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� , QWU RGXFWLRQ

2YH U W K H OD V W W ZH Q W \ \H D U V � H F R Q R P LF S H U IR U P D Q F H D Q G OD E R X U P D U NH W R X W F R P H V K D YH

G LoH U H G V X E V W D Q W LD OO\ D F U R V V LQ G X V W U LD OL] H G F R X Q W U LH V � V H H IR U H [D P S OH *R W W V F K D ON D Q G

6 P H H G LQ J � � � � � � � � ,Q S D U W LF X OD U � W K H OD E R X U P D U NH W LQ W K H 8 6 K D V E H H Q F K D U D F W H U L] H G

E \ D OD U J H LQ F U H D V H LQ W K H H P S OR \P H Q W U D W H � D S R R U ZD J H S H U IR U P D Q F H IR U OR Z V NLOO

ZR U NH U V � D Q LQ F U H D V H LQ W K H U H W X U Q V W R H G X F D W LR Q D Q G D ID V W H [S D Q V LR Q R I W K H V H U YLF H

V H F W R U � ,Q F R Q W U D V W � F R Q W LQ H Q W D O ( X U R S H K D V ZLW Q H V V H G OR Z H P S OR \P H Q W J U R ZW K � Q R

V X E V W D Q W LD O F K D Q J H LQ W K H U H W X U Q W R H G X F D W LR Q � D G H F H Q W S H U IR U P D Q F H LQ W H U P V R I ZD J H V

IR U OR Z H G X F D W H G ZR U NH U V D Q G D V OR ZH U H [S D Q V LR Q R I W K H V H U YLF H V H F W R U � 2Q H R E YLR X V

F D Q G LG D W H H [S OD Q D W LR Q IR U W K H V H G LoH U H Q F H V LV LQ V W LW X W LR Q D O� W K D W LV � F R X Q W U LH V ZLW K

P R U H U LJ LG LQ V W LW X W LR Q V K D YH D G MX V W H G W R W K H LQ W U R G X F W LR Q R I Q H Z V NLOO�E LD V H G W H F K Q R OR �

J LH V � OLNH W K H V S U H D G R I W K H F R P S X W H U � E \ D G MX V W LQ J TX D Q W LW LH V R I H P S OR \P H Q W LQ V W H D G

R I P R G LI\LQ J W K H ZD J H V W U X F W X U H � + R ZH YH U � D V S R LQ W H G R X W E \� D P R Q J R W K H U V � &D U G �

. U D P D U ] � / H P LH X [ � � � � � � D Q G . U X H J H U D Q G 3 LV F K NH � � � � � � � D F OR V H U OR R N D W W K H G D W D

LV Q R W YH U \ V X S S R U W LYH R I D Q H [F OX V LYH O\ LQ V W LW X W LR Q D O H [S OD Q D W LR Q �� + H Q F H � W K LV OH D YH V

R S H Q W K H TX H V W LR Q R I ZK \ OD E R X U P D U NH W R X W F R P H V D Q G H F R Q R P LF S H U IR U P D Q F H K D YH

G LoH U H G V R V X E V W D Q W LD OO\ E H W ZH H Q LQ G X V W U LD OL] H G F R X Q W U LH V � D Q G S D U W LF X OD U O\ E H W ZH H Q

1 R U W K $ P H U LF D D Q G ( X U R S H � R YH U W K H OD V W W ZH Q W \ \H D U V � 2X U J R D O LQ W K LV S D S H U LV

W R S U H V H Q W D Q D OW H U Q D W LYH H [S OD Q D W LR Q IR U W K H R E V H U YH G F U R V V �F R X Q W U \ G LoH U H Q W LD OV LQ

OD E R X U P D U NH W R X W F R P H V E X LOW R Q W K H LQ W H U D F W LR Q E H W ZH H Q W ZR G U LYLQ J IR U F H V � S R S X OD �

W LR Q J U R ZW K D Q G W K H G U D P D W LF G H F OLQ H V LQ W K H F R V W V R I X V LQ J LQ IR U P D W LR Q W H F K Q R OR J LH V �

2X U D S S U R D F K LQ W K LV S D S H U E X LOG V R Q R X U H D U OLH U ZR U N LQ % H D X G U \ D Q G *U H H Q

� � � � � � � ,Q W K D W S D S H U � ZH V K R ZH G K R Z G LoH U H Q F H V LQ ZD J H F K D Q J H V E H W ZH H Q *H U P D Q \

D Q G W K H 8 6 F D Q E H W U D F H G E D F N W R D G LoH U H Q W LD O J U R ZW K LQ ID F W R U V D Q G H V S H F LD OO\

� 7 KH VWD QGD UG LQVWLWXWLR QD O H [ SOD QD WLR Q VXJ J H VWV WKD W� LQ F R XQWULH V OLN H *H UPD Q\ D QG ) UD QF H � WKH H oH F WV
R I VN LOO�ELD VH G WH F KQLF D O F KD QJ H VKR XOG PD QLIH VW LWVH OI WKUR XJ K SD UWLF XOD UO\ OD UJ H UH GXF WLR QV LQ H PSOR \ PH QW
UD WH V R I OR Z Y H UVXV KLJ K VN LOOH G Z R UN H UV� + R Z H Y H U� D V VKR Z Q E\ & D UG� . UD PD U] D QG /H PLH X[ �� � � � � D QG
. UXH J H U D QG 3LVF KN H �� � � � �� WKLV GR H V QR W D SSH D U WR KD Y H EH H Q WKH F D VH �

�



G LoH U H Q F H V LQ W K H U D W LR R I K X P D Q W R S K \V LF D O F D S LW D O X V H � $ Q LP S R U W D Q W H OH P H Q W

R I R X U D Q D O\V LV ZD V W R V K R ZH G K R Z ZD J H D Q G ID F W R U P R YH P H Q W V LQ W K H V H F R X Q W U LH V

V X S S R U W H G W K H YLH Z W K D W W H F K Q R OR J LF D O D G R S W LR Q LV D Q H Q G R J H Q R X V S K H Q R P H Q R Q ZK LF K

U H V S R Q G V W R S U R p W LQ F H Q W LYH V � ,Q S D U W LF X OD U � R X U H V W LP D W H V LQ G LF D W H G W K D W p U P V LQ

E R W K W K H V H F R X Q W U LH V K D YH E H H Q F K R R V LQ J E H W ZH H Q W ZR E U R D G F OD V V H V R I P H W K R G V R I

S U R G X F W LR Q � ZK H U H R Q H R I W K H V H P H W K R G V R I S U R G X F W LR Q LV V NLOOH G E LD V H G D Q G F D S LW D O

H r F LH Q W U H OD W LYH W R W K H R W K H U � 0R U H R YH U � ZH IR X Q G W K D W W K H G LoH U H Q W LD O X V H R I K X P D Q

YH U V X V S K \V LF D O F D S LW D O F D Q H [S OD LQ � W K U R X J K LW V H oH F W R Q W H F K Q R OR J LF D O D G R S W LR Q � W K H

G LoH U H Q F H V LQ ZD J H F K D Q J H S D W W H U Q V E H W ZH H Q W K H V H F R X Q W U LH V � 7K H NH \ TX H V W LR Q OH IW

X Q D Q V ZH U H G LQ % H D X G U \ D Q G *U H H Q � � � � � � ZD V ZK \ *H U P D Q \ D Q G W K H 8 6 K D YH G LoH U H G

V R P D U NH G O\ LQ W K H LU D F F X P X OD W LR Q S D W K V IR U K X P D Q YH U V X V S K \V LF D O F D S LW D O� ,Q W K LV

V H Q V H � R X U S U H YLR X V D Q D O\V LV ZD V S D U W LD O H TX LOLE U LX P LQ Q D W X U H � ,Q W K LV S D S H U � ZH E X LOG

R Q LQ V LJ K W V IU R P R X U S U H YLR X V ZR U N LQ R U G H U W R S U R S R V H D J H Q H U D O H TX LOLE U LX P D Q V ZH U

