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D P S OLW X G H MX P S V W R W K H X S S H U E U D Q F K � 7K X V � W K H E LIX U F D W LR Q U D Q J H LV E U D F NH W H G E \ G D W D

S R LQ W V R Q R S S R V LW H V LG H V R I W K H D P S OLW X G H MX P S � 7K H F X U YH �p W W LQ J D OJ R U LW K P P X V W E H W R OG

W K D W W K H G D W D LV R U J D Q L] H G LQ IR U ZD U G D Q G U H YH U V H V ZH H S V D Q G W K D W D E LIX U F D W LR Q K D V R F F X U H G

LQ W K H U D Q J H E H W ZH H Q W K H YH U W LF D O OLQ H V � 7K H P R V W H oH F W LYH ZD \ W R LQ F OX G H W K LV LQ IR U P D W LR Q

LQ W K H D OJ R U LW K P LV W R U H TX LU H W K D W W K H V W D E OH D Q G X Q V W D E OH E U D Q F K H V R I W K H S U H G LF W H G F X U YH

P H H W D Q G E LIX U F D W H ZLW K LQ W K H NQ R ZQ U D Q J H �

7K H D OJ R U LW K P W K D W p Q G V D OO S R V V LE OH U R R W V IR U D OH Q G V LW V H OI W R H Q IR U F LQ J W K LV E LIX U F D W LR Q

U H V W U LF W LR Q � 6 LQ F H D OO V L[ U R R W V D U H IR X Q G D W H D F K YD OX H R I W K H F R Q W U R O S D U D P H W H U � ZK D W

K D S S H Q V W R H D F K U R R W F D Q E H H D V LO\ P R Q LW R U H G � : K H Q D V D G G OH �Q R G H E LIX U F D W LR Q R F F X U V �

W K H S R O\Q R P LD O U R R W V F R U U H V S R Q G LQ J W R W K H V D G G OH D Q G W K H Q R G H D S S U R D F K W K H V D P H U H D O

YD OX H � P H H W � D Q G W K H Q E H F R P H F R P S OH [� 6 LQ F H W K H E LIX U F D W LR Q LV NQ R ZQ W R R F F X U ZLW K LQ

D J LYH Q U D Q J H � W K H E LIX U F D W LR Q U D Q J H F D Q E H H Q IR U F H G E \ U H TX LU LQ J W K D W W K H F R U U H V S R Q G LQ J

S R O\Q R P LD O U R R W V V ZLW F K IU R P U H D O�YD OX H G W R F R P S OH [�YD OX H G V R P H ZK H U H ZLW K LQ W K D W V D P H
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Reverse Sweep

)LJXU H ����� ([SHULPHQWDO IRUFLQJ�VZHHS GDWD ZLWK WKH NQRZQ ELIXUFDWLRQ UDQJH VKRZQ�
7KLV SK\VLFDO FRQVWUDLQW LV LQFOXGHG WR LPSURYH WKH FXUYH�pWWLQJ DOJRULWKP�

U D Q J H � 1 X P H U LF D OO\ W K LV U H TX LU H P H Q W LV H Q IR U F H G E \ D G G LQ J D OD U J H S H Q D OW \ W R W K H H U U R U LI

W K H E LIX U F D W LR Q R F F X U V R X W V LG H R I W K H NQ R ZQ U D Q J H �

7K LV D OJ R U LW K P � E D V H G R Q P LQ LP L] LQ J W K H H U U R U ZK LOH U H TX LU LQ J W K D W W K H G D W D S R LQ W V

E H P D S S H G R Q W R V W D E OH E U D Q F K H V D Q G W K H E LIX U F D W LR Q V R F F X U ZLW K LQ H [S H U LP H Q W D OO\ NQ R ZQ

U D Q J H V � ZD V R U LJ LQ D OO\ D S S OLH G W R W K H D P S OLW X G H � D Q G IU H TX H Q F \�V ZH H S G D W D V H S D U D W H O\� )U R P

W K H V H V H S D U D W H F X U YH p W V LW E H F D P H D S S D U H Q W W K D W W K H IR U F H � D Q G IU H TX H Q F \�U H V S R Q V H F X U YH V

