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([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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-PN\YL �! ,_HTWSLZ VM (3+ ÄSTZ» L_JLSSLU[ \UPMVYTP[` HUK JVUMVYTHSP[ �̀ :,4�TPJYVNYHWOZ H� HUK I�! *VUK\J[P]L (3+ SH`LYZ VU HUK PUZPKL 4,4:
�TPJYVLSLJ[YVTLJOHUPJHS Z`Z[LT� Z[Y\J[\YLZ �PTHNL JYLKP[ 7PJVZ\U J\Z[VTLY -YH\UOVMLY 04:� .LYTHU`�" J� �� UT (3+ /M6� PUZPKL 404 �TL[HS�PUZ\SH[VY�TL[HS�
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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�



-PN\YL �! )LULÄ[Z VM (3+ V]LY V[OLY [OPU ÄST JVH[PUN TL[OVKZ �PTHNL JYLKP[ 7PJVZ\U�
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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 �̀



-PN\YL �! :,4�TPJYVNYHWOZ VM OPNOS` JVUMVYTHS (3+ (S�6� ¶;P5 ¶(S�6� ¶;P5 ¶(S�6� UHUVSHTPUH[LZ PU KLLW [YLUJO Z[Y\J[\YLZ �PTHNLZ JYLKP[ :;4PJYVLSLJ[YVUPJZ� 0[HS �̀
PU JVSSHIVYH[PVU ^P[O 7PJVZ\U PU [OL ,<�WYVQLJ[ ¹9�7V^LY���¹�
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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
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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�



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

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

(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[ �̀ "

5HIHUHQFHV

B�D .\V L[� HS�� 6W[PJZ ,_WYLZZ� =VS� ��� 5V� ��� W�
����� ������

B�D 7PJVZ\U J\Z[VTLY KH[H
B�D >\ L[� HS�� (WWSPLK :JPLUJLZ� =VS� �� W� ����

������
B�D :OLY L[� HS�� 6W[PJZ ,_WYLZZ� =VS� ��� 5V� � � W�

(���� ������
B�D >VUN L[� HS�� 6W[PJZ ,_WYLZZ� =VS� ��� 5V� ��� W�

����� ������
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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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