLJHKL ^P[O H UL^ THUHNLYPHS NLULYH[PVU�
1VOHUULZ 4�SSLY OHZ ILLU ^VYRPUN
[VNL[OLY ^P[O 4HYPH /HZZLSTHU ZPUJL [OL
ILNPUUPUN VM [OL `LHY� ^OPJO NH]L OLY [OL
VWWVY[\UP[` [V WHZZ VU [OL ILULÄ[Z VM OLY
L_[LUZP]L RUV^SLKNL HUK L_WLYPLUJL� [O\Z
N\HYHU[LLPUN H ZTVV[O JOHUNLV]LY PU [OL
PU[LYLZ[Z VM 3PNO[ � )\PSKPUN HUK [OL
^VYSK^PKL IYHUK MHTPS �̀ 1VOHUULZ 4�SSLY
^PSS YLWVY[ [V 0YPZ 1LNSP[aH�4VZOHNL� :LUPVY
=PJL 7YLZPKLU[ VM 4LZZL -YHURM\Y[�

4HYPH /HZZLSTHU ^PSS YL[PYL MYVT 4LZZL
-YHURM\Y[ PU (\N\Z[ ����� ¸4HYPH
/HZZLSTHU OHZ HU \UYP]HSSLK HIPSP[` [V
PTTLYZL OLYZLSM PU OPNOS` JVTWSL_ Z\IQLJ[Z
HUK ^HZ [O\Z HISL [V THUHNL WLYMLJ[S` [OL
[YHKL�MHPY Z[Y\J[\YLZ HUK THYRL[PUN VM 3PNO[
� )\PSKPUN� 4VYLV]LY� ^L WYVÄ[LK MYVT OLY
HIPSP[` [V PU[LYJVUULJ[ [OL KPMMLYLU[
KPZJPWSPULZ VM [OPZ L_[YLTLS` ]HYPLK ZLJ[VY
HUK [V \UKLYZ[HUK [OL PUKP]PK\HS JOHSSLUNLZ
MHJPUN [OLT¹� ZH`Z 0YPZ 1LNSP[aH�4VZOHNL
OVUV\YPUN 4HYPH /HZZLSTHU»Z [^LU[` `LHYZ
^P[O [OL JVTWHU �̀ ¸0 ^V\SK SPRL [V OH]L
ZLLU [OPZ `LHY»Z HUUP]LYZHY` LKP[PVU VM 3PNO[
� )\PSKPUN HZ [OL JYV^UPUN NSVY` VM 4HYPH
/HZZLSTHU»Z ^VYR� <UMVY[\UH[LS �̀ [OL
JVYVUH]PY\Z W\[ WHPK [V [OPZ ^PZO� >L ^PSS
TPZZ OLY� ([ [OL ZHTL [PTL� ^L ^PZO OLY HSS
[OL ]LY` ILZ[ MVY [OL M\[\YL�¹

1VOHUULZ 4�SSLY

(M[LY ^VYRPUN PU ZHSLZ MVY [OYLL `LHYZ� 4HYPH
/HZZLSTHU HZZ\TLK YLZWVUZPIPSP[` MVY 3PNO[
� )\PSKPUN HUK P[Z HWWYV_� �� �� L_OPIP[VYZ
MYVT �� JV\U[YPLZ PU ����� ([ [OH[ [PTL� [OL
[YHKL MHPY H[[YHJ[LK V]LY ������� ]PZP[VYZ [V
-YHURM\Y[ HT 4HPU ¶ PTWYLZZP]L ÄN\YLZ [OH[
HWWLHY HSTVZ[ TVKLZ[ ÄM[LLU `LHYZ SH[LY! PU
����� ZVTL ������� ]PZP[VYZ MYVT ���
JV\U[YPLZ JHTL [V -YHURM\Y[ HT 4HPU [V
ZLL [OL WYVK\J[Z HUK ZLY]PJLZ ILPUN
WYLZLU[LK I` UV SLZZ [OHU ����� L_OPIP[VYZ�

¸;OLYL ^HZ UV[OPUN H\[VTH[PJ HIV\[ [OL
^H` 3PNO[ � )\PSKPUN KL]LSVWLK¹� ZH`Z
4HYPH /HZZLSTHU� ¸6UL VM [OL RL`Z [V
Z\JJLZZ ^HZ PU[LYKPZJPWSPUHY` [OPURPUN HUK
WSHUUPUN� 0[ ^HZ UV SLZZ ULJLZZHY` [V
LZ[HISPZO SPURZ IL[^LLU [OL [YHKL� HY[PZHUZ�
[OL PUK\Z[Y �̀ WSHUULYZ HUK HYJOP[LJ[Z [OHU
IL[^LLU [OL ]HYPV\Z KPZJPWSPULZ PU [OL ÄLSK
VM I\PSKPUN�ZLY]PJLZ [LJOUVSVN �̀ ([ [OL
ZHTL [PTL� [OPZ Z\JJLZZ ^V\SK UV[ OH]L
ILLU WVZZPISL ^P[OV\[ [OL JVTTP[TLU[ VM
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V\Y WHY[ULYZ HUK [OL TLKPH¹� HKKZ 4HYPH
/HZZLSTHU�

3PNO[ � )\PSKPUN ^P[O 0U[LYZLJ )\PSKPUN ^PSS IL
OLSK PU -YHURM\Y[ HT 4HPU MYVT �� [V �� 4HYJO
����� "

2OGER 3EXTON *OINS 3TOANE
,IGHTING

+H]L /VSSPUNZILL 4+ H[ :[VHUL 3PNO[PUN ZH`Z
¸>L HYL KLSPNO[LK [V HUUV\UJL [OL
HWWVPU[TLU[ VM 5RJHU 6H[WRQ� /L QVPUZ V\Y
:LUPVY 3LHKLYZOPW ;LHT [V IVVZ[ )\ZPULZZ
+L]LSVWTLU[ HUK Z\WWVY[ 2L` :WLJPÄLYZ�
9VNLY HYYP]LZ VMM [OL IHJR VM �� `LHYZ H[
7OPSSPWZ 3PNO[PUN� MVSSV^LK I` �� `LHYZ H[ ?PJH[V
0UJ� /H]PUN ILLU [OLYL ZPUJL P[Z PUJLW[PVU OL
OHZ OLSWLK PU LZ[HISPZOPUN [OLT HZ ^VYSK
SLHKLYZ PU OPNO X\HSP[` SPNO[ LUNPULZ�

9VNLY :L_[VU

(ZPKL MYVT [OLZL JVYL YVSLZ� Z\WWVY[PUN
SPNO[PUN KLZPNULYZ HUK LUNPULLYZ
PU[LYUH[PVUHSS �̀ 9VNLY PZ H -LSSV^ VM [OL :VJPL[`
VM 3PNO[ HUK 3PNO[PUN HUK ZP[Z VU VUL VM [OLPY
JVTTP[[LLZ� H TLTILY VM 0*64� PU[LYMHJLZ
^P[O ZL]LYHS \UP]LYZP[PLZ HUK WHY[PJPWH[LZ PU
PUK\Z[Y`�^PKL YLZLHYJO� ;OPZ KLW[O HUK
IYLHK[O VM RUV^SLKNL HJYVZZ U\TLYV\Z HYLHZ
VM [OL PUK\Z[Y` ^V\SK IL LHNLYS` ^LSJVTLK I`
HU` YPNO[ TPUKLK SPNO[PUN JVTWHU �̀ ZV ^L
^LYL HZ Z\YWYPZLK HZ ^L ^LYL KLSPNO[LK [OH[
OL HNYLLK [V QVPU V\YZ� (KK [V [OPZ OPZ
KV^U�[V�LHY[O Z[`SL HUK MYHUR OVULZ[ �̀ ^L
[OPUR ^PSS IL H NYLH[ Ä[ HUK H MHU[HZ[PJ HZZL[�

¸;OL M\U ILNPUZ [VKH �̀¹ ¶ 9VNLY

4PRL :[VHUL 3PNO[PUN PZ HU LTWSV`LL V^ULK
ZWLJPHSPZ[ THU\MHJ[\YLY VM HYJOP[LJ[\YHS SPNO[PUN
LX\PWTLU[� ;OL JVTWHU` ^HZ MV\UKLK I`
4PRL PU �  �� ^OLU OL Z[HY[LK THRPUN SPNO[Z
VU H SH[OL PU OPZ SVJR�\W PU ,KPUI\YNO� ¸>L
OH]L V\[NYV^U [OL SVJR�\W UV �̂ I\[ V\Y SPNO[Z
HYL Z[PSS THKL I` \Z� PU :JV[SHUK� ;OPZ LUZ\YLZ
L_JLSSLU[ X\HSP[` HUK ÅL_PIPSP[` HUK PZ
ZVTL[OPUN ^L HYL ]LY` WYV\K VM� >L KLZPNU�
THU\MHJ[\YL HUK HZZLTISL HSS VM V\Y WYVK\J[Z
PU [OL <2� H[ V\Y WYLTPZLZ Q\Z[ V\[ZPKL VM
,KPUI\YNO� >L OH]L H ]LY` ^LSS LX\PWWLK
^VYRZOVW HUK H [HSLU[LK [LHT THKL \W
WYPTHYPS` VM WYVK\J[ KLZPNULYZ� LUNPULLYZ�
HZZLTIS` HUK [LJOUPJHS Z[HMM�¹ "

-ARIANNE 3IMENSEN *OINS
2EBEL ,IGHT

0DULDQQH 6LPHQVHQ OHZ YLJLU[S` QVPULK [OL
9LILS 3PNO[ [LHT [V Z\WWVY[ [OL 5VY^LNPHU
KLZPNU JVTT\UP[` HZ WHY[ VM H NYV^PUN 5VYKPJ
ZHSLZ [LHT� :PTLUZLU Z[HY[LK V\[ HZ HU
LSLJ[YPJPHU ILMVYL TV]PUN PU[V SPNO[PUN� HUK
Z\IZLX\LU[S` LUQV`LK � `LHYZ H[ -HNLYO\S[ HUK
�� `LHYZ H[ 3V\PZ 7V\SZLU�

¸4HYPHUUL IYPUNZ H ^OVSL SV[ [V [OL [HISL HZ
ZOL QVPUZ 9LILS 3PNO[� H SPNO[PUN JVTWHU`
SVVRPUN MVY^HYK [V JLSLIYH[PUN P[Z ��[O
HUUP]LYZHY �̀ ;OPZ SL]LS VM L_WLYPLUJL HUK
RUV^SLKNL THRLZ H NYLH[ HKKP[PVU [V V\Y
WHZZPVUH[L [LHT� 6U [VW VM [OH[ ^L OH]L H
UL^ W\UR YVJR JVSSLHN\L ^P[O H MHU[HZ[PJ
I\ZPULZZ H[[P[\KL HUK H [Y\L WHZZPVU MVY
KLZPNU  HYJOP[LJ[\YL�¹ "

)NVENTRONICS !PPOINTS .EW
'ENERAL -ANAGER /F %UROPE

0U]LU[YVUPJZ� H NSVIHS SLHKLY VM [OL 3,+ KYP]LY
THYRL[� PZ WSLHZLK [V HUUV\UJL [OH[ -HURHQ
9DQ 9HO]HQ OHZ ILLU HWWVPU[LK .LULYHS
4HUHNLY VM ,\YVWL HUK ^PSS IL SLHKPUN [OL
JVTWHU`»Z ,\YVWLHU Z[YH[LN` HUK L_LJ\[PVU�
0U]LU[YVUPJZ UL^ PUUV]H[PVUZ HUK PUJYLHZPUN
KLTHUK MYVT P[Z J\Z[VTLYZ OHZ SLK P[ [V SVVR
MVY HU HKKP[PVU [V [OL ,\YVWLHU [LHT ^OV ^PSS
WYV]PKL L_JLW[PVUHS ZLY]PJL HUK THUHNLTLU[�

¸1LYVLU OHZ HU PTWYLZZP]L [YHJR YLJVYK VM
SLHKLYZOPW HUK Z[YH[LN` KL]LSVWTLU[ PU V\Y
PUK\Z[Y �̀¹ ZH`Z 4HYZOHSS 4PSLZ� *,6 VM
0U]LU[YVUPJZ� ¸>L HYL JVU[PU\PUN V\Y
PU]LZ[TLU[ PU [OL ,\YVWLHU THYRL[ HUK
1LYVLU PZ HUV[OLY RL` WLYZVU HZ ^L SVVR [V
I\PSK H OPNO�WLYMVYTHUJL [LHT� Z[YVUN
J\Z[VTLY YLSH[PVUZOPWZ HUK ^VYSK�JSHZZ
ZLY]PJL [V [OL SPNO[PUN 6,4Z HJYVZZ ,\YVWL�¹

1LYVLU =HU =LSaLU

=HU =LSaLU PZ HU HJJVTWSPZOLK SLHKLY ^P[O
ZPNUPÄJHU[ L_WLYPLUJL PU [OL SPNO[PUN HUK
[LJOUVSVN` PUK\Z[Y �̀ /L OHZ ZLY]LK PU ZL]LYHS
RL` SLHKLYZOPW WVZP[PVUZ H[ ^PKLS` RUV^U
JVTWHUPLZ Z\JO HZ 9LUH ,SLJ[YVUPJH )=�
3LTUPZ 3PNO[PUN� 7OPSPWZ HUK (Y\UH 3PNO[PUN
^OPJO OL MV\UKLK PU ����� =HU =LSaLU OHZ SLK
ZL]LYHS NSVIHS JVTTLYJPHS HUK JVUZ\TLY
ZHSLZ [LHTZ ^OLYL OL JVU[PU\V\ZS` IYV\NO[
ZHSLZ NYV^[O� OHZ V]LYZLLU THU` I\ZPULZZ

\UP[Z� THU\MHJ[\YPUN SPULZ� PU[LYUH[PVUHSPaH[PVU
VM JVTWHUPLZ HUK YLKLÄUPUN JVTWHU`
Z[YH[LN �̀ KLWSV`TLU[ HUK PTWSLTLU[H[PVU�

¸0 HT L_JP[LK MVY [OPZ VWWVY[\UP[ �̀¹ ZH`Z =HU
=LSaLU� ¸0U]LU[YVUPJZ OHZ PUK\Z[Y`�SLHKPUN
WYVK\J[Z HUK ILZ[�PU�JSHZZ ZLY]PJL� 0 HT
JVTTP[[LK [V LUYPJOPUN [OLPY Z[YH[LNPJ ZHSLZ
WSHUZ HUK OLSWPUN NYV^ [OL ,\YVWLHU JOHUULS�
0 SVVR MVY^HYK [V JVSSHIVYH[PUN ^P[O V\Y
WHY[ULYZ [V ZOV^ [OLT OV^ 0U]LU[YVUPJZ JHU
WYV]PKL [OL ZVS\[PVUZ HUK [VVSZ [OL` ULLK [V
I\PSK [OLPY I\ZPULZZ�¹

=HU =LSaLU»Z Z[YVUN SLHKLYZOPW ZRPSSZ HUK
WYV]LU Z\JJLZZLZ OH]L HSYLHK` THKL OPT H
RL` HKKP[PVU [V [OL 0U]LU[YVUPJZ [LHT� /L ^PSS
JVTWSLTLU[ HUK LUOHUJL 0U]LU[YVUPJZ» HIPSP[`
[V TLL[ [OL ULLKZ VM P[Z J\Z[VTLYZ HZ P[
JVU[PU\LZ [V WYV]PKL X\HSP[ �̀ PUUV]H[P]L
WYVK\J[Z [V [OL THYRL[WSHJL� "

$OUGLAS ,EONARD "EGINS )!,$
0RESIDENCY

'RXJODV /HRQDUG HZZ\TLZ [OL �������
WYLZPKLUJ` VM [OL 0U[LYUH[PVUHS (ZZVJPH[PVU VM
3PNO[PUN +LZPNULYZ� ;OL 0(3+ OHZ ILLU
Z\WWVY[PUN P[Z TLTILYZ MVY �� `LHYZ�

+V\NSHZ 3LVUHYK

+V\NSHZ 3LVUHYK Z[H[LTLU[ PU M\SS! ¸0 HT
L_JP[LK HUK OVWLM\S MVY [OL NYV^[O HUK
JOHSSLUNLZ ^L MHJL HZ H WYVMLZZPVU HZ ^L
TV]L PU[V V\Y UL_[ �� `LHYZ�;OL ZJVWL VM
SPNO[PUN KLZPNU ^VYR OHZ JVU[PU\LK [V L_WHUK
HUK [OL JVTWSL_P[` VM [OH[ ^VYR OHZ
PUJYLHZLK� 3PNO[PUN KLZPNULYZ OH]L T\S[PWSL
YLZWVUZPIPSP[PLZ [OL` KPK UV[ OH]L �� `LHYZ HNV
HUK T\Z[ THUHNL HJYVZZ H ]HYPL[` VM
WSH[MVYTZ HUK LUNHNL SHYNL HUK JOHUNPUN
NYV\WZ VM Z[HRLOVSKLYZ� ;OLYL HYL L]VS]PUN
YLZ[YPJ[PVUZ YLSH[P]L [V JVKLZ HUK YLN\SH[PVUZ�
(JJV\U[HIPSP[` OHZ PUJYLHZLK� *SPLU[Z HYL
L_WLJ[PUN ZLY]PJLZ IL`VUK SPNO[PUN KLZPNU�
^OPJO JHU PTWHJ[ OV^ ZLY]PJLZ HYL KLSP]LYLK
HUK OV^ H I\ZPULZZ PZ Z[Y\J[\YLK� (Z PU V[OLY
WYVMLZZPVUHS ÄLSKZ� [OLYL PZ TVYL ^VYR·I\[ P[
PZ TVYL JVTWSL_ HUK YLX\PYLZ TVYL [LJOUPJHS
RUV^SLKNL HUK ZVM[ ZRPSSZ� ;OL ^VYR VM [OL
0(3+ RLLWZ \Z H[ [OL MVYLMYVU[ VM [OLZL
JOHUNLZ ^OPSL JVU[PU\PUN [V L_JLS H[ ZLY]PUN
V\Y TLTILYZ�¹ "
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)YPKNLS\_ HUUV\UJLK JVTTLYJPHS H]HPSHIPSP[` VM
UL^ ]LYZPVUZ VM P[Z =LZ[H WYVK\J[ SPUL� HKKPUN
M\SS UH[\YHS ZWLJ[Y\T ^OP[L WVPU[ VW[PVUZ [V [OL
PUK\Z[Y`»Z SHYNLZ[ WVY[MVSPV VM [\UHISL ^OP[L
ZVS\[PVUZ� =LZ[H ;OYP]L� [OL ^PUULY VM H ����
3PNO[-HPY 0UUV]H[PVU (^HYK� SL]LYHNLZ
WH[LU[LK ;OYP]L [LJOUVSVN` [V KLSP]LY [OL
JSVZLZ[ ZWLJ[YHS TH[JO [V UH[\YHS SPNO[ H]HPSHISL
PU HU LHZ` [V \ZL [\UHISL ^OP[L ZVS\[PVU� (Z

=LZ[H ;OYP]L

WHY[ VM [OL [YHUZP[PVU [V O\THU JLU[YPJ SPNO[PUN�
[OLYL PZ PUJYLHZPUN KLTHUK MVY ¸UH[\YHS¹ SPNO[
ZV\YJLZ� ;OL L]VS\[PVU VM [OL O\THU ZWLJPLZ
OHZ JVUKP[PVULK \Z [V [OYP]L PU KH`SPNO[ OV\YZ
I` [OL SPNO[ VM [OL Z\U� HUK HM[LY K\ZR� PU [OL
^HYT NSV^ VM ÄYL� =LZ[H ;OYP]L LUHISLZ [OL
KL]LSVWTLU[ VM S\TPUHPYLZ [OH[ UV[ VUS` KLSP]LY
UH[\YHS M\SS ZWLJ[Y\T SPNO[PUN� I\[ HSZV HSSV^
UL^ VWWVY[\UP[PLZ [V WLYZVUHSPaL SPNO[PUN�
[HPSVYPUN V\Y LU]PYVUTLU[ [V PUKP]PK\HS
WYLMLYLUJLZ VY [HZR�VYPLU[LK ULLKZ�

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

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

¸+LZWP[L [OL NSVIHS WHUKLTPJ JOHSSLUNLZ� [OPZ
YLTHPUZ HU PU[LYLZ[PUN HUK L_JP[PUN [PTL MVY
SPNO[PUN PUUV]H[PVU�¹ ZHPK ;PT 3LZ[LY� *,6 VM
)YPKNLS\_� ¸)YPKNLS\_ PZ H JVTTP[[LK
[LJOUVSVN` WHY[ULY� YLHK` [V OLSW V\Y
J\Z[VTLYZ UH]PNH[L [OL [YHUZP[PVU [V O\THU
JLU[YPJ SPNO[PUN� ;OL JVTIPUH[PVU VM V\Y ;OYP]L
HUK =LZ[H :LYPLZ WYVK\J[Z JVUZ[P[\[LZ H
\UPX\L ZVS\[PVU [HPSVYLK MVY UH[\YHS� O\THU
JLU[YPJ SPNO[PUN� ( [V[HS ZVS\[PVU� HSZV
PUJVYWVYH[PUN V\Y =LZ[H -SL_ KYP]LY HUK

JVU[YVSZ WYVK\J[Z� LUHISLZ YHWPK PU[LNYH[PVU VM
[OPZ L_JP[PUN UL^ [LJOUVSVN �̀ HJJLSLYH[PUN [OL
KL]LSVWTLU[ VM KPMMLYLU[PH[LK THYRL[ SLHKPUN
WYVK\J[Z�¹ "

.ATURE#ONNECT n !N
)NNOVATIVE ,IGHTING 3YSTEM
)NSPIRED BY .ATURE

:PNUPM �̀ [OL ^VYSK SLHKLY PU SPNO[PUN� PU[YVK\JLZ
5H[\YL*VUULJ[� H SPNO[PUN PUUV]H[PVU PUZWPYLK
I` UH[\YL [V THRL WLVWSL MLLS OHWWPLY HUK
OLHS[OPLY� ;OL Z`Z[LT PZ I\PS[ VU WYV]LU
IPVWOPSPJ KLZPNU WYPUJPWSLZ� ^OPJO \ZL LSLTLU[Z
VM UH[\YL PU PU[LYPVY ZWHJLZ [V JYLH[L OLHS[O �̀
LUNHNPUN HUK PUZWPYPUN LU]PYVUTLU[Z� ;OL ÄYZ[
PTWSLTLU[H[PVU VM 5H[\YL*VUULJ[ PZ J\YYLU[S`
[HRPUN WSHJL H[ VUL VM :RHUZRH»Z VMÄJLZ PU
>HYZH �̂ 7VSHUK� H SLHKPUN PU[LYUH[PVUHS WYVQLJ[
KL]LSVWTLU[ HUK JVUZ[Y\J[PVU JVTWHU �̀

0U V\Y TVKLYU ^VYSK� WLVWSL ZWLUK VU
H]LYHNL TVYL [OHU  �� VM [OLPY [PTL PUKVVYZ�
^OLYL [OL` SHJR HJJLZZ [V WYVWLY KH`SPNO[ [V
Z\WWVY[ [OLPY ^LSSILPUN� ,_WVZ\YL [V [OL YPNO[
HTV\U[ VM SPNO[ K\YPUN [OL KH �̀ HZ ^LSS HZ [OL
JVSVYZ HUK K`UHTPJZ MYVT UH[\YL� HYL ]P[HS [V
\Z PU THU` ^H`Z� ;OL` Z[YVUNS` PTWHJ[ V\Y
TVVK� LULYN` SL]LS� JVTMVY[� X\HSP[` VM ZSLLW
HUK V\Y OLHS[O HUK ^LSSILPUN PU NLULYHS� ;OL
PTWVY[HUJL VM OLHS[O` HUK LUNHNLK
LTWSV`LLZ OHZ ILJVTL H IVHYKYVVT WYPVYP[ �̀
5H[\YL*VUULJ[»Z SPNO[PUN WYVWVZP[PVU PZ
KLZPNULK [V ILULÄ[ [OL IVK` HUK TPUK� HUK PU
YL[\YU� SLHK [V PUJYLHZLK WYVK\J[P]P[ �̀
LUNHNLTLU[ HUK ^VYRWSHJL ZH[PZMHJ[PVU�

5H[\YL*VUULJ[ PZ I\PS[ VU WYV]LU IPVWOPSPJ KLZPNU
WYPUJPWSLZ� ^OPJO \ZL LSLTLU[Z VM UH[\YL PU
PU[LYPVY ZWHJLZ [V JYLH[L OLHS[O �̀ LUNHNPUN HUK
PUZWPYPUN LU]PYVUTLU[Z

6MÄJL ^VYRLYZ ZWLUK [OL THQVYP[` VM [OLPY [PTL
PUKVVYZ� ;OL X\HSP[` VM [OL ZWHJL PUÅ\LUJLZ
[OLPY OLHS[O� JVTMVY[ HUK LMÄJPLUJ �̀ ([
:RHUZRH ^L OH]L ILLU H^HYL VM [OPZ MHJ[ MVY
THU` `LHYZ� ;OH[ PZ ^O` [OL PUUV]H[P]L HUK
LU]PYVUTLU[HS�MYPLUKS` ZVS\[PVUZ PU V\Y
I\PSKPUNZ Z\WWVY[ WLVWSL»Z ^LSSILPUN� 6UL VM
[OLZL ZVS\[PVUZ IYPUNZ UH[\YHS KH`SPNO[ PUKVVYZ�
9LZLHYJO ZOV^Z [OH[ X\HSP[` SPNO[PUN
ZPNUPÄJHU[S` PTWHJ[Z OV^ ^L MLLS HUK OV^
LMMLJ[P]L ^L HYL� ¸;OL WYVQLJ[ ^OPJO ^L
JVUK\J[ ^P[O :PNUPM` WYV]PKLZ \Z H UL^
VWWVY[\UP[` [V JVU[PU\V\ZS` PTWYV]L WLVWSL»Z
VMÄJL L_WLYPLUJL� ^OPJO THRLZ \Z ]LY`
L_JP[LK HIV\[ V\Y JVSSHIVYH[PVU NVPUN
MVY^HYK¹� ZHPK 2H[HYa`UH AH^VKUH�)PQVJO"
7YLZPKLU[ HUK *,6 H[ :RHUZRH»Z JVTTLYJPHS

KL]LSVWTLU[ I\ZPULZZ PU *LU[YHS ,HZ[LYU
,\YVWL�

5H[\YL*VUULJ[ JVTIPULZ ]HYPV\Z 3,+
S\TPUHPYLZ ¶ +H`SPNO[� :R`SPNO[ HUK 3PNO[ZJHWL
¶ ^P[O PU[\P[P]L JVU[YVS [V JYLH[L SPNO[PUN ZJLULZ
[HPSVYLK [V WLVWSL»Z ULLKZ� IHZLK VU WYV]LU
HUK ]HS\LK UH[\YHS L_WLYPLUJLZ!

� :\WWVY[PUN V\Y UH[\YHS YO`[OT! 4PTPJRPUN
[OL YO`[OT VM Z\USPNO[ [V Z\WWVY[ \Z [V IL
HJ[P]L K\YPUN [OL KH` HUK ZSLLW ^LSS H[ UPNO[�

� 7YV]PKPUN H ]PL^ [V [OL ZR`! *YLH[PUN [OL
WLYJLW[PVU VM ZWHJL IL`VUK [OL ^HSSZ [V
NP]L H MLLSPUN VM MYLLKVT HUK ZLUZL VM [PTL�

� )LPUN PTTLYZLK PU UH[\YL! )YPUNPUN [OL
JVSVYZ HUK K`UHTPJZ MYVT UH[\YL [V
Z[PT\SH[L WVZP[P]L LTV[PVUZ� IVVZ[ JYLH[P]P[`
HUK Z\WWVY[ WLVWSL [V HJ[P]LS` ^VYR
[VNL[OLY�

>L OH]L ILJVTL [OL PUKVVY NLULYH[PVU� SP]PUN
PU HU ºHS^H`Z�VU» ^VYSK� ^P[O H ^VYR�SPML
IHSHUJL TVYL KLTHUKPUN [OHU L]LY ILMVYL�
4HU` JVTWHUPLZ HYL ZOPM[PUN [OLPY HWWYVHJO
HUK YLHSPaL [OH[ PU]LZ[PUN PU LTWSV`LL OLHS[O
HUK ^LSSILPUN PZ WH`PUN VMM� (M[LY HSS� ÅV\YPZOPUN
LTWSV`LLZ TLHUZ H [OYP]PUN I\ZPULZZ¹� ZHPK
6SP]PH 8P\" *OPLM 0UUV]H[PVU 6MÄJLY H[ :PNUPM �̀ "

62/,' 67$7( /,*+7,1*
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5SABLE ,UMENS� .EW
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3\TPSLKZ PU[YVK\JLZ [OL 3<?,65 /3�?� [OL
PKLHS JOVPJL MVY YVHK^H` SPNO[PUN HUK ZWVY[Z
SPNO[PUN Ä_[\YLZ ^P[O [OL OPNOLZ[ Å\_ HUK
LMÄJPLUJ` PU HU PUK\Z[Y` Z[HUKHYK WHJRHNL�

¸>P[O ���� S\TLUZ H[
���T( HUK �� ◦*�
3<?,65 /3�? KLSP]LYZ
TVYL ºÄLSK \ZHISL
S\TLUZ» MVY VW[PJHS
LUNPULLYZ [V ^VYR ^P[O�¹
(3=05 @,6/� :,5069 796+<*; 4(92,;05.
4(5(.,9 (; 3<403,+:

¸>P[O ���� S\TLUZ H[ ���T( HUK �� ◦*�
3<?,65 /3�? KLSP]LYZ TVYL ºÄLSK \ZHISL
S\TLUZ» MVY VW[PJHS LUNPULLYZ [V ^VYR ^P[O�
3\TPSLKZ H[[LU[PVU [V ILHT HUNSL� ÄLSK HUNSL�
JVSVY V]LY HUNSL HUK VW[PJHS LMÄJPLUJ` NP]LZ
LUNPULLYZ TVYL S\TLUZ [V ^VYR ^P[O HUK
IL[[LY X\HSP[` VM SPNO[ [OHU OHZ ILLU WYL]PV\ZS`
WVZZPISL�¹ ZHPK (S]PU @LVO� ;OL YLZ\S[ PZ HU
V\[KVVY Ä_[\YL ^P[O SLHKPUN VW[PJHS WYVWLY[PLZ
HUK L_JLW[PVUHS LMÄJPLUJ �̀
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3<?,65 /3�? LUHISLZ J\Z[VTLYZ [V TLL[
[OL YLX\PYLTLU[Z VM +3* 7YLTP\T =����
LUHISPUN Ä_[\YL THU\MHJ[\YLYZ [V HJJLZZ [OL
ILZ[ \[PSP[` YLIH[LZ ^OPSL YLK\JPUN LULYN`
JVUZ\TW[PVU� ;OL SV^ [OLYTHS YLZPZ[P]P[`
Z\IZ[YH[L� #��� ◦*�>� ZOYPURZ [OL ZPaL VM
OLH[ZPURZ HUK ZPTWSPÄLZ [OL [OLYTHS KLZPNU VM
Ä_[\YLZ� :\WLYPVY JVSVY V]LY HUNSL ¶ #�� W[Z ¶
LUZ\YLZ OPNO \UPMVYTP[` PU [OL HWWSPJH[PVU�

3\TPSLKZ» 3<?,65 /3�? WYV]PKLZ Z\WLYPVY JVSVY
V]LY HUNSL HUK SV^ [OLYTHS YLZPZ[HUJL PU H
Z[HUKHYK ���×���TT ���� WHJRHNL

;OL 3<?,65 /3�? PZ H]HPSHISL PU H Z[HUKHYK
���×���TT ������ ��Z[YPWL MVV[WYPU[� ^OPJO PZ
VW[PJHSS` JVTWH[PISL ^P[O [OL WVW\SHY
3<?,65 ;? 3,+� LUHISPUN H SV^ [V\JO
\WNYHKL� ;OL 3<?,65 /3�? PZ PTTLKPH[LS`
H]HPSHISL HJYVZZ H ^PKL YHUNL VM JVSVY
[LTWLYH[\YLZ MYVT ����2 [V ����2 HUK
��*90� 3<?,65 /3�? ��*90 HUK  �*90
VW[PVUZ MVY PUKVVY HWWSPJH[PVUZ ^PSS IL
PU[YVK\JLK PU [OL JVTPUN TVU[OZ�

>P[O [OL 3<?,65 /3�?� 3\TPSLKZ JVU[PU\LZ
V\Y SVUN OPZ[VY` PU W\ZOPUN [OL Z[H[L�VM�[OL�HY[
PU OPNO WV^LY LTP[[LYZ HUK M\Y[OLYZ V\Y
JVTTP[TLU[ [V [OL 0SS\TPUH[PVU THYRL[� "

#REE�S "REAKTHROUGH 3OLUTION
FOR ,%$ -ESSAGE 3IGNS

;OL *= �+ MHTPS` HYL :4+ 9.) 3,+Z
KLZPNULK MVY [OL TVZ[ KLTHUKPUN ]HYPHISL
TLZZHNL KPZWSH`Z� 4HU\MHJ[\YLK [V *YLL»Z
L_HJ[PUN Z[HUKHYKZ VM WV^LY� SVUNL]P[ �̀
TH[JOLK Z\I�WP_LS IYPNO[ULZZ HUK MHY ÄLSK
VW[PJHS KPZ[YPI\[PVU� [OLZL 3,+Z V\[WLYMVYT HSS
L_PZ[PUN :4+ 3,+ ZVS\[PVUZ� ;OL *= �+ PZ
07_��07_� ZWYH` HUK ^H[LY YLZPZ[HU[ PU H
 ��×���TT 73**� WHJRHNL�

:4+ 9.) 3,+ ¶ *= �+ MHTPS`

;OPZ :4+ 3,+ MLH[\YLZ HU 07_� ^H[LY YLZPZ[HU[
YH[PUN PU H 73**� WHJRHNL� ;OLZL OPNO

WLYMVYTHUJL [YPJVSVY :4; 3,+Z HYL KLZPNULK
[V ^VYR PU H ^PKL YHUNL VM HWWSPJH[PVUZ�

;OL LUJHWZ\SH[PVU YLZPU JVU[HPUZ <= PUOPIP[VYZ
[V TPUPTPaL [OL LMMLJ[Z VM SVUN�[LYT L_WVZ\YL
[V KPYLJ[ Z\USPNO[� YLZ\S[PUN PU Z[HISL SPNO[
V\[W\[ V]LY [OL SPML VM [OL 3,+� ;OPZ 73**�
WHJRHNL OHZ HU PUJYLHZLK WHJRHNL OLPNO[ [V
LHZL PU [OL THU\MHJ[\YPUN WYVJLZZ� "

2EPROLIGHT #ONSORTIUM
$ELIVER )NTELLIGENT /PTICS

)HY[LUIHJO»Z PU[LYKPZJPWSPUHY` [LHT [OPZ ^LLR
HUUV\UJLK [OL Z\JJLZZM\S LUNPULLYPUN VM [^V
\UWHYHSSLSLK VW[PJ KLZPNUZ� +YP]LU I` [OL
ZJVWL VM [OL 9LWYV�SPNO[ WYVQLJ[� ¸;V
Z\JJLZZM\SS` PUP[PH[L [YHUZMVYTH[PVU PU [OL
,\YVWLHU 3,+ SPNO[PUN PUK\Z[Y �̀ I` JYLH[PUN [OL
»3\TPUHPYL VM [OL -\[\YL»�¹ )HY[LUIHJO ^HZ
[HZRLK [V KLSP]LY H UV]LS VW[PJHS Z`Z[LT� HUK PZ
WSLHZLK [V WYLZLU[ [^V UL^ ¸3,+ 3PNO[ ;PSL
6W[PJZ �33;�¹�

)HY[LUIHJO� ^OV PZ RUV^U MVY KL]LSVWPUN
ZVWOPZ[PJH[LK VW[PJHS Z`Z[LTZ� OHZ KLZPNULK HU
VUS` ���TT [OPJR \UPX\L ¸3,+ 3PNO[ ;PSL 6W[PJZ
�33;�¹ MVY [OL 9LWYV�3PNO[ WYVQLJ[

;OL JVUJLW[ JVTWYPZLZ H TVK\SHY Z`Z[LT
HSSV^PUN \USPTP[LK JVUÄN\YH[PVU� HUK SPNO[
KPZ[YPI\[PVUZ ^P[OPU [OL Ä_[\YL� ([ VUS` ���TT
[OPJR [OL 33; JHU LHZPS` IL PU[LNYH[LK PU [OL
SPNO[ L_P[ WSHUL VM THU` Ä_[\YLZ� ;OYV\NO \ZPUN
[V[HS PU[LYUHS YLÅLJ[PVU� SPNO[ LTP[[LK I` [OL
3,+ PZ KPZWLYZLK L]LUS` V]LY [OL ^OVSL [PSL
HUK WYLJPZLS` YHKPH[LK MVSSV^PUN H KLZPYLK SPNO[
PU[LUZP[` KPZ[YPI\[PVU� ;OLYLMVYL� OPNO
S\TPUHUJL V\[ZPKL [OL YHKPH[PVU ÄLSK HUK
T\S[P�ZOHKV^PUN HYL H]VPKLK�

;OL WH[LU[LK KLZPNU VM [OL YLÅLJ[P]LS` JVH[LK
TPJYV�MHJL[Z LUZ\YLZ [HYNL[LK� L]LU
KPZ[YPI\[PVU VM SPNO[� ,HJO MHJL[ PZ [OLYLMVYL
JHSJ\SH[LK PUKP]PK\HSS` MVY [V[HS VW[PTPaLK SPNO[
JVU[YVS� +LWLUKPUN VU [OL JOVZLU KLZPNU VM
[OL MHJL[Z� HSTVZ[ HU` KLZPYLK SPNO[ KPZ[YPI\[PVU
JHU IL HJOPL]LK ^P[OV\[ [OL ULLK [V JOHUNL
[OL ]PZ\HS HWWLHYHUJL VM [OL [PSL� ;OPZ \UPX\L
SPNO[ WVPU[ JVTWVZP[PVU HJYVZZ [OL MHJL[Z�
JYLH[LZ H JVUZPZ[LU[ S\TPUV\Z Z\YMHJL ^P[O UV
T\S[P�ZOHKV^PUN HUK HSZV ^P[O UV JVSVY
ZOHKV^PUN ^OLU \ZPUN [^V KPMMLYLU[ JVSVYLK
3,+Z� ZPUJL [OL` HYL WLYMLJ[S` TP_LK ^P[OPU [OL
[PSL�

(SS 33;Z ^P[O ]HY`PUN SPNO[ PU[LUZP[` KPZ[YPI\[PVUZ
HYL KLZPNULK MVY [OL ZHTL 3,+ WVZP[PVU HUK

ZOHYL [OL ZHTL V\[LY KPTLUZPVUZ� ;OLYLMVYL�
[OL ZHTL Ä_[\YL JHU IL \ZLK PU KPMMLYLU[
HWWSPJH[PVUZ� I` ZPTWS` YLWSHJPUN HU 33; [V
NP]L HU HS[LYUH[P]L KLZPYLK SPNO[ KPZ[YPI\[PVU�
;PSLZ ^P[O KPMMLYLU[ KPZ[YPI\[PVUZ JHU IL TP_LK
^P[OPU VUL S\TPUHPYL� MVY L_HTWSL� [V NLULYH[L
HTIPLU[ SPNO[ HUK [HZR SPNO[ MYVT [OL ZHTL
S\TPUHPYL�

:WLJPÄJHSS` MVY [OL 9LWYV�SPNO[ WYVQLJ[� [^V
[`WLZ VM [PSLZ ^LYL JYLH[LK! H ZWLJPHS
IH[^PUN�KPZ[YPI\[PVU MVY [HZR SPNO[� H]VPKPUN
YLÅLJ[P]L�NSHYL� HUK H ^HSS ^HZO KPZ[YPI\[PVU [V
NLULYH[L SHYNL HYLH HTIPLU[ SPNO[� ;OL
KV^USPNO[ ^P[O IH[^PUN KPZ[YPI\[PVU JHU IL
IV[O Z`TTL[YPJHS HUK HZ`TTL[YPJHS� P�L� [OL
SLM[ WHY[ VM [OL S\TPUHPYL ZOPULZ [V [OL YPNO[ HUK
]PJL ]LYZH� (KKP[PVUHSS �̀ HZ SPNO[ PZ KPZ[YPI\[LK
MYVT [OL YPNO[ HUK SLM[ VW[PJZ [OLYL PZ UV
YLK\J[PVU VM SPNO[ KPYLJ[S` \UKLYULH[O� >OLU
\[PSPaLK [VNL[OLY [OL` OHYTVUPV\ZS`
HJJVTWSPZO [OL MVSSV^PUN! YLK\JLK YLÅLJ[P]L
NSHYL� JVSVY TP_PUN� LSPTPUH[PVU VM T\S[P
ZOHKV^PUN� HUK HYL M\SS` Å\ZOLK�

0U [LYTZ VM HWWSPJH[PVU [OLYL HYL UV SPTP[Z!
VMÄJL� NLULYHS PSS\TPUH[PVU� OVZWP[HSP[ �̀
NHZ[YVUVT �̀ YLZPKLU[PHS� V\[KVVY HUK HSZV
^P[OPU [OL 7LYZVUHS ;HISL 3PNO[� ^OPJO PZ
LUNPULLYLK HUK KLZPNULK I` )HY[LUIHJO� ;OL
]HYPH[PVU WVZZPIPSP[PLZ HYL HSZV LUKSLZZ!
ZPUNSLWVPU[� T\S[PWVPU[ �SPULHY�WHULSZ�� ZPUNSL
M\UJ[PVU� T\S[PM\UJ[PVU� YLJLZZLK� ZLTP
YLJLZZLK� Z\YMHJL TV\U[LK� Z\ZWLUKLK�
MYLLZ[HUKPUN HUK [HISL TV\U[LK�

¸([ )HY[LUIHJO ^L HYL ]LY` L_JP[LK [V OH]L
LUNPULLYLK HU PUUV]H[P]L VW[PJ KLZPNU [OH[
HKHW[Z HUK ^VYRZ ZV ÅL_PIS` HJYVZZ THU`
LU]PYVUTLU[Z� HUK ^L HYL WYV\K [V IL WHY[ VM
[OL 9LWYV�SPNO[ JVUZVY[P\T¹� *OYPZ[PHU (UZLST�
+PYLJ[VY +L]LSVWTLU[

;OL KL]LSVWTLU[ [LHT PZ JVU[PU\HSS` W\ZOPUN
IV\UKHYPLZ HUK ZOHWPUN [OL M\[\YL VM SPNO[PUN
^P[O TL[PJ\SV\Z LUNPULLYPUN� )HY[LUIHJO PZ
MHTLK MVY P[Z PUUV]H[PVU HUK JYLH[PVU VM
Z[\UUPUN SPNO[PUN ZVS\[PVUZ� 5V[HIS �̀ [OL 1HTLZ
)VUK JPULTH[PJ L_WLYPLUJL PU :VLSKLU� (\Z[YPH
HUK [OL (PYIUI /LHKX\HY[LYZ PU 0YLSHUK�

-VY HKKP[PVUHS PUMVYTH[PVU VU [OL 9LWYV�SPNO[
WYVQLJ[� WSLHZL ]PZP[
?iiTb,ffrrrX`2T`Q@HB;?iX2mf "

%PISTAR AND ,EXTAR TO *OINTLY
%STABLISH ! .EW (OLDING
#OMPANY

,WPZ[HY *VYWVYH[PVU �¸,WPZ[HY¹ VY [OL
¸*VTWHU`¹� �;(0,?! ����� HUK 3L_[HY
,SLJ[YVUPJZ *VYW� �¸3L_[HY¹ VY [OL ¸*VTWHU`¹�
�;(0,?! �� �� HUUV\UJL [OL [^V JVTWHUPLZ
^PSS QVPU[S` LZ[HISPZO H OVSKPUN JVTWHU` (
�[LU[H[P]L UHTL� ]PH ZOHYL JVU]LYZPVU� ^OPJO
^HZ HWWYV]LK PU [OL IVHYK VM KPYLJ[VYZ»
TLL[PUNZ VM ,WPZ[HY HUK 3L_[HY�

https://www.repro-light.eu/
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;OL ZOHYL JVU]LYZPVU YH[PVZ VM [OL [^V
JVTWHUPLZ HYL [LU[H[P]LS` ZL[ H[ VUL ZOHYL VM
,WPZ[HY MVY ��� VYKPUHY` ZOHYL VM JVTWHU` (�
HUK VUL ZOHYL VM 3L_[HY MVY ����� VYKPUHY`
ZOHYL VM JVTWHU` (� (J[PUN HZ 000�=
ZLTPJVUK\J[VY PU]LZ[TLU[ WSH[MVYT� *VTWHU`
( PZ JVTTP[[LK [V ÅV\YPZOPUN J\YYLU[
I\ZPULZZLZ VM ,WPZ[HY HUK 3L_[HY HUK
L_WSVYPUN HK]HUJLK [LJOUVSVNPLZ MVY
HWWSPJH[PVUZ PUJS\KPUN TPUP�TPJYV�3,+ KPZWSH �̀
PU[LSSPNLU[ ZLUZPUN HUK 000�= ZLTPJVUK\J[VY
TPJYVLSLJ[YVUPJZ ÄLSKZ� >OPSL [OL JVTWHU` (
^PSS SLHK [V Z[YLUN[OLU [OL NSVIHS
JVTWL[P[P]LULZZ VM IV[O JVTWHUPLZ� ,WPZ[HY
HUK 3L_[HY ^PSS VWLYH[L PUKLWLUKLU[S` HUK
[OLYL ^PSS IL UV PTWHJ[ VU [OLPY YLZWLJ[P]L
J\Z[VTLYZ HUK LTWSV`LLZ�

,_WLY[PZL� JVSSHIVYH[PVU HUK Z`ULYNPLZ [V
JVTWSLTLU[ HUK VW[PTPaL LMMVY[Z HYL [OL IHZPZ MVY
[OL JVTWHUPLZ MVY JYLH[PUN H UL^ TPSLZ[VUL PU [OL
000�= JVTWV\UK ZLTPJVUK\J[VY PUK\Z[Y`

([SHUWLVH� &ROODERUDWLRQ� DQG 6\QHUJ\

;OL Z`ULYN` VM [OPZ JVSSHIVYH[PVU PUJS\KLZ [OL
MVSSV^PUN! ��� [V PU[LNYH[L [OL YLZV\YJLZ HUK [V
YLMVJ\Z L_WLY[PZL VM [^V JVTWHUPLZ� 0U [OL
UL^ LYH� ,WPZ[HY ^PSS MVJ\Z VU 3,+ \WZ[YLHT
HUK TPKZ[YLHT [LJOUVSVN` ^P[O 3L_[HY
ILJVTPUN VUL VM P[Z ]HS\HISL J\Z[VTLYZ HUK
3L_[HY ^PSS JVUJLU[YH[L PU�KLW[O VU
KV^UZ[YLHT [LJOUVSVNPLZ ^P[O ,WPZ[HY ILPUN
VUL VM P[Z Z[YH[LNPJ Z\WWSPLYZ� ��� [V YLPUMVYJL
[OL JVUULJ[PVU IL[^LLU YLZV\YJLZ HUK
WYVK\J[�[LJOUVSVN` KL]LSVWTLU[ MVY MHZ[LY
JVTTLYJPHSPaH[PVU� HUK [V TH_PTPaL [OL
ILULÄ[ ^P[O LMÄJPLU[ PU]LZ[TLU[ HUK JVZ[
THUHNLTLU[� ��� [V \YNL [OL HWWSPJH[PVU VM
TPUP�TPJYV�3,+ [LJOUVSVN` [V ILULÄ[
J\Z[VTLYZ� WHY[ULYZ HUK JVUZ\TLYZ�

0U [OL M\[\YL� [OL [^V WHY[PLZ ^PSS QVPU[S` JYLH[L H
UL^ TPSLZ[VUL PU [OL 000�= JVTWV\UK
ZLTPJVUK\J[VY PUK\Z[Y` [OYV\NO [OPZ
JVSSHIVYH[PVU�

)RFXV� &RPSOHPHQW DQG 2SWLPL]DWLRQ

+Y� )�1� 3LL� *OHPYTHU VM ,WPZ[HY� ZHPK PU [LYTZ
VM KPZWSH` HWWSPJH[PVU� 3,+ [LJOUVSVN` OHZ [V
UV[ VUS` ^PU V\[ PU [OL JVTWL[P[PVU� I\[ HSZV
^PKLU [OL NHW [V IL HOLHK VM V[OLY JVTWL[PUN
[LJOUVSVNPLZ ^P[OPU [OL ZOVY[LZ[ [PTL� 0U V[OLY
^VYKZ� H[ [OPZ JYP[PJHS TVTLU[� [OL 3,+
PUK\Z[Y` ULLKZ TVYL JVSSHIVYH[PVU [OHU L]LY�
0U [OL M\[\YL� JVTWHU` ( ^PSS THUHNL HUK WSHU
V]LYHSS VWLYH[PVU [V SL]LYHNL [OL YLZV\YJLZ
LMMLJ[P]LS` HUK [V KL]LSVW [OL JVSSHIVYH[PVU
Z[YH[LN` MVY [OL PUK\Z[Y` PU H THJYV ]PL^ ZV HSS
Z\IZPKPHYPLZ VM JVTWHU` ( JHU L]VS]L VU [OPZ
WSH[MVYT� 7H[YPJR -HU� 7YLZPKLU[ VM ,WPZ[HY�
ZHPK [OH[ ,WPZ[HY ^PSS JVU[PU\L [V JVUJLU[YH[L
VU [OL \WZ[YLHT HUK TPKZ[YLHT VM 3,+ [V
WYV]PKL IL[[LY WYVK\J[Z HUK ZLY]PJLZ PU [OPZ
JVSSHIVYH[PVU ^OPSL 3L_[HY ^PSS MVJ\Z VU [OL
KV^UZ[YLHT WYVK\J[Z HUK ILJVTL VUL VM
,WPZ[HY»Z PTWVY[HU[ J\Z[VTLYZ� ;OPZ ^PSS UV[
VUS` JVU[YPI\[L [V [OL V]LYHSS Z\WWS` JOHPU� I\[
HSZV HJJLSLYH[L [OL HWWSPJH[PVU KL]LSVWTLU[�
ZV [OH[ JVUZ\TLYZ JHU LUQV` [OL HK]HU[HNL VM
TPUPH[\YPaH[PVU VM 3,+ [OH[ JHU PTWYV]L ]PZ\HS
X\HSP[` VM KPZWSH`Z MVY KHPS` SPML�

+Y� +H]PK :\� *OHPYTHU HUK *,6 VM 3L_[HY�
ZHPK [OH[ [OL WYVK\J[Z VM 3L_[HY ZWHU [OL
\WZ[YLHT� TPKZ[YLHT HUK KV^UZ[YLHT VM [OL
PUK\Z[Y �̀ ;OL JVTWHU` OHZ UV[ VUS` [OL
[HSLU[Z VM LHJO WYVJLZZ WSH[MVYT� I\[ HSZV [OL
JHWHIPSP[` VM ;�,�4�7� �;OLYTHS� ,SLJ[YPJHS�
4LJOHUPJHS� 7OV[V�LSLJ[YPJHS� PU[LNYH[PVU� 0U
[OL ZHTL [PTL� 3L_[HY OHZ [OL HK]HU[HNL VM
YL[HPUPUN KV^UZ[YLHT J\Z[VTLYZ HUK ILPUN
JSVZL [V [OL THYRL[� (Z [OL KLLWLUPUN VM [OL
JVSSHIVYH[PVU� ,WPZ[HY ^PSS ILJVTL H Z[YH[LNPJ
WHY[ULY VM 3L_[HY MVY 3,+ KPLZ HUK 3L_[HY ^PSS
MVJ\Z VU [OL KL]LSVWTLU[ VM WHJRHNPUN HUK
TVK\SHY [LJOUVSVNPLZ [V WYV]PKL WYVTW[
ZLY]PJLZ [V ^VYSK^PKL J\Z[VTLYZ�

*VTWHU` ( ^PSS PU[LNYH[L [OL HK]HU[HNL VM
,WPZ[HY HUK 3L_[HY [V JYLH[L Z`ULYN` PU [OL
JVSSHIVYH[PVU� >L ILSPL]L JVTWHU` ( ^PSS IYPUN
TVYL ]HS\LZ [V [OL KLZPYLZ VM TPUP�TPJYV�3,+
KPZWSH` HUK �. LJVSVN` PU [OL M\[\YL� [O\Z
NLULYH[PUN H WVZP[P]L JVU[YPI\[PVU [V
ZOHYLOVSKLYZ» YPNO[Z HUK PU[LYLZ[Z VM IV[O
JVTWHUPLZ�

$ERXW (SLVWDU &RUSRUDWLRQ�
:PUJL MV\UKLK PU �  �� ,70:;(9 OHZ ILLU
JVUJLU[YH[PUN VU [OL 9+ HUK THU\MHJ[\YPUN
HJ[P]P[PLZ VM 3,+ LWP HUK KPLZ WYVK\J[Z�
/H]PUN HJJ\T\SH[LK [YLTLUKV\Z L_WLY[PZL
HUK WYVMV\UK RUV^SLKNL� [OL HIPSP[` VM 9+

HUK THU\MHJ[\YPUN� HUK [OL HK]HU[HNL VM
M\SS�ZWLJ[Y\T WYVK\J[ WVY[MVSPV� ,70:;(9 PZ
HISL [V ZH[PZM` J\Z[VTLYZ» ]HYPV\Z KLTHUKZ
HUK ILJVTLZ H SLHKPUN IYHUK VM NSVIHS 3,+
KPLZ Z\WWSPLY� ,70:;(9 OHZ NVUL [OYV\NO
ZL]LYHS 4( HUK JYVZZ SPJLUZLZ ^P[O ÄYZ[�[PLY
3,+ JVTWHUPLZ� HUK P[Z YL]LU\L PU ��� PZ
5; ��� � IPSSPVU� 0U ����� ,70:;(9 ZW\U VMM
[OYLL THQVY I\ZPULZZ \UP[Z� )HZLK VU P[Z JVYL
[LJOUVSVNPLZ� ,70:;(9 L_[LUKZ P[Z MVV[WYPU[Z
MYVT 3,+ [V KPMMLYLU[ ÄLSKZ PUJVYWVYH[PUN 000�=
ZLTPJVUK\J[VY JVTWV\UK� ;OLYLMVYL� P[Z
YVHKTHW OHZ ILLU L_WHUKPUN MYVT ¸(J[\HSPaL
3,+ 7V[LU[PHS¹ [V ¸(J[\HSPaL 000�=
:LTPJVUK\J[VY 7V[LU[PHS¹� ¶
rrrX2TBbi�`X+QK

$ERXW /H[WDU (OHFWURQLFV &RUS�
3L_[HY ,SLJ[YVUPJZ *VYW� �;(0,?! �� ���
MV\UKLK PU ���� PU ;HP^HU� ZWLJPHSPaLZ PU
THU\MHJ[\YPUN VW[V�ZLTPJVUK\J[VY LWP[H_PHS�
JOPWZ� WHJRHNLZ� TVK\SLZ HUK PU[LNYH[LK
ZVS\[PVUZ� ;OL YHUNL VM HWWSPJH[PVUZ PUJS\KLZ
3*+ IHJRSPNO[PUN� 9�.�) KPZWSH �̀ H\[VTV[P]L
SPNO[PUN� WYVMLZZPVUHS SPNO[PUN� ZLUZPUN HUK <=�
;OL JVTWHU` UV^ OV\ZLZ HYV\UK �����
LTWSV`LLZ HUK P[Z OLHKX\HY[LYZ PZ PU [OL
/ZPUJO\ :JPLUJL 7HYR� ;HP^HU� 3L_[HY OHZ [^V
THU\MHJ[\YPUN ZP[LZ PU ;HP^HU� HUK [^V PU
*OPUH� ^OPJO HYL *O\aOV\ HUK :\aOV\
YLZWLJ[P]LS �̀ 3L_[HY»Z [\YUV]LY PU ��� !
<:+ ��� TPSSPVU� ¶ G2ti�`X+QK "

60$57 	 ,27

$!,) !LLIANCE !CHIEVES
,ANDMARK OF ����� $!,)�
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;OL +PNP[HS 0SS\TPUH[PVU 0U[LYMHJL (SSPHUJL �+PP(��
[OL NSVIHS PUK\Z[Y` VYNHUPaH[PVU MVY +(30
SPNO[PUN JVU[YVS� HUUV\UJLZ P[Z +(30��
JLY[PÄJH[PVU WYVNYHT OHZ WHZZLK HUV[OLY
TPSLZ[VUL ^P[O [OL HKKP[PVU VM [OL [OV\ZHUK[O
+(30�� JLY[PÄLK WYVK\J[ [V [OL VYNHUPaH[PVU»Z
VUSPUL WYVK\J[ KH[HIHZL�

+(30�� JLY[PÄJH[PVU PU]VS]LZ YPNVYV\Z [LZ[PUN
HUK PUKLWLUKLU[ ]LYPÄJH[PVU VM [LZ[ YLZ\S[Z�
^OPJO NP]LZ JVUÄKLUJL PU JYVZZ�]LUKVY
WYVK\J[ PU[LYVWLYHIPSP[ �̀ 9LHJOPUN [OPZ
SHUKTHYR� H MLH[ HJOPL]LK PU SLZZ [OHU [OYLL
`LHYZ ZPUJL +(30�� ^HZ ÄYZ[ PU[YVK\JLK�
\UKLYZJVYLZ [OL PTWVY[HUJL VM +(30�� PU [OL
SPNO[PUN JVU[YVS THYRL[�

Instrument Systems: New Spectroradiometer CAS 125 
Speeds Up LED Production Testing

The CAS 125 spectroradiometer with CMOS sensor is designed to maximize production 
testing efficiency of LEDs. It offers a unique recipe mode for time-optimized control. 
Through parameterization of successive measurements, reading times of 0.01 ms 
become feasible. A built-in temperature stabilization ensures long-term stability even in 
environments where temperatures fluctuate.

www.instrumentsystems.com

www.epistar.com
Lextar.com
https://www.instrumentsystems.com/en/
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¸;OL ]LY` YHWPK NYV^[O
PU JLY[PÄJH[PVU VM +(30��
SPNO[PUN JVU[YVS WYVK\J[Z
ZOV^Z UV ZPNU VM
ZSV^PUN�¹
7(<3 +96:0/5� .,5,9(3 4(5(.,9 (; +00(

¸;OL WYVNYLZZ ^L»]L ZLLU [V KH[L YLÅLJ[Z [OL
HK]VJHJ` ZOV^U I` [OL NSVIHS SPNO[PUN
PUK\Z[Y �̀ >L HYL PTTLUZLS` NYH[LM\S MVY [OL
OHYK ^VYR VM V\Y TLTILYZ PU YLJLU[ `LHYZ [V
OLSW HJOPL]L [OPZ ZPNUPÄJHU[ SHUKTHYR PU Z\JO
H ZOVY[ ZWHU VM [PTL¹� ZHPK 4Y� +YVZPOU�

+(30�� KLSP]LYZ TVYL WYVK\J[ [`WLZ HUK
MLH[\YLZ� JSLHYLY ZWLJPÄJH[PVUZ HUK PUJYLHZLK
[LZ[PUN� JVTWHYLK ^P[O ÄYZ[ NLULYH[PVU +(30
WYVK\J[Z� 0U HKKP[PVU [V 3,+ KYP]LYZ HUK V[OLY
JVU[YVS NLHY� [OL SPZ[ VM JLY[PÄLK +(30��
WYVK\J[Z PUJS\KLZ HWWSPJH[PVU JVU[YVSSLYZ
�KL]PJLZ [OH[ THRL KLJPZPVUZ HUK ZLUK
JVTTHUKZ�� I\Z WV^LY Z\WWSPLZ� HUK PUW\[
KL]PJLZ� ^OPJO WYV]PKL \ZLY�KLYP]LK HUK
LU]PYVUTLU[HS PUMVYTH[PVU [V [OL
SPNO[PUN�JVU[YVS Z`Z[LT�

+(30�� WHZZLK [OL ����[O WYVK\J[ JLY[PÄJH[PVU
SHUKTHYR NHPUPUN PUJYLHZLK WVW\SHYP[`

;OL [OV\ZHUK[O WYVK\J[ JLY[PÄLK I` [OL
VYNHUPaH[PVU ^HZ HU 3,+ KYP]LY MYVT +PP(
MV\UKLY TLTILY ;YPKVUPJ� ;OL VYNHUPaH[PVU»Z
WYVK\J[ KH[HIHZL UV^ JVU[HPUZ HSTVZ[ �����
WYVK\J[Z PU [V[HS� PUJS\KPUN TVYL [OHU �����
ÄYZ[�NLULYH[PVU +(30 WYVK\J[Z MYVT H IYVHK
YHUNL VM TLTILYZ�

;OL +PP( HU[PJPWH[LZ M\Y[OLY NYV^[O PU +(30��
JLY[PÄJH[PVU� HZ UL^ MLH[\YLZ HUK M\UJ[PVU HYL
HKKLK [V [OL WYVNYHT� -VY L_HTWSL� [OL ÄYZ[
+�P 3,+ KYP]LYZ ^LYL YLJLU[S` HKKLK [V [OL
KH[HIHZL� HZ ^LSS HZ [OL ÄYZ[ +(30�� [\UHISL
^OP[L 3,+ KYP]LYZ� "

#!,) AND :HAGA 3IGN ,IAISON
!GREEMENT n 4O $RIVE AND
0ROMOTE 4ECHNOLOGY
!DVANCEMENT

;OL WHZ[ KLJHKL OHZ ^P[ULZZLK [OL 3,+
L]VS\[PVU PU [OL *OPUH SPNO[PUN PUK\Z[Y` HZ ^LSS
HZ WYVNYLZZ PU [OL ^VYR VM AOHNH PU

Z[HUKHYKPaPUN PU[LYMHJLZ VM JVTWVULU[Z VM
3,+ S\TPUHPYLZ� AOHNH HUK *(30 OH]L
PKLU[PÄLK HYLHZ VM T\[\HS PU[LYLZ[ HUK HNYLLK
[V Z[Y\J[\YL HUK Z[YLUN[OLU [OLPY YLSH[PVUZOPW
HUK [V MVZ[LY JSVZLY JVVWLYH[PVU [OYV\NO H
SPHPZVU HNYLLTLU[� *VUZLX\LU[S �̀ [OL *OPUH
(ZZVJPH[PVU VM 3PNO[PUN 0UK\Z[Y` �*(30� HUK [OL
AOHNH *VUZVY[P\T �AOHNH� OH]L ZPNULK H
SPHPZVU HNYLLTLU[ ^OPJO LU[LYLK PU[V MVYJL VU
4H` �Z[� �����

;OPZ MY\P[M\S JVVWLYH[PVU ^PSS ZLY]L [OL NSVIHS
SPNO[PUN THYRL[ ^P[O IL[[LY [LJOUVSVNPLZ� WYVK\J[Z
HUK ZLY]PJLZ

¸:[HUKPUN H[ [OL ��[O HUUP]LYZHY` VM AOHNH�
*(30 PZ ]LY` OHWW` [V ZPNU H Z[YH[LNPJ
JVVWLYH[PVU SPHPZVU ^P[O [OL AOHNH
*VUZVY[P\T� ^OPJO PZ JVTTP[[LK [V LUOHUJPUN
JVTT\UPJH[PVUZ HUK JVVWLYH[PVUZ VM IV[O
WHY[PLZ VU 3,+ [LJOUVSVNPLZ� Z[HUKHYKZ HUK
LJVZ`Z[LTZ� 6\Y TLTILY JVTWHUPLZ ^PSS
ILULÄ[ JVUZPKLYHIS` MYVT [OPZ JVVWLYH[PVU¹�
ZHPK 4YZ� >(5. AO\V� :LJYL[HY` .LULYHS VM
*(30�

¸;OL AOHNH ZTHY[
PU[LYMHJL ZWLJPÄJH[PVUZ
^PSS OH]L HU PTWHJ[ VU
[OL ]HS\L VM [OL SPNO[PUN
PUMYHZ[Y\J[\YL MVY
JVUULJ[P]P[` PU *OPUH�
;OPZ SPHPZVU HNYLLTLU[
^PSS KYP]L PUUV]H[PVU PU
ZLUZVY�JVTT\UPJH[PVU
TVK\SLZ PUJVYWVYH[PUN
UL^ ZTHY[ HWWSPJH[PVUZ
HUK ^PSS ILULÄ[ [OL *(30
HUK AOHNH TLTILY�
ZOPW�¹
+,, +,5;,5,,9� :,*9,;(9@ .,5,9(3 6-
A/(.(

;OL KL]LSVWTLU[ VM [OPZ MY\P[M\S JVVWLYH[PVU
^PSS ZLY]L [OL NSVIHS SPNO[PUN THYRL[ ^P[O IL[[LY
[LJOUVSVNPLZ� WYVK\J[Z HUK ZLY]PJLZ�

$ERXW &$/,�

;OL *OPUH HZZVJPH[PVU VM SPNO[PUN PUK\Z[Y`
�HJYVU`T! ¸*(30¹�� MV\UKLK PU � � � PZ H
UH[PVU^PKL� UVU�WYVÄ[ ZVJPHS VYNHUPaH[PVU VM
SPNO[PUN PUK\Z[YPLZ PU *OPUH� *(30 PZ VMÄJPHSS`
YLNPZ[LYLK PU )LPQPUN \UKLY [OL Z\WLY]PZPVU VM
[OL 4PUPZ[Y` VM *P]PS (MMHPYZ� *(30 OHZ IYHUJO
JVTTP[[LLZ [V KLHS ^P[O T\S[PWSL WYVMLZZPVUHS
ZLJ[VYZ VM [OL SPNO[PUN PUK\Z[Y �̀ PUJS\KPUN ��
WYVMLZZPVUHS JVTTP[[LLZ� � ^VYRPUN
JVTTP[[LLZ HUK � [LJOUPJHS JVTTP[[LL�
*(30»Z THQVY I\ZPULZZ JV]LYZ Z[H[PZ[PJZ�
HUHS`ZPZ� HUK WYLKPJ[PVU VM SPNO[PUN PUK\Z[Y`"
LZ[HISPZOPUN HUK YL]PZPUN YLSH[LK Z[HUKHYKZ"
WYV]PKPUN YLJVTTLUKH[PVUZ [V NV]LYUTLU[ VU
PUK\Z[YPHS KL]LSVWTLU[ WSHUUPUN HUK WVSPJPLZ
L[J� *(30 PZ HSZV HJ[P]LS` JVUULJ[LK ^P[O
MVYLPNU SPNO[PUN VYNHUPaH[PVUZ HUK JHYYPLZ V\[
PU[LYUH[PVUHS JVVWLYH[PVUZ�

$ERXW =KDJD�

AOHNH PZ H NSVIHS HZZVJPH[PVU VM SPNO[PUN
JVTWHUPLZ [OH[ PZ Z[HUKHYKPaPUN PU[LYMHJLZ VM
JVTWVULU[Z VM 3,+ S\TPUHPYLZ� PUJS\KPUN 3,+
SPNO[ LUNPULZ� 3,+ TVK\SLZ� 3,+ HYYH`Z�
OVSKLYZ� LSLJ[YVUPJ JVU[YVS NLHY �3,+ KYP]LYZ��
JVUULJ[VYZ HUK ZLUZVY HUK�VY ^PYLSLZZ
JVTT\UPJH[PVU TVK\SLZ� ;OPZ OLSWZ [V
Z[YLHTSPUL [OL 3,+ SPNO[PUN Z\WWS` JOHPU� HUK
[V ZPTWSPM` 3,+ S\TPUHPYL KLZPNU HUK
THU\MHJ[\YPUN� AOHNH JVU[PU\LZ [V KL]LSVW
ZWLJPÄJH[PVUZ IHZLK VU [OL PU[LY�YLSH[LK
[OLTLZ VM PU[LYVWLYHISL JVTWVULU[Z� ZTHY[
HUK JVUULJ[LK SPNO[PUN� HUK ZLY]PJLHISL
S\TPUHPYLZ� "

.EW $,# 2EPORT�
)NTEROPERABILITY FOR .ETWORKED
,IGHTING #ONTROLS

0U[LYVWLYHIPSP[` MVY 5L[^VYRLK 3PNO[PUN
*VU[YVSZ L_WSVYLZ [OL J\YYLU[ PU[LYLZ[ PU
UL[^VYRLK SPNO[PUN JVU[YVSZ �53*� HUK [OL
ILULÄ[Z ]HYPV\Z Z[HRLOVSKLYZ JHU H[[HPU MYVT
JOHTWPVUPUN PU[LYVWLYHISL Z`Z[LTZ� ;OL
YLWVY[ KL[HPSZ [OYLL ZWLJPÄJ HUK HJ[PVUHISL \ZL
JHZLZ HUK L_WSHPUZ ^O` PU[LYVWLYHIPSP[` PZ H
JVYL JVTWVULU[ MVY VUNVPUN VWLYH[PVU VM
LULYN` ZH]PUNZ WYVNYHTZ HUK PZ LZZLU[PHS MVY
[OL SVUN�SHZ[PUN YLSL]HUJL VM 53*Z� ([ [OL LUK
VM LHJO \ZL JHZL� [OL YLWVY[ V\[SPULZ [OL Z[LWZ
SPNO[PUN Z[HRLOVSKLYZ JHU [HRL [V TV]L [OL
PUK\Z[Y` [V^HYK H TVYL PU[LYVWLYHISL M\[\YL�

)\PSKPUN Z`Z[LTZ� PUJS\KPUN 5L[^VYRLK
3PNO[PUN *VU[YVS �53*� Z`Z[LTZ� PUJYLHZPUNS`
ULLK [V JVVWLYH[L HUK JVTT\UPJH[L ^P[O
V[OLY Z`Z[LTZ IL`VUK [OLPY IV\UKHYPLZ [V
HJOPL]L H OPNOLY SL]LS VM VWLYH[PVUHS LMÄJPLUJ`
HUK LULYN` ZH]PUNZ� ;OL HIPSP[` [V L_JOHUNL
HJ[PVUHISL PUMVYTH[PVU IL[^LLU [^V VY TVYL
Z`Z[LTZ PZ JHSSLK ¸PU[LYVWLYHIPSP[`¹�
0U[LYVWLYHIPSP[` HTVUN I\PSKPUN Z`Z[LTZ PZ [OL
RL` LUHISLY MVY \USVJRPUN ILULÄ[Z MYVT
JYVZZ�Z`Z[LT VWLYH[PVU HUK VW[PTPaH[PVU�
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;OPZ YLWVY[ KLZJYPILZ [OL ULLK MVY 53*
PU[LYVWLYHIPSP[` HUK [OL ^H`Z [OH[
PU[LYVWLYHIPSP[` JHU PTWYV]L V\[JVTLZ MVY
I\PSKPUN V^ULYZ� VWLYH[VYZ� HUK V[OLY RL`
Z[HRLOVSKLYZ� 0[ WYV]PKLZ H MV\UKH[PVU VM
JVTTVU \UKLYZ[HUKPUN HIV\[ 53*
PU[LYVWLYHIPSP[` I` JSHYPM`PUN!

� ;OL KLÄUP[PVU VM PU[LYVWLYHIPSP[`
� ;OL PTWVY[HUJL VM PU[LYVWLYHIPSP[` MVY

LULYN` ZH]PUNZ HUK V[OLY ]HS\L�HKKLK
ZLY]PJLZ P[ LUHISLZ

� ;OL IHYYPLYZ� VWWVY[\UP[PLZ� HUK ]HS\L
WYVWVZP[PVUZ HZZVJPH[LK ^P[O NYLH[LY
PU[LYVWLYHIPSP[` MVY ]HYPV\Z Z[HRLOVSKLY
NYV\WZ

;OL NVHS VM [OPZ YLWVY[ PZ [V PSS\Z[YH[L OV^ [OL
IYVHK [VWPJ VM PU[LYVWLYHIPSP[` JHU IL
HKKYLZZLK I` MVJ\ZPUN VU \ZL JHZLZ ^P[O
ZWLJPÄJ Z[HRLOVSKLY ]HS\L� THYRL[ IHYYPLYZ�
[LJOUPJHS NHWZ� HUK ULJLZZHY` Z\WWVY[P]L
PU[LY]LU[PVUZ� ;OYLL \ZL JHZLZ HYL L_WSVYLK PU
KLW[O� HUK [OL TL[OVKVSVN` PZ KLZJYPILK ZV
[OH[ [OPZ HWWYVHJO JHU IL HWWSPLK [V HKKP[PVUHS
\ZL JHZLZ PU [OL M\[\YL� "

89 /,*+7

)%3 AND )56! #OLLABORATE TO
0UBLISH !.3) 3TANDARDS FOR
-EASURING 5LTRAVIOLET #"AND
�56#	 3OURCES 5SED FOR
$ISINFECTION

;OL 0SS\TPUH[PUN ,UNPULLYPUN :VJPL[`
�0,:� LZ[� � ��� HUK [OL 0U[LYUH[PVUHS
<S[YH]PVSL[ (ZZVJPH[PVU �0<=(� LZ[� �   � OH]L
WHY[ULYLK [V HZZLTISL L_WLY[Z PU [OL
TLHZ\YLTLU[ VM \S[YH]PVSL[ *�IHUK LTPZZPVUZ
�<=�*� [V KL]LSVW (TLYPJHU 5H[PVUHS
:[HUKHYKZ MVY [OL TLHZ\YLTLU[ HUK
JOHYHJ[LYPaH[PVU VM <=�* KL]PJL WLYMVYTHUJL�
<=�* KL]PJLZ MVY OLHS[OJHYL HUK WLYZVUHS JHYL
OH]L WYVSPMLYH[LK PU YLJLU[ `LHYZ� WHY[PJ\SHYS`
K\YPUN [OL *6=0+�� WHUKLTPJ� KLZWP[L [OL
HIZLUJL VM Z[HUKHYKZ [V LUHISL HJJ\YH[L
TLHZ\YLTLU[Z HUK JVTWHYPZVUZ VM [OL
WYVK\J[Z� ;OYV\NO [OPZ WHY[ULYZOPW 0,: HUK
0<=( HPT [V JVVWLYH[P]LS` WYVTV[L H^HYLULZZ
VM HUK PTWYV]L [OL HWWSPJH[PVU VM \S[YH]PVSL[
¸KPZPUMLJ[PVU¹ [LJOUVSVN` PU [OL OLHS[OJHYL
Z`Z[LT� PUP[PHSS` [OYV\NO [OL KL]LSVWTLU[ VM
Z[HUKHYKPaLK TL[OVKZ VM TLHZ\YLTLU[ VM
\S[YH]PVSL[ ¸KPZPUMLJ[PVU¹ WYVK\J[Z PUJS\KPUN <=

SHTWZ� S\TPUHPYLZ HUK SPNO[PUN�YHKPH[PUN
Z`Z[LTZ� \[PSPaPUN IV[O KPZJOHYNL �L�N�
SV^�WYLZZ\YL TLYJ\Y` HUK _LUVU� HUK
ZVSPK�Z[H[L �L�N� SPNO[�LTP[[PUN KPVKL�
[LJOUVSVNPLZ�

(UU\HSS`   ���� WLVWSL HYL LZ[PTH[LK [V KPL
MYVT OLHS[OJHYL�HZZVJPH[LK PUMLJ[PVUZ �/(0Z� PU
[OL <UP[LK :[H[LZ HSVUL� TVYL [OHU �� WLVWSL
WLY OV\Y� /(0Z HYL HSZV LZ[PTH[LK [V YLZ\S[ PU
<:+ ��) PU KPYLJ[ TLKPJHS JVZ[Z HUU\HSS` HUK
\W [V <:+ ���) PU [V[HS ZVJPL[HS JVZ[Z� <=�*
LTPZZPVUZ HYL RUV^U [V JH\ZL WOV[VJOLTPJHS
KHTHNL [V U\JSLPJ HJPKZ HUK WYV[LPUZ�
PUHJ[P]H[PUN HUK [O\Z YLUKLYPUN WH[OVNLUZ
PUJHWHISL VM YLWYVK\JPUN� <=�* KPZPUMLJ[PVU
KL]PJLZ HYL [OLYLMVYL \ZLM\S PU OLHS[OJHYL
ZL[[PUNZ [V YLK\JL WH[PLU[ HUK OLHS[OJHYL
^VYRLY L_WVZ\YL [V [OLZL WH[OVNLUZ ^OLU
JVTIPULK ^P[O Z[HUKHYK JSLHUPUN Z[YH[LNPLZ�
;V LUHISL IYVHKLY <=�* HKVW[PVU� OLHS[OJHYL
HKTPUPZ[YH[VYZ ULLK JYLKPISL HUK JVTWHYHISL
WYVK\J[ WLYMVYTHUJL KH[H [V PUMVYT
PU]LZ[TLU[Z MVY IV[O UL^ JVUZ[Y\J[PVU HUK
YL[YVÄ[Z�

( ZLYPLZ VM (TLYPJHU 5H[PVUHS :[HUKHYKZ �(5:0
Z[HUKHYKZ� HYL LU]PZPVULK� ILNPUUPUN ^P[O [^V
ZSH[LK MVY W\ISPJH[PVU I` `LHY»Z LUK� ;OL ÄYZ[
Z[HUKHYK� (WWYV]LK 4L[OVK MVY ,SLJ[YPJHS HUK
<S[YH]PVSL[ 4LHZ\YLTLU[ VM +PZJOHYNL
:V\YJLZ� ^PSS KL[HPS SHIVYH[VY` WYVJLK\YLZ MVY
[OL TLHZ\YLTLU[ HUK JOHYHJ[LYPaH[PVU VM
SV^�WYLZZ\YL TLYJ\Y` HUK V[OLY KPZJOHYNL
ZV\YJLZ� ;OL ZLJVUK� (WWYV]LK 4L[OVK MVY
,SLJ[YPJHS HUK <S[YH]PVSL[ 4LHZ\YLTLU[ VM
:VSPK�:[H[L :V\YJLZ� ^PSS KV [OL ZHTL MVY
<=�3,+ JVTWVULU[Z�

0,: +PYLJ[VY VM :[HUKHYKZ HUK 9LZLHYJO )YPHU
3PLILS ZHPK ¸;OL 0SS\TPUH[PUN ,UNPULLYPUN
:VJPL[` PZ KLKPJH[LK [V KL]LSVWPUN Z[HUKHYKZ
HUK WYV]PKPUN LK\JH[PVUHS JVU[LU[ VU <=�* [V
OLSW YLK\JL [OL U\TILY VM
OLHS[OJHYL�HZZVJPH[LK PUMLJ[PVUZ HUK [OL
[YHUZTPZZPVU VM WH[OVNLUZ� Z\JO HZ [OL
:(9:�*V=�� ]PY\Z� >VYRPUN ^P[O [OL
0U[LYUH[PVUHS <S[YH]PVSL[ (ZZVJPH[PVU� ^L MLLS
JVUÄKLU[ [OH[ V\Y VYNHUPaH[PVUZ JHU LMMLJ[P]LS`
KLSP]LY T\JO�ULLKLK TLHZ\YLTLU[ HUK
[LZ[PUN Z[HUKHYKZ [V L]HS\H[L UL^ WYVK\J[Z HZ
[OL` JVTL [V THYRL[�¹

<= 3,+Z HUK LZWLJPHSS` <=�* 3,+Z OH]L NYLH[S`
PTWYV]LK PU [OL SHZ[ `LHYZ� ;OL [^V VYNHUPaH[PVUZ
HPT [V KL]LSVW (TLYPJHU 5H[PVUHS :[HUKHYKZ MVY
[OL TLHZ\YLTLU[ HUK JOHYHJ[LYPaH[PVU

¸0<=(� [OYV\NO P[Z /LHS[OJHYL�<= >VYRPUN
.YV\W� OHZ ILLU ^VYRPUN VU KL]LSVWPUN

PUK\Z[Y` JVUZLUZ\Z�IHZLK Z[HUKHYKZ MVY <=
KPZPUMLJ[PVU ZPUJL ����� ,Z[HISPZOPUN [OPZ
WHY[ULYZOPW ^P[O 0,: PZ H RL` JVTWVULU[ VM
THRPUN [OH[ OHWWLU�¹ ZHPK ;YV` *V^HU� [OL
0<=( >VYRPUN .YV\W»Z *VVYKPUH[VY� ¸>L
ULLKLK YLWYLZLU[H[PVU VM [OL LU[PYL SPNO[PUN
ZLJ[VY [V I\PSK PUK\Z[Y`�JVUZLUZ\Z� HUK 0,:
KLSP]LYZ [OH[� ;OHURZ [V 0,:» HUK 0<=(»Z
JVSSHIVYH[P]L LMMVY[Z� [OLZL UL^ (5:0
Z[HUKHYKZ ^PSS LSPTPUH[L T\JO VM [OL HTIPN\P[`
HUK \UJLY[HPU[` PU <= V\[W\[ TLHZ\YLTLU[�
;OPZ ^PSS PTWYV]L HJJ\YHJ` HUK X\HSP[ �̀ HUK
NP]L [OL OLHS[OJHYL PUK\Z[Y` H JYLKPISL IHZPZ
MVY HZZLZZPUN V\[W\[ VM <= KPZPUMLJ[PVU KL]PJLZ
MVY [OL ÄYZ[ [PTL�¹ "

3IGNIFY )NVESTS TO "ROADEN )TS
56# ,IGHTING 0ORTFOLIO FOR
0ROFESSIONAL $ISINFECTION

:PNUPM �̀ [OL ^VYSK SLHKLY PU SPNO[PUN� PZ
PUJYLHZPUN P[Z <=�* SPNO[PUN WYVK\J[PVU
JHWHJP[` HUK L_WHUKPUN P[Z <=�* WYVK\J[
WVY[MVSPV� ;OL JVTWHU` PZ SL]LYHNPUN TVYL
[OHU �� `LHYZ VM L_WLY[PZL PU <=�* SPNO[PUN [V
HKKYLZZ [OL NYV^PUN NSVIHS ULLK MVY [OL
KPZPUMLJ[PVU VM HPY� Z\YMHJLZ HUK VIQLJ[Z�

)` PUJYLHZPUN JHWHJP[` HUK IYVHKLUPUN [OL
<=�* WVY[MVSPV� :PNUPM` PZ OLSWPUN RLLW WLVWSL

https://www.led3d.com/eng/
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ZHML PU H ^VYSK [OH[»Z HKQ\Z[PUN [V H UL^
UVYTHS� 0[Z <=�* SPNO[PUN PZ ^LSS�WYV]LU HUK
[Y\Z[LK HZ HU LMMLJ[P]L KPZPUMLJ[HU[� ;OPZ ^HZ
YLJLU[S` ]HSPKH[LK PU H SHIVYH[VY` [LZ[ I`
)VZ[VU <UP]LYZP[ �̀ ZOV^PUN [OH[ :PNUPM`»Z <=�*
SPNO[ ZV\YJLZ PUHJ[P]H[L [OL ]PY\Z [OH[ JH\ZLZ
*6=0+�� PU H TH[[LY VM ZLJVUKZ� ;OPZ PZ
JY\JPHS HZ P[ JVTLZ H[ H [PTL ^OLU
VYNHUPaH[PVUZ HYL ZLLRPUN ^H`Z [V JVU[PU\L
VWLYH[PVUZ HUK WYV]PKL ZLY]PJL PU H ZHML
LU]PYVUTLU[�

:PNUPM`»Z UL^ <=�* WYVK\J[ YHUNL PUJS\KLZ
S\TPUHPYLZ HUK JOHTILYZ MVY H ^PKL ]HYPL[` VM
WYVMLZZPVUHS HWWSPJH[PVUZ�

¸>L OH]L PU[YVK\JLK �� MHTPSPLZ VM <=�*
SPNO[PUN Ä_[\YLZ ZWLJPÄJHSS` KLZPNULK [V
KPZPUMLJ[ HPY� Z\YMHJLZ HUK VIQLJ[Z� ;OLZL
WYVK\J[Z [HYNL[ KPMMLYLU[ J\Z[VTLY ZLNTLU[Z
YHUNPUN MYVT VMÄJLZ� ZJOVVSZ� N`TZ� YL[HPS
Z[VYLZ� ^HYLOV\ZLZ� HZ ^LSS HZ VU W\ISPJ
[YHUZWVY[�¹ ,_WSHPUZ /HYZO *OP[HSL� SLHKLY VM
:PNUPM`»Z KPNP[HS ZVS\[PVUZ KP]PZPVU�

<=�* SPNO[ ZV\YJLZ JHU PUHJ[P]H[L [OL *6=0+�� 
]PY\Z ^P[OPU ZLJVUKZ� :PNUPM`»Z UL^ <=�* WYVK\J[
YHUNL PUJS\KLZ S\TPUHPYLZ HUK JOHTILYZ MVY H
^PKL ]HYPL[` VM WYVMLZZPVUHS HWWSPJH[PVUZ

7HY[ VM [OL YHUNL HYL <=�* Ä_[\YLZ ^OPJO HYL
PKLHS MVY [OL KLLW KPZPUMLJ[PVU VM Z\YMHJLZ PU
VMÄJLZ� ZJOVVSZ HUK YLZ[YVVTZ� ;OL` HYL
LX\PWWLK ^P[O ZLUZVYZ HUK JVU[YVSZ [V LUZ\YL
[OH[ [OL` VUS` VWLYH[L ^OLU WLVWSL HUK
HUPTHSZ HYLU»[ WYLZLU[� 6[OLY WYVK\J[Z PUJS\KL
TVIPSL� MYLLZ[HUKPUN <=�* S\TPUHPYLZ [OH[ JHU
IL ^OLLSLK PU[V H OV[LS YVVT VY \ZLK [V
KPZPUMLJ[ Z\YMHJLZ VU W\ISPJ [YHUZWVY[ Z\JO HZ
I\ZLZ HUK [YHPUZ�

-VY [OL KPZPUMLJ[PVU VM VIQLJ[Z� :PNUPM`
SH\UJOLZ H YHUNL VM ZHML HUK X\PJR�[V�\ZL
<=�* KPZPUMLJ[PVU JOHTILYZ� ;OLZL JOHTILYZ
HYL \ZLK PU VMÄJLZ HUK T\UPJPWHS I\PSKPUNZ [V
KPZPUMLJ[ ]PZP[VY [HNZ� WOVULZ� IHNZ� SHW[VWZ
HUK ^HSSL[Z PU H TH[[LY VM ZLJVUKZ� 0U Z[VYLZ
[OL`»YL PKLHS MVY KPZPUMLJ[PUN YL[\YULK P[LTZ�
NSHZZLZ VY JSV[OLZ [YPLK VU PU H JOHUNPUN YVVT�

<=�* Ä_[\YLZ JHU HSZV IL \ZLK PUZPKL Z\YMHJL
KPZPUMLJ[PVU [\UULSZ� 0U 5VY[O (TLYPJH H SHYNL
YL[HPSLY PZ WPSV[PUN H <=�* [\UULS MVY KPZPUMLJ[PUN
ZOVWWPUN [YVSSL`Z� 0U 0UKPH� H OV[LS WSHUZ [V \ZL
H :PNUPM` <=�* [\UULS MVY KPZPUMLJ[PUN N\LZ[Z»
IHNZ H[ JOLJR�PU�

;V JVTWSLTLU[ P[Z WVY[MVSPV� :PNUPM` YLJLU[S`
HJX\PYLK [OL HZZL[Z VM .LYTPJPKHS 3HTWZ 
(WWSPJH[PVUZ �.3(�� H ZTHSS�

5L[OLYSHUKZ�IHZLK JVTWHU` ^P[O L_[LUZP]L
L_WLY[PZL PU <=�* KPZPUMLJ[PVU ZVS\[PVUZ� ;OL
KLHS PUJS\KLZ .3(»Z \WWLY�YVVT <=�* HPY
KPZPUMLJ[PVU WVY[MVSPV HZ ^LSS HZ KLLW
HWWSPJH[PVU RUV^SLKNL�

7H\S 7LL[LYZ� SLHKLY VM :PNUPM`»Z KPNP[HS
ZVS\[PVUZ ,\YVWL� LTWOHZPaLZ! ¸;OL HZZL[Z
HUK RUV^�OV^ HJX\PYLK MYVT .3( ^PSS OLSW \Z
[V HJJLSLYH[L [OL KL]LSVWTLU[ VM V\Y YVHKTHW
VM <=�* IHZLK \WWLY�YVVT HPY KPZPUMLJ[PVU
Z`Z[LTZ� >L WSHU [V THRL [OLZL WYVK\J[Z
H]HPSHISL HJYVZZ [OL ^VYSK ZVVU�¹

;OL \WWLY�YVVT HPY KPZPUMLJ[PVU S\TPUHPYLZ JHU
IL \ZLK ^P[O WLVWSL PU [OL YVVT� HZ [OL` HYL
PUZ[HSSLK H[ H OLPNO[ ^OPJO� PU JVTIPUH[PVU ^P[O
ZOPLSKPUN HUK VW[PJZ� WYL]LU[Z L_WVZ\YL [V [OL
<=�* SPNO[ ZV\YJL� (PY PU [OL \WWLY WHY[ VM [OL
YVVT PZ JVUZ[HU[S` KPZPUMLJ[LK \ZPUN <=�*
PYYHKPH[PVU HUK UH[\YHS JVU]LJ[PVU VM HPYÅV^ PU
[OL YVVT� ;OPZ THRLZ [OLZL WLYMLJ[ MVY \ZL PU
ZJOVVSZ� VMÄJLZ� N`TZ� YL[HPS V\[SL[Z HUK V[OLY
OPNO�JVU[HJ[ HYLHZ�

-VY TVYL [OHU �� `LHYZ� :PNUPM` OHZ ILLU H[
[OL MVYLMYVU[ VM <= [LJOUVSVN �̀ HUK OHZ H
WYV]LU [YHJR YLJVYK VM PUUV]H[PVU PU <=�*
SPNO[PUN� :PNUPM`»Z <=�* SPNO[PUN PZ KLZPNULK�
PUZ[HSSLK� HUK \ZLK HJJVYKPUN [V [OL
WYVK\J[�ZWLJPÄJ ZHML[` PUZ[Y\J[PVUZ� HUK
THU\MHJ[\YLK \ZPUN ^LSS�JVU[YVSSLK PUK\Z[YPHS
WYVJLZZLZ� "

'LOBAL ,IGHTING !SSOCIATION
2ELEASES 3AFETY 'UIDELINES FOR
56# $ISINFECTING $EVICES

;OL .SVIHS 3PNO[PUN (ZZVJPH[PVU OHZ PZZ\LK H
7VZP[PVU :[H[LTLU[ JVU[HPUPUN N\PKLSPULZ MVY
[OL ZHML \ZL VM <=�* KL]PJLZ� ;OL Z[H[LTLU[
JVUJLYUZ ZHML[` HUK Z[HUKHYKPaH[PVU
YLX\PYLTLU[Z�

>OPSL ILPUN H \ZLM\S [VVS [V KLMLUK NLYTZ HUK
WH[OVNLUZ VM HU` RPUK� JVUZPKLYPUN [OL ZHML[`
YLX\PYLTLU[Z MVY <=�* LTP[[PUN WYVK\J[Z HYL TVZ[
PTWVY[HU[ �0THNL *YLKP[Z! :LV\S :LTPJVUK\J[VY�

.LYTPJPKHS \S[YH]PVSL[ PYYHKPH[PVU PZ H WYV]LU
TL[OVKVSVN` MVY PUHJ[P]H[PUN ]PY\ZLZ VU ZVSPK
Z\YMHJLZ� PU ^H[LY HUK PU HPY� (Z Z\JO P[ PZ
L_WLJ[LK [V IL H \ZLM\S [VVS PU [OL ÄNO[ HNHPUZ[
[OL *6=0+�� WHUKLTPJ� <=�* PZ H JH[LNVY`
VM \S[YH]PVSL[ SPNO[ ^P[O ^H]LSLUN[OZ IL[^LLU
���¶��� UHUVTL[LYZ HUK PZ [OL TVZ[ LMMLJ[P]L
<= SPNO[ MVY KPZPUMLJ[PVU�

>OPSL <=�* PZ OLSWPUN [V JVU[HPU ]PY\ZLZ� PM UV[
\ZLK WYVWLYS` P[ JHU WVZL YPZRZ [V O\THU
OLHS[O� .3( PZ JVUJLYULK H[ [OL WYVSPMLYH[PVU
VM <= KPZPUMLJ[PUN KL]PJLZ ¶ WHY[PJ\SHYS` ILPUN
ZVSK VU [OL PU[LYUL[ ¶ ^P[O K\IPV\Z ZHML[`
MLH[\YLZ HUK PUHKLX\H[L ZHML[` PUZ[Y\J[PVUZ�

:[HUKHYKPaH[PVU IVKPLZ HYL L_WLJ[LK [V
KL]LSVW JVTWYLOLUZP]L Z[HUKHYKZ MVY [OL ZHML
VWLYH[PVU VM <=�* KL]PJLZ� /V^L]LY� [OPZ
WYVJLZZ ^PSS [HRL THU` TVU[OZ� PM UV[ `LHYZ� 0U
[OL PU[LYLZ[Z VM W\ISPJ ZHML[ �̀ HZ HU PU[LYPT
TLHZ\YL [OL .SVIHS 3PNO[PUN (ZZVJPH[PVU OHZ
IYV\NO[ [VNL[OLY PUK\Z[Y` L_WLY[Z HUK
KL]LSVWLK N\PKLSPULZ [V HZZPZ[ \ZLYZ HUK
THU\MHJ[\YLYZ WLUKPUN W\ISPJH[PVU VM [OLZL
Z[HUKHYKZ�

7VZP[PVU :[H[LTLU[ VU .LYTPJPKHS <=�*
0YYHKPH[PVU! <=�* :HML[` .\PKLSPULZ TH` IL
KV^USVHKLK MYVT [OL .SVIHS 3PNO[PUN
(ZZVJPH[PVU»Z ^LIZP[L� "

'+4�S .EW 56# "OARD
#OMBINES ,%$),�S h6)/,%4v
AND .)#()!�S h.#35���!v

0U [OLZL [\YI\SLU[ [PTLZ� ^L ULLK YLSPHISL
KPZPUMLJ[PVU� 3HYNL HTV\U[Z VM ^H[LY VY SHYNL
HYLHZ T\Z[ IL KPZPUMLJ[LK X\PJRS` ^P[OPU H ML^
ZLJVUKZ� .2; VMMLYZ H UL^ KLZPNU MVY [OPZ�
)HZLK VU [OL UL^ 3,+03 ¸=063,;¹ <=�* ��×
T\S[PILHT SLUZ� ^L OH]L JVTIPULK ^P[O [OL
HSZV UL^ <=�* 3,+ ¸5*:<���(¹ MYVT
50*/0(�

;OL JVTIPUH[PVU VM 3,+03»Z ¸=063,;¹ HUK
50*/0(»Z ¸5*:<���(¹ MVY HU <=�* IVHYK THRLZ
P[ HU LMÄJPLU[ HUK WV^LYM\S [VVS MVY YLSPHISL HUK
MHZ[ KPZPUMLJ[PVU