D U H H D F K S D U W LF X OD U O\ V H Q V LW LYH W R G LoH U H Q W S D U D P H W H U V � )R U H [D P S OH � z� LV E H V W G H W H U P LQ H G

IU R P W K H IU H TX H Q F \�V ZH H S G D W D ZK LOH uH D Q G W K H H oH F W LYH F X E LF Q R Q OLQ H D U LW \ F R H r F LH Q W

D U H E H V W G H W H U P LQ H G IU R P W K H D P S OLW X G H �V ZH H S G D W D � )U R P W K LV LQ IR U P D W LR Q � W K H D OJ R �

U LW K P F D Q E H IX U W K H U LP S U R YH G E \ p W W LQ J W K H IU H TX H Q F \ D Q G D P S OLW X G H G D W D V LP X OW D Q H R X V O\�

: K LOH G R LQ J W K H V H V LP X OW D Q H R X V F X U YH p W V � LW E H F D P H D S S D U H Q W W K D W H Q IR U F LQ J W K H IU H TX H Q F \

MX P S �G R ZQ D Q G D P S OLW X G H MX P S �X S S R LQ W V F D X V H V W K H R W K H U MX P S S R LQ W V W R E H S U H G LF W H G

D F F X U D W H O\�
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7K H p Q D O D OJ R U LW K P R I W K LV W \S H V LP X OW D Q H R X V O\ p W V G D W D IU R P R Q H IU H TX H Q F \ V ZH H S

D Q G R Q H D P S OLW X G H V ZH H S ZK LOH U H TX LU LQ J W K D W W K H G D W D S R LQ W V E H P D S S H G R Q W R V W D E OH

E U D Q F K H V D Q G W K D W W K H IR U F LQ J MX P S �X S D Q G IU H TX H Q F \ MX P S �G R ZQ S R LQ W V R F F X U ZLW K LQ NQ R ZQ

U D Q J H V � 7K H V X F F H V V R I W K H D OJ R U LW K P LV H YD OX D W H G E \ X V LQ J W K H S D U D P H W H U V LW p Q G V W R

S U H G LF W W K H IR U F H �U H V S R Q V H F X U YH V D W W ZR Q H D U E \ LQ S X W IU H TX H Q F LH V � )LJ X U H V � �� � D Q G � �� �

V K R Z W K H S U H G LF W H G D Q G H [S H U LP H Q W D O U H V S R Q V H F X U YH V IR U W K H G D W D X V H G E \ W K H D OJ R U LW K P �

% \ F R P S D U LQ J )LJ X U H V � �� D Q G � �� � � ZH V H H W K D W H Q IR U F LQ J W K H E LIX U F D W LR Q U D Q J H K D V K D G

Q R D S S U H F LD E OH H oH F W R Q W K H D F F X U D F \ R I W K H U H V W R I W K H IU H TX H Q F \�U H V S R Q V H F X U YH � 7K LV LV

D OV R W K H F D V H IR U W K H IR U F H �U H V S R Q V H F X U YH V � )LJ X U H V � �� D Q G � �� � � � ,I ZH F R P S D U H )LJ X U H V

� �� � D Q G � �� � ZLW K )LJ X U H V � �� D Q G � �� � ZH V H H W K D W W K H D P S OLW X G H � D Q G IU H TX H Q F \�V ZH H S

D OJ R U LW K P ZLW K W K H E LIX U F D W LR Q U D Q J H V H Q IR U F H G OH D G V W R D Q LP S U R YH P H Q W R YH U W K H D OJ R U LW K P

W K D W X V H G W K H S K D V H OD J E H W ZH H Q W K H LQ S X W D Q G R X W S X W � )LJ X U H V � �� � D Q G � �� � V K R Z W K H

S U H G LF W H G D Q G H [S H U LP H Q W D O IR U F H �U H V S R Q V H F X U YH V X V H G IR U H YD OX D W LR Q � 7K H MX P S S R LQ W V R Q

W K H V H S OR W V D U H ZH OO S U H G LF W H G D Q G W K H D F F X U D F \ R I W K H P D J Q LW X G H V V H H P V U H D V R Q D E OH � : H

Q R W H W K D W W K H OR Z�D P S OLW X G H S U H G LF W LR Q V D U H E H W W H U W K D Q E H IR U H � 7K LV LP S U R YH P H Q W D W OR Z