W R W K H TX H V W LR Q R I ZK \ OD E R X U P D U NH W R X W F R P H V K D YH G LoH U H G V R V X E V W D Q W LD OO\ D F U R V V

LQ G X V W U LD O F R X Q W U LH V R YH U W K H OD V W � � W R � � \H D U � 7K H P D LQ H OH P H Q W V R I R X U D Q V ZH U

U H V LG H LQ W K H H oH F W R I G LoH U H Q W U D W H V R I S R S X OD W LR Q J U R ZW K R Q V S H H G R I W H F K Q R OR J LF D O

D G R S W LR Q LQ F R Q MX Q F W LR Q ZLW K D P D V V LYH G H F OLQ H LQ W K H F R V W R I F R P S X W H U E D V H G F D S LW D O�

7K H W K H R U H W LF D O H [H U F LV H ZH F R Q G X F W W R G H P R Q V W U D W H R X U D U J X P H Q W LV D V IR OOR ZV �

: H F R Q V LG H U D V H W R I H F R Q R P LH V D W W K H G D ZQ R I W K H LQ IR U P D W LR Q U H YR OX W LR Q � W K D W LV � D W

D S R LQ W LQ W LP H D IW H U W K H LQ W U R G X F W LR Q R I F R P S X W H U V E X W E H IR U H W K H P D V V LYH G H F U H D V H LQ

LW V S U LF H ZK LF K OH G W R LW V K X J H G LoX V LR Q � : H D V N K R Z G LoH U H Q F H V LQ S R S X OD W LR Q J U R ZW K

D oH F W H F R Q R P LF R X W F R P H V LQ W K LV S U H �LQ IR U P D W LR Q �U H YR OX W LR Q H Q YLU R Q P H Q W � : H W K H Q

D OOR Z W K H F R V W D V V R F LD W H G ZLW K LQ IR U P D W LR Q S U R F H V V LQ J W R G H F U H D V H V X E V W D Q W LD OO\ D Q G ZH

U H H [D P LQ H K R Z G LoH U H Q F H V LQ S R S X OD W LR Q J U R ZW K D oH F W OD E R X U P D U NH W R X W F R P H V D IW H U

V X F K D F K D Q J H � 2X U P D LQ U H V X OW LV W K D W � LI W K H U H G X F W LR Q LQ W K H F R V W R I LQ IR U P D W LR Q R U

F R P S X W H U F D S LW D O LV V X r F LH Q W O\ OD U J H � W K H H oH F W V R I S R S X OD W LR Q J U R ZW K R Q H F R Q R P LF

R X W F R P H V ZLOO F K D Q J H U D G LF D OO\ R YH U W K H S H U LR G � ,Q S D U W LF X OD U � D V V X P LQ J K X P D Q F D S LW D O

D Q G Q H Z LQ IR U P D W LR Q W H F K Q R OR J LH V D U H F R P S OH P H Q W D U \� ZH V K R Z ZK \ F R X Q W U LH V ZLW K

K LJ K H U S R S X OD W LR Q J U R ZW K ZLOO H [S H U LH Q F H _ R YH U W K H V S D Q R I V X F K D Q LQ IR U P D W LR Q

�



U H YR OX W LR Q _ D S R R U H U S H U IR U P D Q F H LQ W H U P V R I ZD J H V IR U OR Z V NLOOH G ZR U NH U V � D E H W W H U

S H U IR U P D Q F H LQ W H U P V R I LQ F U H D V H G H P S OR \P H Q W U D W H V � D OD U J H U LQ F U H D V H LQ W K H V H U YLF H

V H F W R U D Q G D OD U J H U LQ F U H D V H LQ W K H U H W X U Q V W R H G X F D W LR Q � 0R U H R YH U � W K H F R X Q W U LH V ZLW K

K LJ K H U S R S X OD W LR Q J U R ZW K ZLOO D S S H D U P R U H G \Q D P LF R YH U W K LV S H U LR G D V W K H \ D G R S W

Q H Z P R G H V R I S U R G X F W LR Q W R D J U H D W H U H [W H Q W D Q G W H Q G W R LQ YH V W P R U H LQ F R P S X W LQ J