;OL YLZ\S[ VM [OL JVTIPUH[PVU VM 3,+03 HUK
50*/0( PZ H JPYJ\P[ IVHYK [OH[ OHZ ���T>
YLSL]HU[ <=�* V\[W\[ H[ H ^H]LSLUN[O VM
��� UT� ;OL J\YYLU[ JVUZ\TW[PVU PZ [`WPJHS
���T( H[ �� ]VS[ PUW\[ ]VS[HNL� (U 5;* MVY
[LTWLYH[\YL TLHZ\YLTLU[ PZ HSZV VU�IVHYK�
ZV [OL 3,+Z JHU IL V]LYKYP]LU [V H OPNOLY
J\YYLU[ SPTP[� ;OL IVHYKZ JHU IL JVUULJ[LK PU
ZLYPLZ� "
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(J[P]L .YV �̂ [OL Z\Z[HPUHISL OVY[PJ\S[\YHS
SPNO[PUN THU\MHJ[\YLY� PZ WYV\K [V HUUV\UJL
[OL SH\UJO VM P[Z 3V7YV 4H_ ���> HUK ���>
OVY[PJ\S[\YHS S\TPUHPYLZ� ;OLZL SPNO[^LPNO[� <3
3PZ[LK Ä_[\YLZ JVU]LUPLU[S` YLWSHJL
���¶����> HUK ���¶���> /7: SPNO[Z PU
]LY[PJHS YHJRPUN VY ZLH VM NYLLU JVTTLYJPHS
HWWSPJH[PVUZ� \ZPUN ULHYS` OHSM [OL LULYN` HUK
WYVK\JPUN OHSM [OL OLH[� ;OL JVUJLHSLK�KYP]LY
KLZPNU TLHUZ UV TLZZ` JHISPUN VY I\SR`
L_[LYUHS KYP]LYZ� ;OL \S[YH�[OPU WYVÄSL �Q\Z[
����¹� HSSV^Z [OL S\TPUHPYLZ [V NV [V ^VYR PU
ZWHJLZ ^P[O TPUPTHS ]LY[PJHS JSLHYHUJL�
0U[LNYH[LK KPTTPUN HUK H [VVS�SLZZ PUZ[HSSH[PVU
THRL [OLZL Ä_[\YLZ WLYMLJ[ VW[PVUZ MVY OVTL
NYV^LYZ ^P[O [LU[Z VY O`KYVWVUPJ ILUJOLZ�

(J[P]L .YV^»Z 3V7YV 4H_ S\TPUHPYLZ TH` YLWSHJL
/7: ZVS\[PVUZ [OLYLI` ILPUN \W [V HSTVZ[ [^V
[PTLZ HZ LMÄJPLU[

,HJO S\TPUHPYL JVTLZ Z[HUKHYK ^P[O [OL (J[P]L
.YV^ ,U[V\YHNL :WLJ[Y\T ^OPJO PZ VW[PTPaLK
[V IVVZ[ NYV^[O K\YPUN IV[O ]LNL[H[P]L HUK
ÅV^LYPUN J`JSLZ I` PUJVYWVYH[PUN HKKP[PVUHS
-HY�9LK ��� UT ^H]LSLUN[OZ� ;OLZL -HY�9LK
^H]LSLUN[OZ JVTIPUL ^P[O ���¶��� UT
^H]LSLUN[OZ [V PUJYLHZL WSHU[ WOV[VZ`U[OLZPZ
YH[LZ ]PH [OL ,TLYZVU LMMLJ[ ^OPJO YLZ\S[Z PU
MHZ[LY NYV^ J`JSLZ� LUOHUJLK ÅH]VUVPK
JVU[LU[ HUK H OPNOLY WLYJLU[HNL VM [YPJOVTLZ
PU JHUUHIPZ� ;OL UH[\YHS OPNO *90  � SPNO[ HSZV
THRLZ WSHU[Z SVVR TVYL ]P]PK� THRPUN
PUZWLJ[PVU HUK THPU[LUHUJL VM WSHU[Z LHZPLY�

;OL 3V7YV 4H_ S\TPUHPYLZ \[PSPaL 7OPSPWZ
JOPWZL[Z MVY TH_PT\T SPNO[ V\[W\[ HUK
WYVWYPL[HY` VW[PJZ [OH[ JYLH[L \UPMVYT SPNO[
JV]LYHNL HUK KLLW JHUVW` WLUL[YH[PVU MVY
OPNO +30 YLX\PYLTLU[ WSHU[Z� ;OL ZSPT MVYT
MHJ[VY HUK �¶�IHY KLZPNU HSSV^Z [OL Ä_[\YLZ [V
IL WSHJLK ZHMLS` HIV]L WSHU[Z PU SV^ OLPNO[
HWWSPJH[PVUZ ^P[OV\[ I\YUPUN [OL JHUVW �̀ ;OL
���> HUK ���> S\TPUHPYLZ MLH[\YL [`WPJHS
7)(9 ����¶��� UT� V\[W\[Z VM ���� �TVS�Z
HUK ��� �TVS�Z YLZWLJ[P]LS �̀ NP]PUN LHJO HU

L_JLW[PVUHS LMÄJHJ` VM ��� �TVS�1� ;OL I\PS[�PU
�¶��= YV[HY` KPTTLY SL[Z NYV^LYZ HKQ\Z[ [OL
SPNO[ V\[W\[ MYVT ��¶���� ^P[OV\[ [OL ULLK
MVY HKKP[PVUHS ^PYPUN VY PUZ[HSSH[PVU�

(J[P]L .YV^ I\PSKZ LHJO Ä_[\YL \ZPUN 07��
YH[LK JVTWVULU[Z [V ^P[OZ[HUK [OL YPNVYZ VM
[V\NO *,( LU]PYVUTLU[Z� ;OL WYVWYPL[HY`
:HML:OPLSK VW[PJ JYLH[LZ H [OLYTHS I\MMLY [V
WYV[LJ[ [OL 3,+ KPVKLZ MYVT V]LYOLH[PUN�
N\HYHU[LLPUN H �������OV\Y SPML[PTL� )V[O
]LYZPVUZ \ZL WYLTP\T \UP]LYZHS ]VS[HNL
KYP]LYZ� JHU IL KHPZ` JOHPULK VU ���=� ���=
HUK ���= JPYJ\P[Z HUK JVTL ^P[O H ��`LHY
^HYYHU[ �̀ -VY SHYNLY PUZ[HSSH[PVUZ� [OL
S\TPUHPYLZ JHU IL \ZLK ^P[O ^PYLSLZZ NYV\WPUN
JVU[YVS Z`Z[LTZ �\W [V ��� Ä_[\YLZ�� "

5(6($5&+
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*,(�3L[P YLJLU[S` HUUV\UJLK P[Z YLZLHYJOLYZ
OH]L IYVRLU [OL [OYV\NOW\[ ^VYSK YLJVYK VM
��� .IWZ PU ]PZPISL SPNO[ JVTT\UPJH[PVUZ �=3*�
\ZPUN H ZPUNSL .H5 IS\L TPJYV� SPNO[�LTP[[PUN
KPVKL �3,+�� ;OLPY KH[H [YHUZTPZZPVU YH[L VM
��� .IWZ HJOPL]LK ^P[O H �� �T TPJYV3,+
THYRZ HUV[OLY Z[LW [V^HYK JVTTLYJPHSPaH[PVU
HUK ^PKLZWYLHK \ZL VM 3P-P JVTT\UPJH[PVU�

<ZPUN IS\L 3,+Z� KH[H�[YHUZTPZZPVU YH[L VM ���
.IWZ WVZP[PVUZ 3P-P HZ WVZZPISL YLWSHJLTLU[ MVY
>P-P� 0UZL[! *,(�3L[P [LZ[ILK MVY ZPUNSL .H5 IS\L
TPJYV3,+ [OH[ HJOPL]LK [OL [OYV\NOW\[ YLJVYK

=3*� JVTTVUS` JHSSLK 3P-P �ZOVY[ MVY ¸SPNO[
ÄKLSP[`¹�� PZ HU LTLYNPUN ^PYLSLZZ
JVTT\UPJH[PVU Z`Z[LT [OH[ VMMLYZ HU
HS[LYUH[P]L VY H JVTWSLTLU[HY` [LJOUVSVN` [V
YHKPV MYLX\LUJ` �9-� Z`Z[LTZ Z\JO HZ >P-P
HUK �.� 0[ PZ JVUZPKLYLK [V IL H WYVTPZPUN
[LJOUVSVN` MVY ZLJ\YP[`�YLSH[LK HWWSPJH[PVUZ
ILJH\ZL SPNO[ WYVWHNH[PVU JHU IL JVUÄULK [V
H YVVT ^P[O UV PUMVYTH[PVU SLHRHNL� HZ
VWWVZLK [V >P-P JVTT\UPJH[PVU� ^OPJO
WLUL[YH[LZ ^HSSZ� 3P-P HSZV OVSKZ WYVTPZL MVY
\S[YH�OPNOZWLLK KH[H [YHUZTPZZPVU PU
LU]PYVUTLU[Z ^OLYL 9- LTPZZPVUZ HYL
JVU[YVSSLK� SPRL OVZWP[HSZ� ZJOVVSZ� HUK
HPYWSHULZ�

:PUNSL TPJYV3,+ JVTT\UPJH[PVUZ VMMLY HU

\S[YH�OPNO KH[H�[YHUZTPZZPVU YH[L MVY H ]HYPL[`
VM VWWVY[\UP[PLZ MVY UL^ HWWSPJH[PVUZ� ;OLZL
PUJS\KL PUK\Z[YPHS ^PYLSLZZ OPNO�ZWLLK SPURZ PU
KLTHUKPUN LU]PYVUTLU[Z Z\JO HZ HZZLTIS`
SPULZ HUK KH[H JLU[LYZ� HUK JVU[HJ[�SLZZ
JVUULJ[VYZ� VY JOPW�[V�JOPW JVTT\UPJH[PVU�
)\[ [OLPY ^LHR VW[PJHS WV^LY SPTP[Z [OLPY
HWWSPJH[PVUZ [V ZOVY[�YHUNL JVTT\UPJH[PVUZ�
0U JVU[YHZ[� TH[YPJLZ VM [OV\ZHUKZ VM
TPJYV3,+Z JVU[HPU OPNOLY VW[PJHS WV^LYZ [OHU
VWLU TPK� HUK SVUN�YHUNL HWWSPJH[PVUZ�
/V^L]LY� WYLZLY]PUN [OL IHUK^PK[O VM LHJO
TPJYV3,+ ^P[OPU H TH[YP_ YLX\PYLZ [OH[ LHJO
ZPNUHS OHZ [V IL IYV\NO[ HZ JSVZL HZ WVZZPISL
[V [OL TPJYV�VW[PJHS ZV\YJL�

([FLWLQJ 3RWHQWLDO IRU 0DVV�0DUNHW
$SSOLFDWLRQV! *,(�3L[P»Z L_WLY[PZL PU [OL
TPJYV3,+ LWP[H_PHS WYVJLZZ WYVK\JLZ
TPJYV3,+Z HZ ZTHSS HZ �� TPJYVUZ� ^OPJO PZ
HTVUN [OL ZTHSSLZ[ PU [OL ^VYSK� ;OL ZTHSSLY
[OL LTPZZP]L HYLH VM [OL 3,+� [OL OPNOLY [OL
JVTT\UPJH[PVU IHUK^PK[O ¶ ��� ./a PU [OL
PUZ[P[\[L»Z ZPUNSL�IS\L TPJYV3,+ WYVQLJ[� ;OL
[LHT HSZV WYVK\JLK HU HK]HUJLK T\S[P�JHYYPLY
TVK\SH[PVU JVTIPULK ^P[O KPNP[HS ZPNUHS
WYVJLZZPUN� ;OPZ OPNO�ZWLJ[Y\T�LMÄJPLUJ`
^H]LMVYT ^HZ [YHUZTP[[LK I` [OL ZPUNSL 3,+
HUK ^HZ YLJLP]LK VU H OPNO�ZWLLK
WOV[VKL[LJ[VY HUK KLTVK\SH[LK \ZPUN H KPYLJ[
ZHTWSPUN VZJPSSVZJVWL�

¸;OPZ [LJOUVSVN` OHZ [OL
L_JP[PUN WV[LU[PHS MVY
THZZ�THYRL[
HWWSPJH[PVUZ�¹
),560; 40:*67,05� *,(�3,;0 9,:,(9*/
:*0,5;0:;

¸4\S[P�3,+ Z`Z[LTZ JV\SK YLWSHJL >P-P� I\[
^PKL�ZJHSL HKVW[PVU ^PSS YLX\PYL H
Z[HUKHYKPaH[PVU WYVJLZZ [V LUZ\YL [OL
Z`Z[LTZ» PU[LYVWLYHIPSP[` IL[^LLU KPMMLYLU[
THU\MHJ[\YLYZ� ;OL 3PNO[ *VTT\UPJH[PVUZ
(SSPHUJL ^HZ JYLH[LK PU ��� [V LUJV\YHNL [OL
PUK\Z[Y` [V PTWSLTLU[ [OPZ Z[HUKHYKPaH[PVU�¹

0U HKKP[PVU [V H Z[HUK�HSVUL >P-P�SPRL Z[HUKHYK�
[OL WVZZPIPSP[` [V PUJS\KL [OPZ UL^ [LJOUVSVN`
HZ H JVTWVULU[ JHYYPLY PU [OL KV^USPUR VM
�.�59� H YHKPV�HJJLZZ [LJOUVSVN` MVY �.
TVIPSL JVUZPKLYH[PVUZ� PZ HSZV \UKLY
PU]LZ[PNH[PVU [V IYPUN H SHYNL HKKP[PVUHS
SPJLUZL�MYLL IHUK^PK[O�

¸;OPZ TH` IL MLHZPISL ILJH\ZL *,(�3L[P»Z 3P-P
WO`ZPJHS SH`LY YLSPLZ VU [OL ZHTL JVUJLW[Z HZ
>P-P HUK �. [LJOUVSVNPLZ�¹ ZHPK 4PZJVWLPU�
¸4H[YPJLZ VM [OV\ZHUKZ VM TPJYV3,+Z JV\SK
HSZV VWLU [OL ^H` [V TPK� [V SVUN�YHUNL
HWWSPJH[PVUZ� Z\JO HZ PUKVVY ^PYLSLZZ T\S[PWSL
HJJLZZ�¹

7YLZLY]PUN [OL IHUK^PK[O VM LHJO TPJYV3,+
^P[OPU H TH[YP_ YLX\PYLZ [OH[ LHJO ZPNUHS PZ
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NLULYH[LK HZ JSVZL HZ WVZZPISL [V [OL
TPJYV�VW[PJHS ZV\YJL�

¸;V TLL[ [OPZ JOHSSLUNL� ^L L_WLJ[ [V
O`IYPKPaL [OL TPJYV3,+ TH[YP_ VU[V HUV[OLY
TH[YP_ VM *46: KYP]LYZ! VUL ZPTWSL *46:
KYP]LY ^PSS WPSV[ VUL TPJYV3,+�¹ 4PZJVWLPU ZHPK�
¸;OPZ ^PSS HSZV LUHISL [OL HKKP[PVUHS MLH[\YL VM
WPSV[PUN LHJO TPJYV3,+ WP_LS PUKLWLUKLU[S �̀
HUK [OH[ HSSV^Z UL^ [`WLZ VM KPNP[HS�[V�VW[PJHS
^H]LMVYTZ [OH[ JV\SK LSPTPUH[L [OL ULLK MVY
KPNP[HS�[V�HUHSVN JVU]LY[LYZ JVTTVUS` \ZLK PU
[OL JVU]LU[PVUHS »HUHSVN\L» PTWSLTLU[H[PVUZ
VM 3P-P�¹ "

0RINTED 0EROVSKITE ,%$S n !N
)NNOVATIVE 4ECHNIQUE 4OWARDS
A .EW 3TANDARD 0ROCESS OF
%LECTRONICS -ANUFACTURING

( [LHT VM YLZLHYJOLYZ MYVT [OL
/LSTOVS[a�ALU[Y\T )LYSPU �/A)� HUK
/\TIVSK[�<UP]LYZP[p[ a\ )LYSPU OHZ Z\JJLLKLK
MVY [OL ÄYZ[ [PTL PU WYVK\JPUN SPNO[�LTP[[PUN
KPVKLZ �3,+Z� MYVT H O`IYPK WLYV]ZRP[L
ZLTPJVUK\J[VY TH[LYPHS \ZPUN PURQL[ WYPU[PUN�
;OPZ VWLUZ [OL KVVY [V IYVHK HWWSPJH[PVU VM
[OLZL TH[LYPHSZ PU THU\MHJ[\YPUN THU`
KPMMLYLU[ RPUKZ VM LSLJ[YVUPJ JVTWVULU[Z� ;OL
ZJPLU[PZ[Z HJOPL]LK [OL IYLHR[OYV\NO ^P[O [OL
OLSW VM H [YPJR! ¸PUVJ\SH[PUN¹ �VY ZLLKPUN� [OL
Z\YMHJL ^P[O ZWLJPÄJ JY`Z[HSZ�

( SVVR PUZPKL [OL /LSTOVS[a 0UUV]H[PVU 3HI
/`:7905;� 4HQVY ^VYR VU [OL WYPU[HISL
WLYV]ZRP[L 3,+Z ^HZ JHYYPLK V\[ OLYL �*YLKP[Z!
/A)�7OPS +LYH�

4PJYVLSLJ[YVUPJZ \[PSPaL ]HYPV\Z M\UJ[PVUHS
TH[LYPHSZ ^OVZL WYVWLY[PLZ THRL [OLT
Z\P[HISL MVY ZWLJPÄJ HWWSPJH[PVUZ� -VY L_HTWSL�
[YHUZPZ[VYZ HUK KH[H Z[VYHNL KL]PJLZ HYL THKL
VM ZPSPJVU� HUK TVZ[ WOV[V]VS[HPJ JLSSZ \ZLK MVY

NLULYH[PUN LSLJ[YPJP[` MYVT Z\USPNO[ HYL HSZV
J\YYLU[S` THKL VM [OPZ ZLTPJVUK\J[VY TH[LYPHS�
0U JVU[YHZ[� JVTWV\UK ZLTPJVUK\J[VYZ Z\JO
HZ NHSSP\T UP[YPKL HYL \ZLK [V NLULYH[L SPNO[ PU
VW[VLSLJ[YVUPJ LSLTLU[Z Z\JO HZ SPNO[�LTP[[PUN
KPVKLZ �3,+Z�� ;OL THU\MHJ[\YPUN WYVJLZZLZ
HYL HSZV KPMMLYLU[ MVY [OL ]HYPV\Z JSHZZLZ VM
TH[LYPHSZ�

7UDQVFHQGLQJ WKH PDWHULDOV DQG PHWKRGV
PD]H

/`IYPK WLYV]ZRP[L TH[LYPHSZ WYVTPZL
ZPTWSPÄJH[PVU ¶ I` HYYHUNPUN [OL VYNHUPJ HUK
PUVYNHUPJ JVTWVULU[Z VM ZLTPJVUK\J[PUN
JY`Z[HS PU H ZWLJPÄJ Z[Y\J[\YL� ¸;OL` JHU IL
\ZLK [V THU\MHJ[\YL HSS RPUKZ VM
TPJYVLSLJ[YVUPJ JVTWVULU[Z I` TVKPM`PUN
[OLPY JVTWVZP[PVU¹� ZH`Z 7YVM� ,TPS
3PZ[�2YH[VJO]PS� OLHK VM H 1VPU[ 9LZLHYJO
.YV\W H[ /A) HUK /\TIVSK[�<UP]LYZP[p[�

>OH[»Z TVYL� WYVJLZZPUN WLYV]ZRP[L JY`Z[HSZ PZ
JVTWHYH[P]LS` ZPTWSL� ¸;OL` JHU IL WYVK\JLK
MYVT H SPX\PK ZVS\[PVU� ZV `V\ JHU I\PSK [OL
KLZPYLK JVTWVULU[ VUL SH`LY H[ H [PTL KPYLJ[S`
VU [OL Z\IZ[YH[L¹� [OL WO`ZPJPZ[ L_WSHPUZ�

)LUVW VRODU FHOOV IURP DQ LQNMHW SULQWHU� QRZ
OLJKW�HPLWWLQJ GLRGHV WRR

:JPLU[PZ[Z H[ /A) OH]L HSYLHK` ZOV^U PU
YLJLU[ `LHYZ [OH[ ZVSHY JLSSZ JHU IL WYPU[LK
MYVT H ZVS\[PVU VM ZLTPJVUK\J[VY JVTWV\UKZ
¶ HUK HYL ^VYSK^PKL SLHKLYZ PU [OPZ [LJOUVSVN`
[VKH �̀ 5V^ MVY [OL ÄYZ[ [PTL� [OL QVPU[ [LHT VM
/A) HUK /< )LYSPU OHZ Z\JJLLKLK PU
WYVK\JPUN M\UJ[PVUHS SPNO[�LTP[[PUN KPVKLZ PU
[OPZ THUULY� ;OL YLZLHYJO NYV\W \ZLK H TL[HS
OHSPKL WLYV]ZRP[L MVY [OPZ W\YWVZL� ;OPZ PZ H
TH[LYPHS [OH[ WYVTPZLZ WHY[PJ\SHYS` OPNO
LMÄJPLUJ` PU NLULYH[PUN SPNO[ ¶ I\[ VU [OL V[OLY
OHUK PZ KPMÄJ\S[ [V WYVJLZZ�

¸<U[PS UV �̂ P[ OHZ UV[ ILLU WVZZPISL [V
WYVK\JL [OLZL RPUKZ VM ZLTPJVUK\J[VY SH`LYZ
^P[O Z\MÄJPLU[ X\HSP[` MYVT H SPX\PK ZVS\[PVU�¹
ZHPK ,TPS 3PZ[�2YH[VJO]PS� 7YVMLZZVY VM /`IYPK
+L]PJLZ H[ [OL /\TIVSK[�<UP]LYZP[p[ )LYSPU�

-VY L_HTWSL� 3,+Z JV\SK IL WYPU[LK Q\Z[ MYVT
VYNHUPJ ZLTPJVUK\J[VYZ� I\[ [OLZL WYV]PKL
VUS` TVKLZ[ S\TPUVZP[ �̀ ¸;OL JOHSSLUNL ^HZ
OV^ [V JH\ZL [OL ZHS[�SPRL WYLJ\YZVY [OH[ ^L
WYPU[LK VU[V [OL Z\IZ[YH[L [V JY`Z[HSSPaL X\PJRS`
HUK L]LUS` I` \ZPUN ZVTL ZVY[ VM HU H[[YHJ[HU[

VY JH[HS`Z[¹� L_WSHPUZ [OL ZJPLU[PZ[� ;OL [LHT
JOVZL H ZLLK JY`Z[HS MVY [OPZ W\YWVZL! H ZHS[
JY`Z[HS [OH[ H[[HJOLZ P[ZLSM [V [OL Z\IZ[YH[L HUK
[YPNNLYZ MVYTH[PVU VM H NYPK^VYR MVY [OL
Z\IZLX\LU[ WLYV]ZRP[L SH`LYZ�

6LJQL¾FDQWO\ EHWWHU RSWLFDO DQG HOHFWURQLF
FKDUDFWHULVWLFV

0U [OPZ ^H �̀ [OL YLZLHYJOLYZ JYLH[LK WYPU[LK
3,+Z [OH[ WVZZLZZ MHY OPNOLY S\TPUVZP[` HUK
JVUZPKLYHIS` IL[[LY LSLJ[YPJHS WYVWLY[PLZ [OHU
JV\SK IL WYL]PV\ZS` HJOPL]LK \ZPUN HKKP[P]L
THU\MHJ[\YPUN WYVJLZZLZ� )\[ MVY
3PZ[�2YH[VJO]PS� [OPZ Z\JJLZZ PZ VUS` HU
PU[LYTLKPH[L Z[LW VU [OL YVHK [V M\[\YL TPJYV�
HUK VW[VLSLJ[YVUPJZ [OH[ OL ILSPL]LZ ^PSS IL
IHZLK L_JS\ZP]LS` VU O`IYPK WLYV]ZRP[L
ZLTPJVUK\J[VYZ� ¸;OL HK]HU[HNLZ VMMLYLK I`
H ZPUNSL \UP]LYZHSS` HWWSPJHISL JSHZZ VM
TH[LYPHSZ HUK H ZPUNSL JVZ[�LMMLJ[P]L HUK
ZPTWSL WYVJLZZ MVY THU\MHJ[\YPUN HU` RPUK VM
JVTWVULU[ HYL Z[YPRPUN¹� ZH`Z [OL ZJPLU[PZ[� /L
PZ [OLYLMVYL WSHUUPUN [V L]LU[\HSS` THU\MHJ[\YL
HSS PTWVY[HU[ LSLJ[YVUPJ JVTWVULU[Z [OPZ ^H`
PU [OL SHIVYH[VYPLZ VM /A) HUK /< )LYSPU�

5HIHUHQFHV�

3PZ[�2YH[VJO]PS PZ 7YVMLZZVY VM /`IYPK +L]PJLZ
H[ [OL /\TIVSK[�<UP]LYZP[p[ a\ )LYSPU HUK
OLHK VM H 1VPU[ 3HI MV\UKLK PU ���� [OH[ PZ
VWLYH[LK I` /< [VNL[OLY ^P[O /A)� 0U
HKKP[PVU� H [LHT QVPU[S` OLHKLK I`
3PZ[�2YH[VJO]PS HUK /A) ZJPLU[PZ[ +Y� ,]H
<UNLY PZ ^VYRPUN PU [OL /LSTOVS[a 0UUV]H[PVU
3HI /`:7905; VU [OL KL]LSVWTLU[ VM JVH[PUN
HUK WYPU[PUN WYVJLZZLZ ¶ HSZV RUV^U PU
[LJOUPJHS QHYNVU HZ ¸HKKP[P]L THU\MHJ[\YPUN¹ ¶
MVY O`IYPK WLYV]ZRP[LZ� ;OLZL HYL JY`Z[HSZ
WVZZLZZPUN H WLYV]ZRP[L Z[Y\J[\YL [OH[ JVU[HPU
IV[O PUVYNHUPJ HUK VYNHUPJ JVTWVULU[Z�

;OL ^VYR ^HZ W\ISPZOLK PU 4H[LYPHSZ /VYPaVUZ�
[OL QV\YUHS VM [OL 9V`HS :VJPL[` VM *OLTPZ[Y �̀
PU HU HY[PJSL LU[P[SLK ¸-PUHSS �̀ PURQL[�WYPU[LK
TL[HS�OHSPKL WLYV]ZRP[L 3,+Z ¶ \[PSPaPUN
ZLLK�JY`Z[HS [LTWSH[PUN VM ZHS[` 7,+6;!7::¹
I` -LSP_ /LYTLYZJOTPK[� -SVYPHU 4H[OPLZ�
=PUJLU[ 9� -� :JOY�KLY� *HYVSPU 9LOLYTHUU�
5PJVSHZ AVYU 4VYHSLZ� ,]H 3� <UNLY� ,TPS 1� >�
3PZ[�2YH[VJO]PS� "
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6HJPHQW 3URGXFW
6WDQGDUG
�&HUWL¾FDWLRQ� 5HJLRQ 7HFKQLFDO 5HJXODWRU\ &RPSOLDQFH ,QIRUPDWLRQ

,ULYN` ,MÄJPLUJ` 3,+ WYVK\J[Z MVY PUKVVY SPNO[PUN .) ��������� *OPUH ;OPZ Z[HUKHYK ZWLJPÄLZ [LJOUPJHS YLX\PYLTLU[Z� [LZ[� HUK JHSJ\SH[PVU
TL[OVKZ HUK TPUPT\T HSSV^HISL ]HS\LZ VM LULYN` LMÄJPLUJ` MVY
UVU�KPYLJ[PVUHS ZLSM�IHSSHZ[LK 3,+ SHTWZ MVY NLULYHS SPNO[PUN�
;OL Z[HUKHYK ^PSS LU[LY PU[V MVYJL VU ÄYZ[ 5V]LTILY ���� HUK ^PSS
YLWLHS .) �����������
0[ ^HZ HSYLHK` W\ISPZOLK VU �[O VM (WYPS ��� HUK HMMLJ[Z 3,+�SPNO[PUN
^OPJO PZ \ZLK PU HU PKVVY LU]PYVUTLU[�

,ULYN` ,MÄJPLUJ` 3,+ S\TPUHPYLZ MVY YVHK HUK [\UULS SPNO[PUN .) ��������� *OPUH ;OPZ Z[HUKHYK PZ TLHU[ MVY 3,+ S\TPUHPYLZ MVY YVHK HUK [\UULS SPNO[PUN�
0[ ZWLJPÄLZ YLX\PYLTLU[Z MVY LULYN` NYHKLZ� JVSVY YLUKLYPUN� [LZ[
TL[OVKZ HUK TPUPT\T ]HS\LZ YLNHYKPUN LULYN` LMÄJPLUJ` MVY 3,+
S\TPUHPYLZ MVY YVHK HUK [\UULS SPNO[PUN�
0[ HWWSPLZ [V 3,+ S\TPUHPYLZ MVY YVHK HUK [\UULSZ ^P[O YH[LK ]VS[HNL VM
���= (* � ��/a� PUJS\KPUN 3,+ JVU[YVS KL]PJLZ� L_JS\KPUN
PU[LYJVUULJ[LK JVU[YVS JVTWVULU[Z [OH[ JHU IL PUZ[HSSLK
PUKLWLUKLU[S` VY V[OLY M\UJ[PVUHS HJJLZZVYPLZ UV[ YLSH[LK [V SPNO[PUN�
0[ ^HZ W\ISPZOLK VU �[O VM (WYPS ��� I` :(* HUK :(49�
0[ ^PSS LU[LY PU[V MVYJL VU ÄYZ[ VM 5V]LTILY �����

:HML[` 3PNO[PUN WYVK\J[Z 0,* ���� !����
,KP[PVU ��� ������������

>VYSK�,\YVWL +L[LYTPUH[PVU VM PUY\ZO J\YYLU[ JOHYHJ[LYPZ[PJZ VM SPNO[PUN WYVK\J[Z�

:HML[` 6YNHUPJ SPNO[ LTP[[PUN KPVKL �63,+�
SPNO[ ZV\YJLZ MVY NLULYHS SPNO[PUN

0,* �������!����
,KP[PVU ��� ������������

>VYSK�,\YVWL 6YNHUPJ SPNO[ LTP[[PUN KPVKL �63,+� 3PNO[ ZV\YJLZ MVY NLULYHS SPNO[PUN
¶ :HML[` ¶ 7HY[ �! .LULYHS YLX\PYLTLU[Z HUK [LZ[Z�
;OPZ Z[HUKHYK YLWSHJLZ [OL 0,* �����!���� HUK ZL[Z [OL IHZPJ ZHML[`
YLX\PYLTLU[Z MVY 63,+ WYVK\J[Z� 0[ ^PSS IL JVTWSLTLU[LK I` WHY[ �»Z
MVY [OL ZWLJPÄJ 63,+ WYVK\J[�
0[ PUJS\KLZ YLX\PYLTLU[Z MVY THYRPUN� JVUZ[Y\J[PVU� TLJOHUPJHS
OHaHYKZ� PUZ\SH[PVU YLZPZ[HUJL HUK LSLJ[YPJ Z[YLZZ� MH\S[ JVUKP[PVU�
[OLYTHS Z[YLZZ� 9LZPZ[HUJL [V OLH[ HUK ÄYL HUK WOV[VIPVSVNPJHS ZHML[ �̀

:HML[` 6YNHUPJ SPNO[ LTP[[PUN KPVKL �63,+�
SPNO[ ZV\YJLZ MVY NLULYHS SPNO[PUN

0,* ���������!����
79= ,KP[PVU ��� ������������

>VYSK�,\YVWL 6YNHUPJ SPNO[ LTP[[PUN KPVKL �63,+� SPNO[ ZV\YJLZ MVY NLULYHS SPNO[PUN
¶ :HML[` ¶ 7HY[ �¶�! 7HY[PJ\SHY YLX\PYLTLU[Z ¶ :LTP�PU[LNYH[LK 63,+
TVK\SLZ�
;OPZ Z[HUKHYK ZL[Z [OL ZWLJPÄJ ZHML[` YLX\PYLTLU[Z MVY
VHPL�LQWHJUDWHG 63,+ WYVK\J[Z \ZPUN [OL 0,* ������� HZ IHZPZ MVY
[OL ZHML[` YLX\PLYTLU[Z�
0[ PZ MVY ]VS[HNLZ \W [V ���= +* VY ��= (* H[ �����/a� *V]LYLK HYL
PU[LNYHS� I\PS[�PU VY PUKLWLUKLU[ 63,+ TVK\SLZ�

:HML[` 6YNHUPJ SPNO[ LTP[[PUN KPVKL �63,+�
SPNO[ ZV\YJLZ MVY NLULYHS SPNO[PUN

0,* ���������!����
79= ,KP[PVU ��� ������������

>VYSK�,\YVWL 6YNHUPJ SPNO[ LTP[[PUN KPVKL �63,+� SPNO[ ZV\YJLZ MVY NLULYHS SPNO[PUN
¶ :HML[` ¶ 7HY[ �¶�! 7HY[PJ\SHY YLX\PYLTLU[Z ¶ 0U[LNYH[LK 63,+
TVK\SLZ�
;OPZ Z[HUKHYK ZL[Z [OL ZWLJPÄJ ZHML[` YLX\PYLTLU[Z MVY LQWHJUDWHG
63,+ WYVK\J[Z \ZPUN [OL 0,* ������� HZ IHZPZ MVY [OL ZHML[`
YLX\PYTLU[Z�
0[ PZ MVY ]VS[HNLZ \W [V ����= +* VY ����= (* H[ �����/a� *V]LYLK
HYL PU[LNYHS� I\PS[�PU VY PUKLWLUKLU[ 63,+ TVK\SLZ�

:HML[` 3,+ TVK\SLZ MVY NLULYHS SPNO[PUN ,5 0,* �����!����
+6>! ����������

>VYSK�,\YVWL 3,+ TVK\SLZ MVY NLULYHS SPNO[PUN ¶ :HML[` ZWLJPÄJH[PVUZ�
;OL 0,* �����!���� ^HZ HKVW[LK HZ ,5 ]LYZPVU ^P[OV\[ TVKPÄJH[PVU
YLWSHJPUN ,5 �����!�����(�!�����
>P[O [OPZ ]LYZPVU H YL]PZPVU VM [OL THYRPUN VM [OL ^VYRPUN ]VS[HNL�
[LYTPUHSZ� OLH[ THUHNLTLU[� KLÄUP[PVUZ HJJVYKPUN [V [OL YLWSHJHIPSP[`
HUK PUMVYTH[PVU MVY S\TPUHPYL KLZPNU ^LYL PU[YVK\JLK�

7LYMVYTHUJL *VU[YVSNLHY MVY 3,+ TVK\SLZ 0,* �����!����
,KP[PVU ��� ������������

>VYSK�,\YVWL +* VY (* Z\WWSPLK LSLJ[YVUPJ JVU[YVSNLHY MVY 3,+ TVK\SLZ ¶
7LYMVYTHUJL YLX\PYLTLU[Z�
;OPZ Z[HUKHYK YLWSHJLZ [OL 0,* ������(4+�!��� � 0[ PZ UV^ Z\P[HISL
[V IL \ZLK [V ���= +*�(*�
0[ PUJS\KLZ UL^ ZWLJPÄJH[PVUZ VY TLHZ\YPUN [OL WV^LY MHJ[VY MVY
JVU[YVSNLHY ^P[O ZL[[HISL�UVU�JVUZ[HU[ V\[W\[ �MVY PUZ[HUJL� [V HSSV^
MVY JVUZ[HU[ SPNO[ V\[W\[�� PTWYV]LTLU[ MVY [OL ZLSLJ[PVU VM [OL [LZ[
JPYJ\P[ SVHK HUK KLSL[LK [OL H\KPV MYLX\LUJ` YLX\PYTLU[Z�

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

cps@tuv-sud.com


+LZPNUPUN ^P[O +`UHTPJ 3PNO[
;L_[\YLZ ¶ ,USPNO[LUPUN
+LZPNULYZ
3PNO[ [HRLZ Q\Z[ H ZOVY[ TVTLU[ [V [YH]LS MYVT VUL WVPU[ [V HUV[OLY
HUK [V YLHJO V\Y L`LZ� (S^H`Z PTTLYZLK PU [OL L_WLYPLUJL VM SPNO[�
^L [LUK [V [HRL [OPZ MVY NYHU[LK�
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;OPZ [OLZPZ WYV]PKLZ [OL YLHKLY ^P[O [OL
ULJLZZHY` [OLVYL[PJHS MYHTL^VYRZ [V \UKLY�
Z[HUK [OL YLZLHYJO HPTLK [V^HYKZ HUZ^LY�
PUN [OL X\LZ[PVU! ^OPJO HZZVJPH[PVUZ KV
WLVWSL OH]L ^P[O H[TVZWOLYLZ PUÅ\LUJLK
I` K`UHTPJ SPNO[ [L_[\YLZ& ;OPZ X\LZ[PVU PZ
[OLU \ZLK [V WYV]PKL H MYHTL^VYR VM N\PKL�
SPULZ MVY [OL KLZPNULY� ( YL]PL^ VM SPNO[PUN
KLZPNU OPZ[VY` PU[YVK\JLK [OL [LYTZ HTIP�
LU[ S\TPULZJLUJL� MVJHS NSV^ HUK WSH` VM
IYPSSPHU[Z WYVWVZLK I` 2LSS` �2LSS �̀ � ����
9LZLHYJO PU[V WLYJLW[\HS WZ`JOVSVN` [OLU
KPZLU[HUNSLK WYPUJPWSLZ VM WLYJLW[PVU [V [OL
YLHKLY� HM[LY ^OPJO P[ ^HZ MV\UK [OH[ TVVK
^HZ JVTTVUS` \ZLK [V TLHZ\YL [OL PT�
WHJ[ VM LU]PYVUTLU[Z� *VU[YHKPJ[VY` YLZ\S[Z
VM Z[\KPLZ Z\NNLZ[LK [OH[ TVVK SHJRLK
H YLSPHISL TL[OVK VM TLHZ\YLTLU[� 0U H
Z[\K` I` =VNLSZ �=VNLSZ� ������ PU[YVK\J�
PUN [OL [LYT H[TVZWOLYL HZ H Z[HISL HS[LY�
UH[P]L MVY TVVK� KLÄULK HZ [OL HMMLJ[P]L
L]HS\H[PVU VM [OL LU]PYVUTLU[� ^HZ PU[YV�
K\JLK� 0U [OPZ Z[\K �̀ [OL PTWHJ[ VM Z[H[PJ
SPNO[ JVUKP[PVUZ VU H[TVZWOLYL WLYJLW[PVU
^HZ PU]LZ[PNH[LK� 0[ ^HZ MV\UK [OH[ MV\Y
\UKLYS`PUN ]HYPHISLZ HYL VM PUÅ\LUJL ^OLU
WLYJLP]PUN LU]PYVUTLU[Z ^P[O Z[H[PJ SPNO[
JVUKP[PVUZ! JVZPULZZ� SP]LSPULZZ� [LUZLULZZ
HUK KL[HJOLKULZZ� -VJ\ZPUN VU K`UHTPJ
SPNO[ JVUKP[PVUZ� H KPZ[PUJ[PVU ^HZ THKL
IL[^LLU \ZPUN YLHS�^VYSK VY HIZ[YHJ[ K`�
UHTPJ WH[[LYUZ HZ Z[PT\SP� ;OL ^H` WLVWSL
WLYJLP]L YLHS�^VYSK ZJLULZ ^HZ MV\UK [V
]HY` KLWLUKPUN VU J\S[\YL HUK IHJRNYV\UK
�5PZIL[[  4P`HTV[V� ����� �2\^HIHYH 
:TP[O� ������ SLHKPUN [V [OL WYLMLYLUJL
MVY HIZ[YHJ[ WH[[LYUZ� ( [YHUZSH[PVU VM HI�
Z[YHJ[ WH[[LYUZ PU[V K`UHTPJ SPNO[ [L_[\YLZ
^HZ THKL I` JVUZPKLYPUN [OL WYPUJPWSL
VM LUZLTISL WLYJLW[PVU� 0UZWPYLK I` [OL
UH[\YHS ^VYSK � Z[PT\SP ^LYL JYLH[LK� 7HY�
[PJPWHU[Z ^LYL Z\IQLJ[LK [V [OLZL Z[PT\SP
PU HU L_WLYPTLU[� ÄUKPUN [OH[ WHY[PJPWHU[Z
\ZL [OL ZHTL ^VYKZ ^OLU KLZJYPIPUN H[�
TVZWOLYLZ PUÅ\LUJLK I` K`UHTPJ SPNO[ [L_�
[\YLZ [OYV\NO H MYLX\LUJ` HUHS`ZPZ� 7HY[PJP�
WHU[Z» YLZWVUZLZ ^LYL JS\Z[LYLK HJJVYKPUN

[V [OLPY TLHUPUN� YLZ\S[PUN PU H �� ^VYK SL_�
PJVU� ( ZL[ VM �� Z[PT\SP ^LYL ZOV^U [V ��
WHY[PJPWHU[Z PU H ZLJVUK L_WLYPTLU[� HUK
WHY[PJPWHU[Z» YLZWVUZLZ ^LYL YLJVYKLK \Z�
PUN H X\LZ[PVUUHPYL JVU[HPUPUN [OL �� ^VYK
SL_PJVU� 0[ ^HZ MV\UK [OH[ WHY[PJPWHU[Z NH]L
YLSH[P]LS` [OL ZHTL YLZWVUZLZ� (KKP[PVUHSS �̀
P[ ^HZ MV\UK [OYV\NO H WYPUJPWHS JVTWVULU[
HUHS`ZPZ [OH[ [OYLL \UKLYS`PUN ]HYPHISLZ HYL
WYLZLU[ PU [OL WLYJLW[PVU VM H[TVZWOLYLZ
PUÅ\LUJLK I` K`UHTPJ SPNO[ JVUKP[PVUZ!
[LUZLULZZ� SP]LSPULZZ HUK KL[HJOTLU[� -\Y�
[OLYTVYL� P[ ^HZ JVUÄYTLK [OH[ WLVWSL HYL
HISL [V KPZ[PUN\PZO IL[^LLU [OL WLYJLP]LK
H[TVZWOLYLZ� *VZPULZZ ^HZ UV[ MV\UK [V
IL H WYPUJPWHS JVTWVULU[ PU V\Y JVUZ[Y\J[�
9LNHYKPUN [OL ^VYRPUNZ VM [OL \UKLYS`PUN
]HYPHISLZ MV\UK� ^L MV\UK [OH[ SP]LSPULZZ PZ
PUÅ\LUJLK I` VYNHUPZH[PVU VM ZOHWLZ PU [OL
[L_[\YL HUK JVSV\Y JVU[YHZ[Z� ;LUZLULZZ PZ
PUÅ\LUJLK I` [OL JVTWSL_P[` VM PUKP]PK\HS
MVYTZ ^P[OPU [L_[\YLZ" P[ PZ HSZV PUÅ\LUJLK
I` JVSV\Y JVU[YHZ[Z� )YPSSPHUJL JVU[YHZ[Z PU
[OL [L_[\YL PUÅ\LUJL SP]LSPULZZ VM H ZWHJL"
ZOHYWULZZ JVU[YHZ[Z PUÅ\LUJL [OL ZLUZL VM
KL[HJOTLU[� +`UHTPJZ PU [OL [L_[\YLZ� SPRL
[OL YH[L VM JOHUNL� PUÅ\LUJL IV[O [OL SP]L�
SPULZZ HUK [LUZLULZZ H_LZ HUK TPNO[ PUÅ\�
LUJL [OL KL[HJOTLU[ H_PZ� ;OL ÄUKPUNZ VM
[OL L_WLYPTLU[Z HUK HUHS`ZLZ ^LYL \ZLK [V
KL]LSVW H MYHTL^VYR \ZHISL I` KLZPNULYZ�
UV[PUN OV^L]LY [OH[ ZL]LYHS WVPU[Z VM YLJ�
VTTLUKH[PVU ^LYL THKL [V PTWYV]L [OL
YLSPHIPSP[` HUK \ZHIPSP[` VM [OPZ MYHTL^VYR� "

6XEMHFWV

� ([TVZWOLYL
� ([TVZWOLYL WLYJLW[PVU
� 3PNO[PUN KLZPNU
� 3PNO[ [L_[\YL
� 3PNO[
� +`UHTPJ SPNO[PUN
� 7LYJLW[PVU
� 7LYJLW[\HS WZ`JOVSVN` H[TVZWOLYL TL[�
YPJZ

� 7YPUJPWHS *VTWVULU[ (UHS`ZPZ

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

rrrXGTa@.B;Bi�HX;HQ#�H
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&RQIHUHQFH /HFWXUHV
DQG 3URGXFW 3UHVHQWDWLRQV

SXEOLVKHG RQ ZZZ�/S6�'LJLWDO�JOREDO

visit us at  
nichia.com

https://youtu.be/86N6xajWoTs
https://youtu.be/hJje473D220
https://youtu.be/Pa4VMlLijnA
https://youtu.be/68pz6xmxKg4
https://youtu.be/13McvCTaUis
https://youtu.be/3bhoVfj6uik
http://www.nichia.co.jp/en
https://www.bluetooth.com/lighting?utm_source=bluetooth-website&utm_campaign=connected-device&utm_medium=web&utm_term=text&utm_content=LpS-lighting-2
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6FRWW =,00(50$1
:JV[[ APTTLYTHU OHZ V]LY �� `LHYZ
L_WLYPLUJL HUK �� PZZ\LK WH[LU[Z PU [OL
HYLH VM SPNO[PUN HUK KPZWSH`Z� >P[O [OL
OLSW VM H U\TILY VM YLZLHYJOLYZ HYV\UK
[OL ^VYSK� OL OHZ JVTIPULK VW[PJHS
TVKLSPUN MYVT [OL SPNO[PUN JVTT\UP[`
HUK LSLJ[YVU ZWPU YLZVUHUJL KH[H MYVT
[OL TLKPJHS JVTT\UP[` [V ZOV^ [OYLL
KPTLUZPVUHSS` OV^ [OL IVK` OHZ L]VS]LK
HU HTHaPUN HYYH` VM IPV�VW[PJHS
TLJOHUPZTZ PU [OL ZRPU� IYHPU� L`LZ� HUK
ML[\Z� ;OPZ \UKLYZ[HUKPUN PZ ILPUN \ZLK
[V KL]LSVW OLHS[OPLY SPNO[ ZV\YJLZ HUK
PTWYV]LK 509 ZV\YJLZ MVY JHUJLY
[YLH[TLU[Z�



:JV[[ APTTLYTHU OHZ ILLU PULZ[PNH[PUN [OL LMMLJ[Z VM ]PZPISL HUK PU]PZPISL
SPNO[ YHKPH[PVU MVY ZL]LYHS `LHYZ� /L WYL]PV\ZS` W\ISPZOLK HU HY[PJSL PU 3,+
WYVMLZZPVUHS [OH[ WYLZLU[Z H [LJOUVSVN` [OH[ HKKZ H Z\MÄJPLU[ HTV\U[ VM
5LHY 0UMYHYLK YH[PH[PVU �509� [V HY[PÄJHS SPNO[ [V WYV]PKL H WVZP[P]L LMMLJ[ VU
OLHS[O� 0U HUV[OLY YLZLHYJO HY[PJSL LU[P[SLK� ¸4LSH[VUPU HUK [OL 6W[PJZ VM
[OL /\THU )VK`¹� APTTLYTHU HUK 9LP[LY ��� KPZJ\ZZLK OV^ OLHS[O PZ
PTWHJ[LK I` HSS ^H]LSLUN[OZ PU Z\USPNO[� HUK [OH[� ^OLU [HSRPUN HIV\[
OLHS[O HUK ^LSS�ILPUN� UV[ Q\Z[ S\TLUZ�^H[[Z HYL YLSL]HU[� I\[ PUZ[LHK� [OL
9LHJ[P]L 6_`NLU :WLJPLZ �96:� KLUZP[` HUK HU[PV_PKHU[ YLZWUZL HZ H
M\UJ[PVU VM ^H]LSLUN[O ILJVTLZ PTWVY[HU[� ;OL WHWLY KPZJ\ZZLK OV^
[OL O\THU IVK` \ZLZ 96: [V RPSS WH[OVNLUZ� OLHS ^V\UKZ� JVU[YVS
OVYTVUL SL]LSZ HUK IVSZ[LY [OL PTT\UL Z`Z[LT� LZWJPHS` PU [OL <= HUK
509� )LJH\ZL VM [OL VUNVPUN *6=0+�� JYPZPZ� 3,+ WYVMLZZPVUHS ^HZ
TV[P]H[LK [V KPZJ\ZZ [OLZL HUK V[OLY ÄUKPUNZ ^P[O :JV[[ APTTLYTHU�
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/(' SURIHVVLRQDO� <RX DUH NQRZQ IRU
QRW DYRLGLQJ FRQWURYHUVLDO GLVFXVVLRQV
RQ KHDOWK DQG DUWLðFLDO OLJKW� &RXOG
\RX WHOO XV D OLWWOH DERXW KRZ \RX JRW
WKH LGHD RI VSHFLDOL]LQJ LQ WKH WRSLF RI
LQYLVLEOH OLJKW� HVSHFLDOO\ 1,5 DQG
KHDOWK DQG ZHOO�EHLQJ" :HâG DOVR EH
LQWHUHVWHG LQ KHDULQJ D OLWWOH DERXW
6,/$6 DQG \RXU FRPSDQ\�

6FRWW =,00(50$1� 0 UV[PJLK [OH[ [OL
509 L_WVZ\YL SL]LSZ \ZLK PU
WOV[V[OLYHW` ZLZZPVUZ [V PUJYLHZL ISVVK
ÅV^ HUK HJJLSLYH[L ^V\UK OLHSPUN ^LYL
VU WHY ^P[O [OL 509 SL]LSZ ^L HYL
L_WVZLK [V PU Z\USPNO[ HUK L]LU H ^LSS�SP[
PUJHUKLZJLU[ YVVT� )LPUN H U\TILYZ
N\ �̀ 0 ^HU[LK [V X\HU[PM` [OPZ LMMLJ[� >OH[
^L RUV^ PZ [OH[ ^OLU WOV[VUZ HYL
HIZVYILK PU V\Y JLSSZ [OL` NLULYH[L
KPYLJ[S` VY PUKPYLJ[S` 9LHJ[P]L 6_`NLU
:WLJPLZ �96:� HUK PU THU` JHZLZ P[ PZ
[OL 96: [OH[ Z[PT\SH[LZ H IPVSVNPJHS
YLZWVUZL [OH[ PZ NVVK VY IHK� ;OH[ PZ
^OH[ PZ PU [OL WHWLY ^P[O 7YVM� 9LP[LY�
-YVT H WLYZWLJ[P]L Z[HUKWVPU[ P[ PZ SPRL
WLLSPUN H SH`LY VMM HU VUPVU� 6UJL `V\
TV]L IL`VUK Q\Z[ JV\U[PUN WOV[VUZ HUK
ILNPU [V \UKLYZ[HUK OV^ [OVZL WOV[VUZ
HYL JYLH[PUN 96: [OYLL KPTLUZPVUHSS` PU
[OL IVK �̀ `V\ ZLL ZVTL HTHaPUN
IPV�VW[PJHS TLJOHUPZTZ [OH[ [OL IVK`
OHZ KL]LSVWLK V]LY TPSSPVUZ VM `LHYZ VM
HKHW[H[PVU� 0[ HSZV THRLZ P[ JSLHY [OH[ [OL
IVK` HZZ\TLZ P[ PZ L_WVZLK [V H ZPUNSL
WYLKVTPUH[LS` 509 LTP[[LY� [OL :\U� ;OH[
MVYTZ [OL YH[PVUHSL ILOPUK :PSHZ 07 HUK
WYVK\J[Z� :PSHZ PZ H ZTHSS WYP]H[LS` M\UKLK
JVTWHU` MVJ\ZLK VU [^V HYLHZ� HY[PÄJPHS
LU]PYVUTLU[Z HUK JVU[YVS Z`Z[LTZ [OH[
TPTPJ [OL LU[PYL ZVSHY ZWLJ[Y\T HUK HU
LUOHUJLK 509 O`WLY[OLYTPH ZV\YJL MVY

JHUJLY [YLH[TLU[Z� )HZLK VU [OPZ
]PL^WVPU[� ^OLU *6=0+�� Z[Y\JR 0
SVVRLK H[ ^OH[ YVSL 96: TPNO[ IL
WSH`PUN MYVT H NLYTPJPKHS HUK [OLYHWL\[PJ
Z[HUKWVPU[� 3PRL T` WYL]PV\Z ^VYR� 0 ^HZ
HTHaLK H[ OV^ SP[[SL ^L RUL �̂

/(' SURIHVVLRQDO� <RX UHFHQWO\ VHQW
PH WKH GUDIW RI DQ DUWLFOH ZLWK WKH WLWOH
ì&RXOG 5HDFWLYH 2[\JHQ 6SHFLHV EH
ZK\ ,QñXHQ]D LV 6HDVRQDO"ú� ,I LWâV
RND\ ZLWK \RX� ,âG OLNH WR WDON LQ GHWDLO
DERXW WKDW� DQG SHUKDSV GLJ D OLWWOH
GHHSHU�

6FRWW =,00(50$1� 6M JV\YZL� P[ PZ T`
WSLHZ\YL� 7SLHZL MLLS MYLL [V HZR ^OH[L]LY
`V\ ^HU[� 0 Q\Z[ ^HU[ [V THRL P[ JSLHY [OH[
[OPZ PZ UV[ H ZPS]LY I\SSL[ I\[ HU H[[LTW[ [V
Z[PT\SH[L H IYVHKLY KPZJ\ZZPVU� ;OL
TLKPJHS JVTT\UP[` PZ HWWYVWYPH[LS`
MVJ\ZLK VU ]HJJPULZ HUK [OLYHWL\[PJ
KY\NZ� 6\Y PUK\Z[Y` PZ H RL` WHY[ VM
KLÄUPUN [OL HY[PÄJPHS LU]PYVUTLU[ [OH[
WYV[LJ[Z V\Y TLKPJHS ^VYRLYZ� IL P[ <=
KPZPUMLJ[PVU� JPYJHKPHU� VY ZVTL[OPUN LSZL�

/(' SURIHVVLRQDO� ,Q \RXU DUWLFOH \RX
HPSKDVL]HG WKH IDFW WKDW ìD ñX VHDVRQ
GRHV QRW MXVW KDSSHQ� 8QGHUVWDQGLQJ
WKH URRW FDXVH RI ZK\ PDQ\
SDQGHPLFV HQG EDVHG RQ VHDVRQ DQG
UHWXUQ WKH IROORZLQJ VHDVRQ� LV DW OHDVW
DV LPSRUWDQW DV YDFFLQHV DQG
WKHUDSHXWLF GUXJV�ú $UH \RX WKH ðUVW
SHUVRQ WR UHFRJQL]H WKLV" ,V WKHUH DQ\
HYLGHQFH SRLQWLQJ WR D UHDVRQ IRU LW"

6FRWW =,00(50$1� 5V� 0 HT UV[ [OL
ÄYZ[ [V YLJVNUPaL ZLHZVUHSP[` HUK P[ OHZ
ILLU Z[\KPLK VMM HUK VU MVY KLJHKLZ� >L
Z[PSS KV UV[ RUV^ ^O` P[ VJJ\YZ� 0U MHJ[�

T` TV[P]H[PVU [V ^VYR PU [OPZ HYLH JVTLZ
MYVT H X\V[L MYVT +Y� +V^LSS� [OL +LW\[`
+PYLJ[VY VM ,WPKLTPVSVN` HUK
:\Y]LPSSHUJL� =HJJPUL +L]LSVWTLU[ MVY
[OL )PSS HUK 4LSPUKH .H[LZ -V\UKH[PVU�
^OV ZH`Z! ¸0M ^L RUL^ ^OH[ Z\WWYLZZLZ
PUÅ\LUaH [V Z\TTLY[PTL SL]LSZ� [OPZ
^V\SK IL H SV[ TVYL LMMLJ[P]L [OHU HU` VM
[OL Å\ ]HJJPULZ ^L OH]L�¹

;OH[ PZ H ZOVJRPUN Z[H[LTLU[� LZWLJPHSS`
^OLU `V\ PUJS\KL PU[V OPZ Z[H[LTLU[
;\ILYJ\SVZPZ HUK V[OLY HPYIVYUL KPZLHZLZ
[OH[ L_OPIP[ ZLHZVUHSP[ �̀ 0M `V\ SVVR H[ [OL
ZL]LU PUÅ\LUaH LWPKLTPJZ IL[^LLU � ��
HUK � ���  �� VM [OL KLH[OZ VJJ\YYLK
MYVT 5V] [V (WYPS B�D ;OL YLHSP[` PZ [OH[
TVZ[ LWPKLTPJZ HUK WHUKLTPJZ PU
[LTWLYH[L JSPTH[LZ Z[HY[ HUK Z[VW IHZLK
VU [OL ZLHZVUHS JOHUNLZ ^P[O HUK
^P[OV\[ ]HJJPULZ� 5LHY [OL LX\H[VY� [OLYL
PZ SLZZ ZLHZVUHSP[ �̀ 0 ILSPL]L [OH[ UH[\YL
RUV^Z ZVTL[OPUN ^L KV UV[�

-\Y[OLYTVYL� PU [OL 4HYJO ��[O
*VYVUH]PY\Z ;HZR -VYJL IYPLÄUN� +Y� -H\JP
50(0+ +PYLJ[VY H[ 50/ PUKPJH[LK [OH[ OL
Z\ZWLJ[Z *6=0+�� PZ ZLHZVUHS� NP]LU
[OL KH[H UV^ JVTPUN V\[ VM [OL ZV\[OLYU
OLTPZWOLYL JV\U[YPLZ� ;OH[ TLHUZ
*6=0+�� ^PSS WYVIHIS` IL IHJR�

:LHZVUHSP[` JHU LHZPS` IL VIZLY]LK HUK
PZ ^LSS KVJ\TLU[LK� 0UJYLHZLK WLYZVU [V
WLYZVU JVU[HJ[� SHJR VM =P[HTPU +�
KLJYLHZLK O\TPKP[ �̀ HUK HUPTHS
L_WLYPTLU[Z Z\NNLZ[PUN [OH[ ]PY\ZLZ
WYLMLY JVVS HUK KY` JVUKP[PVUZ OH]L HSS
ILLU W\[ MVY[O HZ YVV[ JH\ZLZ� )\[ ^L
Z[PSS L_WLYPLUJL ZLHZVUHS Å\ L]LY` `LHY� 0
ILSPL]L [OPZ PUKPJH[LZ [OH[ ^L HYL TPZZPUN
ZVTL[OPUN�



-PN\YL �! :\USPNO[ NLULYH[LZ NLYTPJPKHS SL]LSZ VM 9LHJ[P]L 6_`NLU :WLJPLZ �96:� L]LY` ZWYPUN�Z\TTLY� 0M ^L JHU HS[LY V\Y HY[PÄJPHS LU]PYVUTLU[ [V TPTPJ ZWYPUN[PTL
SL]LSZ PU [OL MHSS� ^L TH` IL HISL [V Z[VW LWPKLTPJZ ILMVYL [OL` Z[HY[
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/(' SURIHVVLRQDO� 'R \RX KDYH DQ LGHD
RI ZKDW LW LV WKDW ZHâUH PLVVLQJ" 'RHV
LW KDYH DQ\WKLQJ WR GR ZLWK 526"

6FRWW =,00(50$1� @LZ� P[ PZ H
O`WV[OLZPZ I\[ MYVT H 96: WLYZWLJ[P]L� 0
^V\SK WVPU[ V\[ ZVTL MHJ[Z�

;OL :\U NLULYH[LZ NLYTPJPKHS SL]LSZ VM
96: PU [OL ZWYPUN HUK Z\TTLY TVU[OZ H[
OPNOLY SH[P[\KLZ HUK `LHY�YV\UK ULHY [OL
LX\H[VY PU MYLZO HPY� >L RUV^ [OLZL SL]LSZ
HYL NLYTPJPKHS ILJH\ZL ZPTPSHY SL]LSZ VM
96: SPRL O`KYVNLU WLYV_PKL OH]L ILLU
\ZLK I` [OL KPZPUMLJ[PVU PUK\Z[Y` [V RPSS
]PY\ZLZ HUK NLYTZ MVY KLJHKLZ�

>L HSZV RUV^ [OH[ ZPT\S[HULV\ZS �̀
HIZVYILK ZVSHY YHKPH[PVU MYVT HIV\[
��� UT [V V]LY ���� UT PUJYLHZLZ HZ ^L
^LHY SPNO[LY JSV[OPUN� L_WVZL TVYL ZRPU
[V Z\USPNO[� HUK ^L ZWLUK TVYL [PTL
V\[KVVYZ� >L RUV^ [OH[ [OPZ Z[PT\SH[LZ
PUJYLHZLK 96: WYVK\J[PVU PU [OL IVK �̀
^OPJO PU [\YU Z[PT\SH[LZ V\Y PTT\UL
Z`Z[LTZ�

,UJSVZLK ZWHJLZ ^P[O OLH[PUN HUK�VY HPY
JVUKP[PVUPUN� THU�THKL HPY WVSS\[PVU�
Z[HNUHU[�KY` HPY� 3V^ , NSHZZ� L_[LUKLK
WLYPVKZ VM KHYRULZZ� OLH]` ZUV^MHSS� HUK
YHPU` ZLHZVUZ HSS [LUK [V SVJHSS` KLWSL[L
[OLZL UH[\YHSS` VJJ\YYPUN 96: SL]LSZ�

0 HT Z\NNLZ[PUN [OH[ Å\ ZLHZVU Z[HY[Z
ILJH\ZL SV^ 96: SL]LSZ MH]VY [OL
WH[OVNLUZ ^OPSL Å\ ZLHZVU Z[VWZ
ILJH\ZL OPNOLY 96: SL]LSZ MH]VY [OL OVZ[
�\Z�� 9LJLU[ L_WLYPTLU[Z HWWLHY [V
Z\WWVY[ [OPZ O`WV[OLZPZ�

0U 4HYJO� [OL 50(0+ *6=0+�� HLYVZVS
KH[H ZOV^LK [OH[ PU KHYR ÄS[LYLK KY` HPY
[OL ]PY\Z OHZ H OHSM�SPML VM V]LY VUL OV\Y
B�D� B�D �/HSM�SPML PZ [OL [PTL P[ [HRLZ MVY
��� VM [OL ]PY\Z WHY[PJSLZ [V IL
PUHJ[P]H[LK� 3VUNLY OHSM�SPML LX\HSZ TVYL
VWWVY[\UP[` MVY KPZLHZL ZWYLHK�� 0U (WYPS�
+/: HLYVZVS L_WLYPTLU[Z L_WVZLK [OL
*6=0+�� ]PY\Z [V ÄS[LYLK ?LUVU HYJ
SHTWZ JVTIPULK ^P[O O\TPKPÄLK HPY� ;OL
OHSM�SPML VM [OL ]PY\Z KYVWWLK [V
 � ZLJVUKZ B�D� ;̂ V KLJHKLZ HNV�
4HYZKLU ZOV^LK [OH[ Å\ ]PY\ZLZ PU H
ZULLaL KYVWSL[ [YH]LSPUN [OYV\NO �� WWI]
O`KYVNLU WLYV_PKL H[TVZWOLYL OHK H
OHSM�SPML VM \UKLY �� TPSSPZLJVUKZ B�D�
:WYPUN[PTL HPY OHZ H O`KYVNLU WLYV_PKL
SL]LS VM \W [V � WWI] ^P[O MHSS SL]LSZ
KYVWWPUN [V SLZZ [OHU H ML^ O\UKLYLK
WW[] PU [OL MHSS HUK ^PU[LY B�D�

;̂ V [OPYKZ VM [OL WLVWSL ^OV ^LYL
PUMLJ[LK PU 5@* ^LYL ZOLS[LYPUN PU WSHJL�
0[ TH` IL WVZZPISL [V YLK\JL [OPZ U\TILY�

/(' SURIHVVLRQDO� 7KH WHUP� 5HDFWLYH
2[\JHQ 6SHFLHV� RU 526� LV WKH PDLQ
WRSLF RI \RXU DUWLFOH� ,âP SUHWW\ VXUH
WKDW WKH DYHUDJH SHUVRQ GRHVQâW NQRZ
PXFK DERXW LW� %HIRUH ZH JR RQ� FRXOG
\RX SOHDVH H[SDOLQ ZKDW LW LV� ZKDW
HIIHFW LV KDV RQ RXU ERGLHV DQG ZK\ LW
LV VR LPSRUWDQW"

6FRWW =,00(50$1� 9LHJ[P]L 6_`NLU
:WLJPLZ PZ H NLULYHS [LYT MVY IV[O MYLL
YHKPJHS HUK V_PKPaPUN ZWLJPLZ Z\JO HZ
O`KYV_PKL� UP[YPJ V_PKL� VaVUL� O`KYVNLU
WLYV_PKL� L[J� ;OLYL HYL H OVZ[ VM 96:
[OH[ VJJ\Y UH[\YHSS` PU [OL HPY ^L IYLH[OL
HUK ^H[LY ^L KYPUR� 0U [OL ^VYR `V\
YLMLYLUJLK ^P[O 9LP[LY� ^L ZOV^LK [OH[
[OL LU[PYL ZVSHY ZWLJ[Y\T ���� UT [V V]LY
���� UT� PZ NLULYH[PUN O\NL HTV\U[Z VM
96: PU V\Y JLSSZ L]LY` ZLJVUK PU
L_WVZLK ZRPU� :PNUPÄJHU[ HTV\U[Z VM 509
WOV[VUZ L]LU WLUL[YH[L JSV[OPUN� <USPRL
WOV[VUZ� 96: OH]L OHSM�SP]LZ [OH[ YHUNL
MYVT H ML^ UHUVZLJVUKZ [V KH`Z HSSV^PUN
[OLT [V HJJ\T\SH[L� IL Z[VYLK� HUK
KPZWLYZLK� ^OPJO THRLZ [OLT ]LY` \ZLM\S
PU IPVSVNPJHS WYVJLZZLZ� >L HSZV RUV^
[OH[ [OL IVK` NLULYH[LZ P[Z V^U 96:
�O`KYVNLU WLYV_PKL� HZ H RPSSPUN YLZWVUZL
I` PTT\UL JLSSZ HUK UHZHS JLSSZ [V
TPJYVIPHS H[[HJRZ HUK WVSS\[PVU �B�D� B D��
9LJLU[ L]PKLUJL OHZ ZOV^U [OH[ 96:
WSH` H RL` YVSL HZ H TLZZLUNLY PU UVYTHS



-PN\YL �! 3HJR VM MYLZO HPY L_JOHUNLZ� OLH[PUN�JVVSPUN� HUK ÄS[YH[PVU VM Z\USPNO[ PU V\Y LUJSVZLK ZWHJLZ
YLK\JL 96: SL]LSZ WYVTV[PUN PUMLJ[PV\Z KPZLHZL ZWYLHK� ;OL WH[O VM SLHZ[ YLZPZ[HUJL MVY HU` ]PY\Z PZ UV^
^OLYL ^L SP]L� ^VYR� HUK SLHYU
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JLSS ZPNUHS [YHUZK\J[PVU HUK VJJ\YZ
UH[\YHSS` PU JLSS\SHY LULYN` WYVK\J[PVU
B��D�B��D � )\[ KLZWP[L [OLPY ILULÄJPHS
HJ[P]P[PLZ� V]LYWYVK\J[PVU VM 9LHJ[P]L
6_`NLU :WLJPLZ K\YPUN [PTLZ VM
LU]PYVUTLU[HS Z[YLZZ JHU HSZV IL [V_PJ [V
JLSSZ� ;VV SP[[SL 96: PZ IHK� [VV T\JO
96: JHU IL ]LY` IHK� HUK PU�IL[^LLU PZ
LZZLU[PHS MVY SPML� 0[ PZ� HZ ZV VM[LU� H
X\LZ[PVU VM [OL KVZL�

6\Y IVK` HUK [OL ]PY\Z SP]L PU HU
H[TVZWOLYL [OH[ OHZ HS^H`Z ILLU ÄSSLK
^P[O 96:� ;OL ZLJVUK ÄN\YL 0 ZLU[ PZ H
ZPTWSL PSS\Z[YH[PVU VU [OL ]PY\Z ZJHSL VM
^OH[ [OL H[TVZWOLYL SVVRZ SPRL� :\USPNO[
NLULYH[LZ H NH\U[SL[ VM 96: [OYV\NO
^OPJO [OL ]PY\Z T\Z[ WHZZ� *V\NO
KYVWSL[Z JVU[HPUPUN [OV\ZHUKZ VM ]PY\Z
WHY[PJSLZ HYL HIZVYIPUN TPSSPVUZ VM 96:
TVSLJ\SLZ HZ [OL` TV]L� HUK KYVWSL[Z VU
Z\YMHJLZ HYL Z\YYV\UKLK I` 96:� ;OLZL
UH[\YHSS` VJJ\YYPUN NLYTPJPKHS LMMLJ[Z HYL
OHWWLUPUN JVU[PU\V\ZS` HUK VU H NSVIHS
ZJHSL�

0 ILSPL]L HUK [OLYL PZ ZJPLU[PÄJ L]PKLUJL�
[OH[ K\YPUN ^PU[LY[PTL� [OLYL PZ UV[
LUV\NO 96: PU [OL HPY HUK UV[ LUV\NO
96: ILPUN WYVK\JLK PU V\Y IVK �̀

>L OH]L [OL [LJOUVSVN` [V TPTPJ [OLZL
LMMLJ[Z VU H ^PKLZWYLHK IHZPZ PU [OL MHSS
HUK ^PU[LY� PM ^L JHU X\HU[PM` [OL PTWHJ[
HUK WYV]PKL JVZ[ LMMLJ[P]L WYHJ[PJHS
ZVS\[PVUZ� ;OL SPNO[PUN� /=(*� HUK
HYJOP[LJ[\YHS PUK\Z[YPLZ ^PSS OH]L [V THRL
[OPZ OHWWLU� HZ [OL TLKPJHS YLZLHYJO
JVTT\UP[` PZ HSYLHK` V]LY^OLSTLK� ;OPZ�
OV^L]LY� ^PSS YLX\PYL V\Y PUK\Z[YPLZ [V
MVSSV^ [OL ZHTL Y\SLZ HZ [OL TLKPJHS
PUK\Z[Y`! *SPUPJHS [YPHSZ� WLLY YL]PL �̂ -+(
HWWYV]HS� L[J�

/(' SURIHVVLRQDO� <RXâUH WDONLQJ DERXW
PLPLFNLQJ 1DWXUH E\ XVLQJ LPSURYHG�
DUWLFLðFLDO OLJKW ò EXW ZKDW LV LW WKDW
KDSSHQV LQ 1DWXUH"

6FRWW =,00(50$1� (Z HSYLHK`
TLU[PVULK� [OL LU[PYL ZVSHY ZWLJ[Y\T
MYVT ��� UT [V V]LY ���� UT PZ
PTWHJ[PUN V\Y OLHS[O� (SS [OL <=* HUK
TVZ[ VM [OL <=) PZ HIZVYILK PU [OL
H[TVZWOLYL� NLULYH[PUN H O\NL YLZLY]VPY
VM UH[\YHSS` VJJ\YYPUN 96:� ;OL <= [OH[
THRLZ P[ [OYV\NO [OL H[TVZWOLYL
WYVK\JLZ =P[HTPU + PU V\Y ZRPU� I\[ HSZV
PZ HIZVYILK PU H ]LY` [OPU SH`LY VM [OL
V\[LY ZRPU NLULYH[PUN ]LY` OPNO 96:
KLUZP[` [OH[ JYLH[LZ H RPSSPUN ÄLSK MVY
WH[OVNLUZ [Y`PUN [V LU[LY [OL IVK �̀ ^OPSL
Z[PSS Z\WWVY[PUN [OL OLHS[O` TPJYVIPVTL

[OH[ SP]LZ VU [OL ZRPU� -YVT ,:9 KH[H HUK
VW[PJHS TVKLSZ ^L RUV^ [OH[ PU Z\USPNO[
[OL ]PZPISL ���� UT [V ��� UT� NLULYH[LZ
Q\Z[ HZ THU` 96: HZ HYL NLULYH[LK PU
[OL <=� )\[ IHZLK VU [OL VW[PJZ VM [OL
ZRPU� [OL 96: HYL KPZ[YPI\[LK PU[V JLSSZ \W
[V �TT KLLW ILSV^ [OL Z\YMHJL� (YV\UK
��� UT [OLYL PZ H YHWPK KLJYLHZL PU [OL
VW[PJHS HIZVYW[PVU JYLH[PUN ¸IPVSVNPJHS
^PUKV^Z¹ IL[^LLU ��� UT HUK ���� UT
[OH[ HSSV^ MVY WLUL[YH[PVU PU L_JLZZ VM HU
PUJO [V VJJ\Y� ;OPZ JYLH[LZ ZVTL
HTHaPUN IPV�VW[PJHS LMMLJ[Z�

(Z HU L_HTWSL� [OL IVK` HZZ\TLZ P[ PZ
L_WVZLK [V [OL :\U� <= HUK /,=
WOV[VUZ OH]L LUV\NO LULYN` [V
YHUKVTS` IYLHR TVSLJ\SHY IVUKZ� ;V
Z\Y]P]L� [OL IVK` WYV]PKLZ H ZHJYPÄJPHS
V\[LY KLHK ZRPU SH`LY JVU[HPUPUN H OVZ[ VM
ILULÄJPHS TPJYV�VYNHUPZTZ� TLSHUVWZPU
PU [OL ZRPU HIZVYIZ ]PZPISL WOV[VUZ
JH\ZPUN [OL YLSLHZL VM HU[PV_PKHU[ IL[H
JHYV[LUL MYVT ^OP[L MH[ JLSSZ B��D HUK 509
WOV[VUZ WLUL[YH[L KLLW PU[V [OL IVK`
PUK\JPUN ]HZVKPSH[PVU I` YLSLHZPUN 96:
�UP[YPJ V_PKL JVTWV\UKZ� [OYV\NOV\[ [OL
LU[PYL TPJYVJHWPSSHY` UL[^VYR JVPUJPKLU[
HUK WYVWVY[PVUHS [V HTV\U[ VM <=
KHTHNL ILPUN NLULYH[LK B��D� ;OL
PUJYLHZLK ISVVK ÅV^ YLTV]LZ [OL ^HZ[L
WYVK\J[Z JYLH[LK I` [OL OPNOLY LULYN`
WOV[VUZ HUK PUJYLHZL [OL ^OP[L ISVVK
JLSS JV\U[ [V Q\Z[ [OL KHTHNLK HYLH� ;OPZ
PZ HU L_HTWSL VM VUS` VUL TLJOHUPZT
[OH[ ^L RUV^ VM�

0U UH[\YL ^L HYL UL]LY L_WVZLK [V
<=�=PZPISL ^P[OV\[ HU L_JLZZ VM 509� ;OH[
PZ UV SVUNLY [Y\L MVY V\Y HY[PÄJPHS
LU]PYVUTLU[ HUK ^L OH]L ]PY[\HSS` aLYV
YLZLHYJO PU[V ^OH[ OHWWLUZ SVUN [LYT

^OLU `V\ LSPTPUH[L ��� VM [OL ZVSHY
ZWLJ[Y\T� 9PNO[ UV �̂ ^L OH]L [OL
WLYMLJ[ Z[VYT! 3,+Z WYV]PKL VUS` ��� UT
[V ��� UT� THUKH[LK LULYN` ZH]PUNZ
^PUKV^Z ISVJR 509 MYVT LU[LYPUN V\Y
OVTLZ HUK SLZZ [OHU ��� VM V\Y [PTL PZ
ZWLU[ PU Z\USPNO[�

;OLYL PZ HSZV HUV[OLY WVPU[ [OH[ 0 ^HU[ [V
TLU[PVU PU [OPZ YLZWLJ[� (Z 0 OH]L ZOV^U�
JOPSKYLU HUK OPNO TLSHUPU SL]LS PUKP]PK\HSZ
HYL \UPX\LS` PTWHJ[LK I` Z\USPNO[�
)LJH\ZL VM [OLPY ZTHSSLY ZPaL� HSTVZ[
���� VM [OL JLSSZ PU H JOPSK ¸ZLL¹ H[ SLHZ[
ZVTL WVY[PVU VM [OL ZVSHY ZWLJ[Y\T�
LZWLJPHSS` PU [OL 509� JVTWHYLK [V SLZZ
[OHU OHSM PU HK\S[Z� (SZV� PTWVY[HU[ [V
RUV �̂ [OL ISHJR WVW\SH[PVU YLX\PYL TVYL
Z\USPNO[ [V WYVK\JL [OL ZHTL SL]LS VM
=P[HTPU + HUK YLJLP]LZ SLZZ [OHU ��� VM
[OL 509 �PTWHJ[Z 96: SL]LSZ PU [OL IVK`�
[OHU [OL ^OP[L WVW\SH[PVU KVLZ� >L ULLK
[V TLHZ\YL IHZPJ VW[PJHS WYVWLY[PLZ MVY HSS
ZRPU [`WLZ [V \UKLYZ[HUK OV^ [OL LU[PYL
ZVSHY ZWLJ[Y\T PTWHJ[Z [OL OLHS[O VM
LZWLJPHSS` [OL ISHJR WVW\SH[PVU H[ OPNOLY
SH[P[\KLZ�

/(' SURIHVVLRQDO� :KDW GR \RX VD\ WR
WKH IDFW WKDW R]RQH OHYHOV LQ VRPH
DUHDV LQ WKH VXPPHU UHDFK XQGHVLUDEO\
KLJK OHYHOV" +RZ FDQ \RX EH VXUH WKDW
WKH ðJXUHV \RX DUH UHIHUULQJ WR DUH QRW
DUWLðFLDO ò WRR KLJK GXH WR DLU SROOXWLRQ
ò DQG WKHUHIRUH GRQâW KDUP RXU ERGLHV�
EXW DFWXDOO\ VXSSRUW KHDOWK"

6FRWW =,00(50$1� 5H[\YHSS` VJJ\YYPUN
96: \UMVY[\UH[LS` NL[Z S\TWLK PU ^P[O
THU�THKL 96: �HPY WVSS\[PVU� ^H[LY
WVSS\[PVU� L[J��� 0YVUPJHSS �̀ Z[\KPLZ KVUL MVY
[OL )LPQPUN 6S`TWPJZ ZOV^LK [OH[



-PN\YL �! >L JHU NLULYH[L SV^�SL]LS NLYTPJPKHS YLZLY]VPYZ PU V\Y LUJSVZLK ZWHJLZ [OH[ TPTPJ ZWYPUN HPY� ;OPZ
TPUPTHSPZ[PJ PTTLYZPVU HWWYVHJO [V KPZPUMLJ[PVU PZ PUOLYLU[S` ZHML� TVYL LMMLJ[P]L [OHU PU[LYTP[[LU[ JSLHUPUN
^P[O [V_PJ JOLTPJHSZ� HUK YLK\JLZ ]PY\Z L_WVZ\YL JVTWHYLK [V PU�K\J[ ZVS\[PVUZ� ;V YLHSS` TPTPJ UH[\YL
PUKVVYZ ^PSS YLX\PYL JOHUNLZ [V OV^ ^L KV /=(*� SPNO[PUN� HUK ZLUZVYZ�
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THU�THKL 96: Z\JO HZ Z\SM\Y KPV_PKL
MYVT JVHS HUK JHYZ ]PY[\HSS` LSPTPUH[LK
O`KYVNLU WLYV_PKL PU [OL JP[` JVTWHYLK
[V YLHKPUNZ VU H SVJHS TV\U[HPU B��D� (
OPZ[VYPJHS Z[\K` VM [OL � �� WHUKLTPJ
WYVWVZLK [OH[ T\JO OPNOLY TVY[HSP[`
YH[LZ PU \YIHU ]LYZ\Z Y\YHS HYLHZ
JVYYLSH[LK [V HPY WVSS\[PVU SL]LSZ MYVT
\YIHU JVHS ÄYLK WSHU[Z B��D�

0[ PZ OHYK [V ZLWHYH[L V\[ THU�THKL
LMMLJ[Z MYVT UH[\YHS LMMLJ[Z� ;OH[ PZ ^O`
[OPZ KPZJ\ZZPVU PZ ZV PTWVY[HU[ [V OH]L
UV �̂ 0U [OL TPZ[ VM [OPZ [YHNLK` ^L OH]L
H \UPX\L VWWVY[\UP[` [V SVVR H[ KPZLHZL
ZWYLHK� (Z ZH[LSSP[L TLHZ\YLTLU[Z ZOV �̂
HPY WVSS\[PVU SL]LSZ HYL WS\TTL[PUN HUK
X\HYHU[PUL PZ SPTP[PUN ZLLKPUN YH[LZ� )\[
^L ULLK [V RUV^ ^OPJO JH\ZHS ]HYPHISLZ
[V SVVR MVY� ;OH[ PZ ^O` 0 HWWYLJPH[L 3,+
7YVMLZZPVUHS HUK `V\ MVY ILPUN ^PSSPUN [V
W\[ [OPZ V\[ [OLYL�

/(' SURIHVVLRQDO� ,Q D UHFHQW DUWLFOH
\RX XVHG WKH WHUPV ìDWPRVSKHULF
526ú� ìOLTXLG 526ú DQG ìVRODU 526ú�
<RX DOVR PHQWLRQHG YDULDWLRQV�
HVSHFLDOO\ LQ +��� OHYHOV� GXULQJ WKH
\HDU� &DQ \RX H[SODLQ ZKDW
ìDWPRVSKHULF 526ú LV DQG ZK\ WKH
YDULDWLRQV PD\ EH UHOHYDQW"

6FRWW =,00(50$1� ;OL Z\U NLULYH[LZ
[OYLL IHZPJ [`WLZ VM UH[\YHSS` VJJ\YYPUN
96:� ([TVZWOLYL 96: HYL PU [OL HPY ^L
IYLH[OL HUK [OL LU]PYVUTLU[ [OH[ ]PY\ZLZ
T\Z[ [YH]LS [OYV\NO [V PUMLJ[ [OLPY UL_[
OVZ[� 3PX\PK 96: HYL PU [OL ^H[LY ^L
KYPUR HUK PU [OL ]HYPV\Z MVYTZ VM ^H[LY
HUK ^H[LY ]HWVY �SHRLZ� JSV\KZ� MVN�
O\TPKPÄLYZ� L[J��� :VSHY 96: HYL
NLULYH[LK ^OLU WOV[VUZ MYVT [OL :\U
HYL HIZVYILK I` IPVSVNPJHS JLSSZ �V\Y
IVK �̀ ]PY\ZLZ� TPJYVIPVTL� L[J���

9LNHYKPUN H[TVZWOLYPJ 96:� ^L OH]L
RUV^U MVY H SVUN [PTL [OH[ THU` 96:
[`WLZ B��D� I\[ LZWLJPHSS` O`KYVNLU
WLYV_PKL SL]LSZ PU [OL HPY� ]HY` ^P[O [OL
ZLHZVUZ� /�6� SL]LSZ HYL \W [V ZL]LU
[PTLZ OPNOLY K\YPUN [OL ZWYPUN HUK
Z\TTLY [OHU PU [OL MHSS HUK ^PU[LY�
/`KYVNLU WLYV_PKL SL]LSZ PU V\Y
Z\YYV\UKPUNZ YHUNL MYVT ULHY aLYV PU
KHYR Z[HNUHU[ HPY [V V]LY ��� WWI] PU
ZUV^ÅHRLZ �B��D� B��D�� ;OL THQVYP[` VM
O`KYVNLU WLYV_PKL HUK V[OLY 96: HYL
NLULYH[LK I` <= WOV[VUZ PU[LYHJ[PUN
^P[O [OL H[TVZWOLYL� L]HWVYH[PVU MYVT
SHRLZ�YP]LYZ� YHPUMHSS� HUK MYVT WSHU[
WOV[VYLZWPYH[PVU �B� D� B��D� B��D��

/(' SURIHVVLRQDO� 'R WKHVH ðQGLQJV
VKRZ HYLGHQFH RI WKH YDULDWLRQV
GXULQJ WKH \HDU DIIHFWLQJ RXU KHDOWK"

6FRWW =,00(50$1� @LZ� ^L [OPUR ZV�
)HZLK VU [OL ^VYR VM 9.- 0UJ� HUK 7YVM�
4HYZKLU ^L RUV^ [OH[ �� WWI O`KYVNLU
WLYV_PKL RPSSZ V]LY   � VM ]PY\ZLZ PU [OL
HPY� HUK SV^�SL]LS O`KYVNLU WLYV_PKL HUK
V[OLY 96: [`WLZ OH]L ILLU \ZLK MVY V]LY
�� `LHYZ PU H ]HYPL[` VM KPZPUMLJ[PVU
HWWSPJH[PVUZ ^P[O V]LY H TPSSPVU Z`Z[LTZ
ZVSK B��D� ;OPZ KH[H ZOV^Z H[TVZWOLYPJ
96:� MVY PUZ[HUJL� PTWHJ[Z [OL U\TILY
VM ]PHISL ]PY\Z WHY[PJSLZ PU H JV\NO� >OPSL
[OL L_PZ[PUN [OLVY` PZ [OH[ PUÅ\LUaH
WYLMLYZ JVVS HUK KY` JVUKP[PVUZ� MYVT H
96: WLYZWLJ[P]L JVVS HUK KY` JVUKP[PVUZ
ZPTWS` JVU[HPUZ SLZZ 96: YLZ\S[PUN PU [OL
]PY\Z ILPUN HISL [V [YH]LS M\Y[OLY�
<UMVY[\UH[LS �̀ L_PZ[PUN JV\NO TVKLSZ
�B��D� B��D� KV UV[ JVUZPKLY [OL J\T\SH[P]L
LMMLJ[Z VM WHZZPUN [OYV\NO H 96: SHKLU
H[TVZWOLYL� *VUZPKLY [OL PTWHJ[ VU ]PYHS
ZWYLHK�

3L[ TL [HRL [OL L_HTWSL VM JV\NO HUK
SL[ TL NP]L `V\ ZVTL YV\NO ÄN\YLZ VU
[OPZ! >OLU ^L ZULLaL VY JV\NO� ^L
WYVQLJ[ \W [V ������ KYVWSL[Z YHUNPUN PU
ZPaL MYVT SLZZ [OHU H TPJYVU [V V]LY
��� TPJYVUZ PU KPHTL[LY JVU[HPUPUN
O\UKLYLK TPSSPVU ]PY\Z WHY[PJSLZ �YV\NOS`
���� ]PY\Z WHY[PJSLZ WLY KYVWSL[� � (Z [OL
9.- ,U]PYVUTLU[HS .YV\W Z[H[LZ� �� WWI
VM O`KYVNLU WLYV_PKL PZ Z[PSS ���× ����

TVSLJ\SLZ WLY SP[LY B��D� ;OPZ TLHUZ�
HZZ\TPUN \UPMVYT KPZ[YPI\[PVU� [OH[ LHJO
TVSLJ\SL VM O`KYVNLU WLYV_PKL PZ
ZLWHYH[LK [OYLL KPTLUZPVUHSS` PU ZWHJL
I` HWWYV_PTH[LS` � TPJYVU� ( ���TPJYVU
^H[LY KYVWSL[ [YH]LSPUN [OYLL MLL[ JV\SK
HJJ\T\SH[L HSTVZ[ ��� TPSSPVU O`KYVNLU
WLYV_PKL TVSLJ\SLZ HZ P[ [YH]LYZLZ [OL

KPZ[HUJL� -VSSV^PUN 4HYZKLU� ^OV OHZ
ZOV^U [OH[ \ZPUN �� WWI VM O`KYVNLU
WLYV_PKL RPSSZ   � VM [OL ]PY\Z� PU [OL [PTL
H JV\NO [HRLZ [V [YH]LSZ [OYLL MLL[� [OL
]PY\Z WHY[PJSLZ PU [OL KYVWSL[ ^V\SK OH]L H
OHSM�SPML VM SLZZ [OHU �� TPSSPZLJVUK� HZ 0
TLU[PVULK LHYSPLY� 0 ^HU[ [V WVPU[ P[ V\[
HNHPU� [OH[ [OL SL]LSZ VM O`KYVNLU
WLYV_PKL I` 4HYZKLU HUK 9.- HYL
VJJ\YYPUN UH[\YHSS` L]LY` ZWYPUN HUK
Z\TTLY I\[ UV[ PU [OL MHSS HUK ^PU[LY HUK
H[ OPNOLY SH[P[\KLZ�

/(' SURIHVVLRQDO� 7KDW VRXQGV TXLWH
VROLG� ,V WKHUH DQ\WKLQJ PRUH \RX
ZRXOG OLNH WR VD\ DERXW LW RU FDQ ZH
WDON DERXW OLTXLG 526 DQG VRODU 526"

6FRWW =,00(50$1� 0 JV\SK [HSR [OL YLZ[
VM V\Y [PTL Q\Z[ HIV\[ H[TVZWOLYPJ 96:�
I\[ 0 [OPUR [OL LZZLUJL VM [OL ÄUKPUNZ PZ
]PZPISL PU [OL NP]LU L_HTWSL HUK 0 YLHSS`
^HU[ [V NP]L H NVVK HUK JVTWYLOLUZP]L
V]LY]PL �̂ :V� 0 ^V\SK WYLMLY [V [HRL [OL
UL_[ Z[LW [V SPX\PK 96:�

0U ZPTWSL [LYTZ� ^L RUV^ [OH[ O`KYVNLU
WLYV_PKL HJJ\T\SH[LZ MYVT YHPUMHSS�
ZUV^MHSS� HUK WOV[VIPVSVNPJHS WYVJLZZLZ
PU SHRLZ HUK YP]LYZ HUK YLHJOLZ P[Z WLHR
SL]LSZ PU [OL ZWYPUN HUK Z\TTLY TVU[OZ�
/`KYVNLU WLYV_PKL� JVTIPULK ^P[O
VaVUL� PZ HSZV \ZLK PU ZVTL ^H[LY
[YLH[TLU[ MHJPSP[PLZ [V YLWSHJL JOSVYPUL�
/`KYVNLU WLYV_PKL JHU OH]L H OHSM�SPML VM
V]LY �� KH`Z PU ^H[LY� ZV [OL [HW ^H[LY
[OH[ ^L KYPUR HUK [OL [HW ^H[LY ^L \ZL PU
O\TPKPÄLYZ PU THU` JHZLZ JVU[HPUZ
ZPNUPÄJHU[ HTV\U[Z VM 96:� (Z ^L KYPUR
^H[LY� ^L HYL LZZLU[PHSS` KPZPUMLJ[PUN V\Y
HPY^H`Z� *VTWHUPLZ HYL UV^ KL]LSVWPUN
ULI\SPaLY�IHZLK KY\N [YLH[TLU[Z [V
Z[PT\SH[L V\Y JLSSZ [V YLSLHZL PUJYLHZLK
SL]LSZ VM 96: PU V\Y HPY^H`Z [V RPSS
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*6=0+�� ]PY\Z WHY[PJSLZ B��D� 5H[\YL Q\Z[
NV[ [OLYL ÄYZ[� 0YVUPJHSS �̀ [OL JSLHY WSHZ[PJ
IV[[SLZ [OH[ ^L I\` TVZ[ SPRLS`
KLJVTWVZL HU` UH[\YHS 96: WYLZLU[ H[
IV[[SPUN� ( Z[\K` KVUL I` 4H`V H ML^
`LHYZ IHJR ZOV^LK [OH[ Q\Z[ PUJYLHZPUN
[OL O\TPKP[` \ZPUN J`JSVUL O\TPKPÄLYZ
HUK [HW ^H[LY �^P[O 96:� J\[ Å\
HIZLU[LLZ I` ��� PU JSHZZYVVTZ B��D�
;OPZ `LHY»Z Å\ ]HJJPUL ^HZ LZ[PTH[LK [V
IL ��� LMMLJ[P]L�

0 Q\Z[ ^HU[ [V L_WSHPU ZVSHY 96: ]LY`
IYPLÅ` HZ `V\Y YLHKLYZ TPNO[ HSYLHK`
RUV^ TVZ[ MHJ[Z MYVT T` HY[PJSL PU
3W9�� ¶ 4HYJO�(WYPS ���� PZZ\L� >OH[
OHZ VJJ\YYLK ZPUJL [OLU PZ H KLLWLY
HWWYLJPH[PVU MVY OV^ Z\USPNO[ PZ
PU[LYHJ[PUN ^P[O UV[ Q\Z[ V\Y IVK` I\[ [OL
]PY\Z HZ ^LSS� (Z ^L [HSRLK HIV\[ LHYSPLY�
[OL 50(0+ HUK +/: KH[H WYV]PKLZ HU
L_JLSSLU[ IHZLSPUL MVY *6=0+�� [OH[ [OL
SHJR VM Z\USPNO[ PUJYLHZLZ [OL HIPSP[` [V
ZWYLHK PU KHYR ^PU[LY[PTL JVUKP[PVUZ�
+/: OHZ [OL JHWHIPSP[` [V Z[\K` [OL
YLSH[P]L PTWHJ[ VM <=� =0:� HUK 509 HZ
^LSS HZ PU[YVK\JL ]HYPV\Z 96: [`WLZ HUK
SL]LSZ [V [OLPY JHYYPLY NHZLZ� :PSHZ OHZ
YLX\LZ[LK [OH[ IV[O NYV\WZ Y\U [OLZL
[LZ[Z ZV [OH[ [OL /=(*� SPNO[PUN� HUK
HYJOP[LJ[\YHS PUK\Z[YPLZ JHU KLZPNU
Z`Z[LTZ [OH[ HJ[P]LS` Z\WWYLZZ KPZLHZL
ZWYLHK� :PSHZ OHZ HSZV YLX\LZ[LK [OH[
40; HUK V[OLY KPZLHZL ZWYLHK TVKLSPUN
NYV\WZ PUJS\KL 96: PU [OLPY TVKLSZ [V
IL[[LY \UKLYZ[HUK OV^ YLSH[P]L TV[PVU
PTWHJ[Z [OL OHSM�SPML VM [OL ]PY\Z IV[O
PUKVVYZ HUK V\[KVVYZ�

-PUHSS �̀ )\YUL[[ NH]L HU L_JLSSLU[ [HSR
YLJLU[S` JVUJLYUPUN WVZZPISL ULNH[P]L
PTWHJ[ VM <= �<=*� <=)� <=(� <==�
ILPUN ZVSK I` V\Y PUK\Z[Y` B��D� -YVT H
96: WLYZWLJ[P]L� UH[\YL OHZ ZWLJPÄJHSS`
JOVZLU [V UV[ [HRL [OL ¸RPSS L]LY`[OPUN¹
HWWYVHJO V\Y PUK\Z[Y` PZ W\YZ\PUN�
0UZ[LHK 5H[\YL PZ JOVVZPUN [V \ZL
JVU[PU\V\Z SV^ SL]LS UH[\YHSS` VJJ\YYPUN
96: NLYTPJPKLZ HUK MVZ[LY [OL
TPJYVIPVTL VU V\Y ZRPU� KPZPUMLJ[ V\Y
HPY^H`Z� HUK Z[PT\SH[L V\Y PTT\UL
Z`Z[LTZ� ;OL ,7( KLÄULZ H KPZPUMLJ[HU[
HZ NLULYH[PUN H �SVN RPSS �  �    ��
^OPJO� I` KLÄUP[PVU� YLX\PYLZ [OL \ZL VM
JOLTPJHSZ [OH[ UV[ VUS` RPSS [OL ]PY\Z I\[
HSZV [OL TPJYVIPVTL PU V\Y ZRPU B� D� 0
^V\SK Z\NNLZ[ [OH[ ^L ÄYZ[ JVUZPKLY
[HRPUN M\SS HK]HU[HNL VM ^OH[ UH[\YL
WYV]PKLZ�

/(' SURIHVVLRQDO� ,W DOPRVW VRXQGV
WRR JRRG WR EH WUXH� $P , FRUUHFW LQ
WKLQNLQJ WKDW D VLPSOH IRUPXOD FDQ

LQFUHDVH RXU OHYHO RI KHDOWK" 2U LV LW
PRUH GLIðFXOW WR PLPLF QDWXUH DQG
PDLQWDLQ VXPPHUWLPH LQIHFWLRQ UDWHV
\HDU�URXQG� WKDQ LW VHHPV"