D P S OLW X G H V OH D G V W D P R U H S U H F LV H H V W LP D W H R I W K H OLQ H D U G D P S LQ J � R Q H W K D W LV ZLW K LQ � � R I

W K H K D OI�S R ZH U OLQ H D U H V W LP D W H �

: K LOH W K LV D S S U R D F K D OOR ZH G LQ F R U S R U D W LQ J W K H V H S K \V LF D O U H V W U LF W LR Q V LQ D Q LQ W X LW LYH

ID V K LR Q � LW D OV R K D V V H YH U D O G U D ZE D F NV � ,W LV YH U \ V H Q V LW LYH W R LQ LW LD O F R Q G LW LR Q V � ( Q IR U F LQ J

W K H E LIX U F D W LR Q U D Q J H V U H TX LU H V W K D W W K H J LYH Q LQ LW LD O J X H V V V D W LV p H V D OO R I W K H E LIX U F D W LR Q

U H V W U LF W LR Q V � ,W D OV R OLP LW V W K H F X U YH p W W R F R P E LQ D W LR Q V R I S D U D P H W H U V W K D W V D W LV I\ W K H

U H V W U LF W LR Q V � 7K LV D S S U R D F K D OV R U H TX LU H V p Q G LQ J W K H U R R W V R I W K H V L[W K �R U G H U S R O\Q R P LD O IR U

H D F K H [S H U LP H Q W D O G D W D S R LQ W D Q G H D F K F R P E LQ D W LR Q R I W K H S D U D P H W H U V ZH V H H N W R H V W LP D W H �

$ V D U H V X OW � W K LV D OJ R U LW K P LV YH U \ F R P S X W D W LR Q D OO\ LQ W H Q V LYH D Q G W LP H F R Q V X P LQ J �
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)LJXU H ����� ([SHULPHQWDO DQG WKHRUHWLFDO IRUFH�UHVSRQVH FXUYHV� n ���� +]� 7KH WKHRUHW�
LFDO FXUYH XVHV SDUDPHWHUV IRXQG E\ DSSO\LQJ D OHDVW�VTXDUHV DOJRULWKP WKDW HQIRUFHV NQRZQ
ELIXUFDWLRQ UDQJHV WR WKH PXOWLSOH�VFDOHV DSSUR[LPDWH VROXWLRQ�
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)LJXU H ����� ([SHULPHQWDO DQG WKHRUHWLFDO IRUFH�UHVSRQVH FXUYHV� n ���� +]� 7KH WKHR�
UHWLFDO FXUYH LV SUHGLFWHG XVLQJ SDUDPHWHUV H[WUDFWHG IURP D IUHTXHQF\ VZHHS DW �J DQG D
IRUFH VZHHS DW ���� +]�
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)LJXU H ����� ([SHULPHQWDO DQG WKHRUHWLFDO IRUFH�UHVSRQVH FXUYHV� n ���� +]� 7KH WKHR�
UHWLFDO FXUYH LV SUHGLFWHG XVLQJ SDUDPHWHUV H[WUDFWHG IURP D IUHTXHQF\ VZHHS DW �J DQG D
IRUFH VZHHS DW ���� +]�
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����� 'HYHORSPHQW RI D )DVWHU $OJRU LWKP ZLWK /HVV , QLWLDO�&RQGLWLRQ

6HQVLWLYLW\

: K LOH G R LQ J Q X P H U LF D O V LP X OD W LR Q V W R YD OLG D W H W K H F X U YH �p W W LQ J D OJ R U LW K P LW E H F D P H D S S D U �

H Q W W K D W W K H LQ LW LD O�F R Q G LW LR Q V H Q V LW LYLW \ D Q G W K H G H J U H H R I F R P S X W D W LR Q D O LQ W H Q V LW \ ZH U H Q R W

ZR U ND E OH � )LQ G LQ J D ZD \ W R J H W E D F N W R X V LQ J W K H IPLQV IX Q F W LR Q LQ 0D W OD E V H H P H G H [�

W U H P H O\ G H V LU D E OH � 0X F K R I W K H H [H F X W LR Q W LP H IR U W K H S U H YLR X V D OJ R U LW K P ZD V V S H Q W X V LQ J D