E D V H G F D S LW D O�

7K H P R G H O ZH G H YH OR S V K D U H V P D Q \ IH D W X U H V ZLW K W K R V H S U H V H Q W H G LQ W K H U H F H Q W

OLW H U D W X U H � )R U H [D P S OH � ZH D G R S W W K H F R Q V H Q V X V YLH Z W K D W Q H Z P H W K R G V R I S U R G X F �

W LR Q D U H E LD V H G LQ ID YR X U R I E R W K F D S LW D O D Q G V NLOOH G OD E R X U � ZK LF K LV D YH U V LR Q R I W K H

F D S LW D O�V NLOO F R P S OH P H Q W D U LW \ D V V X P S W LR Q � � D Q G ZH IR F X V R Q W K H D G MX V W P H Q W LQ G X F H G

E \ D ID OO LQ W K H U H OD W LYH S U LF H R I LQ IR U P D W LR Q W H F K Q R OR J \� 7K H P D LQ Q H Z H OH P H Q W ZH

E U LQ J W R W K H G LV F X V V LR Q LV R X U H P S K D V LV R Q W K H LP S R U W D Q F H R I W K H U D W LR R I K X P D Q F D S LW D O

YH U V X V S K \V LF D O F D S LW D O LQ X Q G H U V W D Q G LQ J W H F K Q R OR J LF D O D G R S W LR Q D Q G LW V U H OD W LR Q V K LS

ZLW K S R S X OD W LR Q J U R ZW K � 7K H U H D U H W ZR P D LQ F R P S R Q H Q W V W R W K H P H F K D Q LV P D W ZR U N

LQ R X U P R G H O� 7K H p U V W F R P S R Q H Q W LQ YR OYH V W K H H oH F W V R I S R S X OD W LR Q J U R ZW K R Q D

F R X Q W U \
V U H OD W LYH D E X Q G D Q F H � R U V F D U F LW \� R I K X P D Q YH U V X V S K \V LF D O F D S LW D O� ,Q W K H

V S LU LW R I 6 R OR Z � � � � � � � R X U P R G H O LOOX V W U D W H V ZK \ F R X Q W U LH V ZLW K K LJ K U D W H V R I S R S X OD �

W LR Q J U R ZW K D U H OLNH O\ W R H [K LE LW D U H OD W LYH O\ K LJ K U D W LR R I K X P D Q F D S LW D O W R S K \V LF D O

F D S LW D O� 7K H V H F R Q G H OH P H Q W D W ZR U N LQ R X U P R G H O LQ YR OYH V W K H ZD \ D F R X Q W U \
V U H O�

D W LYH D E X Q G D Q F H � R U V F D U F LW \� R I K X P D Q YH U V X V S K \V LF D O F D S LW D O W U D Q V OD W H V LQ W R W K H

D G R S W LR Q R I F R P S X W H U E D V H G P H D Q V R I S U R G X F W LR Q � ,Q S D U W LF X OD U � LI K LJ K S R S X OD W LR Q

J U R ZW K H F R Q R P LH V D U H H F R Q R P LH V ZLW K D K LJ K H U U D W LR R I K X P D Q W R S K \V LF D O F D S LW D O�

W K H Q W K H \ K D YH D F R P S D U D W LYH D G YD Q W D J H LQ W K H D G R S W LR Q R I P H W K R G V R I S U R G X F W LR Q

ZLW K V LP LOD U ID F W R U LQ W H Q V LW LH V � + R ZH YH U � E H IR U H W K H LQ IR U P D W LR Q U H YR OX W LR Q � W K H P R V W

G R P LQ D Q W F K D U D F W H U LV W LF R I F R P S X W H U E D V H G P H W K R G V R I S U R G X F W LR Q LV LW V K LJ K S K \V LF D O

F D S LW D O F R V W D V R S S R V H G W R LW V K LJ K K X P D Q F D S LW D O F R V W � + H Q F H � LQ W K LV S K D V H � F R P �

S X W H U E D V H G P H W K R G V R I S U R G X F W LR Q D U H Q R W S D U W LF X OD U O\ D W W U D F W LYH W R K LJ K S R S X OD W LR Q