6FRWW =,00(50$1� ;OL WYVISLT PZ�
[OH[ [OPZ PZ H WYL]LU[P]L TLHZ\YL� UV[ H
ZOV[� WPSS� VY [YLH[TLU[� (ZR [OL 4H`V
NYV\W OV^ OHYK P[ PZ [V NL[ H O\TPKPÄLY
THUKH[LK PU[V HSS JSHZZYVVTZ L]LU
[OV\NO P[ TPNO[ J\[ [OL Å\ JHZLZ PU OHSM�
;V IL MHPY� P[ PZ LHZPLY [V Y\U JSPUPJHS [YPHSZ
MVY H ]HJJPUL [OHU [V ZJPLU[PÄJHSS` WYV]L
[OL LMÄJHJ` VM TVYL MYLZO HPY L_JOHUNLZ
PU U\YZPUN OVTLZ� 0U 5H[\YL K\YPUN ZWYPUN
HUK Z\TTLY� [OL HPY ^L IYLH[OL PZ RPSSPUN
NLYTZ� [OL ^H[LY ^L KYPUR PZ RPSSPUN
NLYTZ� HUK Z\USPNO[ PZ RPSSPUN NLYTZ VU
V\Y ZRPU HUK Z[PT\SH[PUN V\Y PTT\UL
Z`Z[LT HSS H[ [OL ZHTL [PTL� ;OPZ KVLZ
UV[ OHWWLU ¶ VY H[ SLHZ[ UV[ [OH[ T\JO ¶
PU [OL ^PU[LY� VY PU V\Y OVTLZ VY VMÄJLZ�

;V TPTPJ UH[\YL� HSS [OYLL VM [OLZL 96:
LMMLJ[Z ULLK [V VJJ\Y ZPT\S[HULV\ZS �̀ IL
\IPX\P[V\Z� HUK IL ^P[OPU H [PNO[S`
JVU[YVSSLK YHUNL [V IL LMMLJ[P]L HUK ZHML
[OH[ JHU NL[ WHZ[ T\S[PWSL NV]LYUTLU[
YLN\SH[PVUZ [OH[ MVJ\ZLK VUS` VU LULYN`
ZH]PUNZ�

)HZLK VU [OPZ L]PKLUJL� ^L ULLK V\Y
HY[PÄJPHS LU]PYVUTLU[ [V WYV]PKL H 96:
H[TVZWOLYL� ^L ULLK [V KYPUR HUK
O\TPKPM` V\Y OVTLZ ^P[O \UWVSS\[LK
^H[LY JVU[HPUPUN UH[\YHSS` VJJ\YYPUN
SL]LSZ VM 96:� HUK ^L ULLK \S[YH]PVSL[ [V
PUMYHYLK ZV\YJLZ [OH[ Z[PT\SH[L =P[HTPU +
HUK HSS [OL V[OLY IPV�VW[PJHS TLJOHUPZTZ�
LZWLJPHSS` PU [OL 509 �PUJYLHZLZ 96:
SL]LSZ PU IVK`� K\YPUN [OL MHSS HUK ^PU[LY�
>L OH]L HSS [OL LSLTLU[Z [V KV [OPZ�
9H[OLY [OHU MVJ\ZPUN HSS V\Y YLZLHYJO Q\Z[
VU IL[[LY ZSLLW� P[ TH` IL [PTL [V SVVR
KLLWLY HUK HKTP[ [OH[ V\Y PUK\Z[Y` JHU
IL T\JO TVYL [OHU ^OH[ ^L ZLL ^P[O
V\Y L`LZ� 6UL WHUKLTPJ OHZ JVZ[ TVYL
[OHU HSS [OL LULYN` ZH]PUNZ 3,+Z JV\SK
OH]L YLHSPaLK PU ��� `LHYZ� :\USPNO[ PZ
V\Y IHZLSPUL� HUK [OL KLLWLY ^L KPN� [OL
TVYL ^L ÄUK [OH[ V\Y IVKPLZ HYL \ZPUN HSS
VM P[� UV[ Q\Z[ [OL WHY[ ^L ZLL ^P[O V\Y
L`LZ�

/(' SURIHVVLRQDO� &29,'��� LV D KRW
WRSLF ULJKW QRZ� 'R \RX KDYH ðQGLQJV
UHJDUGLQJ WKH SDQGHPLF"

6FRWW =,00(50$1� ;OL YLJLU[
*6=0+�� WHUKLTPJ IYV\NO[ \Z HU
L_WSVZPVU VM <= KPZPUMLJ[PVU LX\PWTLU[
[OH[ TH` OLSW� I\[ [OLYL HYL ZLYPV\Z
JVUJLYUZ [OH[ P[ ZOV\SK HS^H`Z Z[PSS IL

\ZLK PU JVTIPUH[PVU ^P[O JOLTPJHS
[YLH[TLU[Z Z\JO HZ O`KYVNLU WLYV_PKL
B��D� >L MV\UK [OH[ UH[\YL WYV]PKLZ UV[
VUS` <=�=0:�509 KPZPUMLJ[PVU HUK H
UH[\YHS SV^�SL]LS \IPX\P[V\Z NLYTPJPKL
IHZLK VU H ^PKL YHUNL VM 96: [`WLZ� I\[
HSZV MVYTZ H WYV[LJ[P]L NLYTPJPKL VU HUK
PU V\Y ZRPU HZ P[ Z[PT\SH[LZ H OPNOLY
HU[PV_PKHU[ YLZWVUZL� PU [OL ZWYPUN HUK
Z\TTLY� 0 HT JVU]PUJLK [OH[ ^L ULLK [V
SLHYU MYVT UH[\YL HUK \ZL [OLZL [VVSZ
[OYV\NOV\[ [OL `LHY� >OPSL ^L OH]L
T\S[PWSL TL[OVKZ [V RPSS ]PY\ZLZ HUK
NLYTZ� [OL` KV UV[ SLUK [OLTZLS]LZ [V
^PKLZWYLHK \ZHNL� (Z ^P[O ZVJPHS
KPZ[HUJPUN HUK OHUK^HZOPUN� [V THRL H
TH_PT\T PTWHJ[ P[ ULLKZ [V OHWWLU
L]LY`^OLYL� >L HSS IYLH[OL� KYPUR� HUK
ZOV\SK LUQV` [OL Z\USPNO[�

3PRL TVZ[ WHUKLTPJZ� ^L OH]L UV
PTT\UP[` [V [OPZ ZWLJPÄJ ]PY\Z `L[� 0[
OV^L]LY PZ Z[PSS [YHUZTP[[LK \ZPUN [OL
ZHTL TLJOHUPZTZ HZ [OL Å\� <USPRL H
]HJJPUL VY [OLYHWL\[PJ KY\N�
\UKLYZ[HUKPUN OV^ UH[\YL OHZ Z[VWWLK
WHUKLTPJZ TH` IL NLULYPJ� >OH[ HIV\[
[OL UL_[ *6=0+ ]PY\Z V\[IYLHR& (YL ^L
NVPUN [V ZO\[ KV^U [OL ^VYSK LJVUVT`
HNHPU& >OH[ 0 ILSPL]L ZLHZVUHSP[` [LSSZ \Z
PZ [OH[ ZVTL[OPUN NLULYPJ HUK NSVIHS PU
UH[\YL JOHUNLZ HUK [OH[ JOHUNL PZ
JHWHISL VM IV[O Z[HY[PUN HUK Z[VWWPUN
TVZ[ WHUKLTPJZ� 0 OH]L WYVWVZLK VUL
L_WSHUH[PVU IHZLK VU 96:�

(:/9(, THUKH[LZ H TPUPT\T VM ����
HPY JOHUNLZ WLY OV\Y PU OVTLZ [V YLK\JL
IVK` VKVYZ� [^V HPY JOHUNLZ WLY OV\Y PU
U\YZPUN OVTLZ HNHPU MVY VKVYZ� HUK ��
HPY JOHUNLZ WLY OV\Y ^P[O [OYLL ¸MYLZO¹ HPY
L_JOHUNLZ PU VWLYH[PUN YVVTZ [V WYL]LU[
HULZ[OLZPH I\PSK\W IHZLK VU H
���`LHY�VSK LX\H[PVU [OH[ PUJVYYLJ[S`
HZZ\TLZ [OH[ HSS HPY PZ [OL ZHTL �B��D��

/(' SURIHVVLRQDO� 'RHV WKLV PHDQ WKDW
0RWKHU 1DWXUH KDV DOZD\V XVHG WKH
EHVW SUDFWLFH PHWKRGV ò DW OHDVW LQ
VSULQJ DQG VXPPHU ò DQG ZH VKRXOG
IROORZ KHU H[DPSOH"

6FRWW =,00(50$1� +V UV[ NL[ TL
^YVUN� >OPSL 0 HT JVU]PUJLK [OH[
UH[\YHSS` VJJ\YYPUN 96: PZ Z[YVUNS`
Z\WWYLZZPUN KPZLHZL ZWYLHK� 0 HT UV[
ZH`PUN [OPZ PZ H THNPJ I\SSL[�
;YHUZTPZZPVU ]PH KPYLJ[ JVU[HJ[ JHU VJJ\Y
PU HU` LU]PYVUTLU[� )\[ 0 HIZVS\[LS`
ILSPL]L [OH[ ^L JHU \ZL 96: [V YLK\JL
KPZLHZL ZWYLHK� >O`& 3L[ TL HNHPU NP]L
`V\ ZVTL U\TILYZ [OH[ TPNO[ OLSW THRL
[OL PU]PZPISL ]PZPISL! (Z ^L KPZJ\ZZLK
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LHYSPLY� H ZPUNSL ZULLaL JHU WYVWLS
YV\NOS` ������ KYVWSL[Z ^P[O H JV\WSL
O\UKYLK TPSSPVU ]PY\Z WHY[PJSLZ PU [OL
KYVWSL[Z� -VY *6=0+�� P[ OHZ ILLU
LZ[PTH[LK [OH[ IL[^LLU ��� [V ����
]PY\Z WHY[PJSLZ ULLK [V THRL P[ PU[V [OL
HPY^H` [V PUMLJ[ ZVTLVUL �HZ ML^ HZ VUL
WHY[PJSL MVY ;\ILYJ\SVZPZ�� (Z `V\ JHU ZLL
PU -PN\YL � [OH[ JVTWHYLZ 50(0+� +/:�
HUK 4HYZKLU� [OL LU]PYVUTLU[ [OL ]PY\Z
PZ L_WVZLK [V OHZ H O\NL PTWHJ[ VU OV^
SVUN [OL ]PY\Z Z\Y]P]LZ HUK OV^ MHY P[ JHU
WYVWHNH[L�

0U 4HYZKLU»Z L_WLYPTLU[� [OLYL HYL VUS`
�� ]PHISL ]PY\Z WHY[PJSLZ PU LHJO KYVWSL[ PU
���TZLJ HUK aLYV PU SLZZ [OHU H
ZLJVUK� 0M ^L \ZL [OL 50(0+ KH[H� PU HU
OV\Y [OLYL HYL Z[PSS ���� ]PHISL ]PY\Z
WHY[PJSLZ PU LHJO KYVWSL[� 0M `V\ HYL
^LHYPUN HU 5 � THZR ^P[O ��� ZPKL
SLHRHNL� ^OPJO LU]PYVUTLU[ ^V\SK `V\
JOVVZL [V ^VYR PU&

/V^L]LY� [OLYL PZ Z[PSS H SV[ VM ^VYR [V KV�
>L ULLK� MVY L_HTWSL� [V X\HU[PM` [OL
ILULÄ[ ]PH JSPUPJHS [YPHSZ� WYVK\JL SV^ JVZ[
WYHJ[PJHS ZVS\[PVUZ� HUK HJ[� 0M [OL [YPHSZ
ZOV^ H YLHS ILULÄ[ ¶ HUK [OPZ PZ UV[ [OL
[PTL MVY THYRL[PUN NHTLZ ¶ ^L ULLK [V
KL]LSVW ZVS\[PVUZ [OH[ JHU IL
PTWSLTLU[LK VU H NSVIHS ZJHSL� ;OPZ ^PSS
VUS` ^VYR PM ^L NL[ ^PKLZWYLHK \ZHNL�
;OL TLKPJHS JVTT\UP[` ^PSS JLY[HPUS` ÄUK
TLKPJHS ZVS\[PVUZ� UHTLS` ]HJJPULZ HUK
[OLYHWL\[PJZ MVY *6=0+�� � \ZPUN
[PTL�[LZ[LK JSPUPJHS [YPHSZ HUK TL[OVKZ�
)\[ [OLYL TPNO[ HSZV JVTL HUV[OLY ]PY\Z
¶ HUK MVY Z\YL [OL UL_[ PUÅ\LUaH ZLHZVU
HZ P[ JVTLZ L]LY` `LHY ¶ HUK ^L ULLK
HU` OLSW [OH[ ^L JHU NL[�

/(' SURIHVVLRQDO� 7KH &29,'���
SDQGHPLF VKRZV WKDW ZH QHHG DOO WKH
KHOS ZH FDQ JHW� 7KHUH LV VWLOO D ORQJ
ZD\ WR JR DQG D ORW RI ZRUN WR GR ò EXW
LW ZRXOG FHUWDLQO\ EH ZRUWK GRLQJ PRUH
UHVHDUFK LQ WKH GLUHFWLRQ \RX DUH JRLQJ
WR ðQG D VROXWLRQ� 6LQFH ZHâUH UXQQLQJ
RXW RI WLPH� ZRXOG \RX OLNH WR PDNH D
FORVLQJ VWDWHPHQW"

6FRWW =,00(50$1� @LZ� VM JV\YZL� 0
JHU Q\Z[ Z\WWVY[ ^OH[ `V\ ZHPK YPNO[
ILMVYL� 4VZ[ VM [OL L_WLYPTLU[HS KH[H�
TVKLSPUN� HUK NV]LYUPUN LX\H[PVUZ
HZZVJPH[LK ^P[O PUMLJ[PV\Z KPZLHZL
ZWYLHK HZZ\TLZ HPY PZ HPY� ^H[LY PZ ^H[LY
HUK [OH[ Z\USPNO[ PZ VUS` \ZLK [V ZLL�
;OH[ PZ ^YVUN� -YVT H ]PY\Z WHY[PJSL»Z
]HU[HNL WVPU[� [OL WH[O VM SLHZ[
YLZPZ[HUJL PZ V\Y OVTLZ� VMÄJLZ� ZJOVVSZ�
U\YZPUN OVTLZ� HUK L]LU ZVTL

OVZWP[HSZ� UV[ V\[ZPKL VU H Z\UU` ZWYPUN
KH �̀ *VU[HJ[ [YHJPUN Z[\KPLZ HYL
ILNPUUPUN [V Z\WWVY[ [OPZ Z[H[LTLU[� 0U H
YLJLU[ WYLWYPU[ VUL 1HWHULZL Z[\K`
PUKPJH[LZ [OH[ ^L HYL V]LY �� [PTLZ TVYL
SPRLS` [V JH[JO *6=0+�� PUKVVYZ
JVTWHYLK [V V\[KVVYZ B��D� +VLZ P[ Z[VW
H JV\WSL ^OV HYL RPZZPUN MYVT
[YHUZTP[[PUN *6=0+�� & (IZVS\[LS` UV[�
I\[ ZVTL[OPUN PU UH[\YL Z[HY[Z HUK Z[VWZ
TVZ[ WHUKLTPJZ� 0THNPUL PM ^L JV\SK
OLSW WYL]LU[ M\[\YL V\[IYLHRZ� VY H[ SLHZ[
I\` TVYL [PTL [V KL]LSVW TLKPJHS
ZVS\[PVUZ MVY [OL UL_[ I\N� >P[O L_PZ[PUN
[LJOUVSVNPLZ� ^L HSYLHK` OH]L [OL HIPSP[`
[V NLULYH[L H[TVZWOLYPJ 96:� SPX\PK
96:� HUK ZVSHY 96: [V TPTPJRPUN ^OH[
UH[\YL KVLZ UH[\YHSS` L]LY` ZWYPUN HUK
Z\TTLY� *V\SK [OLYL IL V[OLY MHJ[VYZ&
(IZVS\[LS �̀ I\[ [OLZL MHJ[VYZ HYL VI]PV\Z
HUK ZHML [V [LZ[� (Z [OL TLKPJHS
JVTT\UP[` OHZ [`WPJHSS` MVJ\ZLK VU KY\N
ZVS\[PVUZ� P[ ^PSS IL \W [V \Z ¶ [OL SPNO[PUN
HUK I\PSKPUN JVTT\UP[` ¶ [V WYV]PKL
[OLT ^P[O [OL ZHMLZ[ HY[PÄJPHS LU]PYVUTLU[
PU ^OPJO [V ^VYR� +Y� +V^LSS»Z Z[H[LTLU[
PZ YLHSS` H JOHSSLUNL [OH[ ^L ULLK HZ HU
PUK\Z[Y` [V [HRL VU ILJH\ZL PM ^L ÄN\YL
[OPZ V\[� ^L TPNO[ IL HISL [V Z[VW V[OLY
PUMLJ[PV\Z KPZLHZLZ UV^ HUK PU [OL M\[\YL�

/(' SURIHVVLRQDO� 6FRWW� PDQ\ WKDQNV
IRU WKLV LQWHUHVWLQJ FRQYHUVDWLRQ� 6WD\
VDIH DQG KHDOWK\�

6FRWW =,00(50$1� 0[ ^HZ T`
WSLHZ\YL� ;OHUR `V\ MVY [OL VWWVY[\UP[`
[V [HSR HIV\[ [OPZ PTWVY[HU[ [VWPJ� "

5HIHUHQFHV

B�D APTTLYTHU :4� 9LP[LY 91 ���� �� 4LSH[VUPU HUK [OL
VW[PJZ VM [OL O\THU IVK �̀ 4LS 9LZ� �! �������

B�D +VZOP 7 ���� � ;YLUKZ PU YLJVYKLK PUÅ\LUaH TVY[HSP[`
YH[LZ! <UP[LK :[H[LZ � �� [V ����� (T 1 7\ISPJ
/LHS[O ���� 4H`"  ����!  � � ��

B�D =HU +VYLTHSLU L[ HS� ������ (LYVZVS HUK Z\YMHJL
Z[HIPSP[` VM :(9:�*V=�� HZ JVTWHYLK ^P[O
:(9:�*V=�� 5 ,UNS 1 4LK ����" ���!���������

B�D 2VYT\[O 2( ������ 0UÅ\LUaH ]PY\Z PUMLJ[P]P[` PZ
YL[HPULK PU HLYVZVSZ HUK KYVWSL[Z PUKLWLUKLU[ VM
YLSH[P]L O\TPKP[ �̀ 1 0UMLJ +PZ ���� 1\S!������!
�� �����

B�D :JO\P[ 4 L[ HS� ������ ;OL PUÅ\LUJL VM ZPT\SH[LK
Z\USPNO[ VU [OL PUHJ[P]H[PVU VM PUÅ\LUaH ]PY\Z PU
HLYVZVSZ� 1 0UMLJ +PZ 1HU ��" ������!�������
�IHJRNYV\UK WHWLY YLZ\S[Z VM *V=P+�� JP[LK
HUUV\UJLK I` +/: PU UL^Z�

B�D 4HYZKLU 1� L[ HS� /`KYV�WLYV_PKL MVY PUKVVY HPY
X\HSP[ �̀ 9.- 0UJ�

B�D � �� 5H[PVUHS (JPK 7YLJPWP[H[PVU (ZZLZZTLU[
7YVNYHT

B�D :SH\JO 1 ������ /V^ KVLZ [OL V_PKH[P]L I\YZ[ VM
THJYVWOHNLZ RPSS IHJ[LYPH& :[PSS HU VWLU X\LZ[PVU� 4VS
4PJYVIPVS� ���� 4H`" �����! ��������

B D *OV +� L[ HS� ������ (PY WVSS\[HU[Z JH\ZL YLSLHZL VM
O`KYVNLU WLYV_PKL HUK PU[LYSL\RPU�� PU O\THU WYPTHY`
UHZHS [PZZ\L J\S[\YL TVKLS� 0U[ -VY\T (SSLYN` 9OPUV
+LJ! �����! �����

B��D /LUZSL` 2� L[ HS� ������ 9LHJ[P]L V_`NLU ZWLJPLZ�

JLSS ZPNUHSPUN� HUK JLSS PUQ\Y �̀ -YLL 9HK )PV 4LK =VS�
�� 5V� ��� ���������

B��D AOHV 9A� L[ HS� ���� � 4P[VJOVUKYPHS LSLJ[YVU
[YHUZWVY[ JOHPU� 96: NLULYH[PVU HUK \UJV\WSPUN� 0U[ 1
4VS 4LK 9L] 4H` � ��� 

B��D 6UKY\ZV]H 2� L[ HS� ������ :\IJ\[HULV\Z ^OP[L
HKPWVJ`[LZ L_WYLZZ H SPNO[ ZLUZP[P]L ZPNUHSPUN WH[O^H`
TLKPH[LK ]PH H TLSHUVWZPU�;97* JOHUULS H_PZ :JP
9LW � (Y[� ����� ������

B��D 2LZaSLY ( L[ HS� ������ 9LK�ULHY PUMYHYLK Z[PT\SH[LZ
[OL YLSLHZL VM HU LUKV[OLSP\T KLWLUKLU[ ]HZVKPSH[VY
HUK YLZJ\LZ ]HZJ\SHY K`ZM\UJ[PVU PU H KPHIL[LZ TVKLS
-YLL 9HK )PV 4LK ���

B��D /L :A� L[ HS� 4LHZ\YLTLU[ VM H[TVZWOLYPJ
O`KYVNLU WLYV_PKL HUK VYNHUPJ WLYV_PKLZ PU )LPQPUN
ILMVYL HUK K\YPUN [OL ���� 6S`TWPJ .HTLZ! JOLTPJHS
HUK WO`ZPJHS MHJ[VYZ PUÅ\LUJPUN [OLPY JVUJLU[YH[PVUZ� 1
.LVWO`Z 9LZ =VS� ��� 0ZZ\L +��

B��D *SH` 2 L[ HS� ������ 7VSS\[PVU� PUMLJ[PV\Z KPZLHZL�
HUK TVY[HSP[`! ,]PKLUJL MYVT [OL � �� :WHUPZO
PUÅ\LUaH WHUKLTPJ 1 ,JV /PZ[ =VS��� 0ZZ\L � +LJ WW�
��� ���� 

B��D 9\ZHR :( ;YLUKZ PU O`KYVNLU WLYV_PKL SL]LSZ PU
YLSH[PVU [V ZVSHY YHKPH[PVU PU [OL ^H[LY VM 3LP[O� 50>(
YLWVY[ +\ULKPU 5L^ ALHSHUK

B��D 4HYZKLU 1� L[ HS� /`KYV�WLYV_PKL MVY PUKVVY HPY
X\HSP[ �̀ 9.- 0UJ�

B��D :PNN (� 5LM[LS ( �� ��� :LHZVUHS ]HYPH[PVUZ PU
O`KYVNLU WLYV_PKL PU WVSHY PJL JVYLZ (UUHSZ VM
.PHJPVSVN` ��!�������

B� D =PVUL + L[ HS� ������ ;OL H[TVZWOLYPJ JOLTPZ[Y` VM
O`KYVNLU WLYV_PKL! ( YL]PL^ (UUHSP KP *OPTPJH
 ����!������

B��D 9\ZHR :( ;YLUKZ PU O`KYVNLU WLYV_PKL SL]LSZ PU
YLSH[PVU [V ZVSHY YHKPH[PVU PU [OL ^H[LY VM 3LP[O� 50>(
YLWVY[ +\ULKPU 5L^ ALHSHUK

B��D :SLZHR 0 L[ HS� ������ ;OL YVSL VM O`KYVNLU WLYV_PKL
PU YLN\SH[PVU VM WSHU[ TL[HIVSPZT HUK JLSS\SHY ZPNUHSPUN
PU YLZWVUZL [V LU]PYVUTLU[HS Z[YLZZ� (J[H )PVJOPT 7VS
����!�����!� ���

B��D ?iiTb,ffrrrX`;7X+QKf�#Qmimbf
B��D )V\YV\PIH 3� ������ ;\YI\SLU[ NHZ JSV\KZ HUK

YLZWPYH[VY` WH[OVNLU LTPZZPVUZ WV[LU[PHS PTWSPJH[PVUZ
MVY YLK\JPUN [YHUZTPZZPVU VM *6=0+�� 1(4( 0UZPNO[Z
4HY �� ����

B��D ?iiT,ffrrrXm`#�MT?vbB+bXM2ifaQ+B�HWky.B
bi�M+BM;Wkypkynq?Bi2nS�T2`XT/7

B��D 4HYZKLU 1� L[ HS� /`KYV�WLYV_PKL MVY PUKVVY HPY
X\HSP[ �̀ 9.- 0UJ�

B��D ?iiTb,ffTmHKQi2+iX+QKf+QpB/RN@mT/�i2f
B��D 9LPTHU 14 L[ HS� ������ /\TPKP[` HZ H

UVU�WOHYTHJL\[PJHS PU[LY]LU[PVU MVY PUÅ\LUaH (� 73V:
65, ��� �! L�������

B��D )\YUL[[ +� 9VJR` TV\U[HPU 0,: WYLZLU[H[PVU 4H`
����

B� D ?iiTb,ffrrrXbi2`BH2tX+QKfBMi2`T`2iBM;@
�M@2T�@H�#2H@b�MBiBx2`@pb@/BbBM72+i�Mif

B��D (UKLYZLU )4 L[ HS� *VTWHYPZVU VM <= * SPNO[ HUK
JOLTPJHSZ MVY KPZPUMLJ[PVU VM Z\YMHJLZ PU OVZWP[HS
PZVSH[PVU \UP[Z� 0UMLJ[PVU *VU[YVS HUK /VZWP[HS
,WPKLTPVSVN �̀ ���� 1\S"�����!�� ����

B��D ?iiTb,ffrrrX?2�Hi?XMvX;Qpf7�+BHBiB2bf+QM
bf/Q+bf�b?`�2ni�#H2nd@RXT/7

B��D ?iiTb,ffrrrXK2/`tBpXQ`;f+QMi2MifRyXRRyRf
kykyXykXk3XkyykNkdkpk

https://www.rgf.com/aboutus/
http://www.urbanphysics.net/Social%20Distancing%20v20_White_Paper.pdf
http://www.urbanphysics.net/Social%20Distancing%20v20_White_Paper.pdf
https://pulmotect.com/covid19-update/
https://www.sterilex.com/interpreting-an-epa-label-sanitizer-vs-disinfectant/
https://www.sterilex.com/interpreting-an-epa-label-sanitizer-vs-disinfectant/
https://www.health.ny.gov/facilities/cons/docs/ashrae_table_7-1.pdf
https://www.health.ny.gov/facilities/cons/docs/ashrae_table_7-1.pdf
https://www.medrxiv.org/content/10.1101/2020.02.28.20029272v2
https://www.medrxiv.org/content/10.1101/2020.02.28.20029272v2
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https://www.nordicpowerconverters.com


([VTPJ 3H`LY +LWVZP[PVU ¶ 3LHKPUN
;OPU -PST *VH[PUN ;LJOUVSVN` MVY
:VSPK :[H[L 3PNO[PUN
([VTPJ 3H`LY +LWVZP[PVU ^HZ PU]LU[LK PU [OL ��»Z HZ H ^H` VM
KLWVZP[PUN JVUMVYTHS WOVZWOVY SH`LYZ MVY LSLJ[YVS\TPULZJLU[
KPZWSH`Z� 0U [OL UL^ TPSSLUUP\T� P[ ILJHTL H RL` LUHISLY VM
TPJYVLSLJ[YVUPJ KL]PJLZ HUK PZ UV^ HU PUK\Z[Y` THPUZ[H` MVY +9(4�
4,4: HUK 5(5+ KL]PJLZ� (KKP[PVUHSS �̀ (3+ VMMLYZ THU`
HK]HU[HNLZ MVY [OL WYVK\J[PVU VM KPZWSH` KL]PJLZ ¶ 3,+Z�
TPJYV�3,+Z HUK VYNHUPJ�3,+Z� 7PJVZ\U .YV\W PZ H SLHKLY PU
HWWS`PUN (3+ PU [OL ÄLSK VM 6W[VLSLJ[YVUPJZ HUK 7PJVZ\U»Z
4HYRL[PUN 4HUHNLY� 4PUUH ;VP]VSH +�:J��;LJO�� ^PSS PU[YVK\JL [OPZ
PU[LYLZ[PUN [LJOUVSVN �̀ L_WSHPU OV^ P[ ^VYRZ� ZOV^ P[Z VWWVY[\UP[PLZ
HUK HWWSPJH[PVUZ HUK KLTVUZ[YH[L P[Z HK]HU[HNLZ V]LY V[OLY
JVH[PUN [LJOUVSVNPLZ MVY ZPTPSHY HWWSPJH[PVUZ�
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6
LQFH /('V ZHUH LQWURGXFHG WR
ODUJH�VFDOH FRPPHUFLDO XVH LQ
WKH ����âV DQG HDUO\ ����âV� WKH\

KDYH UHYROXWLRQL]HG OLJKWLQJ DQG EHFRPH
D XELTXLWRXV WHFKQRORJ\ HYHU\ZKHUH ZH
JR� )URP KRXVHKROG OLJKWEXOEV� ñDVK�
OLJKWV DQG PRELOH GHYLFH GLVSOD\V WR
FDU ODPSV� 79V DQG ODUJH RXWGRRU YLGHR
VFUHHQV� LW LV KDUG WR LPDJLQH D ZRUOG
ZLWKRXW /('V�

+LZWP[L [OL VI]PV\Z ILULÄ[Z� [OLYL PZ Z[PSS
YVVT MVY PTWYV]LTLU[ PU 3,+ IYPNO[ULZZ�
LMÄJPLUJ` HUK THU\MHJ[\YPUN JVZ[Z� LZ�
WLJPHSS` PU KLTHUKPUN SHYNL ]VS\TL� OPNO
WV^LY HWWSPJH[PVUZ Z\JO HZ Z[YLL[ SPNO[�
PUN� 3,+ JOPWZ HUK 3,+ WOVZWOVYZ HYL
HSZV TVPZ[\YL�ZLUZP[P]L HUK ZTHSS 3,+Z JHU
IL ZLUZP[P]L [V OPNO [LTWLYH[\YLZ� ;OLZL
ZHTL H[[YPI\[LZ HWWS` HSZV HUK LZWLJPHSS`
MVY LTLYNPUN ZVSPK�Z[H[L SPNO[PUN �::3� KL�
]PJLZ Z\JO HZ TPJYV� HUK TPUP�3,+Z� HZ
^LSS HZ 63,+Z� ( [OPU ÄST JVH[PUN [LJOUVS�
VN` JHSSLK ([VTPJ 3H`LY +LWVZP[PVU �(3+�
VMMLYZ ]HYPV\Z ZVS\[PVUZ [V [OL JOHSSLUNLZ
PU JVU]LU[PVUHS 3,+� TPUP�TPJYV�3,+ HUK
63,+ THU\MHJ[\YPUN� ;OPZ HY[PJSL NP]LZ HU
V]LY]PL^ VM (3+� OV^ P[ KPMMLYZ MYVT V[OLY
[OPU ÄST JVH[PUN TL[OVKZ� HUK ^OH[ P[ JHU
VMMLY [V ::3 PUK\Z[YPLZ� ;OL PTWHJ[ VM PT�
WSLTLU[PUN (3+ [V WYVJLZZ ÅV^Z VM 3,+
KL]PJLZ JHU IL HZ ZPNUPÄJHU[ HZ JVU]LY[�
PUN SPNO[PUN MYVT [YHKP[PVUHS [V 3,+ IHZLK�
TLHUPUN PUJYLHZLK LULYN` LMÄJPLUJ �̀ L_�
[LUKLK SPML[PTL� JVZ[ ZH]PUNZ HUK JOPW ZPaL
YLK\J[PVUZ�

7KH %DVLFV RI $/' DQG
,WV %HQHðWV 2YHU 2WKHU
7KLQ )LOP &RDWLQJ
7HFKQRORJLHV

(3+ PZ HU HK]HUJLK� ZVWOPZ[PJH[LK [OPU ÄST
JVH[PUN TL[OVK [OH[� UV^HKH`Z� PZ H TH�
[\YL� RL` LUHISPUN [LJOUVSVN` PU HSS TVKLYU
ZLTPJVUK\J[VY KL]PJL THU\MHJ[\YPUN� (3+
^HZ PU]LU[LK PU -PUSHUK I` +VJ[VY VM ;LJO�
UVSVN �̀ ;\VTV :\U[VSH� PU � ��� )HJR [OLU
[OL [LJOUVSVN` ^HZ ^H` HOLHK VM P[Z [PTL
HUK P[ [VVR \U[PS [OL TPK� ����»Z ^OLU P[
^HZ PUJVYWVYH[LK MVY [OL ÄYZ[ [PTL I` 0U[LS
PU[V [YHUZPZ[VY THU\MHJ[\YPUN� :PUJL [OLU�
[OL \[PSPaH[PVU VM (3+ HUK [OL U\TILY VM P[Z
HWWSPJH[PVUZ OH]L ZR`YVJRL[LK [OYV\NOV\[
[OL PUK\Z[YPHS ÄLSK�

(3+ ILSVUNZ [V [OL NYV\W VM JOLTPJHS ]H�
WVY ]HJ\\T JVH[PUN TL[OVKZ� I\[ P[Z ÄST
NYV^[O WYVJLZZ KPMMLYZ MYVT [OL TVYL ^LSS�
RUV^U [LJOUPX\LZ VM [OL ZHTL MHTPS` Z\JO
HZ *OLTPJHS =HWVY +LWVZP[PVU �*=+� VY
7O`ZPJHS =HWVY +LWVZP[PVU �7=+�� 0U (3+�
[OL WYLJ\YZVY JOLTPJHSZ MYVT ^OPJO [OL KL�
ZPYLK [OPU ÄST TH[LYPHS PZ MVYTLK HYL PU[YV�
K\JLK [V [OL YLHJ[PVU JOHTILY PU NHZLV\Z
MVYT HZ ZLX\LU[PHS W\SZLZ� ZLWHYH[LK I`
H WLYPVK VM W\YNL ^P[O PULY[ NHZ� 0U JVT�
WV\UK () MVYTH[PVU� WYLJ\YZVY JVU[HPUPUN
[OL ( H[VTZ YLHJ[Z ÄYZ[ ^P[O [OL VIQLJ[�[V�
IL�JVH[LK I` Z\YMHJL HKZVYW[PVU YLHJ[PVU�
JV]LYPUN HSS H]HPSHISL YLHJ[PVU ZP[LZ� ;OL (

H[VTZ Z[PJR [V [OL Z\YMHJL HUK PULY[ NHZ
Å\ZOLZ VMM YLHJ[PVU I`�WYVK\J[Z HUK L_�
JLZZ WYLJ\YZVY� 5L_[� WYLJ\YZVY JVU[HPUPUN
[OL ) H[VTZ PZ PU[YVK\JLK [V [OL YLHJ[PVU
JOHTILY ^OLYL P[� PU [\YU� YLHJ[Z ^P[O [OL
( H[VTZ VU [OL Z\YMHJL� MVYTPUN [OL ÄYZ[
SH`LY VM JVTWV\UK ()� (NHPU� PULY[ NHZ
Å\ZOLZ [OL YLHJ[PVU JOHTILY HUK [OL ÄYZ[
(3+ J`JSL PZ JVTWSL[LK� ;OLZL J`JSLZ HYL
YLWLH[LK [PSS [OL KLZPYLK ÄST [OPJRULZZ PZ
HJOPL]LK HUK� HZ [OL [OPJRULZZLZ VM PU�
KP]PK\HS H[VTPJ�TVSLJ\SHY SH`LYZ VM [OL
JVTWV\UKZ HYL ^LSS�RUV^U� [OL [V[HS ÄST
[OPJRULZZ JHU IL JVU[YVSSLK ^P[O KPNP[HS YL�
WLH[HIPSP[` HUK HJJ\YHJ` �)LJXUH ��� ;OL
[`WPJHS (3+ ÄST [OPJRULZZLZ ]HY` MYVT H
ZPUNSL H[VT SH`LY [V H ML^ [LUZ VY O\UKYLKZ
UHUVTL[LYZ�

+\L [V [OPZ ZLSM�SPTP[PUN� Z\YMHJL�JVU[YVSSLK
ÄST NYV^[O TLJOHUPZT� (3+ OHZ ]HYPV\Z
ILULÄ[Z V]LY V[OLY [OPU ÄST JVH[PUN [LJO�
UVSVNPLZ� Z\JO HZ Z\WLYPVY \UPMVYTP[` KV^U
[V Z\I�UHUVTL[LY SL]LSZ HUK \UTH[JOLK
JVUMVYTHSP[` L]LU V]LY UHUVZJHSL Z\YMHJL
KL[HPSZ Z\JO HZ KLLW [YLUJOLZ� ]VPKZ� JH]P�
[PLZ HUK OPNO Z[LWZ �)LJXUH ���

0U V[OLY TL[OVKZ Z\JO HZ *=+ VY 7=+�
[OL WYLJ\YZVYZ HYL W\SZLK [V [OL YLHJ[PVU
JOHTILY H[ [OL ZHTL [PTL� ;OPZ TLHUZ
[OH[ [OL` YLHJ[ ^P[O LHJO V[OLY HSYLHK` IL�
MVYL OP[[PUN [OL Z\YMHJL� MVYTPUN YLSH[P]LS`
[OPJR ÄSTZ ^OPJO HYL UV[ \UPMVYT� JHUUV[
YLHJO MVY L_HTWSL [OL PUZPKLZ VM OPNO HZ�
WLJ[ YH[PV [YLUJOLZ� HUK VM[LU JVU[HPU TP�
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JYVZJHSL JYHJRZ HUK WPUOVSLZ� (Z (3+ ÄSTZ
NYV^ ¸\W¹ MYVT [OL Z\YMHJL H[VTPJ SH`LY
I` H[VTPJ SH`LY� [OL` HYL PUOLYLU[S` KLUZL�
WPUOVSL� HUK JYHJR�MYLL HUK [OLPY JVTWV�
ZP[PVU JHU IL [HPSVYLK KV^U [V H[VTPJ SL]LS�
;OPZ THRLZ P[ WVZZPISL [V JYLH[L� PU HKKP�
[PVU [V ZPUNSL TH[LYPHS SH`LYZ� H WSL[OVYH
VM TP_LK� KVWLK HUK NYHKLK ÄSTZ� ÄST
Z[HJRZ HUK UHUVSHTPUH[LZ� ;OPZ HSSV^Z
LUKSLZZ VWWVY[\UP[PLZ MVY Z\YMHJL TVKPÄJH�
[PVU HUK M\UJ[PVUHSPaH[PVU ^P[O JVTWSL[LS`
UL^ LSLJ[YPJHS� VW[PJHS VY WO`ZPJHS WYVWLY[PLZ
�)LJXUH ���

;OL SPZ[ VM TH[LYPHSZ [OH[ JHU IL KLWVZP[LK
^P[O (3+ PZ ^PKL� [OL TVZ[ [`WPJHS ILPUN
V_PKLZ� UP[YPKLZ� Z\SÄKLZ� Å\VYPKLZ HUK TL[�
HSZ �L]LU UVISL TL[HSZ HUK WSH[PU\T�NYV\W
TL[HSZ JHU IL KLWVZP[LK�� :VTL VM [OL
TVZ[ VM[LU \ZLK (3+ TH[LYPHSZ� LZWLJPHSS`
PU ZLTPJVUK\J[VY PUK\Z[YPLZ� HYL (S�6��
;P6�� :P6�� /M6�� ;H�6�� AY6�� ;P5 HUK
(S5�

(3+ WYVJLZZ [LTWLYH[\YLZ HYL TVKLY�
H[L� [`WPJHSS` IL[^LLU ���¶��� ◦*� ^OPJO
THRLZ [OL TL[OVK Z\P[HISL HSZV MVY [LTWLYH[\YL�
ZLUZP[P]L Z\IZ[YH[LZ HUK KL]PJLZ� <Z�
PUN ZWLJPHS [LJOUPX\LZ Z\JO HZ WSHZTH�
LUOHUJLK (3+ �7,(3+�� ZVTL WYVJLZZLZ
JHU IL Y\U L]LU H[ JSVZL [V YVVT [LTWLYH�
[\YL� (3+ KVLZ UV[ ULLK OPNO ]HJ\\T� [`W�
PJHSS` [OL WYVJLZZLZ [HRL WSHJL H[ �¶�� O7H�

0U (3+� ÄST NYV^[O PZ ZSV^LY JVTWHYLK
[V L�N� 7=+ VY *=+� I\[ [OL ÄST X\HSP[`
JVTWLUZH[LZ [OPZ� >P[O (3+� [OL KLZPYLK
Z\YMHJL M\UJ[PVUHSP[` JHU IL VI[HPULK ^P[O
T\JO [OPUULY ÄSTZ [OHU PU 7=+ VY *=+�
^OPJO HSZV ZH]LZ WYLJ\YZVY TH[LYPHSZ HUK

JVZ[Z� -VY L_HTWSL� PU IHYYPLY HWWSPJH[PVUZ�
(3+ ÄST JHU YLZ\S[ PU V]LY [LU [PTLZ IL[�
[LY IHYYPLY WLYMVYTHUJL ^P[O VUL [LU[O VM H
IHYYPLY [OPJRULZZ JVTWHYLK ^P[O [OL ZHTL
TH[LYPHS KLWVZP[LK ^P[O WSHZTH�LUOHUJLK
*=+ �7,*=+� VY 7=+� 4VKLYU� PUK\Z[YPHS
ZJHSL� M\SS` H\[VTH[LK IH[JO (3+ YLHJ[VYZ
JHU HJJVTTVKH[L SHYNL U\TILYZ VM Z\I�
Z[YH[LZ WLY Y\U� ^OPJO M\Y[OLY KPTPUPZOLZ
THU\MHJ[\YPUN JVZ[Z HUK HSSV^Z MHZ[� OPNO
]VS\TL WYVK\J[PVU� (Z (3+ PZ HSYLHK` H
WYVK\J[PVU�WYV]LU� YV\[PUL TL[OVK PU V[OLY
^HMLY�IHZLK ZLTPJVUK\J[VY PUK\Z[YPLZ� P[ PZ
LHZ` [V PU[LNYH[L [V 3,+ THU\MHJ[\YPUN HZ
^LSS �)LJXUH ���

$/' LQ &RQYHQWLRQDO
/(' 0DQXIDFWXULQJ

0U JVU]LU[PVUHS 3,+Z� [OL THPU HWWSPJH[PVUZ
VM (3+ YLSH[L [V PTWYV]PUN [OL 3,+Z» SPNO[
L_[YHJ[PVU LMÄJPLUJ` HUK [OL KL]PJL SPML[PTL
HUK YLSPHIPSP[ �̀ 0U [OLZL PUK\Z[YPLZ� (3+ PZ
HSYLHK` \ZLK PU OPNO ]VS\TL THU\MHJ[\YPUN
I` ZL]LYHS SLHKPUN WSH`LYZ�

3DVVLYDWLRQ /D\HUV

(3+ WHZZP]H[PVU SH`LY VU [OL 3,+ Z\YMHJL
¸ISVJRZ¹ [YHWZ HUK KLMLJ[Z ^OPJO JV\SK
JH\ZL SLHRHNL�WHYHZP[PJ J\YYLU[Z� ;OPZ PT�
WYV]LZ SPNO[ LTPZZPVU PU[LUZP[ �̀ :\WLYPVY
WLYMVYTHUJL HUK L_[YLTLS` SV^ SLHRHNL
J\YYLU[ ^HZ HJOPL]LK ^P[O (S�6��:P6� (3+
Z[HJR JVH[PUN� JVTWHYLK [V ZPUNSL SH`LY
:P6� KLWVZP[LK ^P[O 7,*=+ TL[OVK B�D�
)V[O (3+ (S�6� HUK :P6� OH]L ULHY aLYV

-PN\YL �! ;OL WYPUJPWSL VM (3+ ÄST MVYTH[PVU
�PTHNL JYLKP[ 7PJVZ\U�

HIZVYIHUJL VU ]PZPISL SPNO[ ^H]LSLUN[OZ
^OPJO THRLZ [OLT LZWLJPHSS` Z\P[HISL MVY
Z\YMHJL WHZZP]H[PVU VM SPNO[PUN KL]PJLZ�
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0RLVWXUH %DUULHU /D\HUV

(3+ JVH[PUN HSZV ^VYRZ HZ H IHYYPLY SH`LY
HNHPUZ[ TVPZ[\YL HUK NHZLZ� [O\Z PTWYV]PUN
3,+ SPML[PTL HUK YLSPHIPSP[ �̀ (3+ LUZ\YLZ
OLYTL[PJ LUJHWZ\SH[PVU HNHPUZ[ HTIPLU[
JVUKP[PVUZ� ^P[O Z\WLYPVY IHYYPLY WLYMVY�
THUJL JVTWHYLK [V V[OLY TL[OVKZ� ;̀ WP�
JHSS �̀ UHUVSHTPUH[LZ VM ]HYPV\Z (3+ V_PKLZ
HYL \ZLK PU [OPZ HWWSPJH[PVU� ,TWSV`PUN H
UHUVSHTPUH[L PUZ[LHK VM H ZPUNSL�TH[LYPHS
SH`LY NP]LZ L_[YH WYV[LJ[PVU I` JYLH[PUN [VY�
[\V\Z WH[O MVY ^H[LY TVSLJ\SL KPMM\ZPVU
WH[O^H`Z JH\ZLK L�N� I` NYHPU IV\UKHYPLZ
PU [OL ÄST�

)LSV^ [^V L_HTWSLZ VM 7PJVZ\U»Z (3+ ÄSTZ
HZ TVPZ[\YL IHYYPLYZ!

([DPSOH ��

� 9LMLYLUJL! ��� UT 7,*=+ :P6�! ^H�
[LY ]HWVY [YHUZTPZZPVU YH[L �>=;9�
≈��ò� N�T��K�

� 7PJVZ\U»Z �� UT (3+ IHYYPLY SH`LY!
>=;9 = �× ��−� N/T�/K �J\Z[VTLY
KH[H� SPTP[LK I` TLHZ\YLTLU[ [PTL��

⇒ (3+ ÄST L_OPIP[Z ���× OPNOLY WLYMVY�
THUJL H[ ��� ÄST [OPJRULZZ B�D�

([DPSOH ��

� 9LMLYLUJL! 7,5�7,;! >=;9 ≈��ò� N�T��K�
� 7PJVZ\U»Z (3+ UHUVSHTPUH[L! >=;9 =

4 . . . �× ��−� N/T�/K �J\Z[VTLY KH[H�
SPTP[LK I` [PTL HUK KL]PJL NS\L SPML� UV[
(3+ ÄST IHYYPLY WYVWLY[PLZ��

⇒ (3+ ÄST L_OPIP[Z ����× OPNOLY WLYMVY�
THUJL JVTWHYLK [V YLMLYLUJL TH[LYPHS B�D�

(3+ PZ HU PKLHS TL[OVK HSZV MVY WYV[LJ[�
PUN TVPZ[\YL�ZLUZP[P]L 3,+ WOVZWOVYZ
HNHPUZ[ HTIPLU[ JVUKP[PVUZ� (3+ MVYTZ
\UPMVYT� JVUMVYTHS� JVU[PU\V\Z HUK JYHJR�
MYLL JVH[PUN VU LHJO WOVZWOVY WHY[PJSL
PUKP]PK\HSS �̀ ^P[OV\[ HNNSVTLYH[PVU VY ZPU�
[LYPUN� <S[YH�[OPU (3+ ÄSTZ HYL WYHJ[PJHSS`
THZZSLZZ HUK KPTLUZPVUSLZZ ZV [OL` RLLW
[OL WHY[PJSL ZPaL� ^LPNO[ HUK Z\YMHJL HYLH
JSVZL [V VYPNPUHS� (3+ ÄSTZ KV UV[ KLJYLHZL
[OL HTV\U[ VM SPNO[ LTP[[LK I` [OL WOVZ�
WOVYZ� VY [OLPY X\HU[\T LMÄJPLUJ �̀ (3+
ÄSTZ JHU IL KLWVZP[LK VU IV[O O`KYVWOPSPJ
HUK O`KYVWOVIPJ Z\YMHJLZ� JLYHTPJ� TL[HS�
SPJ� HUK VYNHUPJ WHY[PJSLZ ^P[O ZPaLZ KV^U [V

Z\I�TPJYVU YHUNL� (Z H NLU[SL� NHZ�WOHZL
JVH[PUN TL[OVK ^P[O TVKLYH[L WYVJLZZ
[LTWLYH[\YLZ� (3+ LSPTPUH[LZ [OL YPZRZ MVY
TPJYVZJVWPJ Z\YMHJL KHTHNL [V [OL JVH[LK
WHY[PJSLZ HUK THRLZ [OL TL[OVK Z\P[HISL
HSZV MVY ZLUZP[P]L TH[LYPHSZ� )LSV^ [OPYK
L_HTWSL VM (3+»Z Z\WLYPVYP[` HZ TVPZ[\YL
IHYYPLY LUJHWZ\SHU[ PU 3,+ HWWSPJH[PVUZ!

([DPSOH ��

� *VH[LK Z\YMHJL! 3,+ WOVZWOVY WV^KLY�
PTTLKPH[LS` \UZ[HISL PU HPY�

� *VH[PUN LHJO NYHPU VM WOVZWOVY ^P[O H
WLYMLJ[S` JVUMVYTHS (3+ ÄST VM SLZZ [OHU
�� UT [OPJRULZZ OLYTL[PJHSS` ZLHSZ [OL
NYHPUZ» Z\YMHJL�

⇒ (3+�JVH[LK WOVZWOVY OHZ SPML[PTL V]LY
���� OYZ H[ ���� 9/ � ��� ◦* B�D�

7UDQVSDUHQW &RQGXFWLYH
2[LGH /D\HUV

;YHUZWHYLU[ JVUK\J[P]L V_PKL �;*6� SH`LYZ
HYL HWWSPLK HZ LSLJ[YVKLZ�J\YYLU[ JVSSLJ�
[VYZ VU 3,+Z [V KPZ[YPI\[L HUK KLSP]LY [OL
LSLJ[YPJHS JHYYPLYZ PU[V [OL Z[Y\J[\YL� ;̀ W�
PJHS ;*6 TH[LYPHS PU 3,+ HWWSPJH[PVUZ PZ
PUKP\T�KVWLK [PU V_PKL �0;6�� I\[ K\L [V
[OL ZJHYJP[` VM PUKP\T TL[HS� HS[LYUH[P]LZ
OH]L ILLU ^PKLS` PU]LZ[PNH[LK� (S\TPU\T�
KVWLK aPUJ V_PKL �(A6�� ^OPJO OHZ OPNO
[YHUZTP[[HUJL V]LY ]PZPISL ^H]LSLUN[OZ HUK
^OPJO YLZPZ[P]P[` JHU IL VW[PTPaLK I` [\U�
PUN [OL HS\TPUP\T JVU[LU[ HUK WYVJLZZ
[LTWLYH[\YL� PZ VUL WV[LU[PHS JHUKPKH[L�
(3+�KLWVZP[LK ;*6 SH`LYZ PU NLULYHS HYL
LZWLJPHSS` PKLHS MVY UV]LS 3,+ HYJOP[LJ[\YLZ
^OLYL UHUVZJHSL Z\YMHJL WH[[LYUPUN Z\JO
HZ UHUVYVKZ� �ZWOLYLZ VY �W`YHTPKZ OH]L
ILLU LTWSV`LK [V LUOHUJL [OL SPNO[ L_[YHJ�
[PVU LMÄJPLUJ �̀
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6LOYHU 0LUURU�5HñHFWRU
3URWHFWLRQ

4VZ[ 3,+ KLZPNUZ LTWSV` [OPU ZPS]LY ÄST
VU [OL ¸IV[[VT¹ VM [OL 3,+ Z[HJR [V YLÅLJ[
IHJR [OL SPNO[ LTP[[LK [V^HYKZ [OL Z\I�
Z[YH[L� ;OPZ PTWYV]LZ [OL 3,+»Z IYPNO[ULZZ
I\[ [OL ZPS]LY TPYYVY PZ ZLUZP[P]L [V [HYUPZOPUN
JH\ZLK I` TVPZ[\YL HUK JOLTPJHS ]HWVYZ�
(SZV� LZWLJPHSS` \UKLY OPNO LSLJ[YPJ ÄLSKZ�
ZPS]LY TH` Z[HY[ [V KPMM\ZL [V [OL ULPNOIV\Y�
PUN SH`LYZ HUK [O\Z KLNYHKL [OL 3,+ WLY�
MVYTHUJL� (3+ [OPU ÄST JVH[PUN LMÄJPLU[S`
WYV[LJ[Z [OL ZPS]LY MYVT [HYUPZOPUN HUK WYL�
]LU[Z ZPS]LY KPMM\ZPVU�

(3+�JVH[LK 3,+ YLÅLJ[VYZ OH]L ZOV^U
L_[YLTL K\YHIPSP[` L]LU PU OPNO [LTWLYH[\YL
HJPK ]HWVY [LZ[Z �/56�� �� ◦*� �� OV\YZ��
K\L [V [OL \UTH[JOLK Z[Y\J[\YHS PU[LNYP[`
HUK JVUMVYTHSP[` VM [OL (3+ ÄST B�D� ;̀ WP�
JHS (3+ TH[LYPHSZ \ZLK PU [OPZ HWWSPJH[PVU
HYL :P6�� (S�6�� HUK [OLPY JVTIPUH[PVUZ�
/M6� PZ HSZV H WV[LU[PHS JHUKPKH[L HZ P[ OHZ
L_JLSSLU[ L[JO YLZPZ[HUJL L]LU PU L_[YLTL
JVUKP[PVUZ�

-PN\YL �! <UJVH[LK �SLM[� ]Z (3+�JVH[LK ZPS]LY
TPYYVY �YPNO[� HNLK MV\Y `LHYZ H[ YVVT [LTWLYH[\YL
HUK TVPZ[\YL �PTHNL JYLKP[ 7PJVZ\U�+Y� ;LYV 7PS]P�
KVJ[VYHS KPZZLY[H[PVU� <UP]LYZP[` VM /LSZPURP� �����

2SWLFDO /D\HUV

6W[PJHS SH`LYZ Z\JO HZ HU[PYLÅLJ[PVU �(9�
ÄSTZ HUK KPZ[YPI\[LK )YHNN YLÅLJ[VYZ �+)9�
HYL VM[LU \ZLK PU 3,+Z [V PTWYV]L SPNO[ L_�
[YHJ[PVU LMÄJPLUJ` B�D� (3+� ^P[O P[Z Z\WLYPVY
\UPMVYTP[ �̀ JVUMVYTHSP[ �̀ HUK [OL WVZZPIPSP[`

[V JYLH[L H[VTPJ SL]LS [HPSVYLK� T\S[PSH`LY
ÄST Z[HJRZ ^P[O KPNP[HSS` YLWLH[HISL SH`LY
[OPJRULZZ JVU[YVS KV^U [V Z\I�UHUVTL[LY
SL]LSZ PZ HU PKLHS TL[OVK [V THU\MHJ[\YL
VW[PJHS JVH[PUNZ VU UVU�WSHUHY ZHTWSLZ
HUK KL]PJLZ� (3+ VMMLYZ PUÄUP[L WVZZPIPSP�
[PLZ [V KLZPNU VW[PJHS Z[HJRZ VW[PTPaLK MVY
[OL KLZPYLK ^H]LSLUN[OZ� Q\Z[ ^P[O ]HY`PUN
[OL PUKP]PK\HS Z\I�SH`LY TH[LYPHSZ HUK [OPJR�
ULZZLZ� :VTL (3+ ÄSTZ� MVY L_HTWSL (A6�
JHU L]LU JVTIPUL [^V M\UJ[PVUZ I` HJ[PUN
IV[O HZ [OL J\YYLU[ JVSSLJ[PUN ;*6 SH`LY
HUK HZ [OL (9 ÄST �)LJXUH ���

'LHOHFWULF ,QVXODWLRQ /D\HUV

0U ZLTPJVUK\J[VY PUK\Z[YPLZ� LZWLJPHSS`
[YHUZPZ[VY THU\MHJ[\YPUN� (3+ OHZ ILLU
\ZLK MVY `LHYZ [V KLWVZP[ \S[YH�[OPU NH[L KP�
LSLJ[YPJ SH`LYZ� [O\Z WYVTV[PUN [OL JVUZ[HU[
TPUPH[\YPaH[PVU VM [OL JVTWVULU[Z� (3+»Z
Z\WLYPVY JVUMVYTHSP[` HUK [OPUULZZ JHU IL
\[PSPaLK [V KLWVZP[ KPLSLJ[YPJ PUZ\SH[PVU MVY
3,+Z HZ ^LSS� -VY L_HTWSL� (S�6��:P6�

(3+ KPLSLJ[YPJ YLK\JLZ [OL [OPJRULZZ VM [OL
PUZ\SH[PVU SH`LY HUK PTWYV]LZ SPNO[ L_[YHJ�
[PVU LMÄJPLUJ �̀

$/'âV 6SHFLðF %HQHðWV
IRU 0LQL� DQG
0LFUR�/('V
4PUP� HUK TPJYV�3,+Z HYL UL^ 3,+ [LJO�
UVSVNPLZ [OH[ ZOV^ ZPNUPÄJHU[ WV[LU[PHS HZ
[OL LUHISLYZ VM M\[\YL SPNO[PUN HUK KPZWSH`
ZVS\[PVUZ B�D� 4PJYV�3,+Z LZWLJPHSS` OH]L
L_JLSSLU[ WLYMVYTHUJL JVTWHYLK [V V[OLY
[LJOUVSVNPLZ Z\JO HZ SPX\PK JY`Z[HS VY JVU�
]LU[PVUHS 3,+ KPZWSH`Z� Z\JO HZ JVTWHJ[
ZPaL� SV^ WV^LY JVUZ\TW[PVU� ÅL_PIPSP[ �̀
MHZ[ YLZWVUZL� \S[YH�OPNO YLZVS\[PVU� Z\�
WLYPVY IYPNO[ULZZ HUK LULYN` LMÄJPLUJ �̀

HUK NYLH[LY JVU[YHZ[ HUK JVSVY ZH[\YH[PVU�
4PJYV�3,+Z HYL PKLHS MVY ZTHSS KPZWSH`Z
PU L�N� ZTHY[WOVULZ HUK ZTHY[ ^H[JOLZ�
I\[ OPNO THU\MHJ[\YPUN JVZ[Z HUK YLSPHIPS�
P[` PZZ\LZ OH]L ILLU [OL KV^UZPKLZ VM [OL
[LJOUVSVN` [OPZ MHY�

4PUP� HUK TPJYV�3,+Z HYL ZPTPSHY [V [OL
JVU]LU[PVUHS 3,+Z ^OLU P[ JVTLZ [V [OL
VWLYH[PUN WYPUJPWSL HUK IHZPJ TH[LYPHSZ� I\[
[OL THU\MHJ[\YPUN TL[OVKZ HUK Z[Y\J[\YHS
KL[HPSZ KPMMLY� ,ZWLJPHSS` TPJYV�3,+Z HYL
VYKLYZ VM THNUP[\KL ZTHSSLY [OHU JVU]LU�
[PVUHS 3,+Z HUK [OL` VM[LU LTWSV` TPJYV�
ZJVWPJHSS` WH[[LYULK Z\YMHJLZ [V TH_PTPaL
SPNO[ V\[W\[� /LYL� (3+ ZOV^Z HNHPU P[Z
ILH\[` ^OLU \S[YH�[OPU M\UJ[PVUHS VY WYV[LJ�
[P]L SH`LYZ T\Z[ IL KLWVZP[LK L]LUS` HUK
JVUMVYTHSS` VU [OLZL [PU` Z\YMHJL KL[HPSZ�

-PN\YL �! -SL_PISL ^OP[L TPUP�3,+ ZOLL[ �PTHNL
JYLKP[ 7PJVZ\U J\Z[VTLY� 7YVM� /HV�*O\UN 2\V�
5*;< ;HP^HU� B�D

(Z [OL TVZ[ VM [OL (3+»Z HWWSPJH[PVUZ PU
TPUP� HUK TPJYV�3,+ THU\MHJ[\YPUN HYL
HUHSVNV\Z [V [OVZL PU JVU]LU[PVUHS 3,+Z
�WHZZP]H[PVU� TVPZ[\YL IHYYPLYZ� ;*6 ÄSTZ�
VW[PJHS SH`LYZ� L[J�� [OPZ JOHW[LY OPNOSPNO[Z
[OVZL \ZLZ ^OLYL (3+ OHZ L_JLW[PVUHS
ILULÄ[Z Q\Z[ MVY [OLZL LTLYNPUN 3,+ [LJO�
UVSVNPLZ�



-PN\YL  ! 4HU\MHJ[\YPUN WYVJLZZ VM X\HU[\T KV[ UHUVYPUN TPJYV�3,+Z �PTHNL JYLKP[ 7PJVZ\U J\Z[VTLY� 7YVM� /HV�*O\UN 2\V� 5*;< ;HP^HU� B�D

-PN\YL ��! 8\HU[\T KV[ UHUVYPUN TPJYV�3,+Z! �H� :,4 PTHNL VM HU 9.) WP_LS HYYH` �[VW ]PL^�" �I� :,4 PTHNL VM H UHUVYPUN TPJYV�3,+ ^P[O ��◦ [PS[ HUNSL" �J� ;,4
PTHNL VM [OL JVU[HJ[ HYLH IL[^LLU T\S[PWSL X\HU[\T ^LSSZ HUK X\HU[\T KV[Z" �K� ;,4 PTHNL VM � UT (S�6� KLWVZP[LK VU [OL ZPKL^HSS VM H UHUVYPUN TPJYV�3,+ ^P[O
(3+ �PTHNL JYLKP[ 7PJVZ\U J\Z[VTLY� 7YVM� /HV�*O\UN 2\V� 5*;< ;HP^HU� B�D

(;640* 3(@,9 +,76:0;065 ;/05 -034 *6(;05. ;,*/5636.@ -69 :630+ :;(;, 30./;05. ! " #

�� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� 0ZZ\L ���1\S`�(\N

6LGHZDOO 3DVVLYDWLRQ DQG
/LJKW &RQðQHPHQW

4HJYVZJVWPJ� JVU]LU[PVUHS 3,+ JOPWZ HYL
TVYL VY SLZZ ¸ÅH[¹� I\[ K\L [V [OL ZOYPURPUN
KPTLUZPVUZ� PU TPJYV�3,+Z �+ NLVTL[YP�
JHS HZWLJ[Z NL[ OPNOSPNO[LK� ;OPZ TLHUZ
UV[ VUS` [OL WOLUVTLUH VJJ\YYPUN VU [OL
[VW VM [OL 3,+ TH[[LY� I\[ [OVZL VU [OL
ZPKLZ HZ ^LSS� )LJH\ZL VM [OL TPU\ZJ\SL
KPTLUZPVUZ HUK TPJYVWH[[LYUPUN� YLZ\S[PUN
PU Z[LLW ZPKL^HSSZ� ZOHYW HUNSLZ HUK KLLW
[YLUJOLZ ^P[O OPNO HZWLJ[ YH[PVZ� HK]HUJLK
Z\YMHJL [YLH[TLU[ TL[OVKZ HYL JHSSLK MVY�

4PJYV�3,+ THU\MHJ[\YPUN HSZV \[PSPaLZ ÅPW�
JOPW HWWYVHJO HUK JOPW�ZJHSL WHJRHNPUN�
^OPJO THRLZ ZPKL^HSS WYV[LJ[PVU L]LU TVYL
PTWVY[HU[�

6U HSS TPJYVZJHSL KL]PJLZ� PU NLULYHS� Z\Y�
MHJL WHZZP]H[PVU [V LSPTPUH[L [YHWZ HUK KL�
MLJ[Z NLULYH[LK K\YPUN [OL THU\MHJ[\YPUN
WYVJLZZ PZ ULLKLK ^OLU TH_PT\T WLYMVY�
THUJL HUK PTWYV]LK SPML[PTL VM [OL KL]PJL
HYL KLZPYLK� 0U TPJYV�3,+Z LZWLJPHSS �̀ UVU�
YHKPH[P]L YLJVTIPUH[PVU VU ZPKL^HSSZ HUK
Z\IZLX\LU[ SVZZ VM SPNO[ PU[LUZP[` TH` IL
ZPNUPÄJHU[ WYVISLT ^OPJO T\Z[ IL ZVS]LK�

( NVVK WHZZP]H[PVU ÄST T\Z[ JV]LY JVU�
MVYTHSS` HSS TPJYVZJVWPJ Z\YMHJL KL[HPSZ
HUK [OPZ PZ ^OLYL [YHKP[PVUHS [OPU ÄST KL�
WVZP[PVU TL[OVKZ LHZPS` MHPS� (3+ PZ HISL
[V MVYT \S[YH�[OPU� JVUMVYTHS� \UPMVYT� YL�
SPHISL HUK WPUOVSL�MYLL WHZZP]H[PVU SH`LY
V]LY [OL ZTHSSLZ[ UHUVZJHSL HYJOP[LJ[\YLZ
VM [OL TPJYV�3,+� ^OPSL UV[ PU[LYMLYPUN ^P[O
[OL SPNO[ V\[W\[� :\WLYPVY WLYMVYTHUJL VM
(3+ WHZZP]H[PVU� JVTWHYLK [V 7,*=+�
OHZ ILLU YLWVY[LK� ^OLYL (3+ YLZ\S[LK
PU SV^LZ[ SLHRHNL J\YYLU[Z HUK \UPMVYT
SPNO[ LTPZZPVU L]LU MVY [OL ZTHSSLZ[� VUS`
�� �T× �� �T TPJYV�3,+Z B�D�
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(UV[OLY HZWLJ[ YLSH[LK [V [OL TPJYV�3,+
ZPKL^HSS� LZWLJPHSS` PU JOPW�ZJHSL WHJRHN�
PUN� PZ SPNO[ ¸SLHRHNL¹ [OYV\NO P[� ;OPZ JHU
HSZV IL WYL]LU[LK ^P[O (3+ I` KLWVZP[�
PUN [OPU YLÅLJ[PUN SH`LY� MVY L_HTWSL +)9
Z[HJR THKL VM HS[LYUH[PUN :P6��;P6� VY
(S�6��;P6� ÄSTZ VU [OL 3,+ ZPKLZ� ;OPZ KP�
YLJ[Z HSS SPNO[ ¸V\[¹ MYVT [OL [VW Z\YMHJL HUK
PTWYV]LZ UV[HIS` [OL 3,+ PU[LUZP[ �̀

$/' 3DVVLYDWLRQ IRU
(OLPLQDWLRQ RI
0DQXIDFWXULQJ 'DPDJHV

0U TPJYV�3,+Z� LZWLJPHSS` UV]LS HYJOP�
[LJ[\YLZ ^P[O ZVWOPZ[PJH[LK �+ KL[HPSZ
Z\JO HZ UHUVYPUNZ B�D� Z\YMHJL KHT�
HNL JH\ZLK I` YLHJ[P]L PVU L[JOPUN TH`
SLHK [V UV[HISL KLJSPUL VM KL]PJL WLY�
MVYTHUJL� (3+ Z\YMHJL WHZZP]H[PVU
TLUKZ [OLZL KHTHNLZ� [YHWZ HUK KL�
MLJ[Z� UV[ VUS` YLZ[VYPUN [OL SPNO[ PU[LUZP[`
I\[ IVVZ[PUN P[ [V Z\WLYPVY SL]LSZ� ([ 7P�
JVZ\U J\Z[VTLY ZP[L� 5H[PVUHS *OPHV
;\UN <UP]LYZP[` �5*;<�� ;HP^HU� SPNO[�
LTP[[PUN PU[LUZP[` VM X\HU[\T KV[ UHUVY�
PUN TPJYV�3,+Z OHZ ILLU LUOHUJLK I`
������ I` \ZPUN (3+ WHZZP]H[PVU SH`LYZ
B�D �)LJXUH  � )LJXUH ����

$/' $SSOLFDWLRQV IRU
2/('V
0U 63,+Z� [OL SPNO[�LTP[[PUN SH`LY PZ
THKL VM LSLJ[YPJHSS` HJ[P]L WVS`TLY TH�
[LYPHSZ� 63,+Z NLULYH[L ZVM[ HUK KPMM\ZL
SPNO[ V]LY SHYNL HYLH� [OL` OH]L L_JLSSLU[
JVU[YHZ[ YH[PV HUK IYPNO[ JVSVYZ� HUK [OL`
JHU IL THU\MHJ[\YLK VU SPNO[^LPNO[�
ÅL_PISL Z\IZ[YH[LZ� I\[ K\L [V [OL VY�
NHUPJ JVYL SH`LY� [OLPY LMÄJPLUJ` HUK SPML�
[PTL HYL SV^LY [OHU [OVZL VM V[OLY ::3
KL]PJLZ� ;OL VYNHUPJ� SPNO[�NLULYH[PUN
SH`LY PZ L_[YLTLS` TVPZ[\YL�ZLUZP[P]L
^OPJO PZ ^O` OLYTL[PJ LUJHWZ\SH[PVU VM
[OL Z[Y\J[\YL PZ LZZLU[PHS MVY SVUN VWLY�
H[PUN SPML� (3+ ÄSTZ» Z\WLYPVY TVPZ[\YL
IHYYPLY WYVWLY[PLZ� HZ WYLZLU[LK LHYSPLY
PU [OPZ HY[PJSL� THRL [OLT H WYVTPZPUN
JHUKPKH[L [V IL \[PSPaLK PU 63,+ LUJHW�
Z\SH[PVU� <S[YH�[OPU� VW[PJHSS` [YHUZWHYLU[
(3+ ÄSTZ HYL HSZV ^LSS Z\P[HISL MVY ÅL_P�
ISL Z\IZ[YH[LZ�

5H[\YHSS �̀ V[OLY HWWSPJH[PVUZ VM (3+ HZ
WYLZLU[LK PU [OL WYL]PV\Z JOHW[LYZ OLYL
HYL HNHPU ]HSPK MVY 63,+Z HZ ^LSS! ;*6
SH`LYZ� VW[PJHS SH`LYZ HUK WHZZP]H[PVU
ÄSTZ� (Z (3+ WYVJLZZ [LTWLYH[\YLZ
HYL TVKLZ[� HUK [OL TL[OVK PZ NHZ�
WOHZLK HUK NLU[SL [V [OL Z\YMHJL� P[
PZ ]LY` ^LSS Z\P[HISL MVY WSHZ[PJ�IHZLK
VYNHUPJ LSLJ[YVUPJZ Z\JO HZ 63,+Z�

6XPPDU\ DQG
&RQFOXVLRQV
(3+ PZ� I` MHY� [OL TVZ[ HK]HUJLK HUK
ZVWOPZ[PJH[LK [OPU ÄST JVH[PUN [LJOUVS�
VN` VM [VKH �̀ 0[Z RL` ILULÄ[Z V]LY V[OLY
TL[OVKZ ¶ [OL ÄSTZ» Z\WLYPVY JVUMVY�
THSP[ �̀ \UPMVYTP[ �̀ Z[Y\J[\YHS PU[LNYP[`
HUK L_JLSSLU[ IHYYPLY WYVWLY[PLZ ¶ JVT�
IPULK ^P[O [OL TVKLZ[ WYVJLZZ [LTWLYH�
[\YLZ HUK Z\YMHJL�MYPLUKS` ÄST MVYTH[PVU
THRL P[ HU PKLHS [LJOUPX\L [V THU\MHJ�
[\YL M\UJ[PVUHS HUK WYV[LJ[P]L SH`LYZ MVY
3,+Z� ,ZWLJPHSS` MVY UL^ [LJOUVSVNPLZ
Z\JO HZ TPJYV�3,+Z� ^OLYL THU\MHJ[\Y�
LYZ VWLYH[L VU TPJYVTL[LY VY UHUVTL[LY
KPTLUZPVUZ HUK [V[HSS` UL^ JOHSSLUNLZ
LTLYNL� (3+ VMMLYZ \UYP]HSLK WVZZPIPS�
P[PLZ [V PTWYV]L [OL KL]PJL LMÄJPLUJ �̀
SPNO[ V\[W\[� VWLYH[PVUHS SPML[PTL HUK YLSP�
HIPSP[ �̀ "
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B�D 7PJVZ\U J\Z[VTLY KH[H
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0LQQD 72,92/$� '�6F��7HFK��! +Y� 4PUUH
;VP]VSH OHZ ^VYRLK HZ [OL 4HYRL[PUN
4HUHNLY VM 7PJVZ\U .YV\W ZPUJL �����
0U HKKP[PVU [V 4HYRL[PUN 4HUHNLY K\�
[PLZ� ZOL OHZ HSZV ^VYRLK PU 7PJVZ\U»Z
,<�WYVQLJ[Z� MVY L_HTWSL PU [OL ÄLSK VM
ZVSHY LULYN` HUK JVYYVZPVU WYV[LJ[PVU
^P[O (3+� :OL OHZ +�:J��;LJO�� KLNYLL
PU (WWSPLK 7O`ZPJZ� 9LUL^HISL ,ULYN`
;LJOUVSVNPLZ MYVT (HS[V <UP]LYZP[` �MVY�
TLY /LSZPURP <UP]LYZP[` VM ;LJOUVSVN`��
-PUSHUK� ����� HUK 4�:J� PU 7O`ZPJHS
*OLTPZ[Y` MYVT <UP]LYZP[` VM /LSZPURP�
-PUSHUK� �  ��
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6W[PTPaLK 3PNO[ MVY *PYJHKPHU
9O`[OT :`UJOYVUPaH[PVU ,UOHUJPUN
0UKVVY 3PMLZ[`SLZ
:HTZ\UN ,SLJ[YVUPJZ
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6
SHFWUXP HQJLQHHULQJ DFFXUDWHO\
UHDOL]HV WKH IXQFWLRQV RI QDWXUDO
OLJKW� DOORZLQJ XVHUV WR PDLQWDLQ

DQ RSWLPDO FLUFDGLDQ UK\WKP� 1HZ GH�
YHORSPHQWV GLVFRYHUHG WKH PHODQRSLF
VSHFWUXP WKDW FRQWUROV WKH PHODWRQLQ
KRUPRQH� 7KH GHULYHG VROXWLRQ HIIHF�
WLYHO\ PDQDJHV PHODQRSVLQ VHQVLWLYLW\ DW
D ZDYHOHQJWK RI ��� QP� SOD\LQJ D FULW�
LFDO UROH LQ FLUFDGLDQ UK\WKP FRQWURO IRU
LQGRRU OLJKWLQJ�

,QWURGXFWLRQ
>L HYL ZWLUKPUN TVZ[ VM V\Y [PTL PUKVVYZ
\ZPUN HY[PÄJPHS SPNO[PUN� 4LSH[VUPU� H OVY�
TVUL ^OPJO YLN\SH[LZ [OL ZSLLW�^HRL J`�
JSL� YLZWVUKZ [V [OL J`HU ^H]LSLUN[O YHUNL
VM SPNO[� )YPNO[LY J`HU�JVUJLU[YH[LK SPNO[�
PUN Z\WWYLZZLZ [OL IVK`»Z WYVK\J[PVU VM
TLSH[VUPU� PUJYLHZPUN JVUJLU[YH[PVU HUK
LUHISPUN H NYLH[LY V]LYHSS ZLUZL VM HSLY[�
ULZZ� :PTPSHYS �̀ H SV^LY J`HU SPNO[ PU[LUZP[`
TPUPTPaLZ KPZ[\YIHUJLZ [V [OL UH[\YHS VUZL[
VM [OL IVK`»Z TLSH[VUPU WYVK\J[PVU� OLSWPUN
[V WYVTV[L ZSLLW X\HSP[ �̀ 3VUN L_WVZ\YL [V
IYPNO[ SPNO[ JHU JVUM\ZL PUI\PS[ UH[\YHS JPYJH�
KPHU YO`[OTZ JH\ZPUN OLHS[O WYVISLTZ Z\JO
HZ PUZVTUPH�

:VTL Z[\KPLZ� MVY L_HTWSL� ZOV^LZ [OH[
L_WVZ\YL [V H ZWLJ[Y\T ^P[O SV^ WV^LY
IL[^LLU ���¶��� UT� I\[ OPNO WV^LY H[
L]LU ZOVY[LY ^H]LSLUN[OZ� KPK UV[ Z\WWYLZZ
TLSH[VUPU JVTWHYLK ^P[O KPT SPNO[� KLZWP[L
H SHYNL KPMMLYLUJL PU PSS\TPUHUJL ���� S\_
]Z� #� S\_�� 0U JVU[YHZ[� L_WVZ\YL [V [OL
ZWLJ[Y\T ^P[O OPNO WV^LY IL[^LLU ���
HUK ��� UT ���� S\_� YLZ\S[LK PU HSTVZ[
��� TLSH[VUPU Z\WWYLZZPVU B�D�

6DPVXQJâV
/0���1 1,7(
:HTZ\UN ,SLJ[YVUPJZ \U]LPSLK P[Z ÄYZ[
¸O\THU�JLU[YPJ¹ 3,+ WHJRHNLZ� JVSSLJ�
[P]LS` RUV^U HZ /0���1� ,UNPULLYLK ^P[O
JHYLM\SS` JYLH[LK SPNO[ ZWLJ[YH� [OL /0���1
MHTPS` OLSWZ O\THU IVKPLZ HKQ\Z[ TLSH[VUPU
SL]LSZ PUKVVYZ� THRPUN WLVWSL MLLS TVYL LU�
LYNL[PJ VY YLSH_LK KLWLUKPUN VU [OLPY KHPS`
SPML WH[[LYUZ�

¸;OL ILULÄ[Z VM \ZPUN :HTZ\UN»Z 34���5
YLHJO IL`VUK [OL IHZPJ SPNO[PUN M\UJ[PVU VM
]PZ\HS YLJVNUP[PVU� I` PTWYV]PUN [OL UVU�
]PZ\HS IPVSVNPJHS LMMLJ[Z VM SPNO[PUN VU WLV�
WSL¹� ZHPK <U :VV 2PT� :LUPVY =PJL 7YLZ�
PKLU[ VM 3,+ )\ZPULZZ ;LHT H[ :HTZ\UN
,SLJ[YVUPJZ�

¸6\Y 3,+ ZVS\[PVUZ HYL \ZOLYPUN PU H ^OVSL
UL^ O\THU�VYPLU[LK HWWYVHJO VM \ZPUN
HY[PÄJPHS SPNO[PUN [V LUOHUJL WYVK\J[P]P[` HUK
YLSH_H[PVU� ILULÄ[[PUN TVKLYU�KH` PUKVVY
SPMLZ[`SLZ�¹ ZHPK 2PT�

:HTZ\UN»Z /0���1 \[PSPaLZ WYLJPZLS`
KLZPNULK SPNO[ ZWLJ[YH ^P[O VW[PTPaLK
HTV\U[Z VM J`HU [V HJJVTTVKH[L SPNO[�
PUN ULLKZ [V [OL L_[LU[ KLZPYLK H[ HU` NP]LU
WVPU[ PU [PTL! ;OL /0���1 1,7( LUOHUJLZ
YLSH_H[PVU� :[HUKHYKPaLK H[ ���×���TT�
[OLZL VMMLYPUNZ JHU Ä[ PU H ^PKL YHUNL VM
SPNO[PUN Ä_[\YLZ HUK HYL WYV[LJ[LK HNHPUZ[
O\TPKP[` HUK OLH[�

;OL /0���1 1,7( JHU WYV]PKL H WYVWLY
SL]LS VM IYPNO[ULZZ ^P[OV\[ OPUKLYPUN [OL
YLSLHZL VM TLSH[VUPU� OLSWPUN WLVWSL [V
THPU[HPU [OL OVYTVUL SL]LS HZ PM [OL` ^LYL
PU H JHST UH[\YHS H[TVZWOLYL H[ UPNO[� ;OL
IVK` YLSLHZLZ HIV\[ Ä]L WLYJLU[ TVYL
TLSH[VUPU \UKLY SPNO[Z ^P[O [OL /0���1 1,7(
WHJRHNLZ [OHU JVU]LU[PVUHS 3,+ WHJR�
HNLZ� PUJYLHZPUN YLSH_H[PVU� )` JVTWHYPZVU�
ZWLUKPUN H SV[ VM [PTL \UKLY JVU]LU[PVUHS
UPNO[[PTL SPNO[PUN JHU JH\ZL L_JLZZP]L

HSLY[ULZZ [OH[ THRLZ P[ OHYKLY [V MHSS HZSLLW�
(KKP[PVUHSS �̀ [OL /0���1 1,7( PZ VMMLYLK
PU JVSVY [LTWLYH[\YLZ IL[^LLU ����2 HUK
����2� WYV]PKPUN KLZPNU ÅL_PIPSP[` [V IYPUN
[OL ILULÄ[Z VM YLSH_PUN SPNO[ [V H ]HYPL[` VM
SPNO[PUN ZWHJLZ�

*SPUPJHS [LZ[Z ZOV^LK ��� TVYL Z\YWYLZZLK
TLSH[VUPU K\YPUN [OL KH �̀ �� TVYL ZL�
JYL[LK TLSH[VUPU H[ UPNO[� �� TVYL PU�
JYLHZLK JVUJLU[YH[PVU� HUK �� TPU\[LZ
LHYSPLY KLLW ZSLLW JVTWHYLK ^P[O JVU]LU�
[PVUHS 3,+ SPNO[PUN�

;OL UL^S` SH\UJOLK /0���1 MHTPS` PZ UV^
PU THZZ WYVK\J[PVU� "

5HIHUHQFHV

B�D :V\THU� 1HU  )VYYH� ;VIPHZ  .VPQLY� 0YPZ 
:JOSHUNLU� 3\J  =SHZRHTW� )Q�YU  3\JHZZLU�
4HYJLS� ������� :WLJ[YHS ;\UPUN VM >OP[L 3PNO[ (SSV^Z
MVY :[YVUN 9LK\J[PVU PU 4LSH[VUPU :\WWYLZZPVU ^P[O�
V\[ *OHUNPUN 0SS\TPUH[PVU 3L]LS VY *VSVY ;LTWLYH[\YL�
1V\YUHS VM )PVSVNPJHS 9O`[OTZ� ���

-VY TVYL PUMVYTH[PVU!