E X LOW �LQ 0D W OD E IX Q F W LR Q W R p Q G W K H U R R W V R I W K H V L[W K �R U G H U S R O\Q R P LD O D Q G W K H Q H OLP LQ D W H

Q H J D W LYH D Q G F R P S OH [ U R R W V D Q G V R U W W K H S R V LW LYH R Q H V LQ R U G H U R I LQ F U H D V LQ J P D J Q LW X G H � : H

V R X J K W D ZD \ W R D YR LG D V P X F K R I W K LV S U R F H V V D V S R V V LE OH � 2Q H ZD \ W R G R W K LV LV W R J R E D F N

W R W U H D W LQ J D D V W K H LQ G H S H Q G H Q W YD U LD E OH � )R U W K H D P S OLW X G H �U H V S R Q V H F X U YH � X V LQ J D D V

W K H LQ G H S H Q G H Q W YD U LD E OH P H D Q V W K D W p Q G LQ J W K H F R U U H V S R Q G LQ J YD OX H R I DEDVH U H TX LU H V R Q O\

H YD OX D W LQ J D Q H [S U H V V LR Q W K D W LV R Q H �W R �R Q H � )R U W K H IU H TX H Q F \�U H V S R Q V H F X U YH � V R OYLQ J IR U

n IR U D J LYH Q YD OX H R I D P H D Q V R Q O\ V R OYLQ J D TX D G U D W LF H TX D W LR Q � 7K LV G R H V IR U F H X V W R V R U W

W K H H [S H U LP H Q W D O G D W D D F F R U G LQ J W R ZK LF K R I W K H W ZR V R OX W LR Q V R I W K H TX D G U D W LF H TX D W LR Q

W K H \ F R U U H V S R Q G W R � )R U H [D P S OH � LI n LV G H V F U LE H G E \ D Q H TX D W LR Q R I W K H IR U P

Dn� � En� � F  � � � �� � �

W K H Q � E H OR Z U H V R Q D Q F H

n�  
bEbS

E� b � DF
� D

� � �� � �

ZK LOH � D E R YH U H V R Q D Q F H

n�  
bE�

S
E� b � DF
� D

� � �� � �

,W V K R X OG E H Q R W H G W K D W V R U W LQ J W K H G D W D LQ W K LV ZD \ J X D U D Q W H H V W K D W � IR U W K H IU H TX H Q F \�

U H V S R Q V H F D V H � R Q O\ V W D E OH E U D Q F K H V R I W K H W K H R U H W LF D O F X U YH ZLOO E H X V H G LQ H U U R U F D OF X OD W LR Q V �

: D \V W R LQ F OX G H W K H E LIX U F D W LR Q U D Q J H S H Q D OW \ D Q G E U D Q F K V W D E LOLW \ ZH U H V W LOO Q H H G H G �

)R U W K H E LIX U F D W LR Q U D Q J H � ZH ZD Q W W K H S H Q D OW \ W K D W W K H F X U YH p W D G G V W R W K H H U U R U W R
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E H ] H U R LI W K H E LIX U F D W LR Q R F F X U V ZLW K LQ W K H NQ R ZQ U D Q J H D Q G W K H Q MX P S W R D YH U \ OD U J H

Q X P E H U LI W K H E LIX U F D W LR Q LV R X W V LG H W K H U D Q J H � 7K LV LV D S S U R [LP D W H G E \ X V LQ J D IX Q F W LR Q

W K D W LV ] H U R LI W K H E LIX U F D W LR Q R F F X U V LQ W K H P LG G OH R I W K H U D Q J H � U H P D LQ V V P D OO ZK LOH W K H

E LIX U F D W LR Q LV ZLW K LQ W K H NQ R ZQ U D Q J H � D Q G W K H Q J U R ZV U D S LG O\ D V W K H W K H R U H W LF D O OR F D W LR Q

R I W K H E LIX U F D W LR Q OH D YH V W K H H [S H U LP H Q W D OO\ NQ R ZQ U D Q J H � 2Q H IX Q F W LR Q E H K D YLQ J LQ W K LV