J U R ZW K H F R Q R P LH V V LQ F H W K H ID F W R U LQ W H Q V LW LH V S D W W H U Q G R H V Q R W P D W F K ZLW K LW V F R P S D U �

D W LYH D G YD Q W D J H � 7K LV OH D G V K LJ K S R S X OD W LR Q H F R Q R P LH V W R LQ LW LD OO\ D G R S W F R P S X W H U

�



E D V H G P H W K R G V R I S U R G X F W LR Q OH V V W K D Q W K H LU OR Z S R S X OD W LR Q J U R ZW K F R X Q W H U S D U W V � $ I�
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WKD W PD \ KH OS XQGH UVWD QG WKLV SKH QR PH QD �

��:H EH OLH Y H WKD W LQVWLWXWLR QD O GLoH UH QF H V D F UR VV F R XQWULH V D UH OLN H O\ LPSR UWD QW IR U H [ SOD LQLQJ F UR VV�F R XQWU\
GLoH UH QF H V LQ H LWKH U XQH PSOR \ PH QW UD WH V R U Z LWKLQ J UR XS LQH T XD OLW\ � 7 KH UH D VR Q Z H KD Y H VXF K D EH OLH I LV
GH ULY H G IUR P R EVH UY D WLR QV OLN H WKD W R I /H H �� � � � � VKR Z LQJ KR Z F KD QJ H V LQ WKH PLQLPXP Z D J H KD Y H SOD \ H G D Q
LPSR UWD QW UR OH LQ J H QH UD WLQJ Z LWKLQ J UR XS LQH T XD OLW\ LQ WKH 8 6� 6LPLOD UO\ � & D UG 	 5LGGH OO �� � � � � VKR Z WKD W
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GLoH UH QF H V LQ XQH PSOR \ PH QW UD WH V WKD Q GLoH UH QF H V LQ UD WH V R I H PSOR \ PH QW� + H QF H � LQ R UGH U WR H [ SOD LQ H LWKH U
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� � 7 KH GH SH QGD QW Y D ULD EOH LV WKH J UR Z WK LQ UH D O F R PSH QVD WLR Q SH U Z R UN H U R Y H U WKH H QWLUH SH ULR G � � � � �� �
�D QQXD OL] H G�� 5R Z �� � LV D Q H [ F H SWLR Q� Z KH UH WKH GH SH QGD QW Y D ULD EOH LV WKH SH UF H QWD J H F KD QJ H LQ WKH KR XUO\
Z D J H LQ PD QXID F WXULQJ � 7 KH F R XQWULH V LQ WKH VD PSOH D UH $ XVWUD OLD � $ XVWULD � %H OJ LXP� & D QD GD � ' H QPD UN �
) LQOD QG� ) UD QF H � :� *H UPD Q\ � ,WD O\ � -D SD Q� 1 H WKH UOD QGV� 1 H Z =H D OD QG� 1 R UZ D \ � 6Z H GH Q� 6Z LW] H UOD QG�
8 QLWH G . LQJ GR P� 8 QLWH G 6WD WH V� ,F H OD QG LV GUR SSH G IUR P R XU H D UOLH U VD PSOH EH F D XVH R I PLVVLQJ GD WD � ) R U
:H VW *H UPD Q\ � F KD QJ H V D UH F D OF XOD WH G R Y H U WKH SH ULR G � � � � �� � LQVWH D G R I � � � � �� � WKH Q D QQXD OL] H G�

� � 3R SXOD WLR Q J UR Z WK LV WKH D QQXD OL] H G SH UF H QWD J H F KD QJ H LQ SR SXOD WLR Q � � WR � � � :KH Q H VWLPD WLQJ E\ ,9 �
SR SXOD WLR Q J UR Z WK R Y H U WKH SH ULR G � � � � �� � LV XVH G WR LQVWUXPH QW SR SXOD WLR Q J UR Z WK R Y H U � � � � �� � �

� � *' 3�� � LV WKH OH Y H O R I UH D O *' 3 SH U F D SLWD LQ � � � � �
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LV LQF OXGH G LQ WKH UH J UH VVLR QV�
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,Q WKLV DSSHQGL[� ZH IRFXV RQ WKH SURRIV RI /HPPDV UHODWHG WR WKH FDVH ZLWK HQGRJHQRXV
KXPDQ FDSLWDO DFFXPXODWLRQ� WKDW LV� /HPPD �$ DQG /HPPD �$ �DQG KHQFH 3URSRVLWLRQ ���
:H SURFHHG DV IROORZV� :H pUVW EHJLQ E\ SUHVHQWLQJ WKH VHW RI HTXDWLRQV ZKLFK FKDUDFWHUL]H
WKH :DOUDVLDQ (TXLOLEULXP ZKHQ WKH WZR WHFKQRORJLHV )2�c� DQG )0�c� DUH LQ XVH� 5HFDOO�
WKDW ZH DUH DVVXPLQJ WKH PRGHUQ WHFKQRORJ\ LV VXrFLHQW HrFLHQW IRU LW WR EH DGRSWHG LQ
ERWK WKH SUH DQG SRVW LQIRUPDWLRQ UHYROXWLRQ HUD� 0RUHRYHU� VLQFH ZH DUH DVVXPLQJ WKDW
WKH PRGHUQ WHFKQRORJ\ LV VNLOO LQWHQVLYH �y ! �� DQG WKDW LW GRHVQ
W XVH XQVNLOOHG ODERU�
LW ZLOO QHFHVVDULO\ EH WKH FDVH WKDW WKH ROG WHFKQRORJ\ DOZD\V UHPDLQV LQ XVH� +HQFH� LW LV
DSSURSULDWH WR IRFXV RQO\ RQ FDVHV ZKHUH ERWK WHFKQRORJLHV DUH LQ XVH� $IWHU SUHVHQWLQJ
WKLV VHW RI HTXDWLRQV� ZH ZLOO VWDWH DQ LQWHUPHGLDU\ /HPPD �/HPPD ;��� /HPPD ;� ZLOO
KLJKOLJKW FHUWDLQ JHQHUDO IHDWXUHV WKH :DOUDVLDQ (TXLOLEULXP LQ RXU VHWWLQJ� WKDW LV� IHDWXUHV
WKDW GR QRW UHO\ RQ WKH SDUWLFXODU SDUDPHWHUL]DWLRQ RI WHFKQRORJ\ JLYHQ LQ ��� DQG �����
2QFH ZH KDYH SURYHQ /HPPD ;�� WKH SURRIV RI /HPPD �$ DQG /HPPD �$ DUH UDWKHU
VWUDLJKWIRUZDUG�

s 7KH :DOUDVLDQ (TXLOLEULXP &RQGLWLRQV�

,Q RUGHU WR SUHVHQW WKH (TXLOLEULXP &RQGLWLRQV H[SOLFLWO\� LW LV XVHIXO WR ZRUN ZLWK
XQLW FRVW IXQFWLRQV LQVWHDG RI SURGXFWLRQ IXQFWLRQV� 7R WKLV HQG� OHW &2�Z� U+ � U.� DQG
&0�U+ � U,7 � UHSUHVHQW WKH XQLW FRVW IXQFWLRQV DVVRFLDWHG ZLWK UHVSHFWLYHO\ WKH ROG DQG
PRGHUQ SURFHVVHV RI SURGXFWLRQ� 0RUHRYHU� OHW < 2 DQG <0 UHSUHVHQW WKH DPRXQW RI WKH
pQDO JRRG SURGXFHG XVLQJ WKH ROG DQG PRGHUQ IRUPV RI SURGXFWLRQ� $W WKLV SRLQW� ZH GRQ
W
LPSRVH SDUWLFXODU IXQFWLRQ IRUPV RQ WKH FRVW IXQFWLRQV �WKH\ QHHG RQO\ EH FRVW IXQFWLRQV
DVVRFLDWHG ZLWK &56�FRQYH[ WHFKQRORJLHV�� &RQVLGHU WKH IROORZLQJ VHW RI �� HTXDWLRQV LQ WKH
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