?iiTb,ffrrrXb�KbmM;X+QKfH2/fHB;?iB
M;fKB/@TQr2`@H2/bfjyjy@H2/bfHKjykM@
MBi2f
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;OL 2L` ;LJOUVSVN` VM +LLW
<S[YH]PVSL[ �+<=� 3,+Z HUK 0[Z
(WWSPJH[PVU
;OL NSVIHS V\[IYLHR VM *6=0+�� OHZ ZWHYRLK PU[LYLZ[ PU HWWS`PUN
\S[YH]PVSL[ �<=� SPNO[ MVY KPZPUMLJ[PVU HUK Z[LYPSPaH[PVU� (JHKLTPJ
JPYJSLZ OH]L M\Y[OLY L_WSVYLK P[Z TLJOHUPZT� M\UJ[PVUZ HUK
HWWSPJH[PVUZ� HUK [OL PUK\Z[Y` OHZ JVU[PU\V\ZS` YVSSLK V\[ UL^
WYVK\J[Z [V YLZWVUK [V [OL \YNLU[ ULLK VM ÄNO[PUN [OPZ WHUKLTPJ�
:[YPUNLU[ YLZ[YPJ[PVUZ VU [OL \ZL VM TLYJ\Y` PU YLSL]HU[ PU[LYUH[PVUHS
JVU]LU[PVUZ OPNOSPNO[ [OL HK]HU[HNLZ VM KLLW \S[YH]PVSL[ �+<=�<=*�
3,+Z MVY LULYN` JVUZLY]H[PVU HUK LU]PYVUTLU[HS WYV[LJ[PVUZ� +<=
3,+Z OH]L THU` HK]HU[HNLZ� Z\JO HZ JVU[PU\V\Z HUK HJJ\YH[L
^H]LSLUN[O HKQ\Z[TLU[� SV^ ]VS[HNL ZHML[ �̀ LHZ` [V PU[LNYH[L HUK
ZV VU� 0[ OHZ IYVHK HWWSPJHISL WYVZWLJ[Z PU Z[LYPSPaH[PVU HUK
KPZPUMLJ[PVU� HPY HUK ^H[LY W\YPÄJH[PVU� WVS`TLY J\YPUN� TLKPJHS
[YLH[TLU[� IPVJOLTPJHS KL[LJ[PVU� NHZ ZLUZPUN� HUK V[OLY ÄLSKZ� 0[
PZ [OLYLMVYL HU PKLHS VW[PVU [V YLWSHJL [OL [YHKPVUHS <= SPNO[ ZV\JL
Z\JO HZ [OL TLYJ\Y` SHTW� /V^L]LY� [OL S\TPUV\Z WV^LY�
LSLJ[YV�VW[PJ JVU]LYZPVU LMÄJPLUJ` HUK SPML[PTL VM +<= 3,+Z HYL UV[
HZ KLZPYHISL HUK [OLZL JOHSSLUNLZ ULLK [V IL HKKYLZZLK� ;OL YVSLZ
VM [YHKP[PVUHS <= S\TPUHYPLZ HUK +<= 3,+Z PU Z[LYPSPaH[PVU HUK
KPZPUMLJ[PVU� [OL WYVK\J[Z» Z\P[HIPSP[` MVY KPMMLYLU[ ZJLUHYPVZ� [OL
LMÄJHJ` HUK JVZ[�LMMLJ[P]LULZZ� PYYHKPH[PVU KVZL HUK [PTL
WHYHTL[LYZ� SPTP[H[PVUZ� L[J�� OH]L ILLU [OL JVUJLYUZ VM [OVZL�
PUZPKL HUK V\[ZPKL [OL PUK\Z[Y �̀ (Z WLY [OL YLX\PYLTLU[Z VM 0:(
TLTILYZ� ^L OH]L JVTWPSLK [OL +<= 3,+Z 2L` ;LJOUVSVN` HUK
0[Z (WWSPJH[PVU PU [OL -PLSK VM :[LYPSaH[PVU HUK +PZPUMLJ[PVU� ^OPJO
PU[YVK\JLZ [OL RL` [LJOUVSVNPLZ PU [OL THU\MHJ[\YPUN JOHPU VM +<=
3,+Z� PUJS\KPUN 46*=+ KL]PJL [LJOUVSVN �̀ LWP[H_` [LJOUVSVN �̀
WHJRHNPUN [LJOUVSVN �̀ HWWSPJH[PVU HYLHZ� HZ ^LSS HZ YLZWVUK [V
HMVYLTLU[PVULK JVUJLYUZ� ;OPZ YLWVY[ HPTZ [V WYV]PKL H
¸SVUNP[\KPUHS WYVÄSL¹ THW VM +<= 3,+ MYVT THU\MHJ[\YL [V
HWWSPJH[VPU MVY [OVZL ^OV HYL PU[LYLZ[LK PU [OPZ Z\IQLJ[� [V OLSW
WLVWSL \UKLYZ[HUK +<= 3,+Z TVYL JVTWYLOLUZP]LS �̀ HUK [V
WYVTV[L [OL ZHML� LMMLJ[P]L HUK ^PKL HWWSPJH[PVUZ VM +<= 3,+Z PU
[OL ^VYSK�
;OL :LJYL[HYPH[ VM 0U[LYUH[PVUHS :VSPK :[H[L 3PNO[PUN (SSPHUJL �0:(�
4H �̀ ����
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,QWURGXFWLRQ
:LWK WKH FRQWLQXRXV LPSURYHPHQW RI
WKH TXDOLW\ RI SHRSOH¶V OLYHV DQG WKH
JUDGXDO LPSOHPHQWDWLRQ RI WKH 0LQD�
PDWD &RQYHQWLRQ WKDW UHVWULFWV WUDGL�
WLRQDO PHUFXU\�FRQWDLQLQJ SURGXFWV�
'HHS 8OWUDYLROHW /('V �'89 /('V�� DV
D QHZ JHQHUDWLRQ RI KLJK�HI¾FLHQF\
XOWUDYLROHW OLJKW VRXUFHV WKDW DUH ERWK
HQHUJ\�VDYLQJ DQG HQYLURQPHQWDOO\
IULHQGO\� KDYH JUDGXDOO\ EHFRPH WKH
PDLQVWUHDP RI WHFKQRORJ\� $O*D1
�DOXPLQXP JDOOLXP QLWURJHQ� EDVHG
XOWUDYLROHW /(' KDV PDQ\ DGYDQWDJHV
VXFK DV VPDOO VL]H� PHUFXU\�IUHH HQYL�
URQPHQWDO SURWHFWLRQ� FRQWLQXRXV DQG
DFFXUDWH ZDYHOHQJWK DGMXVWPHQW� ORZ�
SUHVVXUH VDIHW\� DQG HDV\ LQWHJUDWLRQ�
,W KDV EURDG DSSOLFDWLRQ SURVSHFWV LQ
VWHULOL]DWLRQ� DLU DQG ZDWHU SXUL¾FDWLRQ�
SRO\PHU FXULQJ� PHGLFDO WUHDWPHQW�
ELRFKHPLFDO GHWHFWLRQ� JDV VHQVLQJ�
VSHFLDO OLJKWLQJ DQG FRQ¾GHQWLDO FRP�
PXQLFDWLRQ� DQG LV DQ LGHDO DOWHUQDWLYH
WR WKH WUDGLWLRQDO 89 OLJKW VRXUFH VXFK
DV PHUFXU\ ODPS� :LWK WKH UDSLG RXW�
EUHDN RI QHZ FRURQD YLUXVHV LQ �����
GHHS XOWUDYLROHW /('V KDYH WKH IXQFWLRQ
RI NLOOLQJ WKHP� ZKLFK KDV DWWUDFWHG
H[WHQVLYH DWWHQWLRQ IURP WHFKQRORJ\
DQG FDSLWDO� DQG UHODWHG SURGXFWV KDYH
EHHQ FRQWLQXRXVO\ LQWURGXFHG�

/V^L]LY� HZ [OL 3,+ SPNO[ LTPZZPVU ^H]L�
SLUN[O ILJVTLZ ZOVY[LY� [OL KPMÄJ\S[` VM
UP[YPKL <= 3,+Z MYVT TH[LYPHS NYV^[O [V KL�
]PJL WYLWHYH[PVU JVU[PU\LZ [V PUJYLHZL� HUK
[OL S\TPUV\Z WV^LY HUK LMÄJPLUJ` NYHK\HSS`
KLJYLHZL� +<= 3,+Z HYL Z[PSS PU [OL LHYS`
Z[HNLZ VM WYVK\J[ LTLYNLUJL� HUK [OLPY
S\TPUV\Z WV^LY� LSLJ[YV�VW[PJHS JVU]LYZPVU
LMÄJPLUJ �̀ HUK SPMLZWHU HYL UV[ ZH[PZMHJ�
[VY �̀ ¯-\Y[OLY KL]LSVWTLU[ HSZV YLX\PYLZ
IYLHR[OYV\NOZ PU [OL JVYL [LJOUVSVN` VM
LX\PWTLU[� TH[LYPHSZ� KL]PJLZ� WHJRHNPUN�
HWWSPJH[PVU� L[J�� WYHJ[PJHS HUK LUNPULLYPUN
[V WYVTV[L [OL KLLW <3;9(�=063,; 3,+
YLSH[LK WYVK\J[Z HZ ZVVU HZ WVZZPISL� [V
WLYMLJ[ HUK TH[\YL� 0U HKKP[PVU� [OL PUK\Z�
[Y` Z[HUKHYKZ MVY +<= 3,+ WYVK\J[Z OH]L
UV[ ILLU SH\UJOLK� ^OPJO PZ H RL` MHJ[VY
HMMLJ[PUN [OL KL]LSVWTLU[ VM [OL +<= 3,+
PUK\Z[Y �̀

;OPZ YLWVY[ KLZJYPILZ [OL [LJOUVSVN` VM
KLLW \S[YH]PVSL[ 3,+Z PU [LYTZ VM TL[HS VY�
NHUPJ JOLTPJHS ]HWVY KLWVZP[PVU �46*=+�
LX\PWTLU[ [LJOUVSVN �̀ LWP[H_PHS [LJOUVS�
VN �̀ WHJRHNPUN [LJOUVSVN` HUK HWWSPJH[PVU
ÄLSKZ�

02&9' (TXLSPHQW
7HFKQRORJ\ IRU 'HHS
8OWUDYLROHW

%DFNJURXQG RI +LJK
7HPSHUDWXUH 02&9'
$SSOLFDWLRQ 5HTXLUHPHQWV

(S5�IHZLK ^PKL IHUKNHW UP[YPKL ZLTP�
JVUK\J[VY TH[LYPHSZ OH]L ^PKL HWWSPJH[PVU
WV[LU[PHS PU [OL ÄLSK VM SLHKPUN�LKNL VW[V�
LSLJ[YVUPJZ HUK TPJYVLSLJ[YVUPJZ KL]PJLZ�
<= 3,+Z IHZLK VU (S.H5 TH[LYPHSZ ^P[O
OPNO HS\TPU\T JVTWVZP[PVU OH]L ZOV^U
O\NL THYRL[ HWWSPJH[PVU WYVZWLJ[Z PU THU`
HWWSPJH[PVUZ� ^OPJO OHZ ILLU PUP[PHSS` HW�
WSPLK H[ WYLZLU[� ;OL TL[OVK JVTTVUS`
\ZLK MVY [OL WYLWHYH[PVU VM OPNO�HS\TPU\T
UP[YPKL KLLW <= 3,+ TH[LYPHSZ PZ 46*=+
[LJOUVSVN �̀ ^OPJO JVU[YVSZ [OL NYV^[O VM
[OL LWP[H_PHS SH`LY I` JVU[YVSSPUN [OL ÅV^
YH[L VM [OL NHZLV\Z YLHJ[PVU ZV\YJL HUK [OL
[LTWLYH[\YL HUK WYLZZ\YL VM [OL YLHJ[PVU
JOHTILY� ^OPJO PZ Z\P[HISL MVY [OL NYV^[O
HUK WYLWHYH[PVU VM JVTWV\UK ZLTPJVU�
K\J[VY TH[LYPHSZ� 0[ OHZ [OL HK]HU[HNLZ VM
OPNO ÅL_PIPSP[ �̀ OPNO \UPMVYTP[ �̀ L_JLSSLU[ \UP�
MVYTP[` HUK YLWLH[HIPSP[ �̀ HUK PZ J\YYLU[S`
[OL TVZ[ THPUZ[YLHT RL` LX\PWTLU[ MVY
[OL YLZLHYJO HUK WYVK\J[PVU VM JVTWV\UK
ZLTPJVUK\J[VY LWP[H_PHS TH[LYPHSZ� 6UL
VM [OL THPU MLH[\YLZ VM (S5�IHZLK UP[YPKL
ZLTPJVUK\J[VY TH[LYPHSZ PZ [OL OPNO NYV^[O
[LTWLYH[\YL� ;OLYLMVYL� OPNO�[LTWLYH[\YL
46*=+ LX\PWTLU[ PZ \ZLK [V WYLWHYL
OPNO�HS\TPU\T UP[YPKL +<= 3,+ TH[LYP�
HSZ� >P[O [OL JVU[PU\V\Z L_WHUZPVU VM [OL
OPNO�HS\TPU\T JVTWVULU[ TH[LYPHSZ KL]PJL
THYRL[� [OL KLTHUK MVY OPNO [LTWLYH[\YL
46*=+ PZ HSZV NYV^PUN�

&XUUHQW VWDWXV DQG WHFKQLFDO
FKDOOHQJHV RI
KLJK�WHPSHUDWXUH 02&9'

/PNO�[LTWLYH[\YL 46*=+ [LJOUVSVN`
OHZ ILLU KL]LSVWLK HZ [OL YLZLHYJO HUK
HWWSPJH[PVUZ VM OPNO�HS\TPU\T JVU[LU[
(S.H5 KLLW \S[YH]PVSL[ 3,+ KL]LSVWLK PU
[OL WHZ[ KLJHKLZ� *\YYLU[S` [OL .H5¶

VY .H(Z�IHZLK 46*=+ LX\PWTLU[ OHZ
ILLU JVTTLYJPHSS` H]HPSHISL� I\[ [OLYL HYL
UV JVTTLYJPHS OPNO�[LTWLYH[\YL 46*=+
LX\PWTLU[ ZWLJPHSS` MVY YLZLHYJO HUK KL�
]LSVWTLU[� HUK PUK\Z[YPHS HWWSPJH[PVUZ K\L
[V [OL KPMÄJ\S[PLZ PU LWP[H_` VM (S5�IHZLK
TH[LYPHSZ� ;OL OPNO�[LTWLYH[\YL 46*=+
LX\PWTLU[ WYVK\JLK I` [OL ^VYSK TH�
QVY 46*=+ THU\MHJ[\YLZ PZ [YHUZMVYTLK
MYVT [OL .H5�IHZLK 46*=+ LX\PWTLU[�
)\[ [OPZ RPUK VM WYVK\J[PVU Z[PSS YLTHPUZ
ZL]LYHS PZZ\LZ SPRL SV^ WYVK\J[P]P[` HUK PU�

Z[HIPSP[ �̀ :VTL PUZ[P[\[PVUZ OH]L Z[HY[LK
[V KL]LSVW [OL OPNO�[LTWLYH[\YL 46*=+
LX\PWTLU[� `L[ [OL PUUV]H[PVU Z[PSS SPLZ H[
[OL Z[HNL VM PTWYV]PUN [OL X\HSP[` VM (S5�
IHZLK TH[LYPHSZ� (Z [OL THYRL[ L_WHUKZ�
OPNO�[LTWLYH[\YL 46*=+ LX\PWTLU[ ^PSS
ZLY]LZ HZ H UL^ NYV^PUN WVPU[ VM THYRL[�
/LUJL� [OL ^VYSK THQVY THU\MHJ[\YLZ HUK
PUZ[P[\[PVUZ HYL KLKPJH[LK [V KL]LSVW [OPZ
LX\PWTLU[ I` JVU[PU\V\ZS` PU]LZ[PUN [OL
9+ LMMVY[Z� 0[ JHU IL L_WLJ[LK [OH[ [OL
JVTTLYJPHSPaLK L_JS\ZP]L OPNO�[LTWLYH[\YL
46*=+ LX\PWTLU[ ^PSS IL NYHK\HSS` HW�
WSPLK PU [OL TLKP\T HUK [VW PUK\Z[YPHS THY�
RL[Z SPRL +<=�

;OL ^OVSL Z[Y\J[\YL VM OPNO�[LTWLYH[\YL
46*=+ LX\PWTLU[� ZPTPSHY HZ [OH[ VM [OL
JVU]LU[PVUHS 46*=+� PZ JVTWVZLK VM
YLHJ[PVU Z`Z[LT� L_[YHJ[PVU Z`Z[LT VM L_�
OH\Z[ NHZ� OLH[PUN HUK ZWPUUPUN Z`Z[LT�
NHZ [YHUZWVY[H[PVU Z`Z[LT� LSLJ[YPJHS WV^LY
KPZ[YPI\[PVU Z`Z[LT� HUK H\[VTH[PJ JVU�
[YVS Z`Z[LT� ;OL JOHYHJ[LYPZ[PJ VM OPNO�
[LTWLYH[\YL 46*=+ KLWLUKZ VU [OH[ VM
LWP[H_` VM OPNO HS\TPU\T JVU[LU[ UP[YPKL�
>OLU (S5 VY V[OLY OPNO (S\TPU\T JVU[LU[
TH[LYPHSZ NYV^ PU 46*=+� P[ OHZ ZWLJPHS
HUK OPNOLY YLX\PYLTLU[Z MVY LX\PWTLU[»Z
[LTWLYH[\YL� WYLZZ\YL� HUK Å\_ HUK [O\Z
PZ TVYL ZLUZP[P]L [V [OL LX\PWTLU[»Z OLH[
JVU[YVS� Å\_ JVU[YVS� HUK WYLZZ\YL JVU[YVS
[OHU [OH[ I` [OL JVU]LU[PVUHS 46*=+�
/LUJL� OPNO�[LTWLYH[\YL <= 46*=+ PZ
MHJPUN ZL]LYHS [LJOUPJHS JOHSSLUNLZ HUK
KPMÄJ\S[PLZ ^OPJO ^PSS IL KLZJYPILK ILSV �̂

/DUJH VL]H KLJK WHPSHUDWXUH KHDW�
LQJ V\VWHP ZLWK KRPRJHQHLW\ DQG
VWDELOLW\
6^PUN [V YLSH[P]LS` SHYNLY JOLTPJHS IVUK
LULYNPLZ ����� L=� IL[^LLU (S HUK 5� [OL
TVIPSP[` VM (S H[VTZ VU [OL NYV^PUN Z\YMHJL
PZ WVVY� ^OPJO YLZ\S[Z PU �+ PZSHUK NYV^[O
PU [OL ]HWVY KLWVZP[PVU LWP[H_ �̀ ;OL OPNOLY
[OL (S JVU[LU[ VM (S.H5 TH[LYPHS� [OL ZL]�
LYLY [OL �+ PZSHUK NYV^[O� ;O\Z� P[ YLX\PYLZ
OPNO NYV^[O [LTWLYH[\YL MVY NYV^PUN (S5�
IHZLK TH[LYPHSZ� ZVTL[PTLZ L]LU TVYL
[OHU ������ (S H[VTZ OH]L OPNOLY HUK IL[�
[LY Z\YMHJL TPNYH[PVU WLYMVYTHUJL H[ OPNO
NYV^[O [LTWLYH[\YL� ^OPJO OLSW VI[HPU OPNO
X\HSP[` LWP[H_` TH[LYPHSZ� ;OL YLX\PYLTLU[
VM OPNOLY [LTWLYH[\YL SLHKZ [V KPMMLYLU[
HUK UV]LS KLZPNUZ VM LWP[H_` LX\PWTLU[ PU
OLH[PUN THUULY� [LTWLYH[\YL JVU[YVS� HUK
JVVSPUN WYVJLZZ� /LUJL� [OL KL]LSVWTLU[
VM SHYNL ZPaL OPNO [LTWLYH[\YL OLH[PUN Z`Z�
[LT ^P[O OVTVNLUP[` HUK Z[HISP[` PZ [OL RL`
PU KL]LSVWPUN OPNO [LTWLYH[\YL 46*=+�

5HGXFWLRQ RI SUH�UHDFWLRQ LQ WKH
UHDFWLRQ FKDPEHU
;OL WYL�YLHJ[PVU LHZPS` VJJ\YZ IL[^LLU
[OL HJ[P]L VYNHUPJ WYLJ\YZVY VM (S \ZLK PU
NYV^PUN OPNO HS\TPU\T UP[YPKL HUK 5/�
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NHZ PU [OL ]HWVY KLWVZP[PVU WYVJLZZ� ^OPJO
HSS OHWWLUZ PU ]HWVY WOHZL� ;OL UHUV� [V
TPJYV�ZPaL JVTWSL_ JVTWV\UK WV^KLYZ
MVYTLK K\YPUN OPNO�[LTWLYH[\YL JVTIP�
UH[PVU HUK KLJVTWVZP[PVU VM WYL�YLHJ[PVU
UV[ VUS` YLK\JL [OL PUJVYWVYH[PVU YH[PV VM
(S WYLJ\YZVY HUK KLJYLHZL [OL (S5 NYV^[O
LMÄJPLUJ �̀ I\[ HSZV HK]LYZLS` HMMLJ[ [OL
TH[LYPHSZ» JY`Z[HS X\HSP[` HUK Z\YMHJL TVY�
WOVSVN` I` KLWVZP[PUN VU [OL TH[LYPHS Z\Y�
MHJL PU [OL NYV^[O WYVJLZZ� ;OL MHJ[VYZ
SPRL KPZ[YPI\[PVU VM YLHJ[HU[Z� [LTWLYH[\YL
NYHKPLU[ PU [OL YLHJ[VY JOHTILY� HUK ÅV^
]LSVJP[` HYL ILPUN [HRLU PU[V HJJV\U[ ^OLU
JVUZPKLYPUN OV^ [V YLK\JL VY LSPTPUH[L [OL
WYL�YLHJ[PVU PU [OL NYV^[O WYVJLZZ� ;OL
LSPTPUH[PVU VM WYL�YLHJ[PVU I` ZWLJPHS KL�
ZPNU VM ÅV^ HUK [LTWLYH[\YL KPZ[YPI\[PVU PZ
HSZV H RL` [LJOUPJHS VIZ[HJSL [V IL ZVS]LK
PU OPNO�[LTWLYH[\YL 46*=+ NYV^[O JOHT�
ILY�

7KH VSHFLDO HSLWD[\ WHFKQLTXH FRU�
UHVSRQGLQJ WR KLJK�WHPSHUDWXUH
02&9'
0U [OL WYVJLZZ VM LWP[H_` NYV^[O VM OPNO
(S\TPU\T JVU[LU[ (S.H5 TH[LYPHSZ I` OPNO
[LTWLYH[\YL 46*=+� [OL [LJOUPJHS KPM�
ÄJ\S[PLZ SPL PU PTWYV]PUN TH[LYPHS X\HSP[ �̀
PUJYLHZPUN NYV^[O YH[L� HUK LSPTPUH[PUN
JYHJRZ VU [OL LWP[H_PHS SH`LY JH\ZLK I`
OPNO�[LTWLYH[\YL [OLYTHS Z[YLZZ� (Z [OL
(S\TPU\T JVU[LU[ PUJYLHZLZ� P[ PZ NL[[PUN
OHYKLY HUK OHYKLY [V PTWYV]L [OL JY`Z[HS
X\HSP[` ILJH\ZL VM OPNOLY KPZSVJH[PVU KLU�
ZP[ �̀ ZSV^LY NYV^[O YH[L� HUK SHJRPUN VM [OL
X\HSP[` VM PTW\YP[` PUJVYWVYH[PVU� 4VYLV]LY�
SHYNLY SH[[PJL TPZTH[JOLZ IL[^LLU OL[LYV�
LWP[H_` Z\IZ[YH[L HUK OPNO HS\TPU\T JVU�
[LU[ UP[YPKL LWP[H_PHS TH[LYPHSZ HUK [OLYTHS
L_WHUZPVU JVLMÄJPLU[ KPMMLYLUJL ^OLU [OL
[LTWLYH[\YL KPMMLYLUJL IL[^LLU YPZL�\W
HUK JVVS�KV^U L_JLLKZ ���� ◦* \Z\HSS`
SLHK [V ÄST JYHJR MVYTH[PVU HUK MHPS\YL VM
ÄST HWWSPJH[PVU I` HJJ\T\SH[PUN Z[YLZZ VM
LWP[H_PHS SH`LY� /LUJL� KL]LSVWPUN ZWLJPHS
LWP[H_` [LJOUPX\L JVYYLZWVUKPUN [V OPNO�
[LTWLYH[\YL 46*=+ PZ VUL VM [OL TH�
QVY KPMÄJ\S[PLZ HUK JOHSSLUNLZ PU PTWYV]PUN
OPNO�[LTWLYH[\YL 46*=+ [LJOUVSVN �̀

'89 /(' (SLWD[\ DQG
&KLS 7HFKQRORJ\

$O1 6XEVWUDWH

/VTVLWP[H_` PZ LWP[H_PHS NYV^[O VU [OL
Z\IZ[YH[L ^P[O [OL ZHTL TH[LYPHS� 0[ PZ JVU�
ZPKLYLK [OL TVZ[ WLYMLJ[ LWP[_PHS NYV^[O IL�
JH\ZL VM SH[[PJL TH[JO HUK [OLTHS TH[JO�
-VY +<= 3,+� P[ PZ LHZ` [V NYV^ OPNO�X\HSP[`
(S.H5 ÄST VU (S5 Z\IZ[YH[L HUK [OL X\HSP[`
VM (S.H5 ÄST THPUS` KLWLUKZ VU [OL X\HSP[`
VM Z\IZ[YH[L TH[LYPHS� ;OLYLMVYL� (S5 Z\I�

Z[YH[L ^P[O SV^ KPZSVJH[PVU KLUZP[` PZ ]LY`
PTWVY[HU[ MVY OPNO�WLYMVYTHUJL +<= 3,+�
;V MHIYPJH[L (S5 Z\IZ[YH[L� [OLYL HYL [^V
^H`Z� /=7, HUK 7=;�

(S5 ZPUNSL JY`Z[HS NYV^[O I` /=7, PZ [V
NYV^ [OPJR (S5 ÄST VU ZHWWOPYL ^P[O OPNO
NYV^[O YH[L� 0U [OPZ WYVJLZZ� [OL KPZSVJH�
[PVU KLUZP[` JH\ZLK I` SH[[PJL TPZTH[JO ^PSS
YLK\JL [V [OL SL]LS VM �,� JTò� K\L [V KPZ�
SVJH[PVU HUUPOPSH[PVU� /V^L]LY� K\L [V [OL
KLJYLHZPUN KPZSVJH[PVU KLUZP[ �̀ KPZSVJH[PVU
LUJV\U[LY HUK YLJVTIPUH[PVU ILJVTL KPM�
ÄJ\S[� ;OLYLMVYL� P[ PZ ]LY` KPMÄJ\S[ [V YLK\JL
KPZSVJH[PVU KLUZP[` VM (S5 ^P[O /=7, NYV^�
PUN TL[OVK� ;OL NVVK [OPUN PZ [OH[ [OL ZPaL
VM (S5 NYV^U I` /=7, PZ KLJPKLK I` [OL
ZPaL VM Z\IZ[YH[L� ^OPJO TLHUZ P[ PZ LHZ` [V
NL[ SHYNL�ZPaL (S5 Z\IZ[YH[L� (UV[OLY HK�
]HU[HNL VM /=7, NYV^[O PZ [OH[ [OLYL PZ SV^
PTW\YP[` KLUZP[` PU (S5 ÄST� ^OPJO OHZ OPNO
[YHUZTP[[HUJL MVY +<= LTPZZPVU�

;OL [OLVY` VM (S5 NYV^[O I` 7=; PZ [OH[ (S5
WV^KLY PZ Z\ISPTH[LK H[ OPNOLY [LTWLYH�
[\YL HUK KLJVTWVZLK PU[V (S NHZ HUK 5��
;OLU [OLZL [^V NHZLZ [YHUZWVY[ [V SV^LY
[LTWLYH[\YL aVUL HUK YLHJ[ HUK KLWVZP[
VU [OL Z\IZ[YH[L� 7=; JHU NL[ (S5 I\SR
^P[O SV^ KPZSVJH[PVU KLUZP[ �̀ 7=; NYV^[O
OHZ [^V ^H`Z� ZWVU[HULV\Z U\JSLH[PVU
HUK ZLLK NYV^[O� :WVU[HULV\Z U\JSLH[PVU
JHU NL[ (S5 ^P[O SV^ KPZSVJH[PVU KLUZP[ �̀
OV^L]LY� [OL ZPaL VM (S5 PZ ]LY` ZTHSS� 6U
[OL V[OLY OHUK� ZLLK NYV^[O JHU HJOPL]L
SHYNL�ZPaL (S5 I\SR ^P[O OPNO KPZSVJH[PVU
KLUZP[` PM \ZL MVYLPNU Z\IZ[YH[L SPRL /=7,�
;OLYLMVYL� ZLLK NYV^[O VU (S5 Z\IZ[YH[L
I` ZWVU[HULV\Z U\JSLH[PVU PZ [OL ILZ[
TL[OVK MVY (S5 7=; NYV^[O� 9LJLU[S �̀
(TLYPJHU HUK .LYTHU NYV\W OH]L HSYLHK`

MHIYPJH[LK ��PUJO (S5 Z\IZ[YH[L I` \ZPUN
[OPZ TL[OVK� ;OL KPZSVJH[PVU KLUZP[` PZ IL�
SV^ �,� JTò�� /V^L]LY� (S5 I\SR I` 7=;
PZ KHYR YLK� ^OPJO TLHUZ [OH[ P[ OHZ OPNO
PTW\YP[` KLUZP[ �̀ 0[ PZ THPUS` ILJH\ZL [OL
(S5 WV^LY OHZ THU` PTW\YP[PLZ HUK JHY�
IVU PTW\YP[PLZ HYL LHZPS` ]VSH[PSPaLK MYVT
JHYVU MLS[ H[ OPNO [LTWLYH[\YLZ� ;OPZ OPNO
PTW\YP[` KLUZP[` ^PSS Z[YVUNS` HIZVYI +<=
LTPZZPVU� 0[ PZ ULJLZZHY` [V KLJYLHZL [OL
PTW\YP[` KLUZP[` ZV [OH[ (S5 Z\IZ[YH[L JHU
IL HWWSPLK MVY +<= 3,+ PU [OL ULHY M\[\YL�

$O1 (SLWD[LDO *URZWK RQ
/DUJH /DWWLFH 0LVPDWFK
6XEVWUDWH

+\L [V OHYK MHIYPJH[PVU HUK OPNO JVZ[ VM
(S5 Z\IZ[YH[L� ZHWWOPYL Z\IZ[YH[L PZ ^PKLS`
HWWSPJH[LK MVY +<= 3,+Z ILJH\ZL VM SV^
JVZ[ HUK OPNO [YHUZTPZZPVU VM +<= LTPZ�
ZPVU� /V^L]LY� ILJH\ZL VM [OL SHYNL SH[[PJL
TPZTH[JO HUK [OLYTHS TPZTH[JO IL[^LLU
(S5 HUK ZHWWOPYL HUK [OL SV^ TPNYH[PVU VM
(S VU [OL Z\YMHJL� (S5 NYV^U VU ZHWWOPYL
^PSS JYHJR LHZPS` HUK OHZ OPNO [OYLHKPUN
KPZSVJH[PVU KLUZP[ �̀

([ WYLZLU[� [OLYL HYL ZVTL ^H`Z [V YLK\JL
[OL [OYLHKPUN KPZSVJH[PVU KLUZP[` HUK Z[YHPU
VM (S5 ÄSTZ� Z\JO HZ [^V�Z[LW NYV^[O�
[OYLL�Z[LW NYV^[O� W\SZL NYV^[O� UHUV�
WH[[LYU ZHWWOPYL Z\IZ[YH[L �57::�� (TVUN
[OLT� 57:: JHU YLSPL]L Z[YHPU HUK YLK\JL
;++ [V �,� JTò� HUK PTWYV]L [OL SPNO[ L_�
[YHJ[PVU LMÄJPLUJ �̀ /V^L]LY� [OL MHIYPJH[PVU
VM 57:: PZ ZV JVTWSPJH[LK [OH[ [OL JVZ[
ILJVTL OPNOLY� (Z H ^OVSL� ILJH\ZL [OL
NYV^[O [LTWLYH[\YL MVY OPNO�X\HSP[` (S5 PZ
]LY` OPNO� 46*=+ ULLKZ ZWLJPHS TH[LYPHSZ
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HUK KLZPNU MVY [OL YLHJ[VY� 4VYLV]LY� [OL
OPNOLY [OL [LTWLYH[\YL� [OL TVYL KPMÄJ\S[
[V JVU[YVS [OL [OLYTHS \UPMVYTP[` VM [OL YL�
HJ[PVU JOHTILY� ;OLYLMVYL� [OL YLHJ[VY MVY
NYV^PUN +<= 3,+Z PZ \Z\HSS` ZTHSS� ^OPJO
TLHUZ SLZZ WPLJLZ H[ VUJL� 9LJLU[S �̀ YL�
ZLHYJOLYZ L_WSVP[ HUV[OLY TL[OVK [V MHIYP�
JH[L (S5�ZHWWOPYL [LTWSH[L� UHTLK HZ OPNO
[LTWLYH[\YL HUULHSPUN� -PYZ[� SV^�X\HSP[`
(S5�ZHWWOPYL [LTWSH[LZ HYL MHIYPJH[LK I`
46*=+ VY ZW\[[LY� (UK [OLU [OLZL SV^�
X\HSP[` (S5�ZHWWOPYL [LTWSH[LZ HYL W\[ PU[V
OPNO�[LTWLYH[\YL LX\PWTLU[ MHJL [V MHJL
HUK HUULHSLK H[ OPNO [LTWLYH[\YL MVY ZL]�
LYHS OV\YZ [V PTWYV]L [OL X\HSP[` VM (S5 ÄST�
;OL ;++ VM (S5 ^PSS YLK\JL [V �,� cm−2

I` [OPZ TL[OVK� ;OL WYVJLZZ PZ ZPTWSL HUK
Z[HISL� HUK P[ PZ H IL[[LY WYVJLZZ YV\[L MVY
WYLWHYPUN (S5 [LTWSH[L�

$O*D1 (SLWD[LDO *URZWK

+\L [V [OL SHYNL Z[YHPU JH\ZLK I` [OL SH[[PJL
TPZTH[JO IL[^LLU (S.H5 HUK (S5� (S.H5
NYV^U VU (S5 LHZPS` OHZ YLSH_PVU ^OLU (S
JVU[LU[ VM (S.H5 PZ ILSV^ ��� HUK THU`
KPZSVJH[PVUZ HWWLHY [V YLSPL]L Z[YLZZ H[ [OL
ZHTL [PTL� ;V ZVS]L [OPZ WYVISLT� ZVTL
YLZLHYJOLYZ KPYLJ[S` NYV^ [OPJR (S.H5 ÄSTZ
VU (S5 [V NL[ OPNO�X\HSP[` (S.H5 ÄSTZ� 0U
[OPZ WYVJLZZ� ZVTL KPZSVJH[PVUZ JH\ZLK I`
YLSH_PVU TLL[ ^P[O LHJO V[OLY HUK HUUP�
OPSH[L� [OLYLMVYL� ;++ ILJVTL SV^LY� )L�
ZPKLZ� ZVTL YLZLHYJOLYZ PUZLY[ (S.H5�(S5
Z\WLYSH[[PJL SH`LY VY NYHKLK (S.H5 SH`LY
IL[^LLU (S.H5 HUK (S5 [V JVU[YVS [OL
Z[YHPU� 0U [OPZ ^H �̀ U�(S.H5 PZ HS^H`Z H[ [OL
Z[H[L VM Z[YHPU ^P[OV\[ UL^ KPZSVJH[PVUZ HUK
;++ PZ KLJPKLK I` (S5 [LTWSH[L�

+\YPUN OPNO�X\HSP[` (S.H5 NYV^[O� .H5
LHZPS` KLJVTWVZL ILJH\ZL VM OPNO NYV^[O
[LTWLYH[\YL HUK .H ]HJHUJ` HS^H`Z HW�
WLHYZ� ;OPZ .H ]HJHUJ` JVTWLUZH[LZ [OL
KVUVY :P ^OPJO JH\ZLZ [V KLJYLHZL LSLJ�
[YVU JVUJLU[YH[PVU VM U�(S.H5 ÄST� 6U [OL
V[OLY OHUK� HJ[P]P[` LULYN` VM LSLJ[YVU PU
(S.H5 PZ SHYNLY ILJH\ZL VM SHYNL IHUKNHW
VM (S.H5� 4VYLV]LY� :P KVWPUN KLUZP[` ^PSS
ILJVTL SV^ ^P[O PUJYLHZPUN NYV^[O [LT�
WLYH[\YL� ;OLYLMVYL� LSLJ[YVU JVUJLU[YH[PVU
VM U�(S.H5 ÄST PZ SV^LY [OHU U�.H5 ^OPJO
JH\ZLZ [OL PUJYLHZPUN VM [OL ]VS[HNL VM +<=
3,+Z� ;O\Z� P[ ULLKZ M\Y[OLY PTWYV]LTLU[Z�

3�W\SH 'RSLQJ RI $O�ULFK
$O*D1 0DWHULDO

;OL U�[`WL HUK W�[`WL KVWPUN LMÄJPLUJPLZ
VM (S�YPJO (S.H5 TH[LYPHSZ HYL YLSH[P]LS` SV �̂
JVTWHYLK ^P[O [OH[ VM .H5 TH[LYPHSZ� )L�
JH\ZL HZ [OL (S JVTWVZP[PVU PUJYLHZLZ� [OL
IHUKNHW VM [OL (S.H5 TH[LYPHS PUJYLHZLZ�
HUK [OL KVUVY HUK HJJLW[VY LULYN` SL]LSZ

ILJVTL KLLWLY� ;OL HJ[P]H[PVU LULYN` VM
[OL KVUVY HUK [OL HJJLW[VY JVU[PU\LZ [V
PUJYLHZL� YLZ\S[PUN PU H YLK\J[PVU PU [OL JHY�
YPLY JVUJLU[YH[PVU HUK ÄUHSS` H YLK\J[PVU PU
[OL JHYYPLY PUQLJ[PVU LMÄJPLUJ` HUK [OL PU[LY�
UHS X\HU[\T LMÄJPLUJ �̀ ;OL W�[`WL KVWPUN
PZZ\L PZ TVYL WYVTPULU[� ;OL OVSL JVUJLU�
[YH[PVU PU W�[`WL (S.H5 TH[LYPHSZ JHU IL
NP]LU I` [OL MVSSV^PUN MVYT\SH!

p = N

(
−EF −Eν

kT

)

ν = N

(
−EA

kT

)

ν ���

>OLYL EF HUK EA HYL [OL -LYTP SL]LS HUK
[OL ]HSHUJL IHUK� YLZWLJ[P]LS �̀ EA PZ [OL
HJ[P]H[PVU LULYN` VM [OL HJJLW[VY� Nν PZ [OL
LMMLJ[P]L Z[H[L KLUZP[` ULHY [OL [VW VM [OL
]HSLUJL IHUK� k PZ [OL )VS[aTHUU JVUZ[HU[�
HUK T PZ [OL [OLYTVK`UHTPJ [LTWLYH[\YL�
([ YVVT [LTWLYH[\YL� [OL HJ[P]H[PVU LU�
LYN` EA VM [OL 4N HJJLW[VY PUJYLHZLZ HS�
TVZ[ SPULHYS` MYVT ���¶���TL= PU .H5 [V
���¶���TL= PU (S5� PTWS`PUN [OH[ [OL HJ[P�
]H[PVU LMÄJPLUJ` VM [OL 4N HJJLW[VY PU (S5
PZ SLZZ [OHU ��ò� VM [OH[ PU .H5� HUK [OL
OVSL JVUJLU[YH[PVU PU (S5 PZ L_[YLTLS` SV �̂
0U VYKLY [V HJOPL]L H OPNOLY OVSL JVUJLU�
[YH[PVU� P[ PZ H JVTTVU WYHJ[PJL [V PUJYLHZL
[OL 4N KVWHU[ JVUJLU[YH[PVU [V YLK\JL
EF � )\[ HU L_JLZZP]LS` OPNO KVWHU[ JVU�
JLU[YH[PVU [LUKZ [V KL[LYPVYH[L [OL JY`Z[HS
X\HSP[` VM (S.H5 TH[LYPHSZ HUK YHPZL [OL
KLUZP[` VM Z[Y\J[\YHS KLMLJ[Z �Z\JO HZ ]H�
JHUJPLZ HUK 4N�5 JVTWVZP[LZ� YL]LYZL
WOHZL KVTHPU IV\UKHYPLZ HUK Z[HJRPUN
MH\S[Z�� *VUZLX\LU[S �̀ [OL JHYYPLY JVTWLU�
ZH[PVU LMMLJ[ PU[LUZPÄLZ� [OL JHYYPLY TVIPS�
P[` KLJYLHZLZ� HUK [OL JVUK\J[P]P[` VM [OL
KVWLK (S.H5 SH`LY YLK\JLZ� ^OPJO PT�
WVZLZ HU HK]LYZL PUÅ\LUJL VU [OL LSLJ[YPJHS
PUQLJ[PVU LMÄJPLUJ` HUK S\TPUV\Z LMÄJPLUJ`
VM [OL 3,+� :VTL Z[\KPLZ HSZV ZOV^ [OH[
[OL 4N HJJLW[VY P[ZLSM HUK [OL KLMLJ[Z NLU�
LYH[LK ^OLU 4N PTW\YP[PLZ HYL PUJVYWVYH[LK
^PSS IYPUN HIZVYW[PVU SVZZ [V [OL SPNO[ YHKPH[�
PUN MYVT [OL HJ[P]L YLNPVU�

;V PTWYV]L [OL W�[`WL KVWPUN LMÄJPLUJ`
HUK PUJYLHZL [OL OVSL JVUJLU[YH[PVU VM (S�
YPJO (S.H5 TH[LYPHSZ� ZL]LYHS HWWYVHJOLZ
OH]L ILLU YLWVY[LK!

� W��.H5�W�(S.H5 OL[LYVQ\UJ[PVU� (
W��.H5 SH`LY NYV^Z VU [OL (S�YPJO W�(S.H5
SH`LY" [^V�KPTLUZPVUHS OVSL NHZ �VU [OL
VYKLY VM ���� JTò� VY OPNOLY� HJJ\T\�
SH[LZ PU [OL W�.H5 SH`LY ULHY [OL OL[�
LYVQ\UJ[PVU PU[LYMHJL K\L [V [OL WVSHY�
PaH[PVU JOHYNL H[ [OL PU[LYMHJL PUK\JLK
I` [OL WPLaVLSLJ[YPJ WVSHYPaH[PVU HUK [OL
ZWVU[HULV\Z WVSHYPaH[PVU� /VSLZ JHU IL
[OLU PUQLJ[LK PU[V W�(S.H5 SH`LY HUK [OL
HJ[P]L YLNPVU ]PH [OL [OLYTHS LTPZZPVU
HUK [OL [\UULSPUN� ;O\Z� [OL JVUK\J�
[P]P[` VM W�(S.H5 SH`LY HUK [OL JHYYPLY
PUQLJ[PVU LMÄJPLUJ` HYL PTWVY]LK� ;OPZ
TL[OVK PZ JVTTVUS` HWWSPLK PU +<=

3,+Z� /V^L]LY� [OL W�.H5 SH`LY ^PSS
Z[YVUNS` HIZVYI [OL SPNO[ YHKPH[LK MYVT
[OL HJ[P]L YLNPVU ILJH\ZL VM P[Z UHYYV^
IHUKNHW� 9LZLHYJOLYZ OH]L WYVWVZLK H
[OPU W�.H5 JVU[HJ[ SH`LY VY H WH[[LYULK
W�.H5 JVU[HJ[ SH`LY [V YLK\JL [OL SPNO[
HIZVYW[PVU SVZZ�

� (S�.H�5�.H5 ZOVY[�WLYPVK Z\WLYSH[[PJLZ�
;OPZ TL[OVK [HRLZ HK]HU[HNL VM [OL WV�
SHYPaH[PVU LMMLJ[ HUK [OL WLYPVKPJ VZJPSSH�
[PVU VM [OL ]HSLUJL IHUKZ PU [OL Z\WLYSH[�
[PJLZ� HUK WYVTW[Z [OL HJJLW[VYZ ^OLYL
[OL ]HSLUJL IHUK PZ JSVZL [V VY HIV]L
[OL -LYTP SL]LS [V IL PVUPaLK [V WYV]PKL
OVSLZ� )\[ [OL Z\WLYSH[[PJLZ ^PSS PUL]P[HIS`
PU[YVK\JL T\S[PWSL IHYYPLYZ PU [OL ]LY[P�
JHS KPYLJ[PVU� ;V HSSL]PH[L [OPZ WYVISLT�
[OL ZOVY[�WLYPVK Z\WLYSH[[PJLZ KVWPUN
[LJOUPX\L JHU IL HKVW[LK PU JVTIP�
UH[PVU ^P[O [OL HJJLW[VY KLS[H�KVWPUN�
4N�:P JV�KVWPUN VY V[OLY [LJOUVSVNPLZ�
9LJLU[S �̀ YLZLHYJOLYZ MYVT ?PHTLU <UP�
]LYZP[` YLWVY[LK [V \ZL [OYLL�KPTLUZPVUHS
4N�KVWLK Z\WLYSH[[PJLZ [V PUJYLHZL [OL
]LY[PJHS JVUK\J[P]P[ �̀

� 7VSHYPaH[PVU PUK\JLK KVWPUN ]PH NYHKPUN
[OL (S JVTWVZP[PVU� ;OL WVSHYPaH[PVU ÄLSK
H[ LHJO \UP[ JLSS PU[LYMHJL LUJV\U[LYZ
HIY\W[ JOHUNL ^OLU [OL (S JVTWVZP[PVU
VM [OL (S.H5 SH`LY PZ NYHK\HSS` JOHUNLK�
^OPJO PUK\JLZ H \UPMVYTS` KPZ[YPI\[LK
UL[ WVSHYPaLK ULNH[P]L IV\UK JOHYNL PU
[OL W�(S.H5 SH`LY� ;V THPU[HPU [OL LSLJ�
[YPJ UL\[YHSP[ �̀ [OYLL�KPTLUZPVUHS OVSL
NHZ PZ PUK\JLK� HUK [OL OVSL JVUJLU�
[YH[PVU PZ KL[LYTPULK I` [OL JVTWVZP�
[PVU NYHKPLU[ VM (S� ;OL ULNH[P]L IV\UK
JOHYNL JHU HSZV NLULYH[L H OPNO WVSHY�
PaLK LSLJ[YPJ ÄLSK� ^OPJO WYVTV[LZ [OL
PVUPaH[PVU VM [OL 4N HJJLW[VY� :PUJL 4N
H[VTZ HYL THPUS` PVUPaLK I` [OL LSLJ[YPJ
ÄLSK� [OL OVSL JVUJLU[YH[PVU PZ ULHYS` PU�
KLWLUKLU[ VM [OL [LTWLYH[\YL� >OH[»Z
TVYL� [OL ]HSLUJL IHUK VM [OL W�(S.H5
SH`LY PZ ZTVV[O� ^OPJO ^PSS NYLH[S` ILULÄ[
[OL OVSLZ» ]LY[PJHS [YHUZWVY[� ;OPZ [LJO�
UPX\L OHZ ILLU Z\JJLZZM\SS` HWWSPLK [V
[OL Z[Y\J[\YL VM +<= SHZLY KPVKLZ� HUK
[OL LSLJ[YPJHS PUQLJ[PVU SHZPUN OHZ ILLU
HJOPL]LK�

� ;\UULS Q\UJ[PVU JVTWVZPUN VM W�(S.H5�H
[OPU PUZLY[PVU SH`LY �03� ^P[O UHYYV^ IHUKNHW
HUK SV^ YLZPZ[HUJL�U��(S.H5� :[YVUN UL[
WVSHYPaLK JOHYNL PZ PUK\JLK ULHY [OL
PU[LYMHJLZ IL[^LLU (S.H5 SH`LYZ HUK
[OL 03� ^OPJO NLULYH[LZ H OPNO WVSHY�
PaH[PVU LSLJ[YPJ ÄLSK PU [OL [OPU 03� ;OL
LULYN` IHUK VM [OL 03 PUJSPULZ ZOHYWS`
^P[OPU Z\JO H ZTHSS SLUN[O [OH[ [OL ]H�
SLUJL IHUK VM W�(S.H5 HUK [OL JVUK\J�
[PVU IHUK VM [OL U��(S.H5 HYL HSPNULK
PU H YHUNL VM H ML^ UHUVTL[LYZ� ;OLYL�
MVYL� [OL OLPNO[ VM [OL [\UULSPUN IHYYPLY
PZ LMMLJ[P]LS` YLK\JLK� ;V M\Y[OLY YLK\JL
[OL ^PK[O VM [OL KLWSL[PVU IHYYPLY HUK
PUJYLHZL [OL WYVIHIPSP[` VM [\UULSPUN IL�
[^LLU IHUKZ� (S.H5 SH`LYZ ^P[O NYHKLK
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JVTWVZP[PVU HYL WYVWVZLK [V IL NYV^U
VU [OL IV[O ZPKLZ VM [OL [OPU 03� >OLU
[OL +<= 3,+ PZ MVY^HYK KYP]LU� [OL [\U�
ULSPUN Q\UJ[PVU PZ YL]LYZL IPHZLK� ;OL
LSLJ[YVUZ PU [OL ]HSLUJL IHUK VM W�(S.H5
[\UULS PU[V [OL JVUK\J[PVU IHUK VM [OL
U��(S.H5� HUK UVULX\PSPIYP\T OVSLZ HYL
NLULYH[LK HUK PUQLJ[LK PU[V [OL W�(S.H5
SH`LY� /V^L]LY� [OL [\YU�VU ]VS[HNL VM
[OL +<= 3,+ KL]PJLZ \ZPUN [OL [\U�
ULS Q\UJ[PVU PZ PUJYLHZLK ZPNUPÄJHU[S �̀
;OLYLMVYL� TVYL VW[PTPaH[PVU Z[\KPLZ HYL
ULLKLK�

3RODUL]DWLRQ HIIHFW

;OL TL[HS�WVSHY (S.H5 TH[LYPHS OHZ H
Z[YVUN PUZ[PUJ[ ZWVU[HULV\Z WVSHYPaH[PVU
LMMLJ[� ;OL ZWVU[HULV\Z WVSHYPaH[PVU KP�
YLJ[PVU PZ HSVUN [OL ��������� KPYLJ[PVU �[OH[
PZ� HSVUN [OL KPYLJ[PVU VM [OL Z\IZ[YH[L�� (Z
[OL (S JVTWVZP[PVU PUJYLHZLZ� [OL ZWVU[H�
ULV\Z WVSHYPaH[PVU PUJYLHZLZ� 0U HKKP[PVU�
[OL (S.H5 X\HU[\T IHYYPLYZ HUK ^LSSZ PU
<= 3,+Z OH]L KPMMLYLU[ JVTWVZP[PVUZ� ;OL
X\HU[\T ^LSSZ HYL PU JVTWYLZZP]L Z[YLZZ�
SLHKPUN [V [OL WPLaVLSLJ[YPJ WVSHYPaH[PVU LM�
MLJ[� ;OL WPLaVLSLJ[YPJ WVSHYPaH[PVU KPYLJ[PVU
PZ HSVUN [OL ������ KPYLJ[PVU� ;OL KPYLJ[PVUZ
VM ZWVU[HULV\Z WVSHYPaH[PVU HUK WPLaVLSLJ�
[YPJ WVSHYPaH[PVU PU [OL X\HU[\T ^LSSZ HYL
VWWVZP[L� I\[ [OL ZWVU[HULV\Z WVSHYPaH[PVU
PU [OL X\HU[\T IHYYPLYZ PZ Z[YVUNLY [OHU
[OL ZWVU[HULV\Z WVSHYPaH[PVU PU [OL X\HU�
[\T ^LSSZ� 5L[ WVSHYPaLK Z\YMHJL JOHYNL
^PSS L]LU[\HSS` IL NLULYH[LK H[ [OL IHYYP�
LY�^LSS PU[LYMHJLZ� ;OL UL[ WVSHYPaLK Z\YMHJL
JOHYNL PU[YVK\JLZ H Z[YVUN WVSHYPaLK LSLJ�
[YPJ ÄLSK PU [OL X\HU[\T ^LSS YLNPVU� JH\Z�
PUN [OL IHUK ILUKPUN HUK ZWH[PHSS` ZLWHYH[�
PUN [OL LSLJ[YVU HUK OVSL ^H]L M\UJ[PVUZ�
;OH[ PZ [OL ZV�JHSSLK X\HU[\T JVUÄULK
Z[HYR LMMLJ[ �8*:,�� ;OL 8*:, ^PSS PUJYLHZL
[OL JHYYPLY SPML[PTL� HUK YLK\JL [OL YHKPH[P]L
YLJVTIPUH[PVU WYVIHIPSP[` HUK [OL PU[LY�
UHS X\HU[\T LMÄJPLUJ �̀ ( YLKZOPM[ VM [OL
LTPZZPVU ^H]LSLUN[O ^PSS LTLYNL ^OLU \Z�
PUN ^PKL X\HU[\T ^LSSZ� 5HYYV^ X\HU[\T
^LSSZ JHU OLSW [V HSSL]PH[L [OL 8*:,�

;OL WVSHYPaH[PVU LMMLJ[ ^PSS HSZV JH\ZL [OL
LULYN` IHUK ILUKPUN KV^U^HYK H[ [OL PU�
[LYMHJL VM [OL LSLJ[YVU ISVJRPUN SH`LY HUK
[OL SHZ[ X\HU[\T IHYYPLY� SLHKPUN [V [OL
JHYYPLY SLHRHNL WOLUVTLUVU� 6W[PTPaPUN
[OL KLZPNU VM [OL LULYN` IHUK Z[Y\J[\YL [V
YLN\SH[L VY LSPTPUH[L [OL WVSHYPaH[PVU LSLJ�
[YPJ ÄLSK PUZPKL [OL 3,+ PZ HU PTWVY[HU[ YL�
ZLHYJO HZWLJ[ [V PTWYV]L [OL 3,+ X\HU[\T
LMÄJPLUJ �̀

9LZLHYJO VU [OL LWP[H_` HUK MHIYPJH[PVU
VM <= 3,+Z VU ZLTP�WVSHY HUK UVU�WVSHY
Z\IZ[YH[LZ PZ HSZV NYHK\HSS` LTLYNPUN� (S�
[OV\NO [OL WVSHYPaH[PVU LMMLJ[ Z[PSS L_PZ[Z

PU [OL ZLTP�WVSHY HUK UVU�WVSHY X\HU�
[\T ^LSSZ� P[Z KPYLJ[PVU OHZ H JLY[HPU HUNSL
^P[O [OL NYV^[O KPYLJ[PVU� ;OL 8*:, PU [OL
X\HU[\T ^LSSZ PZ ^LHRLULK VY L]LU JVT�
WSL[LS` LSPTPUH[LK� HUK [O\Z OHZ SP[[SL LMMLJ[
VU [OL ZOHWL VM [OL LULYN` IHUKZ�

/LJKW H[WUDFWLRQ RI '89
/('V

;OL WVVY SPNO[ L_[YHJ[PVU LMÄJPLUJ` �3,,�
PZ VUL JOHSSLUNL PU VI[HPUPUN OPNOS` LMÄ�
JPLU[ (S.H5�IHZLK +<= 3,+Z� (Z TLU�
[PVULK HIV]L� <= 3,+Z NLULYHSS` LTWSV` H
W�.H5�W�(S.H5 OL[LYVQ\UJ[PVU [V LUOHUJL
[OL OVSL PUQLJ[PVU LMÄJPLUJ` HUK PTWYV]L
W�[`WL VOTPJ JVU[HJ[� )\[ [OL W�.H5 SH`LY
OHZ H UHYYV^ IHUKNHW ^P[O H IHUK LKNL
^H]LSLUN[O H[ HIV\[ ��� UT� ;OL \W^HYK
<= SPNO[ YHKPH[PUN MYVT [OL HJ[P]L YLNPVU PZ
Z[YVUNS` HIZVYILK I` [OL W�.H5 SH`LY� ;OPZ
PZ ^O` <= 3,+Z \Z\HSS` HKVW[ H ÅPW�JOPW
JVUÄN\YH[PVU� +L]LSVWPUN H [YHUZWHYLU[
W�[`WL (S.H5 Z[Y\J[\YL SH`LY ^P[O Z\MÄ�
JPLU[ KVWPUN LMÄJPLUJ` HUK ZPT\S[HULV\ZS`
JVTIPUN ^P[O OPNOS` YLÅLJ[P]L W�[`WL TL[HS
LSLJ[YVKLZ JHU LMMLJ[P]LS` YLK\JL [OL SPNO[
HIZVYW[PVU SVZZ� 7HY[ VM [OL LTP[[LK SPNO[
JHU IL YLÅLJ[LK IHJR [V [OL Z\IZ[YH[L
ZPKL HUK [OL WYVIHIPSP[` VM SPNO[ LZJHWPUN
[OYV\NO [OL Z\IZ[YH[L PZ PTWYV]LK�

:LJVUKS �̀ ZLYPV\Z [V[HS PU[LYUHS YLÅLJ[PVU
�;09� VJJ\YZ H[ [OL ZLTPJVUK\J[VY SH`�
LY�Z\IZ[YH[L PU[LYMHJL HUK [OL ZHWWOPYL
Z\IZ[YH[L�HTIPLU[ PU[LYMHJL K\L [V [OL
SHYNL YLMYHJ[P]L PUKL_ KPMMLYLUJL �U(S.H5
≈ �.�− �.�� UZHWWOPYL ≈ �.�� UHPY = ���
(JJVYKPUN [V [OL :ULSS»Z SH �̂ [OL JYP[PJHS
HUNSL VM ;09 VU [OL PU[LYMHJL VM ZHWWOPYL
Z\IZ[YH[L [V HPY PZ VUS` HIV\[ ��� H[ H ^H]L�
SLUN[O VM ��� UT� 4VZ[ VM [OL SPNO[ LTP[[LK
MYVT [OL X\HU[\T ^LSSZ PZ JVUÄULK PUZPKL
[OL LWP[H_PHS SH`LYZ HUK [OL Z\IZ[YH[L HZ VW�
[PJHS ^H]LN\PKL� HUK L]LU[\HSS` JVU]LY[LK
PU[V [OLYTHS OLH[ HM[LY [OL YLK\WSPJH[P]L
VZJPSSH[PVU HUK [OL JVU[PU\V\Z HIZVYW�
[PVU� :\YMHJL WH[[LYPUN PZ VUL WYVTPZPUN
HWWYVHJO [V YLK\JL [OL ;09 VM SPNO[ HUK
PTWYV]L [OL 3,,� -VY L_HTWSL� MHIYPJH[L H
TPJYVSLU HYYH` VY H TV[O�L`L Z[Y\J[\YL VU
[OL IHJRZPKL VM ZHWWOPYL Z\IZ[YH[LZ� PUK\JL
H YV\NOLULK SH`LY Z[Y\J[\YL I` SHZLY Z[LHS[O
KPJPUN VU [OL ZPKL^HSSZ VM [OL Z\IZ[YH[LZ� VY
JVUZ[Y\J[ HPY ]VPKZ PU [OL TPJYV�UHUVTL[LY
ZJHSL PUZPKL [OL JOPW ]PH [OL LWP[H_` WYV�
JLZZ�

<[PSPaPUN [OL MVYIPKKLU IHUKNHW LMMLJ[ VY
[OL NYH[PUN ZJH[[LYPUN LMMLJ[ VM [OL WOV�
[VUPJ JY`Z[HS JHU HSZV PTWYV]L [OL 3,, VM
<= 3,+Z� ;OL MVYTLY LMMLJ[ YLX\PYLZ [OL
WOV[VUPJ MVYIPKKLU IHUKNHW [V JV]LY [OL
ZWLJ[YHS YHUNL VM [OL LTPZZPVU MYVT [OL
HJ[P]L YLNPVU� PTWS`PUN [OH[ [OL WLYPVK VM

[OL WOV[VUPJ JY`Z[HS ULLKZ [V IL YLK\JLK
ILSV^ [OL ^H]LSLUN[O� -VY (S.H5�IHZLK
+<= 3,+Z� [OL WLYPVK ZOV\SK IL SLZZ [OHU
��� UT� ^OPJO YLX\PYLZ [V\NO [LJOUVS�
VN`" HUK [OL WOV[VUPJ JY`Z[HS ULLKZ [V IL
ZL[ ]LY` JSVZL [V [OL X\HU[\T ^LSS YLNPVU�
(J[\HSS �̀ P[ PZ KPMÄJ\S[ [V WYLWHYL Z\JO H
WOV[VUPJ JY`Z[HS Z[Y\J[\YL [V +<= 3,+Z PU
WYHJ[PJL� -VY [OL SH[[LY LMMLJ[� [OL WOV[VUPJ
JY`Z[HS Z[Y\J[\YL PZ NLULYHSS` WYLWHYLK VU
[OL 3,+ Z\YMHJL� ^OPJO JHU JVTWLUZH[L
[OL SH[LYHS ^H]L ]LJ[VY VM [OL ^H]LN\PKL
TVKL H[ [OL PU[LYMHJL HUK OLSW L_[YHJ[
[OL ^H]LN\PKL TVKL SPNO[� 9LZLHYJOLYZ
MYVT 1HWHU YLWVY[LK [OH[ MHIYPJH[PUN H
JVTWVZP[L UHUVZ[Y\J[\YL JVTWVZPUN VM
H [^V�KPTLUZPVUHS WOV[VUPJ JY`Z[HS HUK
H Z\I�^H]LSLUN[O UHUVZ[Y\J[\YL VU [OL
IHJR Z\YMHJL VM [OL (S5 OVTVNLULV\Z Z\I�
Z[YH[L PUJYLHZLK [OL VW[PJHS V\[W\[ WV^LY VM
��� UT 3,+ I` � ��� ;OL VW[PJHS V\[W\[
WV^LY H[ ���T( YLHJOLK \W [V  �T>�

)LZPKLZ� [OL PU[YPUZPJ HUPZV[YVWPJ VW[PJHS WV�
SHYPaH[PVU WYVWLY[PLZ VM (S�YPJO (S.H5 TH[L�
YPHSZ HSZV HMMLJ[ [OL 3,, KYHTH[PJHSS �̀ 3PNO[
LTP[Z MYVT J�WSHUL (S.H5�48>Z HZ LP[OLY
[YHUZ]LYZL�LSLJ[YPJ �;,� TVKL ^P[O LSLJ[YP�
JHS ÄLSK ]LJ[VY , WLYWLUKPJ\SHY [V J�H_PZ
VY [YHUZ]LYZL�THNUL[PJ �;4� TVKL ^P[O ,
WHYHSSLS [V J�H_PZ� (UK [OL ;4�TVKL SPNO[
JVTLZ [V WYLKVTPUH[L V]LY [OL ;,�TVKL
SPNO[ ^OLU [OL LTPZZPVU ^H]LSLUN[O NL[Z
ZOVY[LY [OHU ��� UT� (Z PZ RUV^U� [OL ;,�
TVKL SPNO[ THPUS` WYVWHNH[LZ PU [OL ]LY[PJHS
KPYLJ[PVU" ^OPSL [OL ;4�TVKL THPUS` [YHUZ�
TP[Z PU [OL OVYPaVU[HS KPYLJ[PVU� ^OPJO PZ
KPMÄJ\S[ [V L_[YHJ[ K\L [V SHYNLY PUJPKLU[
HUNSL VU [OL Z\YMHJL� 9`\ L[ HS�»Z ZPT\�
SH[PVU ZOV^LK [OH[ [OL ;4�TVKL 3,, PZ
T\JO SV^LY [OHU [OL ;,�TVKL 3,,� ^OPJO
PZ WHY[S` YLZWVUZPISL MVY [OL KLJYLHZL VM
3,, PU +<= 3,+Z ^P[O ZOVY[LY ^H]LSLUN[O�

;V HKKYLZZ [OPZ PZZ\L VM [OL SV^ 3,, VM
[OL ;4�TVKL SPNO[� [OLYL HYL THPUS` [^V
TL[OVKZ� 6UL PZ \ZPUN H YLÅLJ[VY VY ZJH[�
[LYPUN Z[Y\J[\YL VY UHUV�WPSSHY Z[Y\J[\YL [V
TVK\SH[L [OL SPNO[ WYVWHNH[PVU KPYLJ[PVU
PUZPKL [OL 3,+ Z[Y\J[\YL� ;OL WYVWHNH[PVU
KPYLJ[PVU VM [OL ;4�TVKL SPNO[ PZ HS[LYLK
[V [OL Z\IZ[YH[L ZPKL� HUK [OL 3,, PZ PT�
WYV]LK� ;OL V[OLY VUL PZ HKQ\Z[PUN [OL VY�
KLY VM [OL ]HSLUJL Z\I�IHUKZ H[ [OL � WVPU[
PU [OL (S�YPJO X\HU[\T ^LSSZ \ZPUN UHY�
YV^ JVTWYLZZP]L X\HU[\T ^LSSZ VY LULYN`
IHUK LUNPULLYPUN� HUK [OLYLI` LUOHUJPUN
[OL PU[LUZP[` VM [OL ;,�WVSHYPaLK SPNO[ YLS�
H[P]L [V [OL ;4�WVSHYPaLK SPNO[ LTP[[LK H[
H JLY[HPU ^H]LSLUN[O� ;OL KVTPUHU[ SPNO[
LTPZZPVU TVKL PZ JVU]LY[LK MYVT [OL ;4�
TVKL [V [OL ;,�TVKL ^OPJO PZ LHZPLY [V
IL L_[YHJ[LK� ;OPZ TL[OVK PZ L_WLJ[LK [V
ZVS]L [OL WYVISLT VM VW[PJHS L_[YHJ[PVU MYVT
HUPZV[YVW` VM ;4 TVKLZ�
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'HHS�8OWUDYLROHW /LJKW
(PLWWLQJ 'LRGH
3DFNDJLQJ 7HFKQRORJLHV

*\YYLU[S �̀ [OL LMÄJPLUJ` VM TVZ[ KLLW \S[YH�
]PVSL[ SPNO[ LTP[[PUN KPVKLZ �+<= 3,+Z�� [OH[
OH]L H ^H]LSLUN[O VM SLZZ [OHU ��� UT� PZ
Z[PSS ]LY` SV �̂ ,_[LYUHS X\HU[\T LMÄJPLUJ`
�,8,� VM TVZ[ YLWVY[LK +<= 3,+Z PZ IL�
SV^ ��� (Z [OL PU[LYUHS X\HU[\T LMÄJPLUJ`
�08,� JVU[PU\LZ YPZPUN� VUL VM [OL TVZ[ PT�
WVY[HU[ YLHZVUZ MVY [OL WVVY ,8, PZ [OL SV^
SPNO[ L_[YHJ[PVU LMÄJPLUJ �̀ IYV\NO[ I` SPTP�
[H[PVU VM +<= 3,+ WHJRHNPUN [LJOUVSVN �̀
+\L [V [OL JOHYHJ[LY VM +<= 3,+Z� [OL
Z[Y\J[\YLZ HUK [OL TH[LYPHSZ VM +<= 3,+Z
HYL KPMMLYLU[ MYVT [OL ]PZPISL 3,+Z� HKKPUN
KPMÄJ\S[PLZ [V YLSH[LK YLZLHYJO�

*VTWHYLK ^P[O [OL ]PZPISL 3,+Z� [OL KPMÄ�
J\S[` VM +<= 3,+ WHJRHNPUN PZ THPUS` YL�
ÅLJ[LK PU [OL MVSSV^PUN [^V HZWLJ[Z� 6UL PZ
[OH[ TVZ[ ]PZPISL 3,+ WHJRHNPUN TH[LYPHSZ
HYL UV[ JVTWH[PISL ^P[O <= IHUKZ� 4VZ[ VM
[OL VYNHUPJ TH[LYPHSZ \ZLK PU [OL [YHKP[PVUHS
]PZPISL 3,+ WHJRHNPUN JHU Z[YVUNS` HIZVYI
<= SPNO[� ,ZWLJPHSS` MVY +<= 3,+� [OL [YHUZ�
TP[[HUJL VM JVTTVU WHJRHNPUN VYNHUPJ
TH[LYPHSZ ILSV^ ��� UT KLJYLHZLZ ZOHYWS`
^P[O [OL KLJYLHZL VM ^H]LSLUN[O� HUK P[ PZ
WYVUL [V KL[LYPVYH[PVU HUK `LSSV^PUN \U�
KLY SVUN�[LYT <= SPNO[ PYYHKPH[PVU� YLZ\S[PUN
PU SVZZ VM [YHUZWHYLUJ` HUK 3,+ WOV[V�
H[[LU\H[PVU MHPS\YL� 6U [OL V[OLY OHUK� [OL
ZLSM�OLH[PUN WOLUVTLUVU VM +<= 3,+Z PZ
TVYL [OHU ZLYPV\Z� HUK [OL WV^LY VM OLH[
KPZZPWH[LK PZ HIV\[  �� VM [OL [V[HS PU [OL
JHZL VM +<= 3,+ WHJRHNPUN� ;OL YPZL VM
Q\UJ[PVU [LTWLYH[\YL JH\ZLK I` [OL ZLSM�
OLH[PUN UV[ VUS` NYLH[S` JOHUNLZ [OL VW[PJHS
JOHYHJ[LYPZ[PJZ VM 3,+Z� I\[ HSZV YLK\JLZ
[OL SPML VM [OL JOPWZ HUK [OL WHJRHNPUN TH�
[LYPHSZ� )LZPKLZ� ZPUJL W�.H5 SH`LYZ VM +<=
3,+Z ZOV^ Z[YVUN HIZVYW[PVU PU [OL +<=
YLNPVU� SP[[SL +<= SPNO[ JHU WHZZ [OYV\NO [OL
W�.H5 SH`LY� ;O\Z� +<= 3,+ WHJRHNPUN
PZ KVTPUH[LK I` ÅPW�JOPW Z[Y\J[\YLZ� ^P[O H
ML^ ]LY[PJHS Z[Y\J[\YLZ�

+\L [V [OL HIV]L MHJ[VYZ� P[ PZ KPMÄJ\S[ MVY
+<= 3,+Z [V \ZL [OL [YHKP[PVUHS VYNHUPJ
WHJRHNPUN VM ]PZPISL 3,+Z KPYLJ[S �̀ (SS�
PUVYNHUPJ WHJRHNPUN PZ H KL]LSVWPUN KP�
YLJ[PVU VM +<= 3,+ WHJRHNPUN [OH[ OHZ
YLJLP]LK ^PKLZWYLHK H[[LU[PVU� -PYZ[S �̀ H
ÅPW�JOPW +<= 3,+ JOPW PZ IVUKLK VU H JL�
YHTPJ Z\IZ[YH[L \ZPUN PUVYNHUPJ ZVSKLY VY
L\[LJ[PJ ^LSKPUN� ;OLU� H X\HY[a SLUZ PZ
IVUKLK VU [OL KHT VM [OL JLYHTPJ Z\I�
Z[YH[L I` PUVYNHUPJ ^LSKPUN PU H ]HJ\\T
LU]PYVUTLU[ VY H UP[YVNLU H[TVZWOLYL [V
VI[HPU OLYTL[PJ WHJRHNPUN� *VTWHYLK ^P[O
VYNHUPJ WHJRHNPUN� PU [OPZ Z[Y\J[\YL� [OL
VYNHUPJ LUJHWZ\SHU[ PZ YLWSHJLK I` HPY[PNO[
WYV[LJ[PVU� HUK [OL VYNHUPJ SLUZ PZ YLWSHJLK

I` H X\HY[a SLUZ �ZVTL[PTLZ [OL ZHWWOPYL
SLUZ PZ HSZV \ZLK�� 5V VYNHUPJ TH[LYPHSZ HYL
\ZLK PU [OL LU[PYL WHJRHNPUN WYVJLZZ� ^OPSL
[OL \ZLK PUVYNHUPJ TH[LYPHSZ OH]L NVVK <=
YLZPZ[HUJL HUK [OLYTHS JVUK\J[P]P[ �̀ ;O\Z�
[OL WHJRHNLK +<= 3,+ KL]PJL ^PSS OH]L
IL[[LY YLSPHIPSP[ �̀ ;OL TVZ[ KPMÄJ\S[ WYVJLZZ
VM HSS�PUVYNHUPJ WHJRHNPUN PZ [OL X\HY[a SLUZ
IVUKPUN� ;OL IVUKPUN WYVJLZZ JHU IL KP�
]PKLK PU[V [^V [`WLZ! PU[LNYHS OLH[PUN HUK
SVJHS OLH[PUN� 0[ PZ LHZ` [V IVUK [OL X\HY[a
SLUZ I` ZVSKLYPUN [OYV\NO [OL PU[LNYHS OLH[�
PUN� /V^L]LY� [OL OPNO [LTWLYH[\YL VM [OL
PU[LNYHS OLH[PUN PZ LHZ` [V JH\ZL [OLYTHS
KHTHNL [V [OL JOPW HUK P[Z IVUKPUN SH`LY�
YLK\JPUN [OL YLSPHIPSP[` VM [OL JOPW� ;OLYL�
MVYL� [OL ^H` [V IVUK [OL X\HY[a SLUZ I`
SVJHS OLH[PUN OHZ H[[YHJ[LK ^PKL H[[LU[PVU�
^OPSL ]HYPV\Z TL[OVKZ OH]L ILLU KL]LS�
VWLK� Z\JO HZ PUK\J[PVU OLH[PUN HUK SHZLY
OLH[PUN� /V^L]LY� [OLZL TL[OVKZ HSZV
OH]L WYVISLTZ� Z\JO HZ KPMÄJ\S[` [V JVU[YVS
HUK OPNO JVZ[� ;OLYLMVYL� P[ PZ Z[PSS KPMÄJ\S[ [V
HWWS` [OL SVJHS OLH[PUN [V JVTTLYJPHS +<=
3,+ HSS�PUVYNHUPJ WHJRHNPUN VU H SHYNL
ZJHSL�

;OLYLMVYL� H[ WYLZLU[� [OL TVZ[ JVTTVU
JVTTLYJPHS +<= 3,+ WHJRHNPUN JOVVZLZ
[V PU[YVK\JL ZVTL VYNHUPJ TH[LYPHSZ PU
ZVTL UVU�JYP[PJHS WVZP[PVUZ IHZLK VU HSS�
PUVYNHUPJ WHJRHNPUN [V YLK\JL WHJRHNPUN
KPMÄJ\S[` HUK YLK\JL JVZ[Z� -VY L_HTWSL�
[OL X\HY[a SLUZ VM JVTTLYJPHS +<= 3,+
WHJRHNPUN PZ HS^H`Z WHZ[LK I` VYNHUPJ
HKOLZP]L� *VTWHYLK ^P[O HSS�PUVYNHUPJ
WHJRHNPUN� K\L [V [OL HNPUN HUK KL[LYPV�
YH[PVU VM [OL VYNHUPJ HKOLZP]L \UKLY +<=
SPNO[� [OPZ Z[Y\J[\YL T\Z[ ZOV^ SV^ IVUKPUN
ÄYTULZZ HUK WVVY HPY[PNO[ULZZ� ;OLYLMVYL�
ZVTL JVTTLYJPHS KLZPNUZ [YPLK [V WSHJL
[OL VYNHUPJ HKOLZP]L V\[ZPKL [OL SPNO[ WH[O
VM [OL 3,+� [OLYLI` YLK\JPUN [OL PUÅ\LUJL
PU[YVK\JLK I` \ZPUN VYNHUPJ HKOLZP]LZ� -VY
L_HTWSL� H NYVV]L PZ THKL VU [OL TL[HS
KHT HUK [OL VYNHUPJ HKOLZP]L PZ JVH[LK
PU[V [OL NYVV]L [V YLK\JL [OL WVZZPIPSP[` VM
+<= SPNO[ PYYHKPH[PUN� HUK PUJYLHZL P[Z SPML
ZWHU�

<USPRL [OL PUVYNHUPJ IVUKPUN WYVJLZZ VM
X\HY[a SLUZLZ� [OL OLYTL[PJ WHJRHNPUN
[LJOUVSVN` \ZPUN ]HJ\\T VY UP[YVNLU OHZ
ILLU ^PKLS` \ZLK PU JVTTLYJPHS +<= 3,+
WHJRHNPUN� /V^L]LY� K\L [V [OL O\NL YL�
MYHJ[P]L PUKL_ KPMMLYLUJL IL[^LLU [OL ZHW�
WOPYL Z\IZ[YH[L VM [OL ÅPW�JOPW +<= 3,+
HUK ]HJ\\T VY UP[YVNLU� ]LY` ZL]LYL [V[HS
YLÅLJ[PVU HUK -YLZULS YLÅLJ[PVU HYL PU[YV�
K\JLK H[ [OPZ PU[LYMHJL I` \ZPUN OLYTL[PJ
WHJRHNPUN� )LZPKLZ� ^P[OV\[ [OL \UKLYÄSS
I` [OL LUJHWZ\SHU[� ZLYPV\Z OLH[ HJJ\T\SH�
[PVU JHU IL PU[YVK\JLK PU [OL NHW IL[^LLU
[OL IVUKPUN SH`LY VM [OL ÅPW�JOPW 3,+ HUK
[OL Z\IZ[YH[L� THRPUN [OL OLH[ KPZZPWH[PVU
WYVISLT VM [OL +<= 3,+ TVYL ZLYPV\Z�

;OLYLMVYL� HS[OV\NO ML^ JVTTLYJPHS +<=
3,+Z \ZPUN VYNHUPJ LUJHWZ\SHU[Z� [OL YL�
ZLHYJO HIV\[ [OL LUJHWZ\SHU[Z JVTWH[PISL
^P[O +<= 3,+ WHJRHNPUN OHZ UV[ Z[VWWLK�
<= *YHM[VY` *V�� \ZLK [OL Å\VYVYLZPU PU
+<= 3,+ VYNHUPJ WHJRHNPUN� HUK JVU�
K\J[LK H SV[ VM YLZLHYJO VU [OPZ RPUK VM TH�
[LYPHS [V JVUÄYT P[Z MLHZPIPSP[ �̀ 9LZLHYJOLYZ
MYVT ;HP^HU \ZLK ZPSPJVUL VPS MVY +<= 3,+
SPX\PK WHJRHNPUN� ^OPJO HSZV ZOV^LK L_�
JP[PUN YLZ\S[Z� 0U HKKP[PVU� [OLYL HYL V[OLY
*OPULZL HUK MVYLPNU YLZLHYJOLYZ [Y`PUN [V
Z`U[OLZPaL ZVTL UL^ TH[LYPHSZ ^P[O <= YL�
ZPZ[HUJL� /V^L]LY� [OLZL Z[\KPLZ Z[PSS OH]L
H KPZ[HUJL MYVT JVTTLYJPHSPaH[PVU K\L [V
SPTP[H[PVUZ PU[YVK\JLK I` JVZ[ HUK WYVJLZZ�

9LZLHYJO VU WHJRHNPUN Z\IZ[YH[LZ \ZLK
PU +<= 3,+ WHJRHNPUN OHZ HSZV H[[YHJ[LK
^PKL PU[LYLZ[� +\L [V [OL OLH[ KPZZPWH[PVU
YLX\PYLTLU[ VM +<= 3,+Z� JLYHTPJ Z\I�
Z[YH[LZ OH]L ILJVTL [OL THPUZ[YLHT VM
+<= 3,+ WHJRHNPUN Z\IZ[YH[LZ� ;OLYL
PZ UV VYNHUPJ TH[LYPHS PUZPKL [OL JLYHTPJ
Z\IZ[YH[L� ;OLYLMVYL� [OLYTHS JVUK\J[P]P[`
VM H JLYHTPJ Z\IZ[YH[L PZ HSTVZ[ LX\HS [V
[OH[ VM [OL IHYL JLYHTPJ� ^OPJO JHU WYV�
]PKL H Z[YVUN OLH[ KPZZPWH[PVU JHWHIPSP[ �̀
5V �̂ [OL TVZ[ JVTTVUS` \ZLK JLYHTPJ
Z\IZ[YH[L PZ KPYLJ[ WSH[LK JVWWLY �+7*� JL�
YHTPJ Z\IZ[YH[L� ;OL JPYJ\P[ WH[[LYU VM [OL
+7* JLYHTPJ Z\IZ[YH[L PZ VI[HPULK I` WOV�
[VSP[OVNYHWO` WYVJLZZ� ;OLU� [OL *\ JPYJ\P[
PZ VI[HPULK I` LSLJ[YVWSH[PUN VY JOLTPJHS
WSH[PUN� ;OL +7* JLYHTPJ Z\IZ[YH[L OHZ
[OL ZLTPJVUK\J[VY JVTWH[PISL WYVJLZZ�
NVVK YLSPHIPSP[ �̀ OPNO [OLYTHS JVUK\J[P]P[ �̀
HUK OPNO NYHWOPJ HJJ\YHJ �̀ ;O\Z� P[ PZ ]LY`
Z\P[HISL MVY ÅPW�JOPW 3,+ WHJRHNPUN�

;OL +7* WYVJLZZ JHU HSZV IL \ZLK [V VI�
[HPU H �+ Z\IZ[YH[L ^P[O H TL[HS KHT IHZLK
VU H WSHUHY JLYHTPJ Z\IZ[YH[L� ^OPJO
H]VPKZ [OL KPMÄJ\S[` HUK [OL YPZR VM MHSSPUN
VMM ^OLU IVUKPUN HU PUKLWLUKLU[ KHT
VU [OL WSHUHY Z\IZ[YH[L� )LZPKLZ� KHTZ
WYLWHYLK I` PUVYNHUPJ ZS\YY` VU [OL WSHUHY
+7* JLYHTPJ Z\IZ[YH[L OH]L HSZV YLJLP]LK
H[[LU[PVU� ;OPZ RPUK VM KHT OHZ UV[ VUS`
H ]LY` OPNO YLÅLJ[P]P[` PU [OL +<= YLNPVU
I\[ HSZV H SV^ JVZ[� ( TL[HS JVH[PUN ÄST
PZ \Z\HSS` WSH[LK VU [OL *\ JPYJ\P[Z VM +7*
JLYHTPJ Z\IZ[YH[LZ [V WYL]LU[ V_PKH[PVU VM
*\ JPYJ\P[Z HUK PTWYV]L ZVSKLYHIPSP[ �̀ 5P�(\
JVH[PUN ÄST PZ \Z\HSS` \ZLK HZ H JVH[PUN ÄST
VM +7* JLYHTPJ Z\IZ[YH[LZ MVY +<= 3,+
WHJRHNPUN� /V^L]LY� (\ OHZ Z[YVUN HI�
ZVYW[PVU PU [OL +<= YLNPVU� ^OPJO YLK\JLZ
[OL LMÄJPLUJ` VM +<= 3,+Z�

;OLYLMVYL� ZVTL (S TL[HS Z\IZ[YH[LZ ^LYL
\ZLK PU JVTTLYJPHS +<= 3,+ WHJRHNPUN
PUZ[LHK VM +7* JLYHTPJ Z\IZ[YH[L� (S TL[HS
Z\IZ[YH[LZ OH]L HU LHZPLY WYVJLZZ HUK
SV^LY JVZ[� HUK K\L [V [OL SV^ HIZVYW[PVU
VM (S PU [OL +<= YLNPVU� +<= 3,+Z WHJR�
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HNLK I` Z\JO Z\IZ[YH[LZ JHU ZOV^ OPNOLY
LMÄJPLUJ` PU [OL ZOVY[ [LYT� /V^L]LY� [OLYL
PZ HU VYNHUPJ PUZ\SH[PUN SH`LY PUZPKL [OL (S
TL[HS Z\IZ[YH[L� ^OPJO PZ UV[ H JVTWSL[LS`
PUVYNHUPJ Z[Y\J[\YL� ;OL VYNHUPJ SH`LY UV[
VUS` IYPUNZ WVVY OLH[�KPZZPWH[PVU JHWHJ�
P[ �̀ I\[ HSZV PZ LHZPS` KL[LYPVYH[LK \UKLY [OL
+<= PYYHKPH[PVU HUK ZL]LYL [OLYTHS LMMLJ[Z�
^OPJO PU[YVK\JL H ZOVY[LY SPML[PTL� +\L [V
[OL HMVYLTLU[PVULK KPZHK]HU[HNLZ� [OL (S
TL[HS Z\IZ[YH[L JHUUV[ YLWSHJL [OL +7*
JLYHTPJ Z\IZ[YH[L PU +<= 3,+ WHJRHNPUN�

0U Z\TTHY �̀ [OL J\YYLU[ THPUZ[YLHT JVT�
TLYJPHS +<= 3,+ WHJRHNPUN Z[Y\J[\YL PZ H
Z[Y\J[\YL JSVZL [V HSS�PUVYNHUPJ WHJRHNPUN�
( SPW�JOPW +<= 3,+ PZ ZVSKLYLK VU H +7*
JLYHTPJ Z\IZ[YH[L ^P[O H TL[HS KHT� HUK
[OLU H X\HY[a SLUZ PZ WHZ[LK VU[V [OL KHT
I` VYNHUPJ HKOLZP]L [V VI[HPU H ]HJ\\T VY
UP[YVNLU OLYTL[PJ WHJRHNPUN� ;OPZ Z[Y\J�
[\YL JVUZPKLYZ [OL IHSHUJL IL[^LLU KL]PJL
JVZ[� LMÄJPLUJ �̀ HUK YLSPHIPSP[ �̀ )\[ [OLYL HYL
Z[PSS WYVISLTZ HUK KLMLJ[Z� Z\JO HZ ZL]LYL
YLÅLJ[PVU� \UYLSPHIPSP[` VM VYNHUPJ HKOLZP]LZ�
HUK ZL]LYL [OLYTHS LMMLJ[Z�

)HZLK VU [OPZ Z[Y\J[\YL� YLZLHYJO VU THU`
V[OLY HZWLJ[Z VM +<= 3,+ WHJRHNPUN PZ
HSZV PU WYVNYLZZ� 0U [OL M\[\YL� YLZLHYJO VU
HSS�PUVYNHUPJ LUJHWZ\SH[LK +<= 3,+Z HUK
UL^ VYNHUPJ TH[LYPHSZ Z\P[HISL MVY [OL +<=
YLNPVU� LZWLJPHSS` VYNHUPJ WHJRHNPUN \ZPUN
Å\VYVYLZPU� ^OPJO OH]L VI[HPULK ZVTL YL�
Z\S[Z� ^PSS Z[PSS IL OV[ ZWV[Z� -\[\YL YLZLHYJO
^PSS MVJ\Z VU ZPTWSPM`PUN [OLPY WYVJLZZLZ HUK
YLK\JPUN [OLPY JVZ[Z� (SS�PUVYNHUPJ WHJRHN�
PUN WH`Z TVYL H[[LU[PVU [V [OL YLSPHIPSP[` VM
+<= 3,+Z� ^OPSL VYNHUPJ WHJRHNPUN JHU
PTWYV]L [OL LMÄJPLUJ` VM +<= 3,+Z ^OPSL
LUZ\YPUN HJJLW[HISL YLSPHIPSP[ �̀ 5V �̂ [OL
VYNHUPJ WHJRHNPUN JHUUV[ IL \ZLK PU +<=
3,+ WHJRHNPUN THPUS` K\L [V YLZ[YPJ[PVUZ
VU VYNHUPJ TH[LYPHSZ� 6UJL YLHJOLYZ THRL
H IYLHR[OYV\NO PU TH[LYPHSZ� [OL VYNHUPJ
WHJRHNPUN Z[PSS OHZ HK]HU[HNLZ PU NLULYHS
HWWSPJH[PVUZ�

;OLYLMVYL� SVVRPUN MVY IH[[LY VYNHUPJ TH[LYP�
HSZ ^P[O Z\MÄJPLU[ [YHUZWHYLUJ` HUK Z[HIPSP[`
PU [OL +<= YLNPVU ^PSS IL H SVUN�[LYT NVHS
PU +<= 3,+ WHJRHNPUN� )LZPKLZ� HZ [OL
WHJRHNPUN [LJOUVSVN` TH[\YLZ� YLZLHYJO
HIV\[ +<= 3,+ WHJRHNPUN ^PSS IL TVYL
JVTWYLOLUZP]L� HUK [OL L_WSVYH[PVU VM UL^
Z[Y\J[\YLZ HUK UL^ WYVJLZZLZ ^PSS HSZV IL
WHPK TVYL H[[LU[PVU� -VY L_HTWSL� OPNO
+<= YLÅLJ[P]L PUVYNHUPJ KHTZ ^P[O SV^
JVZ[ HUK OPNO LMÄJPLUJ �̀ UL^ Z\IZ[YH[LZ
[OH[ JVTIPUL [OL YLSPHIPSP[` HK]HU[HNLZ VM
+7* JLYHTPJ Z\IZ[YH[LZ HUK [OL LMÄJPLUJ`
HK]HU[HNLZ VM (S TL[HS Z\IZ[YH[LZ� UL^
SLUZ Z[Y\J[\YLZ MVY HKQ\Z[PUN SPNO[ KPZ[YPI\�
[PVU� HUK ZV VU�

7KH $SSOLFDWLRQ )LHOG RI
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0U [OL MHJL VM [OL LWPKLTPJ� [OL [LYT ¸Z[LY�
PSPaH[PVU¹ OHZ [HRLU YVV[ PU WLVWSLZ» OLHY[Z�
4HU` TL[OVKZ VM Z[LYPSPaH[PVU OH]L ILLU
HJJLW[LK I` [OL W\ISPJ� ^OL[OLY ^P[O HS�
JVOVS� �� KPZPUMLJ[HU[ VY KLLW \S[YH]PVSL[�
([ [OPZ [PTL� [OL OPNOLY [LJOUVSVN` VM KLLW
\S[YH]PVSL[ Z[LYPSPaH[PVU YLJLP]LK TVYL H[[LU�
[PVU� KLLW \S[YH]PVSL[ Z[LYPSPaH[PVU OHZ ILLU
^PKLS` \ZLK PU THU` ÄLSKZ� -VY L_HTWSL� P[
JHU IL \ZLK [V Z[LYPSPaL ^H[LY� HPY HUK Z\Y�
MHJLZ� ;OLYLMVYL� P[ JHU IL ^PKLS` \ZLK PU
[OL ÄLSK VM ^H[LY W\YPÄJH[PVU� HPY W\YPÄJH�
[PVU� TLKPJHS [YLH[TLU[ HUK V[OLY ÄLSKZ�
+LLW \S[YH]PVSL[ Z[LYPSPaH[PVU PZ KP]PKLK PU[V
TLYJ\Y` SHTW HUK <=* 3,+ [^V JHTWZ�
0[ JHU IL \ZLK HZ H SPNO[ ZV\YJL MVY TVZ[
Z[LYPSPaH[PVU HWWSPJH[PVUZ� ILJH\ZL VM [OL
JVTWHJ[ HUK WVY[HISL 3,+ HUK P[Z SHYNL
SPNO[ KLUZP[ �̀

;OLYL HYL [OYLL THPU KYP]LYZ MVY [OL NYV^[O
VM [OL <=* 3,+ HWWSPJH[PVU THYRL[! Z\Y�
MHJL�HPY Z[LYPSPaH[PVU� Z[H[PJ ^H[LY Z[LYPSPaH[PVU
HUK ^H[LY Z[LYPSPaH[PVU� 0[ YLX\PYLZ H ZOVY[LY
L_WVZ\YL [PTL PU Z[H[PJ ^H[LY HUK Z\YMHJL
KPZPUMLJ[PVU �MVY HPY W\YPÄJH[PVU HUK HWWSP�
HUJLZ� L[J��� ;OL` HYL HSZV KYP]PUN THU`
LTLYNPUN THYRL[Z� PUJS\KPUN IHI` WYVK�
\J[Z� TVIPSL WOVULZ� LZJHSH[VYZ� OV\ZLOVSK
WYVK\J[Z �Z\JO HZ [VV[OIY\ZOLZ�� [VPSL[YPLZ�
J\WIVHYKZ� ZWVY[Z RL[[SLZ HUK [OLYTVZ�

)LJH\ZL VM P[Z YHWPK HJ[PVU VM [OL JOHY�
HJ[LYPZ[PJZ VM [OL TVYL KLTHUKPUN� ^H[LY
Z[LYPSPaH[PVU ULLKZ OPNOLY WV^LY� 0[ ^PSS IL
\ZLK PU [OL KVTLZ[PJ ^H[LY [YLH[TLU[ THY�
RL[ PUJS\KLZ ^H[LY KPZWLUZLYZ� OV[ HUK JVSK
RP[JOLU ^H[LY� ^OVSL�OV\ZL ^H[LY W\YPÄLYZ
HUK IHI` WYVK\J[Z �IHI` MVYT\SH��

-YVT H JVTTLYJPHS HUK PUK\Z[YPHS WLYZWLJ�
[P]L� [OL NSVIHS ^H[LY [YLH[TLU[ THYRL[ PZ
HIV\[ <:+ �� IPSSPVU� THRPUN P[ [OL [HYNL[
THYRL[ MVY <=* 3,+Z ^P[O [OL NYLH[LZ[ WV�
[LU[PHS MVY NYV^[O� ;OL [OYLL THPU TL[OVKZ
\ZLK PU ^H[LY Z[LYPSPaH[PVU HYL NYH]P[`�IHZLK
W\YPÄJH[PVU� 96 W\YPÄJH[PVU HUK <= W\�
YPÄJH[PVU� 96 W\YPÄJH[PVU PZ H ^PKLS` \ZLK
[LJOUVSVN �̀ I\[ P[ Z[PSS ZOV\SK IL \ZLK PU
JVTIPUH[PVU ^P[O <= W\YPÄJH[PVU [V YLTV]L
IHJ[LYPH HUK ]PY\ZLZ MYVT ^H[LY�

0U VYKLY [V TLL[ [OL KLTHUK VM [OL ^H[LY
[YLH[TLU[ THYRL[� 1HWHULZL HUK 2VYLHU
THU\MHJ[\YLYZ HYL HJ[P]LS` KL]LSVWPUN OPNO�
WV^LY <=* 3,+ HUK LU[LYPUN [OL ^H[LY
TVK\SL THYRL[� 3,+PUZPKL WYLKPJ[Z [OH[
[OL <=* 3,+ THYRL[ ^PSS IL KP]PKLK PU[V
[^V WHY[Z! [OL NLULYHS JVUZ\TLY THYRL[
HUK [OL HK]HUJLK JVTTLYJPHS�PUK\Z[YPHS
THYRL[� -YVT [OL KH[H VM OV\ZLOVSK <=*
WYVK\J[Z VU ]HYPV\Z UL[^VYR WSH[MVYTZ� [OL
ZHSLZ ]VS\TL VM TLYJ\Y` SHTW WYVK\J[Z PZ

MHY OPNOLY [OHU [OH[ VM <=* 3,+ WYVK\J[Z�
4LYJ\Y` SHTW WYVK\J[Z HYL TVZ[S` \ZLK
MVY V]LYHSS Z[LYPSPaH[PVU VM YVVT ZWHJL� ^OPSL
<=* 3,+ WYVK\J[Z HYL ^PKLS` \ZLK MVY
OV\ZLOVSK WYVK\J[Z HUK [YH]LS Z[LYPSPaH[PVU�
>P[O [OL NYHK\HS PTWYV]LTLU[ VM YLZLHYJO
HUK KL]LSVWTLU[ JHWHJP[ �̀ [OL [LJOUVSVN`
VM KLLW \S[YH]PVSL[ 3,+ ILJVTLZ TVYL HUK
TVYL TH[\YL� HUK [OL HWWSPJH[PVU YHUNL VM
<=* 3,+ Z[LYPSPaH[PVU WYVK\J[Z ^PSS ILJVTL
SHYNLY HUK SHYNLY� ([ WYLZLU[� [OL THPU�
Z[YLHT OV\ZLOVSK <=* 3,+ Z[LYPSPaH[PVU
LX\PWTLU[� PUJS\KPUN Z[LYPSPaH[PVU IV_� Z[LY�
PSPaH[PVU IHN� Z[LYPSPaH[PVU Z[PJR� [VV[OIY\ZO
Z[LYPSPaLY� RP[JOLU Z[LYPSPaLY� JVU[HJ[ SLUZ
Z[LYPSPaLY� TVIPSL WOVUL Z[LYPSPaLY HUK ZV VU�
-YVT [OL WLYZWLJ[P]L VM ZHSLZ ]VS\TL� [OL
Z[LYPSPaPUN YVK HUK Z[LYPSPaPUN IHN ^P[O ^PKL
YHUNL VM M\UJ[PVUZ HYL TVYL WVW\SHY� ^OPSL
[OL [VV[OIY\ZO Z[LYPSPaPUN KL]PJL ^P[O JVU�
ZPKLYHISL ZHSLZ ]VS\TL PZ JSVZLS` YLSH[LK [V
P[Z JVU]LUPLUJL� )LZPKLZ� P[ PZ H WYVK\J[
[OH[ PZ \ZLK THU` [PTLZ H KH �̀ HUK P[ PZ ]LY`
JVU]LUPLU[ [V VWLYH[L�

-YVT [OL ZHSLZ ]VS\TL VM <=* Z[LYPSPaPUN
WYVK\J[Z VU ;HVIHV WSH[MVYT� [OL ZHSLZ
]VS\TL PUJYLHZLK ZOHYWS` MYVT -LIY\HY`
[V 4HYJO PU ���� HUK YLHJOLK [OL WLHR�
:PUJL (WYPS� [OL LWPKLTPJ PU *OPUH OHZ ILLU
Z\JJLZZM\SS` Z\WWYLZZLK� HUK [OL KLTHUK
MVY Z[LYPSPaPUN WYVK\J[Z OHZ KLJYLHZLK ZPN�
UPÄJHU[S �̀ /V^L]LY� [OL PU[LYUH[PVUHS THY�
RL[ PZ Z[PSS OV[�

(JJVYKPUN [V H YLWVY[ YLSLHZLK I` ;YLUK
-VYJL 3,+ YLZLHYJO JLU[LY �3,+PUZPKL��
<=3,+ WYVK\J[Z HYL HJ[P]LS` \ZLK PU ]HYP�
V\Z HWWSPJH[PVUZ� HUK <=3,+ PZ L_WLJ[LK
[V YLHJO <:+ ����� IPSSPVU I` ����� ^P[O
[OL 4PUHTH[H *VU]LU[PVU IHUUPUN [OL WYV�
K\J[PVU HUK L_WVY[ VM TLYJ\Y`�JVU[HPUPUN
WYVK\J[Z I` JVU[YHJ[PUN Z[H[LZ I` �����
;OL JVTWV\UK HUU\HS NYV^[O YH[L VM [OL
<=3,+ THYRL[ PZ ���� (TVUN [OLT� [OL
NYV^[O VM <=( 3,+ PZ HIV\[ ���� <=)
3,+ PZ ���� HUK <=* 3,+ PZ YLSH[P]LS`
OPNO� YLHJOPUN HIV\[ ���� 0U [LYTZ VM THY�
RL[ ZOHYL� <=* 3,+ ^PSS HJJV\U[ MVY ���
VM [OL THYRL[ I` ����� 3VVRPUN MVY^HYK [V
[OL HWWSPJH[PVU THYRL[ KLTHUK� Z\YMHJL�HPY
Z[LYPSPaH[PVU HUK W\YPÄJH[PVU� Z[PSS ^H[LY Z[LY�
PSPaH[PVU HUK ÅV^PUN ^H[LY Z[LYPSPaH[PVU HYL
[OL THPU NYV^[O KYP]LYZ PU [OL M\[\YL� 0[ PZ
LZ[PTH[LK [OH[ [OL V\[W\[ ]HS\L VM <=*
3,+ WYVK\J[Z ^PSS YLHJO <:+   � TPSSPVU PU
�����

;OL THPU MHJ[VYZ KYP]PUN [OL NYV^[O VM [OL
THYRL[ HYL [OL LTLYNLUJL VM UL^ [LJO�
UVSVNPLZ VU H NSVIHS ZJHSL� [OL PUJYLHZPUN
WYVTV[PVU VM LULYN`�ZH]PUN NV]LYUTLU[
WVSPJPLZ HUK [OL PUJYLHZPUN HWWSPJH[PVU VM
<=* 3,+ [LJOUVSVN �̀ <=* 3,+ WYVK\J[Z
HYL L_WLJ[LK [V KVTPUH[L [OL THYRL[ K\Y�
PUN [OL MVYLJHZ[ WLYPVK K\L [V [OL PUJYLHZLK
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HKVW[PVU YH[L VM HK]HUJLK KPZPUMLJ[PVU HUK
W\YPÄJH[PVU Z`Z[LTZ�

;OL THYRL[ VM <=* JOPW HUK SHTW ILHK PZ
J\YYLU[S` H[ [OL JYP[PJHS WVPU[ VM [OL THYRL[�
THU` THU\MHJ[\YLYZ HYL HJ[P]LS` SH`V\[�
1HWHULZL HUK :V\[O 2VYLHU THU\MHJ[\YLYZ
HYL [OL WPVULLYZ� *OPULZL THU\MHJ[\YLYZ
HYL SH[L PU [YHUZP[PVU� VUS` ZVTL THU\MHJ�
[\YLYZ VM *OPUH JHU HJOPL]L [YPHS WYVK\J[PVU
HUK THZZ WYVK\J[PVU� 1HWHULZL HUK :V\[O
2VYLHU THU\MHJ[\YLYZ HYL TVYL HJ[P]L PU
[OL <=* JOPW HUK SHTW ILHK THYRL[� Z\JO
HZ 50220:6� +6>(� :LV\S =PVZ`Z THU\�
MHJ[\YLYZ� HUK ZV VU� *OPULZL YLZLHYJOLYZ
VM [OL PUZ[P[\[LZ Z\JO HZ 0UZ[P[\[L VM :LTP�
JVUK\J[VY� *OPULZL (JHKLT` VM :JPLUJLZ�
TVYL [OHU �� `LHYZ HNV OH]L ILN\U [OL
YLZLHYJO VM [OPZ ÄLSK� 8PUNKHV 1HZVU ,SLJ�
[PYJ *6�� 3;+�� :HU»HU 6W[VLSLJ[YVUPJZ *6��
3;+� HUK V[OLY LU[LYWYPZLZ OH]L ILLU PU�
]VS]LK PU [OL ÄLSK VM KLLW \S[YH]PVSL[ 3,+
[LJOUVSVN` LHYSPLY� <UKLY [OL SLHKLYZOPW VM
(K]HUJLK <S[YH]PVSL[ 6W[VLSLJ[YVUPJZ *V��
3[K� HUK 3\ »HU 0UZ[P[\[L VM :LTPJVUK\J[VY
;LJOUVSVN �̀ *OHUNaOP JP[` :OHU_P 7YV]PUJL
OHZ NYHK\HSS` ILJVTL [OL SHYNLZ[ JVUJLU�
[YH[PVU HYLH VM KLLW \S[YH]PVSL[ 3,+ PUK\Z[Y`
PU *OPUH� 0U YLJLU[ `LHYZ� [OL [LYTPUHS HWWSP�
JH[PVU WYVK\J[Z VM ]HYPV\Z KLLW \S[YH]PVSL[
WYVK\J[Z OH]L ILLU ÅV\YPZOPUN�

.\PKLSPULZ VU [OL 5V]LS *VYVUH]PY\Z�
0UMLJ[LK 7UL\TVUPH +PHNUVZPZ HUK ;YLH[�
TLU[ JSLHYS` WVPU[Z V\[ [OH[ [OL ]PY\Z PZ
ZLUZP[P]L [V \S[YH]PVSL[ YH`Z HUK OLH[� X\PJRS`
TV]PUN <= 3,+ [V^HYKZ [OL W\ISPJ L`L�
7LVWSL MYVT HSS ^HSRZ VM SPML HYL WH`PUN
TVYL H[[LU[PVU [V YLN\SHY KPZPUMLJ[PVU� Z[LY�
PSPaH[PVU HUK W\YPÄJH[PVU PU [OLPY KHPS` SP]LZ
HUK ^VYR LU]PYVUTLU[Z� 0U [OL SVUN Y\U�
^P[O [OL JVU[PU\V\Z L_JH]H[PVU VM HWWSP�
JH[PVU ZJLULZ VM KPZPUMLJ[PVU� Z[LYPSPaH[PVU
HUK W\YPÄJH[PVU� <3;9(=063,; 3,+ ^PSS
IL WLUL[YH[LK PU TVYL HUK TVYL [`WLZ VM
OV\ZLOVSK HWWSPHUJLZ� OVTL� RP[JOLU HUK
IH[OYVVT HWWSPJH[PVU ZJLULZ� 0U HKKP[PVU�
\UKLY [OL IHJRNYV\UK VM JVUZ\TW[PVU \W�
NYHKPUN� ^P[O [OL KLJYLHZL VM <= 3,+ JVZ[�
<= 3,+ KPZPUMLJ[PVU� Z[LYPSPaH[PVU HUK W\�
YPÄJH[PVU ^PSS L]VS]L MYVT OPNO HKKP[PVUHS
M\UJ[PVUZ [V Z[HUKHYK M\UJ[PVUZ VM OVTL
HWWSPHUJLZ� OV\ZLOVSK HWWSPHUJLZ HUK
V[OLY HWWSPJH[PVU ZJLUHYPVZ� ^OPJO ^PSS HJ�
JLSLYH[L [OL PTWYV]LTLU[ VM WLUL[YH[PVU
YH[L HUK JYLH[L H ^PKL THYRL[ ZWHJL�

+LLW \S[YH]PVSL[ 3,+ ^PSS WYV]PKL HI\U�
KHU[ Z[LYPSPaH[PVU WYVK\J[Z MVY WLVWSL»Z
SP]LZ� ^OPJO ^PSS IL HUV[OLY PUK\Z[YPHS YL�
MVYT HM[LY [OL NLULYHS SPNO[PUN HWWSPJH[PVUZ�
0[ ^PSS WYVTV[L [OL KL]LSVWTLU[ VM [OL [OPYK�
NLULYH[PVU ZLTPJVUK\J[VY TH[LYPHS [LJOUVS�
VN` HUK HSZV WYV]PKL TVYL N\HYHU[LLZ MVY
[OL SP]LZ HUK OLHS[O VM WLVWSL HSS V]LY [OL
^VYSK� "

$%287 7+( $87+256

-XQ[L :$1*� 'U�
9LZLHYJO HUK +L]LSVWTLU[ *LU[LY MVY
:VSPK :[H[L 3PNO[PUN� 0UZ[P[\[L VM :LTP�
JVUK\J[VYZ� *OPULZL (JHKLT` VM :JP�
LUJLZ� )LPQPUN� ������� *OPUH <UP]LYZP[`
VM *OPULZL (JHKLT` VM :JPLUJLZ� )LPQPUN�
����� � *OPUH

-LDQFKDQJ <$1� 'U�

-\Y[OLY! 1\U_\L 9HU� @HUHU .\V� AOPIPU
3P\� /\H @HUN� ?\LJOLUN >LP� HUK 1PUTPU
3P�

$%287 ,26

06: OHZ � UH[PVUHS YLZLHYJO JLU[LYZ �[OL
5H[PVUHS 9LZLHYJO *LU[LY MVY 6W[VLSLJ�
[YVUPJ ;LJOUVSVN` HUK [OL 5H[PVUHS ,UNP�
ULLYPUN 9LZLHYJO *LU[LY MVY 6W[VLSLJ[YVUPJ
+L]PJLZ�� � Z[H[L RL` SHIVYH[VYPLZ �[OL :[H[L
2L` 3HIVYH[VY` MVY :\WLYSH[[PJLZ HUK 4P�
JYVZ[Y\J[\YLZ� [OL :[H[L 2L` 3HIVYH[VY` VU
0U[LNYH[LK 6W[VLSLJ[YVUPJZ �06: +P]PZPVU��
HUK [OL :[H[L 2L` 3HIVYH[VY` MVY :\YMHJL
7O`ZPJZ �06: +P]PZPVU��� � *(: SHIVYH[VYPLZ
�[OL *(: 2L` 3HIVYH[VY` VM :LTPJVUK\J[VY
4H[LYPHS :JPLUJL� [OL *(: :LTPJVUK\J�
[VY 3PNO[PUN 9+ *LU[LY HUK [OL *(: 2L`
3HIVYH[VY` VM ZVSPK�Z[H[L VW[VLSLJ[YVUPJZ
PUMVYTH[PVU [LJOUVSVN`�� 0U HKKP[PVU� 06:
OHZ [OL ,UNPULLYPUN 9LZLHYJO *LU[LY MVY