ZD \ LV

ELIXUFDWLRQ SHQDOW\  
v
oWKHRUHWLFDO b oH[SHULPHQWDO

oPHDQ

w
Q

� � �� � �

ZK H U H o LV W K H F R Q W U R O S D U D P H W H U � H LW K H U DEDVH R U n� D Q G Q LV D Q H [S R Q H Q W X V H G W R W X Q H W K H

S H Q D OW \ IX Q F W LR Q � 7K H YD OX H R I Q ZD V V H W W R � � LQ W K H p Q D O D OJ R U LW K P � $ F R P S D U LV R Q R I W K H

LG H D O V W H S �IX Q F W LR Q S H Q D OW \ D Q G W K H F R Q W LQ X R X V S R O\Q R P LD O V X J J H V W H G LQ ( TX D W LR Q � � �� � � LV

V K R ZQ LQ )LJ X U H � �� � � ,Q R U G H U W R X V H ( TX D W LR Q � � �� � � W R F R P S X W H W K H E LIX U F D W LR Q S H Q D OW \�

ZH Q H H G W R E H D E OH W R F D OF X OD W H oWKHRUHWLFDO� 8 V LQ J H [S U H V V LR Q V IR U W K H YD OX H V R I DEDVH D Q G n

D W W K H E LIX U F D W LR Q V � ZH G R W ZR LW H U D W LR Q V R I 1 H ZW R Q 
V P H W K R G W R Q X P H U LF D OO\ D S S U R [LP D W H

oWKHRUHWLFDO� + D YLQ J D Q X P H U LF D O H V W LP D W H IR U W K H W K H R U H W LF D O YD OX H R I W K H F R Q W U R O S D U D P H W H U

D W W K H E LIX U F D W LR Q D OOR ZV W K H S H Q D OW \ W R E H F D OF X OD W H G D F F R U G LQ J W R ( TX D W LR Q � � �� � � �

% D V H G R Q W K LV V D P H LG H D R I X V LQ J F R Q W LQ X R X V IX Q F W LR Q V W R D S S U R [LP D W H V W H S �IX Q F W LR Q

S H Q D OW LH V � D P H W K R G IR U H Q IR U F LQ J W K H V W D E LOLW \ R I E U D Q F K H V R I W K H F X U YH V ZD V G H YH OR S H G � ,I

D LV W K H LQ G H S H Q G H Q W YD U LD E OH � X V LQ J R Q O\ V W D E OH E U D Q F K H V R I W K H IR U F H �U H V S R Q V H F X U YH IR U

H U U R U F D OF X OD W LR Q U H TX LU H V W K D W W K H W K H R U H W LF D O YD OX H R I D D W W K H E LIX U F D W LR Q E H OH V V W K D Q W K H

Q H D U H V W H [S H U LP H Q W D O YD OX H � ,G H D OO\� ZH ZR X OG OLNH W K H S H Q D OW \ IR U W K LV F R Q V W U D LQ W W R E H ] H U R

LI W K H W K H R U H W LF D O YD OX H LV OH V V W K D Q W K H H [S H U LP H Q W D O YD OX H D Q G YH U \ OD U J H LI W K H W K H R U H W LF D O

YD OX H LV J U H D W H U W K D Q W K H H [S H U LP H Q W D O YD OX H � W K D W LV �

6WDELOLW\ 3HQDOW\  

�!�
!�
� � LI DWKHRUHWLFDO � DH[SHULPHQWDO�

�� LI DWKHRUHWLFDO ! DH[SHULPHQWDO�
� � �� � �

1 X P H U LF D OO\� W K LV LV D F F R P S OLV K H G E \ X V LQ J W K H IR OOR ZLQ J IX Q F W LR Q �

6WDELOLW\ 3HQDOW\  He�DWKHRUHWLFDObDH[SHULPHQWDO
� � � �� � �
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Ideal                  
Numerical Approximation

)LJXU H ����� ,GHDO DQG DSSUR[LPDWH SHQDOWLHV LPSRVHG E\ WKH FXUYH�pWWLQJ DOJRULWKP ZKHQ
WKH ELIXUFDWLRQ GRHV QRW RFFXU ZLWKLQ WKH WKHRUHWLFDOO\ NQRZQ UDQJH�

ZK H U H e LV D OD U J H Q X P E H U �

$ p Q D O P R G Lp F D W LR Q W R W K H D OJ R U LW K P ZD V W R U H W X U Q W R DEDVH D Q G n D V W K H LQ G H S H Q G H Q W

YD U LD E OH V � )U R P W K H S H U V S H F W LYH R I W K H D OJ R U LW K P � P D NLQ J W K LV F K D Q J H P H D Q V V ZLW F K LQ J W K H

H U U R U X V H G IU R P W K H K R U L] R Q W D O W R W K H YH U W LF D O G LV W D Q F H E H W ZH H Q W K H H [S H U LP H Q W D O G D W D S R LQ W

D Q G W K H W K H R U H W LF D O F X U YH � 7K H V H H U U R U V D U H OD E H OH G D V K D Q G Y U H V S H F W LYH O\ LQ )LJ X U H � �� � �

7K LV F K D Q J H G LG Q R W V LJ Q Lp F D Q W O\ LP S D F W W K H U H V X OW V R I W K H F X U YH p W � ,W G R H V � K R ZH YH U � D OOR Z

W K H D OJ R U LW K P W R X V H W K H V D P H LQ G H S H Q G H Q W D Q G G H S H Q G H Q W YD U LD E OH V D V W K H H [S H U LP H Q W �

7K LV F K D Q J H ZD V LP S OH P H Q W H G E \ J X H V V LQ J S R LQ W V Q H D U W K H E U D Q F K R I LQ W H U H V W D Q G X V LQ J

1 H ZW R Q 
V P H W K R G W R p Q G W K H Q H D U H V W U R R W � : H D U H H V V H Q W LD OO\ p Q G LQ J R Q O\ R Q H U R R W R I W K H

IU H TX H Q F \�U H V S R Q V H H TX D W LR Q LQ V W H D G R I W K H S U H YLR X V V L[� : H D YR LG V R U W LQ J W K H U R R W V E H F D X V H

R Q O\ W K H U R R W R I LQ W H U H V W LV IR X Q G � W K H V W D E OH S R LQ W F R U U H V S R Q G LQ J W R W K H H [S H U LP H Q W D O G D W D

S R LQ W � � % U D Q F K V W D E LOLW \ IR U W K LV P H W K R G G H S H Q G V R Q J X H V V LQ J S R LQ W V Q H D U H Q R X J K W R W K H

V W D E OH E U D Q F K R I LQ W H U H V W V R W K D W W K H V W D E OH U R R W ZLOO E H IR X Q G �
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)LJXU H ����� ([SHULPHQWDO IRUFLQJ�VZHHS GDWD ZLWK WKH NQRZQ ELIXUFDWLRQ UDQJH VKRZQ�
7KLV SK\VLFDO FRQVWUDLQW LV LQFOXGHG WR LPSURYH WKH FXUYH�pWWLQJ DOJRULWKP�

7K LV D OJ R U LW K P E D V H G R Q X V LQ J IPLQV LV OH V V V H Q V LW LYH W R LQ LW LD O J X H V V H V D Q G LV P X F K

ID V W H U W K D Q W K H S U H YLR X V D OJ R U LW K P � 7K H V H LP S U R YH P H Q W V LQ V S H H G D Q G LQ LW LD O�F R Q G LW LR Q

V H Q V LW LYLW \ K D YH F R P H ZLW K R X W D S S U H F LD E OH OR V V LQ D F F X U D F \� 5 H V X OW V IU R P H D F K R I W K H W ZR

F X U YH �p W W LQ J W H F K Q LTX H V ZH U H F R P S D U H G W R R Q H D Q R W K H U IR U E R W K H [S H U LP H Q W D O G D W D D Q G G D W D

J H Q H U D W H G IU R P Q X P H U LF D O V LP X OD W LR Q V �

7D E OH � �� V K R ZV W K D W � IR U W K H G D W D J H Q H U D W H G E \ Q X P H U LF D O V LP X OD W LR Q � W K H W ZR D OJ R �

U LW K P V J LYH U H V X OW V W K D W D U H E R W K D F F X U D W H D Q G S U H F LV H � W K H \ D J U H H U H D V R Q D E O\ ZH OO ZLW K R Q H

D Q R W K H U D Q G J LYH H V W LP D W H V R I W K H S D U D P H W H U V W K D W D U H F OR V H W R W K H NQ R ZQ YD OX H V X V H G W R