:LTPJVUK\J[VY 0U[LNYH[LK ;LJOUVSVN �̀ [OL
6W[VLSLJ[YVUPJZ 9+ *LU[LY� [OL 4H[LYPHS
:JPLUJL *LU[LY� [OL /PNO�:WLLK *PYJ\P[Z
HUK (Y[PÄJPHS 5L\YHS 5L[^VYRZ 3HIVYH[VY �̀
[OL 5HUV�6W[VLSLJ[YVUPJZ 3HIVYH[VY �̀ [OL
6W[VLSLJ[YVUPJ :`Z[LT 3HIVYH[VY �̀ [OL
3HIVYH[VY` VM (SS�:VSPK�:[H[L 3HZLY :V\YJLZ
HUK [OL *VTWVULU[ ;LZ[PUN *LU[LY�

([ WYLZLU[ [OLYL HYL TVYL [OHU ��� 06:
Z[HMM� VM ^OVT HIV\[ ��� HYL ZJPLU[PÄJ YL�
ZLHYJOLYZ� PUJS\KPUN � *(: HJHKLTPJPHUZ�
� *(, HJHKLTPJPHUZ� �� OPNO JHSPILY YL�
ZLHYJOLYZ MYVT V]LYZLHZ HUK �� YLJPWPLU[Z
VM [OL ¸5H[PVUHS -\UKZ MVY +PZ[PUN\PZOLK
@V\UN :JOVSHYZ¹� 7YVM� /\HUN 2\U� HU
*(: HJHKLTPJPHU HUK H ^LSS�RUV^U ZVSPK�
Z[H[L WO`ZPJPZ[� ^HZ H^HYKLK [OL ¸:[H[L
;VW :JPLUJL HUK ;LJOUVSVN` (^HYK¹ PU
����� *\YYLU[S �̀ 06: Y\UZ [OYLL WVZ[KVJ�
[VYHS Z[H[PVUZ� [OYLL ÄYZ[�SL]LS KVJ[VYHS WYV�
NYHTZ HUK [OYLL LUNPULLYPUN THZ[LYZ [YHPU�
PUN WYVNYHTZ�

$%287 ,6$

0:( PZ HU PU[LYUH[PVUHS HUK UV[�MVY�WYVÄ[
VYNHUPaH[PVU� YLNPZ[LYLK PU /VUN 2VUN�
HPTPUN [V WYVTV[L [OL Z\Z[HPUHISL KL]LSVW�
TLU[ HUK HWWSPJH[PVU VM :VSPK :[H[L 3PNO[�
PUN �::3� ^VYSK^PKL� 0:( J\YYLU[S` OHZ  �
TLTILYZ ^P[O TVYL [OHU ����� HZZVJPH[LK
TLTILYZ� YLWYLZLU[PUN ��� VM [OL V\[W\[
VM NSVIHS ::3 PUK\Z[Y �̀ 0:( TLTILYZ JVU�
ZPZ[Z VM HSTVZ[ HSS [OL THQVY WSH`LYZ VM [OL
NSVIHS ::3 JVTT\UP[ �̀ PUJS\KPUN SLHKPUN
PUK\Z[Y �̀ HJHKLTPJ HUK HWWSPJH[PVU LU[P[PLZ�

'U� -LDQOLQ &$2
-VYTLY =PJL 4PUPZ[LY� 4PUPZ[Y` VM :JPLUJL
HUK ;LJOUVSVN` VM *OPUH HUK
7YLZPKLU[ VM [OL 0U[LYUH[PVUHS :VSPK�:[H[L
3PNO[PUN (SSPHUJL 0:(
?iiTb,ffBb�@rQ`H/XQ`;
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0U[YVK\J[PVU VM 6U�))3 ;\UHISL
>OP[L ;LJOUVSVN`
0U H [YHKP[PVUHS [\UHISL ^OP[L ZVS\[PVU ^P[O H JVTIPUH[PVU VM ^HYT
^OP[L 3,+Z HUK JVVS ^OP[L 3,+Z� [OL JOYVTH[PJP[` WVPU[ TV]LZ
SPULHYS` VU [OL _` JOYVTH[PJP[` KPHNYHT� ^OPSL [OL ISHJR IVK` SVJ\Z
�))3� PZ J\Y]LK� +\L [V [OL J\Y]H[\YL VM [OL ))3� LZWLJPHSS` \UKLY
���� 2 **;� [OL LTPZZPVU JVSVY ^P[OKYH^Z MYVT ¸^OP[L¹ ^P[O H
JLY[HPU YHUNL ^OLU HKQ\Z[PUN [OL LTPZZPVU JVSVY� HUK P[ PZ
PTWYHJ[PJHS [V WYVSVUN [OL YHUNL VM JVYYLSH[LK JVSVY [LTWLYH[\YL
�**;� [V^HYK ���� 2 **;� ;VTVRHa\ 5HKH� 4HUHNPUN +PYLJ[VY H[
A0.,5 3PNO[PUN :VS\[PVU� WYVWVZLZ H UL^ ¸6U�))3 ;\UHISL >OP[L¹
[LJOUVSVN` [OH[ THRLZ [OL JOYVTH[PJP[` WVPU[ KYH^ HU \W^HYK
J\Y]L HSVUN [OL ))3 I` ��JOHUULS JVU[YVS� ;OPZ [LJOUVSVN`
L_WHUKZ [OL WVZZPIPSP[PLZ VM [\UHISL ^OP[L 3,+Z I` HSSV^PUN [OL
**; YHUNL [V IL ZL[ MYVT ���� 2 Z\UZL[ JVSVY�
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,QWURGXFWLRQ
(M[LY 3,+ [LJOUVSVN` ^HZ HKVW[LK PU SPNO[�
PUN� H [\UHISL ^OP[L MLH[\YL [OH[ JHU HKQ\Z[
LTPZZPVU JVSVY MYVT ^HYT ^OP[L [V JVVS
^OP[L ^HZ WYV]PKLK PU ]HYPV\Z SPNO[PUN HWWSP�
JH[PVUZ� (UK UV �̂ H [\UHISL ^OP[L MLH[\YL
PZ ILPUN PUJYLHZPUNS` HKVW[LK MVY JPYJHKPHU
YO`[OT SPNO[PUN�

.LULYHSS �̀ LTPZZPVU JVSVYZ VM [\UHISL ^OP[L
3,+Z HYL HJOPL]LK ^P[O H JVTIPUH[PVU VM H
^HYT ^OP[L 3,+ HUK H JVVS ^OP[L 3,+� ;OL
NLULYH[LK JOYVTH[PJP[` WVPU[Z HYL SVJH[LK
VU [OL Z[YHPNO[ SPUL IL[^LLU [OL JOYVTH[PJ�
P[` WVPU[Z VM SPNO[ ZV\YJL�

6U [OL V[OLY OHUK� [OL ZL[ VM ^OP[L WVPU[Z
KYH^Z HU \W^HYK J\Y]L JHSSLK [OL ISHJR
IVK` SVJ\Z �))3�� VU ^OPJO [OL JOYVTH[PJ�
P[` WVPU[Z VM UH[\YHS SPNO[� SPRL [OL Z\U� ÄYL
HUK Z[HYZ HYL SVJH[LK� ;O\Z� [OL MHY[OLY
H^H` [OL JOYVTH[PJP[` WVPU[Z VM [OL [^V
SPNO[ ZV\YJLZ HYL� [OL TVYL KPMÄJ\S[ P[ PZ MVY
[OL JOYVTH[PJP[` WVPU[Z VM [OL TP_LK SPNO[ [V
MVSSV^ [OL ))3�

-VY L_HTWSL� PM H ^HYT ^OP[L 3,+ PZ ����2
**; HUK H JVVS ^OP[L 3,+ PZ ����2 **;
HUK IV[O HYL SVJH[LK VU [OL ))3� [OL NLU�
LYH[LK JOYVTH[PJP[` WVPU[Z PU [OL TPKKSL
YHUNL HYL TVYL [OHU � Z[LWZ H^H` MYVT
[OL ))3 HZ ZOV^U PU )LJXUH �� :\JO JOYV�
TH[PJP[` WVPU[Z HYL UV SVUNLY ¸^OP[L¹�

0U VYKLY [V RLLW HU LTPZZPVU JVSVY ^OP[L� H
JOYVTH[PJP[` WVPU[ VM H [\UHISL ^OP[L 3,+ PZ

YLX\PYLK [V [YHJL [OL ))3 VU [OL _` JOYV�
TH[PJP[` KPHNYHT HZ JSVZLS` HZ WVZZPISL�
-VY [OPZ YLHZVU� H JVSVY YHUNL VM H [\UHISL
^OP[L PZ \Z\HSS` ZL[ [V [OL YHUNL ^OLYL [OL
))3 PZ YLSH[P]LS` SPULHY VU [OL _` JOYVTH[PJ�
P[` KPHNYHT� Z\JO HZ MYVT ����2 **; [V
����2 **; VY H UHYYV^LY YHUNL�

/V^L]LY�[OLZL KH`Z� KPT [V ^HYT 3,+
[LJOUVSVN` PZ ILJVTPUN WVW\SHY PU SPNO[PUN
HUK WLVWSL HYL UV^ H^HYL VM [OL PTWVY�
[HUJL VM [OL ����2 **; :\UZL[ *VSVY MVY
JVTMVY[ HUK ZVWOPZ[PJH[LK SPNO[PUN LMMLJ[Z�
5V[ VUS` [OH[� ����2 JVSVY PZ ZHPK [V IL
]LY` PTWVY[HU[ MVY JPYJHKPHU YO`[OT B�D�
;O\Z� P[ PZ PKLHS [V PTWSLTLU[ ����2 **;
PU [\UHISL ^OP[L SPNO[PUN HWWSPJH[PVUZ� KL�
ZWP[L [OL WYVISLT VM [OL JOYVTH[PJP[` WVPU[�

6UL [LJOUVSVN` [V ZVS]L [OPZ WYVISLT PZ
9.)�> 3,+ ZVS\[PVU�

5V[L [OH[ > �^OP[L JVSVY� PZ ULJLZZHY` VU
[VW VM 9.) �YLK� NYLLU� IS\L� MVY H SPNO[�
PUN HWWSPJH[PVU� )LJH\ZL [OL ZWLJ[Y\TZ
VM [OL 9.) 3,+ HYL ZLWHYH[L MYVT LHJO
V[OLY� [OL JVTIPULK ZWLJ[Y\T HUK JVSVY
X\HSP[` VM [OL NLULYH[LK SPNO[ ILJVTL WVVY�
;OPZ TLHUZ [OH[ 9.) ZVS\[PVUZ JHUUV[ IL
\ZLK MVY NLULYHS SPNO[PUN HWWSPJH[PVUZ� )`
\ZPUN [OL 9.)�> ZVS\[PVU� [OL JOYVTH[PJ�
P[` WVPU[ JHU IL ZL[ H[ [OL MHY[OLZ[ WVPU[
VU [OL _` JOYVTH[PJP[` KPHNYHT� PUJS\KPUN
HSVUN [OL ))3 I` JVU[YVSSPUN LHJO 9� .� )
HUK > 3,+ V\[W\[� /V^L]LY� ^OLU \ZPUN
[OL 9.) � > ZVS\[PVU� LHJO 3,+ V\[W\[
T\Z[ IL WYLJPZLS` JVU[YVSSLK [V NLULYH[L

H ^OP[L JVSVY� ;OLYLMVYL TVUP[VYPUN PU[LU�
ZP[` MYVT LHJO 3,+ HUK HKQ\Z[PUN V\[W\[
PZ ULJLZZHY` K\YPUN VWLYH[PVU� ;OL TVUP�
[VYPUN HUK HKQ\Z[TLU[ VM LHJO 3,+ V\[W\[
PZ X\P[L JVTWSPJH[LK HUK JVZ[Z HYL OPNO�
;O\Z� TVZ[ [\UHISL ^OP[L 3,+ ZVS\[PVUZ
OH]L� ZV MHY� \ZLK H JVTIPUH[PVU VM ^HYT
^OP[L 3,+Z HUK JVVS ^OP[L 3,+Z� I\[ [OPZ PZ
Z[PSS H JVTWYVTPZLK ZVS\[PVU�

0U [OPZ HY[PJSL H UL^ [LJOUVSVN` VM [\UHISL
^OP[L� ^OPJO Z[HY[Z MYVT ����2 **; ^P[O�
V\[ [OL WYVISLT VM [OL JOYVTH[PJP[` WVPU[�
L]LU I` ��JOHUULS JVU[YVS PZ WYLZLU[LK�

%DVLFV RI &RORU 0L[LQJ

( ^OP[L 3,+ KL]PJL [`WPJHSS` LTP[Z ^P[O H
ZPUNSL **; HUK PZ Z[HISL V]LY [LTWLYH[\YL
VY J\YYLU[� ILJH\ZL

� ;OL ^H]LSLUN[O VM LTPZZPVU SPNO[ MYVT H
IS\L 3,+ JOPW PZ SLZZ Z\ZJLW[PISL [V OLH[
HUK VWLYH[PUN J\YYLU[�

� 7OVZWOVY PZ PTWYV]LK [V LTP[ Z[HISL
ZWLJ[Y\T V]LY [LTWLYH[\YL�

(UK Z[HISL LTPZZPVU JVSVY PZ HJ[\HSS` VUL
VM [OL HK]HU[HNLZ VM 3,+ SPNO[PUN� 6U [OL
V[OLY OHUK� MVY HJOPL]PUN [\UHISL ^OP[L
JOHYHJ[LYPZ[PJZ� P[ PZ ULJLZZHY` [V HYYHUNL H[
SLHZ[ [^V ZL[Z VM ^OP[L 3,+Z ^P[O KPMMLYLU[
JVSVY [LTWLYH[\YLZ �[`WPJHSS �̀ H JVTIPUH[PVU
VM ^HYT ^OP[L 3,+Z HUK JVVS ^OP[L 3,+Z��
)` HKQ\Z[PUN [OL J\YYLU[ IHSHUJL IL[^LLU



-PN\YL �! *OYVTH[PJP[` WVPU[Z I` JVU]LU[PVUHS [\UHISL ^OP[L 3,+ [VNL[OLY ^P[O 4HJ (KHT ,SSPWZL �Z[LW��� VU
[OL _` JOYVTH[PJP[` KPHNYHT
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[OL [^V ZL[Z VM ^OP[L 3,+Z� [OL LTPZZPVU
JVSVY VM [OL TP_LK SPNO[ JHU IL [\ULK�

;OL JOYVTH[PJP[` WVPU[ VM [OL TP_LK SPNO[ PZ
PU H ^LPNO[LK WVZP[PVU I` [OL SPNO[ V\[W\[
MYVT [OL ^HYT ^OP[L 3,+Z HUK [OL JVVS
^OP[L 3,+Z� ;O\Z� ^OLU [OL SPNO[ V\[W\[
MYVT [OL ^HYT ^OP[L 3,+Z PZ OPNOLY [OHU
[OL SPNO[ V\[W\[ MYVT [OL JVVS ^OP[L 3,+Z�
[OL JOYVTH[PJP[` WVPU[ VM [OL TP_LK SPNO[ PZ
JSVZLY [V [OL JOYVTH[PJP[` WVPU[ VM [OL ^HYT
^OP[L 3,+Z� (SZV� ^OLU [OL SPNO[ V\[W\[
MYVT JVVS ^OP[L 3,+Z PZ OPNOLY [OHU [OL
SPNO[ V\[W\[ MYVT [OL ^HYT ^OP[L 3,+Z�
[OL JOYVTH[PJP[` WVPU[ VM [OL TP_LK SPNO[ PZ
JSVZLY [V [OL JOYVTH[PJP[` WVPU[ VM [OL JVVS
^OP[L 3,+Z�

0U WYHJ[PJL� [OL JOYVTH[PJP[` WVPU[ (x, y)TP_LK
VM [OL TP_LK SPNO[ JHU IL L_WYLZZLK I` [OL
MVSSV^PUN MVYT\SH� \ZPUN [OL JOYVTH[PJP[`
WVPU[ (x, y)^HYT HUK [OL S\TPUV\Z PU[LUZP[`
L^HYT VM [OL ^HYT ^OP[L 3,+Z� [OL JOYV�
TH[PJP[` WVPU[ (x, y)JVSK HUK [OL S\TPUV\Z
PU[LUZP[` LJVSK VM [OL JVVS ^OP[L 3,+Z�

(x, y)TP_LK=
(x, y)^HYT ·L^HYT+(x, y)JVSK ·LJVSK

L^HYT+LJVSK
���

(Z JHU IL ZLLU MYVT [OL HIV]L MVYT\SH�
[OL JOYVTH[PJP[` WVPU[ VM [OL TP_LK SPNO[
TV]LZ SPULHYS` IL[^LLU [OL JOYVTH[PJP[`
WVPU[Z VM [OL JVVS ^OP[L 3,+Z HUK [OH[ VM
[OL ^HYT ^OP[L 3,+Z�

&XUYH (QJLQHHULQJ

-YVT [OL HIV]L� P[ PZ JSLHY [OH[ [OL JOYV�
TH[PJP[` WVPU[ VM [OL TP_LK SPNO[ I` [OL
^HYT ^OP[L 3,+Z HUK [OL JVVS ^OP[L 3,+Z
JHUUV[ KYH^ H J\Y]L VU [OL _` JOYVTH[PJP[`
KPHNYHT� ;O\Z� JVUZPKLYPUN [OL Z[HISL JVSVY
JOHYHJ[LYPZ[PJZ VM ^OP[L 3,+Z� UV TH[[LY
^OPJO TL[OVK PZ \ZLK� H[ SLHZ[ [OYLL KPM�
MLYLU[ JOYVTH[PJP[` WVPU[Z MYVT 3,+Z T\Z[
IL \ZLK PU VYKLY [V KYH^ H J\Y]L VU [OL _`
JOYVTH[PJP[` KPHNYHT�

0[ ILJVTLZ JVTWSPJH[LK PM LHJO 3,+ ULLKZ
[V IL JVU[YVSSLK ZLWHYH[LS �̀ 6UL NVHS PZ
[V JVU[YVS [OYLL VY TVYL [`WLZ VM 3,+Z
I` \ZPUN H ��JOHUULS JVU[YVS ZV [OH[ [OL
JOYVTH[PJP[` WVPU[ VM [OL TP_LK SPNO[ TV]LZ
UH[\YHSS` HSVUN [OL ))3�

;V HJOPL]L [OL [HYNL[� [OYLL [`WLZ VM 3,+
Z[YPUNZ HYL WYV]PKLK PU HU 3,+ TVK\SL�

� 3,+ Z[YPUN (! JVUULJ[LK ^P[O H ^HYT
^OP[L JOHUULS

� 3,+ Z[YPUN )! JVUULJ[LK ^P[O H JVVS
^OP[L JOHUULS

� 3,+ Z[YPUN *! JVUULJ[LK ^P[O IV[O ^HYT
^OP[L HUK JVVS ^OP[L JOHUULSZ

:LL ZJOLTH[PJ PU )LJXUH ��

;OL 3,+ Z[YPUNZ JVUZPZ[ VM 3,+Z JVUULJ[LK
PU ZLYPLZ� ^OLYL [OL 3,+Z HYL 3,+ JOPWZ
VY 3,+ WHJRHNLZ� ;OL 3,+ JOPWZ PU [OL
TVK\SL HYL WYLMLYHIS` VM [OL ZHTL [`WL [V

-PN\YL �! *VUÄN\YH[PVU VM ¸6U ))3 ;\UHISL
>OP[L¹ 3,+ TVK\SL

MHJPSP[H[L [OL KLZPNU HUK THU\MHJ[\YPUN VM
[OL 6U�))3 ;\UHISL >OP[L 3,+ 4VK\SL�
;OL LTPZZPVU JVSVY VM LHJO 3,+ Z[YPUN PZ
ZL[ I` H WOVZWOVY JVTWVZP[PVU VM H YLZPU
V]LY [OL 3,+ JOPWZ�

;OL LTPZZPVU JVSVY VM 3,+ Z[YPUN ( PZ ZL[
PU [OL SV^ JVSVY [LTWLYH[\YL YHUNL� HUK
[OL LTPZZPVU JVSVY VM 3,+ Z[YPUN ) PZ ZL[ PU
[OL OPNO JVSVY [LTWLYH[\YL YHUNL� 6UL WHPY
VM LSLJ[YVKL [LYTPUHSZ JVUULJ[LK [V 3,+
Z[YPUN ( PZ H ^HYT ^OP[L JOHUULS� HUK [OL
V[OLY WHPY VM LSLJ[YVKL [LYTPUHSZ JVUULJ[LK
[V 3,+ Z[YPUN ) PZ H JVVS ^OP[L JOHUULS�

3,+ Z[YPUNZ ( HUK ) HYL PUKP]PK\HS 3,+
Z[YPUNZ [OH[ SPNO[ \W ^OLU H J\YYLU[ PZ HW�
WSPLK [V [OLPY YLZWLJ[P]L JOHUULSZ� 3,+
Z[YPUN * PZ H JVTTVU 3,+ Z[YPUN [OH[ PZ
LSLJ[YPJHSS` JVUULJ[LK [V IV[O JOHUULSZ HUK
SPNO[Z \W YLNHYKSLZZ VM [OL JOHUULS� 3,+
Z[YPUN * OHZ H KLKPJH[LK WHY[ HUK H ZOHYLK
WHY[� ;OL KLKPJH[LK WHY[ PZ JVUULJ[LK [V
YLZWLJ[P]L LSLJ[YVKL [LYTPUHSZ HUK [OL
KPVKL JOHYHJ[LYPZ[PJ VM [OL 3,+ WYL]LU[Z
H J\YYLU[ MYVT ÅV^PUN [OYV\NO [OL PUKP�
]PK\HS 3,+ Z[YPUNZ ILSVUNPUN [V [OL V[OLY
JOHUULS� ;OL ZOHYLK WHY[ PZ [OL 3,+ Z[YPUN
^OLYL H J\YYLU[ MYVT IV[O JOHUULSZ ÅV^Z
[OYV\NO� ;OPZ JVTTVU 3,+ Z[YPUN WSH`Z H
RL` YVSL PU [OL WH[LU[LK ¸6U�))3 ;\UHISL
>OP[L¹ [LJOUVSVN �̀

>P[O [OPZ JVUZ[P[\[PVU� ^OLU H J\YYLU[ PZ HW�
WSPLK [V LP[OLY JOHUULS� VUL VM [OL PUKP]PK\HS
3,+ Z[YPUNZ HUK [OL JVTTVU 3,+ Z[YPUN
SPNO[ \W� HUK H TP_LK SPNO[ PZ LTP[[LK MYVT
[OL 3,+ TVK\SL� -VY L_HTWSL� [OL 3,+
TVK\SL LTP[Z H TP_LK SPNO[ MYVT 3,+ Z[YPUN
( HUK 3,+ Z[YPUN * ^OLU H J\YYLU[ PZ HW�
WSPLK [V [OL ^HYT ^OP[L JOHUULS� (SZV� [OL
3,+ TVK\SL LTP[Z H TP_LK SPNO[ MYVT 3,+
Z[YPUN ) HUK 3,+ Z[YPUN * ^OLU H J\YYLU[ PZ
HWWSPLK [V [OL JVVS ^OP[L JOHUULS� >OLU H
J\YYLU[ PZ HWWSPLK [V IV[O JOHUULSZ� H J\Y�
YLU[ ÅV^Z [OYV\NO HSS 3,+ Z[YPUNZ� HUK [OL
3,+ TVK\SL LTP[Z H TP_LK SPNO[ MYVT 3,+
Z[YPUNZ (� )� HUK *�

;OL J\YYLU[ IHSHUJL HTVUN 3,+ Z[YPUNZ (�
) HUK * JOHUNLZ HJJVYKPUN [V [OL J\YYLU[
IHSHUJL IL[^LLU [OL ^HYT ^OP[L JOHUULS
HUK [OL JVVS ^OP[L JOHUULS� HUK [OL J\YYLU[
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PU LHJO 3,+ Z[YPUN JHU IL KLZJYPILK I` [OL
MVSSV^PUN [^V WYPUJPWSLZ�

�� 5V J\YYLU[ ^PSS ÅV^ \U[PS [OL HWWSPLK
]VS[HNL L_JLLKZ [OL [OYLZOVSK ]VS[HNL VM
[OL 3,+� ;OPZ PZ H [`WPJHS JOHYHJ[LYPZ[PJ
VM KPVKLZ�

�� -VY JPYJ\P[Z JVUULJ[LK PU WHYHSSLS� [OL
HWWSPLK ]VS[HNL [V LHJO Z[YPUN PZ [OL
ZHTL�

>OLU [OL HWWSPLK J\YYLU[ [V [OL JVVS ^OP[L
JOHUULS PZ OPNOLY [OHU [OH[ VM [OL ^HYT
^OP[L JOHUULS� [OL J\YYLU[ [V LHJO 3,+
Z[YPUN JHU IL KLZJYPILK HZ ILSV^!

0U VYKLY [V JHYY` OPNOLY J\YYLU[� [OL ]VS[HNL
HWWSPLK [V [OL JVVS ^OP[L JOHUULS PZ OPNOLY
[OHU [OL ]VS[HNL HWWSPLK [V [OL ^HYT ^OP[L
JOHUULS� HUK [OL J\YYLU[ MYVT [OL JVVS
^OP[L JOHUULS ÅV^Z [OYV\NO 3,+ Z[YPUNZ
) HUK *� ;OH[ PZ� [OL ]VS[HNL VM [OL ZOHYLK
WHY[ PU 3,+ Z[YPUN * PZ ZL[ OPNO LUV\NO [V
JHYY` [OL J\YYLU[ MYVT [OL JVVS ^OP[L JOHU�
ULS�

0M [OL ]VS[HNL HWWSPLK [V [OL ^HYT ^OP[L
JOHUULS TPU\Z [OL ]VS[HNL VM [OL ZOHYLK
WHY[ PZ SLZZ [OHU [OL [OYLZOVSK ]VS[HNL VM
[OL KLKPJH[LK 3,+ WHY[ [V [OL ^HYT ^OP[L
JOHUULS� [OL J\YYLU[ MYVT [OL ^HYT ^OP[L
JOHUULS JHUUV[ ÅV^ PU[V 3,+ Z[YPUN * �WYPU�
JPWSL ���

0U [OPZ JHZL� [OL SPNO[ LTPZZPVU MYVT [OL
3,+ TVK\SL ILJVTLZ H JVTIPUH[PVU VM
[OL TP_LK SPNO[ MYVT 3,+ Z[YPUN ) HUK 3,+
Z[YPUN * I` [OL J\YYLU[ MYVT [OL JVVS ^OP[L
JOHUULS� HUK [OL SPNO[ MYVT 3,+ Z[YPUN (
I` [OL J\YYLU[ MYVT [OL ^HYT ^OP[L JOHU�
ULS� ;OL JOYVTH[PJP[` WVPU[ (x, y)BC VM [OL
TP_LK SPNO[ MYVT 3,+ Z[YPUN ) HUK 3,+
Z[YPUN * SPLZ IL[^LLU [OL JOYVTH[PJP[`
WVPU[Z VM 3,+ Z[YPUNZ ) HUK * ^LPNO[LK
I` [OL S\TPUV\Z PU[LUZP[` MYVT 3,+ Z[YPUNZ
) HUK *� ;OH[ TLHUZ� [OL JOYVTH[PJP[`
WVPU[ VM [OL 3,+ TVK\SL PZ SVJH[LK VU [OL
Z[YHPNO[ SPUL IL[^LLU (x, y)BC HUK [OL
JOYVTH[PJP[` WVPU[ (x, y)A VM 3,+ Z[YPUN
( HUK JHU IL L_WYLZZLK I` [OL MVSSV^PUN
MVYT\SH!

(x, y)TP_LK=
(x, y)A ·LA+(x, y)BC ·LBC

LA+LBC
���

;OPZ MVYT\SH PZ ]HSPK HZ SVUN HZ [OL J\Y�
YLU[ MYVT [OL ^HYT ^OP[L JOHUULS PZ ZTHSS
LUV\NO UV[ [V ÅV^ PU[V 3,+ Z[YPUN *� )`
PUJYLHZPUN [OL J\YYLU[ [V [OL ^HYT ^OP[L
JOHUULS� [OL ]VS[HNL HWWSPLK [V [OL ^HYT
^OP[L JOHUULS NL[Z OPNOLY�

>OLU [OL ]VS[HNL HWWSPLK [V [OL ^HYT
^OP[L JOHUULS NL[Z OPNOLY [OHU [OL Z\T
VM [OL [OYLZOVSK ]VS[HNL VM [OL KLKPJH[LK
3,+ WHY[ [V [OL ^HYT ^OP[L JOHUULS HUK

[OL ]VS[HNL VM [OL ZOHYLK WHY[� [OL J\Y�
YLU[ ÅV^Z PU[V 3,+ Z[YPUN * MYVT [OL ^HYT
^OP[L JOHUULS� (SZV� HZ [OL J\YYLU[ ÅV^�
PUN [OYV\NO [OL ZOHYLK WHY[ VM 3,+ Z[YPUN
* JVTLZ MYVT IV[O JOHUULSZ� [OL J\YYLU[
IHSHUJL IL[^LLU Z[YPUNZ ) HUK * ZWSP[ MYVT
[OL JVVS ^OP[L JOHUULS PZ HMMLJ[LK�

)LJH\ZL [OL HWWSPLK ]VS[HNLZ [V [OL WHYHSSLS
JPYJ\P[ PZ [OL ZHTL� [OL HWWSPLK ]VS[HNLZ [V
3,+ Z[YPUNZ ) HUK * �[OYV\NO H KLKPJH[LK
3,+ WHY[ MVY [OL JVVS ^OP[L JOHUULS� HYL
[OL ZHTL� HUK [OL ]VS[HNLZ HWWSPLK [V 3,+
Z[YPUNZ ( HUK * �[OYV\NO H KLKPJH[LK 3,+
WHY[ MVY [OL ^HYT ^OP[L JOHUULS� HYL [OL
ZHTL� ;O\Z� RUV^PUN 0M�=M JOHYHJ[LYPZ[PJZ
VM 3,+� [OL J\YYLU[ [OYV\NO 3,+ Z[YPUNZ
(� ) HUK * JHU IL ZPT\SH[LK� (UK ^OLU
[OL J\YYLU[ HWWSPLK [V IV[O JOHUULSZ PZ [OL
ZHTL� [OH[ PZ� [OL ]VS[HNL HWWSPLK [V IV[O
JOHUULSZ PZ [OL ZHTL� [OL J\YYLU[ [OYV\NO
3,+ Z[YPUNZ (� ) HUK * PZ H]LYHNLK�

;OL OPNOLY J\YYLU[ [OH[ PZ HWWSPLK [V [OL
^HYT ^OP[L JOHUULS JVTWHYLK [V [OL J\Y�
YLU[ [OH[ PZ HWWSPLK [V [OL JVVS ^OP[L JOHU�
ULS� YLK\JLZ [OL WVY[PVU VM [OL J\YYLU[ MYVT
[OL JVVS ^OP[L JOHUULS HTVUN [OL J\YYLU[
[OYV\NO 3,+ Z[YPUN *�

(UK ^OLU [OL J\YYLU[ HWWSPLK [V [OL ^HYT
^OP[L JOHUULS ILJVTLZ Z\MÄJPLU[S` OPNOLY
[OHU [OL J\YYLU[ HWWSPLK [V [OL JVVS ^OP[L
JOHUULS� [OL J\YYLU[ MYVT [OL JVVS ^OP[L
JOHUULS ^PSS UV SVUNLY ÅV^ [V 3,+ Z[YPUN
*� ;OL JOYVTH[PJP[` WVPU[ MYVT [OL 3,+
TVK\SL JHU IL L_WYLZZLK I` [OL MVSSV^PUN
MVYT\SH!

(x, y)TP_LK=
(x, y)AC ·LAC+(x, y)B ·LB

LAC+LB
���

<ZPUN 0M�=M JOHYHJ[LYPZ[PJZ VM 3,+ Z[YPUN�
[OL ZPT\SH[LK YLZ\S[ VM [OL J\YYLU[Z ÅV^�
PUN [OYV\NO [OL 3,+ Z[YPUNZ (� ) HUK * H[
LHJO J\YYLU[ YH[PV PZ VI[HPULK HZ ZOV^U
PU )LJXUH �� (Z JHU IL ZLLU PU )LJXUH ��
^OLU [OL J\YYLU[ HWWSPLK [V [OL ^HYT ^OP[L
JOHUULS PZ SLZZ [OHU ��� VM [OL [V[HS J\Y�
YLU[� [OL J\YYLU[ MYVT [OL ^HYT ^OP[L JOHU�
ULS KVLZ UV[ ÅV^ PU[V Z[YPUN * HUK Q\Z[
ÅV^Z [OYV\NO Z[YPUN (� ILJH\ZL [OL HWWSPLK
]VS[HNL PU [OL ^HYT ^OP[L JOHUULS PZ UV[
OPNOLY [OHU ¸[OL [OYLZOVSK ]VS[HNL VM [OL
KLKPJH[LK WHY[ � [OL ]VS[HNL HWWSPLK [V [OL
ZOHYLK WHY[ ¹� >OLU [OL J\YYLU[ HWWSPLK [V
[OL ^HYT ^OP[L JOHUULS L_JLLKZ ��� VM
[OL [V[HS J\YYLU[� [OL J\YYLU[ MYVT [OL ^HYT
^OP[L JOHUULS Z[HY[Z [V ÅV^ [OYV\NO Z[YPUN
*� (UK ^OLU [OL J\YYLU[Z IL[^LLU [OL
^HYT ^OP[L JOHUULS HUK [OL JVVS ^OP[L
JOHUULS HYL LX\HS �H[ ��� WVPU[ PU [OL
NYHWO�� [OL J\YYLU[ [V LHJO 3,+ Z[YPUN PZ
H]LYHNLK�

-PN\YL �! *\YYLU[Z [V LHJO 3,+ Z[YPUN H[ KPMMLYLU[
J\YYLU[Z IHSHUJL V\[ [OL ^HYT ^OP[L JOHUULS HUK
[OL JVVS ^OP[L JOHUULS

;V IL TVYL WYLJPZL� 3,+ Z[YPUN * PU[LY�
UHSS` OHZ KLKPJH[LK 3,+ WHY[Z JVUULJ[LK
PU WHYHSSLS� ZV [OH[ H SP[[SL TVYL J\YYLU[ ÅV^Z
[OYV\NO 3,+ Z[YPUN * JVTWHYLK [V 3,+
Z[YPUNZ ( HUK ) ^OLU [OL ZHTL J\YYLU[ PZ
HWWSPLK [V LHJO JOHUULS� ;OLU� [OL JOYV�
TH[PJP[` WVPU[ ZOPM[Z ZSPNO[S` [V^HYK [OL
JOYVTH[PJP[` WVPU[ VM 3,+ Z[YPUN *� HUK H
YV\UKLK J\Y]L PZ KYH^U PUZ[LHK VM H ZOHYW
JVYULY� (UK ^OLU [OL J\YYLU[ HWWSPLK [V
[OL ^HYT ^OP[L JOHUULS L_JLLKZ ��� VM
[OL [V[HS J\YYLU[� [OL J\YYLU[ MYVT [OL ^HYT
^OP[L JOHUULS ILJVTLZ KVTPUHU[ PU 3,+
Z[YPUN * HUK [OL J\YYLU[ MYVT [OL JVVS ^OP[L
JOHUULS Q\Z[ ÅV^Z [OYV\NO 3,+ Z[YPUN )�

)HZLK VU [OL HIV]L MLH[\YLZ� I` WSHJPUN
[OL JOYVTH[PJP[` WVPU[ VM SPNO[ LTPZZPVU MYVT
Z[YPUN * ILSV^ [OL ))3 HUK WSHJPUN [OL
JOYVTH[PJP[` WVPU[Z VM SPNO[ LTPZZPVU MYVT
3,+ Z[YPUNZ ( HUK ) HIV]L [OL ))3 HZ
ZOV^U PU )LJXUH �� [OL JOYVTH[PJP[` WVPU[
VM [OL 3,+ TVK\SL JHU KYH^ HU \W^HYK
J\Y]L HSVUN [OL ))3�

5HVXOWV
( *OPW�6U�)VHYK �*6)� 3,+ KL]PJL ^P[O
��JOHUULS PUW\[ LSLJ[YVKLZ PZ WYLWHYLK HZ
ZOV^U PU )LJXUH ��

-PN\YL �! 0THNL VM HU 3,+ TVK\SL



-PN\YL �! *OYVTH[PJP[` WVPU[Z VM 3,+ Z[YPUN (� ) HUK *

-PN\YL �! *OYVTH[PJP[` WVPU[Z H[ KPMMLYLU[ J\YYLU[ IHSHUJL
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*VTTVU HUVKL PZ VU [OL SLM[ HUK [^V
JH[OVKLZ HYL VU [OL YPNO[� VUL MVY H ^HYT
^OP[L JOHUULS HUK VUL MVY H JVVS ^OP[L
JOHUULS�

;OYLL RPUKZ VM WOVZWOVY TP_LK YLZPU HYL
KPZWLUZLK [V WYV]PKL PUKP]PK\HS 3,+ Z[YPUNZ
MVY [OL ^HYT ^OP[L JOHUULS� PUKP]PK\HS 3,+
Z[YPUNZ MVY [OL JVVS ^OP[L JOHUULS HUK JVT�
TVU 3,+ Z[YPUNZ� ;OVZL 3,+ Z[YPUNZ HYL
HYYHUNLK Z`TTL[YPJHSS` HUK LTP[ I` [OL
[HYNL[LK JOYVTH[PJP[` WVPU[�

)LJXUH � ZOV^Z [OL JOYVTH[PJP[` WVPU[Z
VM [OL SPNO[ LTPZZPVU MYVT [OL *6) 3,+
KL]PJL H[ KPMMLYLU[ J\YYLU[ IHSHUJL VM ��
JOHUULS PUW\[� [VNL[OLY ^P[O [OL ))3�

+\L [V [OL WOVZWOVY HUK JOPW HYYHUNL�
TLU[� [OL [\YUPUN WVPU[ HWWLHYZ H[ [OL
OPNOLY J\YYLU[ YH[PV VM [OL ^HYT ^OP[L
JOHUULS� /V^L]LY� P[ THRLZ ZLUZL [OH[ [OL
JOYVTH[PJP[` WVPU[ JHU IL SVJH[LK JSVZLY [V
[OL ))3�

;OL JOYVTH[PJP[` WVPU[ I` [OL ZHTL J\YYLU[
[V IV[O JOHUULSZ PZ H[ H ZOPM[LK WVZP[PVU
[V^HYK [OL JVVS ^OP[L JVSVY ZPKL ILJH\ZL
[OL SPNO[ V\[W\[ MYVT [OL JVVS ^OP[L JVSVY PZ
NYLH[LY [OHU [OH[ VM [OL ^HYT ^OP[L JVSVY�

(Z L_WSHPULK� HU PUW\[ J\YYLU[ [OH[ PZ Z\M�
ÄJPLU[S` ZTHSS JVTWHYLK [V [OL J\YYLU[ VM
HUV[OLY JOHUULS Q\Z[ ÅV^Z [OYV\NO HU PU�
KP]PK\HS 3,+ Z[YPUN� <UKLY [OPZ JVUKP[PVU�
[OL JOYVTH[PJP[` WVPU[ VM [OL 3,+ TVK\SL
TV]LZ YLSH[P]LS` SHYNL I` [OL JOHUNL VM [OL
PUW\[ J\YYLU[ YH[PV�

6U [OL V[OLY OHUK� ^OLU [OL J\YYLU[ MYVT
IV[O JOHUULSZ ÅV^Z [OYV\NO 3,+ Z[YPUN *�
[OL J\YYLU[ [OYV\NO 3,+ Z[YPUNZ (� ) HUK *
ILJVTLZ TVYL H]LYHNLK� 0U [OPZ JVUKP[PVU�
[OL JOYVTH[PJP[` WVPU[ VM [OL 3,+ TVK\SL
TV]LZ YLSH[P]LS` ZTHSS I` [OL JOHUNL VM [OL
PUW\[ J\YYLU[ YH[PV�

'LVFXVVLRQ

$SSOLFDWLRQ IRU 3DQHO
/LJKWLQJ

7HULS SPNO[PUN PZ VUL VM [OL THQVY HWWSPJH�
[PVUZ VM [\UHISL ^OP[L SPNO[PUN� HUK :4+
[`WL 3,+Z HYL THPUS` \ZLK�

)` \ZPUN H ��JVSVY 3,+ ZL[ HUK HKVW[PUN
¸6U�))3 ;\UHISL >OP[L¹ [LJOUVSVN �̀ H
^PKLY **; YHUNL HSVUN [OL ))3� Z\JO HZ
H YHUNL MYVT ����2 **; [V ����2 **;�
JHU IL WYV]PKLK� )LJXUH � ZOV^Z OV^ [OL
JOYVTH[PJP[` WVPU[ TV]LZ MYVT ����2 **;
[V ����2 **; I` [OL ¸6U�))3 ;\UHISL
>OP[L¹ [LJOUVSVN �̀ [VNL[OLY ^P[O H Z[YHPNO[



-PN\YL �! *OYVTH[PJP[` WVPU[Z I` ¸6U�))3 ;\HUISL ^OP[L¹ ZVS\[PVU HUK JVU]LU[PVUHS [\UHISL ^OP[L ZVS\[PVU�
^P[O PTHNLZ VM LTPZZPVU JVSVY �*0, � ���

-PN\YL �! ;LZ[ JPYJ\P[
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SPUL ZPTWS` JVUULJ[PUN [OL JOYVTH[PJP[`
WVPU[Z VM ����2 **; HUK ����2 **;�

(Z [OL PTHNLZ PU )LJXUH � ZOV �̂ [OL LTPZ�
ZPVU JVSVY PZ MHPYS` WPUR HYV\UK [OL ����2
**; JOYVTH[PJP[` WVPU[Z ^P[O [OL JVU]LU�
[PVUHS [\UHISL ^OP[L ZVS\[PVU� /V^L]LY� [OL
JOYVTH[PJP[` WVPU[Z ^P[O ¸6U�))3 ;\UHISL
>OP[L¹ [LJOUVSVN` RLLW HSVUN [OL ))3�
HUK WPURPZO JVSVY PZ UV[ VIZLY]LK�

'ULYHU 6ROXWLRQ

;V HJOPL]L [OL 6U�))3 MLH[\YL \ZPUN ¸6U�
))3 ;\UHISL >OP[L¹ [LJOUVSVN` YLX\PYLZ

¸J\YYLU[ V]LYSHW MYVT ��JOHUULSZ¹ HUK LHJO
JOHUULS PZ KYP]LU I` H KPTTHISL JVUZ[HU[
J\YYLU[ ZV\YJL� +YP]LYZ ^P[O ��JOHUULSZ
[`WPJHSS` V\[W\[ H J\YYLU[ ^P[O H 7>4
�W\SZL ^PK[O TVK\SH[PVU� JVU[YVS [V HKQ\Z[
[OL YH[PV VM H ^HYT ^OP[L JOHUULS [V H JVVS
^OP[L JOHUULS �)LJXUH ��� ;OPZ TLHUZ [OH[
H J\YYLU[ KVLZ UV[ ÅV^ PU [OL ^HYT ^OP[L
JOHUULS HUK [OL JVVS ^OP[L JOHUULS H[ [OL
ZHTL [PTL�

(Z [OL J\YYLU[Z MYVT LHJO JOHUULS KV UV[
V]LYSHW PU 3,+ Z[YPUN *� L]LU ^P[O [OL 3,+
TVK\SL JVUÄN\YLK HZ KLZJYPILK PU [OPZ
HY[PJSL� H JOYVTH[PJP[` WVPU[ TV]LZ SPULHYS`
^P[OV\[ KYH^PUN H J\Y]L� ;OLYLMVYL� H KYP]LY
[OH[ JVTWSPLZ ^P[O ¸6U�))3 ;\UHISL >OP[L¹

-PN\YL �! ;̀ WPJHS ��JOHUULS KYP]LY V\[W\[

[LJOUVSVN` T\Z[ ZWSP[ [OL J\YYLU[ PU[V [^V
J\YYLU[Z HUK HKQ\Z[ [OL J\YYLU[ THNUP[\KL
VM [OL ^HYT ^OP[L JOHUULS HUK [OL JVVS
^OP[L JOHUULS� 6Y� [OLYL PZ HUV[OLY ^H` [V
\ZL Z^P[JOPUN V\[W\[ KYP]LY�

-PN\YL  ! +YP]LY V\[W\[ JVTWSPLK [V ¸6U�))3
;\UHISL >OP[L¹ ¶ ,_HTWSL �

-PN\YL ��! +YP]LY V\[W\[ JVTWSPLK [V ¸6U�))3
;\UHISL >OP[L¹ ¶ ,_HTWSL �

-VY L_HTWSL� ^OLU [OL J\YYLU[ [OYV\NO
[OL ^HYT ^OP[L JOHUULS �*/�� PZ OPNOLY
[OHU [OL J\YYLU[ [OYV\NO [OL JVVS ^OP[L
JOHUULS �*/��� [OL V\[W\[ MYVT [OL KYP]LY
Z^P[JOLZ IL[^LLU */� HUK �*/��*/��
�)LJXUH  �� (UK ^OLU [OL J\YYLU[ [OYV\NO
[OL JVVS ^OP[L JOHUULS �*/�� PZ OPNOLY [OHU
[OL J\YYLU[ [OYV\NO [OL ^HYT ^OP[L LSLJ�
[YVKL �*/��� [OL V\[W\[ MYVT [OL KYP]LY
Z^P[JOLZ IL[^LLU */� HUK �*/��*/��
�)LJXUH ���� ;OPZ JYLH[LZ [^V Z[YHPNO[ SPULZ
[OH[ HYL JSVZL [V [OL ))3� :L]LYHS JVTWH�
UPLZ B�D HYL KL]LSVWPUN KYP]LY ZVS\[PVUZ MVY
¸6U�))3 ;\UHISL >OP[L¹ 3,+Z�
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&RQFOXVLRQ
0U [OPZ HY[PJSL� H UL^ [LJOUVSVN` [V YLHSPaL
¸6U�))3 ;\UHISL >OP[L¹ ^P[O ��JOHUULS
JVU[YVS ^HZ KLZJYPILK�

;OL WYPUJPWSLZ HUK JVUÄN\YH[PVUZ HYL ]LY`
ZPTWSL� L]LU [OV\NO JVTTVU ZLUZL ZH`Z
[OH[ [OL JOYVTH[PJP[` WVPU[ VM [OL LTPZ�
ZPVU JVSVY I` ��JOHUULS JVU[YVS JHUUV[
KYH^ H J\Y]L HSVUN [OL ))3� 0U HKKP[PVU�
[OPZ [LJOUVSVN` OHZ HUV[OLY HK]HU[HNL
^OPJO THRLZ TVYL 3,+Z SPNO[ \W PU [OL
SPTP[LK HYLH VM [OL 3,+ TVK\SL� 0U H JVU�
]LU[PVUHS [\UHISL ^OP[L 3,+ TVK\SL� VUS`
^HYT ^OP[L 3,+ Z[YPUNZ SPNO[ \W ^OLU H
^HYT ^OP[L JOHUULS PZ VU HUK VUS` JVVS
^OP[L 3,+ Z[YPUNZ SPNO[ \W ^OLU H JVVS
^OP[L JOHUULS PZ VU� /V^L]LY� PU [OL ¸6U�
))3 ;\UHISL >OP[L¹ JVUÄN\YH[PVU� H[ SLHZ[
��� VM [OL 3,+ Z[YPUNZ SPNO[ \W [OHURZ [V H
JVTTVU 3,+ Z[YPUN� ;OPZ OLSWZ PTWYV]L
[OL S\TPUV\Z LMÄJPLUJ` VM [OL 3,+ TVK\SL�
(Z WYL]PV\ZS` TLU[PVULK� ZVTL TVKPÄJH�
[PVUZ [V [OL KYP]LY JPYJ\P[ PZ YLX\PYLK� I\[
¸6U�))3 ;\UHISL >OP[L¹ PZ VUL VM [OL RL`
MHJ[VYZ [OH[ [Y\S` ILULÄ[Z JPYJHKPHU YO`[OT
SPNO[PUN HUK [OPZ ZVS\[PVU ^PSS L_WHUK [OL
WVZZPIPSP[PLZ VM 3,+ SPNO[PUN HUK THRL JVU�
[YPI\[PVUZ [V O\THU SPML [OYV\NO SPNO[PUN� "

$%287 7+( $87+25

7RPRND]X 1$'$! 5HKH OHZ H [LJOUPJHS
IHJRNYV\UK MYVT [OL 3,+ KPL SL]LS [V WHJR�
HNPUN� K\L [V V]LY �� `LHYZ VM 3,+ JHYYPLY
L_WLYPLUJL H[ ;V`VKH .VZLP ^OLYL OL ^HZ
LUNHNLK PU 3,+ JOPW 9+� HUK H[ :/(97
JVYWVYH[PVU SLHKPUN [OL 3,+ *6) 9+
KLW[� HZ ^LSS HZ ZL]LYHS PUUV]H[P]L HJOPL]L�
TLU[Z� PUJS\KPUN [OL PU]LU[PVU VM KPT [V
^HYT *6)� 0U ����� 5HKH Z[HY[LK H[ A0�
.,5 3PNO[PUN :VS\[PVU JV�� S[K� ^OLYL OL
MVJ\ZZLZ VU 9+ MVY PUUV]H[P]L 3,+ SPNO[�
PUN [LJOUVSV� NPLZ ^P[O H ZLYPLZ VM WYVK\J[Z�
/L PZ HSZV H [LJOUPJHS JVUZ\S[HU[� /L OVSKZ
ZL]LYHS WH[LU[Z PUJS\KPUN 6U�))3 [\UHISL
^OP[L [LJOUVSVN �̀ /L JVU[PU\LZ KL]LSVWPUN
M\Y[OLY�
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www.repro-light.eu

https://www.repro-light.eu


;<5()3, >/0;, ;,*/5636.@ 05;96+<*;065 6- 65�))3 ;<5()3, >/0;, ;,*/5636.@ ! " #

0ZZ\L ���1\S`�(\N � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� ��

THE FIRST DIGITAL 
LIGHTING CONFERENCE 

AND EXHIBITION
EXPERIENCE THE 
FUTURE OF LIGHT

www.LpS-Digital.global

http://www.LpS-Digital.global


;<5()3, >/0;, ;,*/5636.@05;96+<*;065 6- 65�))3 ;<5()3, >/0;, ;,*/5636.@! " #

0ZZ\L ���1\S`�(\N � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� ��

REGISTER FOR FREE 
www.GLD.lighting

The Global Lighting 
Directory 2020

Your Comprehensive 
Guide to the Lighting World 

https://www.gld.lighting


(TIPLU[ 3PNO[PUN +LZPNU MVY
7LYZ\HZP]L ,U]PYVUTLU[Z <ZPUN
:VJPHS 4LKPH +H[H
0U YLJLU[ `LHYZ� ZVJPHS TLKPH WSH`LK H JY\JPHS YVSL PU PUMVYTPUN
WLVWSL HYV\UK [OL ^VYSK HIV\[ ]HYPV\Z ZVJPHS�OLHS[O PZZ\LZ HUK
ZWYLHKPUN RUV^SLKNL SLHKPUN [V PUJYLHZLK H^HYLULZZ� 0[ PZ
\UMVY[\UH[L [OH[ [OL HJ[PVUZ SLHKPUN [V YHPZLK H^HYLULZZ PU [OL
ZVJPHS TLKPH JHU VUS` [HYNL[ WLVWSL PUZPKL [OL KPNP[HS ^VYSK I\[ UV[
[OL WLVWSL PUZPKL [OL WO`ZPJHS ZWHJL� :PUJL THU` WLVWSL
KLSPILYH[LS` KV UV[ [HRL WHY[ PU ZVJPHS TLKPH HJ[P]P[PLZ� [OL` YLTHPU
\UPUMVYTLK HUK ULNSLJ[LK�

30./;05. +,:0.5  :6*0(3 4,+0( (4)0,5; 30./;05. +,:0.5 -69 7,9:<(:0=, ,5=09654,5;: ! " #

�� � ���� 3\NLY 9LZLHYJO L�<� c 3,+ WYVMLZZPVUHS 9L]PL^ �3W9� 0ZZ\L ���1\S`�(\N

,
Q WKLV SDSHU ZH SURSRVHG WR XVH DP�
ELHQW OLJKW YLVXDOL]DWLRQV WR GLVSOD\
VRFLDO PHGLD DFWLYLWLHV VXUURXQGLQJ

WKH PRVW UHOHYDQW VRFLDO DQG KHDOWK LV�
VXHV LQ SXEOLF VSDFHV� 7KH DLP LV WR LQ�
IRUP SHRSOH LQ WKH SK\VLFDO ZRUOG� VRPH
RI ZKRP GR QRW SDUWLFLSDWH LQ VRFLDO
PHGLD� EXW DUH HDJHU WR OHDUQ DERXW GLI�
IHUHQW LQLWLDWLYHV� WKXV HQFRXUDJLQJ WKHP
WR VHHN IXUWKHU LQIRUPDWLRQ DERXW VXFK
WRSLFV�

,W LV VKRZQ WKDW OLJKW YLVXDOL]DWLRQ KDV
WKH FDSDELOLW\ WR FRQYH\ LQIRUPDWLRQ�
7KHUHIRUH� DPELHQW OLJKW GLVSOD\V LQWH�
JUDWHG LQ SXEOLF VSDFH� FDQ EH XVHG WR
UDLVH DZDUHQHVV E\ LQIRUPLQJ SHRSOH
DERXW WKH DPRXQW RI DWWHQWLRQ WRZDUGV
D KRW WRSLF LQ VRFLDO PHGLD LQ DQ XQRE�
WUXVLYH ZD\ E\ GLVSOD\LQJ OLYH GDWD JDWK�
HUHG IURP GLIIHUHQW DFWLYLWLHV VXFK DV WKH
QXPEHU RI VKDUHV� FRPPHQWV� DQG OLNHV�
/HDUQLQJ DERXW WRS VRFLDO DQG KHDOWK LV�
VXHV FDQ HQFRXUDJH SHRSOH WR VHHN IXU�
WKHU LQIRUPDWLRQ DERXW WKHVH FDXVHV� %\
SURYLGLQJ DFFHVV WR UHOLDEOH UHVRXUFHV
YLD OLQNV� 45 FRGHV� RU RWKHU PHDQV�
SHRSOH FDQ UHDFK DFFXUDWH LQIRUPDWLRQ
UHVXOWLQJ LQ UDLVLQJ SXEOLF DZDUHQHVV�

,QWURGXFWLRQ
:VJPHS TLKPH PZ ILJVTPUN TVYL HUK TVYL
PTWVY[HU[ PU V\Y KHPS` SP]LZ� 5V[ VUS` PZ [OL
U\TILY VM \ZLYZ VM ZVJPHS TLKPH NYV^PUN B�D
I\[ HSZV [OL HTV\U[ VM [PTL WLVWSL ZWLUK
VU ZVJPHS TLKPH UL[^VYRZ PZ PUJYLHZPUN B�D�
;OLZL U\TILYZ HYL VUS` L_WLJ[LK [V PU�
JYLHZL� ;OPZ L]LY�PUJYLHZPUN YVSL VM ZVJPHS

TLKPH PU O\THU SP]LZ� THKL P[ HU PTWVY�
[HU[ WSH[MVYT [V IL \ZLK MVY YHPZPUN H^HYL�
ULZZ HTVUN WLVWSL� 0U YLJLU[ `LHYZ ZVJPHS
TLKPH WSH`LK H JY\JPHS YVSL PU PUMVYTPUN
WLVWSL HYV\UK [OL ^VYSK HIV\[ ]HYPV\Z ZV�
JPHS�OLHS[O PZZ\LZ HUK ZWYLHKPUN RUV^SLKNL
SLHKPUN [V PUJYLHZLK H^HYLULZZ B�D�

0[ PZ \UMVY[\UH[L [OH[ [OL HJ[PVUZ SLHKPUN
[V YHPZLK H^HYLULZZ PU [OL ZVJPHS TLKPH
JHU VUS` [HYNL[ WLVWSL PUZPKL [OL KPNP[HS
^VYSK I\[ UV[ [OL WLVWSL PUZPKL [OL WO`Z�
PJHS ^VYSK� 4HU` WLVWSL KLSPILYH[LS` KV
UV[ [HRL WHY[ PU ZVJPHS TLKPH HJ[P]P[PLZ�
;OLYL HYL H T\S[P[\KL VM YLZLHYJO HUK HY�
[PJSLZ ZOV^PUN [OL JVUJLYUZ HIV\[ HUK
ULNH[P]L PTWHJ[ VM ZVJPHS TLKPH VU YHPZPUN
H^HYLULZZ� -VY PUZ[HUJL� [OLYL PZ H NYV^�
PUN JVUJLYU HIV\[ [OL SHJR VM YLSPHIPSP[` HUK
X\HSP[` VM [OL KPZZLTPUH[LK PUMVYTH[PVU VU
[OL ZVJPHS TLKPH WSH[MVYTZ ^OLU P[ JVTLZ
[V OLHS[OJHYL� -\Y[OLYTVYL� HUVU`TP[` VY
YLK\JLK HJJV\U[HIPSP[` OH]L PUJYLHZLK
[OL YPZRZ HZZVJPH[LK ^P[O JVTT\UPJH[PUN
PUJVYYLJ[ HK]PJL� ,]LU PM [OL PUMVYTH[PVU
[\YUZ V\[ [V IL MHJ[\HSS` JVYYLJ[� PUMVYTH[PVU
V]LYSVHK OHZ THKL P[ ]LY` KPMÄJ\S[ MVY [OL
\ZLYZ [V JVYYLJ[S` HWWS` [OL PUMVYTH[PVU [V
[OLPY V^U ZWLJPÄJ ZP[\H[PVU B�D�

0[ JHU UV^ IL ZLLU [OH[ Q\Z[ SPRL THU` V[OLY
[LJOUVSVNPLZ� [OL ZWYLHK VM ZVJPHS TLKPH
WSH[MVYTZ PZ HJJVTWHUPLK ^P[O HK]HU[HNLZ
HZ ^LSS HZ KPZHK]HU[HNLZ� >OL[OLY ^L HYL
PU MH]VY VM VY VWWVZLK [V [OL WYVSPMLYH[PVU
VM ZVJPHS TLKPH� [YLUKZ PUKPJH[L [OH[ [OPZ
[LJOUVSVN` PZ OLYL [V Z[H �̀ +LZWP[L P[Z U\�
TLYV\Z KV^UZPKLZ� ZVJPHS TLKPH JHU IL
\ZLK [V KV NVVK� >OLU P[ JVTLZ [V YHPZPUN
H^HYLULZZ PU [OL WO`ZPJHS ^VYSK� ]PZ\HSPaPUN

ZVJPHS TLKPH KH[H Z[YLHTZ OHZ H U\TILY
VM HK]HU[HNLZ V]LY ]PZ\HSPaH[PVU VM [OL MHJ�
[\HS PUMVYTH[PVU HUK [YLUKZ HIV\[ [OL JH\ZL
P[ZLSM�

-VY VUL� ZVJPHS TLKPH HJ[P]P[` KH[H Z[YLHTZ
[LUK [V IL T\JO TVYL K`UHTPJ �JOHUN�
PUN PU YLHS�[PTL� HUK ^V\SK [O\Z YLZ\S[ PU H
TVYL H[[YHJ[P]L HUK ]PZ\HSS` WSLHZPUN ]PZ\�
HSPaH[PVU JVTWHYLK [V [OL ZSV^ [V \WKH[L
KH[H Z[YLHTZ [OH[ HYL KLYP]LK MYVT [OL
NV]LYUTLU[HS VY VYNHUPaH[PVUHS ^LIZP[LZ�
4VYLV]LY� Z[\KPLZ OH]L ZOV^U [OH[ ZPTWS`
PUMVYTPUN WLVWSL HIV\[ ]HYPV\Z PZZ\LZ� VY
^HYUPUN [OLT VM [OL JVUZLX\LUJLZ VM [OLPY
HJ[PVUZ� PZ UV[ ]LY` LMMLJ[P]L PU LUJV\YHNPUN
[OLT [V JOHUNL [OLPY ILOH]PVY MVY [OL IL[�
[LY B�D� /V^L]LY� WLVWSL [LUK [V HJ[ ^P[O
TH[JOPUN H[[P[\KLZ� ILSPLMZ� HUK ILOH]PVYZ
[V NYV\W UVYTZ PU H WZ`JOVSVNPJHS WYVJLZZ
JHSSLK *VUMVYTP[` B�D� ;OPZ JHU IL [HRLU
HK]HU[HNL VM I` KPZWSH`PUN [OL W\ISPJ JVU�
ZLUZ\Z VU ]HYPV\Z [VWPJZ�

=HYPV\Z WLYZ\HZP]L [LJOUPX\LZ OH]L ILLU
PU[YVK\JLK MVY PUJYLHZPUN O\THU H^HYLULZZ
\ZPUN SP]L KH[H� VM[LU I` PUMVYTPUN WLVWSL
L_WSPJP[S` VM YLSL]HU[ HZWLJ[Z B�D� (U HT�
IPLU[ SPNO[ KPZWSH` JV\SK PUJYLHZL O\THU
H^HYLULZZ I` JVU]L`PUN ]HYPV\Z PUMVY�
TH[PVU HIV\[ ZVTL VM [OL TVZ[ WYLZZPUN
ZVJPHS HUK OLHS[O PZZ\LZ ^P[OPU H YLSL]HU[
LU]PYVUTLU[HS JVU[L_[� 0UMVYTPUN WLVWSL
PUZPKL HU LU]PYVUTLU[ PZ VUS` WVZZPISL PM
[OL` JHU NYHZW VM [OL TLHUPUN VM [OL SPNO[
]PZ\HSPaH[PVU�

0U IYPLM� [OL H\[OVY»Z HPT PZ [V Z[\K` HTIPLU[
SPNO[PUN HZ H WLYZ\HZP]L TLKP\T JYLH[LK I`
ZVJPHS TLKPH KH[H Z[YLHTZ ^P[O [OL PU[LU�
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[PVU [V MHJPSP[H[L PU YHPZPUN OLHS[O HUK ZVJPHS
H^HYLULZZ� ;OL MVJ\Z VM [OL YLZLHYJO WYL�
ZLU[LK PU [OPZ Z[\K` PZ VU L_WSVYPUN [OL
WV[LU[PHSZ VM \ZPUN WLYZ\HZP]L HTIPLU[ SPNO[
JYLH[LK I` ZVJPHS TLKPH HJ[P]P[PLZ� HUK [OL
WVZZPIPSP[` VM JVU]L`PUN [OVZL TLHUPUNZ
[V [OL WLVWSL PUZPKL HYJOP[LJ[\YHS LU]PYVU�
TLU[Z�

0U VYKLY [V HJOPL]L [OPZ NVHS� P[ PZ PTWVY�
[HU[ [V \UKLYZ[HUK� HUK [V PU]LZ[PNH[L [OL
JHWHIPSP[PLZ VM SPNO[ [V JVU]L` PUMVYTH[PVU�
;OLYLMVYL ^L SVVR H[ [^V YLSL]HU[ ZL[Z VM
SP[LYH[\YL! SP[LYH[\YL VU [OL MHJ[ [OH[ ZVJPHS
TLKPH JHU WSH` PU PUJYLHZPUN ZVJPHS�OLHS[O
H^HYLULZZ" SP[LYH[\YL VU [OL YVSL VM SPNO[ PU
JVU]L`PUN PUMVYTH[PVU" HUK SHZ[S` HU L_WLYP�
TLU[ L_HTPUPUN [OL WVZZPIPSP[` VM JVU]L`PUN
ZVJPHS TLKPH TLHUPUNZ [OV\NO SPNO[ ]PZ\HS�
PaH[PVUZ�

6RFLDO 0HGLD YV�
$ZDUHQHVV
)LMVYL Z[HY[PUN [V PU]LZ[PNH[L [OL VWWVY[\�
UP[PLZ VM \ZPUN SPNO[ [V JVU]L` [OL TLHUPUN
VM ZVJPHS TLKPH KH[H Z[YLHTZ� ^L ÄYZ[ ULLK
[V \UKLYZ[HUK [OL YVSL [OH[ ZVJPHS TLKPH
WSH`Z PU JYLH[PUN H^HYLULZZ� [OL ^H` PUKP�
]PK\HSZ HUK VYNHUPaH[PVUZ \ZL ZVJPHS TLKPH
[V JVSSHIVYH[L PU VYKLY [V WYVTV[L Z\JO
H^HYLULZZ� HUK [OL TVZ[ YLJLU[ HUK L]LU
M\[\YPZ[PJ HWWYVHJOLZ MVY YHPZPUN H^HYLULZZ
PU [OL ZVJPHS TLKPH YLHST�

7KH 5ROH RI 6RFLDO 0HGLD LQ
&UHDWLQJ $ZDUHQHVV� 6RFLDO
0HGLD $FWLYLVP

:VJPHS TLKPH OHZ ILLU HU LUHISLY VM PUMVY�
TH[PVU KPZZLTPUH[PVU� JVSSHIVYH[PVU HUK
JVVYKPUH[PVU MVY YLHZVUZ YHUNPUN MYVT WLY�
ZVUHS [V PU[LYWLYZVUHS� ;OPZ OHZ THKL ZV�
JPHS TLKPH [OL WLYMLJ[ WSH[MVYT MVY HJ[P]PZT
TV]LTLU[Z� :VJPHS TLKPH WSH[MVYTZ OH]L
THKL TVIPSPaPUN� JVTPUN [VNL[OLY� KPZ�
J\ZZPUN� VYNHUPaPUN HUK WYV[LZ[PUN T\JO
LHZPLY [OHU P[ \ZLK [V IL� LZWLJPHSS` [OYV\NO
[OL LMMLJ[P]LULZZ HUK YHWPKP[` VM VUSPUL
JVTT\UPJH[PVUZ� HUK [OL HJJLZZPIPSP[` MVY
WLVWSL MYVT HYV\UK [OL ^VYSK B�D�

0U ZVJPHS H^HYLULZZ HUK OLHS[OJHYL� PUMVY�
TH[PVU KPZZLTPUH[PVU PZ H RL` TLJOHUPZT
VM JYLH[PUN H^HYLULZZ� -VY PUZ[HUJL� P[ JHU
IL H JY\JPHS MHJ[VY PU [OL LHYS` \UKLYZ[HUK�
PUN VM H ZVJPHS PZZ\L VY KL[LJ[PVU VM ]HYPV\Z
KPZLHZLZ� :WLJPÄJHSS �̀ PU [OL OLHS[OJHYL KV�
THPU� [OL ZVJPHS TLKPH WOLUVTLUVU OHZ
JYLH[LK H UL^ YLHSP[` PU OLHS[O JHYL� IYPUN�
PUN ZVJPHS TLKPH [V [OL MVYLMYVU[ VM OLHS[O
PUMVYTH[PVU NLULYH[PVU HUK KPZZLTPUH�
[PVU� )` WYV]PKPUN MLLKIHJR HUK JVTTLU[Z
HIV\[ [OLPY L_WLYPLUJLZ ^P[O ]HYPV\Z KY\NZ

HUK [YLH[TLU[Z� L[J�� WH[PLU[Z HUK [OLPY
MHTPSPLZ OH]L JOHUNLK MYVT JVUZ\TLYZ VM
0U[LYUL[ JVU[LU[ [V NLULYH[VYZ VM PUMVYTH�
[PVU \ZPUN ZVJPHS TLKPH ZP[LZ B�D�

(Z IYPLÅ` TLU[PVULK ILMVYL� [OPZ PZ UV[ HS�
^H`Z ILULÄJPHS� ;OLYL HYL THU` YPZRZ HZ�
ZVJPH[LK ^P[O JVTT\UPJH[PUN PUJVYYLJ[
HK]PJL� PUMVYTH[PVU V]LYSVHK� HUK [OL MHJ[
[OH[ Z\JO LHZ` HJJLZZ [V PUMVYTH[PVU TH`
HJ[ HZ KL[LYYLU[ MVY WH[PLU[Z [V ]PZP[ OLHS[O
WYVMLZZPVUHSZ ^OLU ULJLZZHY �̀ ;OL HPT VM
[OPZ YLZLHYJO PZ [V IL HISL [V WYV]PKL [OL
PUMVYTH[PVU HIV\[ [OL [YLUKZ HUK YLSL]HU[
HJ[P]P[PLZ ^P[O YLNHYKZ [V OLHS[OJHYL PZZ\LZ
HUK JH\ZLZ� ^P[OV\[ WYVTV[PUN [OL KPYLJ[
\ZL VM ZVJPHS TLKPH� [O\Z [HRPUN HK]HU[HNL
VM P[Z Z[YLUN[OZ�

7KH MRXUQH\ RI KHDOWK DZDUHQHVV
PHWKRGV� $ URDG WR VRFLDO PHGLD
0U [OL VSK KH`Z JYLH[PUN OLHS[O H^HYLULZZ
OHWWLULK [OYV\NO H ]HYPL[` VM VMÅPUL Z[YH[L�
NPLZ� Z\JO HZ JVSSHIVYH[PVU HTVUN JSPUP�
JPHUZ MYVT ]HYPV\Z JV\U[YPLZ B D HUK JVSSHI�
VYH[PVU [OYV\NO H UL[^VYR VM JVTT\UP[`
HUK \UP]LYZP[` VYNHUPaH[PVUZ B��D [V KL]LSVW
LK\JH[PVUHS WYVNYHTZ HUK JHTWHPNUZ�
/V^L]LY� ZVJPHS TLKPH OHZ JOHYHJ[LYPZ[PJZ
[OH[ LUHISL JVTT\UPJH[PVU� JVSSHIVYH[PVU�
JVUZ\TW[PVU HUK JYLH[PVU PU LU[PYLS` UL^
^H`Z B��D�

7H[PLU[Z HUK [OLPY MHTPSPLZ \ZL ZVJPHS TLKPH
HZ H WSH[MVYT [V ZOHYL [OLPY L_WLYPLUJLZ
HUK [OLPY ÄUKPUNZ ZV V[OLYZ ^PSS ILJVTL
LK\JH[LK HIV\[ ZPTPSHY JVUKP[PVUZ� ;OL`
YLWHJRHNL [OL PUMVYTH[PVU [OL` ÄUK MVY
V[OLYZ HUK JYLH[L MVY\TZ MVY RUV^SLKNL
KPZJV]LY` HUK KPZJ\ZZPVU B��D� -VY L_HT�
WSL� HWWYV_PTH[LS` [^V�[OPYKZ VM WVZ[Z PU
-HJLIVVR JVTT\UP[PLZ KLKPJH[LK [V KP�
HIL[LZ PUJS\KL \UZVSPJP[LK ZOHYPUN VM KP�
HIL[LZ THUHNLTLU[ Z[YH[LNPLZ HUK V]LY
��� VM WVZ[Z WYV]PKL MLLKIHJR [V PUMVYTH�
[PVU YLX\LZ[LK I` V[OLY \ZLYZ B��D� :VJPHS
TLKPH WYV]PKLZ H MVY\T MVY YLWVY[PUN WLY�
ZVUHS L_WLYPLUJLZ� HZRPUN X\LZ[PVUZ� HUK
YLJLP]PUN KPYLJ[ MLLKIHJR MVY WLVWSL SP]�
PUN ^P[O H KPZLHZL� ;OYV\NO ZVJPHS TLKPH�
Z\WWVY[ NYV\WZ OH]L MV\UK H UL^ WSH[MVYT
MVY VYNHUPaPUN HZ WH[PLU[Z HUK MHTPS` JHYL�
NP]LYZ ZOHYL [OLPY L_WLYPLUJLZ HUK JVUULJ[
^P[O V[OLYZ B��D� 0UKLLK� ��� IYLHZ[ JHUJLY
NYV\WZ L_PZ[ VU -HJLIVVR� JVU[HPUPUN H [V�
[HS VM ��� ��� � TLTILYZ� ����� VM [OLZL
NYV\WZ ^LYL JYLH[LK MVY WH[PLU[�JHYLNP]LY
Z\WWVY[ B��D�

4VYL IYVHKS �̀ P[ OHZ ILLU ZOV^U [OH[ ZV�
JPHS TLKPH [VVSZ OH]L LUHISLK JVSSHIVYH�
[PVU HTVUN PUKP]PK\HSZ B��D� ;OPZ JHU VJ�
J\Y PU Z\JO JVU[L_[Z HZ LTWSV`LLZ ^OV
^VYR [VNL[OLY ^P[OPU [OL IV\UKHYPLZ VM
MVYTHS VYNHUPaH[PVUZ� [V JVU[L_[Z ^OLYL
KPZWLYZLK PUKP]PK\HSZ JVUULJ[ ^P[O VUL HU�

V[OLY [OYV\NO [OL Z\WWVY[ VM H JVTTVU
JH\ZL� 5V^ [OL X\LZ[PVU PZ� ^V\SK ZVJPHS
TLKPH YLTHPU HZ Z\JO HU PTWVY[HU[ WSH[�
MVYT VY ^V\SK P[ L]LU NYV^ HZ HU PTWVY[HU[
JVU[L_[ [V YHPZL H^HYLULZZ&

)XWXUH SRVLWLRQ RI VRFLDO PHGLD LQ
KHDOWK DZDUHQHVV
;OL \ZL VM ZVJPHS TLKPH MVY OLHS[O H^HYL�
ULZZ Z[\KPLZ KLTVUZ[YH[L [OH[ H NYV^PUN
U\TILY VM LK\JH[PVUHS PUZ[P[\[PVUZ HYL LT�
WOHZPaPUN HUK [YHPUPUN M\[\YL TLKPJHS HUK
HSSPLK OLHS[O WYHJ[P[PVULYZ VU [OL PTWVY�
[HUJL VM \ZPUN ZVJPHS TLKPH HZ HU LMMLJ[P]L
TLHUZ [V KPZZLTPUH[L PUMVYTH[PVU HTVUNZ[
WH[PLU[Z HUK JSPLU[Z� -VY L_HTWSL� U\YZ�
PUN Z[\KLU[Z OH]L ILLU LUJV\YHNLK [V
TV]L IL`VUK Z`U[OLZPaPUN WHTWOSL[Z HUK
Å`LYZ HZ H TLHUZ VM KPZZLTPUH[PUN PUMVY�
TH[PVU [V WH[PLU[Z HUK OH]L PUZ[LHK ILLU
LX\PWWLK ^P[O YLZV\YJLZ [V JYLH[L ��[V�
� TPU @V\;\IL ]PKLVZ [V KPZ[YPI\[L \ZPUN
]HYPV\Z ZVJPHS TLKPH WSH[MVYTZ B��D�

4VYLV]LY� H YLJLU[ Z[\K` KLTVUZ[YH[LK
[OH[ \[PSPaPUN ;̂ P[[LY HUK -HJLIVVR HZ Z\W�
WSLTLU[HY` [VVSZ MVY KLSP]LYPUN LK\JH[PVUHS
JVU[LU[ JHU IL HU LMMLJ[P]L ^H` [V LUNHNL
TLKPJHS [YHPULLZ B��D� (JJVYKPUN [V H YL�
JLU[ Z[\K �̀ � � VM � � TLKPJHS LK\JH[PVU
JV\YZL WHY[PJPWHU[Z YLWVY[LK \ZPUN ZVJPHS
TLKPH� ^P[O TVZ[ JVTTVU WSH[MVYTZ ILPUN
@V\;\IL HUK -HJLIVVR B� D� 7YVMLZZPVUHS
TLKPJHS ZVJPL[PLZ Z\JO HZ [OL (TLYPJHU
:VJPL[` VM *SPUPJHS 6UJVSVN` �(:*6� OH]L
ILLU Z\JJLZZM\SS` \ZPUN ZVJPHS TLKPH ZP[LZ
SPRL ;̂ P[[LY [V YLWVY[ JSPUPJHS UL^Z MYVT ZJP�
LU[PÄJ ZLZZPVUZ� [V KPZJ\ZZ [YLH[TLU[ PZ�
Z\LZ� HUK [V MHJPSP[H[L H IYVHKLY KPHSVN\L
HTVUNZ[ WO`ZPJPHUZ HUK OLHS[OJHYL WYVMLZ�
ZPVUHSZ B��D�

6]LYHSS� [OLYL PZ H NYV^PUN W\SS HTVUNZ[
WO`ZPJPHUZ [V \[PSPaL ZVJPHS TLKPH HZ H
TLHUZ VM LUZ\YPUN [OL WYVWLY KPZZLTPUH�
[PVU VM PUMVYTH[PVU [V [OLPY WH[PLU[Z PU VYKLY
[V JV\U[LYHJ[ ZJPLU[PÄJHSS` X\LZ[PVUHISL
W\ISPJH[PVUZ HUK LK\JH[PVUHS ]PKLVZ B��D�
;OPZ TLHUZ [OH[ [OL X\HSP[` VM [OL JVU[LU[
]HYPLZ KYHZ[PJHSS` MYVT L_JLSSLU[ [V ZWHT
HUK TPZPUMVYTH[PVU� (Z [OL ]VS\TL VM Z\JO
JVU[LU[ PUJYLHZLZ� [OL [HZR VM PKLU[PM`PUN
OPNO�X\HSP[` JVU[LU[ PU ZVJPHS TLKPH ZP[LZ
ILJVTLZ PUJYLHZPUNS` PTWVY[HU[ HUK KPMÄ�
J\S[ B��D� /V^L]LY� I` \ZPUN ZVJPHS TLKPH
HJ[P]P[` YLSH[LK KH[H Z[YLHTZ� Z\JO HZ [OL
LUNHNLTLU[ SL]LS� [OL TVZ[ PTWVY[HU[ [VW�
PJZ JHU IL PKLU[PÄLK� ;OPZ ^OLU JVTIPULK
^P[O KPYLJ[PVUZ [V^HYKZ H YLSPHISL HUK HJ�
JV\U[HISL IVK` VM PUMVYTH[PVU� Z[LLYZ WLV�
WSL H^H` MYVT WV[LU[PHS TPZZ�PUMVYTH[PVU
VU [OL ZVJPHS TLKPH WSH[MVYTZ HUK WYL]LU[Z
PUMVYTH[PVU V]LYSVHK�
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/LJKW YV� $ZDUHQHVV

0U [OPZ JOHW[LY� ^L WYV]PKL H IL[[LY \U�
KLYZ[HUKPUN HIV\[ HTIPLU[ SPNO[ HUK P[Z
Z[YLUN[OZ� SPNO[ HZ H [VVS [V JVTT\UPJH[L
HUK [OL ^H`Z VM JVU]L`PUN PUMVYTH[PVU
[OYV\NO ]PZ\HS HPKZ� HUK SHZ[S` ZVTL L_HT�
WSLZ VM [OL WYVQLJ[Z [OH[ [YPLK [V PTWSLTLU[
[OL PKLH VM YHPZPUN H^HYLULZZ ]PH SPNO[ ]PZ\�
HSPaH[PVUZ�

/LJKW DV D 7RRO WR &RQYH\
,QIRUPDWLRQ

:PUJL SPML L]VS]LK \UKLY [OL JVU[PU\V\Z
PUÅ\LUJL VM SPNO[� P[ PZ UV[ Z\YWYPZPUN [OH[
WYHJ[PJHSS` HSS MVYTZ VM SPML� PUJS\KPUN O\�
THU ILPUNZ� OH]L KL]LSVWLK H ]HYPL[` VM
YLZWVUZLZ [V SPNO[ HUK P[Z JOHYHJ[LYPZ[PJZ�
3PNO[ Z\WWVY[Z O\THU ILPUNZ M\UJ[PVUHSS`!
P[ OLSWZ [OLT [V VIZLY]L [OL ^VYSK� I\[
TVYL PU[LYLZ[PUNS �̀ [V VI[HPU PUMVYTH[PVU�
0U [OL LYH ^L HYL SP]PUN PU� [OL PU[LNYH[PVU
VM ZLUZVYZ� [OL 0U[LYUL[ HUK SPNO[PUN JYL�
H[LK Z`Z[LTZ [OH[ NV IL`VUK PSS\TPUH[PVU�
0U WHY[PJ\SHY� ººZTHY[»» JVUULJ[LK SPNO[PUN
Z`Z[LTZ OH]L ILLU PU[YVK\JLK [V [OL ^VYSK
^OPJO HYL JHWHISL VM ZLUZPUN HUK JVT�
T\UPJH[PUN ]HZ[ HTV\U[Z VM PUMVYTH[PVU�
;OPZ TV]LTLU[ LUHISLK SPNO[ [V ILJVTL
H ^PUKV^ KPZWSH`PUN [OVZL SP]L KH[H HUK
[OLYLMVYL P[ NHPULK H O\NL WV[LU[PHS MVY JYL�
H[PUN JVU[L_[ H^HYLULZZ� (SZV� [OL ]HY`PUN
]PZ\HS WYVWLY[PLZ VM SPNO[ L�N�� JVSVY� IYPNO[�
ULZZ� ZH[\YH[PVU� WVZP[PVU HUK MYLX\LUJ` VM
JOHUNLZ B��D� THKL SPNO[ HU PKLHS [VVS MVY
LUJVKPUN HUK ZOHYPUN HJ[P]P[` PUMVYTH[PVU�

:D\V RI FRQYH\LQJ
LQIRUPDWLRQ YLD OLJKW
3PNO[ JHU IL ]PZ\HSPaLK PU ]HYPV\Z MVYTZ [V
PUMVYT WLVWSL!

)DFWXDO� 3PNO[ JHU ]PZ\HSPaL MHJ[\HS PUMVY�
TH[PVU� :L]LYHS LMMVY[Z L_WSVYLK [OPZ [`WL
VM JVU]L`PUN PUMVYTH[PVU� ^OPJO HSSV^Z
\ZLYZ [V Q\KNL MVY L_HTWSL SL]LSZ VM OV\ZL�
OVSK LULYN` JVUZ\TW[PVU I` KPZWSH`PUN
[OL U\TILYZ ^OPJO YLWYLZLU[ [OL OVTL»Z
LULYN` JVUZ\TW[PVU� 0[ OHZ ILLU KLTVU�
Z[YH[LK [OH[ WYV]PKPUN Z\JO PUMVYTH[PVU
JV\SK WLYZ\HKL \ZLYZ [V \ZL SLZZ LULYN`
B��D� ;OPZ [`WL VM JVU]L`PUN PUMVYTH[PVU
ULLKZ [OL TVZ[ H[[LU[PVU HTVUN HSS HUK ^PSS
WYV]PKL KL[HPSLK PUMVYTH[PVU MVY \ZLY�

*UDSKLFDO� =PZ\HSPaPUN PUMVYTH[PVU PU H
NYHWOPJHS ^H` ^PSS WYV]PKL SLZZ PUMVYTH�
[PVU MVY [OL \ZLY� OV^L]LY [OL PUMVYTH[PVU
^PSS IL JVU]L`LK MHZ[LY HUK ULLKZ SLZZ H[�
[LU[PVU [V IL \UKLYZ[VVK� ,HYSPLY YLZLHYJO
Z\NNLZ[LK [OH[ HWWS`PUN NYHWOPJHS J\LZ PU
THU` KVTHPUZ Z\JO HZ JOPSK LK\JH[PVU�
OLHS[O ILOH]PVY HUK ZVJPHS PU[LYHJ[PVU OHZ H
NYLH[LY LMMLJ[ JVTWHYLK [V [OL MHJ[\HS VULZ

^OLU [OL WLLK VM JVU]L`PUN [OL PUMVYTH�
[PVU TH[[LYZ B��D� -VY PUZ[HUJL� [OPZ MVYT VM
PUMVYTPUN OHZ ILLU Z\JJLZZM\SS` \[PSPaLK PU H
ZVJPHS YVIV[� ;OPZ YVIV[PJ HNLU[ JV\SK ZOV^
ZPNUZ VM KPZHWWYV]HS VY ULNH[P]L ZVJPHS PU�
JLU[P]LZ �L�N�� H ZHK MHJL VY H ZTPSPUN MHJL�
HZ H MLLKIHJR�

$PELHQW� (TIPLU[ PUMVYTPUN PZ H Z\I[SL
HUK \UVI[Y\ZP]L [`WL VM JVU]L`PUN PUMVYTH�
[PVU ^OLU JVTWHYLK [V [OL WYL]PV\Z [^V
TL[OVKZ B��D� -\Y[OLYTVYL� WHY[PJPWHU[Z VM
HU L_WLYPTLU[ YLWVY[LK [OH[ SLZZ JVNUP[P]L
LMMVY[ ^HZ ULLKLK [V \UKLYZ[HUK PUMVY�
TH[PVU JVU]L`LK \ZPUN HTIPLU[ SPNO[ [O\Z
Z\NNLZ[PUN [OH[ P[ JHU IL X\P[L JVNUP[P]LS`
LMÄJPLU[� 0ZOPP HUK <SSTLY ��  �� Z\NNLZ[LK
[OL \ZL VM HTIPLU[ TLKPH Z\JO HZ ZV\UK�
SPNO[� HPYÅV �̂ HUK ^H[LY TV]LTLU[ [V HJ[
HZ IHJRNYV\UK PU[LYMHJLZ ^P[O J`ILYZWHJL
HUK ^VYR H[ [OL WLYPWOLY` VM O\THU WLY�
JLW[PVU� .P]LU [OPZ KLÄUP[PVU� HTIPLU[ PU�
MVYTPUN OHZ ILLU PU]LZ[PNH[LK HUK HWWSPLK
PU WYHJ[PJL B��D� -VY L_HTWSL� HU HTIPLU[
KL]PJL JHSSLK ,ULYN` 6YI �)LJXUH �� ^HZ
\ZLK [V WYV]PKL LULYN` JVUZ\TW[PVU PUMVY�
TH[PVU [OH[ JOHUNLK JVSVY KLWLUKLU[ VU
[OL [PTL VM�\ZL [HYPMM PU VWLYH[PVU �L�N�� I`
NSV^PUN YLK ^OLU LULYN` \ZHNL YLHJOLZ H
JLY[HPU SL]LS HUK NYLLU V[OLY^PZL�� (UV[OLY
L_HTWSL VM HU HTIPLU[ KL]PJL PZ [OL 7V^LY
(^HYL *VYK �)LJXUH ��� ^OPJO JHU ]PZ\HSPaL
[OL J\YYLU[ \W[HRL VM LSLJ[YPJP[` VM H JVU�
ULJ[LK HWWSPHUJL [OYV\NO NSV^PUN W\SZLZ�
ÅV �̂ HUK PU[LUZP[` VM SPNO[ B��D� ;OL HPT VM
[OL 7V^LY (^HYL *VYK PZ [V PUMVYT [OL \ZLY
HIV\[ [OL J\YYLU[ JVUZ\TW[PVU VM ]HYPV\Z
KL]PJLZ HUK [O\Z WLYZ\HKL [OLT [V I\` VY
\ZL TVYL WV^LY LMÄJPLU[ [`WLZ�IYHUKZ�

-PN\YL �! ,ULYN` 6YI �SLM[� HUK 7V^LY (^HYL
*VYK �YPNO[�

:PUJL PU [OPZ Z[\K` ^L HYL \ZPUN HTIPLU[
SPNO[ HZ [OL WLYZ\HZP]L [LJOUVSVN` MVY YHPZ�
PUN H^HYLULZZ� PU [OL JVTPUN ZLJ[PVUZ ^L
HYL NVPUN [V SVVR KLLWLY PU[V [OL HTIPLU[
SPNO[ HUK P[Z YVSL PU JYLH[PUN H^HYLULZZ�

$PELHQW /LJKW� $V D
3HULSKHUDO $ZDUHQHVV 7RRO

;OL JVUJLW[ VM HTIPLU[ ]PZ\HSPaH[PVU VY
HTIPLU[ KPZWSH` PZ KLÄULK HZ H JH[LNVY`
VM KH[H YLWYLZLU[H[PVUZ [OH[ JVU]L`Z [PTL�
]HY`PUN PUMVYTH[PVU PU [OL WLYPWOLY` VM O\�
THU H[[LU[PVU B� D� 7LYPWOLYHS ]PZPVU� VY

PUKPYLJ[ ]PZPVU� PZ H WHY[ VM ]PZPVU [OH[ VJJ\YZ
V\[ZPKL [OL ]LY` JLU[LY VM NHaL B��D� 9L�
JLP]PUN PUMVYTH[PVU ]PH SPNO[ PU H WLYPWOLYHS
^H` ^PSS JYLH[L ZL]LYHS VWWVY[\UP[PLZ!

3UHYHQWV LQIRUPDWLRQ RYHUORDG� ^OLU
JVTWHYLK [V MHJ[\HS HUK NYHWOPJHS ]PZ\HS�
PaH[PVUZ� HTIPLU[ KPZWSH`Z JHU YLTHYRHIS`
YLK\JL [OL HTV\U[ VM PUMVYTH[PVU TLU[HSS`
WYVJLZZLK I` WYV]PKPUN HU V]LY]PL^ VM [OL
JVU[LU[ I` OH]PUN PUMVYTH[PVU Z\I[S` WVY�
[YH`LK PU [OL WLYPWOLY` VM VUL»Z H[[LU[PVU
B��D" TLHUPUN [OH[ WLVWSL JHU WLYMVYT [OLPY
WYPTHY` [HZRZ PU [OL MVYLNYV\UK ^OPSL ZPT\S�
[HULV\ZS` YLJLP]PUN JVU[L_[ PUMVYTH[PVU PU
[OL IHJRNYV\UK VM [OLPY H[[LU[PVU� 0[ JHU IL
ILULÄJPHS ZWLJPHSS` PU [OL LYH [OH[ WLVWSL
VM[LU L_WLYPLUJL ººPUMVYTH[PVU V]LYSVHK»»�

&DSWXUH PRUH DXGLHQFH� :PUJL HTIPLU[
SPNO[ PZ KL[LJ[HISL I` [OL WLYPWOLY` ]PZPVU VM
O\THU ILPUNZ P[ JHU OLSW PUJYLHZL H^HYL�
ULZZ I` NYHIIPUN [OL H[[LU[PVU VM TVYL
WLVWSL� *VU]L`PUN PUMVYTH[PVU PU [OL WL�
YPWOLYHS ÄLSK VM ]PZPVU �)LJXUH ��� ^OPJO
HSSV^Z \Z [V ZLL ^P[OV\[ [\YUPUN V\Y OLHK
VY TV]PUN [OL L`LZ B��D� JHU ZWYLHK HTVUN
OPNOLY HTV\U[ VM H\KPLUJLZ�

-PN\YL �! /VYPaVU[HS ÄLSK VM ]PL^ �`LSSV^ ÄLSK
ZOV^Z [OL WLYPWOLYHS ]PZPVU�

'DWD GULYHQ DPELHQW OLJKW� &UHDW�
LQJ DPELHQW FRPPXQLFDWLRQ
<ZPUN HTIPLU[ ]PZ\HSPaH[PVUZ JYLH[LK I`
SP]L KH[H [V JVU]L` PUMVYTH[PVU JYLH[LZ
HTIPLU[ JVTT\UPJH[PVU ^P[OPU HYJOP[LJ[\YHS
LU]PYVUTLU[Z� 3PNO[ HJ[Z HZ HU PU[LYMHJL
IL[^LLU [OL KPNP[HS ^VYSK HUK [OL WZ`JOPJHS
^VYSK� HUK [OL ILULÄ[Z MVY \ZPUN KPNP[HS
JVU[LU[ MVY SPNO[PUN JV\SK IL [V YLUKLY [OL
PU]PZPISL ]PZPISL B��D� 0[ JV\SK TLHU ]PZ\HS
YLWYLZLU[H[PVU VM ^LH[OLY� HPY [YHMÄJ� ZVJPHS
TLKPH [YHMÄJ HUK T\JO LSZL PU H JHST HUK
HIZ[YHJ[ ^H �̀ >OLU PUMVYTH[PVU [YHUZMLYZ
PU HU HTIPLU[ THUULY� P[ KVLZ UV[ KYH^
H[[LU[PVU� I\[ P[ ZLLWZ PU" ^L HZ O\THUZ
OH]L H O\NL HIPSP[` [V [HRL [OH[ PUMVYTH[PVU
PU B��D�

:\JO JVTT\UPJH[PVU [LJOUVSVN` JHU IL
OLSWM\S PU YHPZPUN H^HYLULZZ� -VY PUZ[HUJL�
PU [OL OLHS[O KVTHPU� ^OLYL \ZLYZ OH]L
[V THPU[HPU HU HJ[P]L SPMLZ[`SL I` [YHJRPUN
WO`ZPJHS HJ[P]P[` B��D VY P[ JHU OLSW PU PU�
JYLHZPUN H^HYLULZZ HIV\[ TH[LYUHS OLHS[O
B��D� -\Y[OLYTVYL� PU [OL KVTHPU VM LU]PYVU�



-PN\YL �! )YLHRKV^U VM Z[H[PJ ]PZ\HS ]HYPHISLZ
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TLU[HS Z\Z[HPUHIPSP[ �̀ WLYZ\HZP]L [LJOUVS�
VN` JV\SK JYLH[L ¸LULYN` H^HYLULZZ¹ B��D�
4VYL L_HTWSLZ VM Z\JO HTIPLU[ PUMVYTPUN
HYL HZ MVSSV^Z!

3DUWLFOH )DOOV� ;OPZ WYVQLJ[ YL]LHSZ [OL
WYLZLUJL HUK PTWHJ[ VM WHY[PJSL WVSS\[PVU
[OYV\NO H YLHS [PTL HY[PZ[PJ ]PZ\HSPaH[PVU VU
[OL ZPKL VM [OL I\PSKPUN� PU [OL MVYT VM H
^H[LYMHSS� ;OL IYPNO[LY HUK Z[YVUNLY [OL ^H�
[LYMHSS HWWLHYZ� [OL OPNOLY [OL JVUJLU[YH[PVU
VM WHY[PJSLZ PU [OL HPY B��D� ;OL ]PZPVU MVY [OPZ
WYVQLJ[ ^HZ [V YHPZL H^HYLULZZ HTVUNZ[
[OL W\ISPJ HIV\[ HPY WVSS\[PVU� :PUJL P[ TLH�
Z\YLK PU YLHS [PTL� P[ ^HZ HISL [V ZOV^ KP�
YLJ[S` PU ^OH[ ^H` O\THU HJ[P]P[` JHU THRL
[OL HPY X\HSP[` ^VYZL�

-PN\YL �! 7HY[PJSL -HSSZ WYVQLJ[

+XPDQ %((LQJ� ;OPZ [LTWVYHY` WYVQLJ[
KLTVUZ[YH[LZ [OL \ZL VM KPNP[HS WSHJL�
THRPUN [LJOUVSVNPLZ UV[ VUS` MVY JVUULJ[�
PUN WLVWSL ^P[O [OLPY JP[PLZ� I\[ HSZV MVY
YHPZPUN H^HYLULZZ VM NSVIHS WYLZZPUN PZZ\LZ
B��D� ;OL WYVQLJ[ ^HU[LK [V KYH^ H[[LU[PVU
[V [OL ]LY` PTWVY[HU[ YVSL [OH[ ILLZ WSH �̀
WVSSPUH[PUN WSHU[Z HUK WYVK\JPUN OVUL �̀

-PN\YL �! /\THU ),,PUN WYVQLJ[

/LJKW 9LVXDOL]DWLRQV YV�
6RFLDO 0HGLD 0HDQLQJV

0U [OPZ Z[\K �̀ ^L KLJPKLK [V ZWYLHK H^HYL�
ULZZ YLNHYKPUN [OL [VW \ZLK /HZO[HNZ
HTVUN [OL WLVWSL PU [OL WO`ZPJHS ^VYSK \Z�
PUN HTIPLU[ SPNO[ ]PZ\HSPaH[PVUZ� :PUJL [OL
THPU PU[LU[PVU PZ JVU]L`PUN [OL TLHUPUNZ
VM ZVJPHS TLKPH HJ[P]P[PLZ [V [OL WLVWSL� P[ PZ
PTWVY[HU[ [V PU]LZ[PNH[L [OL \UKLYZ[HUKPUN
VM [OL WLVWSL YLNHYKPUN KPMMLYLU[ SPNO[ ]PZ\�
HSPaH[PVUZ� ;OLYLMVYL� PU [OPZ JOHW[LY H [LZ[
OHZ ILLU KLZPNULK [V L]HS\H[L [OL WVZZPIPS�
P[` VM PUMVYTPUN WLVWSL HIV\[ ZVJPHS TLKPH
HJ[P]P[PLZ [OYV\NO SPNO[�

;OL OVWL PZ [OH[ [OL YLZ\S[ VM [OL [LZ[ JHU
IL \ZLK KPYLJ[S` [V JVUZ[Y\J[ H ]PZ\HS SHU�

N\HNL MVY L_WYLZZPUN ZVJPHS TLKPH HJ[P]�
P[PLZ� /V^L]LY� [OL \S[PTH[L NVHS VM [OL
[LZ[� PZ [V JVUJS\KL ^OL[OLY P[ PZ WVZZPISL [V
JVU]L` [OL TLHUPUN VM JVUJLW[Z VM ZVJPHS
TLKPH� \ZPUN SPNO[ ]PZ\HSPaH[PVUZ�

%DFNJURXQG

9LVXDO YDULDEOHV
0U VYKLY [V WYV]L [OH[ HTIPLU[ SPNO[ PZ HISL
[V JVU]L` PUMVYTH[PVU� ^L ULLK [V \UKLY�
Z[HUK OV^ ^L JHU LUJVKL PUMVYTH[PVU PU
[OL MVYT VM SPNO[ ]PZ\HSPaH[PVU� ;OPZ ZLJ[PVU
JVU[HPUZ H YL]PL^ VM SP[LYH[\YL ^OPJO L_HT�
PULZ [OL ]PZ\HS ]HYPHISLZ [OH[ JHU IL ]HYPLK
[V LUJVKL PUMVYTH[PVU� ;OLZL ]HYPHISLZ JHU
IL KP]PKLK PU[V [^V NYV\WZ! Z[H[PJ ]HYPHISLZ
[OH[ KLZJYPIL [OL NYHWOPJ KPTLUZPVUZ [OH[
HYL PU]HYPHU[ [V [PTL B� D� HZ ^LSS HZ K`�
UHTPJ ]HYPHISLZ [OH[ LUJVKL PUMVYTH[PVU
PU [OL [LTWVYHS KPTLUZPVU� ;OL ÄUHS NVHS
PZ [V JVTWPSL H SPZ[ VM Z\P[HISL ]PZ\HS ]HYP�
HISLZ [OH[ JHU IL WSH`LK ^P[O [V JYLH[L [OL
]PZ\HSPaH[PVUZ�

6WDWLF YLVXDO YDULDEOHV� ¸;OL UH[\YL VM
[OL WPNTLU[Z WYV]PKLZ [OL IHZPZ MVY ZLUZH�
[PVUZ VM SPNO[ HUK JVSVY" [OH[ PZ� IYPNO[ULZZ�

O\L HUK ZH[\YH[PVU� ;OL NLVTL[YPJHS KL�
THYJH[PVU VM [OLZL X\HSP[PLZ WYV]PKLZ [OL
WO`ZPJHS IHZPZ MVY WLYJLW[PVU VM HYLHZ HUK
[OLPY ZOHWLZ� (S[VNL[OLY� [OLZL MHJ[VYZ JVU�
Z[P[\[L [OL ]VJHI\SHY` VM [OL SHUN\HNL VM
]PZPVU� HUK HYL HJ[PUN HZ [OL VW[PJHS MVYJLZ
VM H[[YHJ[PVU�¹ B��D� 0U [OPZ X\V[L� .`VYN`
2LWLZ� SPZ[Z ZL]LYHS ]PZ\HS H[[YPI\[LZ� ;OLZL
]PZ\HS MHJ[VYZ OH]L ILLU WPJRLK \W I`
THU` KLZPNULYZ HUK H\[OVYZ L]LY ZPUJL�
1HJX\LZ )LY[PU Z\IZLX\LU[S` L_[LUKLK HUK
WYVWVZLK H UL^ SPZ[ [OH[ JVU[HPUZ! WVZP[PVU�
KPYLJ[PVU HUK KPMMLYLUJLZ PU ZPaL� ZOHWL�
IYPNO[ULZZ� JVSVY HUK [L_[\YL� )LJXUH �
V\[SPULZ [OL ]PZ\HS ]HYPHISLZ [OH[ OH]L ILLU
HKKLK [V [OL SHUN\HNL VM ]PZPVU PU [OL ÄLSK
VM JHY[VNYHWO �̀

;O\Z� NP]LU [OL TLU[PVULK SP[LYH[\YL� H SPZ[
VM Z[H[PJ ]PZ\HS ]HYPHISLZ ^HZ JVTWPSLK�
7DEOH � WYV]PKLZ HU V]LY]PL^ VM [OLZL ]HYP�
HISLZ ^OPJO JV]LYZ [OL WYPTHY` ]HYPHISLZ
[OH[ HYL TLU[PVULK HUK \ZLK I` [OL YL�
ZLHYJOLYZ�

'\QDPLF YLVXDO YDULDEOHV� ,]LU [OV\NO
)LY[PU KPK UV[ OH]L H SV[ VM JVUÄKLUJL PU
[OL \ZLM\SULZZ VM K`UHTPJ THWZ� OL Z[H[LK
[OH[ TV[PVU ^V\SK KVTPUH[L [OL NYHWOPJ



9DULDEOH 'HVFULSWLRQ
:PaL :PaL KLZJYPILZ [OL HTV\U[ VM ZWHJL VJJ\WPLK I` [OL NYHWOPJ VIQLJ[�
:OHWL :OHWL KLZJYPILZ [OL L_[LYUHS MVYT �P�L�� [OL V\[SPUL� VM [OL NYHWOPJ VIQLJ[� ;OL ZOHWL JHU ]HY` MYVT OPNOS` HIZ[YHJ[� Z\JO

HZ JPYJSLZ� ZX\HYLZ� VY [YPHUNSLZ� [V OPNOS` JVTWSL_ NLVTL[YPLZ�
3PNO[ULZZ 3PNO[ULZZ KLZJYPILZ [OL YLSH[P]L HTV\U[ VM LULYN` LTP[[LK VY YLÅLJ[LK I` [OL Z`TIVS� =HYPH[PVU PU JVSVY ]HS\L YLZ\S[Z PU

[OL WLYJLW[PVU VM ZOHKPUN� VY HYLHZ VM YLSH[P]L SPNO[ �OPNO LTPZZPVU� HUK KHYR �SV^ LTPZZPVU�� (JJVYKPUNS �̀ JVSVY ]HS\L PZ
ZVTL[PTLZ YLMLYYLK [V HZ ¸SPNO[ULZZ¹ PU JVSVY [OLVY �̀

*VSVY O\L ;OL KLNYLL [V ^OPJO H Z[PT\S\Z JHU IL KLZJYPILK HZ ZPTPSHY [V VY KPMMLYLU[ MYVT Z[PT\SP [OH[ HYL KLZJYPILK HZ YLK� NYLLU�
IS\L� HUK `LSSV �̂ ;OPZ PZ VUL VM [OYLL ]PZ\HS ]HYPHISLZ HZZVJPH[LK ^P[O [OL WLYJLW[PVU VM ¸JVSVY�¹

*VSVY ZH[\YH[PVU :H[\YH[PVU PZ [OL ¸JVSVYM\SULZZ VM HU HYLH Q\KNLK PU WYVWVY[PVU [V P[Z IYPNO[ULZZ¹� ^OPJO PU LMMLJ[ PZ [OL WLYJLP]LK MYLLKVT
MYVT ^OP[PZOULZZ VM [OL SPNO[ JVTPUN MYVT [OL HYLH B��D� ;OPZ PZ [OL [OPYK VM [OYLL ]PZ\HS ]HYPHISLZ HZZVJPH[LK ^P[O [OL
WLYJLW[PVU VM JVSVY� )VSK VY ZH[\YH[LK JVSVYZ LTP[ VY YLÅLJ[ LULYN` PU H JVUJLU[YH[LK IHUK VM [OL ]PZPISL ZWLJ[Y\T�
^OLYLHZ WHZ[LS VY KLZH[\YH[LK JVSVYZ LTP[ VY YLÅLJ[ LULYN` L]LUS` HJYVZZ [OL ]PZPISL ZWLJ[Y\T�

6YPLU[H[PVU 6YPLU[H[PVU KLZJYPILZ [OL YV[H[PVU VM [OL NYHWOPJ VIQLJ[ MYVT ¸UVYTHS�¹ ;OL UVYTHS VYPLU[H[PVU [`WPJHSS` PZ YLSH[P]L [V [OL
ULH[ SPUL �LP[OLY L_WSPJP[S` PUJS\KLK VY PUMLYYLK I` ULNH[P]L ZWHJL�� I\[ PU ZVTL JHZLZ P[ JHU IL YLSH[P]L [V [OL WYVQLJ[LK
ZWH[PHS JVVYKPUH[L Z`Z[LT�

;L_[\YL ;L_[\YL PZ H OPNOLY�VYKLY ]PZ\HS KPTLUZPVU ^P[O [OYLL JVUZ[P[\LU[ JVTWVULU[Z! [OL KPYLJ[PVUHSP[` VM [OL [L_[\YL \UP[Z
�YLSH[LK [V [OL ]PZ\HS ]HYPHISL VYPLU[H[PVU�� [OL ZPaL VM [OL [L_[\YL \UP[Z �YLSH[LK [V [OL ]PZ\HS ]HYPHISL ZPaL�� HUK [OL KLUZP[`
VM [OL [L_[\YL \UP[Z �HWWYVHJOPUN [OL WLYJLW[\HS LMMLJ[ VM ZOHKPUN HZZVJPH[LK ^P[O [OL ]PZ\HS ]HYPHISL JVSVY ]HS\L��

3VJH[PVU 3VJH[PVU KLZJYPILZ [OL WVZP[PVU VM [OL NYHWOPJ Z`TIVS YLSH[P]L [V H MYHTL�
(YYHUNLTLU[ (YYHUNLTLU[ KLZJYPILZ [OL SH`V\[ VM NYHWOPJ VIQLJ[Z JVUZ[P[\[PUN [OL ^OVSL� ;OL ]PZ\HS ]HYPHISL HYYHUNLTLU[ ]HYPLZ MYVT

YLN\SHY [V PYYLN\SHY�
*YPZWULZZ *YPZWULZZ KLZJYPILZ [OL ZOHYWULZZ VM [OL IV\UKHY` VM [OL NYHWOPJ VIQLJ[� *YPZWULZZ HSZV PZ YLMLYYLK [V HZ [OL PU]LYZL VM

¸KLW[O�VM�ÄLSK¹ HUK ¸M\aaPULZZ¹ PU PUMVYTH[PVU ]PZ\HSPaH[PVU�
9LZVS\[PVU 9LZVS\[PVU KLZJYPILZ [OL ZWH[PHS WYLJPZPVU H[ ^OPJO [OL NYHWOPJ VIQLJ[ PZ KPZWSH`LK�
;YHUZWHYLUJ` ;YHUZWHYLUJ` KLZJYPILZ [OL HTV\U[ VM NYHWOPJ ISLUKPUN IL[^LLU H NYHWOPJ VIQLJ[ HUK [OL IHJRNYV\UK VY \UKLYS`PUN

NYHWOPJ VIQLJ[Z�

;HISL �! +LÄUP[PVU VM ]PZ\HS ]HYPHISLZ B��D
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]HYPHISLZ OL KPZ[PUN\PZOLK �ZPaL� ]HS\L�
NYHPU� JVSVY O\L� VYPLU[H[PVU HUK ZOHWL��
[O\Z YL]VS\[PVUPaPUN [OL LMMLJ[P]LULZZ VM
[OL ÄLSK VM JHY[VNYHWO �̀ 9LJLU[ YLZLHYJO
JVUÄYTZ )LY[PU»Z VWPUPVU I` ZOV^PUN [OH[
]PZ\HS ]HYPHISLZ JHU PUKLLK IL \ZLK VU [OL
PUKP]PK\HS MYHTLZ VM HU HUPTH[PVU PU Z\JO
H ^H` [OH[ [OLZL PTHNLZ LMMLJ[P]LS` JVT�
T\UPJH[L H TLZZHNL [V [OL \ZLY� ^OPSL
[OL TV]LTLU[ VM [OL HUPTH[PVU NP]LZ [OL
TLZZHNL HU L_[YH KPTLUZPVU HUK ¸UL^
LULYN`¹ B��D� -\Y[OLYTVYL� [OL ÄUKPUNZ VM
2V\ZZV\SHRV\ ZOV^LK [OH[ \ZPUN HUPTH[LK
NYHWOPJZ OLSWLK \ZLYZ NYHZW [OL JVU[LU[Z
VM H TLZZHNL PU H TVYL LMMLJ[P]L THUULY
JVTWHYLK [V \ZPUN [YHKP[PVUHS Z[H[PJ ]PZ\HS�
PaH[PVUZ B��D�

0[ OHZ ILJVTL JSLHY [OL [OL Z[H[PJ ]PZ\HS
]HYPHISLZ HYL UV[ Z\MÄJPLU[ [V KLZJYPIL [OL
HKKLK KLW[O VM PUMVYTH[PVU [OH[ ^L OH]L
H]HPSHISL [VKH �̀ ;V [OPZ LUK� ZP_ ¸UL^¹ K`�
UHTPJ ]PZ\HS ]HYPHISLZ ^LYL PU[YVK\JLK I`
4HJ,HJOYLU PU �  � B��D� ;OLZL HYL! TV�
TLU[� K\YH[PVU� MYLX\LUJ �̀ VYKLY� YH[L VM
JOHUNL� Z`UJOYVUPaH[PVU� 7DEOH � WYV]PKLZ
HU V]LY]PL^ HUK KLZJYPW[PVU VM [OLZL ]HYP�
HISLZ�

'DWD FDWHJRULHV
0U [OPZ Z[\K �̀ P[ PZ PU[LUKLK [V YLWYLZLU[
ZVJPHS TLKPH HJ[P]P[PLZ� ;OL JOHUNLZ HUK
[YLUKZ PU [OPZ KH[H PZ ^OH[ ^L ^HU[ [V JVU�
]L` \ZPUN HTIPLU[ SPNO[ ]PZ\HSPaH[PVUZ� /V^�

L]LY� ZVJPHS TLKPH WSH[MVYTZ OH]L H ^PKL
YHUNL VM KH[H Z[YLHTZ� ;V ZPTWSPM �̀ ^L JHU
H[[LT[ [V JH[LNVYPaL [OLZL KH[H Z[YLHTZ
IHZLK VU [OLPY ZPSPSHYP[PLZ� 0[ PZ OVWLK [OH[
[OL ZHTL ]PZ\HSPaH[PVU JHU [OLU IL \ZLK
Z\JJLZZM\SS` [V JVU]L` [OL TLHUPUN VM HU`
VM [OL KH[H Z[YLHTZ ^P[OPU [OL ZHTL JH[L�
NVY �̀

0U VYKLY [V JVTL \W ^P[O H YLHZVUHISL
U\TILY VM JH[LNVYPLZ [V HZZPNU [V KPMMLY�
LU[ KH[H Z[YLHTZ� � VM [OL TVZ[ JVTTVUS`
\ZLK ZVJPHS TLKPH WSH[MVYTZ �-HJLIVVR�
@V\;\IL� 0UZ[HNYHT� ;̂ P[[LY� 3PURLK0U� B��D
^HZ ZLSLJ[LK� :\IZLX\LU[S �̀ H SPZ[ VM HSS
VM [OL KH[H Z[YLHTZ MVY LHJO ZVJPHS TL�
KPH WSH[MVYT ^HZ JVTWPSLK HUK JS\Z[LYLK
IHZLK VU ZPTPSHYP[PLZ� -PUHSS �̀ HJJVYKPUN [V
[OL SP[LYH[\YL Z[\K` YLNHYKPUN [OL KPMMLYLU[
ZVJPHS TLKPH JH[LNVYPLZ� [OL TVZ[ HWWYV�
WYPH[L UHTLZ OH]L ILLU HZZPNULK [V [OL
JS\Z[LYZ ^OPJO YLZ\S[LK PU [OL  KH[H V\[�
SPULK PU 7DEOH ��

0HWKRGRORJ\

;OPZ ZLJ[PVU WYV]PKLZ HU V]LY]PL^ VM [OL
TL[OVKZ HUK WYVJLK\YLZ \ZLK PU [OL [LZ[�
;OPZ ZOV\SK HSSV^ M\[\YL YLZLHYJOLYZ [V
YLWYVK\JL HUK L_[LUK [OL L_WLYPTLU[ PU
VYKLY [V PTWYV]L \WVU [OL YLZ\S[Z HJOPL]LK
^P[OPU [OL SPTP[LK [PTL HUK ZJVWL VM [OL
WYVQLJ[� ( KL[HPSLK KLZJYPW[PVU VM [OL ]PZ\HS

Z[PT\SP� WHY[PJPWHU[Z HUK [LZ[ WYVJLK\YL PZ
V\[SPULK ILSV �̂

6WLPXOL
( U\TILY VM Z[H[PJ HUK K`UHTPJ ]PZ\HS ]HYP�
HISLZ ^LYL PKLU[PÄLK PU [OL WYL]PV\Z ZLJ[PVU
^OPJO JHU IL \ZLK [V LUJVKL PUMVYTH[PVU�
(JJVYKPUN [V [OL SP[LYH[\YL Z[\K �̀ [OLZL ]HYP�
HISLZ HYL! :PaL� :OHWL� *VSVY ]HS\L� *VSVY
O\L� *VSVY ZH[\YH[PVU� 6YPLU[H[PVU� ;L_[\YL�
3VJH[PVU� (YYHUNLTLU[� *YPZWULZZ� 9LZ�
VS\[PVU� ;YHUZWHYLUJ �̀ 4VTLU[� +\YH[PVU�
-YLX\LUJ �̀ 6YKLY� 9H[L VM *OHUNL� HUK
:`UJOYVUPZH[PVU�

.P]LU [OL MHJ[ [OH[ [OL ]PZ\HSPaH[PVUZ HYL
PU[LUKLK [V IL KPZWSH`LK \ZPUN H ZJYLLU�
ZVTL VM [OL HMVYLTLU[PVULK ]HYPHISLZ HYL
LP[OLY PTWVZZPISL [V KLTVUZ[YH[L VY YL�
K\JL [V [OL ZHTL ]HYPHISL� 0U [OPZ [LZ[� P[
^HZ KLJPKLK [V \ZL H ]LY[PJHS SPUL HZ [OL
THPU NYHWOPJ VIQLJ[� ;OPZ Ä_LZ [OL ]HYP�
HISLZ :OHWL HUK :PaL� [O\Z YLTV]PUN [OLT
MYVT [OL KLZPNU ZWHJL MVY KL]LSVWPUN [OL
]PZ\HSPaH[PVUZ� ;OPZ ^HZ KVUL [V YLK\JL
[OL ZJVWL HUK [O\Z [OL JVTWSL_P[` VM [OL
[LZ[ I` H JVUZPKLYHISL THYNPU� ( SPUL PZ [OL
ZPTWSLZ[ NLVTL[YPJHS ZOHWL �P[»Z JVUZPK�
LYLK VUL KPTLUZPVUHS PU [OPZ JVU[L_[� ^OPJO
PZ [OL YLHZVU ^O` P[ ^HZ ZLSLJ[LK� (U`
ZOHWL [OH[ KLÄULZ IV[O H ]LY[PJHS HZ ^LSS
HZ OVYPaVU[HS IV\UKHY` ^V\SK HSZV YLX\PYL
� WHYHTL[LYZ [V KLÄUL P[Z :PaL HUK 3VJH�
[PVU� >OPSL H SPUL YLX\PYLZ VUL �^PK[O HUK



9DULDEOH 'HVFULSWLRQ
4VTLU[ ;OL TVTLU[ [OH[ H NYHWOPJ VIQLJ[ JOHUNLZ K\YPUN HU HUPTH[PVU JHU IL \ZLK

MVY [LTWVYHS HZ ^LSS HZ UVU�[LTWVYHS HUPTH[PVUZ�
+\YH[PVU +\YH[PVU PUKPJH[LZ [OL K\YH[PVU PU YLHS�[PTL H NYHWOPJ VIQLJ[ PZ ]PZPISL K\YPUN

HU HUPTH[PVU� -VY PUZ[HUJL� PM WYV]PUJL ( OHZ [^PJL [OL HTV\U[ VM HUU\HS
Z\UZOPUL VM WYV]PUJL )� WYV]PUJL ( ^V\SK IL OPNOSPNO[LK [^PJL HZ SVUN K\YPUN
[OL HUPTH[PVU�

-YLX\LUJ` ;OL K`UHTPJ ]PZ\HS ]HYPHISL MYLX\LUJ` \ZLZ [OL YH[L VM VJJ\YYLUJL VM
NYHWOPJHS LSLTLU[Z�

6YKLY (UPTH[PVU HJ[\HSS` PZ [OL WYLZLU[H[PVU VM PUKP]PK\HS MYHTLZ PU H NP]LU VYKLY�
*OYVUVSVNPJHSS` ZOV^PUN [LTWVYHS KH[H PZ WYVIHIS` [OL TVZ[ \ZLK MVYT VM
HUPTH[PVU�

9H[L VM
JOHUNL

;OL YH[L VM JOHUNL JHU IL KLZJYPILK HZ 4�+� ^OLYL 4 PZ [OL JOHUNL
THNUP[\KL HUK + PZ [OL K\YH[PVU MVY [OH[ JOHUNL�

:`UJOYVUPaH[PVU>P[O Z`UJOYVUPaH[PVU [^V �VY TVYL� WOLUVTLUH HYL YLSH[LK [V LHJO V[OLY I`
ZOV^PUN [OLPY KL]LSVWTLU[ Z`UJOYVUV\ZS` PU VUL HUPTH[PVU�

;HISL �! +LZJYPW[PVU VM +`UHTPJ =PZ\HS =HYPHISLZ

'DWD
&DWHJRU\

'HVFULSWLRQ

9LHJO 5\TILY VM [PTLZ H WVZ[ OHZ ILLU L_WVZLK [V [OL \ZLYZ�
(WWYVHJO 5\TILY VM JSPJRZ PU VYKLY [V ]PL^ H WVZ[�
;YHUZPLUJL 9H[PV VM H]LYHNL TPU\[LZ ^H[JOLK WLY ]PL^ V]LY [OL [V[HS [PTL SLUN[O VM [OL

WVZ[�
,UNHNLTLU[ 9H[PV VM [OL U\TILY VM SPRLZ HUK JVTTLU[Z V]LY [OL »[V[HS U\TILY VM ]PL^Z»

�HWWYVHJO��
+PZ[YPI\[PVU 9H[PV VM [OL U\TILY VM ZOHYLZ HUK TLU[PVUZ V]LY [OL »[V[HS U\TILY VM ]PL^Z»

�HWWYVHJO��
.YV^[O *OHUNL PU [OL U\TILY VM MVSSV^LYZ� MYPLUKZ� VY Z\IZJYPILZ�
(JOPL]LTLU[ :WLJPHS L]LU[� SPRL ^OLU H WVZ[ YLJLP]LZ [OL OPNOLZ[ U\TILY VM SPRLZ�
/PZ[VYPJ
3LNHJ`

;OL U\TILY VM [PTLZ H /HZO[HN OHZ ILLU \ZLK VY ZLHYJOLK MVY�

*VTWVZP[PVU (YYHUNLTLU[ VM [OL \ZLYZ» ZWLJPÄJH[PVUZ� SPRL NLUKLY�

;HISL �! +H[H JH[LNVYPLZ» KLÄUP[PVUZ
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WVZP[PVU HSVUN [OL OVYPaVU[HS H_PZ� THRPUN P[
LHZPLY [V THW [V TVZ[ X\HU[P[H[P]L PUMVYTH�
[PVU� ;OPZ SLH]LZ YVVT MVY PTWYV]LTLU[Z PU
M\[\YL YLZLHYJO�

-PN\YL �! =PZ\HS ]HYPHISLZ ZLSLJ[PVU [V JYLH[L SPNO[
]PZ\HSPaH[PVUZ

-\Y[OLYTVYL� ;L_[\YL PZ HSZV LSPTPUH[LK HZ
]HYPHISL HZ [OL HPT VM [OL WYVQLJ[ ^HZ [V
JVTT\UPJH[L PUMVYTH[PVU \ZPUN HTIPLU[
SPNO[� 3PNO[ YLÅLJ[PUN VMM H Z\YMHJL JHUUV[

YLWYLZLU[ ;L_[\YLZ� ;OL ]PZPISL ;L_[\YL
PZ H WYVWLY[` VM [OL Z\YMHJL YLÅLJ[PUN [OL
SPNO[ HUK P[Z JVU[YVS PZ V\[ VM [OL ZJVWL VM
[OPZ [LZ[� -VJ\Z HUK 9LZVS\[PVU JHYY` [OL
ZHTL LMMLJ[ ^OLU P[ JVTLZ [V ]PZ\HSPaPUN
^P[O SPNO[" [OLYLMVYL� PU [OPZ Z[\K` -VJ\Z OHZ
ILLU JOVZLU ZPUJL P[ OHZ H IL[[LY ZPTPSHY�
P[` [V IS\YYPULZZ ^OPJO PZ H SPNO[ WYVWLY[ �̀
:PTPSHYS �̀ ;YHUZWHYLUJ` HUK 3PNO[ULZZ �VM
[OL MVYLNYV\UK NYHWOPJ VIQLJ[�� HZ KLÄULK
PU [OL WYL]PV\Z ZLJ[PVU� ILJVTL LX\P]HSLU[
^OLU \ZPUN SPNO[ ]PZ\HSPaH[PVUZ�

3HZ[S �̀ YLNHYKPUN [OL K`UHTPJ ]PZ\HS ]HYP�
HISLZ� K\L [V [OL JVTWSL_P[` HUK [OL U\T�
ILY VM ]PZ\HSPaH[PVUZ YLX\PYLK [V JV]LY HSS
[OLZL ]HYPHISLZ� P[ ^HZ KLJPKLK [V MVJ\Z VU
H ML^ VM [OL TVYL KPZ[PUJ[ ]HYPHISLZ� :`U�
JOYVUPaH[PVU ^HZ UV[ \ZLK HZ VUS` H ZPUNSL
NYHWOPJ VIQLJ[ �[OL SPUL HZ KLZJYPILK HIV]L�
PZ KPZWSH`LK� -\Y[OLYTVYL� 4VTLU[ HUK
+\YH[PVU YLWYLZLU[ [^V ZPKLZ VM [OL ZHTL
JVPU HUK [O\Z HYL JHW[\YLK VU L]LY` ]PZ\�
HSPaH[PVU HZ Z\JO [OLYL HYL UV[ PZVSH[LK PU
[OLPY V^U ZWLJPÄJ ]PZ\HSPaH[PVU�

+\L [V [OL HIV]L YLHZVUPUN� [OL ÄUHS ZLSLJ�
[PVU VM [OL ]PZ\HS ]HYPHISLZ MVY JYLH[PUN [OL
SPNO[ ]PZ\HSPaH[PVUZ MVY [OPZ [LZ[ HYL HZ ILSV^!
:PaL� 3PNO[ULZZ� *VSVY� 3VJH[PVU� :H[\YH�
[PVU� -VJ\Z� 4VTLU[� -YLX\LUJ �̀ 6YKLY�
9H[L VM JOHUNL� -YVT [OLZL ]HYPHISLZ�  ]P�
Z\HSPaH[PVUZ ^LYL JYLH[LK �)LJXUH ��� ;OLZL
]PZ\HSPaH[PVUZ HYL KLZPNULK [V PUJVYWVYH[L
HUK KPZWSH` VUL VY TVYL VM [OLZL ]HYPHISLZ�
:PUJL� [OLZL ]HYPHISLZ HYL ]HYPLK MYHTL I`
MYHTL� P[ PZ ]P[HS [V HSZV JVUZPKLY [OL PU]LYZL
VYKLY MVY LHJO ]PZ\HSPaH[PVU� /LUJL� LHJO
]PZ\HSPaH[PVU PZ JYLH[LK HZ H WHPY VM JVU�
]LYZL HUPTH[PVUZ�

3URFHGXUH

>P[O H ZL[ VM SPNO[ ]PZ\HSPaH[PVUZ HUK KH[H
JH[LNVYPLZ H[ OHUK� ^L JHU LZ[HISPZO H
[LZ[ WYVJLK\YL [V L_WSVYL ^OPJO KH[H JH[L�
NVY` [OL WHY[PJPWHU[Z ^V\SK WLYJLP]L HM[LY
^H[JOPUN LHJO ]PZ\HSPaH[PVU� ;OL [LZ[ JVU�
ZPZ[Z VM [^V WOHZLZ! (UZ^LYPUN HU VUSPUL
X\LZ[PVUUHPYL HZ ^LSS HZ [OL JVTWSPTLU�
[HY` PU[LY]PL �̂ ([ ÄYZ[� H ZOVY[ PU[YVK\J[PVU
PZ WYV]PKLK [V LHJO WHY[PJPWHU[� ;OL HPT
VM [OL PU[YVK\J[PVU PZ [V L_WSHPU [OL TLHU�
PUN VM [OL ZVJPHS TLKPH JH[LNVYPLZ� HZ ^LSS
HZ [OL [LZ[ WYVJLK\YL HUK Z\Y]L` SH`V\[�
5L_[� [OL WHY[PJPWHU[Z ^PSS IL HZRLK [V ÄSS PU
HU VUSPUL Z\Y]L` HM[LY YLHKPUN HUK ZPNUPUN
[OL PUMVYTLK JVUZLU[ MVYT� ;OL WHY[PJP�
WHU[Z ^LYL HSZV NP]LU HU LZ[PTH[PVU VM [OL
[PTL YLX\PYLK [V JVTWSL[L [OL X\LZ[PVUUHPYL
HUK HU L�THPS JVU[HJ[ PU JHZL [OL` OHK HU`
X\LZ[PVUZ VY KV\I[Z�

:VNV:\Y]L` ^HZ \ZLK HZ [OL VUSPUL WSH[�
MVYT [V OVZ[ [OL X\LZ[PVUUHPYL� ;OLYL HYL
�� X\LZ[PVUZ PU [V[HS� LHJO JVYYLZWVUKPUN
[V H WHY[PJ\SHY ]PZ\HSPaH[PVU� ([ [OL [VW VM
LHJO X\LZ[PVU� H ZOVY[ �� ZLJVUK� ]PZ\HS�
PaH[PVU PZ KPZWSH`LK� ;OL ]PKLV PZ SVVWLK PU
JHZL [OL WHY[PJPWHU[Z ^HU[ [V OH]L HUV[OLY
SVVR� 0[ PZ PTWVY[HU[ [V UV[L [OH[ ILMVYL [OL
Z[HY[ VM [OL ]PZ\HSPaH[PVU� H IYPLM TLZZHNL
PZ KPZWSH`LK [OH[ JV\U[Z KV^U [V [OL Z[HY[
VM [OL ]PZ\HSPaH[PVU� ;OPZ PZ KVUL PU VYKLY [V
LUZ\YL [OH[ H JVUZ[HU[S` YLWLH[PUN ]PZ\HSPaH�
[PVU KVLZ UV[ WYVK\JL \UPU[LUKLK LMMLJ[Z
�Z\JO HZ JVU]L`PUN MYLX\LUJ`��

-\Y[OLYTVYL� [OL VYKLY VM [OL X\LZ[PVUZ PZ
YHUKVTPaLK [V PTWYV]L [OL HJJ\YHJ` VM [OL
YLZ\S[Z� ;OPZ HSZV OLSWZ JVTIH[ [OL LMMLJ[ VM
WHY[PJPWHU[Z SVZPUN MVJ\Z H[ [OL LUK VM [OL
Z\Y]L �̀ [O\Z WYV]PKPUN SLZZ LSHIVYH[L HU�
Z^LYZ MVY [OL SH[[LY X\LZ[PVUZ� )LSV^ LHJO
]PZ\HSPaH[PVU� [OL WHY[PJPWHU[Z OH]L [OL HIPS�
P[` [V ZLSLJ[ VUL VY TVYL KH[H JH[LNVYPLZ
[OH[ [OL` WLYJLP]L HZ ILPUN YLSH[LK [V [OL
KPZWSH`LK ]PZ\HSPaH[PVU� ,HJO ZLSLJ[PVU JHU
IL LSHIVYH[LK \ZPUN H [L_[\HS HUZ^LY�

;OL UL_[ WOHZL VM [OL [LZ[ PZ HU PU[LY]PL^
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^P[O [OL WHY[PJPWHU[Z� ;OPZ ^PSS [HRL WSHJL
HM[LY [OL YLZ\S[Z VM [OL WHY[PJPWHU[ ^HZ
IYPLÅ` HUHS`ZLK� ;OPZ PZ KVUL PU VYKLY [V
MVJ\Z VU [OL TVYL PU[LYLZ[PUN HUZ^LY K\L
[V [PTL YLZ[YPJ[PVUZ� ;OL HPT VM [OL PU[LY]PL^
PZ [V JSHYPM` HU` HTIPN\P[PLZ PU [OL WYV]PKLK
HUZ^LYZ HZ ^LSS HZ NHPUPUN V[OLY PUZPNO[Z
[OH[ TH` IL [YPNNLYLK HM[LY H VUL [V VUL
JVU]LYZH[PVU� 0[ PZ PTWVY[HU[ [V VUS` WLY�
MVYT [OL PU[LY]PL^ HM[LY [OL Z\Y]L` OHZ ILLU
M\SS` JVTWSL[LK� HZ [V UV[ PUÅ\LUJL [OL YL�
Z\S[Z�

3DUWLFLSDQWV
0U [V[HS [OLYL ^LYL �� WHY[PJPWHU[Z [OH[ [VVR
[OL Z\Y]L �̀ (SS WHY[PJPWHU[Z ^LYL ;< +LSM[
Z[\KLU[Z� V\[ VM ^OPJO� � ^LYL MLTHSL HUK
�� ^LYL THSL� ;OL HNL VM [OL WHY[PJPWHU[Z
^HZ IL[^LLU �� [V �� ^P[O HU H]LYHNL
VM ��� ;OL WHY[PJPWHU[Z VYPNPUH[LK MYVT �
JV\U[YPLZ� � VM ^OPJO HYL SVJH[LK VU [OL
,\YVWLHU JVU[PULU[� � PU (TLYPJH HUK [OL
ÄUHS � PU ,HZ[LYU (ZPH�

5HVXOWV

;V IL HISL [V KYH^ ]HSPK JVUJS\ZPVUZ MYVT
[OL KH[H JVSSLJ[LK [OYV\NO [OL L_WLYPTLU[�
P[ PZ PTWVY[HU[ [V Z\TTHYPaL� WYVJLZZ HUK
]PZ\HSPaL [OL KH[H PU H MVYT [OH[ JHU ILZ[ IL
HUHS`aLK� ;OL HUHS`ZPZ PZ IYVRLU KV^U PU[V
[^V WHY[Z� ;OL ÄYZ[ WHY[ L_HTPULZ PM LHJO
VM [OL �� ]PZ\HSPaH[PVUZ JHU IL \ZLK HZ HU
LMMLJ[P]L TL[OVK MVY JVU]L`PUN [OL TLHU�
PUN VM VUL VM [OL ZLSLJ[LK KH[H JH[LNVYPLZ�
;OL KPZ[YPI\[PVU VM [OL ]V[LZ IL[^LLU [OL
KH[H JH[LNVY` [YLUKZ PZ [OL Z\IQLJ[ VM [OL
ZLJVUK WHY[ VM [OL HUHS`ZPZ� ;OLYL� [OL
WVZZPIPSP[` VM \ZPUN [OL �� ZLSLJ[LK ]PZ\HS�
PaH[PVUZ� HZ H TLHUZ VM JVU]L`PUN H ZLUZL
VM PUJYLHZL� KLJYLHZL VY JVUZ[HUJ` �OLYL
HM[LY YLMLYYLK [V HZ KH[H JH[LNVY` [YLUK�
PZ L_HTPULK� 0U LHJO ZLJ[PVU� H X\HU[P[H�
[P]L HUHS`ZPZ PZ WLYMVYTLK IHZLK VU [OL
NH[OLYLK U\TLYPJHS YLZ\S[Z �[OL U\TILY VM
]V[LZ MVY KH[H JH[LNVYPLZ HUK KH[H JH[LNVY`
[YLUKZ�� HZ ^LSS HZ H X\HSP[H[P]L HUHS`ZPZ
IHZLK VU [OL PU[LY]PL^Z�

9LVXDOL]DWLRQV YV� GDWD FDWHJRULHV
;OPZ WHY[ L_HTPULZ PM LHJO VM [OL �� ]PZ\HS�
PaH[PVU JHU IL \ZLK HZ HU LMMLJ[P]L TL[OVK
MVY JVU]L`PUN [OL TLHUPUN VM VUL VM [OL
ZLSLJ[LK KH[H JH[LNVYPLZ� ;OPZ PZ KVUL I`
VIZLY]PUN HU` V\[SPLYZ [OH[ MHSS V\[ZPKL VM
[OL UVYTHS KPZ[YPI\[PVU VM [OL KLWLUKLU[
]HYPHISL� ;OL MVSSV^PUN ZLJ[PVUZ HYL [OL
JVUJS\ZPVUZ KLYP]LK MYVT [OL HUHS`ZPZ!

�� $JJUHJDWLRQ� ;OPZ WHPY VM ]PZ\HSPaH[PVUZ
PZ H NVVK JHUKPKH[L [V IL \ZLK MVY YLWYL�
ZLU[PUN +PZ[YPI\[PVU PU SH[LY KLZPNUZ� ZPUJL
IV[O [OL UVYTHS HUK PU]LYZL ]PZ\HSPaH[PVUZ
JVU]L`LK H TLHUPUN VM PUJYLHZL�KLJYLHZL
PU +PZ[YPI\[PVU� -\Y[OLYTVYL� ^OLU JVUZPK�

LYPUN [OL X\HSP[H[P]L HUHS`ZPZ� .YV^[O HUK
WVZZPIS` 9LHJO TH` WYLZLU[ V[OLY HS[LY�
UH[P]LZ� 4VYLV]LY� K\L [V [OL L_WSHUH[PVU
VM [OL TLHUPUN VM 9LHJO� [OPZ KH[H JH[L�
NVY` JHU VUS` PUJYLHZL [OLYLMVYL JHU IL
YLWYLZLU[LK [OYV\NO [OL ÄYZ[ ]PZ\HSPaH[PVU
�(NNYLNH[PVUF5VYTHS��

�� %OXU� <UMVY[\UH[LS �̀ [OPZ WHPY VM ]PZ\HS�
PaH[PVUZ KV UV[ ZOHYL HU` JVTTVU KH[H
JH[LNVYPLZ� ;OPZ TLHUZ [OH[ L]LU [OV\NO
LHJO ]PZ\HSPaH[PVU I` P[ZLSM TH` IL \ZLK [V
JVU]L` .YV^[O VY ;YHUZPLUJL� P[ PZ UV[ ]LY`
^PZL [V \ZL [OPZ WHPY [V JVU]L` HUK PUJYLHZL
VY KLJYLHZL PU HU` VM [OL KH[H JH[LNVYPLZ�
;OL X\HSP[H[P]L HUHS`ZPZ HSZV JVUÄYTZ [OL
X\HU[P[H[P]L HUHS`ZPZ� )S\YF0U]LYZL JHU
OV^L]LY IL LTWSV`LK I` P[ZLSM MVY JVU�
]L`PUN ;YHUZPLUJL �MVY PUZ[HUJL HWWYVHJOPUN
[OL LUK VM ZVTL[OPUN��

�� ,QWHQVLW\� ;OL YLZ\S[Z ZOV^ [OH[ [OPZ
WHPY VM ]PZ\HSPaH[PVUZ PZ HU PKLHS JHUKPKH[L
[V JVU]L` .YV^[O� ;OL JVU]LYZL WHPY HSZV
WLYMVYTZ ]LY` ^LSS ^OLU JVU]L`PUN H ZLUZL
VM PUJYLHZL VY KLJYLHZL SLH]PUN SP[[SL HTIP�
N\P[` ^OLU P[ JVTLZ [V [OLZL [^V ]PZ\HSPaH�
[PVUZ�

�� 5K\WKP� <UMVY[\UH[LS �̀ [OPZ WHPY VM ]PZ\�
HSPaH[PVUZ KV UV[ ZOHYL HU` JVTTVU KH[H
JH[LNVYPLZ� ;OPZ TLHUZ [OH[ L]LU [OV\NO
LHJO ]PZ\HSPaH[PVU I` P[ZLSM TH` IL \ZLK
[V JVU]L` ,UNHNLTLU[ VY ;YHUZPLUJL� P[
PZ UV[ ]LY` ^PZL [V \ZL [OPZ WHPY [V JVU]L`
HUK PUJYLHZL VY KLJYLHZL PU HU` VM [OL KH[H
JH[LNVYPLZ� ;OL X\HSP[H[P]L HUHS`ZPZ HSZV
JVUÄYTZ [OL X\HU[P[H[P]L HUHS`ZPZ�

�� &RORU� ;OPZ WHPY VM ]PZ\HSPaH[PVUZ PZ H
NVVK JHUKPKH[L [V IL \ZLK MVY YLWYLZLU[�
PUN *VTWVZP[PVU PU SH[LY KLZPNUZ� /V^L]LY�
UV[OPUN JHU IL JVUJS\KLK YLNHYKPUN [OL
[YLUK VM [OL KH[H JH[LNVY �̀ 4VZ[ WLVWSL
WLYJLP]L JHUUV[ HZZVJPH[L H JOHUNL PU
JVSVY [V HU PUJYLHZL VY KLJYLHZL� ;OPZ MHJ[
PZ X\P[L PU[\P[P]L ^OLU JVUZPKLYPUN [OL MHJ[
[OH[ JVTWVZP[PVU PZ KLÄULK HZ H YH[PV VM
JVUZ[P[\LU[Z ^OLYL [OL [V[HS PZ HS^H`Z JVU�
Z[HU[�

�� 'LUHFWLRQ� 9LHJO PZ [OL VUS` JVTTVU
KH[H JH[LNVY` [OH[ JHU IL JVU]L`LK \ZPUN
[OPZ WHPY VM ]PZ\HSPaH[PVUZ� ;OL X\HSP[H[P]L
HUHS`ZPZ HSZV ZOV^Z [OH[ NP]LU H ZPTPSHY
[HYNL[ NYV\W �^P[O YLNHYKZ [V [OL UH[P]L
SHUN\HNL [OL` \ZL� H ZLUZL VM [YLUK �PU�
JYLHZL�KLJYLHZL� JHU HSZV IL YLSPHIS` JVU�
]L`LK�

�� 6DWXUDWLRQ� (KKPUN [OL PUZPNO[Z NHPULK
MYVT [OL X\HSP[H[P]L HUHS`ZPZ HZ ^LSS HZ [OL
YLZ\S[Z MYVT [OL X\HU[P[H[P]L VUL� (JOPL]L�
TLU[ PZ [OL SLHKPUN JHUKPKH[L [V IL JVU�
]L`LK \ZPUN [OPZ WHPY VM ]PZ\HSPaH[PVUZ�

*VTWVZP[PVU PZ HUV[OLY HS[LYUH[P]L KH[H
JH[LNVY` [OH[ TH` IL \ZLK Z\JJLZZM\SS �̀

�� $FFHOHUDWLRQ� ;OPZ WHPY VM ]PZ\HSPaH�
[PVUZ KV UV[ ZOHYL HU` JVTTVU KH[H JH[L�
NVYPLZ� ,]LU [OV\NO [OL [^V ]PZ\HSPaH[PVUZ
I` [OLTZLS]LZ TH` IL \ZLK [V JVU]L`
9LHJO� ,UNHNLTLU[ VY .YV^[O� P[ PZ UV[
^PZL [V \ZL [OPZ WHPY [V JVU]L` HU PUJYLHZL
VY KLJYLHZL� ;OL X\HSP[H[P]L HUHS`ZPZ JVT�
IPULK ^P[O [OL X\HU[P[H[P]L YLZ\S[Z� Z\NNLZ[
[OH[ .YV^[O JHU IL JVU]L`LK ZVTL^OH[
Z\JJLZZM\SS �̀ I\[ M\Y[OLY YLZLHYJO PZ YL�
X\PYLK�

�� 6L]H� ;OPZ WHPY VM ]PZ\HSPaH[PVUZ KV UV[
ZOHYL HU` JVTTVU KH[H JH[LNVYPLZ� ,]LU
[OV\NO [OL [^V ]PZ\HSPaH[PVUZ I` [OLT�
ZLS]LZ TH` IL \ZLK [V JVU]L` 9LHJO� (W�
WYVHJO VY .YV^[O� P[ PZ UV[ ^PZL [V \ZL [OPZ
WHPY [V WYLZLU[ HU` VM [OL KH[H JH[LNVYPLZ�
;OL X\HSP[H[P]L HUHS`ZPZ� JVTIPULK ^P[O [OL
X\HU[P[H[P]L YLZ\S[Z� Z\NNLZ[ [OH[ [OLZL ]P�
Z\HSPaH[PVUZ HYL L_JLSSLU[ MVY JVU]L`PUN H
[YLUK �PUJYLHZL�KLJYLHZL� OV^L]LY�

9LVXDOL]DWLRQV YV� GDWD FDWHJRU\
WUHQGV
;OL KPZ[YPI\[PVU VM [OL ]V[LZ IL[^LLU [OL
KH[H JH[LNVY` [YLUKZ PZ [OL Z\IQLJ[ VM [OL
ZLJVUK WHY[ VM [OL HUHS`ZPZ� 0U [OPZ ZLJ[PVU�
[OL WVZZPIPSP[` VM \ZPUN [OL �� ZLSLJ[LK ]PZ\�
HSPaH[PVUZ� HZ H TLHUZ VM JVU]L`PUN H ZLUZL
VM PUJYLHZL� KLJYLHZL VY JVUZ[HUJ` �OLYL
HM[LY YLMLYYLK [V HZ KH[H JH[LNVY` [YLUK� PZ
L_HTPULK�

,QFUHDVH�'HFUHDVH� ;OL RL` PU ÄUKPUN H
NVVK ]PZ\HSPaH[PVU MVY JVU]L`PUN H ZLUZL
VM PUJYLHZL VY KLJYLHZL PZ [V ÄUK H WHPY VM
JVU]LYZL ]PZ\HSPaH[PVUZ [OH[ ZOV^ HU PU�
]LYZLS` WYVWVY[PVUHS YLSH[PVUZOPW ^OLU ^L
VIZLY]L P[Z U\TILY VM ]V[LZ� ;V JSHYPM �̀ [OPZ
TLHUZ [OH[ ^OLUL]LY H ]PZ\HSPaH[PVU YL�
JLP]LZ H OPNO U\TILY VM ]V[LZ MVY PUJYLHZL�
P[Z JVU]LYZL ]PZ\HSPaH[PVU ZOV\SK YLJLP]L H
SV^ U\TILY VM ]V[LZ� :PTPSHYS �̀ ^OLU SVVR�
PUN H[ [OL U\TILY VM ]V[LZ MVY KLJYLHZL�
[OPZ WHPY VM ]PZ\HSPaH[PVU ZOV\SK WYLZLU[ [OL
VWWVZP[L YLZ\S[Z� (U` WHPYZ VM ]PZ\HSPaH[PVUZ
[OH[ [OPZ PSS\Z[YH[L ILOH]PVY PZ HU PKLHS JHUKP�
KH[L [V JVU]L` PUJYLHZL HUK KLJYLHZL PU H
YLSPHISL THUULY�

0[ OHZ ILLU VIZLY]LK [OH[ [OL MVSSV^PUN
]PZ\HSPaH[PVUZ YLJLP]LK TVYL ]V[LZ [OHU
[OL TLHU HUK TLKPHU ]HS\L! (NNYLNH[PVU�
)S\Y �PU]LYZL�� 0U[LUZP[ �̀ 9O`[OT �PYYLN\SHY��
:H[\YH[PVU� (JJLSLYH[PVU HUK :PaL� 6\[ VM
[OLZL ]PZ\HSPaH[PVUZ� [OL U\TILY VM ]V[LZ
MVY (NNYLNH[PVU� 0U[LUZP[ �̀ (JJLSLYH[PVU HUK
:PaL ZOV^ H Z[H[PJHSS` ZPNUPÄJHU[ YLZ\S[� -\Y�
[OLYTVYL� [OLPY JVU]LYZL ]PZ\HSPaH[PVU OHZ
H U\TILY VM ]V[LZ [OH[ HYL MHY ILSV^ [OL
TLHU HUK TLKPHU� ;OLZL MV\Y ]PZ\HSPaH�



-PN\YL �! 0UJYLHZL �[VW� HUK +LJYLHZL �IV[[VT�

-PN\YL �! +PHNYHT ZOV^PUN H^HYLULZZ PUJYLHZL [OYV\NO UV[ VUS` PUMVYTPUN PU ZVJPHS TLKPH� I\[ HSZV ]PH SPNO[
]PZ\HSPaH[PVUZ PU [OL WO`ZPJHS ZWHJL
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[PVUZ HYL L_JLSSLU[ JHUKPKH[LZ [V JVU]L` H
ZLUZL VM PUJYLHZL�

6U [OL V[OLY OHUK� (NNYLNH[PVU �PU]LYZL��
)S\Y �PU]LYZL�� 0U[LUZP[` �PU]LYZL�� +PYLJ[PVU
�SLM[ [V YPNO[�� :H[\YH[PVU �PU]LYZL�� +LJLSLYH�
[PVU HUK :PaL �PU]LYZL� OH]L YLJLP]LK TVYL
]V[LZ [OHU [OL TLHU HUK TLKPHU ]HS\LZ�

6\[ VM [OLZL ]PZ\HSPaH[PVUZ� (NNYLNH[PVU
�PU]LYZL�� 0U[LUZP[` �PU]LYZL�� :H[\YH[PVU
�PU]LYZL� HUK :PaL �PU]LYZL� ZOV^ Z[H[PZ[P�
JHSS` ZPNUPÄJHU[ YLZ\S[Z I` VI[HPUPUN LUV\NO
]V[LZ� 4VYLV]LY� [OLPY JVU]LYZL ]PZ\HS�
PaH[PVUZ OH]L YLJLP]LK SLZZ ]V[LZ [OHU [OL
TLHU HUK TLKPHU ]HS\L VM ]V[LZ�

*VTWHYPUN [OL HIV]L [^V ZL[Z VM ]PZ\HS�
PaH[PVUZ �ZLL )LJXUH ��� P[ JHU IL VIZLY]LK
[OH[ (NNYLNH[PVU� 0U[LUZP[` HUK :PaL HYL
MVYT WHPYZ VM ]PZ\HSPaH[PVUZ [OH[ PUKLLK KPZ�
WSH` [OL HSS VM [OL YLX\PYLTLU[Z [V IL \ZLK
HZ H TL[OVK [V JVU]L` H ZLUZL VM PUJYLHZL
HUK KLJYLHZL YLSPHIS �̀ ;OV\NO UV[ HZ Z[H[�
PJHSS` ZPNUPÄJHU[� [OL YLZ\S[Z OPU[ [OH[ :H[\�
YH[PVU HUK (JJLSLYH[PVU JHU HSZV IL \ZLK
Z\JJLZZM\SS` MVY [OPZ W\YWVZL� (Z TLU[PVULK
ILMVYL� PU[LY]PL^Z ZOV^ [OH[ [OL JVSVY \ZLK
[V KPZWSH` :H[\YH[PVU HUK [OL KPYLJ[PVU VM
TV[PVU MVY (JJLSLYH[PVU WSH` HU PTWVY[HU[
YVSL PU OV^ [OL` HYL WLYJLP]LK� -\Y[OLY YL�
ZLHYJO PZ HK]PZHISL [V KYH^ TVYL JVUJYL[L
JVUJS\ZPVUZ ^P[O YLNHYKZ [V [OL Z\P[HIPSP[` VM
[OLZL [^V ]PZ\HSPaH[PVUZ�

&RQVWDQW� 0M VUL ULLKZ [V JVU]L` [OL
TLHUPUN VM VUL [OL ZLSLJ[LK KH[H JH[�
LNVYPLZ ^P[OV\[ HU HZZVJPH[LK ZLUZL VM
PUJYLHZL VY KLJYLHZL� ^OPJO ]PZ\HSPaH[PVU
PZ Z\P[HISL& ;OPZ ZLJ[PVU HPTZ [V HUZ^LY
[OPZ X\LZ[PVU� -YVT [OL [LZ[ YLZ\S[Z� P[ JHU
IL VIZLY]LK [OH[ [OL MVSSV^PUN ]PZ\HSPaH�
[PVUZ YLJLP]LK TVYL ]V[LZ [OHU [OL TLHU
HUK TLKPHU ]HS\L! )S\Y �PU]LYZL�� 9O`[OT
�YLN\SHY�� 9O`[OT �PYYLN\SHY�� *VSVY �YLK [V
IS\L�� *VSVY �IS\L [V YLK� HUK +PYLJ[PVU �SLM[
[V YPNO[�� >P[O [OL L_JLW[PVU VM )S\Y HUK
+PYLJ[PVU� [OL V[OLY � ]PZ\HSPaH[PVUZ MVYT H
WHPY �9O`[OT� *VSVY�� TLHUPUN [OH[ IV[O [OL
UVYTHS HZ ^LSS HZ [OL JVU]LYZL ]PZ\HSPaH�
[PVUZ KV UV[ ZLLT [V JVU]L` HU` ZLUZL VM
PUJYLHZL VY KLJYLHZL� ;OLZL ]PZ\HSPaH[PVUZ
JHU IL \ZLK ^P[O V[OLY ]PZ\HSPaH[PVU [V WYV�
]PKL HKKP[PVUHS PUMVYTH[PVU ^P[OV\[ HMMLJ[PUN
[OL V]LYHSS ZLUZL VM [YLUK�

&RQFOXVLRQV
(M[LY KLTVUZ[YH[PUN [OL JY\JPHS YVSL VM ZV�
JPHS TLKPH PU PUMVYTPUN WLVWSL HYV\UK [OL
^VYSK HIV\[ ]HYPV\Z ZVJPHS�OLHS[O PZZ\LZ
SLHKPUN [V PUJYLHZLK H^HYLULZZ� HUK MVJ\Z�
PUN VU [OL ULNSLJ[LK WLVWSL ^OV HYL UV[
[OL \ZLYZ VM ZVJPHS TLKPH� P[ OHZ ILLU KL�
JPKLK [V PUMVYT WLVWSL PU WO`ZPJHS ZWHJLZ
HIV\[ ]HYPV\Z OV[ [VWPJZ PUZPKL [OL KPNP[HS
ZWHJL� (Z H YLZ\S[� TVYL WLVWSL JHU IL�
JVTL H^HYL HIV\[ KPMMLYLU[ ZVJPHS�OLHS[O
PZZ\LZ �)LJXUH ���

0U [OPZ WHWLY� HTIPLU[ SPNO[ ]PZ\HSPaH[PVU
^HZ \ZLK [V L_WVZL [OL ZVJPHS TLKPH HJ�
[P]P[PLZ YLSL]HU[ [V [OL [VW ZVJPHS HUK OLHS[O
PZZ\LZ� PU W\ISPJ ZWHJLZ� ;OL NVHS ^HZ [V
PUMVYT WLVWSL PU [OL WO`ZPJHS ^VYSK� ZVTL
VM ^OVT KV UV[ WHY[PJPWH[L PU ZVJPHS TLKPH
I\[ ^OV HYL LHNLY [V SLHYU HIV\[ KPMMLYLU[
PUP[PH[P]LZ� HIV\[ [OL TVZ[ WYLZZPUN PZZ\LZ�
;O\Z� LUJV\YHNPUN [OLT [V ZLLR M\Y[OLY
PUMVYTH[PVU HIV\[ Z\JO [VWPJZ� ;V WYL]LU[
[OL WYVTV[PVU VM ZVJPHS TLKPH� [OL W\ISPJ
KPZWSH`Z VM HTIPLU[ SPNO[ JHU IL HJJVTWH�



'DWD &DWHJRU\ 'HVFULSWLRQ
9LHJO (NNYLNH[PVU �5VYTHS�� 0U[LUZP[` �5VYTHS�� +PYLJ[PVU �3LM[ [V 9PNO[��

+PYLJ[PVU �9PNO[ [V 3LM[�� (JJLSLYH[PVU �5VYTHS�� :PaL �5VYTHS�
(WWYVHJO 9O`[OT �9LN\SHY�� :PaL �5VYTHS�
;YHUZPLUJL )S\Y �0U]LYZL�� 9O`[OT �0YYLN\SHY�� +PYLJ[PVU �9PNO[ [V 3LM[�
,UNHNLTLU[ 9O`[OT �9LN\SHY�� (JJLSLYH[PVU �5VYTHS�
+PZ[YPI\[PVU (NNYLNH[PVU �5VYTHS�� (NNYLNH[PVU �0U]LYZL�
.YV^[O )S\Y �5VYTHS�� 0U[LUZP[` �5VYTHS�� 0U[LUZP[` �0U]LYZL�� +PYLJ[PVU �3LM[ [V

9PNO[�� (JJLSLYH[PVU �0U]LYZL�� :PaL �0U]LYZL�
(JOPL]LTLU[ *VSVY �9LK [V )S\L�� :H[\YH[PVU �5VYTHS�� :H[\YH[PVU �0U]LYZL�
/PZ[VYPJ 3LNHJ` ·
*VTWVZP[PVU *VSVY �9LK [V )S\L�� *VSVY �)S\L [V 9LK�� :H[\YH[PVU �5VYTHS��

:H[\YH[PVU �0U]LYZL�

;HISL �! :LSLJ[LK =PZ\HSPaH[PVUZ MVY LHJO +H[H *H[LNVY`

-PN\YL  ! ;OL QV\YUL` VM PUMVYTPUN WLVWSL PUZPKL WO`ZPJHS ^VYSK YLZ\S[PUN PU YHPZPUN H^HYLULZZ
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UPLK ^P[O HKKP[PVUHS SPURZ [V YLZV\YJLZ [OH[
HYL KL[LYTPULK [V IL VM OPNO X\HSP[ �̀ ;OPZ PZ
HU PTWVY[HU[ MHJ[VY HZ YLZLHYJO OHZ ZOV^U
[OH[ WHY[ VM [OL PUMVYTH[PVU [OH[ PZ KPZZLTP�
UH[LK VU [OL ZVJPHS TLKPH WSH[MVYTZ PZ VM H
SV^LY X\HSP[` JVTWHYLK [V [OVZL NLULYH[LK
I` WYVMLZZPVUHSZ�

4VYLV]LY� HTIPLU[ SPNO[ JVTT\UPJH[PVU
^HZ \ZLK HZ [OL TL[OVK MVY JVU]L`PUN [OPZ
PUMVYTH[PVU� <UKLYZ[HUKPUN HTIPLU[ SPNO[
JVTT\UPJH[PVU HUK [OL VWWVY[\UP[PLZ P[
JHU IYPUN [V O\THU SP]LZ KLTVUZ[YH[LZ [OH[
SPNO[ OHZ [OL WV[LU[PHS [V HKK H UL^ SH`LY
[V [OL LU]PYVUTLU[� PU H ^H` [OH[ ZLY]LZ PU�
MVYTH[PVU HUK [OPZ PUMVYTH[PVU JHU IL \ZLK
MVY ]HYPV\Z HWWSPJH[PVUZ� 0[ ^HZ ZOV^U [OH[
HTIPLU[ SPNO[ YLX\PYLZ SLZZ JVNUP[P]L LMMVY[
MYVT WLVWSL HUK P[ WYVK\JLZ H OPNOLY PT�
WHJ[ VU [OLPY ILOH]PVY� >OLU JVTWHYLK
[V MHJ[\HS HUK NYHWOPJHS ]PZ\HSPaH[PVUZ� HT�
IPLU[ KPZWSH`Z JHU YLK\JL [OL HTV\U[ VM
PUMVYTH[PVU TLU[HSS` WYVJLZZLK I` WYV]PK�

PUN HU V]LY]PL^ VM [OL JVU[LU[ I` OH]PUN
PUMVYTH[PVU Z\I[S` WVY[YH`LK PU [OL WLYPWO�
LY` VM VUL»Z H[[LU[PVU" TLHUPUN [OH[ WLV�
WSL JHU WLYMVYT [OLPY WYPTHY` [HZRZ PU [OL
MVYLNYV\UK ^OPSL ZPT\S[HULV\ZS` YLJLP]PUN
JVU[L_[ PUMVYTH[PVU PU [OL IHJRNYV\UK VM
[OLPY H[[LU[PVU� -\Y[OLYTVYL� ZPUJL HTIPLU[
SPNO[ PZ KL[LJ[HISL I` [OL WLYPWOLY` ]PZPVU
VM O\THU ILPUNZ P[ JHU OLSW [V PUJYLHZL
H^HYLULZZ I` NYHIIPUN [OL H[[LU[PVU VM
TVYL WLVWSL�

;V HJOPL]L V\Y VIQLJ[P]LZ� P[ ^HZ ]P[HS [V
ZOV^ [OH[ [OL JVUJLW[Z VM ZVJPHS TLKPH
Z[YLHTZ JHU IL JVU]L`LK PU HU LMMLJ[P]L
THUULY \ZPUN HTIPLU[ SPNO[ ]PZ\HSPaH[PVU�
;V [OPZ LUK H ZL[ VM SPNO[ ]PZ\HSPaH[PVUZ HUK
ZVJPHS TLKPH KH[H JH[LNVYPLZ ^HZ PKLU[PÄLK
HUK ZLSLJ[LK� (U L_WLYPTLU[ ^HZ LZ[HI�
SPZOLK [V L_WSVYL ^OPJO KH[H JH[LNVY` [OL
WHY[PJPWHU[Z ^V\SK WLYJLP]L HM[LY ^H[JO�
PUN LHJO ]PZ\HSPaH[PVU� ;OL YLZ\S[Z� ^OPJO
PU Z\TTHY` PZ KLTVUZ[YH[LK PU 7DEOH ��

ZOV^LK [OH[ TVZ[ WHY[PJPWHU[Z KPK PUKLLK
OH]L H JVTTVU WLYJLW[PVU VM ZVTL VM [OL
KH[H JH[LNVYPLZ� ;OPZ TLHUZ [OH[ [OL WHY�
[PJPWHU[Z ZOHYLK H JVTTVU \UKLYZ[HUKPUN
VM [OLZL ]PZ\HSPaH[PVUZ ^OPJO Z\NNLZ[Z [OH[
PU TVYL NLULYHS [LYTZ� SPNO[ ]PZ\HSPaH[PVU
JHU IL \ZLK [V MVYT H ]LY` IHZPJ SHUN\HNL
[V [YHUZMLY PUMVYTH[PVU�

;OL YLZ\S[Z VM [OL [LZ[ MVY ZVTL VM [OL KH[H
JH[LNVYPLZ ^LYL TVYL JVUJYL[L [OHU V[O�
LYZ� -VY PUZ[HUJL� +PZ[YPI\[PVU� .YV^[O HUK
*VTWVZP[PVU HYL ILZ[ KPZWSH`LK \ZPUN (N�
NYLNH[PVU� 0U[LUZP[` HUK *VSVY� YLZWLJ[P]LS �̀
(JOPL]LTLU[ JHU IL JVU]L`LK I` \ZPUN
:H[\YH[PVU WYV]PKLK TVYL [OH[ HU HWWYV�
WYPH[L JVSVY PZ ZLSLJ[LK� ;OPZ VM JV\YZL PZ
H NVVK Z\IQLJ[ MVY M\Y[OLY Z[\K �̀ -\Y[OLY�
TVYL� ;YHUZPLUJL JHU IL KPZWSH`LK Z\J�
JLZZM\SS` I` 9O`[OT PM [OLYL PZ UV ULLK [V
HSZV JVU]L` H [YLUK PU [OPZ KH[H JH[LNVY �̀

;OL YLZ\S[Z HSZV ZOV^LK [OH[ H WHPY VM JVU�
]LYZL ]PZ\HSPaH[PVUZ TH` IL \ZLK MVY JVU�
]L`PUN [^V KPMMLYLU[ KH[H JH[LNVYPLZ� -VY
PUZ[HUJL� (JJLSLYH[PVU HUK +LJLSLYH[PVU
JHU KPZWSH` ,UNHNLTLU[ HUK .YV^[O�
YLZWLJ[P]LS �̀ ;OPZ RUV^SLKNL JHU IL HW�
WSPLK PU TVYL ZWLJPÄJ JHZLZ I` KLZPNULYZ�
3HZ[S �̀ P[ ^HZ HSZV ZOV^U [OH[ KH[H [YLUKZ
�PUJYLHZL�KLJYLHZL� HYL ILZ[ L_WYLZZLK
\ZPUN (NNYLNH[PVU� 0U[LUZP[` HUK :PaL� HUK
[OH[ WLVWSL [LUK [V NL[ H ZLUZL VM JVU�
Z[HUJ` MYVT H ZOPM[PUN JVSVY VY YLN\SHY�PY�
YLN\SHY TV]LTLU[Z� ;OPZ L_WLYPTLU[ KVLZ
UV[ ÄSS L]LY` NHW PU V\Y J\YYLU[ \UKLYZ[HUK�
PUN VM [OL Z\IQLJ[� 0U JVU[YHY �̀ H SV[ TVYL
YLZLHYJO PZ YLX\PYLK PU [OPZ HYLH [V IL HISL
[V KLÄUL [OL I\PSKPUN ISVJRZ MVY [OPZ UL^
SHUN\HNL� /V^L]LY� [OL YLZ\S[Z VM [OL L_�
WLYPTLU[ ZOV\SK WYV]PKL H ZVSPK MV\UKH[PVU
MVY M\[\YL YLZLHYJOLYZ�

0U JVUJS\ZPVU� ^L ZOV^LK [OH[ HTIPLU[
SPNO[ ]PZ\HSPaH[PVU PU[LNYH[LK PU W\ISPJ KPZ�
WSH`Z� JHU IL \ZLK [V YHPZL H^HYLULZZ I`
PUMVYTPUN WLVWSL HIV\[ [OL HTV\U[ VM H[�
[LU[PVU [V^HYKZ H OV[ [VWPJ PU ZVJPHS TLKPH
PU HU \UVI[Y\ZP]L ^H` I` KPZWSH`PUN SP]L
KH[H NH[OLYLK MYVT KPMMLYLU[ HJ[P]P[PLZ Z\JO
HZ U\TILY VM ZOHYLZ� JVTTLU[Z� HUK SPRLZ�
3LHYUPUN HIV\[ [VW ZVJPHS HUK OLHS[O PZZ\LZ
JHU LUJV\YHNL WLVWSL [V ZLLR M\Y[OLY PUMVY�
TH[PVU HIV\[ [OLZL JH\ZLZ� )` WYV]PKPUN
HJJLZZ [V YLSL]HU[ YLZV\YJLZ ]PH SPURZ� 89
JVKLZ� VY V[OLY TLHUZ� WLVWSL JHU VI[HPU
HJJ\YH[L PUMVYTH[PVU� YLZ\S[PUN PU YHPZPUN
W\ISPJ H^HYLULZZ� ^OPJO� OVWLM\SS �̀ ^V\SK
LUJV\YHNL [OLT [V HJ[ YLZWLJ[P]LS` �[OL
WYVJLZZ PZ KLTVUZ[YH[LK PU )LJXUH  �� "
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TLL[PUN� ���� HUK �����

B��D :PUNO (.� :PUNO :� :PUNO 77� ������� @V\;\IL
MVY PUMVYTH[PVU VU YOL\TH[VPK HY[OYP[PZ·H ^HRL\W
JHSS&

B��D ,\NLUL (NPJO[LPU� -PUKPUN /PNO�8\HSP[` *VU[LU[
PU :VJPHS 4LKPH�

B��D /� 4�SSLY L[ HS� ������� (TIP_! +LZPNUPUN
HTIPLU[ SPNO[ PUMVYTH[PVU KPZWSH`Z�

B��D (IYHOHTZL� >�� :[LN� 3�� =SLR� *��  9V[OLU�
NH[[LY� ;� ������� ( YL]PL^ VM PU[LY]LU[PVU Z[\KPLZ
HPTLK H[ OV\ZLOVSK LULYN` JVUZLY]H[PVU�

B��D 9\PQ[LU� 7� (�� 4PKKLU� *� 1��  /HT� 1� �������
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<DVDPDQ 0$99$-� 06F! @HZHTHU
�IVYU� � � � PZ H `V\UN WYVK\J[ KLZPNULY
IHZLK PU [OL 5L[OLYSHUKZ� :OL ZPT\S�
[HULV\ZS` NYHK\H[LK MYVT )HJOLSVY VM
(YJOP[LJ[\YL HUK )HJOLSVY VM 0UK\Z[YPHS
+LZPNU HUK JVU[PU\LK OLY Z[\KPLZ PU
[OL ÄLSK VM (YJOP[LJ[\YL� (M[LY YLJLP]PUN
[OL 4HZ[LY VM (YJOP[LJ[\YL HUK ^VYRPUN
MVY [^V `LHYZ H[ [OL JV\U[Y` VM OLY VYP�
NPU� 0YHU� ZOL TV]LK [V [OL 5L[OLYSHUKZ
ZLHYJOPUN MVY UL^ JOHSSLUNLZ� @HZHTHU
YLJLU[S` NYHK\H[LK ^P[O 4:J VM 0U[L�
NYH[LK 7YVK\J[ +LZPNU MYVT ;< +LSM[�
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>OLU *PYJ\SHY ,JVUVT` 4LL[Z [OL
3PNO[PUN 0UK\Z[Y` �3*(�
;OL ^VYR WYLZLU[LK PU [OPZ WHWLY PZ WHY[ VM [OL 9LWYV�SPNO[
�¸9L�\ZHISL HUK YL�JVUÄN\YHISL WHY[Z MVY Z\Z[HPUHISL 3,+�IHZLK
SPNO[PUN Z`Z[LTZ¹� ,\YVWLHU YLZLHYJO WYVQLJ[� ^OPJO HPTZ [V
Z\JJLZZM\SS` PUP[PH[L H [YHUZMVYTH[PVU PU [OL ,\YVWLHU 3,+ SPNO[PUN
PUK\Z[Y` PU [OL `LHY ����� ;OL WYVQLJ[ OHYULZZLZ PUUV]H[P]L
WYVK\J[PVU [LJOUVSVNPLZ �0UK\Z[Y` ���� HUK TH[LYPHSZ [V WYVK\JL H
TVK\SHY S\TPUHPYL HYJOP[LJ[\YL ^P[O H ZTHY[ WYVK\J[PVU ZJOLTL
[OH[ PZ KLZPNULK JVUZPKLYPUN [OL HZWLJ[Z VM H JPYJ\SHY LJVUVT �̀
;OL 9LWYV�3PNO[ 3,+ S\TPUHPYL PZ YLJVUÄN\YHISL� KPTTHISL HUK
J\Z[VTPaHISL� HUK HZWPYLZ [V IL [OL º3\TPUHPYL VM [OL -\[\YL»�
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,
Q RUGHU WR PDNH D SRVLWLYH LPSDFW LQ
WKH (XURSHDQ OLJKWLQJ LQGXVWU\� WKH
5HSUR�/LJKW /(' OXPLQDLUH GHVLJQ

DLPV WR PDNH LPSURYHPHQWV WR WKH HQ�
YLURQPHQWDO LPSDFW RI /(' OXPLQDLUHV�
DV ZHOO DV WR UHYHDO WKH SRVVLEOH HFR�
QRPLF DQG VRFLDO EHQHðWV RI GHVLJQLQJ
IRU FLUFXODULW\� ,Q WHUPV RI WKH HQYLURQ�
PHQWDO LPSDFW� LW LV LPSRUWDQW WR UHPDUN
WKDW JUHDW HIIRUWV KDYH EHHQ GRQH LQ WKH
SDVW WR UHGXFH WKH HQHUJ\ FRQVXPS�
WLRQ RI OLJKWLQJ GXULQJ LWV XVH SKDVH�
+RZHYHU� /(' OXPLQDLUHV KDYH D VSH�
FLðF PDWHULDO FRPSRVLWLRQ� FRQVLVWLQJ
RI HOHFWURQLF ERDUGV DQG /(' VSRWV�
RI ZKLFK DOVR QHHG WR EH FDUHIXOO\ DV�
VHVVHG� 7KH FLUFXODU HFRQRP\ DSSURDFK
VHHPV WR EH PRUH DGHTXDWH WR SURYLGH
D FRPSOHWH YLHZ RI WKH HQYLURQPHQWDO
EXUGHQV FDXVHG E\ HOHFWULF DQG HOHF�
WURQLF GHYLFHV VWDUWLQJ ZLWK LGHQWLI\LQJ
DQG LPSURYLQJ WKH PDWHULDOV XVHG IRU
PDQXIDFWXULQJ WKHVH SURGXFWV DQG GH�
WHUPLQLQJ WKHLU SRWHQWLDO UHSODFHDELOLW\ WR
HORQJDWH WKHLU XVHIXO OLIH�

)RU WKLV SXUSRVH� WKLV SDSHU SUHVHQWV DQ
DVVHVVPHQW RI FRQYHQWLRQDO /(' OLQHDU
OXPLQDLUHV XVLQJ /LIH &\FOH $VVHVVPHQW
�/&$� PHWKRGRORJ\� SD\LQJ SDUWLFXODU
DWWHQWLRQ WR ERWK &OLPDWH &KDQJH DQG
5HVRXUFH 'HSOHWLRQ LPSDFW FDWHJRULHV�
7KH IRFXV RI WKLV /&$ LV WR GHWHUPLQH
WKH PRVW VXLWDEOH FRQðJXUDWLRQV IRU /('
OXPLQDLUHV WR PHHW LQGXVWULDO OLJKWLQJ
UHJXODWLRQV ZLWK D UHGXFHG HQYLURQ�
PHQWDO LPSDFW LQ RUGHU WR LQIRUP GHVLJQ
VFHQDULRV IRU 5HSUR�/LJKW� ,W IXUWKHU DV�
VHVVHV WKH LPSDFW RI WKH SURGXFWLRQ RI D
VSHFLðF OLQHDU /(' OXPLQDLUH LQ RUGHU WR

LGHQWLI\ WKH FRPSRQHQWV WKDW FRQWULEXWH
WKH PRVW WR WKH VHOHFWHG HQYLURQPHQWDO
LPSDFWV DQG WKDW KDYH WKH SRWHQWLDO WR
EH LPSURYHG WKURXJK PRGXODULW\� 5H�
VXOWV KDYH VKRZQ WKDW WKH HOHFWURQLF
FRPSRQHQWV FRQWULEXWH WKH PRVW WR DOO
WKH VHOHFWHG LPSDFW FDWHJRULHV� 7KHVH
UHVXOWV DUH IXUWKHU XVHG WR GLVFXVV KRZ
WKH FLUFXODU HFRQRP\ SULQFLSOHV FDQ EH
LQFRUSRUDWHG LQ WKH OLJKWLQJ LQGXVWU\ ZLWK
WKH REMHFWLYH RI UHGXFLQJ WKH RYHUDOO HQ�
YLURQPHQWDO LPSDFW RI /(' OXPLQDLUHV
DFURVV DOO OLIH F\FOH VWDJHV� )XWXUH ZRUN
ZLOO WKHQ FRPSDUH WKHVH UHVXOWV WR DQ
H[WHQVLYH /&$ RI WKH LQQRYDWLYH 5HSUR�
/LJKW /(' OXPLQDLUH�

7KLV SURMHFW KDV UHFHLYHG IXQGLQJ IURP
WKH (XURSHDQ 8QLRQâV +RUL]RQ ���� UH�
VHDUFK DQG LQQRYDWLRQ SURJUDPPH XQGHU
JUDQW DJUHHPHQW 1R �������

,QWURGXFWLRQ
4HU` LMMVY[Z OH]L ILLU THKL I` [OL SPNO[�
PUN PUK\Z[Y` [V YLK\JL [OL LULYN` JVU�
Z\TW[PVU VM SPNO[PUN K\YPUN [OL \ZL WOHZL�
>P[O [OL WOHZL V\[ VM [OL PUJHUKLZJLU[
SPNO[ I\SI HUK [OL KLWSV`TLU[ VM [OL 3PNO[
,TP[[PUN +PVKL �3,+�� IL[[LY LMÄJHJPLZ OH]L
ILLU HJOPL]LK IYPUNPUN L]LU M\Y[OLY LULYN`
ZH]PUNZ B�D� ;OLYLMVYL� MYVT HU LULYN` LM�
ÄJPLUJ` WLYZWLJ[P]L� [OL WV[LU[PHS VM 3,+
S\TPUHPYLZ PZ ]LY` WYVTPZPUN� HUK [OL [LJO�
UVSVN` OHZ UV[ `L[ YLHJOLK P[Z M\SS JHWHIPS�
P[` B�D� /V^L]LY� K\L [V [OL ZWLJPÄJ TH[L�
YPHS JVTWVZP[PVU VM 3,+ S\TPUHPYLZ� ^OPJO
JVUZPZ[ VM LSLJ[YVUPJ IVHYKZ HUK 3,+Z� [OL

LU]PYVUTLU[HS ILULÄ[ VM [OL [LJOUVSVN`
ULLKZ [V IL JHYLM\SS` HZZLZZLK B�D¶B�D�

,SLJ[YVUPJ IVHYKZ HUK 3,+Z JVUZPZ[ VM LS�
LTLU[Z� Z\JO HZ NHSSP\T� HS\TPUP\T� HU[P�
TVU �̀ NVSK HUK JVWWLY� [V UHTL H ML^ B�D�
0[ PZ [OL \UZ\Z[HPUHISL \ZL VM [OLZL UVU�
YLUL^HISL LSLTLU[Z [OH[ JV\SK YLZ\S[ PU HK�
]LYZL LU]PYVUTLU[HS HUK OLHS[O PTWHJ[Z�
PUJS\KPUN L_WVZ\YL [V [V_PJ JOLTPJHSZ�
;OLZL LSLTLU[Z HYL RL` JVTWVULU[Z VM
LSLJ[YVUPJZ� 0U MHJ[� KPZWVZHS VM LSLJ[YVUPJZ
PZ H NSVIHS PZZ\L� ^P[O VUS` ��� VM JVU�
Z\TLY LSLJ[YVUPJZ YLWVY[LK [V OH]L ILLU
WYVWLYS` KPZWVZLK VM HUK YLJ`JSLK \UKLY
HWWYVWYPH[L JVUKP[PVUZ B�D� +PYLJ[P]LZ OH]L
ILLU YLSLHZLK PU VYKLY [V PTWYV]L [OL JVS�
SLJ[PVU VM LSLJ[YVUPJ ^HZ[L� Z\JO HZ [OL
>HZ[L ,SLJ[YPJHS HUK ,SLJ[YVUPJ ,X\PWTLU[
�>,,,� +PYLJ[P]L� ^OLYLI` LSLJ[YVUPJ LX\PW�
TLU[ T\Z[ IL JVSSLJ[LK� ZVY[LK HUK [YLH[LK
ZLWHYH[LS` ^P[O [OL HPT VM YLJV]LYPUN [OL
TH_PT\T HTV\U[ VM ]HS\HISL TH[LYPHSZ B�D�
;OPZ PUJS\KLZ SPNO[PUN WYVK\J[Z� ^OLYL H YL�
J`JSPUN YH[L [HYNL[ VM ��� OHZ ILLU ZL[ B�D�

(S[OV\NO [OL PTWSLTLU[H[PVU VM WVSPJPLZ
HUK KPYLJ[P]LZ OH]L SLK [V TVYL SPNO[PUN
WYVK\J[Z ILPUN JVSSLJ[LK HUK KPZWVZLK VM
WYVWLYS �̀ [OL YLJV]LY` VM LSLTLU[Z MYVT
>,,, PU NLULYHS OHZ ILLU YLWVY[LK [V IL
SV^ KLWLUKLU[ VU [OL LSLTLU[ [V IL YLJV]�
LYLK� -VY L_HTWSL� NHSSP\T ^OPJO PZ \ZLK PU
[OL ZLTPJVUK\J[VY JOPW PU 3,+Z ^HZ YLJV]�
LYLK H[ H YH[L VM SLZZ [OHU �� PU ���� B�D�
9LJ`JSPUN TL[OVKZ HYL HS^H`Z PTWYV]PUN"
OV^L]LY� [OL YLJV]LY` WYVJLZZ T\Z[ HSZV
IL MLHZPISL MYVT HU LJVUVTPJ WLYZWLJ[P]L�
)` KLZPNUPUN WYVK\J[Z MVY LHZL VM YLJ`�
JSPUN� HZ ^LSS HZ PTWYV]PUN YLJ`JSPUN [LJO�
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UPX\LZ [V VI[HPU OPNOLY `PLSKZ HUK IL[[LY
X\HSP[` YLJV]LYLK TH[LYPHSZ� [OL LJVUVTPJ
JHZL MVY YLJV]LY` VM TVYL LSLTLU[Z MYVT
LSLJ[YVUPJZ TH` ILJVTL ]PHISL B�D� ;OPZ�
OV^L]LY� TH` HSZV PU]VS]L H [YHUZMVYTH�
[PVU MYVT [OL J\YYLU[ SPULHY LJVUVT` [V H
JPYJ\SHY LJVUVT �̀

( JPYJ\SHY LJVUVT` TLHUZ KLJV\WSPUN
WYVZWLYP[` MYVT YLZV\YJL JVUZ\TW[PVU B�D�
0U H JPYJ\SHY LJVUVT �̀ LJVUVTPJ HJ[P]P[`
PZ I\PS[ MVY SVUN�[LYT Z\Z[HPUHIPSP[` I` UV[
VUS` NLULYH[PUN I\ZPULZZ HUK LJVUVTPJ
VWWVY[\UP[PLZ� I\[ HSZV WYV]PKPUN LU]PYVU�
TLU[HS HUK ZVJPHS ILULÄ[Z B�D� B D� ;OPZ
LJVUVT` KPZ[PUN\PZOLZ IL[^LLU IPVSVNPJHS
HUK [LJOUPJHS J`JSLZ� [OL [LJOUPJHS J`JSL MV�
J\ZPUN VU YL\ZL� YLWHPY� YLTHU\MHJ[\YL� HUK
SHZ[S` YLJ`JSPUN VM WYVK\J[Z� JVTWVULU[Z
HUK TH[LYPHSZ B�D� 0[ PZ [OPZ J`JSL MVY ^OPJO
PTWYV]LTLU[Z PU [OL JPYJ\SHYP[` VM LSLJ[YVU�
PJZ HUK SPNO[PUN JHU IL THKL I` MVSSV^PUN
[OL [OYLL WYPUJPWSLZ VM H JPYJ\SHY LJVUVT �̀
^OPJO HYL!

�� +LZPNUPUN V\[ ^HZ[L HUK WVSS\[PVU
�� 2LLWPUN WYVK\J[Z HUK TH[LYPHSZ PU \ZL
�� 9LNLULYH[PUN UH[\YHS Z`Z[LTZ

;OPZ JPYJ\SHY HWWYVHJO PZ HSZV \ZLM\S PU WYV�
]PKPUN H JVTWSL[L WPJ[\YL VM [OL LU]PYVU�
TLU[HS I\YKLUZ JH\ZLK I` LSLJ[YPJ HUK
LSLJ[YVUPJ KL]PJLZ� Z[HY[PUN ^P[O PKLU[PM`PUN
HUK PTWYV]PUN [OL TH[LYPHSZ \ZLK MVY [OL
THU\MHJ[\YPUN VM [OLZL WYVK\J[Z�

-VY [OL SPNO[PUN PUK\Z[Y �̀ [OL JPYJ\SHY LJVU�
VT` HWWYVHJO OHZ [OL WV[LU[PHS [V SLHK
[V ILULÄ[Z MVY [OL LU]PYVUTLU[� HZ ^LSS HZ
MVY [OL JVUZ\TLY HUK [OL LJVUVT �̀ )`
TLL[PUN YLJ`JSPUN [HYNL[Z HUK PTWYV]PUN
[OL TH[LYPHS LMÄJPLUJ` HUK ZLY]PJLHIPSP[` VM
SPNO[PUN WYVK\J[Z� ILULÄ[Z PUJS\KPUN H YL�
K\J[PVU PU ^HZ[L� NYLH[LY LULYN` ZH]PUNZ�
SVUNLY [LJOUPJHS SPML[PTLZ� PTWYV]LK S\TP�
UHPYL WLYMVYTHUJL K\L [V \WNYHKLZ� HUK
[OL JYLH[PVU VM QVIZ HUK I\ZPULZZ TVKLSZ
HSS OH]L [OL WV[LU[PHS [V IL HJOPL]LK B D�

;OL ^VYR WYLZLU[LK PU [OPZ WHWLY PZ WHY[
VM [OL 9LWYV�3PNO[ ,\YVWLHU WYVQLJ[ [OH[
HPTZ [V [YHUZMVYT [OL ,\YVWLHU SPNO[PUN
PUK\Z[Y �̀ THRPUN H ZOPM[ [V^HYKZ JPYJ\SHY�
P[ �̀ ;OL YLZ\S[Z VM HU LU]PYVUTLU[HS 3PML
*`JSL (ZZLZZTLU[ �3*(� JVUK\J[LK VU
JVU]LU[PVUHS 3,+ SPULHY S\TPUHPYLZ HYL WYL�
ZLU[LK PU [OPZ WHWLY ^P[O [OL HPT [V PUMVYT
^OLYL PTWYV]LTLU[Z [V [OL KLZPNU JHU
IL THKL [V YLK\JL [OL LU]PYVUTLU[HS PT�
WHJ[ HJYVZZ HSS SPML J`JSL Z[HNLZ� 3*( PZ H
OVSPZ[PJ HWWYVHJO [OH[ JVUZPKLYZ HSS PUW\[Z
HUK V\[W\[Z [OYV\NOV\[ HSS SPML J`JSL Z[HNLZ
VM H WYVK\J[ MYVT YH^ TH[LYPHS L_[YHJ[PVU
[OYV\NO [V ÄUHS KPZWVZHS� ;OL YLZ\S[Z VM [OL
3*( HYL \ZLK [V KPZJ\ZZ [OL ILULÄ[Z [OH[
JHU IL WYV]PKLK MYVT [OL TVK\SHY� J\Z�

[VTPaHISL� PUUV]H[P]L S\TPUHPYL KLZPNULK
HZ WHY[ VM [OL 9LWYV�3PNO[ WYVQLJ[ HUK PU
SPUL ^P[O JPYJ\SHY LJVUVT` WYPUJPWSLZ� (U
L_[LUZP]L 3*( ^PSS IL JVUK\J[LK VU [OL
9LWYV�3PNO[ KLZPNU HUK JVTWHYLK [V [OL
JVU]LU[PVUHS 3,+ S\TPUHPYL WYLZLU[LK PU
[OPZ WHWLY PU M\[\YL ^VYR HZ [OL WYVQLJ[ WYV�
NYLZZLZ�

(QYLURQPHQWDO /LIH
&\FOH $VVHVVPHQW RI
&RQYHQWLRQDO /('
/XPLQDLUHV
;OPZ ZLJ[PVU WYLZLU[Z [OL 3PML *`JSL (Z�
ZLZZTLU[ �3*(� TL[OVKVSVN` \ZLK MVY [OL
LU]PYVUTLU[HS HZZLZZTLU[ VM [OL JVU]LU�
[PVUHS 3,+ S\TPUHPYLZ� 3*( PZ KP]PKLK PU[V
MV\Y Z[HNLZ PUJS\KPUN� .VHS HUK :JVWL KLM�
PUP[PVU� 3PML *`JSL 0U]LU[VY` �3*0�� 3PML *`JSL
0TWHJ[ (ZZLZZTLU[ �3*0(� HUK 0U[LYWYL[H�
[PVU� ;OL .VHS HUK :JVWL KLÄUL [OL V]LYHSS
NVHS VM [OL Z[\K �̀ [OL Z`Z[LT IV\UKHY �̀
[OL M\UJ[PVUHS \UP[� HUK HSS V[OLY TL[OVK�
VSVNPJHS JOVPJLZ YLX\PYLK [V TLL[ [OL NVHS�
;OL M\UJ[PVUHS \UP[ KLZJYPILZ [OL M\UJ[PVU
VM [OL WYVK\J[ Z`Z[LT ILPUN HZZLZZLK HUK
PZ [OL \UP[ MVY ^OPJO [OL KH[H PZ JVSSLJ[LK�
;OL 3*0 PZ [OL KH[H JVSSLJ[PVU Z[LW� HUK [OL
3*0( JH[LNVYPaLZ [OL 3*0 KH[H PU[V PTWHJ[
JH[LNVYPLZ KLÄULK PU [OL ZJVWL� HWWSPLZ
[OL HZZVJPH[LK JOHYHJ[LYPaH[PVU TVKLS HUK
X\HU[PÄLZ [OL V]LYHSS LU]PYVUTLU[HS PTWHJ[
MVY LHJO JH[LNVY` HZZLZZLK� ;OL PU[LYWYL�
[H[PVU Z[HNL JOLJRZ [OH[ [OL 3*0 HUK 3*0(
OH]L TL[ [OL YLX\PYLTLU[Z KLÄULK PU [OL
NVHS HUK ZJVWL� 3*( JHU IL \ZLK PU JVT�
WHYH[P]L Z[\KPLZ [OH[ HZZLZZ ]HYPV\Z KLZPNU
VW[PVUZ PU HU HPT [V PUMVYT ^OLYL KLZPNU
JOVPJLZ JHU IL \ZLK [V YLK\JL [OL V]LYHSS
LU]PYVUTLU[HS PTWHJ[�

-VY [OPZ Z[\K �̀ HU LU]PYVUTLU[HS H[[YPI\�
[PVUHS 3*( ^HZ JVUK\J[LK [V JVTWHYL [OL
PTWHJ[Z VM [OL WYVK\J[PVU� \ZL HUK KPZ�
WVZHS VM [^V SPNO[PUN Z`Z[LTZ JVTWVZLK VM
[^V KPMMLYLU[ JVU]LU[PVUHS 3,+ S\TPUHPYLZ�
;OL 3*( PZ JVUK\J[LK PU HJJVYKHUJL [V
[OL PU[LYUH[PVUHS Z[HUKHYKZ MVY 3*(Z� 0:6
�����!���� B��D HUK �����!���� B��D�
;OL [^V JVU]LU[PVUHS 3,+ S\TPUHPYLZ KPMMLY
PU WV^LY� HUK [O\Z TH[LYPHS JVTWVZP[PVU
HUK S\TPUV\Z Å\_� ;OL SPNO[PUN Z`Z[LTZ
^LYL TVKLSSLK \ZPUN +PHS\_ ZVM[^HYL PU VY�
KLY [V KL[LYTPUL [OL WVZP[PVUPUN HUK [OL
X\HU[P[` VM S\TPUHPYLZ YLX\PYLK [V TLL[ [OL
KLZPYLK PSS\TPUHUJL MVY [OL ZHTL YVVT KP�
TLUZPVUZ� ;OL ZJLUHYPV JOVZLU MVY [OL
SPNO[PUN Z`Z[LTZ ^HZ HU PUK\Z[YPHS OHSS VM
120 × ��T [OH[ YLX\PYLZ HU PSS\TPUHUJL VM
��� S\_ HJJVYKPUN [V [OL ;LJOUPJHS 9\SLZ
MVY >VYRWSHJLZ MVY .LYTHU` B��D� ;OL NVHS
VM [OPZ Z[\K` PZ [V KL[LYTPUL ^OPJO VM [OL
SPNO[PUN Z`Z[LTZ PZ IL[[LY MYVT HU LU]PYVU�
TLU[HS WLYZWLJ[P]L� VUL ^OPJO JVUZPZ[Z VM
SLZZ S\TPUHPYLZ VM OPNOLY WV^LY VY VUL [OH[
JVUZPZ[Z VM TVYL S\TPUHPYLZ VM SV^LY WV^LY�
;OPZ [OLYLMVYL JVUZPKLYZ [OL X\HU[P[` VM
TH[LYPHSZ \ZLK [V WYVK\JL [OL S\TPUHPYLZ
MVY LHJO SPNO[PUN Z`Z[LT HUK UV[ VUS` [OL
X\HU[P[` VM LULYN` JVUZ\TLK K\YPUN [OL
\ZL WOHZL� ;OL Z[\K` HSZV HPTZ [V OPNOSPNO[
[OL JVTWVULU[Z [OH[ JHU IL KLZPNULK MVY
TVK\SHYP[` PU VYKLY [V PTWYV]L [OL V]LYHSS
PTWHJ[ VM SPNO[PUN Z`Z[LTZ� [O\Z MVJ\ZPUN
VU YLK\J[PVU PU ^HZ[L NLULYH[LK HUK TH[L�
YPHSZ JVUZ\TLK PU UL^ WYVK\J[PVU�

;OL M\UJ[PVUHS \UP[ VM [OL 3*( PZ KLÄULK HZ
HU PSS\TPUHUJL VM ��� S\_ MVY H SPMLZWHU VM
������ OV\YZ� ;OPZ PZ HSYLHK` HU PTWYV]L�
TLU[ VM [OL SPMLZWHU VM ������ OV\YZ [OH[
OHZ ILLU \ZLK PU 3*( Z[\KPLZ MVY SPNO[�
PUN� 6[OLY Z[\KPLZ OH]L HSZV JVUK\J[LK
ZJLUHYPVZ MVY [OPZ YHUNPUN MYVT ������ [V
������ OV\YZ B��D� ;OL SPMLZWHU ZWLJPÄLK



Nuclear
27%

Lignite
10%

Hard coal
14%

Coal gases
1%

Natural gas
16%

Heavy fuel oil
1.9%

Biomass
2.8%

Biogas
2.1%

Waste
1.4%

Hydro
12%

Wind
9%

Photovoltaic
3.2%
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MVY [OPZ Z[\K` ^HZ JOVZLU IHZLK VU [OL
3�� ZWLJPÄJH[PVU MVY [OL S\TPUHPYLZ� PUKP�
JH[PUN [OL SPML[PTL H[ ^OPJO [OL 3,+ SPNO[
V\[W\[ YLHJOLZ ��� VM P[Z PUP[PHS V\[W\[�
;OL Z`Z[LT IV\UKHY` KLÄULK PZ ZOV^U PU
)LJXUH �� 0[ ZOV\SK IL UV[LK [OH[ [YHUZ�
WVY[H[PVU PZ VUS` PUJS\KLK MVY [YHUZWVY[ [V
PUZ[HSSH[PVU ZP[L HUK [YHUZWVY[ [V ÄUHS KPZ�
WVZHS� ;OL [YHUZWVY[ [V PUZ[HSSH[PVU PZ HZ�
Z\TLK HZ �� RT HUK [OH[ [V [OL ÄUHS KPZ�
WVZHS HZ �� RT [V [OL ^HZ[L ZVY[PUN MHJPSP[`
HUK �� RT MYVT [OL ZVY[PUN MHJPSP[` [V [OL
[YLH[TLU[ MHJPSP[ �̀

;OL 3*( ^HZ TVKLSLK \ZPUN .H)P 7YVMLZ�
ZPVUHS ZVM[^HYL� H [VVS KLZPNULK MVY 3*(
Z[\KPLZ HZZLZZPUN H ]HYPL[` VM PTWHJ[ JH[�
LNVYPLZ� )V[O .H)P � 7YVMLZZPVUHS HUK
,JV0U]LU[ ��� KH[HZL[Z ^LYL \ZLK PU [OL
Z[\K` MVY [OL IHJRNYV\UK KH[H� ;OL LSLJ�
[YPJP[` TP_ ZOV^U PU )LJXUH � PZ \ZLK MVY
[OPZ Z[\K` HUK JVYYLZWVUKZ [V [OL ,<���
NYPK TP_� +H[H MVY [OL TH[LYPHS JVTWVZP�
[PVU OHZ JVTL MYVT THU\MHJ[\YLZ VM [OL
S\TPUHPYLZ� ^OV OH]L HSZV HZZPZ[LK PU [OL
ZLSLJ[PVU VM [OL HWWYVWYPH[L KH[HZL[Z [V \ZL
MVY [OL IHJRNYV\UK KH[H�

( RL` SPTP[H[PVU MVY [OPZ Z[\K` PZ [OL X\HS�
P[` VM [OL KH[HZL[Z H]HPSHISL [V TVKLS [OL
WYVK\J[PVU VM [OL LSLJ[YVUPJ JVTWVULU[Z�
Z\JO HZ [OL 3,+Z� JPYJ\P[ IVHYKZ HUK JPY�
J\P[ IVHYK JVTWVULU[Z� ;OL KH[HZL[Z HYL
IHZLK VU H]LYHNL KH[H MYVT H]LYHNL WYV�

K\J[PVU [LJOUVSVNPLZ� :JHSPUN MYVT [OL
M\UJ[PVUHS \UP[ VM [OL KH[HZL[ [V [OL X\HU[P[`
YLX\PYLK WLY S\TPUHPYL ^HZ KVUL IHZLK VU
SPULHY YLSH[PVUZOPWZ� -VY [OL 3,+Z� HZ Z\N�
NLZ[LK PU [OL KH[HZL[� [OL ZJHSPUN ^HZ KVUL
I` THZZ HUK ]VS\TL MVY VUL 3,+� -VY [OL
V[OLY LSLJ[YVUPJ JVTWVULU[Z� Z\JO HZ [OL
JVTWVULU[Z VM [OL JPYJ\P[ IVHYK JVUZPZ[PUN
VM JHWHJP[VYZ� ]HYPZ[VY� KYP]LY� JVPSZ� JVU�
K\J[VYZ HUK [YHUZMVYTLYZ� [OL ZJHSPUN ^HZ
KVUL I` [OL VUS` WHYHTL[LY H]HPSHISL� [OL
THZZ WLY JVTWVULU[� ;OL JPYJ\P[ IVHYKZ
^LYL ZJHSLK IHZLK VU [OL KPTLUZPVUZ VY
THZZ� HJJVYKPUN [V [OL M\UJ[PVUHS \UP[ VM
[OL KH[HZL[ \ZLK� 0TWYV]LTLU[Z PU HJ�
JV\U[PUN MVY [OL SPTP[H[PVU PU KH[H X\HSP[`
MVY [OL LSLJ[YVUPJ JVTWVULU[Z ^PSS IL HZ�
ZLZZLK PU M\[\YL ^VYR� (UV[OLY SPTP[H[PVU
VM [OPZ Z[\K` PZ [OL HZZ\TW[PVU [OH[ [OL S\�
TPUHPYL VWLYH[LZ H[ P[Z M\SS WV^LY K\YPUN P[Z
SPML[PTL� OV^L]LY [OPZ ZHTL HZZ\TW[PVU OHZ
ILLU \ZLK MVY HSS S\TPUHPYLZ JVTWHYLK PU
[OL Z[\K �̀ -\Y[OLYTVYL� [OL KLNYHKH[PVU VM
3,+Z OHZ UV[ ILLU JVUZPKLYLK PU [OL \ZL
WOHZL TVKLS VY [OL \ZL VM M\UJ[PVUZ Z\JO
HZ JVUZ[HU[ SPNO[ V\[W\[ VY KH`SPNO[ JVU[YVS�
;OLZL HYL HZWLJ[Z [OH[ ^PSS IL PUJS\KLK PU
M\[\YL ^VYR� HSVUN ^P[O [OL KPTTHIPSP[` VM
3,+Z K\YPUN KH`SPNO[ OV\YZ PU VYKLY [V YL�
K\JL [OL LSLJ[YPJP[` JVUZ\TLK K\YPUN [OL
\ZL WOHZL� 0[ ZOV\SK HSZV IL UV[LK [OH[
[OL LULYN` MVY HZZLTISPUN [OL S\TPUHPYLZ
PZ IHZLK VU HU LZ[PTH[PVU MYVT B��D� I\[ PZ
[V IL \WKH[LK ^P[O TLHZ\YLK KH[H MYVT

[OL WYVK\J[PVU SPULZ WYV]PKLK I` [OL THU�
\MHJ[\YLY PU M\[\YL ^VYR� ;OL YLZ\S[Z HYL
[O\Z WYLSPTPUHY`" OV^L]LY� [OL` HYL \ZLK [V
PUMVYT [OL KLZPNU HZWLJ[Z MVY [OL 9LWYV�
3PNO[ S\TPUHPYL [OH[ HPTZ [V KLTVUZ[YH[L
[OL WV[LU[PHS ILULÄ[Z VM H TVK\SHY� ZLY�
]PJLHISL� J\Z[VTPaHISL S\TPUHPYL KLZPNU
[OH[ OHZ [OL WV[LU[PHS [V TV]L H^H` MYVT
[OL SPULHY HWWYVHJO VM WYVK\JL� \ZL HUK
KPZWVZL�

;HISL �! *H[LNVYPaH[PVU VM 3\TPUHPYL
*VTWVULU[Z

*H[LNVY` *VTWVULU[Z

3,+ 4VK\SL *PYJ\P[ )VHYK
�3,+4� 3,+Z

3,+ *VU[YVS *PYJ\P[ )VHYK �*)�
�3,+*� *) JVTWVULU[Z1

4LJOHUPJZ .LHY ;YH`
;Y\URPUN
4L[HS WHY[Z
7SHZ[PJ WHY[Z

6W[PJZ 6W[PJHS LSLTLU[
,UK WPLJLZ

>PYLZ *VWWLY >PYLZ
1 JHWHJP[VYZ� ]HYPZ[VY� [YHUZMVYTLYZ� KYP]LY� L[J�

,QYHQWRU\ 'DWD IRU
3URGXFWLRQ RI /XPLQDLUHV

;OL S\TPUHPYL ^HZ KPZTHU[SLK� HUK [OL
JVTWVULU[Z ^LYL PKLU[PÄLK HUK ^LPNO[LK�
;OL JVTWVULU[Z ^LYL [OLU JH[LNVYPaLK
PU[V 3,+ 4VK\SL� 3,+ *VU[YVS� 4LJOHUPJZ�
6W[PJZ HUK >PYLZ� HZ ZOV^U PU 7DEOH ��
;̂ V JVU]LU[PVUHS S\TPUHPYLZ ^LYL \ZLK
PU [OPZ Z[\K` [OH[ KPMMLYLK PU WV^LY� ILPUN
H S\TPUHPYL VM ���> �3\TPUHPYL (� HUK H
S\TPUHPYL VM ��> �3\TPUHPYL )�� ;OL TH�
[LYPHS JVTWVZP[PVU VM IV[O S\TPUHPYLZ PZ [OL
ZHTL� L_JLW[ MVY [OL TH[LYPHS \ZLK PU [OL
NLHY [YH �̀ ILPUN HS\TPU\T MVY 3\TPUHPYL (
HUK ZOLL[ Z[LLS MVY 3\TPUHPYL )� ;OL LULYN`
MVY THU\MHJ[\YPUN LHJO JVTWVULU[ PZ LZ[P�
TH[LK ^P[O [OH[ PU [OL IHJRNYV\UK KH[HZL[
\ZLK� HUK [OL HZZLTIS` LULYN` PZ HZZ\TLK
[V IL [OL ZHTL MVY IV[O S\TPUHPYLZ� ^OPJO
HZ Z[H[LK WYL]PV\ZS` ^HZ LZ[PTH[LK \ZPUN
KH[H PU B��D�

,QYHQWRU\ 'DWD IRU 8VH DQG
'LVSRVDO RI /LJKWLQJ
6\VWHPV

0U JVTWHYPUN [OL [^V S\TPUHPYLZ� H SPNO[�
PUN Z`Z[LT ^HZ JYLH[LK MVY HU PUK\Z[Y`
OHSS VM 120 × ��T \ZPUN +PHS\_ ZVM[^HYL�
-VY LHJO SPNO[PUN Z`Z[LT� [OL PSS\TPUHUJL
WYV]PKLK ^HZ ZSPNO[S` KPMMLYLU[� [OLYLMVYL
P[ ^HZ ZJHSLK [V [OL ��� S\_ YLX\PYLTLU[
MVY PUK\Z[YPHS ZL[[PUNZ B��D PU VYKLY [V HSSV^
[OL YLZ\S[Z MYVT IV[O SPNO[PUN Z`Z[LTZ [V



,PSDFW
&DWHJRU\

&KDUDFWHUL]DWLRQ )DFWRU 'HVFULSWLRQ

9LZV\YJL
+LWSL[PVU

(IPV[PJ +LWSL[PVU 7V[LU[PHS
,SLTLU[Z �(+7 ,SLTLU[Z�

;OL KLWSL[PVU VM YLZLY]LZ K\L [V [OL
\UZ\Z[HPUHISL L_[YHJ[PVU VM UVU�YLUL^HISL
TPULYHSZ�LSLTLU[Z

9LZV\YJL
+LWSL[PVU

(IPV[PJ +LWSL[PVU 7V[LU[PHS
-VZZPS �(+7 -VZZPS�

;OL KLWSL[PVU VM YLZLY]LZ K\L [V [OL
\UZ\Z[HPUHISL L_[YHJ[PVU VM MVZZPS M\LSZ�
PUJS\KPUN JY\KL VPS HUK UH[\YHS NHZ

(JPKPÄJH[PVU (JPKPÄJH[PVU 7V[LU[PHS �(7� ;OL LTPZZPVU VM Z\IZ[HUJLZ [OH[ SLHK [V [OL
JOHUNL PU ZVPS HJPKP[` HUK LJVZ`Z[LT
KHTHNL

,\[YVWOPJH[PVU ,\[YVWOPJH[PVU 7V[LU[PHS
�,7�

;OL YLSLHZL VM U\[YPLU[Z [OH[ SLHK [V NYV^[O
VM HSNHL HUK J`HUVIHJ[LYPH HUK H YLSH[P]L
SVZZ PU ZWLJPLZ KP]LYZP[`

*SPTH[L
*OHUNL

.SVIHS >HYTPUN 7V[LU[PHS
�.>7�

;OL LTPZZPVU VM NYLLUOV\ZL NHZLZ [OH[
SLHK [V PUJYLHZLK YHKPH[P]L MVYJPUN HUK YHPZL
PU TLHU NSVIHS [LTWLYH[\YL

,ULYN`
+LTHUK

7YPTHY` ,ULYN` +LTHUK
�7,+�

;OL JVUZ\TW[PVU VM IV[O YLUL^HISL HUK
UVU�YLUL^HISL WYPTHY` LULYN` ZV\YJLZ
TLHZ\YLK WYPVY [V WYVJLZZPUN �UL[ JHSVYPÄJ
]HS\L�

;HISL �! +LZJYPW[PVU VM 0TWHJ[ *H[LNVYPLZ (ZZLZZLK
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IL JVTWHYLK� ;V ZJHSL [OL PSS\TPUHUJL [V
��� S\_� H SPULHY YLSH[PVUZOPW IL[^LLU WV^LY
HUK PSS\TPUHUJL ^HZ HZZ\TLK� HZ WLY KPZ�
J\ZZPVUZ ^P[O SPNO[PUN L_WLY[Z� ;OPZ WV^LY
^HZ [OLU \ZLK [V X\HU[PM` [OL SPML[PTL LU�
LYN` JVUZ\TW[PVU MVY [OL S\TPUHPYLZ�

;HISL �! 0U]LU[VY` KH[H MVY \ZL WOHZL MVY SPNO[PUN
Z`Z[LTZ

3PNO[PUN :`Z[LT
:WLJPÄJH[PVU ( )

9H[LK 7V^LY ���> ��>
0SS\TPUHUJL1 ��� S\_ ��� S\_
8\HU[P[`
3\TPUHPYLZ1

��� �� 

:JHSLK 7V^LY  ���> ����>
:JHSLK 0SS\TPUHUJL ��� S\_ ��� S\_

1 8\HU[PÄLK \ZPUN +PHS\_ ZVM[^HYL

+H[H MVY [OL KPZWVZHS VM [OL S\TPUHPYLZ
^HZ IHZLK VU [OL ZJLUHYPV [OH[ HSS S\TP�
UHPYLZ HYL KPZWVZLK VM WYVWLYS` I` ILPUN
IYV\NO[ [V H Z\P[HISL JVSSLJ[PVU WVPU[� 7SHZ�
[PJ JVTWVULU[Z JVTWVZLK VM (JY`SVUP[YPSL
I\[HKPLUL Z[`YLUL �():� HUK 7VS`TL[O`S
TL[OHJY`SH[L �744(� ^LYL KPZWVZLK VM
I` PUJPULYH[PVU� HZ ^LSS HZ [OL LSLJ[YVUPJ
JVTWVULU[Z� Z\JO HZ [OL JPYJ\P[ IVHYKZ�
;OL YLJ`JSHISL WSHZ[PJZ HUK TL[HSZ ^LYL
TVKLSSLK ^P[O VWLU SVVW YLJ`JSPUN ^P[O�
V\[ JYLKP[� ;OL [YHUZWVY[ VM [OLZL WYVK\J[Z
MYVT [OL JVSSLJ[PVU WVPU[ [V [OL ZVY[PUN MH�
JPSP[` HUK M\Y[OLY [V [OL ÄUHS YLJ`JSPUN MHJPSP[`
^HZ PUJS\KLK� ;OPZ TVKLS ^PSS IL \WKH[LK
HUK PTWYV]LK HZ IL[[LY X\HSP[` KH[H IL�
JVTLZ H]HPSHISL� -\Y[OLYTVYL� ZJLUHYPV
HUHS`ZPZ MVY T\S[PWSL KPZWVZHS ZJLUHYPVZ ^PSS
IL JVUK\J[LK PU M\[\YL ^VYR VU [OPZ TVKLS�

(QYLURQPHQWDO ,PSDFW
&DWHJRULHV $VVHVVHG

0TWHJ[ JH[LNVYPLZ HYL \ZLK [V X\HU[PM`
[OL WV[LU[PHS MVY ZWLJPÄJ LU]PYVUTLU[HS
I\YKLUZ� -VY 3PML *`JSL (ZZLZZTLU[ Z[\K�
PLZ� [OLYL HYL T\S[PWSL PTWHJ[ JH[LNVYPLZ
[OH[ JHU IL HZZLZZLK� HZ ^LSS HZ T\S[PWSL
TVKLSZ \ZLK [V X\HU[PM` [OL PTWHJ[Z� ;OL
PTWHJ[ JH[LNVYPLZ HZZLZZLK PU [OPZ Z[\K �̀
HSVUN ^P[O [OL JOHYHJ[LYPaH[PVU MHJ[VYZ HW�
WSPLK HUK H KLZJYPW[PVU VM [OL LU]PYVUTLU[HS
PTWVY[HUJL PZ WYV]PKLK PU 7DEOH ��

/LIH &\FOH ,PSDFW
$VVHVVPHQW 5HVXOWV DQG
,QWHUSUHWDWLRQ

;OL 3PML *`JSL 0TWHJ[ (ZZLZZTLU[ YLZ\S[Z
HYL WYLZLU[LK HUK KPZJ\ZZLK PU [OPZ ZLJ�
[PVU� )LJXUH � ZOV^Z [OL [V[HS PTWHJ[ MYVT
WYVK\J[PVU� \ZL HUK KPZWVZHS VM VUL S\TP�
UHPYL MVY HSS PTWHJ[ JH[LNVYPLZ HZZLZZLK
�HZ KLZJYPILK PU 7DEOH ��� ;̂ V S\TPUHPYLZ
[OH[ KPMMLY PU WV^LY HUK [O\Z S\TPUV\Z Å\_
HYL ZOV^U PU [OL ÄN\YL [V KLTVUZ[YH[L [OL
JVU[YPI\[PVU VM [OL WYVK\J[PVU� \ZL HUK
KPZWVZHS Z[HNLZ [V [OL V]LYHSS PTWHJ[ MVY
KPMMLYLU[ S\TPUHPYLZ� 0[ ZOV\SK IL UV[LK�
OV^L]LY� [OH[ H KPYLJ[ JVTWHYPZVU VM [OL
[^V S\TPUHPYLZ JHUUV[ IL THKL PU [OPZ ÄN�
\YL� HZ [OL` WYV]PKL H KPMMLYLU[ X\HSP[` VM
SPNO[ V\[W\[ HUK [O\Z KV UV[ OH]L [OL ZHTL
M\UJ[PVU� ;OL ÄN\YL ZOV^Z [OL \ZL WOHZL
LULYN` JVUZ\TW[PVU MVY IV[O S\TPUHPYLZ
PZ YLZWVUZPISL MVY [OL THQVYP[` VM [OL [V[HS
PTWHJ[ MVY HSS PTWHJ[ JH[LNVYPLZ� L_JLW[ MVY
(+7 ,SLTLU[Z� ;OPZ PZ PU HNYLLTLU[ ^P[O
V[OLY 3*( Z[\KPLZ [OH[ MV\UK [OL JVU[YP�
I\[PVU VM [OL \ZL WOHZL [V IL NYLH[LY [OHU
 �� MVY .>7 ^OLU \ZPUN [OL ,\YVWLHU
LSLJ[YPJP[` TP_ B��D� B��D� -VY (+7 LSLTLU[Z�
[OL PTWHJ[ K\L [V WYVK\J[PVU VM [OL S\TP�
UHPYLZ PZ ]LY` ZPTPSHY MVY IV[O S\TPUHPYLZ�
;OLYLMVYL� P[ JHU IL JVUJS\KLK MYVT [OPZ
ÄN\YL [OH[ PU [LYTZ VM YLZV\YJL KLWSL[PVU
VM LSLTLU[Z K\L [V WYVK\J[PVU VM [OL S\TP�
UHPYLZ� IV[O `PLSK ZPTPSHY PTWHJ[Z� -\Y[OLY�
TVYL� L]LU [OV\NO 3\TPUHPYL ) LTP[Z SLZZ
LULYN` �OHZ H SV^LY SPNO[ V\[W\[� [OHU 3\TP�

UHPYL (� [OL JVU[YPI\[PVU VM [OL \ZL WOHZL
PZ Z[PSS NYLH[LY [OHU  �� MVY IV[O S\TPUHPYLZ
MVY HSS PTWHJ[ JH[LNVYPLZ HZZLZZLK� L_JLW[
(+7 ,SLTLU[Z�

0U VYKLY [V JVTWHYL [OL \ZL VM VUL S\TP�
UHPYL [V [OL V[OLY� SPNO[PUN Z`Z[LTZ JVT�
WVZLK VM LHJO S\TPUHPYL ^LYL HZZLZZLK�
;OPZ JVTWHYPZVU LUZ\YLZ [OL ZHTL M\UJ[PVU
PZ ILPUN JVUZPKLYLK HUK HSSV^Z MVY KPMMLY�
LUJLZ PU [OL LU]PYVUTLU[HS PTWHJ[ K\L [V
LULYN` JVUZ\TW[PVU HUK X\HU[P[` VM S\�
TPUHPYLZ [V IL KLTVUZ[YH[LK� )LJXUH �
ZOV^Z [OL JVTWHYPZVU MVY [OL SPNO[PUN ZJL�
UHYPVZ� HZ ^LYL KLZJYPILK PU 7DEOH �� [OH[
WYV]PKL HU PSS\TPUHUJL VM ��� S\_ [V [OL
ZHTL PUK\Z[Y` YVVT�

0U )LJXUH �� P[ JHU IL ZLLU [OH[ L]LU ^P[O
TVYL S\TPUHPYLZ YLX\PYLK MVY 3PNO[PUN :`Z�
[LT ) [V TLL[ [OL KLÄULK PSS\TPUHUJL� [OL
PTWHJ[ MVY HSS JH[LNVYPLZ� L_JLW[ (+7 ,S�
LTLU[Z� HYL SV^LY JVTWHYLK [V 3PNO[PUN
:`Z[LT (� -VY (+7 LSLTLU[Z� OV^L]LY� [OL
PTWHJ[ K\L [V WYVK\JPUN [OL S\TPUHPYLZ PZ
NYLH[LY MVY 3PNO[PUN :`Z[LT ) [OHU 3PNO[�
PUN :`Z[LT ( K\L [V [OL ZJLUHYPV YLX\PYPUN
��� TVYL S\TPUHPYLZ� @L[� [OL S\TPUHPYLZ
JVUZ\TL SLZZ LSLJ[YPJP[` V]LYHSS PU 3PNO[�
PUN :`Z[LT ) YLZ\S[PUN PU H [V[HS PTWHJ[ MVY
(+7 LSLTLU[Z [OH[ PZ ]LY` ZPTPSHY [V 3PNO[�
PUN :`Z[LT (� ILPUN ���� RN :I�LX\P]HSLU[Z
MVY 3PNO[PUN :`Z[LT ( HUK ���� RN :I�
LX\P]HSLU[Z MVY 3PNO[PUN :`Z[LT )� ;O\Z�
[OL ZH]PUNZ PU TH[LYPHSZ PU VUL ZJLUHYPV OHZ
UV[ ZPNUPÄJHU[S` V\[WLYMVYTLK [OL ZH]PUNZ
PU LULYN` JVUZ\TW[PVU PU [OL V[OLY ZJL�
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UHYPV PU [LYTZ VM L_[YHJ[PVU VM LSLTLU[Z�
/V^L]LY� P[ PZ PTWVY[HU[ [V UV[L OLYL [OH[
[OPZ PZ [OL ZP[\H[PVU MVY [OL LSLJ[YPJP[` TP_
[OH[ ^HZ \ZLK PU [OL Z[\K �̀ (Z [OL NPYK TP_
JOHUNLZ� KPMMLYLUJLZ PU [OL YLZ\S[Z ^PSS VJ�
J\Y HZ OHZ HSZV ILLU PUKPJH[LK PU B��D� B��D�

(S[OV\NO [OL LSLJ[YPJP[` TP_ \ZLK PZ H ZPN�
UPÄJHU[ MHJ[VY MVY [OL YLZ\S[Z NLULYH[LK�
[OL [YLUKZ PU [OL ]HYPH[PVU VM (+7 LSLTLU[Z
HUK .>7 ^P[O [OL OV\YZ VM \ZL MVY [OL
3PNO[PUN :`Z[LTZ ^LYL L_WSVYLK M\Y[OLY�
;OLZL [YLUKZ HYL ZOV^U PU )LJXUH � HUK
)LJXUH �� 0U IV[O ÄN\YLZ� [OL PU[LYJLW[ PZ
[OL PTWHJ[ K\L [V WYVK\J[PVU HUK KPZWVZHS
VM [OL S\TPUHPYLZ PU [OL SPNO[PUN Z`Z[LTZ�
;OL ZSVWL VM [OL SPUL PZ [O\Z [OL PTWHJ[ WLY
OV\Y \ZL [OH[ JVTLZ MYVT [OL PTWHJ[ MVY
WYVK\J[PVU VM LSLJ[YPJP[` WLY R>O� Z[LLWLY
ZSVWLZ PUKPJH[PUN H OPNOLY LSLJ[YPJP[` JVU�
Z\TW[PVU WLY OV\Y� )LJXUH � ZOV^Z [OH[
^P[O SVUNLY SPML[PTLZ� [OL PTWHJ[Z ILJVTL
TVYL ZPTPSHY MVY IV[O SPNO[PUN Z`Z[LTZ \Z�
PUN [OL ,<��� NYPK TP_� /V^L]LY� [OL VW�
WVZP[L [YLUK PZ ZLLU MVY .>7� HUK ^PSS IL
ZLLU HJYVZZ HSS V[OLY PTWHJ[ JH[LNVYPLZ
^OLYL [OL \ZL WOHZL PZ JVU[YPI\[PUN [V [OL
THQVYP[` VM [OL PTWHJ[� ;OLZL [^V ÄN\YLZ
PSS\Z[YH[L M\Y[OLY [OL PTWVY[HUJL JVUZPKLY�
PUN T\S[PWSL PTWHJ[ JH[LNVYPLZ ^OLU JVU�
K\J[PUN LU]PYVUTLU[HS HZZLZZTLU[Z� HZ
PTWYV]LTLU[ PU VUL PTWHJ[ JH[LNVY` JHU
SLHK [V YL]LYZL PTWHJ[Z PU HUV[OLY�

>P[O [OL PU[LNYH[PVU VM TVYL YLUL^HISLZ
VU [OL NYPK HZ ^LSS HZ ^P[O M\Y[OLY PTWYV]L�
TLU[Z PU [OL LULYN` LMÄJPLUJ` VM 3,+ S\�
TPUHPYLZ� [OL TH[LYPHSZ TH` ILJVTL L]LU
TVYL ZPNUPÄJHU[ PU [OLPY JVU[YPI\[PVU [V [OL
V]LYHSS LU]PYVUTLU[HS PTWHJ[� )LJH\ZL VM
[OPZ� [OL JVU[YPI\[PVU VM [OL JVTWVULU[Z
[V [OL WYVK\J[PVU WOHZL MVY [OL S\TPUHPYLZ
PU [OL SPNO[PUN Z`Z[LTZ ^HZ M\Y[OLY PU]LZ[P�
NH[LK� )LJXUH � ZOV^Z [OL JVU[YPI\[PVU VM
LHJO JVTWVULU[ [V [OL [V[HS YLZ\S[ K\L [V
WYVK\J[PVU� ;OL IYLHRKV^U VM [OL TH[LYPHS
JH[LNVYPLZ PZ NP]LU PU ;HISL ��

-YVT )LJXUH �� [OL 3,+4 HUK 3,+* JVU�
[YPI\[L ZPNUPÄJHU[S` [V [OL V]LYHSS (+7 ,SL�
TLU[Z MVY WYVK\J[PVU� ;OLZL JVTWVULU[Z
JVUZPZ[ VM LSLJ[YVUPJ JVTWVULU[Z [OH[ ^LYL
HZZ\TLK [V IL [OL ZHTL MVY IV[O 3\TP�
UHPYL ( HUK 3\TPUHPYL )� /V^L]LY� HZ WYL�
]PV\ZS` Z[H[LK [OL X\HSP[` VM [OL KH[H MVY
[OLZL LSLJ[YVUPJ JVTWVULU[Z ULLKZ M\Y[OLY
HZZLZZTLU[� ([ [OL [PTL VM [OL Z[\K �̀ [OL
KH[H \ZLK ^HZ JVUZPKLYLK [V IL [OL ILZ[
H]HPSHISL�

0[ JHU M\Y[OLY IL UV[LK MYVT [OLZL YLZ\S[Z
[OH[ PU [LYTZ VM S\TPUHPYL KLZPNU� [OL YLK\J�
[PVU VM LSLJ[YVUPJ JVTWVULU[Z ^PSS SLHK [V H
YLK\J[PVU PU [OL LU]PYVUTLU[HS PTWHJ[�
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-VY L_HTWSL� YLK\J[PVUZ JHU IL THKL MVY
[OL ZPaL VM [OL JPYJ\P[ IVHYKZ PU [OL 3,+4
HUK 3,+*� HZ ^LSS HZ PU [OL U\TILY VM
JVTWVULU[Z VU [OL JPYJ\P[ IVHYK� )V[O
HZWLJ[Z HYL ILPUN JVUZPKLYLK PU [OL 9LWYV�
3PNO[ S\TPUHPYL� [V LUZ\YL H TVYL LMÄJPLU[
\ZL VM TH[LYPHSZ� ;OL 3,+* HUK 3,+4 HYL
HSZV WV[LU[PHS JVTWVULU[Z MVY TVK\SHY�
P[ �̀ HSSV^PUN MVY YLWSHJLTLU[ VM [OL WHY[Z
HZ VWWVZLK [V KPZWVZHS VM [OL LU[PYL S\TP�
UHPYL HUK SLHKPUN [V YLK\J[PVUZ PU ^HZ[L
NLULYH[PVU HZ ^LSS HZ TH[LYPHS \ZL I` RLLW�
PUN WHY[Z VM [OL S\TPUHPYL PU \ZL MVY SVUNLY�
;OLZL JVTWVULU[Z HYL ILPUN KLZPNULK MVY
TVK\SHYP[` ^P[OPU [OL 9LWYV�3PNO[ WYVQLJ[�

&RQFOXGLQJ 5HPDUNV

;OL ,\YVWLHU SPNO[PUN PUK\Z[Y` JHU TV]L
[V^HYKZ H TVYL Z\Z[HPUHISL M\[\YL I` PUJVY�
WVYH[PUN [OL JPYJ\SHY LJVUVT` WYPUJPWSLZ PU
[OL KLZPNU VM SPNO[PUN� ;V KV [OPZ� S\TPUHPYLZ
ZOV\SK IL TVK\SHY HUK ZLY]PJLHISL� ^OPJO
PU [\YU ^PSS HSSV^ MVY [OL JYLH[PVU VM I\ZPULZZ
TVKLSZ HUK UL^ QVI VWWVY[\UP[PLZ� -\Y�
[OLYTVYL� YLK\J[PVUZ PU ^HZ[L NLULYH[PVU
HUK TH[LYPHS JVUZ\TW[PVU HYL VI[HPUHISL
^P[O [OL HIPSP[` [V YLWSHJL WHY[Z� ;OLYLMVYL�
ILULÄ[Z ^PSS UV[ VUS` IL THKL MYVT HU LU]P�
YVUTLU[HS WLYZWLJ[P]L� I\[ HSZV LJVUVTPJ
HUK ZVJPHS�

(Z ^HZ ZLLU PU [OL YLZ\S[Z MYVT [OL 3*(�
[OL JVTWVULU[Z VM [OL 3,+ S\TPUHPYLZ [OH[
JVU[YPI\[L [OL TVZ[ [V [OL LU]PYVUTLU�
[HS PTWHJ[ MYVT WYVK\J[PVU HYL [OL LSLJ�
[YVUPJ JVTWVULU[Z� ;OLYLMVYL� [OL KLZPNU
VM TVK\SHY 3,+4 HUK 3,+* JVTWVULU[Z
^P[O IL[[LY TH[LYPHS LMÄJPLUJ �̀ Z\JO HZ VW�
[PTPaPUN [OL ZPaL VM JPYJ\P[ IVHYKZ HUK [OL
X\HU[P[` VM JPYJ\P[ IVHYK JVTWVULU[Z HUK
3,+Z JHU SLHK [V YLK\J[PVUZ PU [OL LU]P�
YVUTLU[HS PTWHJ[ MYVT [OLZL JVTWVULU[Z�
-\Y[OLYTVYL� [OL PUK\Z[Y` JHU SVVR H[ ZLJ�
VUK SPML VW[PVUZ MVY VSK 3,+Z VUJL [OL`
OH]L YLHJOLK [OL LUK VM [OLPY ÄYZ[ SPML� IL�
PUN VUJL [OL SPNO[ V\[W\[ OHZ YLK\JLK [V
��� VM [OL PUP[PHS ]HS\L� ;OLZL 3,+Z JHU
IL YLW\YWVZLK [V V[OLY HWWSPJH[PVUZ� Z\JO
HZ LTLYNLUJ` SPNO[PUN� HUK [O\Z RLLW [OL
TH[LYPHSZ PU \ZL MVY SVUNLY� 9LJ`JSPUN [LJO�
UVSVNPLZ HYL HSZV PTWYV]PUN [V L_[YHJ[ [OL
LSLTLU[Z MYVT LSLJ[YVUPJZ WYVK\J[Z H[ [OL
LUK VM P[Z \ZLM\S SPML� ^OPJO JHU OLSW [V M\Y�
[OLY YLK\JL [OL PTWHJ[ MYVT YLZV\YJL KL�
WSL[PVU VM UVU�YLUL^HISL LSLTLU[Z�

;OL 9LWYV�3PNO[ WYVQLJ[ HPTZ [V PUP[PH[L
H JOHUNL [OL ,\YVWLHU SPNO[PUN PUK\Z[Y �̀
ZLLRPUN MVY IL[[LY KLZPNU HZWLJ[Z UV[ VUS`
MVY [OL JVUZ\TLY I\[ HSZV MVY [OL LU]PYVU�
TLU[ HUK [OL LJVUVT �̀ -\Y[OLY ^VYR ^PSS
IL JVUK\J[LK [V JVTWHYL [OL 9LWYV�3PNO[
KLZPNU [V [OL JVU]LU[PVUHS PU VYKLY [V JHYL�
M\SS` HZZLZZ [OL WYVK\J[ PUUV]H[PVUZ� (U
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3*( VM [OL \ZL VM [OL 9LWYV�3PNO[ S\TP�
UHPYLZ PU [OL ZHTL PUK\Z[YPHS ZL[[PUN ^PSS IL
JVUK\J[LK� JVUZPKLYPUN [OL KLNYHKH[PVU VM
[OL 3,+Z� [OL YLK\JLK WV^LY JVUZ\TW[PVU
K\L [V KPTTPUN [OL SPNO[PUN ^OLU JVT�
IPULK ^P[O UH[\YHS SPNO[� ]HYPH[PVU PU [OL KP�
TLUZPVUZ VM [OL 3,+* HUK 3,+4 JPYJ\P[
IVHYKZ� HUK [OL HKKP[PVU VM V[OLY LSLJ[YPJ
JVTWVULU[Z� Z\JO HZ ZLUZVYZ� [OH[ ^PSS
LUHISL [OL M\UJ[PVUHSP[` VM [OL S\TPUHPYL�
;OL 3,+ OHZ `L[ [V YLHJO P[Z M\SS WV[LU[PHS PU
HJOPL]PUN L]LU TVYL LULYN` ZH]PUNZ PU [OL
\ZL WOHZL HUK PZ [O\Z H WYVTPZPUN [LJO�
UVSVN` MVY SLHKPUN [OL ^H` [V PUJVYWVYH[PUN
JPYJ\SHYP[` VM WYVK\J[Z PU [OL ,\YVWLHU SPNO[�
PUN PUK\Z[Y �̀ "

5HIHUHQFHV

B�D 0,( B�;OPIH\[ (ILYNLSD� º;YHJRPUN *SLHU ,ULYN`
7YVNYLZZ»� ��� � ?iiTb,ffrrrXB2�XQ`;fi+2Tf#mB
H/BM;bfHB;?iBM;f� (SS YPNO[Z YLZLY]LK�

B�D )LU]LUPZ[L� .�" 7LYmS]HYLa� 4�" /PN\LYH� 1�" *HYYLYHZ�
1� º3PML J`JSL HZZLZZTLU[ VM ZWLJ[YHSS` [\UHISL SPNO[
LUNPULZ»� 0U[LYUH[PVUHS 1V\YUHS VM 3PML *`JSL (ZZLZZ�
TLU[� ��� �� ¶� �� �����

B�D 3PT� :�" 2HUN� +�" 6N\UZLP[HU� 6�(�" :JOVLU\UN�
1�4� º7V[LU[PHS ,U]PYVUTLU[HS 0TWHJ[Z MYVT [OL 4L[HSZ
PU 0UJHUKLZJLU[� *VTWHJ[ -S\VYLZJLU[ 3HTW �*-3��
HUK 3PNO[�,TP[[PUN +PVKL �3,+� )\SIZ»� ,U]PYVUTLU[HS
:JPLUJL HUK ;LJOUVSVN �̀ ��� ����¶����� �����

B�D 3PT� :�" 2HUN� +�" 6N\UZLP[HU� 6�(�" :JOVLU\UN�
1�4� º7V[LU[PHS ,U]PYVUTLU[HS 0TWHJ[Z VM 3PNO[�
,TP[[PUN +PVKLZ �3,+Z�! 4L[HSSPJ 9LZV\YJLZ� ;V_PJP[ �̀
HUK /HaHYKV\Z >HZ[L *SHZZPÄJH[PVU»� ,U]PYVUTLU[HS
:JPLUJL HUK ;LJOUVSVN �̀ �� ���� ���¶���� �����

B�D ,SSLU 4HJHY[O\Y -V\UKH[PVU� º*PYJ\SHY *VUZ\TLY
,SLJ[YVUPJZ! (U PUP[PHS L_WSVYH[PVU»� �¶��� �����
?iiTb,ffrrrX2HH2MK�+�`i?m`7QmM/�iBQMXQ`;f�

B�D ,\YVWLHU *VTTPZZPVU� º>HZ[L ,SLJ[YPJHS HUK ,SLJ�
[YVUPJ ,X\PWTLU[ +PYLJ[P]L ������� �,<�»� 6MÄJPHS
1V\YUHS VM [OL ,\YVWLHU <UPVU� ���� � �¶���� �����

B�D <5,7 ������ 9LJ`JSPUN 9H[LZ VM 4L[HSZ ¶ ( :[H[\Z

9LWVY[� ( 9LWVY[ VM [OL >VYRPUN .YV\W VU [OL .SVIHS
4L[HS -SV^Z [V [OL 0U[LYUH[PVUHS 9LZV\YJL 7HULS�
.YHLKLS� ;�,�" (SS^VVK� 1�" )PYH[� 1��7�" 9LJR� )�2�"
:PISL �̀ :�-�" :VUULTHUU� .�" )\JOLY[� 4�" /HNLS�RLU�
*�

B�D :H\]t� :�" )LYUHYK� :�" :SVHU� 7� º,U]PYVUTLU[HS
ZJPLUJLZ� Z\Z[HPUHISL KL]LSVWTLU[ HUK JPYJ\SHY
LJVUVT`! (S[LYUH[P]L JVUJLW[Z MVY [YHUZ�KPZJPWSPUHY`
YLZLHYJO»� ,U]PYVUTLU[HS +L]LSVWTLU[� ��� ��¶���
�����

B D 3PNO[PUN ,\YVWL� º>OP[L 7HWLY ¶ :LY]PJLHISL 3\TP�
UHPYLZ PU H *PYJ\SHY ,JVUVT`»� �¶��� �����

B��D 0:6 ������ º,U]PYVUTLU[HS THUHNLTLU[ ¶ 3PML
*`JSL (ZZLZZTLU[ ¶ 7YPUJPWSLZ HUK -YHTL^VYR»�
0U[LYUH[PVUHS 6YNHUPaH[PVU MVY :[HUKHYKPaH[PVU� �����

B��D 0:6 ������ º,U]PYVUTLU[HS THUHNLTLU[ ¶ 3PML
*`JSL (ZZLZZTLU[ ¶ 9LX\PYLTLU[Z HUK .\PKLSPULZ»�
0U[LYUH[PVUHS 6YNHUPaH[PVU MVY :[HUKHYKPaH[PVU� �����

B��D (:9 (��� 3PNO[PUN� º;LJOUPJHS 9\SL MVY >VYRWSHJLZ»�
�¶��� ����� ?iiTb,ffrrrX#�m�X/2�

B��D ;pORpT�� 3�" )HaaHUH� 4�" 9H]LS� 7�" .YHUULJ�
-�" 4HY[PUZVUZ� *�" APZZPZ� .� º3PML J`JSL HZZLZZTLU[
VM SPNO[�LTP[[PUN KPVKL KV^USPNO[ S\TPUHPYL ¶ H JHZL
Z[\K`»� 0U[LYUH[PVUHS 1V\YUHS VM 3PML *`JSL (ZZLZZTLU[�
��� ��� ¶����� �����

B��D *43�0( *OHYHJ[LYPaH[PVU -HJ[VYZ� +LWHY[TLU[ VM
0UK\Z[YPHS ,JVSVN �̀ 3LPKLU <UP]LYZP[ �̀ ����� ?iiTb,
ffrrrXmMBp2`bBi2BiH2B/2MXMHf2Mf`2b2�
`+?f`2b2�`+?@ QmiTmifb+B2M+2f+KH@ B�@
+?�`�+i2`Bb�iBQM@7�+iQ`b

B��D 7YPUJPWP� 7�" -PVYL[[P� 9� º( JVTWHYH[P]L SPML J`JSL
HZZLZZTLU[ VM S\TPUHPYLZ MVY NLULYHS SPNO[PUN MVY [OL
VMÄJL ¶ JVTWHJ[ Å\VYLZJLU[ �*-3� ]Z 3PNO[ ,TP[[PUN
+PVKL �3,+� ¶ H JHZL Z[\K`»� 1V\YUHS VM *SLHULY
7YVK\J[PVU� ���  �¶���� �����

;OL &DWDORQLD ,QVWLWXWH IRU (QHUJ\ 5H�
VHDUFK �,5(&� ^HZ MV\UKLK [V JVU[YPI\[L
[V TVYL Z\Z[HPUHISL LULYN` \ZL HUK JVU�
Z\TW[PVU PU [OL M\[\YL� ,JVUVTPJ JVT�
WL[P[P]LULZZ HUK TH_PT\T LULYN` ZLJ\YP[`
HYL IV[O [HRLU PU[V JVUZPKLYH[PVU� 09,*
THRLZ P[Z JVU[YPI\[PVU [OYV\NO HK]HUJLZ PU
ZJPLUJL HUK [LJOUVSVN �̀

$%287 7+( $87+25

'HLGUH :2/))� 06F! +LPKYL >VSMM PZ
^VYRPUN HZ WHY[ VM [OL ,ULYN` :`Z[LTZ
(UHS`[PJZ [LHT H[ *H[HSVUPH 0UZ[P[\[L MVY
,ULYN` 9LZLHYJO �09,*� HZ H 7YVQLJ[ ,U�
NPULLY� :OL OHZ JVUK\J[LK 3PML *`JSL (Z�
ZLZZTLU[ �3*(� Z[\KPLZ VM THU` PUUV]H[P]L
[LJOUVSVNPLZ PU [OL LULYN` ZLJ[VY� /LY PU�
[LYLZ[ HZ H YLZLHYJOLY PZ PU \UJLY[HPU[` HUHS�
`ZPZ PU 3*(� ^OPJO PZ [OL MVJ\Z VM OLY 7O+
[OLZPZ H[ ;LJOUVSVNPJHS <UP]LYZP[` +\ISPU�
+LPKYL OVSKZ H 4HZ[LY VM :JPLUJL PU :\Z�
[HPUHISL ,ULYN` HUK .YLLU ;LJOUVSVNPLZ
MYVT <UP]LYZP[` *VSSLNL +\ISPU HUK H )HJO�
LSVY VM :JPLUJL PU *OLTPZ[Y` MYVT :PTVU
-YHZLY <UP]LYZP[ �̀

https://www.iea.org/tcep/buildings/lighting/
https://www.iea.org/tcep/buildings/lighting/
https://www.ellenmacarthurfoundation.org/
https://www.baua.de
https://www.universiteitleiden.nl/en/research/research-output/science/cml-ia-characterisation-factors
https://www.universiteitleiden.nl/en/research/research-output/science/cml-ia-characterisation-factors
https://www.universiteitleiden.nl/en/research/research-output/science/cml-ia-characterisation-factors
https://www.universiteitleiden.nl/en/research/research-output/science/cml-ia-characterisation-factors
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International Solid State Lighting Alliance (ISA)

Who we are?

,6$�LV�D�QRQ�IRU�SUR¿W�RUJDQL]DWLRQ�FRQVLVWV�RI�UHJLRQDO�DOOLDQFHV��DVVRFLDWLRQ�VRFLHW\��OHDGLQJ�FRPSDQLHV�DQG�UHQRZQHG�
XQLYHUVLWLHV�LQ�JOREDO�6ROLG�6WDWH�/LJKWLQJ��66/��¿HOG��

7KH�%XVLQHVV�RI� ,6$�PHPEHUV�KDYH�FRYHUHG� WKH�ZKROH�66/�YDOXH�FKDLQ�RI�XSVWUHDP��PLGGOHVWUHDP�DQG�GRZQVWUHDP�
RI�JOREDO�66/�LQGXVWU\�VXFK�DV�HSLWD[\��SDFNDJLQJ�DSSOLFDWLRQ��PDWHULDOV�DQG�HTXLSPHQW��GHVLJQ�V\VWHP�LQWHJUDWLRQ�DQG�
WHVWLQJ�HWF�

&XUUHQWO\��,6$�KDV����PHPEHUV��UHSUHVHQWLQJ�PRUH�WKDQ������LQGLYLGXDOV�	�RUJDQL]DWLRQV�LQFOXGHV�PDMRU�SOD\HUV��VXFK�
DV�3KLOLSV��2VUDP��6PVXQJ��*(�/LJKWLQJ��&UHH��9HHFR��$,;7521�HWF����7KH�RXWSXW�RI�ZKLFK�FRYHUV�PRUH�WKDQ�����WKDW�
RI�JOREDO�66/�LQGXVWU\�

7KH� ,6$�%RDUG�RI�$GYLVHUV� FRQVLVWV� RI� OHDGLQJ� H[SHUWV� DQG� DFDGHPLF� ³)RXQGHU´� OHYHO� H[SHUWV�� VXFK� DV� WKH� LQYHQWRUV�
RI�EOXH�/('��\HOORZ�/('��5HG�/('��DQG�2/('��$PRQJVW�3URIHVVRU�6KXML�1DNDPXUD��WKH�/DXUHDWH�RI�1REHO�3UL]H�LQ�
3K\VLFV�LQ������LV�WKH�&R�&KDLU�RI�,6$�%RDUG�RI�$GYLVRUV��%2$��DQG�3URIHVVRU�+LURVKL�$PDQR�WKH�/DXUHDWH�RI�WKH�1REHO�
3UL]H�LQ�3K\VLFV�LQ������LV�WKH�PHPEHU�RI�,6$�%2$��7KH�FXUUHQW�SUHVLGHQW�RI�,6$�LV�'U��-LDQOLQ�&DR��WKH�IRUPHU�YLFH�
PLQLVWHU�RI�0LQLVWU\�RI�6FLHQFH�DQG�7HFKQRORJ\��&KLQD�

The Mission of ISA

&RRSHUDWLRQ�ZLWK�WKH�JOREDO�UHVRXUFHV�DQG�HIIRUWV��,6$�ORRNV�IRUZDUG�WR�IRVWHULQJ�D�PRUH�DSSURSULDWH�³HFR�V\VWHP´�IRU�WKH�
KHDOWK�GHYHORSPHQW�RI�WKH�JOREDO�66/�DQG�LWV�DSSOLFDWLRQ��(FKR�WKH�QHHGV�RI�WKH�VRFLHW\�ZLWK�PRUH�DGGHG�YDOXH�VHUYLFHV�
WR�WKH�PHPEHUV��6WULYH�WR�LPSURYH�SHRSOH¶V�OLYLQJ�DQG�FRQWULEXWH�D�VXVWDLQDEOH�KXPDQ�VRFLHW\�

The Major Work of ISA

��,6$�7HFKQLFDO�&RPPLWWHH�RQ�6WDQGDUGL]DWLRQ��7&6�
��*OREDO�66/�,QGXVWU\�5HSRUWV
��,QWHUQDWLRQDO�5HJLRQDO�&RRSHUDWLRQ�RQ�66/
��*OREDO�66/�$ZDUGV��$ZDUG�RI�2XWVWDQGLQJ�$FKLHYHPHQW�IRU�*OREDO�66/�'HYHORSPHQW��$ZDUG�RI�*OREDO�66/�6KRZFDVH�723�����
��,6$�(&&�6PDUW�6WUHHW�/LJKWLQJ�6\VWHP�6SHFLDOL]HG�&RPPLWWHH
��,6$�/L)L�&RPPLWWHH
��*OREDO�66/�)RUXPV�DQG�WUDLQLQJ�ZRUNVKRSV�
��7KH�6HFUHWDULDW�RI�WKH�%5,&6�66/�&ROODERUDWLRQ�:RUNLQJ�*URXS�

3OHDVH�YLVLW�ZZZ�LVD�ZRUOG�RUJ�IRU�PRUH�LQIRUPDWLRQ

Connect with ISA

,I�\RX�ZRXOG�OLNH�WR�MRLQ�,6$�RU�SDUWLFLSDWH�LQ�,6$¶V�DFWLYLWLHV��WHFKQLFDO�ZRUNVKRSV�
LQWHUQDWLRQDO�VHPLQDUV�HWF��SOHDVH�FRQWDFW�WKH�6HFUHWDULDW�DW�VHFUHWDULDW#LVD�ZRUOG�RUJ�

7KH�6HFUHWDULDW��
$GGUHVV��1R�������%ORFN��'��=KRQJJXDQFXQ�,&�3DUN��1R����)HQJKDR�(DVW�
5RDG��+DLGLDQ�'LVWULFW��%HLMLQJ��&KLQD����������
7HO�����������������
)D[�����������������
(PDLO��VHFUHWDULDW#LVD�ZRUOG�RUJ
:HEVLWH��ZZZ�LVD�ZRUOG�RUJ

https://isa-world.org


,<»Z ,JVKLZPNU HUK ,ULYN`
3HILSSPUN 9LN\SH[PVUZ
0U +LJLTILY ��� � [OL ,\YVWLHU *VTTPZZPVU W\ISPZOLK [OL UL^
:PUNSL 3PNO[PUN 9LN\SH[PVU �:39� �P�L� ,JVKLZPNU 9LN\SH[PVU MVY
SPNO[PUN� HUK [OL ,ULYN` 3HILSSPUN 9LN\SH[PVU �,39�� >OLYLHZ [OL
:39 ZL[Z WYVK\J[�ZWLJPÄJ WLYMVYTHUJL YLX\PYLTLU[Z MVY
LULYN`�\ZPUN HUK LULYN`�YLSH[LK WYVK\J[Z� [OL ,39 SPZ[Z [OL
SHILSSPUN YLX\PYLTLU[Z MVY ZLSSPUN [OVZL WYVK\J[Z VU [OL ,< THYRL[�
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7
KH UHVXOW RI QHDUO\ ðYH \HDUV RI
QHJRWLDWLRQV� WKH 6/5 DQG (/5
ZLOO DSSO\ IURP � 6HSWHPEHU �����

H[FHSW IRU WKH UHPRYDO RI ODEHOOLQJ UH�
TXLUHPHQWV IRU OXPLQDLUHV VWDUWLQJ IURP
�� 'HFHPEHU ����� %RWK ZLOO KDYH VLJ�
QLðFDQW FRQVHTXHQFHV IRU WKH OLJKWLQJ
LQGXVWU\� (/5 DSSOLHV WR OLJKW VRXUFHV
RQO\� ZKLOH 6/5 DSSOLHV WR OLJKW VRXUFHV
DQG VHSDUDWH FRQWURO JHDU� ZLWK OXPL�
QDLUHV RQO\ EHLQJ LQGLUHFWO\ DGGUHVVHG�
1HYHUWKHOHVV� OXPLQDLUH PDQXIDFWXUHUV
PXVW UHYLHZ WKH UXOHV DQG HQVXUH WKDW
WKHLU SURGXFWV FRPSO\ ZLWK WKH QHZ UH�
TXLUHPHQWV� 7R HQVXUH \RX KDYH DOO WKH
LQIRUPDWLRQ \RX QHHG WR FRPSO\ ZLWK
WKHVH FRPSOH[ UHJXODWLRQV� /LJKWLQJ(X�
URSH KDV SXW WRJHWKHU WKH IROORZLQJ
VXPPDU\�

(FRGHVLJQ ò ,PSURYLQJ
3URGXFW 3HUIRUPDQFH
;OL ,JVKLZPNU 9LN\SH[PVU �:39� LZ[HI�
SPZOLZ ,<�^PKL Y\SLZ MVY PTWYV]PUN WYVK\J[
WLYMVYTHUJL� PUJS\KPUN [OH[ VM SPNO[PUN� 0[
WLY[HPUZ [V SPNO[ ZV\YJLZ HUK ZLWHYH[L JVU�
[YVS NLHY HUK [V SPNO[ ZV\YJLZ HUK ZLWHYH[L
JVU[YVS NLHYZ ^P[OPU H JVU[HPUPUN WYVK\J[�

:PTPSHY [V [OL ,39� [OL :39 KLÄULZ H SPNO[
ZV\YJL [V PUJS\KL SHTWZ� TVK\SLZ� HUK
L]LU ZVTL JVU[HPUPUN WYVK\J[Z� ( JVU[HPU�
PUN WYVK\J[ PZ KLÄULK HZ H WYVK\J[ JVU�
[HPUPUN VUL VY TVYL SPNO[ ZV\YJL�Z�� VY ZLW�
HYH[L JVU[YVS NLHYZ� VY IV[O� ,_HTWSLZ VM
JVU[HPUPUN WYVK\J[Z HYL S\TPUHPYLZ [OH[ JHU
IL [HRLU HWHY[ [V HSSV^ ZLWHYH[L ]LYPÄJH[PVU
VM [OL JVU[HPULK SPNO[ ZV\YJL�Z�� OV\ZLOVSK
HWWSPHUJLZ JVU[HPUPUN SPNO[ ZV\YJL�Z� HUK
M\YUP[\YL �ZOLS]LZ� TPYYVYZ� KPZWSH` JHIPUL[Z�
JVU[HPUPUN SPNO[ ZV\YJL�Z�� (JJVYKPUN [V [OL
:39� [OL Z\WWSPLY VM H JVU[HPUPUN WYVK\J[
T\Z[ LUZ\YL [OH[ [OL SPNO[ ZV\YJL HUK ZLW�
HYH[L JVU[YVS NLHY \ZLK PU [OLPY JVU[HPUPUN

WYVK\J[ JVTWSPLZ ^P[O HSS YLSL]HU[ ,< SLNPZ�
SH[PVU ¶ PUJS\KPUN [OL :39�

(Z [OL :39 ZL[Z TPUPT\T THUKH[VY` YL�
X\PYLTLU[Z MVY LULYN` LMÄJPLUJ �̀ HU` WYVK�
\J[ [OH[ MHPSZ [V TLL[ [OLZL YLX\PYLTLU[Z
^PSS IL WOHZLK V\[� Z[HY[PUN ^P[O WYVK\J[Z
SPRL *-3P SHTWZ PU ���� HUK MVSSV^LK I`
WYVK\J[Z SPRL ;� Å\VYLZJLU[ SHTWZ PU �����
(Z [OPZ WOHZL�V\[ OHWWLUZ� [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 UL^ :39 PU[YVK\JLZ ZL]LYHS LSLTLU[Z
VM [OL JPYJ\SHY LJVUVT �̀ -VY L_HTWSL�
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
ZLWHYH[L JVU[YVS NLHYZ JHU IL LHZPS` YL�
WSHJLK \ZPUN JVTTVUS` H]HPSHISL [VVSZ HUK
^P[OV\[ WLYTHULU[S` KHTHNPUN [OL JVU�
[HPUPUN WYVK\J[� -\Y[OLYTVYL� [OL` ULLK [V
WYV]PKL PUZ[Y\J[PVUZ VU OV^ [V ºL_[YHJ[» H
SPNO[ ZV\YJL� ^OPJO JHU IL L_WSHPULK \ZPUN
KYH^PUNZ� [L_[� PTHNLZ� L[J� 0M H [LJOUPJHS
Q\Z[PÄJH[PVU YLSH[LK [V [OL M\UJ[PVUPUN VM
[OL JVU[HPUPUN WYVK\J[ PZ WYV]PKLK PU [OL
[LJOUPJHS KVJ\TLU[H[PVU L_WSHPUPUN ^O`
[OL YLTV]HS MVY ]LYPÄJH[PVU VM SPNO[ ZV\YJLZ
HUK ZLWHYH[L JVU[YVS NLHY PZ UV[ HWWYVWYP�
H[L� [OLU [OL LU[PYL �JVU[HPUPUN� WYVK\J[ OHZ
[V ZH[PZM` HSS [OL WLYMVYTHUJL�PUMVYTH[PVU
YLX\PYLTLU[Z�

;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�
;OPZ PUMVYTH[PVU T\Z[ IL THKL H]HPSHISL
VU IV[O [OL WHJRHNPUN HUK PU [OL \ZLY
PUZ[Y\J[PVUZ� [`WPJHSS` PU [OL MVYT VM H WPJ�
[VNYHT� /V^L]LY� [OLZL Z`TIVSZ HYL UV[ [V
IL \ZLK VU JVU[HPUPUN WYVK\J[Z [OH[ HYL H
SPNO[ ZV\YJL �L�N�� S\TPUHPYLZ�� -VY `V\Y JVU�

]LUPLUJL� 3PNO[PUN,\YVWL OHZ KL]LSVWLK
WPJ[VNYHTZ JV]LYPUN [OL YLX\PYLK PUMVYTH�
[PVU VU YLWSHJLHIPSP[`�UVU�YLWSHJLHIPSP[ �̀
^OPJO HYL PUJS\KLK PU N\PKLSPULZ �KL[HPSZ H[
LUK VM HY[PJSL��

6XPPDULVLQJ WKH 6/5

� (SS JVU[HPUPUN WYVK\J[Z T\Z[ OH]L YL�
WSHJLHISL SPNO[ ZV\YJLZ HUK JVU[YVS NLHY
�\USLZZ [OLYL PZ H [LJOUPJHS L_WSHUH[PVU
MVY UV[ KVPUN ZV��

� 0M [OL SPNO[ ZV\YJL HUK JVU[YVS NLHY VM [OL
JVU[HPUPUN WYVK\J[ JHUUV[ IL YLTV]LK
MVY ]LYPÄJH[PVU� [OLU [OL JVU[HPUPUN WYVK�
\J[ PZ JVUZPKLYLK H SPNO[ ZV\YJL MVY HSS
YLX\PYLTLU[Z VM [OL :39 �LULYN` WLY�
MVYTHUJL YLX\PYLTLU[Z� PUMVYTH[PVU YL�
X\PYLTLU[Z� L[J�� HUK [OL JVYYLZWVUKPUN
LULYN` SHILSSPUN YLX\PYLTLU[Z�

� 0UMVYTH[PVU VU [OL YLWSHJLHIPSP[` VY UVU�
YLWSHJLHIPSP[` VM [OL SPNO[ ZV\YJL HUK [OL
JVU[YVS NLHY T\Z[ IL KPZWSH`LK VU [OL
WHJRHNPUN VM [OL JVU[HPUPUN WYVK\J[
�VUS` MVY WYVK\J[Z ZVSK KPYLJ[S` [V LUK�
\ZLYZ��

(/5 ò (PSRZHUPHQW
WKURXJK ,QIRUPDWLRQ

;OL ,39 WLY[HPUZ [V SPNO[ ZV\YJLZ� ^OPJO
PUJS\KLZ SHTWZ� TVK\SLZ� HUK L]LU ZVTL
JVU[HPUPUN WYVK\J[Z �[OLYL PZ UV LULYN` SH�
ILS YLX\PYLTLU[ MVY S\TPUHPYLZ� HUK YLX\PYLZ
THU\MHJ[\YLYZ [V WYV]PKL TVYL PUMVYTH[PVU
HIV\[ P[Z LULYN` WLYMVYTHUJL HUK M\UJ�
[PVUHS WHYHTL[LYZ�

6UL VM [OL ,39»Z THPU VIQLJ[P]LZ PZ [V LT�
WV^LY [OL J\Z[VTLY�LUK \ZLY I` NP]PUN
[OLT [OL PUMVYTH[PVU [OL` ULLK [V JOVVZL
LULYN` LMÄJPLU[ WYVK\J[Z� ;O\Z� ÄYZ[ HUK
MVYLTVZ[� [OL 9LN\SH[PVU YLX\PYLZ [OH[ ZWL�
JPÄJ WYVK\J[ PUMVYTH[PVU IL WYV]PKLK ]PH H
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JVUZ\TLY�MYPLUKS` LULYN` SHILS� ;OL ,39
HSZV YLX\PYLZ [OH[ [OL THU\MHJ[\YLY WYV]PKL
PUMVYTH[PVU VU [OL WYVK\J[»Z JSHZZ� HSVUN
^P[O V[OLY YLSL]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� -VY L_HTWSL� Z\WWSPLYZ �P�L�� THU\�
MHJ[\YLYZ� H\[OVYPZLK YLWYLZLU[H[P]LZ� HUK
PTWVY[LYZ� T\Z[ WSHJL HU LULYN` SHILS VU
[OL WHJRHNPUN VM HSS PUKLWLUKLU[S` WHJR�
HNLK SPNO[ ZV\YJLZ� -\Y[OLYTVYL� \WVU [OL
YLX\LZ[ VM H KLHSLY� [OL Z\WWSPLY OHZ [V WYV�
]PKL H WYPU[LK ]LYZPVU VM [OL WYVK\J[ PUMVY�
TH[PVU ZOLL[ �[OL PUMVYTH[PVU T\Z[ HS^H`Z
IL H]HPSHISL LSLJ[YVUPJHSS`��

+LHSLYZ �P�L�� YL[HPSLYZ�� VU [OL V[OLY OHUK�
T\Z[ MVSSV^ [OLPY V^U ZL[ VM YLX\PYLTLU[Z�
-VY PUZ[HUJL� [OL LULYN` SHILS ULLKZ [V IL
]PZPIS` KPZWSH`LK VU H SPNO[ ZV\YJL»Z WHJR�
HNPUN HUK� PU [OL JHZL VM KPZ[HU[ ZLSSPUN� [OL
SHILS HUK WYVK\J[ PUMVYTH[PVU ZOLL[ T\Z[
HSZV IL WYV]PKLK� (K]LY[PZLTLU[Z WYVTV[�
PUN H WYVK\J[ OH]L [V PUJS\KL UV[ VUS` [OH[
WYVK\J[»Z LULYN` LMÄJPLUJ` JSHZZ� I\[ HSZV
[OL YHUNL VM LULYN` LMÄJPLUJ` JSHZZLZ SPZ[LK
VU [OL SHILS�

;OL 9LN\SH[PVU HSZV PUJS\KLZ ZWLJPÄJ VISP�
NH[PVUZ MVY VUSPUL YL[HPSLYZ HUK OVZ[PUN WSH[�
MVYTZ� -VY L_HTWSL� VUSPUL YL[HPSLYZ T\Z[
PUJS\KL [OL LULYN` SHILS HUK [OL WYVK\J[

PUMVYTH[PVU ZOLL[ VU [OL ^LIZP[L ^OLYL [OL
SPNO[ ZV\YJL PZ ZVSK�

)` ZWLJPM`PUN [OL ZPaL [OH[ HU LULYN` SHILS
T\Z[ IL ���×��TT VY ��×��TT�� [OL
,39 HSZV YLN\SH[LZ [OL TPUPT\T ZPaL [OH[
H WHJRHNL JHU IL �P�L�� UV ZTHSSLY [OHU
��×��TT�� (SS SHILSZ JYLH[LK IHZLK VU
[OL VSK YLN\SH[PVU T\Z[ IL YLWSHJLK ^P[O
UL^ SHILSZ ILMVYL � 4HYJO ����� 0M VUL
PU[LUKZ [V JV]LY HU VSK SHILS ^P[O H UL^
SHILS� VUL T\Z[ LUZ\YL [OH[ [OL UL^ SHILS
JVTWSL[LS` JV]LYZ [OL VSK SHILS� �5V[L!
LULYN` SHILSZ HYL UV SVUNLY YLX\PYLK MVY
S\TPUHPYL WHJRHNPUN��

0U HKKP[PVU [V [OL SHILSZ [OLTZLS]LZ� [OL
,39 YLX\PYLZ [OH[ HSS [OL PUMVYTH[PVU PU�
JS\KLK VU H WYVK\J[»Z LULYN` SHILS HUK PU
P[Z [LJOUPJHS KVJ\TLU[H[PVU HSZV IL LU[LYLK
PU[V [OL ,\YVWLHU 7YVK\J[ +H[HIHZL MVY
,ULYN` 3HILSSPUN �,79,3�� (Z PZ [OL JHZL
^P[O [OL SHILS HUK KVJ\TLU[H[PVU [OLT�
ZLS]LZ� LU[LYPUN [OL YLX\PYLK KH[H PU[V [OL
,79,3 PZ H WYLYLX\PZP[L MVY ZLSSPUN H WYVK�
\J[ VU [OL ,\YVWLHU THYRL[� (SYLHK` ZPUJL
� 1HU\HY` ��� � YLNPZ[YH[PVU VM SHTWZ PU
,79,3 ��� HUK WYV]PKPUN WYVK\J[ PUMVYTH�
[PVU PZ HSYLHK` THUKH[VY �̀ ;OL YLX\PYLTLU[
VM HU LULYN` SHILS VU S\TPUHPYLZ OHZ ILLU
^P[OKYH^U HZ VM �� +LJLTILY ��� �

/V^L]LY� HS[OV\NO [OL KL[HPSZ HYL UV[ `L[
LU[PYLS` JSLHY� HZ VM � :LW[LTILY ����� [OL
,79,3 ��� ^PSS HSZV IL THUKH[VY` MVY SPNO[

ZV\YJLZ HUK JVU[HPUPUN WYVK\J[Z JVUZPK�
LYLK [V IL H SPNO[ ZV\YJL�

&RQVHTXHQFHV IROORZLQJ WKH
6/5

� 7OHZL�V\[ VM ZVTL JVU]LU[PVUHS SPNO[PUN
[LJOUVSVNPLZ K\L [V PUJYLHZLK LMÄJPLUJ`
YLX\PYLTLU[Z VU WLYMVYTHUJL HUK X\HSP[`
VM SPNO[

� 9LTV]HIPSP[` HUK YLWSHJLHIPSP[` YLX\PYL�
TLU[Z MVY SPNO[ ZV\YJLZ HUK JVU[YVS NLHYZ
PU JVU[HPUPUN WYVK\J[Z

&RQVHTXHQFHV IROORZLQJ WKH
(/5

� (SS SPNO[ ZV\YJLZ PU ZJVWL VM [OL :39 HYL
HSZV PU [OL ZJVWL VM [OL ,39

� +PZJVU[PU\H[PVU VM LULYN` SHILSSPUN MVY
S\TPUHPYLZ �JVU[HPUPUN WYVK\J[Z T\Z[ IL
SHILSSLK VUS` PM [OL` HYL H ºSPNO[ ZV\YJL»�

� 5L^ PUMVYTH[PVU VISPNH[PVUZ [OYV\NO
,79,3

7KH 9RLFH RI WKH
/LJKWLQJ ,QGXVWU\

(Z [OL ]VPJL VM [OL SPNO[PUN PUK\Z[Y �̀ 3PNO[PUN�
,\YVWL PZ KLKPJH[LK [V OLSWPUN JVTWH�
UPLZ \UKLYZ[HUK HUK HWWS` [OLZL JVT�
WSL_ UL^ Y\SLZ� ;OH[ PZ ^O` ^L KL]LSVWLK
HUK W\ISPZOLK H ZL[ VM KL[HPSLK .\PKLSPULZ
VU IV[O [OL :39 HUK ,39� ^OPJO HU`VUL
JHU KV^USVHK MVY MYLL H[! ? i i T b ,
f f 2 m ` Q T 2 � M H B ; ? i B M ; T ` B Q ` B i B
2bX2mf;mB/2HBM2bXT?T

3PNO[PUN,\YVWL OHZ HSZV WYVK\JLK N\PKL�
SPULZ MVY L_PZ[PUN ,79,3 YLX\PYLTLU[Z�
^OPJO ^L THKL H]HPSHISL [V V\Y TLTILYZ�
5L^ N\PKLSPULZ MVY [OL UL_[ ZL[ VM YLX\PYL�
TLU[Z HWWSPJHISL MYVT � :LW[LTILY ����
HYL WSHUULK�

;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[ r r r X H B ; ? i B M ; 2 m
`QT2X+QK ;OL JVU[LU[ VM [OL .\PKLSPULZ
PZ [OL PU[LYWYL[H[PVU VM 9LN\SH[PVUZ �,<�
5V ��� ����� HUK ��� ����� HZ \UKLY�
Z[VVK I` [OL TLTILYZ VM 3PNO[PUN,\YVWL
HUK I` UV TLHUZ YLWYLZLU[Z HU VMÄJPHS PU�
[LYWYL[H[PVU VM [OL YLX\PYLTLU[Z ZL[ I` [OL
9LN\SH[PVUZ [OLTZLS]LZ� >OPSL ^L OH]L
THKL L]LY` H[[LTW[ [V LUZ\YL [OH[ [OL PU�
MVYTH[PVU OHZ ILLU VI[HPULK MYVT YLSPHISL
ZV\YJLZ� 3PNO[PUN,\YVWL PZ UV[ YLZWVUZP�
ISL MVY HU` LYYVYZ VY VTPZZPVUZ� VY MVY [OL
YLZ\S[Z VI[HPULK MYVT [OL \ZL VM [OPZ PUMVY�
TH[PVU� "
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:WLJPM`PUN 3,+ *VSVYZ MVY
/VY[PJ\S[\YHS 3PNO[PUN
>OLYLHZ O\THU ]PZPVU YLSPLZ VU Ä]L VWZPUZ HZ WOV[VYLJLW[VYZ�
TVZ[ WSHU[Z OH]L H ^PKL ]HYPL[` VM WOV[VWPNTLU[Z [OH[ HYL
YLZWVUZP]L [V VW[PJHS YHKPH[PVU MYVT ���¶��� UT� )L`VUK
WOV[VZ`U[OLZPZ� WSHU[Z YLS` VU [OPZ YHKPH[PVU [V JVU[YVS
WOV[VTVYWOVNLULZPZ� WOV[V[YVWPZT� ZOHKL H]VPKHUJL� HUK IV[O
JPYJHKPHU HUK JPYJHUU\HS YO`[OT LU[YHPUTLU[� 0HU (ZOKV^U� :LUPVY
:JPLU[PZ[ H[ :\U;YHJRLY ;LJOUVSVNPLZ WYVWVZLZ HU 3,+ ¸JVSVY¹
ZWLJPÄJH[PVU [OH[ YLWYLZLU[Z H NP]LU :7+ \ZPUN H ZTHSS U\TILY VM
YHKPHS IHZPZ M\UJ[PVUZ [OH[ WYV]PKLZ H TL[YPJ MVY JVTWHYPUN
IPVSVNPJHSS` ZPTPSHY :7+Z� /L M\Y[OLY PU[YVK\JLZ H [YHPUHISL M\aa`
SVNPJ :7+ JSHZZPÄLY [OH[ JHU JVTWHYL IPVSVNPJHSS` ZPTPSHY :7+Z MVY
ZWLJPÄJ OVY[PJ\S[\YHS HWWSPJH[PVUZ�
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4
XDVLPRQRFKURPDWLF /('V KDYH
SURYHQ D ERRQ IRU ERWDQLVWV LQ
WKDW WKH PROHFXODU JHQHWLFV RI

WKHVH UHVSRQVHV FDQ EH HOXFLGDWHG ZLWK
SUHFLVHO\�FRQWUROOHG 6SHFWUDO 3RZHU
'LVWULEXWLRQV �63'V�� ,Q WHUPV RI SKR�
WRSLJPHQWV� FU\SWRFKURPHV IRU H[DP�
SOH UHVSRQG WR EOXH OLJKW� ZKLOH SK\�
WRFKURPH UHVSRQGV WR WKH 5�)5 UDWLR
RI UHG �≈��� QP� WR IDU�UHG �≈��� QP�
OLJKW� 7KH SUREOHP LV WKDW ERWDQLVWV GR
QRW GHðQH ZKDW LV PHDQW E\ ìEOXH�ú
ìJUHHQ�ú ì\HOORZ�ú ìUHG�ú DQG ìIDU�UHGú
YLVLEOH OLJKW� ZKLOH XOWUDYLROHW UDGLDWLRQ
LV EURDGO\ GHðQHG DV 89�$ DQG 89�%�
&RQVHTXHQWO\� LW LV GLIðFXOW WR UHSOLFDWH
ODERUDWRU\ H[SHULPHQWV ZLWKRXW NQRZLQJ
WKH 63' RI WKH KRUWLFXOWXUDO OLJKW VRXUFH�

,QWURGXFWLRQ
>OLU [OL ÄYZ[ OPNO�WYLZZ\YL ZVKP\T �/7:�
SHTWZ ^LYL PU[YVK\JLK PU [OL SH[L � ��Z�
[OL` ^LYL X\PJRS` HKVW[LK I` JVTTLY�
JPHS NYLLUOV\ZL VWLYH[VYZ HZ H TLHUZ
VM WYV]PKPUN Z\WWSLTLU[HS LSLJ[YPJ SPNO[�
PUN� ;OPZ THKL P[ LJVUVTPJHSS` WVZZPISL
[V NYV^ ]LNL[HISLZ HUK ÅV^LYZ [OYV\NO�
V\[ [OL `LHY PU JVU[YVSSLK LU]PYVUTLU[Z�
;OL` OHK S\TPUV\Z LMÄJHJPLZ YHUNPUN MYVT
���¶��� ST�>� [OL` ^LYL H]HPSHISL PU ZPaLZ
YHUNPUN MYVT ���¶����>� HUK [OL` JV\SK
IL PUJVYWVYH[LK PU S\TPUHPYL OV\ZPUNZ KL�
ZPNULK [V ^P[OZ[HUK [OL OLH[ HUK O\TPKP[`
VM NYLLUOV\ZLZ�

6UL KPZHK]HU[HNL VM /7: SHTWZ PZ [OL`

WYVK\JL TVZ[S` `LSSV^ SPNO[ ^P[O Ä_LK ZWLJ�
[YHS WV^LY KPZ[YPI\[PVUZ �:7+Z�� ;OPZ PZ UV[
WHY[PJ\SHYS` PTWVY[HU[ MVY WSHU[ WOV[VZ`U�
[OLZPZ� HZ TVZ[ WSHU[Z JHU [HRL HK]HU[HNL
VM VW[PJHS YHKPH[PVU ^P[OPU [OL ZWLJ[YHS YHUNL
VM ���¶��� UT� /VY[PJ\S[\YHSPZ[Z VM[LU YLMLY
[V [OL ¸4J*YLL J\Y]L�¹ ^OPJO WSV[Z H]LYHNL
WOV[VZ`U[OLZPZ LMÄJPLUJ` ]LYZ\Z ^H]L�
SLUN[O MVY H ]HYPL[` VM ÄLSK�NYV^U JYVWZ B�D�
(Z ZOV^U PU )LJXUH �� [OL ZWLJ[YHS V\[�
W\[ VM /7: SHTWZ PZ ULHY [OL WLHR VM [OL
4J*YLL J\Y]L�

-PN\YL �! ;̀ WPJHS /7: SHTW ZWLJ[YHS WV^LY
KPZ[YPI\[PVU ]LYZ\Z 4J*YLL J\Y]L B�D

;OL WYVISLT PZ [OH[ ^OPSL [OL `LSSV^ SPNO[ VM
/7: SHTWZ TH` IL NVVK MVY WOV[VZ`U[OL�
ZPZ� WSHU[Z OH]L H ^PKL YHUNL VM WOV[VWPN�
TLU[Z [OH[ YLZWVUK [V VW[PJHS YHKPH[PVU
MYVT ���¶��� UT �VM[LU YLMLYYLK [V HZ WOV�
[VIPVSVNPJHSS` HJ[P]L YHKPH[PVU�¹ VY 7)(9��

;OL YLZWVUZLZ [V VW[PJHS YHKPH[PVU PUJS\KL!

� 7OV[VTVYWOVNLULZPZ ¶ HU` JOHUNL PU
[OL TVYWOVSVN` �P�L�� ZOHWL� VY JVTWVZP�
[PVU VM H WSHU[ VY P[Z JVTWVULU[Z [OH[ PZ
PUK\JLK I` VW[PJHS YHKPH[PVU L_WVZ\YL�

� 7OV[VWLYPVKPZT ¶ YLZWVUZL VM H WSHU[ [V

KHPS` �JPYJHKPHU� VY ZLHZVUHS �JPYJHUU\HS�
JOHUNLZ PU VW[PJHS YHKPH[PVU L_WVZ\YL�

� 7OV[VZ`U[OLZPZ ¶ JVU]LYZPVU VM ¸WOV�
[VZ`U[OL[PJHSS` HJ[P]L YHKPH[PVU¹ �7(9�
PU[V JOLTPJHS LULYN` Z[VYLK HZ JHYIVO`�
KYH[LZ [V M\LS WSHU[ HJ[P]P[PLZ�

� 7OV[V[YVWPZT ¶ HU` ZLSM�HJ[\H[LK JOHUNL
PU [OL VYPLU[H[PVU VM H WSHU[ VY P[Z JVT�
WVULU[Z [V^HYKZ VY H^H` MYVT VW[PJHS
YHKPH[PVU�

� :LJVUKHY` TL[HIVSP[L WYVK\J[PVU ¶ VY�
NHUPJ JVTWV\UKZ UV[ KPYLJ[S` PU]VS]LK
PU WSHU[ NYV^[O� KL]LSVWTLU[� VY YLWYV�
K\J[PVU� PUJS\KPUN JVTWV\UKZ \ZLK
HZ TLKPJPULZ� ÅH]VYPUNZ� WPNTLU[Z HUK
KY\NZ�

� :OHKL H]VPKHUJL ¶ H ZL[ VM YLZWVUZLZ [V
ILPUN ZOHKLK I` V[OLY WSHU[Z� PUJS\KPUN
JOHUNLZ PU TVYWOVSVN �̀ ÅV^LYPUN [PTLZ�
HUK HSSVJH[PVU VM YLZV\YJLZ�

>OPSL THU` VM [OLZL YLZWVUZLZ OH]L ILLU
RUV^U VY Z\ZWLJ[LK MVY KLJHKLZ� P[ ^HZ
KPMÄJ\S[ MVY IV[HUPZ[Z [V Z[\K` [OLT PU [OL
SHIVYH[VY` ^P[OV\[ Z\P[HISL SPNO[ ZV\YJLZ�
;OPZ JOHUNLK� OV^L]LY� ^P[O [OL PU[YVK\J�
[PVU VM OVY[PJ\S[\YHS S\TPUHPYLZ ^P[O OPNO�Å\_
X\HZPTVUVJOYVTH[PJ SPNO[�LTP[[PUN KPVKLZ
�3,+Z�� :VTL^OH[ ZLYLUKPWP[V\ZS �̀ [OL
HIZVYW[PVU ZWLJ[YH VM JOSVYVWO`SS ( HUK )
OH]L WLHRZ [OH[ JVYYLZWVUK ^P[O [OVZL VM
≈��� UT 0U.H5 HUK ≈��� UT (S0U.H7
3,+Z �)LJXUH ��� ;VKH �̀ [OL WOV[VU LMÄ�
JHJ` �TLHZ\YLK PU TPJYVTVSLZ VM 7(9 WOV�
[VUZ WLY 1V\SL YH[OLY [OHU S\TLUZ� VM 3,+
TVK\SLZ PZ [`WPJHSS` NYLH[LY [OHU LX\P]HSLU[
�����^H[[ /7: SHTWZ�



:DYHOHQJWK
5DQJH

&RORU
1DPH

3KRWRSLJPHQWV 5HVSRQVHV

���¶��� UT <=�) <=9�� :LJVUKHY` TL[HIVSPZT�
:OHKL H]VPKHUJL�
7OV[V[YVWPZT

���¶��� UT <=�( *OSVYVWO`SSZ�
*Y`W[VJOYVTLZ�
7OV[V[YVWPU�

7O`[VJOYVTLZ� ALP[S\WL
MHTPS`

:LJVUKHY` TL[HIVSPZT�
7OV[VTVYWOVNLULZPZ

���¶��� UT )S\L *HYV[LULZ� *OSVYVWO`SSZ�
*Y`W[VJOYVTLZ�

7O`[VJOYVTLZ� ALP[S\WL
MHTPS`

7OV[VZ`U[OLZPZ� :LJVUKHY`
TL[HIVSPZT� :OHKL

H]VPKHUJL� 7OV[V[YVWPZT�
7OV[VWLYPVKPZT

���¶��� UT .YLLU *Y`W[VJOYVTLZ 7OV[VZ`U[OLZPZ� :LJVUKHY`
TL[HIVSPZT� :OHKL

H]VPKHUJL
���¶��� UT @LSSV^ �

6YHUNL
#<URUV^U% 7OV[VZ`U[OLZPZ� :LJVUKHY`

TL[HIVSPZT
���¶��� UT 9LK *OSVYVWO`SSZ�

7O`[VJOYVTLZ
7OV[VZ`U[OLZPZ�

7OV[VTVYWOVNLULZPZ�
:LJVUKHY` TL[HIVSPZT�

:OHKL H]VPKHUJL�
7OV[VWLYPVKPZT

���¶��� UT -HY�9LK 7O`[VJOYVTLZ 7OV[V�TVYWOVNLULZPZ�
:OHKL H]VPKHUJL�
7OV[VWLYPVKPZT

;HISL �! 7SHU[ YLZWVUZLZ [V VW[PJHS YHKPH[PVU

-PN\YL �! *OSVYVWO`SS HUK β�JHYV[LUL HIZVYW[PVU ZWLJ[YH

-PN\YL �! 7O`[VJOYVTL HIZVYW[PVU ZWLJ[YH
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>OPSL JVTTLYJPHSS` H]HPSHISL OVY[PJ\S[\YHS
S\TPUHPYLZ ^P[O IS\L HUK YLK 3,+Z �WYV�
K\JPUN ZV�JHSSLK ¸IS\YWSL¹ SPNO[� HYL UV^
Z\JJLZZM\SS` JVTWL[PUN ^P[O [YHKP[PVUHS /7:
S\TPUHPYLZ� IV[HUPZ[Z» H[[LU[PVU OHZ [\YULK
[V [OL JHWHIPSP[PLZ VM T\S[PJOHUULS 3,+ S\�
TPUHPYLZ ^P[O JVU[YVSSHISL :7+Z� 6]LY ���
HJHKLTPJ Z[\KPLZ V]LY [OL WHZ[ KLJHKL
OH]L PU]LZ[PNH[LK [OL LMMLJ[Z VM KPMMLYLU[
^H]LSLUN[O YHUNLZ VU WSHU[Z HUK [OLPY HI�
ZVYW[PVU I` WOV[VWPNTLU[Z �7DEOH ���

;OL WYVISLT PZ [OH[ ^OPSL <=�( HUK <=�
) HYL MVYTHSS` KLÄULK PU [OL ZJPLU[PÄJ
SP[LYH[\YL B�D [OL ]PZPISL JVSVY UHTLZ HYL
JVSSVX\PHS HUK IHZLK VU O\THU ]PZ\HS YL�
ZWVUZLZ� ;OL [P[SL VM VUL WHWLY PU WHY[PJ\SHY
PSS\Z[YH[LZ [OPZ PZZ\L! ¸.YLLU 3PNO[ +YP]LZ
3LHM 7OV[VZ`U[OLZPZ 4VYL ,MÄJPLU[S` [OHU
9LK 3PNO[ PU :[YVUN >OP[L 3PNO[! 9L]PZP[PUN
[OL ,UPNTH[PJ 8\LZ[PVU VM >O` 3LH]LZ HYL
.YLLU¹ B�D -VY HU`VUL PU[LYLZ[LK PU LP[OLY
YLWSPJH[PUN [OL L_WLYPTLU[Z VY L_[YHWVSH[PUN
[OLPY YLZ\S[Z� ^OH[ HYL ¸NYLLU�¹ ¸YLK�¹ HUK
¸^OP[L¹ SPNO[&

;OL JVSVY UHTL ¸MHY�YLK�¹ ^OPJO YLMLYZ [V
[OL ZWLJ[YHS YHUNL VM ���¶��� UT� PZ MVY�
THSS` KLÄULK PU [LYTZ VM OVY[PJ\S[\YL B�D� 0[
PZ PTWVY[HU[ PU [LYTZ VM ZOHKL H]VPKHUJL
HUK WOV[VWLYPVKPZT� ^OLYL WSHU[Z YLS` VU
[^V PZVMVYTZ VM WO`[VJOYVTL [V KL[LJ[ [OL
YH[PV VM YLK [V MHY�YLK �9!-9� VW[PJHS YHKPH�
[PVU B�D� I\[ [OLYL PZ UV LX\P]HSLU[ KLÄUP[PVU
VM ¸YLK¹ �)LJXUH ���

3\TPUHPYL THU\MHJ[\YLYZ HYL UV^ VMMLYPUN
WYVK\J[Z ^P[O ��� UT YLK HUK ��� UT MHY�
YLK 3,+Z [V PUK\JL VY KLSH` ÅV^LYPUN PU
VYUHTLU[HS WSHU[Z B�D� I\[ THU` WYL]PV\Z
OVY[PJ\S[\YHS Z[\KPLZ OH]L YLSPLK VU KH`SPNO[
HSVUL VY KH`SPNO[ HUK PUJHUKLZJLU[ SHTWZ
[V L_WSVYL [OL LMMLJ[Z VM ]HY`PUN 9!-9�
/V^ ZOV\SK [OLZL Z[\KPLZ IL PU[LYWYL[LK
PU [LYTZ VM TVKLYU OVY[PJ\S[\YHS SPNO[PUN
WYHJ[PJLZ ^P[O 3,+�IHZLK S\TPUHPYLZ&

&KDUDFWHUL]LQJ 63'V

/VY[PJ\S[\YHS YLZLHYJOLYZ OH]L YLJVNUPaLK
[OH[ [OL \ZL VM JVSSVX\PHS JVSVY UHTLZ PZ H
WYVISLT� 4HU` WHWLYZ KLZJYPIL [OLPY L_�
WLYPTLU[HS TL[OVKZ PU KL[HPS� PUJS\KPUN SPNO[
ZV\YJL :7+ WSV[Z� UHTLZ VM ZWLJPÄJ S\TP�
UHPYL WYVK\J[Z� HUK VJJHZPVUHSS` [HI\SH[LK
:7+Z� ;OPZ Z[PSS SLH]LZ VWLU� OV^L]LY� [OL
WYVISLT VM PU[LYWYL[PUN [OL YLZ\S[Z PU [LYTZ
VM V[OLY VW[PJHS YHKPH[PVU ZV\YJLZ ^P[O ZPT�
PSHY :7+Z� 6UL WYVWVZLK WYVK\J[ SHILS
MVY OVY[PJ\S[\YHS SPNO[ ZV\YJLZ PZ ZOV^U PU
)LJXUH � B�D�

)` H]VPKPUN [OL \ZL VM JVSVY UHTLZ� [OPZ
WYVWVZHS LSPTPUH[LZ HU` KLWLUKLUJL VU
[OL O\THU ]PZ\HS Z`Z[LT� /V^L]LY� [OL



-PN\YL �! ,MMLJ[ VM .YLLU 3PNO[ >H]LSLUN[O HUK 0U[LUZP[` VU 7OV[VTVYWOVNLULZPZ HUK 7OV[VZ`U[OLZPZ PU 3HJ[\JH ZH[P]H �0THNL *YLKP[! 1VORHU� 4� L[ HS� ������ B�D�
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HYIP[YHY` ZLWHYH[PVU VM [OL 7)(9 ZWLJ[YHS
YHUNL PU[V ��� UT ^PKL IHUKZ PNUVYLZ [OL
KPZ[PUJ[ YLZWVUZLZ VM WSHU[Z [V <=�( HUK
<=�) YHKPH[PVU� HUK HSZV [OL YLZWVUZL VM
WSHU[Z [V UHYYV^LY JOHUNLZ PU ^H]LSLUN[O�

-PN\YL �! 7YVWVZLK 7YVK\J[ 3HILS MVY ,SLJ[YPJ
3HTWZ <ZLK PU [OL 7SHU[ :JPLUJLZ �0THNL *YLKP[!
)V[O� (��1�� L[ HS� ���� B�D�

-VY L_HTWSL� 1VORHU L[ HS� B�D WYV]PKL HU
L_HTWSL ^OLYLPU [OL NYV^[O VM SL[[\JL \U�
KLY X\HZPTVUVJOYVTH[PJ YHKPH[PVU MYVT
¸NYLLU¹ 3,+Z ^P[O JLU[LY ^H]LSLUN[OZ
VM ��� UT� ��� UT� HUK ��� UT ]HYPLZ

THYRLKS` KLWLUKPUN VU [OL JLU[LY ^H]L�
SLUN[O MVY [OL ZHTL WOV[VZ`U[OL[PJ WOV[VU
Å\_ KLUZP[` �)LJXUH ���

;OL ZWLJ[YHS HIZVYW[HUJL JOHYHJ[LYPZ�
[PJZ VM [OL WYPTHY` WSHU[ WOV[VWPNTLU[Z
JOSVYVWO`SS ( HUK )� β�JHYV[LUL� HUK WO`�
[VJOYVTL �)LJXUH �� Z\NNLZ[ [OH[ [OLPY HI�
ZVYW[HUJLZ ]HY` ]LY` YHWPKS` ^P[O JOHUNLZ
PU ^H]LSLUN[O� /V^L]LY� [OLZL KH[H YLWYL�
ZLU[ [OL ZWLJ[YHS HIZVYW[HUJL VM [OL WPN�
TLU[ L_[YHJ[Z KPZZVS]LK PU ZVS]LU[Z �P�L�� PU
]P[YV�� (Z ZOV^U I` 4VZZ HUK 3L^PZ B D� H
JVTIPUH[PVU VM [OL Z[Y\J[\YHS JVTWSL_P[` VM
[OL SLH]LZ� ZJYLLUPUN I` V[OLY WOV[VWPN�
TLU[Z� HUK [OL WYLZLUJL VM HJJLZZVY`
WOV[VWPNTLU[Z OH]L [OL LMMLJ[ VM IYVHKLU�
PUN [OL ZWLJ[YHS HIZVYW[HUJL JOHYHJ[LYPZ[PJZ
VM [OL WOV[VWPNTLU[Z PU ]P]V� :[\KPLZ Z\JO
HZ [OVZL VM 4J*YLL B�D OH]L ZOV^U [OH[ PU
NLULYHS� WSHU[Z HYL YLHZVUHIS` [VSLYHU[ VM
ZTHSS JOHUNLZ PU [OL JLU[LY ^H]LSLUN[OZ
VM X\HZPTVUVJOYVTH[PJ YHKPH[PVU� �1VORHU
L[ HS� ���� B�D ^HZ SPRLS` HU L_JLW[PVU PU
[OH[ WOV[VZ`U[OLZPZ WYVIHIS` VJJ\YYLK
K\L [V β�JHYV[LUL YH[OLY [OHU JOSVYVWO`SS
(�)� ^P[O SVUNLY ^H]LSLUN[OZ VM NYLLU SPNO[
ILPUN PUJHWHISL VM L_JP[PUN [OPZ WOV[VWPN�
TLU[��

0U ]PL^ VM [OPZ HUK V[OLY Z[\KPLZ� P[ PZ JSLHY
[OH[ HU` H[[LTW[ [V JOHYHJ[LYPaL [OL :7+Z
VM OVY[PJ\S[\YHS S\TPUHPYLZ ULLKZ [V [HRL
PU[V JVUZPKLYH[PVU [OL YLZWVUZLZ VM WSHU[Z
[V JOHUNLZ PU JLU[LY ^H]LSLUN[O VM X\HZP�
TVUVJOYVTH[PJ SPNO[ ZV\YJLZ� HUK TVYL
NLULYHSS` [V OVY[PJ\S[\YHS S\TPUHPYLZ ^P[O

IV[O X\HZPTVUVJOYVTH[PJ HUK IYVHKIHUK
YHKPH[PVU ZV\YJLZ�

0U YLSH[PVU [V [OPZ� 4HSVUL` B��D KPZJ\ZZLZ
[OL WO`ZPJHS IHZPZ VM ZWLJ[YHS YLÅLJ[HUJL
KPZ[YPI\[PVUZ MYVT UH[\YHS VIQLJ[Z� PUJS\KPUN
VYNHUPJ TH[LYPHSZ� ;OLZL KPZ[YPI\[PVUZ HYL
IHUK�SPTP[LK I` TVSLJ\SHY PU[LYHJ[PVUZ HUK
Z\WLYPTWVZLK ]PIYH[PVUHS HUK YV[H[PVUHS
WH[[LYUZ� ^P[O [OL YLZ\S[ [OH[ [OL U\TILY
VM WHYHTL[LYZ ULLKLK [V HKLX\H[LS` YLW�
YLZLU[ ZWLJ[YHS YLÅLJ[HUJL KPZ[YPI\[PVUZ
PU ]PZPISL SPNO[ �P�L�� ���¶��� UT� PZ Ä]L [V
ZL]LU� >LZ[SHUK L[ HS� B��D JHTL [V H ZPT�
PSHY JVUJS\ZPVU IHZLK VU Z[H[PZ[PJHS Z[\K�
PLZ VM YLÅLJ[HUJL ZWLJ[YH� UV[PUN [OH[ [OL
ZWLJ[YHS YLÅLJ[HUJL KPZ[YPI\[PVUZ VM TVZ[
UH[\YHS Z\YMHJLZ MVYT H ZL[ VM IHUK�SPTP[LK
M\UJ[PVUZ ^P[O H MYLX\LUJ` SPTP[ VM HWWYV_�
PTH[LS` ���� J`JSLZ WLY UT� ;OPZ PTWSPLZ
[OH[ [OL ]PZPISL SPNO[ YLÅLJ[HUJL ZWLJ[YH
JHU IL HKLX\H[LS` YLWYLZLU[LK \ZPUN ZP_ [V
[^LS]L IHZPZ M\UJ[PVUZ B��D�

( ZTHSS U\TILY VM YHKPHS IHZPZ M\UJ[PVUZ
B��D JHU [OLYLMVYL IL \ZLK [V HWWYV_PTH[L
H YLHS�]HS\LK M\UJ[PVU �Z\JO HZ HU :7+�
HZ H ^LPNO[LK Z\T VM [OL IHZPZ M\UJ[PVUZ�
(Z HU L_HTWSL� [OL ZL[ VM .H\ZZPHU M\UJ�
[PVUZ JHU IL \ZLK [V HWWYV_PTH[L HU` :7+
MYVT ���¶��� UT� ^OLYL [OL M\UJ[PVUZ HYL
ZLWHYH[LK I` �� UT �)LJXUH ��!
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ϕ(r, xi) = e−((r−xi)/ε)
2

���

^OLYL

ε =
√

− SU(1/
√
2) = 21.233

xi = 350 + 25i MVY i = 0, . . . , 18

-PN\YL �! :\T VM .H\ZZPHU YHKPHS IHZPZ M\UJ[PVUZ
WYV]PKL ÅH[ ZWLJ[YHS ZLUZVY YLZWVUZL

(U HK]HU[HNL VM [OPZ TL[OVK PZ [OH[ [OL ZL[
VM IHZPZ M\UJ[PVU ^LPNO[Z PZ T\JO ZTHSSLY
[OHU [OL ZL[ VM LU\TLYH[LK ]HS\LZ MVY H
TLHZ\YLK :7+� 9H[OLY [OHU YLMLYYPUN [V
¸YLK�¹ ¸NYLLU�¹ ¸IS\L�¹ VY ¸^OP[L¹ SPNO[� OVY�
[PJ\S[\YHSPZ[Z JHU Z[H[L [OL ]HS\LZ VM H ZL[ VM
IHZPZ M\UJ[PVU ^LPNO[Z� 4VYLV]LY� H \ZLM\S
HWWYV_PTH[PVU VM [OL VYPNPUHS :7+ ZPNUPM�
PJHU[ [V [OL ULLKZ VM OVY[PJ\S[\YHS SPNO[PUN
JHU IL YLJVUZ[Y\J[LK MYVT [OLZL ^LPNO[Z�

(Z HU L_HTWSL� )LJXUH � ZOV^Z �� YHKPHS
IHZPZ M\UJ[PVUZ V]LY [OL ]PZPISL SPNO[ YHUNL
VM ���¶��� UT [OH[ HYL LHJO T\S[PWSPLK VU
H WLY�^H]LSLUN[O IHZPZ I` [OL :7+ VM H
����2 ^OP[L SPNO[ 3,+ [V `PLSK [OL IHZPZ
M\UJ[PVU ^LPNO[Z�

-PN\YL �! 9HKPHS IHZPZ M\UJ[PVU ^LPNO[Z MVY H
����2 ^OP[L 3,+ :7+

)LJXUH � ZOV^Z H YLJVUZ[Y\J[PVU VM [OL
3,+ :7+ \ZPUN H J\IPJ ZWSPUL J\Y]L ^P[O
[OL ^LPNO[Z HZ RUV[Z� ;OL YLJVUZ[Y\J[PVU PZ
JSLHYS` KPMMLYLU[ MYVT [OL VYPNPUHS :7+� I\[
PU [LYTZ VM WYLKPJ[PUN WSHU[ YLZWVUZLZ� P[ PZ
SPRLS` HKLX\H[L�

-PN\YL �! :WSPUL YLJVUZ[Y\J[PVU VM ����2 ^OP[L
3,+ :7+ MYVT YHKPHS IHZPZ M\UJ[PVU ^LPNO[Z

+RUWLFXOWXUDO 6SHFWUDO
6HQVRU
9LMLYYPUN [V )LJXUH �� LHJO IHZPZ M\UJ[PVU
JHU IL ZLLU HZ [OL YLZWVUZP]P[` VM H YHKPHU[
Å\_ TL[LY PU JVTIPUH[PVU ^P[O H .H\ZZPHU
IHUKWHZZ ÄS[LY ^P[O H JLU[LY ^H]LSLUN[O
VM _P� *VTIPUPUN [OL \U^LPNO[LK V\[W\[Z
VM [OL � ÄS[LYLK TL[LYZ YLZ\S[Z PU H ÅH[ YL�
ZWVUZL MYVT ���¶��� UT� 7YLZLU[LK ^P[O
HU HYIP[YHY` :7+� [OL ÄS[LYLK TL[LY V\[W\[Z
YLWYLZLU[ [OL HWWYVWYPH[L ^LPNO[PUN MVY [OL
IHZPZ M\UJ[PVUZ [V HWWYV_PTH[L [OL :7+�
4VYLV]LY� [OL HIZVS\[L ]HS\LZ VM [OL ÄS[LYLK
TL[LY V\[W\[Z JHU IL \ZLK [V LZ[PTH[L [OL
HIZVS\[L ZWLJ[YHS PYYHKPHUJL PUJPKLU[ VU
[OL TL[LYZ� MYVT ^OPJO JHU IL JHSJ\SH[LK
[OL HIZVS\[L PYYHKPHUJL PU ^H[[Z WLY ZX\HYL
TL[LY HUK [OL WOV[VZ`U[OL[PJ WOV[VU Å\_
KLUZP[` �77-+� PU TPJYVTVSLZ WLY ZX\HYL
TL[LY WLY ZLJVUK�

-PN\YL  ! :WLJ[YHS YLZWVUZP]P[` VM HTZ (:����
��JOHUULS ]PZPISL SPNO[ ZWLJ[YHS ZLUZVY

)LJXUH  ZOV^Z [OL ZWLJ[YHS YLZWVUZP]P�
[PLZ VM HU (:���� ��JOHUULS ]PZPISL SPNO[
ZWLJ[YHS ZLUZVY ^P[O H ZWLJ[YHS YHUNL VM
HWWYV_PTH[LS` ���¶��� UT� HZ THU\MHJ�
[\YLK I` HTZ (. VM 7YLTZ[HL[[LU� (\Z[YPH�
>OPSL [OL ZWLJ[YHS YLZWVUZP]P[PLZ HYL UV[
PKLHS .H\ZZPHU M\UJ[PVUZ� P[ PZ JSLHY [OH[ HU
PUZ[Y\TLU[ [V KPYLJ[S` TLHZ\YL YHKPHS IHZPZ
M\UJ[PVU ^LPNO[Z JHU IL MHIYPJH[LK \ZPUN
L_PZ[PUN [LJOUVSVN �̀

(U HK]HU[HNL VM [OPZ Z`Z[LT HUK TL[OVK
PU [LYTZ VM OVY[PJ\S[\YHS SPNO[ ZV\YJLZ PZ [OH[
[OL ZWLJ[YHS WV^LY KPZ[YPI\[PVUZ JHU IL
\UHTIPN\V\ZS` TLHZ\YLK HUK L_WYLZZLK
HZ H ZTHSS ZL[ VM U\TILYZ� YLNHYKSLZZ VM
[OL :7+ JVTWSL_P[ �̀ 0M [OL YLWYLZLU[H[PVUZ
VM [^V :7+Z HYL ZPTPSHY� [OL OVY[PJ\S[\Y�
HSPZ[ TH` IL HZZ\YLK [OH[ [OL` ^PSS SPRLS`
OH]L [OL ZHTL IPVSVNPJHS LMMLJ[ VU H WSHU[
ZWLJPLZ� (Z HU L_HTWSL� ^OP[L SPNO[ Å\VYLZ�
JLU[ SHTWZ [`WPJHSS` L_OPIP[ H JVTIPUH[PVU
VM JVU[PU\\T HUK SPUL ZWLJ[YH� ^OLYLHZ
^OP[L SPNO[ 3,+Z [`WPJHSS` L_OPIP[ H UHYYV^
WLHR LTPZZPVU ULHY ��� UT HUK H IYVHK
JVU[PU\\T MYVT [OL ISLUKZ VM NYLLU� HUK
YLK�LTP[[PUN WOVZWOVYZ �)LJXUH ��� 9L�
NHYKSLZZ� PM [OLPY ZL[Z VM YHKPHS IHZPZ M\UJ[PVU
^LPNO[Z HYL ZPTPSHY� [OL [^V SPNO[ ZV\YJLZ
TH` HSZV IL YLNHYKLK HZ ZPTPSHY ^P[O YL�
ZWLJ[ [V OVY[PJ\S[\YHS HWWSPJH[PVUZ�

)X]]\ /RJLF 63'
&ODVVLðHU
;OL \UHUZ^LYLK X\LZ[PVU PZ� ^OH[ KVLZ
¸ZPTPSHY¹ TLHU PU [OL JVU[L_[ VM JVTWHY�
PUN [^V VY TVYL :7+ YLWYLZLU[H[PVUZ&
>P[O �� [V � YHKPHS IHZPZ M\UJ[PVU ^LPNO[Z
HZ WHYHTL[LYZ� P[ ILJVTLZ PTWYHJ[PJHS [V
MVYT\SH[L H [HISL VM Y\SLZ MVY JVTWHYPZVU
W\YWVZLZ� ;OL ZVS\[PVU [V [OPZ WYVISLT PZ H
M\aa` SVNPJ JSHZZPÄLY�

-PN\YL ��! -\aa` ZL[ ^P[O Ä]L [YPHUN\SHY
TLTILYZOPW M\UJ[PVUZ

-\aa` SVNPJ PZ VM[LU ZLLU HZ H TH[OLTH[P�
JHS TLHUZ VM YLWYLZLU[PUN ]HN\LULZZ HUK
PTWYLJPZL PUMVYTH[PVU ^OLU THRPUN KLJP�
ZPVUZ� ^OLYL PUW\[ ZPNUHSZ HYL ¸M\aaPÄLK¹
I` THWWPUN [OLPY WYLJPZL ]HS\LZ [V H ZL[ VM
M\aa` TLTILYZOPW M\UJ[PVUZ� 9LMLYYPUN [V
)LJXUH �� HZ HU L_HTWSL� H YHKPHS IHZPZ
M\UJ[PVU ^P[O ^LPNO[ ���� OHZ TLTILY�
ZOPW ���� PU ¸OPNO¹ HUK TLTILYZOPW ���� PU
¸]LY` OPNO�¹ �;YPHUN\SHY TLTILYZOPW M\UJ�
[PVUZ HYL \ZLK PU [OPZ L_HTWSL� I\[ [YHWL�
aVPKHS HUK ZPNTVPK M\UJ[PVUZ TH` HSZV IL
\ZLK��

9LMLYYPUN [V )LJXUH �� [OL M\aaPÄJH[PVU VM
[OL ZL[ VM �� YHKPHS IHZPZ M\UJ[PVU ^LPNO[Z
YLZ\S[Z PU 7DEOH �!

;OL ZL[ VM U M\aaPÄLK ^LPNO[Z MVY H NP]LU
:7+ PZ [OLU Z\ITP[[LK [V H M\aa` PM�[OLU
Y\SL Z`Z[LT� .P]LU HU` [^V M\aaPÄLK ^LPNO[Z
x1 HUK x2 HZ PUW\[Z� H [`WPJHS M\aa` Y\SL ^PSS
IL!

IF x1 PZ SV^ AND x2 PZ OPNO THEN V\[�
W\[ JSHZZ PZ Y ^OLYL [OLYL HYL T\S[PWSL
V\[W\[ JSHZZLZ�

,HJO Y\SL JHSJ\SH[LZ a ¸]V[L¹ τ [OH[ PZ KL�
[LYTPULK I` KLNYLL VM TLTILYZOPW µ MVY
LHJO M\aaPÄLK ^LPNO[!

τ(x1, x2) = µSV^(x1) AND µOPNO(x2) ���

HUK ^OLYL [OL M\aa` AND VWLYH[VY PZ
PTWSLTLU[LK HZ [OL TPUPT\T VM [OL [^V
TLTILYZOPW ]HS\LZ� 6UJL HSS VM [OL Y\SLZ
OH]L ILLU WYVJLZZLK� [OLPY ]V[LZ HYL HN�
NYLNH[LK!

V\[W\[ JSHZZ = TH_(τi, (xj , xk)) ���

MVY HSS ]V[LZ�
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��� UT ���� ���� ���� ���� ���� ����
��� UT ���� ���� ���� ���� ���� ����
��� UT ��� ���� ���� ���� ���� ����
��� UT ���� ���� ���� ���� ���� ����
��� UT ���� ���� ���� ���� ���� ����
��� UT �� � ���� ���� ���� ���� �� �
��� UT ���� ���� ���� ���� ���� ����
��� UT ���� ���� ���� ���� ���� ����
��� UT ���� ���� ���� ���� ���� ����
��� UT ���� ���� ���� ���� ���� ����
��� UT ���� ���� ���� ���� ���� ����
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;OPZ PZ HYN\HIS` [OL ZPTWSLZ[ WVZZPISL PT�
WSLTLU[H[PVU VM H M\aa` SVNPJ JSHZZPÄLY�
;OLYL HYL V[OLY TL[OVKZ MVY JHSJ\SH[PUN
HUK HNNYLNH[PUN ]V[LZ [OH[ HYL SPRLS` IL[[LY
MVY [OL W\YWVZL� I\[ P[ PZ [OL WYPUJPWSL [OH[
PZ VM PU[LYLZ[� >OH[ H M\aa` SVNPJ JSHZZPÄLY
HJJVTWSPZOLZ PZ H MYHTL^VYR MVY YLWYLZLU[�
PUN L_WLY[ RUV^SLKNL VM [OL LMMLJ[ VM ZPTPSHY
I\[ KPMMLYLU[ :7+Z VU WSHU[ NYV^[O HUK
OLHS[O� [HRPUN PU[V JVUZPKLYH[PVU [OL WSHU[
ZWLJPLZ� WSHU[ NYV^[O Z[HNL� WSHU[ LU]PYVU�
TLU[HS JVUKP[PVUZ� HUK V[OLY WHYHTL[LYZ�
0U H ZLUZL� [OL M\aa` PM�[OLU Y\SLZ MVYTHS�
PaL ^OH[ PZ RUV^U HIV\[ WSHU[ YLZWVUZLZ
[V VW[PJHS YHKPH[PVU �7DEOH �� HUK JSHZZPM`
OVY[PJ\S[\YHS S\TPUHPYL :7+Z HJJVYKPUNS �̀

6XPPDU\

>OPSL SPNO[�LTP[[PUN KPVKLZ OH]L WYV]PKLK
IV[HUPZ[Z ^P[O [OL HIPSP[` [V NLULYH[L WYLJPZLS`�
JVU[YVSSLK :7+Z MVY [OLPY YLZLHYJO� [OL \ZL
VM JVSSVX\PHS JVSVY UHTLZ PU [OLPY W\ISPZOLK
WHWLYZ OHZ THKL P[ KPMÄJ\S[ [V PU[LYWYL[ HUK
Z\TTHYPaL [OLPY YLZLHYJO YLZ\S[Z MVY [OL
OVY[PJ\S[\YHS PUK\Z[Y �̀ ;OPZ WHWLY [OLYLMVYL
WYVWVZLZ [OL \ZL VM H ZTHSS U\TILY VM YH�
KPHS IHZPZ M\UJ[PVUZ [V YLWYLZLU[ :7+Z MVY
OVY[PJ\S[\YHS SPNO[PUN W\YWVZLZ� IHZLK VU
[OL VIZLY]H[PVU [OH[ [OL HIZVYW[PVU JOHYHJ�
[LYPZ[PJZ VM WOV[VWPNTLU[Z PU ]P]V SPTP[Z [OL
ULLK MVY TVYL KL[HPSLK :7+Z� ( WYVWVZHS
MVY H OVY[PJ\S[\YHS ZWLJ[YHS ZLUZVY [OH[ TLH�
Z\YLZ YHKPHS IHZPZ M\UJ[PVU ^LPNO[Z KPYLJ[S`
PZ HSZV PU[YVK\JLK�

-PUHSS �̀ H M\aa` SVNPJ JSHZZPÄLY PZ WYVWVZLK
HZ H TLHUZ VM YLWYLZLU[PUN L_WLY[ RUV^S�
LKNL NHPULK MYVT OVY[PJ\S[\YHS YLZLHYJO
\ZPUN M\aa` PM�[OLU Y\SLZ� [OLYLI` YLZVS]PUN
[OL WYVISLT VM KL[LYTPUPUN [OL ZPTPSHYP[` VM
[^V VY TVYL :7+Z MVY OVY[PJ\S[\YHS SPNO[PUN
W\YWVZLZ� "

5HIHUHQFHV

B�D 4J*YLL� 2� 1� � ��� ¸;OL (J[PVU :WLJ[Y\T� (IZVYW�
[HUJL HUK 8\HU[\T @PLSK VM 7OV[VZ`U[OLZPZ PU *YVW
7SHU[Z�¹ (NYPJ\S[\YHS 4L[LVYVSVN`  !� �����

B�D 0:6� ����� 0:6 �����!�����,�� :WHJL ,U]PYVUTLU[
�5H[\YHS HUK (Y[PÄJPHS ¶ 7YVJLZZ MVY +L[LYTPUPUN :VSHY
0YYHKPHUJLZ� .LUL]H� :^P[aLYSHUK! 0:6

B�D (:(),� ����� (5:0�(:(), :��� 1<3����� 8\HU�
[P[PLZ HUK <UP[Z VM ,SLJ[YVTHNUL[PJ 9HKPH[PVU MVY 7SHU[Z
�7OV[VZ`U[OL[PJ 6YNHUPZTZ�� :[� 1VZLWO� 40! (TLYP�
JHU :VJPL[` VM (NYPJ\S[\YHS HUK )PVSVNPJHS ,UNPULLYZ

B�D ;LYHZOPTH� 0�� L[ HS� ��� � ¸.YLLU 3PNO[ +YP]LZ 3LHM
7OV[VZ`U[OLZPZ 4VYL ,MÄJPLU[S` [OHU 9LK 3PNO[ PU
:[YVUN >OP[L 3PNO[! 9L]PZP[PUN [OL ,UPNTH[PJ 8\LZ[PVU
VM >O` 3LH]LZ HYL .YLLU�¹ 7SHU[  *LSS 7O`ZPVSVN`
�����!����� �

B�D :HNLY� 1� *�� L[ HS� � ��� ¸7OV[VZ`U[OL[PJ ,MÄJPLUJ`
HUK 7O`[VJOYVTL ,X\PSPIYPH +L[LYTPUH[PVU <ZPUN
:WLJ[YHS +H[H�¹ ;YHUZ� (:(), �����!�������� 

B�D *YHPN� +� :�� HUK ,� :� 9\URSL� ����� ¸( 4VKLY�
H[L [V /PNO 9LK [V -HY�YLK 3PNO[ 9H[PV MYVT 3PNO[�
,TP[[PUN +PVKLZ *VU[YVSZ -SV^LYPUN VM :OVY[�+H`
7SHU[Z�¹ 1� (TLYPJHU :VJPL[` MVY /VY[PJ\S[\YHS :JPLUJL
������!�������2\LOUP� 9� .� ����� *VSVY :WHJL HUK
P[Z +P]PZPVUZ� /VIVRLU� 51! 1VOU >PSL`  :VUZ

B�D )V[O� (��1�� L[ HS� ����� ¸7YVWVZLK 7YVK\J[ 3HILS
MVY ,SLJ[YPJ 3HTWZ <ZLK PU [OL 7SHU[ :JPLUJLZ�¹
/VY[;LJOUVSVN` �����!������ 

B�D 1VORHU� 4� L[ HS� ����� ¸,MMLJ[ VM .YLLU 3PNO[ >H]L�
SLUN[O HUK 0U[LUZP[` VU 7OV[VTVYWOVNLULZPZ HUK
7OV[VZ`U[OLZPZ PU 3HJ[\JH ZH[P]H�¹ ,U]PYVUTLU[HS HUK
,_WLYPTLU[HS )V[HU` ��!�������

B D 4VZZ� 9� (�� HUK >� ,� 3L^PZ� � ��� ¸(IZVYW[PVU
:WLJ[YH VM 3LH]LZ� 0� ;OL =PZPISL :WLJ[Y\T�¹ 7SHU[
7O`ZPVSVN` �����!����� �

B��D 4HSVUL �̀ 3� � ��� ¸,]HS\H[PVU VM 3PULHY 4VKLSZ
VM :\YMHJL :WLJ[YHS 9LÅLJ[HUJL ^P[O :THSS 5\T�
ILY VM 7HYHTL[LYZ�¹ 1� 6W[PJHS :VJPL[` VM (TLYPJHU
�����!���������

B��D >LZ[SHUK� :�� L[ HS� ����� ¸*VSV\Y :[H[PZ[PJZ VM
5H[\YHS HUK 4HU�THKL :\YMHJLZ�¹ :LUZVY 9L]PL^
�����!�����

B��D >LZ[SHUK� :�� HUK *� 9PWHTVU[P� ����� ¸*VTW\�
[H[PVUHS *VSVY :JPLUJL \ZPUN 4H[SHI�¹ *OHW[LY ���
*OPJOLZ[LY� <2! 1VOU >PSL`  :VUZ

B��D )\OTHUU� 4� +�� HUK 1� 1pNLY� ����� ¸6U 9HKPHS
)HZPZ -\UJ[PVUZ�¹ (J[H 5\TLYPJH  !����

$%287 7+( $87+25

,DQ $6+'2:1� 3�(QJ��5HW�� ),(6! 0HU
(ZOKV^U OHZ V]LY MVY[` `LHYZ VM L_WLYP�
LUJL PU YLZLHYJO HUK KL]LSVWTLU[ HUK KL�
]LSVWTLU[ YLSH[LK [V SPNO[PUN KLZPNU� PUJS\K�
PUN V]LY ��� WH[LU[Z HUK WH[LU[ HWWSPJH�
[PVUZ� /L PZ 7YLZPKLU[ HUK :LUPVY :JPLU[PZ[
MVY :\U;YHJRLY ;LJOUVSVNPLZ� ^OLYL OL PZ
KL]LSVWPUN SPNO[PUN ZPT\SH[PVU ZVM[^HYL MVY
OVY[PJ\S[\YHS� HYJOP[LJ[\YHS HUK OLHS[OJHYL
HWWSPJH[PVUZ� /L PZ J\YYLU[S` MVJ\ZLK VU
TVKLSPUN NLYTPJPKHS \S[YH]PVSL[�* YHKPH[PVU
Z`Z[LTZ MVY [OL WVZ[�*6=0+ ^VYSK�

$%287 68175$&.(5

:\U;YHJRLY WYV]PKLZ WYVMLZZPVUHS SPNO[PUN
KLZPNU ZVM[^HYL KL]LSVWLK MVY [OL SPNO[PUN
PUK\Z[Y` ILNPUUPUN PU �  �� 0U �  �� :LUPVY
:JPLU[PZ[ 0HU (ZOKV^U H\[OVYLK 9HKPVZP[`!
( 7YVNYHTTLY»Z 7LYZWLJ[P]L �1VOU >PSL`
 :VUZ�� ;OL ZVM[^HYL WYLZLU[LK PU [OPZ
IVVR OHZ ILLU \UKLY JVU[PU\HS KL]LSVW�
TLU[ ZPUJL P[Z W\ISPJH[PVU� HUK PZ SPJLUZLK
[V 3PNO[PUN (UHS`Z[Z 0UJ� �3P[[SL[VU� *6� MVY
[OLPY (.P��� ,S\T;VVSZ� HUK 3PJHZV WYVK�
\J[Z� HUK [V .SHTV_ (: �4VSKL� 5VY^H`�
MVY [OLPY 6W[P>PU �+ 7YV HYJOP[LJ[\YHS HUK
THYPUL SPNO[PUN KLZPNU ZVM[^HYL� 0U �����
:\U;YHJRLY YLJVNUPaLK [OL ULLK MVY OVY[P�
J\S[\YHS SPNO[PUN KLZPNU ZVM[^HYL MVY NYLLU�
OV\ZLZ� WVS`[\UULSZ� HUK ]LY[PJHS MHYTZ�
0U HKKP[PVU [V KL]LSVWPUN P[Z .YLLUOV\ZL
)\PSKLY ZVM[^HYL� [OL JVTWHU` PZ ^VYR�
PUN ^P[O HJHKLTPH VU IV[HUPJHS YLZLHYJO
WYVQLJ[Z HUK ^P[O [OL (TLYPJHU :VJPL[`
VM )PVSVNPJHS HUK (NYPJ\S[\YHS ,UNPULLYZ
�(:(),�� [OL 0SS\TPUH[PUN ,UNPULLYPUN :VJP�
L[` �0,:�� [OL *VTTPZZPVU 0U[LYUH[PVUHSL KL
S»,JSHPYHNL �*0,�� HUK V[OLY VYNHUPaH[PVUZ VU
[OL KL]LSVWTLU[ VM PU[LYUH[PVUHS Z[HUKHYKZ
MVY [OL SPNO[PUN PUK\Z[Y` ^VYSK^PKL� ;VKH �̀
:\U;YHJRLY PZ H[ [OL MVYLMYVU[ VM ZVM[^HYL
KL]LSVWTLU[ MVY OVY[PJ\S[\YHS� HYJOP[LJ[\YHS�
HUK LU[LY[HPUTLU[ SPNO[PUN KLZPNU�
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<= 3,+Z PU +PZPUMLJ[PVU HUK
:[LYPSPaH[PVU
;OL NSVIHS VUZL[ VM [OL JVYVUH ]PY\Z� *6=0+�� � OHZ NYLH[S`
PUJYLHZLK PU[LYLZ[ PU <= SPNO[ HWWSPJH[PVUZ MVY KPZPUMLJ[PVU HUK
Z[LYPSPaH[PVU� 0[ OHZ ILLU RUV^U MVY THU` `LHYZ [OL <= SPNO[ JHU RPSS
THU` MVYTZ VM WH[OVNLUZ �NLYTZ�� PUJS\KPUN IHJ[LYPH� ]PY\ZLZ� M\UNP
HUK WHYHZP[LZ� /V^L]LY� VUL T\Z[ L_HTPUL [OL LMMLJ[ VU LHJO [`WL
VM NLYT JHYLM\SS �̀ ;OPZ YLWVY[ ^PSS IL JVUÄULK [V [^V HWWSPJH[PVUZ
[OH[ HYL VM ZWLJPHS PU[LYLZ[ H[ [OPZ [PTL! KY\N�YLZPZ[HU[ IHJ[LYPH HUK
JVYVUH ]PY\ZLZ� *VUJLYU HIV\[ *6=0+�� OHZ SLK [V HU L_WSVZPVU
VM HJ[P]P[` PU YLZLHYJO� [OL THU\MHJ[\YPUN VM <= 3,+Z HUK [OL
PU[YVK\J[PVU VM UL^ WYVK\J[Z� 0U [OPZ Z\TTHY` ^L ^PSS [Y` [V PUJS\KL
KL]LSVWTLU[Z \W \U[PS [OL LUK VM (WYPS� �����

+0:05-,*;065 (5+ :;,9030A(;065 <= 3,+: 05 +0:05-,*;065 (5+ :;,9030A(;065 ! " #
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,QWURGXFWLRQ
(S[OV\NO ]PZPISL SPNO[ PZ JVUÄULK [V ^H]L�
SLUN[OZ IL[^LLU HIV\[ ��� UT HUK ��� UT�
\S[YH�]PVSL[ �<=� SPNO[ OHZ THU` ]HS\HISL
\ZLZ� HZ PSS\Z[YH[LK PU )LJXUH �� ^OPJO PZ
[HRLU MYVT [OL YLJLU[ YL]PL^ I` /PKLRP /P�
YH`HTH B�D�

3DWKRJHQ 'HDFWLYDWLRQ

;OL HIPSP[` VM <= YHKPH[PVU [V RPSS WH[OVNLUZ
OHZ SLK [V NYLH[ PU[LYLZ[ PU [OLPY \ZL PU
OLHS[O JHYL MHJPSP[PLZ� HZ PSS\Z[YH[LK PU )LJXUH �
B�D�

;OL ^H]LSLUN[OZ [OH[ HYL VM ZWLJPHS PU[LY�
LZ[ HYL <=* ����¶� � UT� HUK ULHY�<=
�≈��� UT� SPNO[�

<=* SPNO[ IYLHRZ [OL +5( VM OHYTM\S TPJYV�
VYNHUPZTZ [V KLZ[YV` [OLT HUK T\Z[ IL
\ZLK ^P[O NYLH[ JHYL� ZPUJL P[ JHU HSZV
JH\ZL ZLYPV\Z KHTHNL [V O\THUZ HUK HUP�
THSZ� 5LHY�<= SPNO[ PZ TVYL ZLSLJ[P]L� RPSSPUN
NLYTZ I` JH\ZPUN WOV[V�HJ[P]H[PVU ^P[OPU
[OLPY JLSSZ� ;OL WOV[VUZ HYL HIZVYILK I`
WVYWO`YPUZ� ^OPJO L_PZ[ PUZPKL [OL IHJ[L�
YPHS JLSS� ;OL L_JP[LK WVYWO`YPU TVSLJ\SLZ
WYVK\JL 9LHJ[P]L 6_`NLU :WLJPLZ �96:�
PUZPKL [OL JLSS� 0U[LYJLSS\SHY V_PKH[PVU KHT�
HNL VJJ\YZ ZV [OH[ [OL JLSSZ SVZL IHJ[LYPHS
TLTIYHUL PU[LNYP[` HUK JHU UV SVUNLY YLWSP�
JH[L�

-VY IV[O ^H]LSLUN[O YHUNLZ P[ PZ PTWVY[HU[
[V TLHZ\YL VY JHSJ\SH[L [OL KVZL [OH[ PZ
ILPUN HWWSPLK� ;OPZ PZ KVUL PU [LYTZ VM [OL
HTV\U[ VM YHKPHU[ LULYN` WLY \UP[ HYLH�
UVYTHSS` L_WYLZZLK PU 1V\SLZ WLY ZX\HYL
JLU[PTL[YL �1��JT��� 0M [OL WV^LY KLUZP[` PZ
NP]LU �\Z\HSS` PU >��JT��� P[ PZ ULJLZZHY` [V
T\S[PWS` [OPZ I` [OL K\YH[PVU VM [OL YHKPH[PVU
PU ZLJVUKZ�

( JVTWYLOLUZP]L SPZ[ VM [OL YLJVTTLUKLK
KVZL YLX\PYLTLU[Z MVY THU` WH[OVNLUZ
^HZ W\ISPZOLK I` [OL 0U[LYUH[PVUHS <S[YH�
=PVSL[ (ZZVJPH[PVUZ �0<=(� PU ���� B�D�

;OL LMÄJPLUJ` VM WH[OVNLU YLK\J[PVU KL�
WLUKZ VU [OL ^H]LSLUN[O VM [OL SPNO[� HZ
ZOV^U PU )LJXUH ��

;OPZ ÄN\YL Z\NNLZ[Z [OH[ ^H]LSLUN[OZ IL�
SV^ ��� UT TPNO[ IL WHY[PJ\SHYS` LMMLJ[P]L
MVY ]PY\ZLZ� I\[ UV[ MVY IHJ[LYPH�

(Z UV[LK HIV]L� [^V WHY[PJ\SHY HWWSPJH[PVU
HYLHZ OH]L H[[YHJ[LK ZWLJPHS H[[LU[PVU PU
YLJLU[ `LHYZ!

+HDOWKFDUH $VVRFLDWHG ,QIHFWLRQV
�+$,��
7H[PLU[Z PU OVZWP[HSZ VM[LU ILJVTL PUMLJ[LK
^P[O IHJ[LYPH [OH[ HYL YLZPZ[HU[ [V T\S[PWSL
KY\NZ� Z\JO HZ 4L[OPJPSSPU�YLZPZ[HU[ :[HWO`�
SVJVJJ\Z H\YL\Z �49:(� VY *SVZ[YPKP\T
KPMÄJPSL �J�KPMM�� 0[ ^HZ YLWVY[LK H[ [OL ����
50:; >VYRZOVW VU <= +PZPUMLJ[PVU ;LJO�
UVSVNPLZ B�D [OH[ H �����MVSK YLK\J[PVU PU
HJ[P]P[` OHZ ILLU HJOPL]LK PU SHIVYH[VY`

L_WLYPTLU[Z ^P[O KVZLZ VM �� 1�JT� MVY
49:( HUK �� 1�JT� MVY *�KPMM� /V^L]LY�
P[ OHZ ILLU ZOV^U [OH[ [OL YH[L VM KLHJ�
[P]H[PVU KLWLUKZ VU [OL WYVWLY[PLZ VM [OL
Z\YMHJL VU ^OPJO [OL ]PY\Z SPLZ�

&RURQDYLUXV�
-VSSV^PUN [OL :(9:�*V= V\[IYLHR PU �����
H QVPU[ [LHT MYVT [OL <: 5H[PVUHS 0UZ[P[\[L
VM /LHS[O HUK [OL <: -VVK HUK +Y\N (K�
TPUPZ[YH[PVU B�D ZOV^LK [OH[ [OL ]PY\Z PZ
LMMLJ[P]LS` KLHJ[P]H[LK I` PYYHKPH[PVU ^P[O
<=�* SPNO[ H[ ��� UT MVY �� TPU\[LZ H[
H KVZL VM �T>�JT�� JVYYLZWVUKPUN [V
��� 1�JT�� =LY` SP[[SL LMMLJ[ ^HZ ZLLU ^P[O
<=( SPNO[ H[ ��� UT�

( ZLJVUK MVYT VM JVYVUH ]PY\Z LTLYNLK PU
���� HUK ^HZ JHSSLK [OL 4PKKSL ,HZ[LYU
9LZWPYH[VY` :`UKYVTL �4,9:�� :[\KPLZ
JHYYPLK V\[ H[ [OL <UP]LYZP[` VM 0V^H PU ����
B�D ZOV^LK [OH[ [OL HJ[P]P[` VM [OL 4,9:
JVYVUH]PY\Z ^HZ YLK\JLK I` HSTVZ[ � VY�
KLYZ VM THNUP[\KL [OYV\NO � TPU\[LZ VM
<=�* PYYHKPH[PVU PU H ZHTWSL WSHJLK � MLL[
MYVT [OYLL _LUVU SHTWZ MYVT :\YMHJPKL�
5LP[OLY [OL KVZL UVY [OL ZWLJ[Y\T ^HZ
ZWLJPÄLK PU [OL HY[PJSL�

0UP[PHS YLWVY[Z Z\NNLZ[ [OH[ <=* YHKPH[PVU
JHU HSZV IL LMMLJ[P]L HNHPUZ[ [OL *6=0+�� 
JVYVUH]PY\Z� 9LZLHYJOLYZ MYVT [OL *OPULZL
*LU[LY MVY +PZLHZL *VU[YVS HUK 7YL]LU�
[PVU B�D MV\UK [OH[ *6=0+�� JVYVUH]PY\Z
JV\SK IL RPSSLK I` PYYHKPH[PUN ^P[O KLLW \S�
[YH]PVSL[ SPNO[ ^P[O HU PU[LUZP[` NYLH[LY [OHU
 � �>�JT� MVY �� TPU\[LZ ����T1�JT���



-PN\YL �! <ZLZ VM <= YHKPH[PVU �/PYH`HTH� �����
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*OLU 1PUN^LU VM /\ILP :OLUaP ;LJOUVSVN`
*V� B D YLWVY[LK [OH[ H ������ MVSK YLK\J�
[PVU PU HJ[P]H[PVU JHU IL HJOPL]LK ^P[O H
KVZL VM ����T1�JT�� 0[ T\Z[ IL Z[YLZZLK
[OH[ PU TVZ[ HWWSPJH[PVUZ� <= [YLH[TLU[
PZ \ZLK PU JVUQ\UJ[PVU ^P[O V[OLY JSLHUPUN
[LJOUPX\LZ HUK [OH[ UVYTHS Y\SLZ VM O`NPLUL
T\Z[ IL WYHJ[PZLK�

89& 6RXUFHV
;OL TVZ[ JVTTVU ZV\YJLZ VM <=* YHKP�
H[PVU HYL NHZ KPZJOHYNL SHTWZ JVU[HPUPUN
TLYJ\Y` �/N�� /N H[VTZ LTP[ SPNO[ Z[YVUNS`
ULHY ��� UT HUK ��� UT� HS[OV\NO T\JO
VM [OL ZOVY[LY ^H]LSLUN[O YHKPH[PVU PZ VM�
[LU HIZVYILK PU [OL NSHZZ [\IL JVU[HPU�
PUN [OL NHZ� 7\SZLK KPZJOHYNL SHTWZ ^P[O
_LUVU NHZ HYL HSZV H]HPSHISL HUK W\SZLK
SPNO[ TPNO[ IL TVYL LMMLJ[P]L PU ZVTL HW�
WSPJH[PVUZ� ;OLZL KPZJOHYNL SHTWZ OH]L
ILLU KL]LSVWLK V]LY THU` `LHYZ HUK HYL
OPNOS` LMÄJPLU[ PU WYVK\JPUN <= SPNO[� /V^�
L]LY� [OLZL SHTWZ ^HYT \W ZSV^S` HUK [OL
SPML[PTL VM /N SHTWZ JHU IL ZPNUPÄJHU[S`
YLK\JLK I` MYLX\LU[ Z^P[JOPUN VU HUK VMM�

;OLYL PZ NYV^PUN PU[LYLZ[ PU [OL \ZL VM <=
3,+Z MVY KPZPUMLJ[PVU� /V^L]LY� \W \U[PS
UV �̂ <= 3,+Z OH]L ILLU ]LY` PULMÄJPLU[

HUK L_WLUZP]L� HZ KPZJ\ZZLK ILSV �̂ 0U
ZVTL HWWSPJH[PVUZ [OL SV^LY LMÄJHJ` VM
J\YYLU[ <=*�3,+ ZV\YJLZ PZ VMMZL[ I` V[OLY
HK]HU[HNLZ�

� ;OL ZWLJ[Y\T PZ [\UHISL HUK JHU IL SPT�
P[LK [V [OL TVZ[ LMMLJ[P]L ^H]LSLUN[OZ
MVY LHJO HWWSPJH[PVU� (S[OV\NO SPNO[ H[
��� UT OHZ ILLU MH]V\YLK PU [YHKP[PVUHS
SHTWZ� [OPZ PZ UV[ [OL VW[PTHS ^H]L�
SLUN[O�

� 3PML[PTL JV\SK PU WYPUJPWHS IL T\JO
SVUNLY [OHU [OH[ VM [YHKP[PVUHS SHTWZ�
/V^L]LY� SPML[PTL JSHPTZ I` ZVTL <=
3,+ ]LUKVYZ TH` IL V]LYS` VW[PTPZ[PJ�

� >HYT�\W [PTL PZ ]LY` ZOVY[ HUK W\SZLK
VWLYH[PVU KVLZ UV[ YLK\JL [OL SPML[PTL
ZPNUPÄJHU[S`

� ;OL HIZLUJL VM TLYJ\Y` LUHISLZ ZHMLY
VWLYH[PVU HUK ZPTWSLY KPZWVZHS WYVJL�
K\YLZ

� ;OL SV^ ]VS[HNL +* VWLYH[PVU HSSV^Z [OL
\ZL VM WV^LY MYVT WVY[HISL IH[[LYPLZ

� ;OL ZTHSS ZPaL VM 3,+ ZV\YJLZ WYV]PKLZ
TVYL ÅL_PIPSP[` PU [OL KLZPNU VM WYVK\J[Z
HUK [OL JVU[YVS VM [OL SPNO[ KPZ[YPI\[PVU

� ;OL ZTHSSLY Z`Z[LT MVV[WYPU[ VWLUZ \W
HWWSPJH[PVUZ [OH[ HYL UV[ HKKYLZZLK ^LSS
I` [YHKP[PVUHS SHTWZ� -VY L_HTWSL� <=�
3,+Z HYL J\YYLU[S` YLJVTTLUKLK PU
^H[LY [YLH[TLU[ MVY ÅV^ YH[LZ ILSV^

�� SP[LYZ �� NHSSVUZ� WLY TPU\[L� ^OPSL
[YHKP[PVUHS SHTWZ TH` Z[PSS IL WYLMLYYLK H[
OPNOLY ÅV^ YH[LZ B��D�

( *OPULZL WLYZWLJ[P]L VU [OL YLSH[P]L TLY�
P[Z VM 3,+ HUK [YHKP[PVUHS ZV\YJLZ VM <=
PU [OL WYLZLU[ JVU[L_[ OHZ ILLU NP]LU I`
AOHUN .\VO\H� HU LUNPULLYPUN [LJOUVSVN`
YLZLHYJOLY VM 8PUNKHV 1PLZOLUN ,SLJ[YPJ
B��D�

(IðFDF\ DQG &RVW RI 89
/('V
;OL LMÄJHJ` VM J\YYLU[ <= 3,+ ZV\YJLZ
KYVWZ ZOHYWS` ILSV^ ��� UT� HZ ZOV^U�
MVY L_HTWSL� I` [OL KH[HIHZL THPU[HPULK
I` 2VWW .SHZZ B��D� ;OL WV^LY JVU]LY�
ZPVU LMÄJPLUJ` �7*,� VM JVTTLYJPHS <=*
ZV\YJLZ PZ HYV\UK �� VY ILSV �̂ HZ ZOV^U
PU )LJXUH �� ( JVTWPSH[PVU VM KH[H MYVT
JVTWHU` KH[H ZOLL[Z PU (WYPS ���� ZOV^LK
[OH[ [OL H]LYHNL 7*, ^HZ ���� HUK VUS`
�� V\[ VM �� WYVK\J[Z JSHPTLK H ]HS\L VM
�� VY OPNOLY� ;OL LMÄJPLUJ` VM [YHKP[PVUHS
<=* SHTWZ PZ [`WPJHSS` PU [OL YHUNL ����
����

;OL SV^ LMÄJPLUJ` SPTP[Z [OL YHKPHU[ V\[W\[
VM <=�* 3,+Z� ( ���� YLWVY[ W\ISPZOLK



-PN\YL �! /LHS[O *HYL (WWSPJH[PVUZ VM <= 3PNO[ �0<=(�

-PN\YL �! >H]LSLUN[O KLWLUKLUJL VM HIZVYW[PVU VM KLLW <= SPNO[ I` WH[OVNLUZ �*Y`Z[HS 0: B�D

-PN\YL �! *SHPTLK JVU]LYZPVU LMÄJPLUJ` VM JVTTLYJPHS <= 3,+Z
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I` [OL 0<=( B��D ZOV^LK [OH[ [OL H]HPS�
HISL SPNO[ MYVT <=�* ZV\YJLZ ^HZ SLZZ [OHU
�� VM [OH[ MYVT 3,+Z H[ ^H]LSLUN[OZ V]LY
��� UT�

;OLYL HYL THU` YLHZVUZ ^O` [OL LMÄJHJ` VM
<=* 3,+Z PZ T\JO SLZZ [OHU [OH[ VM SPNO[�
;OLZL PUJS\KL!

� ;OL IHUK�NHW VM .H5 PZ ��� L=� JVYYL�
ZWVUKPUN [V H ^H]LSLUN[O VM ��� UT�
^OPJO TLHUZ [OH[ 0U.H5 JHU IL \ZLK [V
WYVK\JL ��� UT SPNO[� I\[ .H5 OHZ [V IL
HSSV`LK ^P[O (S5 [V WYVK\JL <=*

� 7VVYLY JVU[HJ[Z HUK SV^LY JVUK\J[P]P[`
SLHK [V SLZZ PUQLJ[PVU HUK JVUK\J[PVU VM
JOHYNL

� 0UJYLHZLK KLMLJ[ KLUZP[` SLHKZ [V SLZZ
WOV[VU WYVK\J[PVU

� 3PNO[ L_[YHJ[PVU PZ TVYL KPMÄJ\S[ HUK YL�
X\PYLZ TVYL TPJYVWH[[LYUPUN

� 4HU` VM [OL JVTWVULU[Z \ZLK PU ]PZPISL
3,+ WHJRHNLZ HUK SHTWZ KL[LYPVYH[L
X\PJRS` \UKLY <=* YHKPH[PVU

;OL MLHZPIPSP[` VM ZVS]PUN [OLZL WYVISLTZ
OHZ ILLU KLTVUZ[YH[LK I` THU` YLZLHYJO
SHIVYH[VYPLZ PU (ZPH B��D� ,\YVWL B��D HUK
5VY[O (TLYPJH B��D� -VY L_HTWSL� H JVSSHI�
VYH[PVU IL[^LLU [OYLL SHIVYH[VYPLZ PU *OPUH
B��D OHZ \ZLK HU PUUV]H[P]L HYJOP[LJ[\YL
[V NP]L H WV^LY JVU]LYZPVU LMÄJPLUJ` VM
������ I\[ H[ SV^ J\YYLU[ KLUZP[ �̀

( JVTWYLOLUZP]L YL]PL^ VM [OL KL]LSVW�
TLU[ VM <= 3,+ [LJOUVSVN` OHZ ILLU WYV�
]PKLK I` @HU 1PHUJOHUN� H YLZLHYJOLY VM [OL
0UZ[P[\[L VM :LTPJVUK\J[VYZ VM [OL *OPULZL
(JHKLT` VM :JPLUJLZ HUK H KLW\[` NLULYHS
THUHNLY VM :OHU_P 3\VRL <= 6W[VLSLJ�
[YVUPJZ ;LJOUVSVN` B��D�

6U [OL HZZ\TW[PVU [OH[ MVJ\ZZLK 9+
JHU SLHK [V [OL ZHTL YH[L VM WYVNYLZZ HZ PU
]PZPISL 3,+Z� 2ULPZZS L[ HS B� D MVYLJHZ[ [OH[
[OL LMÄJHJ` VM JVTTLYJPHS <=* 3,+Z JV\SK
YLHJO IL[^LLU ��� HUK ��� I` �����

;OL SV^ LMÄJHJ �̀ HSVUN ^P[O [OL ZTHSSLY
THYRL[ ZPaL� SLHK [V T\JO OPNOLY JVZ[Z
MVY <=* 3,+Z� )LJXUH � ZOV^Z [OH[ [OL
W\YJOHZL WYPJL VM <=*�3,+Z OHZ JVTL
KV^U Z\IZ[HU[PHSS` V]LY [OL WHZ[ [^LU[`
`LHYZ�

)` ��� [OL WYPJL OHK JVTL KV^U M\Y[OLY
HUK ^HZ [`WPJHSS` <:+ ���� [V <:+ � WLY
T> VM YHKPHU[ WV^LY VU PU[LYUH[PVUHS THY�
RL[Z� ;OL LU[Y` VM [OL THQVY THU\MHJ[\YLYZ
PU *OPUH HUK [OL WV[LU[PHS PUJYLHZL PU THY�
RL[ ZPaL OHZ HSYLHK` SLK [V M\Y[OLY YLK\J�
[PVUZ PU [OL ÄYZ[ ML^ TVU[OZ VM ���� B��D�
5L]LY[OLSLZZ� [OL WYPJL PZ Z[PSS [^V VYKLYZ
VM THNUP[\KL HIV]L [OH[ VM ]PZPISL 3,+Z
HUK [OH[ VM [YHKP[PVUHS <=* SHTWZ� 0[ PZ JSLHY
[OH[ OPNOLY WHJRHNL LMÄJHJ` PZ YLX\PYLK� ZV
[OH[ TVYL SPNO[ JHU IL LTP[[LK MYVT LHJO
3,+� HZ ^LSS HZ PTWYV]LK THU\MHJ[\YPUN
LMÄJPLUJPLZ�

$YRLGLQJ 'DPDJH IURP
89 /LJKW

;OL YPZRZ [V O\THUZ HUK HUPTHSZ MYVT <=
YHKPH[PVU HYL ^LSS KVJ\TLU[LK� MVY L_HTWSL
PU [OL *0, YLWVY[ ���!���� ¸7OV[VJHYJPUV�
NLULZPZ 9PZRZ MYVT .LYTPJPKHS 3HTWZ¹ B��D�
.YLH[ JHYL OHZ [V IL [HRLU PU \ZPUN <=�*
Z`Z[LTZ PU LU]PYVUTLU[Z PU ^OPJO O\THUZ
HYL WYLZLU[�

4VZ[ YLZLHYJOLYZ HUK ]LUKVYZ OH]L JVU�



-PN\YL �! 7YPJLZ VM <=* 3,+Z ��������� �(X\P:LUZL ;LJOUVSVNPLZ�

-PN\YL �! +PZ[YPI\[PVU VM SPNO[ MYVT <= ZV\YJLZ PU \WWLY YVVT KPZPUMLJ[PVU �0,:�
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JS\KLK [OH[ ULHY�<= SPNO[ H[ ≈ ��� UT
JHU IL \ZLK ^OLYL WLVWSL HYL WYLZLU[�
9LZLHYJO VU TPJL JHYYPLK V\[ PU [OL <:
B��D� 1HWHU B��D HUK :JV[SHUK B��D OHZ Z\N�
NLZ[LK [OH[ <=* SPNO[ ULHY ��� UT TH`
HSZV JH\ZL SLZZ ZLYPV\Z KHTHNL [V ZRPU
[OHU SPNO[ H[ ^H]LSLUN[OZ PU [OL YHUNL UVY�
THSS` \ZLK ����¶� � UT�� ;OPZ PZ WYPTHYPS`
ILJH\ZL [OL YHKPH[PVU PZ HIZVYILK PU [OL
V\[LY SH`LYZ VM [OL ZRPU HUK KVLZ UV[ WLU�
L[YH[L [V [OL KLLWLY SL]LSZ H[ ^OPJO JHUJLY
KL]LSVWZ� ;OPZ ÄUKPUN KLZLY]LZ M\Y[OLY YL�
ZLHYJO�

,_[YH JHYL ULLKZ [V IL [HRLU PU JOVVZPUN
[OL TH[LYPHSZ [OH[ HYL \ZLK PU 3,+ WHJR�
HNLZ HUK SPNO[ KLSP]LY` Z`Z[LTZ� ;OPZ SLHKZ
[V KPMÄJ\S[ JOVPJLZ PU IHSHUJPUN WLYMVY�
THUJL HUK SPML[PTL HNHPUZ[ JVZ[� ;OLZL
JOHSSLUNLZ OH]L ILLU KPZJ\ZZLK H[ SLUN[O
I` >\ 8PHU� NLULYHS THUHNLY VM .\HUNaOV\
/VUNSP )PUN`P 6W[VLSLJ[YVUPJZ ;LJOUVSVN`
B��D�

7YVWVULU[Z VM <= 3,+Z VM[LU HYN\L [OL
NYLH[LY YLSPHIPSP[` ^PSS OLSW VMMZL[ [OL OPNOLY
W\YJOHZL JVZ[ HUK SLHK [V SV^LY [V[HS
JVZ[ VM VWLYH[PVU� /V^L]LY� [OL SPML[PTL
VM ^LSS�KLZPNULK TLYJ\Y` SHTWZ PZ V]LY
������ OV\YZ� ^OPSL [OL JSHPTZ I` ZVTL
]LUKVYZ MVY SVUNLY SPML[PTLZ PU 3,+ Z`Z[LTZ
OH]L `L[ [V IL ]LYPÄLK� (S[OV\NO ZVTL
Z\WWSPLYZ VM <= 3,+Z JSHPT SPML[PTLZ \W [V
������ OV\YZ� TVYL JVUZLY]H[P]L JVTWH�
UPLZ WYVTPZL VUS` ���� OV\YZ�

/LJKW 'HOLYHU\

:PUJL <= WOV[VUZ HYL L_WLUZP]L HUK WV�
[LU[PHSS` KHUNLYV\Z� JHYL T\Z[ IL [HRLU PU
JVU[YVSSPUN [OL KPZ[YPI\[PVU VM SPNO[ SLH]PUN
[OL ZV\YJL� ;OPZ PZ WHY[PJ\SHYS` [Y\L MVY [OL
[^V HWWSPJH[PVUZ KPZJ\ZZLK OLYL PU ^OPJO
NLYTZ JHU IL ZWYLHK ^PKLS` PU [OL HPY HUK
VU Z\YMHJLZ�

$� $LU &OHDQLQJ

<WWLY�YVVT <=* \UP[Z OH]L ILLU \ZLK
PU ZJOVVSZ ZPUJL [OL � ��Z HUK JHU IL
PUZ[HSSLK PU JSHZZYVVTZ� JHMtZ� N`TUHZP\TZ
HUK JOPSKJHYL JLU[YLZ� HZ ^LSS HZ PU OLHS[O
JHYL MHJPSP[PLZ·HU`^OLYL PUMLJ[PV\Z HNLU[Z
TH` L_PZ[� ;OL 0SS\TPUH[PUN ,UNPULLYPUN
:VJPL[` �0,:� YLJVTTLUKZ B��D [OH[ <=*
ZV\YJLZ IL PUZ[HSSLK H[ H OLPNO[ VM HYV\UK
��� MLL[ ^P[O [OL SPNO[ LTP[[LK \W^HYKZ� HZ
ZOV^U PU )LJXUH ��

(PY JVUKP[PVUPUN Z`Z[LTZ ZOV\SK IL \ZLK [V
YLJ`JSL HUK TP_ [OL HPY� H[ H YH[L LX\P]HSLU[
[V H[ SLHZ[ � HPY JOHUNLZ WLY OV\Y� (WWS`PUN
<= PYYHKPH[PVU ^P[OPU [OL HPY JVUKP[PVUPUN
Z`Z[LT JHU HSZV IL LMMLJ[P]L� LZWLJPHSS`

^OLU [OL SPNO[ PZ KPYLJ[LK VU[V ÄS[LYZ VY
OLH[�L_JOHUNL Z\YMHJLZ B��D� HZ ZOV^U PU
)LJXUH ��

%� 6XUIDFH &OHDQLQJ

:\YMHJLZ PU YVVTZ VY HYLHZ [OH[ HYL UV[
PU \ZL JHU IL KPZPUMLJ[LK PU�ZP[\ I` <=*
PYYHKPH[PVU� \Z\HSS` PU JVUQ\UJ[PVU ^P[O V[OLY
JSLHUPUN TL[OVKZ� *HYL T\Z[ IL [HRLU
PU ZV\YJL WSHJLTLU[ [V H]VPK ZOHKV^PUN
HUK LUZ\YL [OH[ LHJO Z\YMHJL YLJLP]LZ [OL
YLX\PYLK KVZL� 7VY[HISL P[LTZ� Z\JO HZ
Z[L[OVZJVWLZ VY RP[JOLU [VVSZ� VY WLYZVUHS
WYV[LJ[PVU LX\PWTLU[� Z\JO HZ NSV]LZ HUK
THZRZ� JHU IL YLTV]LK HUK [YLH[LK PU
ZWLJPHSS` KLZPNULK JOHTILYZ�

-VY YVVTZ [OH[ HYL UV[ VJJ\WPLK MVY ZL]LYHS
OV\YZ LHJO KH` VY ^LLR� Z[YVUN <= YHKPH�
[PVU JHU IL HWWSPLK� -VY L_HTWSL� ZL]LYHS
JVTWHUPLZ B��D OH]L HKHW[LK [YVMMLYZ VY
KV^USPNO[Z I` HKKPUN ��� UT 3,+Z PU VY�

KLY [V JVTIH[ IHJ[LYPH� >OLU WLVWSL HYL
WYLZLU[� H TVKLZ[ HTV\U[ VM ULHY�<= SPNO[
PZ TP_LK ^P[O ^OP[L SPNO[� >OLU [OL YVVTZ
HYL UV[ ILPUN \ZLK� [OL SHTWZ LTP[ Q\Z[ <=
SPNO[�

( TVYL M\[\YPZ[PJ HWWYVHJO [V YVVT JSLHU�
PUN PZ [V \ZL YVIV[Z [OH[ JHU ZLL ^OH[ PZ
ILPUN PYYHKPH[LK HZ [OL` TV]L HYV\UK HUK
Z^P[JO [OLTZLS]LZ VMM PM [OL` KL[LJ[ [OL
WYLZLUJL VM O\THUZ VY HUPTHSZ B� D�

0U ZVTL ZP[\H[PVUZ� Z\JO HZ MVY TV]PUN
OHUKYHPSZ VU WV^LYLK ^HSR^H`Z HUK LZJH�
SH[VYZ� KL]PJLZ JHU IL KLZPNULK MVY JVU�
[PU\V\Z VWLYH[PVU L]LU PU [OL WYLZLUJL VM
WLVWSL I` LUZ\YPUN [OH[ UV <= SPNO[ LZ�
JHWLZ B��D�

;OLYL HYL ZVTL HWWSPJH[PVUZ ^OLYL [YHKP�
[PVUHS Z\YMHJL JSLHUPUN [LJOUPX\LZ� Z\JO
HZ JOSVYPUL ^PWLZ� JHUUV[ IL \ZLK� -VY
L_HTWSL� H [LHT PU 2VYLH OHZ ZOV^U [OH[
I` PYYHKPH[PUN ZSPJLK JOLLZL MVY �� TPU H[



-PN\YL �! <= KPZPUMLJ[PVU PU HPY JVUKP[PVUPUN Z`Z[LTZ �<S[YH =PVSL[ +L]PJLZ 0UJ�
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H KVZHNL VM �T1�JT�� JH�   �  � VM [OL
WH[OVNLUZ ^LYL PUHJ[P]H[LK ^P[OV\[ HMMLJ[�
PUN X\HSP[` JOHUNLZ PU JVSVY VY NLULYH[PUN
ZPNUPÄJHU[ U\TILYZ VM PUQ\YLK JLSSZ B��D�

&� (PEHGGHG 89 (PLWWHUV

(Z ZOV^U PU )LJXUH �� <= LTP[[LYZ JHU IL
PUJVYWVYH[LK PU THU` HWWSPHUJLZ HUK JVU�
Z\TLY WYVK\J[Z� ;OL ZTHSS ZPaL VM 3,+ Z`Z�
[LTZ HUK SV^ ]VS[HNL KYP]L ^PSS HJJLSLYH[L
Z\JO HKVW[PVU� /V^L]LY� THU\MHJ[\YLYZ VM
WYVK\J[Z PUJVYWVYH[PUN <= ZV\YJLZ T\Z[
[HRL JHYL [V LUZ\YL [OH[ [OL JVTWVULU[Z
[OH[ HYL PYYHKPH[LK I` [OL <= SPNO[ KV UV[
KL[LYPVYH[L ^P[OPU [OL SPML[PTL VM [OL WYVK�
\J[�

6XPPDU\

<= SPNO[ OHZ [OL WV[LU[PHS [V ZH]L THU`
SP]LZ� LZWLJPHSS` [OYV\NO H[[HJRPUN [OL
NLYTZ [OH[ SLHK [V PUMLJ[PVU PU OLHS[O JHYL
MHJPSP[PLZ HUK ZSV^PUN [OL ZWYLHK VM ]PY\ZLZ�
/V^L]LY� KLZWP[L YHWPK WYVNYLZZ V]LY
[OL WHZ[ [^LU[` `LHYZ� [OL SV^ LMÄJPLUJ`
HUK OPNO JVZ[ VM <= 3,+Z OPUKLYZ [OLPY
^PKL HKVW[PVU� LZWLJPHSS` PU JV\U[YPLZ ^P[O
\UKLY�KL]LSVWLK LJVUVTPLZ� -\Y[OLY 9+
HUK PUUV]H[P]L THU\MHJ[\YPUN [LJOUPX\LZ
^PSS IL ULLKLK ZV [OH[ [OL M\SS WV[LU[PHS VM
[OPZ [LJOUVSVN` JHU IL YLHSPaLK�

;OL PTWHJ[ VM <= SPNO[ VU O\THUZ HUK
V[OLY HUPTHSZ PZ UV[ `L[ M\SS` \UKLYZ[VVK�
.YLH[ JHYL T\Z[ IL [HRLU PU HWWS`PUN [OPZ
[LJOUVSVN �̀

;OL ZP[\H[PVU PZ L]VS]PUN YHWPKS` HUK T\JO
PUMVYTH[PVU PZ ILPUN THKL H]HPSHISL V]LY
[OL PU[LYUL[� -VY L_HTWSL� \UKLY [OL N\PK�
HUJL VM [OL 5H[PVUHS :LTPJVUK\J[VY 3PNO[�
PUN ,UNPULLYPUN 9+ HUK 0UK\Z[Y` (SSPHUJL
HUK [OL ;OPYK .LULYH[PVU :LTPJVUK\J[VY
0UK\Z[Y` ;LJOUVSVN` 0UUV]H[PVU :[YH[LNPJ
(SSPHUJL� [OL *OPUH :LTPJVUK\J[VY 3PNO[�
PUN 5L[^VYR B��D OHZ W\ISPZOLK H ZLYPLZ
VM [\[VYPHSZ VU [OL PU[LYUL[ ^OPJO JHU IL
[YHUZSH[LK I` .VVNSL� ;OLZL JV]LY H ^PKL
YHUNL VM [VWPJZ MYVT H KL[HPSLK KPZJ\ZZPVU
VM [OL LMMLJ[Z VM <= VU WH[OVNLUZ HUK [OL
WV[LU[PHS KHUNLYZ [V O\THU OLHS[O B��DB��D�
[V [OL OPZ[VY` HUK NYV^[O WYVZWLJ[Z VM [OL
<= 3,+ PUK\Z[Y` B��D�

/V^L]LY� HSS PUMVYTH[PVU [OH[ PZ JVTT\UP�
JH[LK V]LY [OL PU[LYUL[ T\Z[ IL ]HSPKH[LK
I` ZV\YJLZ [OH[ `V\ [Y\Z[� LZWLJPHSS` ^OLU
P[ JVUJLYUZ O\THU OLHS[O� 9LHKLYZ HYL
YLJVTTLUKLK [V MVSSV^ [OL HK]PJL [OH[ PZ
ILPUN WYV]PKLK I` YLZWLJ[LK ZV\YJLZ� Z\JO
HZ [OL 0U[LYUH[PVUHS <S[YH]PVSL[ (ZZVJPH[PVU
B��D HUK [OL 0SS\TPUH[PVU ,UNPULLYPUN :VJP�
L[` B��D� "
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$
V DXWRQRPRXV YHKLFOHV DQG URERWV
FRQWLQXH WR PRYH IURP VFLHQFH
ðFWLRQ WR UHDOLW\� DXWRPRWLYH DQG

LQGXVWULDO FXVWRPHUV DUH VHHNLQJ QHZ
HQYLURQPHQW SHUFHSWLRQ VROXWLRQV WR
HQDEOH WKHVH PDFKLQHV WR QDYLJDWH DX�
WRQRPRXVO\� /,'$5 LV RQH RI WKH IDVWHVW
JURZLQJ WHFKQRORJLHV LQ WKLV ðHOG DQG LV
VHHLQJ ZLGHU DGRSWLRQ DV WKH WHFKQRO�
RJ\ EHFRPHV PRUH PDWXUH DQG UHOLDEOH�
RSHQLQJ XS D KXJH PDUNHW RSSRUWXQLW\�
$V PDQ\ VWDUWXSV DQG ZHOO UHQRZQHG
VHQVRU FRPSDQLHV DUH ZRUNLQJ WRZDUG
GHYHORSLQJ PRUH SUHFLVH� OHVV SRZHU
KXQJU\� VPDOOHU IRUP IDFWRU� DQG PRUH
FRVW�HIIHFWLYH /,'$5 VHQVRUV� WKH\ DOO
IDFH WKH VDPH FKDOOHQJHV ZKHQ LW FRPHV
WR V\VWHP KDUGZDUH GHVLJQ DQG LPSOH�
PHQWLQJ WKH VRIWZDUH LQIUDVWUXFWXUH WR
WDON WR DOO WKH FRPSRQHQWV LQ WKH V\V�
WHP� 7KHVH DUH WKH H[DFW DUHDV ZKHUH
$', FDQ EULQJ YDOXH WKURXJK KDUGZDUH
UHIHUHQFH GHVLJQV DFFRPSDQLHG E\
RSHQ�VRXUFH VRIWZDUH VWDFNV� HQDEOLQJ
FXVWRPHUV WR HDVLO\ LQWHJUDWH LQWR WKHLU
SURGXFWV ,&V IURP WKH $', /,'$5 SRUW�
IROLR� DV ZHOO DV VRIWZDUH PRGXOHV DQG
+'/ ,3V� VKRUWHQLQJ WKHLU WLPH WR PDU�
NHW�

6\VWHP $UFKLWHFWXUH

(Z J\Z[VTLYZ KL]LSVW [OLPY 30+(9 ZLUZVYZ�
[OLYL HYL ML^ HYLHZ VM KPMMLYLU[PH[PVU PU [OL
Z`Z[LT KLZPNU! YLJLP]L HUK [YHUZTP[ VW[PJZ�
U\TILY HUK VYPLU[H[PVU VM SHZLYZ� SHZLY ÄYPUN

WH[[LYUZ� SHZLY ILHT Z[LLYPUN� HUK U\TILY
VM SPNO[ YLJLP]L LSLTLU[Z� )\[� YLNHYKSLZZ
VM [OLZL JOVPJLZ� [OLYL PZ H OPNO KLNYLL
VM JVTTVUHSP[` PU [OL YLJLP]L ZPNUHS JOHPU
HUK SHZLY KYP]L ZPNUHS YLX\PYLTLU[Z� )HZLK
VU [OLZL HZZ\TW[PVUZ� (UHSVN +L]PJLZ
KLZPNULK H TVK\SHY 30+(9 WYV[V[`WPUN
WSH[MVYT� (+�-4*30+(9��,)A� PU[LUKLK
[V HSSV^ J\Z[VTLYZ [V LHZPS` JVUÄN\YL VY
YLWSHJL WHY[Z VM [OL KLZPNU ^P[O [OLPY V^U
OHYK^HYL� KLZPNULK HJJVYKPUN [V ZWLJPÄJ
HWWSPJH[PVUZ YLX\PYLTLU[Z� I\[ Z[PSS IL HISL
[V \ZL [OL WSH[MVYT HZ H ^OVSL Z`Z[LT� ;OL
Z`Z[LT PZ WHY[P[PVULK PU[V [OYLL KPMMLYLU[
IVHYKZ ^P[O Z[HUKHYKPaLK KPNP[HS HUK HUHSVN
PU[LYMHJLZ!

� ( KH[H HJX\PZP[PVU �+(8� IVHYK JVU�
[HPUPUN H OPNO ZWLLK 1,:+���) (+*
HUK JVYYLZWVUKPUN JSVJRPUN HUK WV^LY�
;OPZ IVHYK OHZ HU -4* JVTWSPHU[ PU[LY�
MHJL [V JVUULJ[ [V [OL \ZLYZ» WYLMLYYLK
-7.( KL]LSVWTLU[ IVHYK� 0[ ZLY]LZ HZ
[OL IHZLIVHYK PU [OL Z`Z[LT I` OH]PUN
[OL V[OLY [^V IVHYKZ JVUULJ[LK [V P[ ]PH
KPNP[HS JVUULJ[VYZ [OH[ YV\[L JVU[YVS HUK
MLLKIHJR ZPNUHSZ IL[^LLU [OLZL IVHYKZ
HUK [OL -7.( HUK [OYV\NO JVH_PHS JH�
ISLZ MVY HUHSVN ZPNUHSZ�

� (U HUHSVN MYVU[�LUK �(-,� IVHYK JVU[HPU�
PUN [OL H]HSHUJOL WOV[VKL[LJ[VY �(7+�
SPNO[ ZLUZVY HUK [OL LU[PYL ZPNUHS JOHPU
YLX\PYLK MVY JVUKP[PVUPUN [OL (7+ V\[W\[
ZPNUHS ZV [OH[ P[ JHU IL MLK PU[V [OL (+*
VU [OL +(8 IVHYK�

� ( SHZLY IVHYK JVU[HPUPUN [OL SHZLYZ HUK
KYP]L JPYJ\P[�

(Z HS^H`Z� PU Z`Z[LT KLZPNU� TVK\SHYP[`
TLHUZ ÅL_PIPSP[ �̀ I\[ P[ HSZV JVTLZ ^P[O
KYH^IHJRZ Z\JO HZ PUJYLHZLK JVTWSL_P[ �̀
WLYMVYTHUJL KLNYHKH[PVU� HUK PUJYLHZLK
JVZ[� ^OPJO T\Z[ IL [OVYV\NOS` L]HS\H[LK
^OLU KLJPKPUN VU [OL Z`Z[LT WHY[P[PVUPUN�
0U [OPZ JHZL� [OL Z`Z[LT ^HZ IYVRLU KV^U
PU[V [OLZL [OYLL IVHYKZ MVY [OL MVSSV^PUN
YLHZVUZ!

� ;OL (+* HUK JSVJRPUN HYL ]LY` SPRLS` [V
Z[H` [OL ZHTL YLNHYKSLZZ VM [OL PTWSL�
TLU[H[PVU VM [OL HUHSVN MYVU[ LUK HUK
JOVZLU SHZLY ZVS\[PVU�

� ;OL HUHSVN MYVU[�LUK OHYK^HYL KLZPNU
HUK MVYT MHJ[VY PZ Z\IQLJ[ [V JOHUNL
KLWLUKPUN VU [OL JOVZLU (7+� V]LYHSS
Z`Z[LT YLJLP]L ZLUZP[P]P[ �̀ HUK JOVZLU
VW[PJZ�

� ;OL SHZLY IVHYK KLZPNU HUK MVYT MHJ[VY
HYL HSZV Z\IQLJ[ [V JOHUNL KLWLUKPUN
VU [OL JOVZLU PSS\TPUH[PVU ZVS\[PVU HUK
VW[PJZ�

� ;OL Z`Z[LT T\Z[ WYV]PKL H SV[ VM ÅL_�
PIPSP[` PU WVZP[PVUPUN HUK VYPLU[PUN [OL
YLJLP]LY HUK [OL [YHUZTP[[LY ZV [OH[ [OL`
HYL HSPNULK ^P[O LHJO V[OLY VY V[OLY [HY�
NL[Z� ^OPJO PZ ^O` ÅL_ JHISLZ HYL ILPUN
\ZLK MVY [OL KPNP[HS ZPNUHSZ HUK JVH_�
PHS JHISLZ MVY [OL HUHSVN ZPNUHSZ [OH[ NV
IL[^LLU [OL IVHYKZ�

;OL ZVM[^HYL Z[HJR [OH[ HJJVTWHUPLZ [OL
OHYK^HYL KLZPNU PZ IHZLK VU H OPLYHYJOPJHS
HWWYVHJO ^P[O H ML^ SH`LYZ KP]PKPUN P[ PU[V
6: ZWLJPÄJ KYP]LYZ HUK PU[LYMHJLZ� H Z`Z�
[LT ZWLJPÄJ (70� HUK HU HWWSPJH[PVU SH`LY�
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;OPZ HSSV^Z [OL \WWLY SH`LYZ VM [OL Z[HJR [V
YLTHPU \UJOHUNLK YLNHYKSLZZ VM ^OL[OLY
[OL ZVM[^HYL PZ Y\UUPUN VU HU LTILKKLK
[HYNL[ VY H 7* [HSRPUN [V [OL Z`Z[LT ]PH [OL
UL[^VYR VY H <:) JVUULJ[PVU� ;OPZ PZ ]LY`
]HS\HISL PU [OL KPMMLYLU[ WYVK\J[ KL]LSVW�
TLU[ Z[HNLZ� ZOV^U PU )LJXUH �� ZPUJL P[
TLHUZ [OH[ [OL ZHTL HWWSPJH[PVU ZVM[^HYL
[OH[ ^HZ KL]LSVWLK K\YPUN [OL WYV[V[`WPUN
Z[HNLZ� ^OLU [OL Z`Z[LT PZ [L[OLYLK [V H
7* MVY LHZL VM KL]LSVWTLU[� JHU IL LHZPS`
KLWSV`LK VU[V [OL LTILKKLK WYVK\J[PVU
Z`Z[LT ^P[OV\[ L]LY [V\JOPUN [OL SV^ SL]LS
PU[LYMHJLZ�

+DUGZDUH 'HVLJQ

( 30+(9 ZLUZVY JVTW\[LZ [OL KPZ[HUJL
[V H [HYNL[ I` TLHZ\YPUN [OL [PTL P[ [HRLZ
MVY [OL SPNO[ W\SZL [V [YH]LS [V [OL [HYNL[
HUK IHJR� ;OL [PTL PZ TLHZ\YLK PU PUJYL�
TLU[Z VM [OL (+* ZHTWSPUN YH[L ZPUJL [OH[
KL[LYTPULZ [OL YLZVS\[PVU ^P[O ^OPJO [OL
Z`Z[LT ZHTWSLZ [OL YLJLP]LK SPNO[ W\SZL�

(TXDWLRQ ��� ZOV^Z OV^ [OL KPZ[HUJL PZ
JVTW\[LK YLSH[P]L [V [OL (+* ZHTWSPUN
YH[L�

d = N · LZ

2 · fZ
���

>OLYL!

LZ PZ [OL ZWLLK VM SPNO[� �× ��� T�Z
fZ PZ [OL (+* ZHTWSPUN YH[L
N PZ [OL U\TILY VM (+* ZHTWSLZ

ZPUJL [OL SPNO[ W\SZL PZ NLULYH[LK
\U[PS P[ PZ YLJLP]LK IHJR

.P]LU [OL � ./a ZHTWSPUN YH[L VM [OL
(+ � � 1,:+���) X\HK (+* ILPUN \ZLK
PU [OL Z`Z[LT� [OL YLZ\S[Z VM LHJO ZHTWSL
JVYYLZWVUK [V H KPZ[HUJL VM �� JT� -VY
[OPZ YLHZVU� P[ PZ JYP[PJHS [OH[ [OLYL HYLU»[
HU` ZHTWSPUN \UJLY[HPU[PLZ PU [OL Z`Z[LT
ZPUJL L]LU HU \UJLY[HPU[` VM H ML^ ZHT�
WSLZ JHU YLZ\S[ PU SHYNL KPZ[HUJL TLHZ\YL�

TLU[ LYYVYZ� ;YHKP[PVUHSS �̀ 30+(9 Z`Z[LTZ
HYL IHZLK VU WHYHSSLS (+*Z [OH[ PUOLYLU[S`
WYV]PKL aLYV ZHTWSPUN \UJLY[HPU[ �̀ (Z [OL
U\TILY VM YLJLP]L JOHUULSZ RLLWZ PUJYLHZ�
PUN HUK [OL WV^LY HUK 7*) ZPaL YLX\PYL�
TLU[Z ILJVTL TVYL Z[YPUNLU[� [OLZL [`WLZ
VM (+*Z KV UV[ ZJHSL ^LSS� (UV[OLY VW[PVU
PZ [V \ZL (+*Z ^P[O OPNO ZWLLK ZLYPHS V\[�
W\[Z� Z\JO HZ 1,:+���)� ^OPJO ZVS]L [OL
PZZ\LZ [OL WHYHSSLS (+*Z OH]L� ;OPZ VW[PVU
JVTLZ ^P[O HU PUJYLHZLK JVTWSL_P[` VU
[OL KH[H PU[LYMHJL HUK THRLZ P[ OHYKLY [V
HJOPL]L aLYV ZHTWSPUN \UJLY[HPU[ �̀

;OL 30+(9 +(8 IVHYK WYV]PKLZ H ZVS\�
[PVU [V [OLZL JOHSSLUNLZ I` ZOV^PUN OV^
[V KLZPNU [OL WV^LY� JSVJRPUN� HUK KH[H
PU[LYMHJL MVY H 1,:+���) KH[H HJX\PZP[PVU
Z`Z[LT VWLYH[PUN PU :\IJSHZZ � TVKL� LU�
Z\YPUN KL[LYTPUPZ[PJ SH[LUJ` ZV [OH[ aLYV
ZHTWSPUN \UJLY[HPU[` JHU IL HJOPL]LK�
^OPSL [HRPUN HK]HU[HNL VM HSS [OL ILULÄ[Z
[OH[ [OL 1,:+���) PU[LYMHJL WYV]PKLZ HUK
OH]PUN [OL SV^LZ[ WVZZPISL WV^LY MVY [OL
JSVJRPUN ZJOLTL� ;V VWLYH[L PU 1,:+���)
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:\IJSHZZ � TVKL� [OLYL PZ H [V[HS VM Ä]L
JSVJRZ ULLKLK PU [OL Z`Z[LT!

� (+* ZHTWSPUN JSVJR! KYP]LZ [OL (+*
ZPNUHS ZHTWSPUN WYVJLZZ�

� (+* HUK -7.( :@:9,-! ZV\YJL Z`U�
JOYVUV\Z� OPNO ZSL^ YH[L [PTPUN YLZV�
S\[PVU ZPNUHSZ YLZWVUZPISL MVY YLZL[[PUN
KL]PJL JSVJR KP]PKLYZ [V LUZ\YL KL[LYTPU�
PZ[PJ SH[LUJ �̀

� -7.( NSVIHS JSVJR �HSZV YLMLYLUJLK HZ
JVYL JSVJR VY KL]PJL JSVJR�! KYP]LZ [OL
V\[W\[ VM [OL 1,:+���) 7/@ SH`LY HUK
-7.( SVNPJ�

� -7.( YLMLYLUJL JSVJR! NLULYH[LZ [OL
7/@ SH`LY PU[LYUHS JSVJRZ ULLKLK I`
[OL 1,:+���) [YHUZJLP]LYZ" ULLKZ [V

IL LX\HS [V VY HU PU[LNLY T\S[PWSL VM [OL
KL]PJL JSVJR�

(SS [OL JSVJRZ HYL NLULYH[LK I` VUL (+ ���
1,:+���) JSVJR NLULYH[VY� [O\Z LUZ\YPUN
[OL` HYL HSS Z`UJOYVUPaLK ^P[O LHJO V[OLY�
)LJXUH � ZOV^Z [OL JSVJRPUN ZJOLTL HUK
[OL KH[H PU[LYMHJL ^P[O [OL -7.(�

;OL (-, IVHYK YLJLP]LZ [OL VW[PJHS YL�
ÅLJ[LK ZPNUHS� JVU]LY[Z P[ [V HU LSLJ[YP�
JHS ZPNUHS� HUK [YHUZMLYZ P[ [V [OL (+* VU
[OL +(8 IVHYK� ;OPZ IVHYK PZ WYVIHIS`
[OL TVZ[ ZLUZP[P]L WHY[ VM [OL LU[PYL KL�
ZPNU ZPUJL P[ TP_LZ ZPNUHS JVUKP[PVU JPYJ\P[Z
^VYRPUN ^P[O TPJYVHTWLYL J\YYLU[ ZPNUHSZ
NLULYH[LK I` [OL ���JOHUULS (7+ HYYH �̀

JVU]LY[PUN [OL VW[PJHS ZPNUHS [V HU LSLJ[YPJHS
ZPNUHS� ^P[O OPNO ]VS[HNL WV^LY Z\WWSPLZ
PU [OL YHUNL VM −���= [V −���= ULLKLK
[V WV^LY [OL ZHTL (7+� ;OL �� J\YYLU[
V\[W\[Z HYL MLK PU[V MV\Y SV^ UVPZL� MV\Y�
JOHUULS� [YHUZPTWLKHUJL HTWSPÄLY �;0(�
3;*����Z ^P[O HU PU[LYUHS ��[V�� T\_ [V
ZLSLJ[ [OL V\[W\[ JOHUULS [OH[ PZ HM[LY^HYK
MLK PU[V VUL VM [OL MV\Y (+* PUW\[Z� ;OL
PUW\[ ZLJ[PVU VM [OL ;0(Z ULLKZ H SV[ VM H[�
[LU[PVU [V HJOPL]L [OL KLZPYLK SL]LS VM ZPNUHS
PU[LNYP[` HUK JOHUULS PZVSH[PVU ZV [OH[ [OLYL
PZ UV HKKP[PVUHS UVPZL HKKLK [V [OL ]LY`
SV^ J\YYLU[ ZPNUHS NLULYH[LK I` [OL (7+�
[O\Z TH_PTPaPUN [OL :59 HUK [OL VIQLJ[
KL[LJ[PVU YH[L VM [OL Z`Z[LT� ;OL KLZPNU
VM [OL (-, IVHYK ZOV^Z [OL ILZ[ WYHJ[PJLZ
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[V HJOPL]L [OL TH_PT\T ZPNUHS X\HSP[` I`
RLLWPUN [OL SLUN[O VM [OL [YHJLZ IL[^LLU
[OL (7+ HUK [OL ;0( HZ ZOVY[ HZ WVZZPISL�
HKKPUN ]PHZ PU IL[^LLU [OL ;0( PUW\[Z MVY
TH_PT\T JOHUULS�[V�JOHUULS PZVSH[PVU�
HUK WVZP[PVUPUN [OL ZPNUHS JVUKP[PVU JPYJ\P[Z
ZV [OH[ [OL` KV UV[ PU[LYMLYL ^P[O [OL V[OLY
WV^LY JPYJ\P[Z VU [OL IVHYK� (UV[OLY PT�
WVY[HU[ MLH[\YL PZ [OL HIPSP[` [V TLHZ\YL [OL
[LTWLYH[\YL VM [OL (7+ [V IL HISL [V JVT�
WLUZH[L MVY (7+ ZPNUHS V\[W\[ ]HYPH[PVUZ
K\L [V [LTWLYH[\YL JOHUNLZ HZ [OL (7+»Z
[LTWLYH[\YL PUJYLHZLZ K\YPUN UVYTHS VWLY�
H[PVU� ( ML^ RUVIZ HYL WYV]PKLK [V JVU[YVS
[OL VMMZL[Z VM [OL ZPNUHS JOHPU HUK [OL (7+
IPHZ� ^OPJO [YHUZSH[LZ PU[V (7+ ZLUZP[P]�
P[ �̀ [V IL HISL [V TH_PTPaL [OL (+* PUW\[
YHUNL MVY TH_PT\T :59� )LJXUH � ZOV^Z
H ISVJR KPHNYHT VM [OL (-, IVHYK ZPNUHS
JOHPU�

;OL SHZLY IVHYK NLULYH[LZ [OL VW[PJHS
W\SZLZ ^P[O H ^H]LSLUN[O VM  �� UT� 0[
\ZLZ MV\Y SHZLYZ [OH[ HYL KYP]LU ZPT\S[H�
ULV\ZS` MVY HU PUJYLHZL PU ILHT Z[YLUN[O�
YLZ\S[PUN PU H SVUNLY TLHZ\YLTLU[ YHUNL�
( 7>4 ZPNUHS NLULYH[LK I` [OL -7.( JHY�
YPLY IVHYK ^P[O WYVNYHTTHISL W\SZL ^PK[O
HUK MYLX\LUJ` PZ \ZLK [V JVU[YVS [OL SHZLYZ�
;OL ZPNUHS PZ NLULYH[LK VU [OL -7.( HZ
3=+: [V THRL P[ SLZZ Z\ZJLW[PISL [V UVPZL
HZ P[ [YH]LSZ MYVT [OL -7.( [V [OL SHZLY
IVHYK [OYV\NO [OL +(8 IVHYK HUK [OL YPI�
IVU JHISL JVUULJ[PUN [OL +(8 HUK [OL
SHZLY IVHYKZ� ;OL KYP]L ZPNUHS JHU IL MLK
IHJR [V VUL VM [OL (+* JOHUULSZ MVY [PTL
VM ÅPNO[ YLMLYLUJL� (U L_[LYUHS WV^LY Z\W�
WS` PZ \ZLK [V WV^LY [OL SHZLYZ� ;OL KLZPNU
JVTWSPLZ ^P[O 0U[LYUH[PVUHS :[HUKHYKZ 0,*
�������!���� HUK 0,* �������!���� MVY H
*SHZZ � SHZLY WYVK\J[�

)V[O [OL (-, HUK SHZLY IVHYKZ YLX\PYL VW�
[PJZ MVY SVUN KPZ[HUJL VWLYH[PVU� ;OL Z`Z�
[LT ^HZ WYV]LU [V VWLYH[L H[ ��T \ZPUN
MHZ[ H_PZ JVSSPTH[VYZ B�D MVY [OL SHZLY KPVKLZ
[OH[ UHYYV^ [OL ]LY[PJHS -V= [V �� ^OPSL
RLLWPUN [OL OVYPaVU[HS ÄLSK VM ]PL^ \U�
JOHUNLK� HUK HU HZWOLYPJHS SLUZ MVY [OL
YLJLP]L ZPKL�

+'/ 5HIHUHQFH 'HVLJQ

;OL /+3 KLZPNU JVUZ[P[\[LZ [OL WYPTHY` PU�
[LYMHJL [V [OL OHYK^HYL HUK PTWSLTLU[Z HSS
[OL SVNPJ [V [YHUZMLY KH[H MYVT [OL 1,:+ SPUR
[V [OL Z`Z[LT»Z TLTVY �̀ KYP]L [OL SHZLYZ�
Z`UJOYVUPaL [OL YLJLP]LY HUK [YHUZTP[[LY MVY
HJJ\YH[L [PTL VM ÅPNO[ TLHZ\YLTLU[� HUK
PTWSLTLU[ [OL JVTT\UPJH[PVU PU[LYMHJLZ
[V HSS [OL JVTWVULU[Z PU [OL OHYK^HYL KL�
ZPNU� )LJXUH � ZOV^Z H ZPTWSPÄLK ISVJR
KPHNYHT VM [OL /+3 KLZPNU� ;OL NLULYPJ
HYJOP[LJ[\YL VM [OL (+0»Z /+3 YLMLYLUJL KL�
ZPNUZ THRLZ [OL MYHTL^VYR ZJHSHISL HUK

TVYL HJJLZZPISL [V WVY[ [V HUV[OLY -7.(
JHYYPLY� ;OL KLZPNU PZ \ZPUN [OL (UHSVN +L�
]PJLZ 1,:+���) MYHTL^VYR B�D HSVUN ^P[O
ZL]LYHS :70 HUK .706 PU[LYMHJLZ [V YLJLP]L
KH[H MYVT [OL (+ � � (+* HUK [V JVU[YVS
HSS [OL KL]PJLZ VU [OL WYV[V[`WPUN WSH[MVYT�

;OL 1,:+��� SPUR PZ JVUÄN\YLK [V Z\WWVY[
MV\Y KH[H JVU]LY[LYZ �4� \ZPUN MV\Y SHULZ �3�
^P[O H SHUL YH[L VM �� .IWZ MVY H JVU]LY[LY
YLZVS\[PVU VM LPNO[ IP[Z� ;OL KL]PJL JSVJR�
^OPJO ^PSS IL [OL ZHTL HZ [OL YLMLYLUJL
JSVJR MVY [OL OPNO ZWLLK [YHUZJLP]LYZ� PZ ZL[
[V ���4/a HUK PZ WYV]PKLK I` [OL +(8
IVHYK� ;OL SPUR PZ Y\UUPUN PU :\IJSHZZ �
TVKL� ^OPJO LUZ\YLZ KL[LYTPUPZ[PJ SH[LUJ`
IL[^LLU [OL OPNO ZWLLK JVU]LY[LY HUK
-7.(�

6UL VM [OL IPNNLZ[ JOHSSLUNLZ VM H 30+(9
Z`Z[LT PZ OV^ [V Z`UJOYVUPaL ]HYPV\Z M\UJ�
[PVUZ [V [OL [YHUZTP[[LK W\SZL HUK OV^ [V
WYVJLZZ Q\Z[ [OL ULJLZZHY` HTV\U[ VM KH[H�
YLJLP]LK MYVT [OL OPNO ZWLLK (+*� ;V HK�
KYLZZ [OPZ� [OL /+3 KLZPNU JVU[HPUZ HU 07
[OH[ WYV]PKLZ [OL YLX\PYLK SVNPJ [V NLULYH[L
H SHZLY W\SZL� JVU[YVS [OL PU[LYUHS T\S[P�
WSL_LYZ VM [OL ;0(Z HUK WYV]PKLZ H IHJR�
WYLZZ\YL MVY [OL +4(� (SS [OLZL JVU[YVS
M\UJ[PVUZ HYL Z`UJOYVUPaLK ^P[O [OL [YHUZ�
TP[[LK W\SZL� ZV [OL Z`Z[LT KVLZU»[ OH]L
[V ZH]L HSS [OL YH^ KPNP[PaLK OPNO ZWLLK
KH[H Z[YLHT� ;OPZ ^H �̀ [OL V]LYHSS KH[H YH[L
VM [OL Z`Z[LT PZ OPNOS` YLK\JLK�

6RIWZDUH
;OL RL` WVPU[Z [OH[ KLÄUL [OL ZVM[^HYL
Z[HJR MVY [OL 30+(9 WSH[MVYT HYL MYLL HUK
VWLU ZV\YJL� ;OL \ZLY NL[Z [OYV\NO [OLT
[OL ¸MYLLKVT [V Y\U� JVW �̀ KPZ[YPI\[L� Z[\K �̀
JOHUNL� HUK PTWYV]L [OL ZVM[^HYLB�D� :[HY[�
PUN MYVT [OL 3PU\_� RLYULS HUK JVU[PU\PUN
^P[O [OL \ZLY ZWHJL [VVSZ� L]LY`[OPUN YL�
ZWLJ[Z [OPZ�

;OL ZVM[^HYL KYP]LYZ PTWSLTLU[LK PU [OL
RLYULS PUP[PHSPaL [OL OHYK^HYL JVTWVULU[Z
HUK L_WVZL [V [OL \ZLY HSS [OLPY \ZLM\S M\UJ�
[PVUHSP[PLZ� 4VZ[ VM [OLZL KYP]LYZ HYL WHY[
VM [OL 0UK\Z[YPHS 0�6 �006� 3PU\_ Z\IZ`Z[LT
B�D� ;OL KYP]LYZ HYL HSS WSH[MVYT HNUVZ[PJ�
ZV OHYK^HYL JOHUNLZ� PUJS\KPUN JHYYPLY
VULZ �MVY L_HTWSL� TPNYH[PUN MYVT H ?PSPU_�
-7.( [V HU 0U[LS� VUL�� KV UV[ YLX\PYL
[OLT [V IL JOHUNLK�

;V LHZL [OL KL]LSVWTLU[ VM ZVM[^HYL PU�
[LYMHJPUN 006 KL]PJLZ� (+0 OHZ KL]LSVWLK
[OL SPIPPV SPIYHY` B�D� 0[ HIZ[YHJ[Z [OL SV^ SL]LS
KL[HPSZ VM [OL OHYK^HYL HUK WYV]PKLZ H ZPT�
WSL `L[ JVTWSL[L WYVNYHTTPUN PU[LYMHJL
[OH[ JHU IL \ZLK MVY HK]HUJLK WYVQLJ[Z�
;OL ]HYPV\Z H]HPSHISL SPIPPV IHJR LUKZ �MVY
L_HTWSL� SVJHS� UL[^VYR� <:)� ZLYPHS� THRL
WVZZPISL [OL \ZHNL VM 006 KL]PJLZ SVJHSS`
HUK YLTV[LS` MYVT HWWSPJH[PVUZ Y\UUPUN VU
KPMMLYLU[ VWLYH[PUN Z`Z[LTZ �MVY L_HTWSL�
3PU\_� >PUKV^Z�� THJ6:���
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;OL 006 VZJPSSVZJVWL� KL]LSVWLK I` (+0� PZ
HU L_HTWSL VM HU HWWSPJH[PVU [OH[ \ZLZ SPIPPV
[V PU[LYMHJL ^P[O 006 KL]PJLZ HUK JHU IL
\ZLK K\YPUN [OL Z`Z[LT L]HS\H[PVU Z[HNL�
;OL [VVS JHU JHW[\YL HUK WSV[ KH[H PU KPM�
MLYLU[ TVKLZ �MVY L_HTWSL� [PTL KVTHPU�
MYLX\LUJ` KVTHPU� JVUZ[LSSH[PVU� JYVZZ�
JVYYLSH[PVU�� [YHUZTP[ KH[H� HUK HSSV^ \ZLYZ
[V ]PL^ HUK TVKPM` [OL ZL[[PUNZ VM [OL KL�
[LJ[LK KL]PJLZ�

>OPSL SPIPPV WYV]PKLZ H SV^ SL]LS WYVNYHT�
TPUN PU[LYMHJL� PU TVZ[ JHZLZ� \ZLYZ L_WLJ[
H WSH[MVYT�ZWLJPÄJ (70 [OH[ HIZ[YHJ[Z [OL
SV^ SL]LS KYP]LY JHSSZ HUK L_WVZLZ H ZL[
VM M\UJ[PVUZ [V HJJLZZ HUK JVUÄN\YL [OL
]HYPV\Z Z`Z[LT WHYHTL[LYZ HUK Z[YLHT
KH[H MYVT [OL Z`Z[LT� -VY [OPZ YLHZVU� [OL
30+(9 WYV[V[`WPUN WSH[MVYT JVTLZ ^P[O
H ZWLJPÄJ (70 ^P[O IPUKPUNZ MVY WVW\SHY
MYHTL^VYRZ HUK WYVNYHTTPUN SHUN\HNLZ
Z\JO HZ *�*��� 4(;3()�� VY 7`[OVU�
B�D� LUHISPUN \ZLYZ [V PU[LYMHJL ^P[O [OL
Z`Z[LT \ZPUN [OLPY WYLMLYYLK WYVNYHTTPUN
SHUN\HNL HUK MVJ\Z VU HSNVYP[OTZ HUK HW�
WSPJH[PVUZ� ^OPJO PZ [OL ]HS\L WYVWVZLK [V
[OLPY J\Z[VTLYZ�

&RQFOXVLRQ
0U HU` Z`Z[LT KLZPNU� ^OLU [OL HYJOP[LJ�
[\YL PZ ILPUN LZ[HISPZOLK HUK KLZPNU KLJP�
ZPVUZ HYL ILPUN THKL� [OLYL PZ H JLY[HPU KL�
NYLL VM HTIPN\P[ �̀ ;OPZ YLWYLZLU[Z [OL YPZR
[OH[ [OL Z`Z[LT ^PSS UV[ ^VYR VY WLYMVYT HZ
L_WLJ[LK HM[LY ILPUN I\PS[� YLZ\S[PUN PU T\S�
[PWSL KLZPNU J`JSLZ� PUJYLHZLK KL]LSVWTLU[
JVZ[� HUK SVUNLY [PTL [V THYRL[ MVY H WYVK�
\J[� )LPUN I\PS[ VU WYL�LUNPULLYLK Z`Z[LTZ
PU[LUKLK [V PU[LYVWLYH[L ^P[O LHJO V[OLY�
YLMLYLUJL KLZPNUZ YLK\JL YPZR HUK PTWYV]L
V]LYHSS WYLKPJ[HIPSP[` HUK YLSPHIPSP[` HZ JVT�
WHYLK [V \ZPUN H J\Z[VT� VUL�VMM KLZPNU
I\PS[ MYVT ZJYH[JO� <ZPUN H YLMLYLUJL KLZPNU
HZ H Z[HY[PUN WVPU[ PU [OL WSHUUPUN WYVJLZZ
OLSWZ IYPUN UL^ KLZPNUZ [V THYRL[ MHZ[LY
HUK OLSWZ LUZ\YL [OLYL HYL ML^LY Z\YWYPZLZ
HUK WYVISLTZ� :`Z[LT KLZPNULYZ HYL HS�
^H`Z ZLLRPUN YLMLYLUJL WSH[MVYTZ [V WYV]L
V\[ [OL KLZPNU KLJPZPVUZ� [O\Z YLK\JPUN
[OL YPZR HUK PTWYV]PUN YLSPHIPSP[ �̀ :[HY[PUN H
WYVQLJ[ ^P[O JSLHY HUK Z[HUKHYKPaLK KLZPNU
VW[PVUZ MHJPSP[H[LZ [OL WSHUUPUN WYVJLZZ� 0[
KVLZ ZV I` \ZPUN H JVTTVU SHUN\HNL [V
OLSW HSPNU NVHSZ� LUJV\YHNL JVVWLYH[PVU
HUK WHY[PJPWH[PVU HJYVZZ T\S[PWSL M\UJ[PVUZ�
HUK THRL P[ LHZPLY [V L]HS\H[L [OL [YHKL�
VMMZ IL[^LLU KLZPNU NVHSZ� ;OL 30+(9
WYV[V[`WPUN WSH[MVYT [YPLZ [V TLL[ [OLZL
ULLKZ I` WYV]PKPUN VWLU�ZV\YJL OHYK�
^HYL HUK ZVM[^HYL KLZPNUZ [OH[ JHU IL
YLMLYLUJLK PU [OL PUP[PHS Z`Z[LT HYJOP[LJ[\YL
WOHZLZ� ;OL OHYK^HYL WSH[MVYT HUK [OL
ZVM[^HYL Z[HJR JHU IL \ZLK [OYV\NO HSS [OL
WOHZLZ VM WYVK\J[ KL]LSVWTLU[� MYVT PUP[PHS
Z`Z[LT L]HS\H[PVU� KL]LSVWTLU[� HUK PU[L�

NYH[PVU PU[V [OL ÄUHS WYVK\J[� ;OL JVU[LU[Z
VM [OL YLMLYLUJL KLZPNU Z\JO HZ LUNPULLY�
PUN KYH^PUNZ HUK H )64 WYV]PKL H OLHK
Z[HY[ PU NL[[PUN [V I\PSKHISL� SLNHS� HUK SV�
JHSPaLK KLZPNU Z`Z[LT� ;OPZ ZOVY[LUZ [OL
KLZPNU J`JSL HUK SPRLS` ZH]LZ TVUL` PU [OL
WYVJLZZ� ;OL TVK\SHY OHYK^HYL KLZPNU HS�
SV^Z ]HYPV\Z JVUÄN\YH[PVU VW[PVUZ [V TLL[
[OL ZWLJPÄJ HWWSPJH[PVU YLX\PYLTLU[Z� ^OPSL
[OL VWLU�ZV\YJL ZVM[^HYL Z[HJR� IHZLK
VU PUK\Z[Y`�Z[HUKHYK MYHTL^VYRZ HUK WYV�
NYHTTPUN SHUN\HNLZ� HUK HJJVTWHUPLK I`
HWWSPJH[PVU L_HTWSLZ� HSSV^Z J\Z[VTLYZ [V
MVJ\Z VU KL]LSVWPUN [OL HWWSPJH[PVUZ [OH[
IYPUN ]HS\L [V [OLPY WYVK\J[Z ^P[OV\[ OH]PUN
[V ZWLUK LMMVY[ VU [OL SV^ SL]LS WVY[PVUZ VM
[OL Z[HJR� "

5HIHUHQFHV

B�D -HZ[ (_PZ *VSSPTH[VY 3LUZLZ� -0:)(� ��� �
B�D 1,:+��� 0U[LYMHJL -YHTL^VYR� (UHSVN +L]PJLZ�

0UJ�� ��� �
B�D >OH[ 0Z -YLL :VM[^HYL&� -YLL :VM[^HYL -V\UKH[PVU�

0UJ�� ��� �
B�D ;OL 3PU\_ +YP]LY 0TWSLTLU[LY»Z (70 .\PKL� (UHSVN

+L]PJLZ� 0UJ�� ��� �
B�D (IV\[ SPIPPV� (UHSVN +L]PJLZ� 0UJ�� ��� �
B�D ¸7`(+0�006! (UHSVN +L]PJLZ 7`[OVU 0U[LYMHJLZ MVY
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