S U R G X F H W K H G D W D � 7D E OH � �� G H P R Q V W U D W H V W K D W W K H U H V X OW V IR U H [S H U LP H Q W D O G D W D D U H S U H F LV H

D V ZH OO� $ V F D Q E H V H H Q � W K H H V W LP D W H V IR U o D Q G r D U H Q R W LQ D J U H H P H Q W ZLW K R Q H D Q R W K H U �

+ R ZH YH U � W K H U H LV J R R G D J U H H P H Q W LQ W K H H V W LP D W H R I W K H H oH F W LYH F X E LF Q R Q OLQ H D U LW \ F R H I�

p F LH Q W b�

�
� � rn� b � o� � 7K LV LQ G LF D W H V W K D W � IR U W K H U D Q J H R I H [F LW D W LR Q IU H TX H Q F LH V X V H G �

W K H H oH F W V R I o D Q G r F D Q Q R W E H V H S D U D W H G E H F D X V H n G R H V Q R W YD U \ V LJ Q Lp F D Q W O\� 2Q O\

W K H YD OX H R I z� F D Q E H F K H F NH G IR U D F F X U D F \� V LQ F H LW LV W K H R Q O\ S D U D P H W H U ZK R V H YD OX H LV
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7 DEOH ���� &RPSDULVRQ RI QHZ �IPLQV� DQG ROG �FRPSXWDWLRQDOO\ LQWHQVLYH� FXUYH�pWWLQJ

UHVXOWV IRU QXPHULFDO GDWD�

1 H Z $ OJ R U LW K P 2OG $ OJ R U LW K P

3 D U D P H W H U . Q R ZQ 9 D OX H ( V W LP D W H G 9 D OX H 3 H U F H Q W ( U U R U ( V W LP D W H G 9 D OX H 3 H U F H Q W ( U U R U

uH � � � � � �� � � � �� � � � � �� � � � �� � �

z� � �� � �� � � � �� � � � �� � � � �� � �

z� � � � � � � �� � � �� � � � � � �� � � �� � �

r � �� � H �� � � �� � H �� � � �� � � � �� � H �� � � �� � �

o � �� � H �� � � �� � H �� � � �� � � � �� � H �� � � �� � �

H oH F W LYH

Q R Q OLQ H D U LW \

�� �� � H �� � �� �� � H �� � � �� � � �� �� � H �� � � �� � �

H [S H U LP H Q W D OO\ NQ R ZQ � 7K H YD OX H IR X Q G IU R P OLQ H D U YLE U D W LR Q W H V W LQ J � K D OI�S R ZH U P H W K R G �

LV � �� � � ZK LF K LV ZLW K LQ � � R I W K H YD OX H IR X Q G E \ W K H F X U YH �p W W LQ J D OJ R U LW K P �

7K H LQ D E LOLW \ R I W K H Q H Z IPLQV F X U YH �p W W LQ J U R X W LQ H W R J LYH E D F N W K H H [D F W YD OX H V IR U

W K H S D U D P H W H U V X V H G W R J H Q H U D W H W K H Q X P H U LF D O G D W D ZD V G LV F R Q F H U W LQ J � 7K H E LIX U F D W LR Q

S H Q D OW \ ZD V W X U Q H G R o D Q G W K H G D W D ZD V U H �p W W H G � 7D E OH � �� V K R ZV W K D W W K H F X U YH �p W W LQ J

U R X W LQ H ZLW K R X W W K H S H Q D OW \ LV D E OH W R p W W K H G D W D H [D F W O\�

0D NLQ J W K LV V D P H F R P S D U LV R Q E H W ZH H Q W K H Q H Z D OJ R U LW K P ZLW K D Q G ZLW K R X W W K H E L�

IX U F D W LR Q U D Q J H V IR U H [S H U LP H Q W D O G D W D V K R ZV V LJ Q Lp F D Q W G LoH U H Q F H V � 7K H G LoH U H Q F H LQ W K H

H V W LP D W H IR U r LV H [S OD LQ H G D V E H IR U H � W K H D J U H H P H Q W LQ W K H H V W LP D W H V IR U W K H H oH F W LYH F X E LF

Q R Q OLQ H D U LW \ F R H r F LH Q W LV ZK D W LV LP S R U W D Q W � 7X U Q LQ J R o W K H E LIX U F D W LR Q S H Q D OW \ IR U W K H R OG

D OJ R U LW K P D OV R OH D G V W R X Q G H U H V W LP D W LR Q R I z� D Q G z�� 7K H YD OX H R I z� NQ R ZQ IU R P OLQ H D U

W H V W LQ J LQ G LF D W H V W K D W W K H H V W LP D W H J LYH Q E \ W K H D OJ R U LW K P ZLW K W K H E LIX U F D W LR Q S H Q D OW \

H Q IR U F H G LV W K H P R U H D F F X U D W H R I W K H W ZR � 6 LP LOD U O\� X Q G H U H V W LP D W LQ J z� J LYH V D IU H TX H Q F \�

U H V S R Q V H F X U YH W K D W LV S K \V LF D OO\ X Q U H D OL] D E OH � 7K H F X U YH LV S U H G LF W H G W R E H V W D E OH ZH OO
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7 DEOH ���� &RPSDULVRQ RI WKH HoHFW RI HQIRUFLQJ WKH ELIXUFDWLRQ SHQDOW\ IRU WKH QHZ �IPLQV�

FXUYH�pWWLQJ DOJRULWKP ZLWK QXPHULFDO GDWD�

: LW K % LIX U F D W LR Q 3 H Q D OW \ : LW K R X W % LIX U F D W LR Q 3 H Q D OW \

3 D U D P H W H U . Q R ZQ 9 D OX H ( V W LP D W H G 9 D OX H 3 H U F H Q W ( U U R U ( V W LP D W H G 9 D OX H 3 H U F H Q W ( U U R U

uH � � � � � �� � � � �� � � � � � �� � � �

z� � �� � �� � � � �� � � � �� � � �

z� � � � � � � �� � � �� � � � � � �� � �

r � �� � H �� � � �� � H �� � � �� � � � �� � H �� � � �� H �� �

o � �� � H �� � � �� � H �� � � �� � � � �� � H �� � � �� � H �� �

H oH F W LYH

Q R Q OLQ H D U LW \

�� �� � H �� � �� �� � H �� � � �� � � �� �� � H �� � � �� � H �� �
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7 DEOH ���� &RPSDULVRQ RI WKH HoHFW RI HQIRUFLQJ WKH ELIXUFDWLRQ SHQDOW\ IRU WKH QHZ �IPLQV�

FXUYH�pWWLQJ DOJRULWKP ZLWK H[SHULPHQWDO GDWD�

: LW K % LIX U F D W LR Q 3 H Q D OW \ : LW K R X W % LIX U F D W LR Q 3 H Q D OW \

3 D U D P H W H U ( V W LP D W H G 9 D OX H ( V W LP D W H G 9 D OX H 3 H U F H Q W &R P S D U LV R Q

uH � � �� � � �� � �� �

z� � �� � � � �� � � � � � ��

z� � � � � � � � � ��

r � �� � H �� � � �� � H �� � � � �

o � �� � H �� � � �� � H �� � � �� � �

H oH F W LYH

Q R Q OLQ H D U LW \

�� �� � H �� � �� �� � H �� � � �� � �

E H \R Q G W K H U D Q J H ZK H U H W K H E LIX U F D W LR Q LV NQ R ZQ W R R F F X U � 7K H V H W ZR R E V H U YD W LR Q V LQ G LF D W H

W K D W W K H F X U YH �p W W LQ J D OJ R U LW K P ZLW K W K H E LIX U F D W LR Q S H Q D OW \ LQ F OX G H G J LYH V P R U H D F F X U D W H

S U H G LF W LR Q V R I W K H G D P S LQ J F R H r F LH Q W V W K D Q W K H V D P H D OJ R U LW K P ZLW K R X W W K D W E LIX U F D W LR Q

S H Q D OW \� 7K LV LP S U R YH P H Q W LQ H V W LP D W LQ J W K H G D P S LQ J F R H r F LH Q W V ID U R X W ZH LJ K V D Q \ R I

W K H F R P S D U D W LYH O\ V P D OO H U U R U V LQ W U R G X F H G LQ H V W LP D W H V R I W K H R W K H U S D U D P H W H U V �


