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pFEHGJILKNM�O5PRQSK +�+ K5TVUXWYO[Z\T]K5Z_^`GaK>bAbcILWLGNdeUfOgUXEHGJ^cWYOhTiEAGNQSWLT]K5IjGNkmlcK>UXWYO[Z +
K>^`O - GnUfOSUfoiK5Z + PpO5oiQqUXEHGNQqWLZmUfOSQSK>UXEHGNQSK>UXWrT]K5IsGNktlAK>UXWYO[Z + UXEcK>UudHG + TVoiWL^vGwUXEHGyxhW �
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ZHG]UXWLT + O5P UXEHGjQSO[IYGNT]lAILK>o*oXGNK5TVUXWYO[Z +��
� EHG + GjQSK>UXEAGNQSK>UXWLT]K5I`GNktlAK>UXWYO[Z + K>oXGyxhZHO M Z
K + dAW ! G]oXGNZmUXWLK5I3GNktlAK>UXWYO[Z +�� MuEAWrTiEaMuWrILI ^vGSWrZ UfoXOhdAlATVGNdaIrK>UfG]o O[Z ��� EHG/TVO[Q bcILG]UfG
d��hZAK5QSWLT + O5PjUXEHG oXGNK5TVUXWYO[Z + OhT]T]lHoXo8WLZ��JWLZ K5ZgGNZ  �hQ G + � + UfGNQ K>oXG O5P UfGNZekmlcWYUfG
TVO[Q bcILWrT]K>UfGNd � �5G]U Q/K��J^`G(lcZAZHGNTVG +�+ K>o�� P O5onlAZAdHG]o + UXK5ZAdAWLZ�� UXEHG ^�K + WLT(oXGNK5TVUXWYO[Z
O5P3UXEHG + lH^ + UfoiK>UfGn^`GNWLZ��(UfoiK5Z + PpO5oiQSGNd WLZ UfO/UXEHGybAoXOhdAlATVU �
� oXGNktlHGNZmUXI�� � WLU;EAK + ^vG]GNZ O5^ + G]o - GNd UXEAK>U;UXEAG GNZ  �hQ G ��+ lH^ + UfoiK>UfG TVO[QSbcIYG �

PpO5o8Q + G � UfoXGNQ GNI��(oiK>b�WLdAI�� � MuEcWLIYG UXEHGFP O5oXM*K>oidSoiGNK5TVUXWYO[Z � K5I + O xhZHO MuZ K + �"!?���}� 
 �@���!?£�#9���%$ ���'&(� OhT]T]lHo + O[Z K + IYO M1G]ouUXWrQ G + T]K5IYG � � UuW + K +�+ lAQ GNd UXEAK>UuUXEHGnTVO[QSbcIYG �
W + P O5oiQ GNd K5IrQ O + UuWLZ + UXK5Z UXK5ZAG]O[l + I�� � K ��!"� �Z� 7��������>� 
<���J����� � UXEHGNZ UXEHG PpO5oXM*K>oid oiG �
K5TVUXWYO[Z bAoXOhTVG]GNd + PpoiO[Q!UXEAG]oXG �)� EAW + K +9+ lAQ bAUXWLO[Z*�[W - G + O[ZHG O5PFUXEHG dHG]o8W - K>UXWLO[Z +
O5P UXEAG � WLT8EAK>GNILW + � � GNZmUfGNZ GNZ  �hQ G oXGNK5TVUXWLO[ZaoiK>UfG ��� EHGNZ K ktlAK + W ��+ UfGNK5d�� + UXK>UfG
K>bAbAoXO � WrQSK>UXWYO[ZJW + QSK5dHG(PpO5owUXEHG(WLZAWLUXWLK5IsGNktlAWLILWL^AoiWLlAQ ^`G]U M G]GNZJUXEHGRP oXG]G(GNZ  �tQSG
K5ZAd + lH^ + UfoiK>UfGjK5Zcd/UXEHGyTVO[Q b�IYG ��� UXEHGNZ UXEHGjoiK>UfGwO5P,UXEHGjP O5oXM1K>o8d/oXGNK5TVUXWLO[Z UfORUXEAG
bAoXOhdAlATVU W + MuoiWYUfUfGNZ K +
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MuEHG]oXG �-, 
HW + UXEHG + lH^ + UfoiK>UfGFTVO[ZATVGNZmUfoiK>UXWYO[ZSK5ZAd 0 K5ZAd � . K>oXG xhWLZHG]UXWLT*TVO[Z + UXK5Z U +dHG]UfG]oiQSWrZHGNda^1� UXEAG/oXGNK5TVUXWYO[Z*�[W - GNZ K>^vO - G �2� EHG/TVO[Z + UXK5Z U 0 � K5I + O TVO[Q/Q O[ZAI��dHGNZHO5UfGNd 0 . ��3 $ W + T]K5ILIYGNdeUXEHG QSK � WLQSK5I - GNIYOhT]WYU4� O5PjUXEHG oXGNK5TVUXWYO[Z ��� . W + UXEAG
� WrTiEAK>GNILW + TVO[Z + UXK5Z U � K5ZAd WYU +�- K5ILlAGjW + UXEHG - K5ILlHGjO5P,UXEHG + lA^ + UfoiK>UfGyTVO[ZATVGNZmUfoiK>UXWYO[Z
K>UFMuEAWrTiE UXEHGyoiGNK5TVUXWYO[Z;K5T8EAWYG - G + EcK5IYP O5P UXEHG Q/K � WLQRlAQ - GNIYOhT]WYU5� ��� EAW + P lAZATVUXWLO[Z
+ W + K o8K>UXWYO[ZAK5I`P lAZATVUXWYO[Z �
� K>UfG �76 
 + EHO M + UXEAK>U ^cWLZAdAWrZ�� O5P � � � UfO Q8�5O + WLZ WrZ\PpO5o8QSWLZ��eTVoXO +9+ � ILWLZHx

^AoiWLd��5G + UfO K5TVUXWLZeP O5o UXEAG;b`O M1G]o + UfoXO5x5GJO5P + UfoiWLK>UfGNd Q&l + T]IYG;UXW +9+ lHG + K>UXW +:9 G + K
� WrTiEAK>GNILW + � � GNZmUfGNZ xhWLZHG]UXWLT +���� Z UXEAW + bcK>oiUXWLT]lAILK>o1G � K5QSbcIYG � UXEHGwoXGNK5TVUXWYO[Z - GNIYOtT]WLU4�
W + K5Z K5TVUXlcK5I - GNIYOhT]WYU4� O5P3Q O5UXWYO[Z � M EHG]oXGwUXEHG T8EHGNQSWLT]K5I GNZAG]o;�<� O5P � � � W + UfoiK5Z + �
PpO5o8Q GNd&WrZ UfOwQ GNTiEcK5ZAWLT]K5ImGNZHG]o;�<�n^1� Q O - GNQ GNZ U O5PHUXEAG1K5TVUXWLZ 9 ILGNQ GNZ U �=� EHG - K5IrlHG
O5P � . �[W - G + UXEHG TVO[ZATVGNZmUfoiK>UXWYO[Z_O5P � � � UXEAK>U bAoXOhdAlATVG + EAK5IYPyUXEHG QSK � WLQ&lcQ- GNIYOhT]WYU4� O5P Q O5UXWLO[Z PpO5o UXEHG K5TVUXWLZ 9 IYGNQ GNZmU �*� O5oSoiK>^c^cWYURb + O[K + QRl + T]IYG UXW +�+ lHG �
G � b`G]oiWrQ GNZ UXK5I,Q GNK + lHoXGNQSGNZ U + �[W - G 0 . �;3 7?>(@(A%@(BsQ 	 + K5ZAd �/. 7 6�C @(D �E�

F * � ��G	H L ,#(+*4IKJ), �MLONPIN(��#&�� O I � �QN �/,�*��/,
� ZJUXEcW + K>bAbcIYG]UyWYUnW + b`O +�+ WY^cIYGRUfO O5^ + G]o - G EHO M UXEHG oiGNK5TVUXWYO[ZaoiK>UfG + - K>oiWYG + K + K
P lcZATVUXWYO[Z O5P �-, 

7 � � � � 
cP O5o - K>oiWYO[l +�- K5ILlHG + O5PvUXEAGFQSK � WrQSK5I - GNIYOhT]WYU4� 0 K5ZAd UXEAG
� WrTiEAK>GNILW + TVO[Z + UXK5ZmU � . �
� W��[lHoXG 6�+ EHO M + U5�mbcWrT]K5I � WLT8EAK>GNILW + � � GNZmUfGNZa^`GNEAK - WYO5oyMuEAG]oXG(UXEHGSWLZAWYUXWrK5I,oiW + GRWrZ
UXEHG oXGNK5TVUXWLO[Z - GNIYOhT]WYU4�eW + K5ILQ O + U/IrWLZHGNK>o � ^clHUSK + UXEAG;TVO[ZATVGNZmUfoiK>UXWYO[Z WLZATVoXGNK + G +��
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UXEAG]oXG/K>oXG dAWLQSWLZcW + EAWLZ��/oXG]UXlHo8Z + MuWYUXE UXEHG/G - GNZmUXlAK5I + K>UXlHoiK>UXWYO[Z O5P*UXEHG/oiGNK5TVUXWYO[Z
K>U + O[Q G QSK � WLQSK5I`o8K>UfG � UXEHGnGNZ  �hQ G + K>oXGyM O5oixtWLZ��SK + EAK>oid K + UXEHG�� T]K5Z $ �

0 1000 2000 3000 4000 5000 6000
0

500

1000

1500

2000

2500

R([S])=2040[S]/(150+[S])

[S]

R
ea

ct
io

n 
R

at
e

Michaelis−Menten Kinetics

� B�� ?���� � � � WLTiEcK>GNILW + � � GNZ UfGNZ;xtWrZHG]UXWLT + P O5oFoiK>^A^cWLU1b + O[K + QRl + T]IYGyUXW +�+ lHG �
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� ZHGwO5P,UXEHGnQ O + U*WrQ b`O5oXUXK5Z U T]ILK +9+ O5P,P lAZATVUXWYO[Z +�� MuEcWLTiE K>oXGnTVO[QSQSO[ZAI�� + UXlAdAWYGNd �
K>oiGnUXEHGyb`O[I��hZHO[QSWLK5I +��

� EHGnQ O + U  7���*���.��¤ '?��¤ 
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MuEHG]oXG UXEHG TVOmG � T]WYGNZ U + W�� K>oiG TVO[Z + UXK5Z U + K5Zcd B_W + K bvO + WYUXW - G
WLZ UfG��5G]o � W ��
7 @ $ �

� Z UXEHG + GNTVO[ZAdaT8EAK>bAUfG]onO5P UXEAW + ^`OmO5x � M G + UXlcdAWYGNd ILWLZHGNK>ojP lcZATVUXWYO[Z +�� � EHG + G K>oXG+ WLQ bcI�� 9 o + UyO5o8dHG]o b`O[I��hZHO[QSWLK5I +���� EHG ILK + U T8EAK>bAUfG]oRoXG - WLG]M GNd kmlAK5dAoiK>UXWLT P lAZAT �
UXWLO[Z +�� MuEAWrTiE K>oXG + GNTVO[ZAd O5oidHG]oubvO[I �tZHO[Q/WLK5I +��

� O[I �tZHO[Q/WLK5I + K>oXG*O5PpUfGNZ/l + GNd(WLZ(Q OhdHGNILWLZ��wK + KyQ GNK5Z + O5P 9 UfUXWLZ��yTVO[Q b�ILWLT]K>UfGNd
dcK>UXK � � EHGNZeK bvO[I �tZHO[Q/WLK5I*T]lHo - G 9 U + UXEHG;dAK>UXK M GNILI � UXEHGNZ UXEHG b`O[I��hZHO[QSWLK5I �
K + K P lcZATVUXWYO[Z � T]K5Z ^`G l + GNd K + K + WLQ bcILG/Q OhdHGNI UfOJK5WLd WLZ UXEHG WrZ UfG]oXbcoXG]UXK>UXWYO[Z
O5P UXEAG dAK>UXK K5ZAd UfO TVO[Z + UfoilcTVU&bAoiGNdAWLTVUXWYO[Z + O5PFEHO M�O5UXEHG]oRG � b`G]oiWLQSGNZ U +i+ EHO[lAILd
^`GNEAK - G �
� EHG]oiGwK>oiGnG � TVGNIrIYGNZ U oiO[lHUXWLZHG + P O5o 9 ZAdcWLZ�� UXEAGy^vG + UFIYGNK + U + ktlAK>oXG +�9 U1O5P
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KRbvO[I �tZHO[Q/WLK5IHUfO dAK>UXK2� + lAT8E K + K5Z �T� TVGNI � oiGNZAdAILWLZAG $ � � O[I��hZHO[QSWLK5I + K>oXGwdHG 9 ZAGNd
PpO5owK5ILI - K5ILlAG + O5P��aK5ZAd PpO5o8Q - G]o;� + Q OmO5UXE T]lHo - G +�� � EAW + QSK>x5G + WYUuGNK + � UfO l + G
UXEHGNQ P O5o&WrZ UfG]oXbcoXG]UXWLZ�� dAK>UXK �Q+ lAT8E K + MuEAG]oXG £'�3���3£ !?£ K5ZAd £������U£ !?£
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� � � EHG + Gjb�EHGNZHO[Q GNZAKRK>oXGwUfO5bcWLT +

UXEAK>U 0 K5IrT]lAILl + TVO - G]o + K5ZAd MuWLILIv^`GndHG]UXK5WLIYGNd IrK>UfG]ouWLZ UXEAW + ^vOtO5x �
� + ZHO5UfGNdgK>^`O - G � bvO[I �tZHO[Q/WLK5I + K>oiG TVO[Z + WLdHG]oXGNd �"���Z� P lAZATVUXWYO[Z + ^`GNT]K5l + G O5P

UXEHGNWYoRM GNIrI � ^`GNEAK - GNd bAoXO5b`G]oXUXWYG +���� G]URG - GNZ + O[Q G]UXEAWrZ�� K + ^cK + WLT K + 9 ZAdAWLZ�� UXEAG
oXOtO5U + O5PwK5ZgGNkmlcK>UXWYO[Z � + G]UfUXWLZ�� � � ��� $ 7 @ $ PpO5o/K bvO[I �tZHO[Q/WLK5I ^`GNTVO[Q G + kmlcWYUfG
dAW � T]lcIYU,P O5o B ! > � K5ZAd(oiK>oiGNI��nG - GNZ(b`O +�+ WY^�IYG P O5o B ! A � � GFEAK - GFUXEAG*ktlAK5dHo8K>UXWLT
PpO5o8Q&lAIrK � ^clHUSP G]M xhZHO M UXEHG PpO5o8Q&lAIrK>G;P O5o EAK5ZAdcILWLZ��aUXEAWLoideK5ZAd PpO[lHoiUXE O5oidAG]o
b`O[I��tZAO[QSWLK5I + � UXEHO[l��[E UXEHG�� dHO G � W + U $ �

��� �)�  �" $ � 	 L �'I-( � J O 
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� WLZAd UXEHGnoiOmO5U + O5P3UXEAW + GNkmlAK>UXWLO[Z K5ZAd2�5oiK>b�E UXEAW + T]lH^�WLTwb`O[I��tZAO[QSWLK5I �
: ;>= ?YACB@;>D
E , WLZcTVGjM1GndHO ZHO5UFEAK - G K ktlAK5dHoiK>UXWLT P O5oiQ&lcILKRPpO5oFT]lH^�WLTjGNkmlAK>UXWLO[Z +�� M1G
Q&l + U EAO5bvG1UfO 9 ZAd&K P K5TVUfO5oiW  K>UXWLO[ZRWrZ O5oidAG]o UfO 9 ZcdnUXEHG*oXOtO5U + O5PAUXEHG1bvO[I �tZHO[Q/WLK5I �
� Z UXEAW + T]K + G � UfO 9 ZAd UXEHGyoiOmO5U +�� M G + O[I - G

� ��� $ 7
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� 3���� & 3 6 @��H7
�=���43 C $ ��� 1 > $ 7 @ 9

� U PpO[ILILO M + UXEAK>U UXEHGJoXOtO5U + O5P&UXEAW + b`O[I��tZAO[QSWLK5IjK>oXG�� 7 @ G 3M> � O5o C1� �
�5oiK>bcE O5P UXEAW + T]lH^�WLTub`O[I��hZHO[QSWrK5I�W + ^`GNIYO M\MuWYUXE UXEHGyoXOtO5U + T]IYGNK>o8I�� - W + WY^�IYG K + UXEAG
� � WLZmUfG]oiTVG]bAU +�� � K>UfG]o(M1G/MuWrILI IYGNK>oiZ�� UXEHoXO[l��[E UfGNTiEcZAWLktlHG + O5P 0 K5ILT]lAILl + $ UfO 9 ZAd
UXEHG EcW��[Eeb`O[WLZmUSOhT]T]lHoXoiWLZ�� K>U � 3 6Z9 @�� G 5 9 @(A $ K5ZAdeUXEHG IYO M b`O[WLZmUSOtT]T]lAoXoiWLZ�� K>U
��� 9 @�� G 3��(@ 9 @(A $ � J

��� �)�  �" $ � H'&Z(+*4J G4I �(IN, .
� G]Uul +x+ O[I - GnUXEAGyPpO[ILILO MuWLZ��RGNktlAK>UXWYO[Z �

� � 3 C � & 1 A 7 @ 9

: ;>= ?YACB@;>D
E � G&P K5TVUfO5o UXEAW + GNktlAK>UXWYO[Z;WrZ UfO UXEHG PpO[ILILO MuWLZ�� �
��� & 3 6 $ ��� & 3 A $ 7 ��� 3 6 $ ��� 1 6 $ ���F3E> $ ��� 1 > $ 7 @ 9

� Etl +�� UXEHG + O[IrlHUXWYO[Z W + �[W - GNZ ^ ���H7I3 > � 3 6(� 6(� K5ZAd > � J
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Cubic Polynomial

� B � ? � � � � � oiK>bcE O5P UXEAGnT]lH^cWLTwb`O[I��hZHO[QSWLK5I �[W - GNZ WLZ �T� K5Q bcIYG 6(�
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Rational Function
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^`G l + GNd P O5o K5ILIYOhT]K>UXWLZ�� 0 O[Z��5oXG +�+ WLO[ZAK5I + GNK>U + K5Zcd dAW + UfoiWLTVUXWLZ�� � MuEAWrIYGSUXEHG Q O5oXG
K5T]T]lAoiK>UfG + UXK>UXW + UXWLT]K5IsTVO[lAZmUFQSK�� ^`Gyl + GNd P O5ouK>bAb`O5oXUXWYO[ZcWLZ��RUXEHGnQ O[ZHG�� PpO5o � GNd �
G]o8K5I P lAZAdcWLZ�� � $ � EHG K>o;�[lAWLZ�� O - G]oSUXEHG ZmlcQ ^`G]o + MuWLILI
�5OaO[Z PpO5o + G - G]o8K5I��5GNK>o +
K + GNK5TiE �5oXO[lHb UfoiWYG + UfO l + GnUXEHGRZmlcQ ^`G]o + UfO UXEHGNWYoF^`G + UuK5d - K5ZmUXK(�5G&UfO �[K5WLZ P GNd �
G]o8K5I Q O[ZHG��JK5ZAdJb`O[ILWYUXWLT]K5I b`O M1G]o ��� G + bcWYUfG UXEHG b`O[ILWLUXWLT]K5I TVO[ZmUfoXO - G]o + �aO - G]o&UXEHG
ZtlAQ&^`G]o +�� K5T]T]lHoiK>UfGNI�� bAoXGNdAWrTVUXWLZ�� UXEHG + G dAGNQ O<�5oiK>bcEAWrT/dAK>UXKJK>oXG WLQ b`O5oXUXK5ZmU&P O5o
b�ILK5ZAZAWLZ�� O[lHojTVO[Q/Q&lAZcWYUXWYG + WLZ UXEHGRP lHUXlHoXG � � UwUXEHGR^cK + GRO5P K5ILI T]K5ILT]lAILK>UXWLO[Z + P O5o
UXEAG P lHUXlAoXG b`O5bclAILK>UXWYO[ZRbAoiGNdAWLTVUXWYO[Z + W + + O[Q GFU5�mb`G O5P QSK>UXEHGNQSK>UXWrT]K5IcQ OhdHGNI � 0 lHo �
oiGNZ UwQ OhdHGNI + K>oXG kmlAWLUfG + O5b�EAW + UXWLT]K>UfGNd � ^clAU 9 o + UuM1G Q&l + UjK>bAbcoXGNT]WLK>UfG(UXEHGR^cK + WLT
QSOtdHGNI + ^`GNEAWLZAd(UXEHGNQ � � K>^cILG 6 bcoXG + GNZmU + UXEHGjTVGNZ + l + dAK>UXK&PpO5o UXEHG EAW + UfO5o;�(O5P UXEHG
#8� ,��
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� EHG��5oiO MFUXE/oiK>UfGF^`G]U M1G]GNZSGNK5T8E dHGNT]K5dAGuT]K5ZS^`G dHG]UfG]oiQSWrZHGNd ^1�RdAW - WLdcWLZ��uUXEAG
TVGNZ + l + K>UuO[ZHGndAK>UfGy^1�/UXEHGnTVGNZ + l + K dHGNT]K5dHGyGNK>oiIrWYG]oFK5ZAd + lH^cUfoiK5TVUXWLZ��(O[ZHG �
� EHG
T]K5ILT]lAILK>UXWLO[Z;^`GNIYO M + EAO M + EHO M UfO TVO[Q bclHUfGRUXEHG �5oXO MFUXE oiK>UfGRP O5o UXEHG(dHGNT]K5dHGRO5P
6 ���(@83 6 �(@<@ �

� O5bclAIrK>UXWYO[Z WLZ�I �(@<@
� O5bclAIrK>UXWYO[Z WLZ 6 ���(@ 7

CYG �(@�� G A ���
� G �<> � G > 6 A 7 6Z9 � C�6Z9

� Etl +�� UXEHG8�5oiO MFUXEJoiK>UfGRP O5ojUXEcW + dAGNT]K5dHGRW + � CY9 6��P� � O5UfG(UXEAK>UwUXEHG �5oXO MFUXE oiK>UfG
W + KSTVO[QSbvO + WYUfGyO5P ^�WYoXUXE +�� dHGNK>UXE +�� K5ZAd WLQ/QSW��5oiK>UXWYO[Z �
� I ��(�G��+*�� L ��� � � � G J��P*�� � &�*��
� EAW + 	[K - K , TVoiWLbAUSb`G]oXP O5oiQ + K TVO[Q bclHUXK>UXWYO[Z UfO*�[W - G UXEHG �5oiO MFUXE oiK>UfG P O5o K5Z �
dHGNT]K5dHG WrZ UXEHG EAW + UfO5o;�/O5P3UXEHG #8��,��
� oXO[Q UXEHGSdAK>UXK WLZ � K>^�IYG 6(� M G T]K5ZaoiGNK5dAWLI�� 9 ZAd;UXEAG �5oXO MFUXEJo8K>UfG + PpO5oyUXEAG

dHGNT]K5dHG + PpO[ILILO MuWLZ�� 6 ���(@ G�6 �(@<@ � K5Zcd 6 � 6 @ K>oXG � CY9 6��\G �)5 9 A �4G K5Zcd ��� 9 6��P� oiG + b`GNT �
UXW - GNI�� � MuEcWLTiE K - G]oiK(�5G + � A 9 � � b`G]ojdHGNT]K5dAG � � EAW + �5oXO MuUXEJoiK>UfG(oXGNQSK5WLZ + K5ILQ O + U
TVO[Z + UXK5ZmU lAZmUXWLI 6 �)5(@ �:+ O UXEAW + WLZAPpO5oiQ/K>UXWYO[Z + EAO[lAILd K5ILIYO M�l + UfOgG + UXWLQ/K>UfG UXEAG
TVGNZ + l + dAK>UXKSlHb;lcZ UXWLI 6 �)5(@ l + WLZ�� KSQSOtdHGNI`M WYUXE KSTVO[Z + UXK5ZmU �5oiO MFUXE �
� EHG + WLQSbcIYG + UuQ/K>UXEHGNQSK>UXWLT]K5I3Q OhdHGNI + K�� + UXEAK>UwUXEHG&b`O5bclcILK>UXWYO[Z WLZ UXEHG(ZHG � U

dHGNT]K5dHGnW + GNktlAK5IvUfO UXEHGyT]lHoXoXGNZmU*b`O5bclAILK>UXWYO[Z/bcILl + UXEHGyT]lHoXoiGNZ U*b`O5bclAILK>UXWLO[ZSUXWLQ G +
UXEHGnK - G]o8K(�5G8�5oXO MFUXE oiK>UfG � � � O5P UXEHGyb`O5bclAIrK>UXWYO[Z � � EHGyQ OhdHGNI`^`G��[WLZ + MuWYUXE + O[QSG+ UXK>oXUXWLZ��;b`O5bclAILK>UXWLO[Z � + K � WLZ 6 ���(@ � � EAGSP lAUXlHoXG b`O5bclAILK>UXWLO[Z + K>oXG/bcoXGNdAWLTVUfGNd K>U
GNK5TiE dAGNT]K5dHG/� dAW + TVoXG]UfGwUXWLQSGjWLZmUfG]o - K5I + $ ^ � + UXK>oXUXWLZ��&MuWLUXE UXEcW + WrZAWYUXWLK5I �[W - GNZ b`O5b �
lAILK>UXWYO[Z � UXEHGNZ 9 ZAdAWrZ��/UXEHG ZHG � Uyb`O5bclAILK>UXWLO[Z;P oXO[Q UXEHG(bAoXG - WYO[l + b`O5bclAIrK>UXWYO[Z;^1�
Q&lcIYUXWYbcI��hWLZ�� ^ � � 6 1 � $ � � EcW + �[W - G + K + GNktlHGNZATVGyO5P bAoXGNdAWLTVUfGNd b`O5bclcILK>UXWYO[Z + GNK5TiE
^cK + GNd + O[IYGNI�� O[ZeUXEHG b`O5bclAILK>UXWLO[Z P oXO[Q UXEHG;bAoXGNTVGNdAWLZ��JdAGNT]K5dHG � � O5o/G � K5Q bcILG �
l + WLZ�� UXEAG bvO5b�lAILK>UXWYO[Z O5P � G �<> � G > 6 AaWLZ 6 ���(@ � M G M1O[lAILdaQRlAIYUXWLbcI�� ^1� 6Z9 � A � UfO



� � � � � � � ��� � � �?����� � � �	� � ��� 	���� ������� ��� �

�5G]U K5Z G + UXWLQ/K>UfGnO5P UXEAGnb`O5bclAILK>UXWYO[Z WLZ 6 �(@<@ � � K>UXEAGNQSK>UXWLT]K5ILI�� � M GnEcK - G
� O5bclcILK>UXWYO[Z WLZ 6 �(@<@ 7 6Z9 � A � � � O5b�lAILK>UXWYO[Z WrZ 6 ���(@ 7 CYG �(@<@ G�C�6 @ 9
� O5UXWLTVG UXEAK>UsUXEAW + bAoXGNdAWrTVUXWYO[ZyW + IYG +9+ UXEAK5Z � G @<@<@ O ! UXEHG K5TVUXlAK5ItTVGNZ + l +A- K5IrlHG O5o

K @ 9 6�C � G]oXoiO5o � � GFTVO[lAIrd oXG]b`GNK>U UXEAW + bAoXOhTVG +�+ UfOjbcoXGNdAWLTVU GNK5TiE(O5PcUXEAG + lcT]TVG]GNdAWLZ��
TVGNZ + l + b`O5bclAILK>UXWYO[Z + lHbJlAZmUXWLI 6 �)5(@E� K b`G]oiWYOhd MuEHG]oiGRUXEAG �5oiO MFUXEJoiK>UfG oiGNQSK5WLZ +
P K5WYoiI � TVO[Z + UXK5ZmU $ � � Etl +�� UXEHG b`O5bclAIrK>UXWYO[Z WLZ 6 � A%@ M1O[lAILd ^`G bAoXO?	fGNTVUfGNdeUfO ^`G
6Z9 � A � UXWLQSG + UXEHG b`O5bclAILK>UXWLO[ZabAoXGNdAWrTVUfGNd WLZ 6 ���(@ � � K>^cILGP> + EHO M + UXEAW + U5�mb`G/O5P
TVO[Z + UXK5Z U �5oXO MFUXE Q OhdHGNI K>bAbcILWLGNd UfOSUXEHGnTVGNZ + l + lHb lAZmUXWLI 6 � � @ �

� GNK>o 0 GNZ + l + � OtdAGNI � � � � 7 6Z9 � A � � � � � oXoXO5o
6 ���(@ � G �<> � G > 6 A � G �<> � G > 6 A
6 �(@<@ CYG �(@�� G A ��� CYG �(@<@ G�C�6 @ 3�@ 9 6�C
6 � 6 @ � G >�� � G ��� 6 � G�6�C @ G ����� 3 6Z9 > A
6 �<>(@ � G 5���� G A C � � G 5 A CYG � ��� @ 9 @��
6 ���(@ 6 > G �)5)5 G @%>(@ 6 � G @ 6 > G >��<> 6Z9 6 A
6 � A%@ 6 � G @�5 � G A C � 6 � G�C<C � G�C 5 � > 9 � A
6 � C @ >�� G�6 � 6ZG � �Z5 >�� G 5 ��� G �Z5 C > 9 6 @
6 �)5(@ � 6ZG A ��� G �<> 6 � 6ZG � A<A G @<@%> 6Z9 5<>
6 � � @ � � G � 6 � G A<A � A � G @��<> G A C � � 9 ><>

����� = �
� � � K>UXK(P O5o UXEHG �5oXO MuUXE O5P UXEHG #8� ,�� b`O5bclAILK>UXWYO[Z O5^AUXK5WLZAGNd PpoXO[Q � K>^cIYG 6
K5Zcd UXEHGyO[ZHGnbcoXGNdAWLTVUfGNd ^1� UXEAG dAW + TVoiG]UfGnQSK>UXEHGNQSK>UXWLT]K5I Q OhdHGNI

� O5UXWLTVGyUXEcK>U1UXEAGjG]oioXO5o oXGNQSK5WLZ +�+ Q/K5ILI�lcZ UXWLI 6 � � @(^`GNT]K5l + GwO5P UXEHGwP K5WYo8I��STVO[Z �+ UXK5Z URoiK>UfG O5P��5oXO MFUXE � � O + URO5PFUXEHG bAoXGNdcWLTVUfGNd b`O5bclcILK>UXWYO[Z + K>oiG K ILWYUfUXIYG EAW��[E �
G + bvGNT]WrK5ILI�� WLZ 6 � � @ �A+ l��<�5G + UXWrZ��/UXEAK>UjUXEHoXO[l��[EHO[lHUFUXEHG 6 � 	�� TVGNZmUXlHo;� UXEAG �5oXO MFUXE
o8K>UfG dHGNT]ILWLZAGNd � � EHGndHGNT]ILWrZAWLZ�� �5oXO MuUXE oiK>UfG W + K �5GNZHG]oiK5IsUfoXGNZAd UXEAK>UuM GnO5^ + G]o - G
P O5oSUXEHG # � ,�� K5ZAdeW +�+ O[QSG]UXEAWLZ�� UXEcK>USMuWLILI1^`G K5T]TVO[lAZmUfGNd P O5o/WLZ K5ZeWLQ bAoiO - GNd
QSOtdHGNI dAG - GNIYO5b`GNd ILK>UfG]ouWLZ UXEcW +�+ GNTVUXWYO[Z �

` G]U M G]GNZ 6 �)5(@ K5ZAd 6 � � @ � UXEHG 0 W - WLI � K>onOhT]T]lHoXoXGNd � MuEAWLT8EJW + O[ZHGST]K5l + G O5P
UXEAG;dHoiK5QSK>UXWrT dHGNT]ILWLZAG WrZgUXEHG oiK>UfG;O5P �5oXO MFUXE O5PwUXEHG b`O5bclAILK>UXWLO[ZgWLZ UXEHG #8� ,��
� Eml +�� UXEHG 6 � � @SbAoXGNdAWLTVUXWLO[Z W + O[ZHGyUXEcK>U��5O[l M O[lAIrd G � b`GNTVU UfO ^`Gjb`OtO5o ��� Z P K5TVU �
UXEAG + EAWYP U P oXO[Q UXEHGybAo8WLQSK>oiWLI �(K(�5o8WLT]lAIYUXlHo8K5I + OtT]WYG]U5� UfO UXEAGwWrZAdAl + Ufo8WLK5IAoXG - O[IrlHUXWYO[Z
W + Q O5oXG + W �[ZAW 9 T]K5ZmUSWLZeT]K5l + WLZ��aUXEHG;dAGNT]ILWLZHG WLZgUXEAG oiK>UfG;O5P
�5oXO MFUXE � � G MuWLILI+ UXlAd��SQ O5oXGyK>^`O[lHU*TVoXO M dAWLZ��&G ! GNTVU + WrZ KRILK>UfG]oFTiEcK>bAUfG]o � � W��[lHoXG 6 W + K8�5o8K>bcE/O5P
UXEAGybvO5b�lAILK>UXWYO[Z Q OhdHGNIsK5ZAd UXEAG dAK>UXK P oXO[Q � K>^cIYG > �

0 IYGNK>oiI�� � UXEcW + Q OhdHGNIsW + ILWLQSWYUfGNd UfO K oiK5Z��5G&O5P dAK>UfG + MuEAG]oXGnUXEHG �5oiO MFUXE oiK>UfG
oiGNQSK5WLZ + oXGNILK>UXW - GNI�� TVO[Z + UXK5Z U � � PM�5O[lgK>UfUfGNQ bcUSUfO TVO[Z UXWrZmlHG l + WLZ�� UXEAW + Q OhdHGNI
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� B � ? � � ��� � o8K>bcEJO5P UXEAG # � ,�� b`O5bclAIrK>UXWYO[Z)�5oXO MFUXE O5^AUXK5WLZHGNdJP oXO[Q UXEHG QSK>UXEHG �
QSK>UXWLT]K5I Q OtdAGNI K5ZAd UXEHGndAK>UXKSPpoXO[Q � K>^cILG > �

lAZmUXWLI 6 �<>(@ O5o 6 � � @ � UXEHGNZ UXEHG Q OhdHGNI5bcoXOtdclATVG + UXEHG TVGNZ + l +d- K5ILlHG + O5P 6 �<> G �)5 CYG � A �
K5ZAd � C � G ���<> G 5 A C1� oXG + bvGNTVUXW - GNI�� � � � EHG + GJG + UXWrQSK>UfG + K>oXG �<> � K5ZAd �<>�� � UfOmO
EAW��[E � $ � Etl +�� UXEcW + Q OhdHGNIh^`GNTVO[Q G + WrZATVoXGNK + WLZ��[I�� ^cK5d/WYPcM1GuK +�+ lcQ GFUXEHGuTVO[Z + UXK5Z U
�5oXO MuUXE o8K>UfG O5P � A 9 � �P� � T]K5ILT]lAILK>UXWYO[Z/O5PsUXEHGM�5oXO MFUXE oiK>UfGwWLZ 6 �<>(@ �[W - G + K>oXO[lAZcd
6�C �P� MuEAWLT8E P lHoiUXEHG]o dHoXO5b + UfOaO[ZAI � 6 � � WLZ 6 � � @ � � � EHG IYO M1G + U �5oXO MFUXEgoiK>UfG
T]K5Z ^vG + G]GNZ UfOJEcK - G OtT]T]lHoioXGNd dclHoiWLZ�� UXEAG � oiGNK>U � G]bAoXG +9+ WYO[Z � ^vG]U M G]GNZ 6 ���(@
K5ZAd 6 � A%@ $ MuWYUXE O[ZAI��/K � 9 > � �5oXO MFUXE oiK>UfG � $ � Etl +�� UXEAW +�+ WLQSbcIYGuQ OhdHGNIvT]K5Z O[ZAI��
bAoXGNdAWrTVU bvO5b�lAILK>UXWYO[Z + P O5o KnILWrQSWYUfGNd(UXWLQ GFWrZ UfOnUXEAGFP lAUXlHoXG � ^clHU TVG]oiUXK5WLZAI��RbAoXO - WLdAG +
�5OmOhd G + UXWLQSK>UfG + P O5o + O[QSGnTVO[QSQ&lcZAWYU4� bcIrK5ZAZAWLZ��&UXEAK>UuW + oXGNkmlcWYoXGNd �
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� G]U UXEHG WrZ UfG��5G]o BSoXG]bcoXG + GNZmU,UXEHG1ZmlAQ&^`G]o,O5PAdHGNT]K5dAG + K>P UfG]o 6 ���(@jK5Zcd&dHG 9 ZHG � � UfO
^`G UXEHGwb`O5bclAIrK>UXWYO[Z/P O5o*UXEHG
B 	�� dAGNT]K5dHGyK>PpUfG]o 6 ���(@ � M WYUXE � � K(�[K5WLZ oXG]bAoiG + GNZ UXWrZ��
UXEHG b`O5bclAIrK>UXWYO[ZgWLZ 6 ���(@ $ �?� EHG b`O5bclcILK>UXWYO[Z P O5oSO[ZHG dAGNT]K5dHG;W + G + UXWLQSK>UfGNde^1�
l + WLZ�� UXEHGwb`O5bclAILK>UXWLO[ZSP oXO[Q�UXEHGwbAoXG - WYO[l + dHGNT]K5dHGyK5ZAd K5dAdAWLZ�� UfO WYU1UXEHGjK - G]oiK(�5G
b`G]oiTVGNZ U �5oXO MFUXE Q&lcIYUXWYbcILWLGNdS^1� UXEAGybvO5b�lAILK>UXWYO[Z P oXO[Q�UXEHGnbcoXG - WLO[l + dHGNT]K5dHG �
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� EHG Q/K>UXEHGNQSK>UXWLT]K5I Q OhdHGNIR^cK + GNd O[Z UXEAW + dHG + TVoiWYbAUXWYO[Z W +
�[W - GNZ ^1� �
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M EHG]oXG�� W + UXEHGnK - G]oiK(�5G �5oXO MFUXE;oiK>UfG �

� lHo T]K5ILT]lcILK>UXWYO[Z + K>^vO - G + l��<�5G + UjUXEAK>UjM G(l + G � 7 @ 9 � A � UfO G + UXWLQSK>UfGRUXEHG b`O5b �
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UXEAG o8W��[E U EAK5Zcd + WLdHG O5PuUXEHG GNktlAK>UXWYO[ZgdAG]bvGNZcd + O[ZAI�� ILWrZHGNK>oiI��aO[Z UXEHG dcW + TVoXG]UfG- K>oiWLK>^�IYG � � O M G - G]o � UXEHG TVO[Z + UXK5ZmU UfG]oiQ dHOtG + TVO[QSbcILWLT]K>UfG UXEHG + O[ILlAUXWYO[Z � � EAW ++ GNTVUXWYO[Zg^`G��[WLZ + O[lHo + UXlcd�� O5PjUXEHG ktlAK5ILWYUXK>UXW - G K5ZAK5I � + W + O5PjdAW + TVoXG]UfG d��hZAK5QSWLT]K5I+ � + UfGNQ +��
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��� � ��� � � � � � O5o ^coXGNK>UXEAWLZ�� W + UXEHG 9 o + U + UfG]b UfO ^AoiWLZ��[WLZ�� O���� �5GNZ UfO
UXEAG TVGNILI + O5PwUXEHG ^`Ohd�� K5ZAdeoXGNQ O - WLZ��aUXEAG;Q G]UXK>^`O[ILWLT M*K + UfG bAoiOtdAlcTVU � T]K>oX^`O[Z
dcWYO��HWLdHG � 0 O[Z UfoiK5TVUXWrZ��;UXEHG Q&l + T]IYG + O5P*UXEHG/dcWLK>bcEHoiK(�[Q oXG + lAIYU + WLZaK5Z WLZ � O M�O5P
P oXG + EJK5WYoyO5o � � � ' ��� � � � � � � MuEAWLILG oXGNILK��HK>UXWYO[ZJO5P UXEHG + GSQRl + T]IYG + O5onTVO[ZmUfoiK5TVUXWYO[ZaO5P
UXEAG1K>^ dHO[QSWrZAK5I + T]K5l + G + � � ' ��� � � � � � O5PcK5WYo MuWYUXE&UXEHG M*K + UfG bAoiOtdAlcTVU 0�� & ��� lHoiWLZ��
ZAO5oiQSK5I � � � ' ��� � � � � � � UXEAG ILlAZ�� + G��HTiEcK5Z��5G1K>^`O[lHU C @<@uQSI5O5PHK5WYo 6 > UXWLQ G + KFQSWLZtlHUfG �
� EAW + W + UXEHG � � � � � 
 � � ! � � O5PFK5WYo&WrZ + bcWYoiGNd O5oRG��hbcWYoXGNd �	� ZE�5O[lAZ�� K5dAlAIYU&QSK5IYG +��UXEAG]oXGuW + K5Z ��� � ' � � � � � � 
 ��� ����� 
 � 
 � � ! � � O5P K>^`O[lHU �(@<@<@RQSIHUXEcK>U T]K5ZS^`GuWrZ + bcWYoiGNdK>^`O - G UXEHG UXWLdAK5I - O[ILlAQSG � MuEAWLIYGRUXEHG � � ' � � � � � � 
���� �����
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� � ! � � W + K>^`O[lHU 6<6 @<@

Q/I � MuEAWrTiE T]K5Z ^`G PpO5oiTVG]P lAILI �;G��hbcWYoXGNd �P� EHG 
 � � � � � � ' � ������
 WLZAT]ILlcdHG + K5ILI O5P*UXEHGK>^`O - G �tWLGNILdAWLZ��(K>^`O[lHU�A#5(@<@/Q/I �
� GNIrI � UfoiK5WLZHGNdgK>UXEcIYG]UfG + QSK � EcK - G - K5ILlHG + �(@ � A%@ � EAW��[EAG]o � MuEcWLIYG PpGNQSK5ILG + �5GNZ �
G]o8K5ILI�� EcK - G >(@ � > C � IYG +�+ P O5oyUXEHG/ktlAK5ZmUXWYUXWYG + ILW + UfGNdaK>^`O - G ��� EAGSILlAZ�� + TVO[ZmUXK5WLZ+ lHoXP K5TVUXK5Z U +�� MuEAWLT8E bAoiG - GNZ U UXEHGNQ P oXO[Q UfO5UXK5ILI��RTVO[ILILK>b + WLZ�� K5Zcd&G��hb`GNILILWLZ��uK5ILIhK5WYo �
K + WYUnoiGNkmlAWLoXG + UfOtO QRlATiE GNZHG]o;�<�aUfO oXGNWLZ � K>UfGSUXEHGNQ!PpoXO[Q UXEHG TVO[IrILK>b + GNd + UXK>UfG �
� � EAW + W + O[ZHGnO5P UXEHGnbcoiWLQSK>o;� dAK5Z��5G]o + P K5TVGNd ^1� bcoXGNQSK>UXlHoXG ^cK>^cWYG + ^`O5oiZ ^vG]P O5oXG
UXEAGNWYoM�5GNZAG + PpO5owbAoXOhdAlAT]WrZ�� + lHoiP K5TVUXK5ZmU + EAK - G UXlAoiZHGNd O[Z � � ! GNTVUXW - GNI�� � UXEHG�� l + G
QSO5oXGuGNZHG]o��<� UfO ^AoXGNK>UXE/UXEAK5Z UXEHG��SdHG]oiW - GuPpoXO[Q"UXEHGubcoXOtTVG +9+ O5P ^AoXGNK>UXEcWLZ�� � $ � EHG
� � � � �<! � � 
 � � ! � � oXG]bAoXG + GNZ U + UXEHG K5Q O[lAZmUwO5P K5WYowUXEAK>UyT]K5ZAZHO5Uw^`G G��hb`GNILIYGNd G - GNZ
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� B � ? � � ��� � WLK(�5oiK5QqO5P UXEHGnoiG + bcWYoiK>UfO5o��/bAoXOhTVG +�+��
^ � P O5oiTVG]P lAIsG��hbcWYoiK>UXWLO[Z K5ZAd K - G]oiK(�5G + K>^`O[lHU 6 >(@<@ QSI ��� EHG � ! � � � � � � � ����� � � �(! � �
� � ' � ������
 W + UXEHGyK5Q O[lcZ U1O5P K5WYo*UXEAK>U*oXGNQ/K5WLZ + ^vGNEcWLZAdSdAlAoiWLZ�� ZAO5oiQSK5Iv^AoXGNK>UXEAWrZ�� �
MuEAWLT8E K5Q O[lAZmU + UfO�>��(@<@SQSI � � EAGwdcWLK(�5oiK5Q�O5P � W��[lAoXG > + EHO M + UXEAG + GnT]K>bcK5T]WYUXWYG +
K5ZAd - O[ILlcQ G +��
� EHG P lAZcTVUXWYO[ZAWLZ��RO5P3UXEHGnoXG + UFO5P3UXEHGn^`Otd�� dHG]b`GNZAd + O[Z K5Z;K5dHGNktlAK>UfG + lHbAbcI �

O5P O���� �5GNZ UfO UXEHG/UXW +9+ lHG +�� MuEAWLT8E dHG]b`GNZAd + O[Z oXG + bcWYoiK>UXWYO[ZJUXEAoXO[l��[E UXEAG ILlAZ�� +��
� EHG]oXG(K>oXG + G - G]oiK5I3oXG + bcWYoiK>UfO5o;� dcW + GNK + G + UXEAK>U 	 G]O5b�K>oidAW  GRUXEAW +M- WLUXK5I,P lAZATVUXWYO[Z O5P
UXEHGSILlAZ�� +��8� EAGRoiG + bcWYoiK>UfO5o�� QRl + T]IYG + T]K5Za^`G(dAK5QSK(�5GNd ^ � + bcWLZAK5I bcK>oiK5I � + W + O5o
b`O[ILWYO[Q8�5GNILWYUXW +�� MuEAWLT8EgT]K5Z dAGNTVoXGNK + G;UXEAG - WLUXK5IFT]K>bcK5T]WYU5�gUfO K + ILO M K +OC @<@ Q/I �
^cK>oXGNI�� GNZHO[l��[EgUfO QSK5WLZmUXK5WLZgILWYP G � � EHG bclAILQSO[ZAK>o;� TVO[Q b�ILWLK5ZATVG oXGNdAlcTVG +�- WLUXK5I
T]K>bcK5T]WYU5� WLZedcW + GNK + G + ILWYx5G UXlA^vG]o8T]lAIYO + W +�� GNQ b�E'� + GNQSK � T8EHoXO[ZAWLT;K + UXEAQSK � � ILlcZ��
T]K5ZATVG]o � TiEHoXO[ZcWLT;^coXO[ZATiEcWYUXW +�� T � + UXWLT 9 ^AoXO + W +�� O5o 9 ^AoXO5UXWLT b�IYGNlHoiW + � � , G - G]oiK5IjO5P
UXEHG dcW + GNK + G + K>^vO - G K5ZAd EHGNK>oXU/dcW + GNK + G;T]K5Z T]K5l + G;bclAILQ O[ZcK>o;� GNdAGNQSK � MuEAWLT8E
dHGNTVoXGNK + G +x- WYUXK5IvT]K>bcK5T]WYU5� P oXO[Q � lAWrdS^clAWrILd/lHb WLZ UXEHGyILlAZ�� +�� � EHGjK5I - G]O[ILW � MuEAWLT8E
K>oXG UXEHG GNZAd + O5P UXEHG ^AoiK5ZcTiEHG + WLZ UXEHG ILlcZ�� +�� K>oXG MuEAG]oXG UXEHG O���� �5GNZeK5TVUXlcK5ILI��
GNZ UfG]o + UXEHG ^cIYOtOtd � � EHGNZ UXEHG K5I - G]O[IrW1K>oiG dcK5QSK(�5GNdgO5o 9 ILILGNd MuWYUXE � lcWLd � O[ZHG
oXG + lAILU O5P + QSO5xtWLZ�� $ � UXEHGnG��HTiEAK5Z��5G&O5P O �1�1�5GNZ W + WLZAEAWL^cWYUfGNd �
� EHG - WYUXK5IwT]K>bcK5T]WYU5� K5ZAd_UXEAG oiG + WLdAlAK5I - O[ILlAQ GaK>oXGJU M O - K5ILlHG + UXEAK>U EHGNILb

bcE � + WLO[IYO<�[W + U + dHG]UfG]oiQSWLZAGSUXEHG EAGNK5IYUXE O5P UXEHG bclAIrQ O[ZAK>o;� + � + UfGNQ � MuEAWLT8E UfoiK5Z + �
ILK>UfG + WLZmUfO&UXEHGwK>^cWLIrWYU4�(O5P,K5Z WLZAdcW - WrdAlAK5ItUfO(UfoiK5Z + b`O5oXU O���� �5GNZ UXEHoXO[l��[E UXEAGjILlcZ�� +
UfO UXEHG oiG + U O5PwUXEHG ^`Otd�� � � EAG - WYUXK5I T]K>b�K5T]WYU4�eW + GNK + WLI�� QSGNK + lHoXGNdg^1� UXK>xtWLZ��
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� B�� ?���� � � � o8K>bcE O5P dAW ! G]oXGNZ UFIrlAZ�� K5WYo - O[ILlAQSG + K5ZAd T]K>bcK5T]WLUXWYG +��
K dHG]G]b ^AoiGNK>UXE K5ZAdeG��tbcWLoiWLZ��aWLZmUfO K + bcWYoXO[Q G]UfG]o ��� O5o + O[Q G O5PwUXEHG dAW + GNK + G +��
IrWYx5GwGNQ bcE � + GNQ/K � WLU + WLQ b`O5oXUXK5ZmU1UfO xhZHO M UXEHGwUXWLdAK5I - O[ILlAQSGnK5ZAd UXEHGyP lcZATVUXWYO[ZAK5I
oiG + WLdAlAK5I3T]K>bcK5T]WLU4�aUfO 9 ZcdJUXEHG/K - G]o8K(�5G O5o � � ��! � � ��� � ' � � � � � � 
 


� � ! � � � � EHGNZ
UXEAGFoiK>UXWYOnO5P`UXEHGuUXWLdAK5I - O[ILlcQ GFUfOnUXEHGuP lAZcTVUXWYO[ZAK5IHoXG + WLdAlAK5IhT]K>bcK5T]WYU5�S^`GNTVO[Q G + UfOtO
ILO M � UXEHGNZ UXEHG]oiGnW + WLZ + l � T]WYGNZ U1G��HTiEAK5Z��5G O5P K5WYo UfOSQSK5WrZ UXK5WLZ K5dHGNktlAK>UfG + lAbAbcILWYG +
O5P O����1�5GNZ;UfOSUXEAGn^`Otd�� �

� � � 
 	�� �3- � $ � ���*) � � � � � � '*- % � � �
� ZHG Q G]UXEAOtd PpO5o(dHG]UfG]oiQ/WLZAWLZ�� UXEAG UXWLdcK5I - O[ILlAQSG K5ZAd UXEHG P lAZcTVUXWYO[ZAK5I oiG + WLdAlAK5I
T]K>b�K5T]WYU4�\W + P O5o UXEHG + lH^ 	fGNTVU UfOe^AoXGNK>UXEAG KeQSW �hUXlHoXGaWLZcT]ILlAdAWLZ�� K5Z WLZAG]oXU2�[K +��
� EHG + lA^ 	 GNTVUj^AoXGNK>UXEAG + UXEAGRQSW �tUXlHoiG&lAZmUXWLIsUXEAGRILlcZ�� + K>oiG&G +�+ GNZ UXWLK5IrI�� 9 ILIYGNd;MuWYUXE
UXEcW + QSW �hUXlHoXG � UXEHGNZ UXEAG bcE'� + WYO[ILO<�[W + U(Q GNK + lHoXG + UXEHG K5Q O[lAZmU O5PuUXEHG WrZHG]oXU �[K +
WrZ K + G]oiWYG + O5Pn^AoXGNK>UXE + K>P UfG]o UXEAG + lH^ 	 GNTVU W + oiGNQ O - GNd P oXO[Q�UXEAG �[K + QSW �hUXlHoXG
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� B � ? � � � � � EHG K5I - G]O[ILW�K>oiGuUXEHGjGNZAdSO5P,UXEHGu^Ao8K5ZATiEHG + O5P UXEHGjILlAZ�� + MuEHG]oXG O���� �5GNZ
GNZ UfG]o + UXEHGn^�IYOmOhd �
UfO ZHO5oiQSK5I*K5WYo �E� EHG QSK>UXEHGNQSK>UXWLT]K5I QSOtdHGNI1P O5o UXEAW + G��tb`G]oiWrQ GNZ U(W + KJdAW + TVoiG]UfG
d��hZAK5QSWLT]K5I + � + UfGNQ �
� oiO5PpG +�+ O5o ` o8lATVG � WLZ��5G]oid K>U , K5Z � WYG��5O , UXK>UfG # ZAW - G]o + WYU4�/oiK5Z dAWLILlHUXWLO[Z G�� �

b`G]oiWLQ GNZmU + MuWYUXE UXEHGSWLZAG]oXU
�[K + K>o;�5O[Z � � o $ UfO dAG]UfG]oiQSWLZHG + O[QSGSTiEAK>oiK5TVUfG]o8W + UXWLT +
O5PFEAW +�+ lH^ 	fGNTVU + � IrlAZ�� +�� � o;�5O[Z W + K;ZAO5^cIYG/�[K +���+ OJW + UfO5UXK5ILI�� ZHO[Z � oiGNK5TVUXW - G � � U
K5I + O EcK>bAb`GNZ + UfOn^`G UXEHGFUXEAWYo8dRQSO + U TVO[QSQ O[Z/�[K +�� TVO[QSbAoiW + WrZ�� @ 9 ��� � O5P � K>oXUXE�� +
K>UXQ O + bcEAG]oXG � � � Z dHo;�/K5WYo � W��[ZAO5oiWLZ��RUXEHGwbcK>oXUXWLK5IvbAoiG +�+ lHoXGjO5P,M*K>UfG]ouWLZ UXEHGyK>UXQ O �+ bcEHG]oiG � � WLUfoXO<�5GNZ � � &(� QSK>x5G + lHb ��� �P� � �1�1�5GNZ � � & � W +�+ GNTVO[ZAd MuWLUXE/> 6��P� MuEcWLIYG
��� & W + K dAW + UXK5ZmUwPpO[lAoXUXE MuWYUXE @��-@�� �P� $ � Z � oXO5PpG +9+ O5o � WrZ��5G]oid�� + G��hbvG]o8WLQ GNZmU +��
UXEHG + lH^ 	fGNTVU + ^AoXGNK>UXEHGNd(K5Z K5WYo QSW �tUXlHoiG UXEAK>U TVO[ZmUXK5WLZHGNd 6 @ � � o3lcZ UXWLImUXEHGNWYo ILlcZ�� +
M G]oiGFG +�+ GNZmUXWLK5ILI�� P lAIrImO5PvUXEAW + Q/W �tUXlAoXG � � U UXEAG ^vG��[WrZAZAWLZ�� O5P`UXEHG G��tb`G]oiWrQ GNZ U � UXEAG+ lH^ 	fGNTVU + oXG + lAQ GNd ^AoXGNK>UXEAWrZ�� ZHO5oiQSK5I K5WYoFK>UFK ZAO5oiQSK5I`oiK>UfG �
� K>^cIYG + 6:+ EHO M UXEAG
b`G]oiTVGNZ U*O5P � o WLZ GNK5TiE O5P UXEHGwZHG��tU + W �S^AoXGNK>UXE + K5IYO[Z��&MuWLUXE/UXEHGyK - G]oiK(�5G - O[ILlAQSG
O5P K5WYonWLZJGNK5TiE ^AoXGNK>UXE �/� EHG UXWLdAK5I - O[IrlAQ GSW + �[W - GNZ ^ � UXEHG/K - G]oiK(�5G - O[IrlAQ G O5P
K5WYouWLZ GNK5T8E;^coXGNK>UXE �
� oXO[Q UXEHG + GRdAK>UXK � M1G M1O[lAILd IrWYx5GnUfO dAG]UfG]oiQSWLZHGyUXEAGnP lcZATVUXWYO[ZAK5I oiG + G]o - G - O[I �

lAQ G P O5oyO[lHo + lH^ 	 GNTVU +�� � EHG + GSZmlAQ&^`G]o +�� K5IYO[Z�� M WYUXEJK5ZJG��tb`G]oiWLQSGNZ UwUfO;dHG]UfG]o �
QSWLZHGjUXEHG - WYUXK5I`T]K>bcK5T]WYU4� l + WrZ��&K + bcWLoXO[Q G]UfG]o � M1O[lAILd UfGNILI`K&b�E'� + WYO[IYO<�[W + U1K �5oXGNK>U
dHGNK5IsK>^`O[lHU UXEHG&EHGNK5IYUXE O5P3K + lH^ 	 GNTVU � + IrlAZ�� +��
� EAW + ^AoXGNK>UXEAWrZ��nG��hbvG]o8WLQ GNZmU W + K&d��tZcK5QSWLT G��HTiEAK5Z��5G O5P �[K + G +�� MuEcWLTiE OhT]T]lHo +

K>U dAW + TVoXG]UfGuWLZmUfG]o - K5I + O5P�UXWrQ G��mEHGNZcTVG � WYU T]K5Z/^vG MuoiWYUfUfGNZ K + KydcW + TVoXG]UfGud��tZAK5Q/WLT]K5I
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� O5o8QSK5I , lH^ 	 GNTVU , lH^ 	 GNTVU MuWLUXE � Q bcE � + GNQSK
� WLdAK5I � O[ILlAQSG�� C<C @SQSI � WrdAK5I � O[ILlAQ G�� > C @ QSI
` oXGNK>UXE � G]oiTVGNZmU
� lAQ&^`G]o � WYo
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` oXGNK>UXE � G]oiTVGNZmU
� lAQ ^`G]o � WYo
@ @ � 6 @<@
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A @ � @�� 6
C @ � @ C<C
� @ � @(A �

������� � ��� � WYo1K - G]oiK(�5G - O[ILlAQ GjQ GNK + lHoXGNd ^1� UXEHG � o;�5O[Z TVO[ZATVGNZmUfoiK>UXWYO[Z P O5o GNK5T8E
^coXGNK>UXE WLZ KSEAGNK5IYUXE'� K5ZAd lcZAEHGNK5IYUXE �/b`G]o + O[Z �

QSOtdHGNI Q&lcTiE K + M1G dAWLd WLZ UXEHG bAoXG - WYO[l + T8EAK>bAUfG]o �)� EHG QSK>UXEHGNQSK>UXWLT]K5I*Q OhdHGNI
Ufo8K5TXx + UXEHGyTVO[ZATVGNZ Ufo8K>UXWYO[Z O5P � o WLZ/UXEAGjILlcZ�� + K>U*UXEHGwUXWLQSG MuEAGNZ/UXEHGwILlAZ�� + EAK - G
TVO[QSbcIYG]UfGNd(WLZ + b�WYoiK>UXWYO[ZnK5Zcd&K>oXG*oXGNK5d��nUfOyT �tT]IYG1UXEHoXO[l��[ERK5ZAO5UXEHG]o3^AoXGNK>UXE ��� G 9 ZHG
UXEAGuTVO[ZATVGNZmUfoiK>UXWYO[Z O5P � o1K>U UXEHG GNZAdSO5P`UXEHGMB 	�� WLZ + b�WYoiK>UXWYO[Z(T �hT]IYG K + X � � � O 9 ZAd
UXEAGSTVO[ZATVGNZ Ufo8K>UXWYO[Z K>UnUXEHG(GNZAdJO5P1UXEHG � B	� 6 $ � 	 WLZ + bcWYoiK>UXWYO[Z T �hT]IYG � M1GSZHG]GNdaUfO
G��HK5QSWLZAG MuEcK>U1EAK>bcbvGNZ + WLZ UXEHGwILlAZ�� + MuEAWLILGFG��hEcK5ILWLZ��&UXEHGyK5WYo1WrZ/UXEHGwILlAZ�� + P oXO[Q
UXEAG bAoXG - WYO[l + T �hT]IYG1K5ZAdnWLZAEcK5ILWLZ��*P oXG + EnK5WYo,PpoXO[Q UXEHG K>UXQSO + bcEHG]oXG � � O5o + WLQ b�ILWLT]WYU5� �
M1G(K +�+ lAQ GRUXEHG8�[K + G + ^`GNTVO[Q G&M1GNILI � Q/W �tGNd dAlHoiWrZ��SUXEAW + bAoXOhTVG +�+�� MuEAWrTiE;W �[ZHO5oXG ++ O[Q G O5P UXEAGSTVO[Q bcILWLT]K>UXWLO[Z + T]K5l + GNda^1� UXEAG(K5TVUXlcK5I bcE � + WYO[IYO<�[WLT]K5I + UfoilcTVUXlHoXG + WLZ
UXEAGFILlAZ�� +�� + lATiESK + UXEHG � K5ZAK>UfO[QSWrT]K5IcdHGNK5d + bcK5TVG � WLZ(UXEHG b�EAK>o;�hZ � � Ufo8K5TiEHGNK � K5ZAd
IrK>o;�5G]o ^coXO[ZATiEcWsO5ojM GNK>x;Q/W �hWrZ��SP oXO[Q + IYO M �[K + � O M WLZ UXEAGRK5I - G]O[IrW � � Z P K5TVU � O5P
UXEAG C @<@ Q/IcO5P PpoXG + E K5WLo ^AoiO[l��[E U WLZ ^1� WLZ + bcWYoiK>UXWYO[Z � O[ZAI��/K>^`O[lHU � C @ QSI�oXGNK5TiEAG +
UXEAGwK5I - G]O[ILW � MuEAWrTiE Q GNK5Z + UXEAK>U UXEAG]oXGnW + IYG +�+ UXEAK5Z K + G - GNZ UXE G��HTiEcK5Z��5GnO5P=�[K + G +
M WYUXE KSZHO5oiQ/K5I`^AoXGNK>UXE �
� EHG b�E'� + WYO[IYO<�[WrT]K5IsbcK>oiK5QSG]UfG]o + ZHG]GNdHGNd PpO5ojUXEAW + Q OhdHGNI,K>oXG 0 � PpO5ojUXEHGRUXWLdAK5I- O[IrlAQ G � K5WYo ZHO5oiQSK5ILI � WLZAEAK5IYGNd K5ZAd G��hEcK5IYGNd $ � 0�
 P O5oRUXEAG P lAZATVUXWLO[ZAK5I oiG + WLdAlAK5I- O[IrlAQ G � K5ZAd�� P O5o UXEHG TVO[ZcTVGNZ UfoiK>UXWLO[Z_O5P � o WLZ UXEHGaK>UXQ O + b�EHG]oXG ��
 G]U ���

0 � 8�� 0 ��� 0�
 $ ^`GjUXEHG P oiK5TVUXWYO[Z O5P,K>UXQSO + bcEHG]oiWrTuK5WYo*G��HTiEAK5Z��5GNd WrZSGNK5TiE ^AoXGNK>UXE �?+ O
0 
 8�� 0 � � 0 
 $ � � 6�� � $ � # b`O[Z G��HEAK5ILWLZ�� � UXEHG]oiGjoiGNQSK5WLZ + ^`GNEAWLZAd/UXEHGwP lcZATVUXWYO[ZAK5IoiG + WLdAlAK5I - O[ILlcQ G � MuEcWLTiEyTVO[ZmUXK5WLZ + UXEHG K5Q O[lAZmUsO5P � o �[W - GNZy^1� 0�
 X � � � EAG WLZAEAK5IYGNdK5WLondAlHoiWLZ�� UXEcW + T �tT]ILG/TVO[Z UXK5WrZ + UXEHG/K5QSO[lAZ U O5P � o �[W - GNZ ^ � 0 ��� � ���wlAK5ZmUXWYUXWYG +
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O5o K5Q O[lAZmU + O5P � o*K>oXG �[W - GNZ ^ �/UXEHG - O[IrlAQ GjUXWLQ G + TVO[ZATVGNZ Ufo8K>UXWYO[Z � K5ZAd WYU*W + UXEAG
K5Q O[lAZmU + UXEAK>UFK>oXGnTVO[Z + G]o - GNd � $ � Eml +�� UXEHGnK5Q O[lAZmU O5P � ouWLZ UXEHGnZHG��hU ^AoXGNK>UXE W +
�[W - GNZ ^1�

0�
 X � � 0 ��� �
� O 9 ZAd/UXEAGwTVO[ZcTVGNZ UfoiK>UXWLO[Z WLZ UXEHGyZHG��hU1^coXGNK>UXE M GndAW - WLdAGF^ � UXEHGwUfO5UXK5I - O[ILlAQSG �
0 � � 0 
 ��, OSM1G 9 ZAd UXEAK>U

X � � � � 0 
 X �
0 � � 0 


� 0 � �
0 ��� 0 


�

� EHG ILWLZAGNK>o(dcW + TVoXG]UfG d��hZAK5QSWrT]K5I1QSOtdHGNI1P O5oS^AoXGNK>UXEcWLZ�� PpO[ILILO M + P oXO[Q�K>^`O - G ^1�+ lH^ + UXWYUXlHUXWLZ��jUXEHG - K5ILlHG O5P � WrZ UfOyUXEAW + GNkmlAK>UXWLO[ZSK5ZAd(oXG + lcIYU + WLZ(UXEHGFQ OhdHGNIh^`GNIYO M �
� ) � � �3' � ��� 
 	�� �3-�� �w0 �(' $ � 	 ' ) $ � ���*) � � � � � � '*- % � � �

' � � � ��� - � ' 

� ^`O - G;KaILWLZHGNK>o dAW + TVoXG]UfG Q OhdHGNI*PpO5o ^coXGNK>UXEAWLZ��aK5ZgWLZAG]oXU �[K + M1K + dHG]oiW - GNd � � U+ UXK>UfG + UXEcK>URUXEAG ZAG]MqTVO[ZATVGNZ Ufo8K>UXWYO[ZgO5P K5ZgWrZHG]oXU �[K + W + GNkmlcK5I UfOaUXEAG P oiK5TVUXWYO[Z
oXGNQSK5WLZcWLZ�� P oXO[Q UXEHGwbAoiG - WYO[l + ^AoiGNK>UXE bcILl + UXEHGwPpo8K5TVUXWYO[Z GNZ UfG]oiWrZ��(PpoXO[Q UXEAGwK5Q �
^cWYGNZmUFK>UXQ O + bcEAG]oXG �

� 0*-�� b �"/10�� � � �7�	��� � /�� � PpO5ou^AoXGNK>UXEAWLZ��
� � � � � ���	� � � � � � ��
 �

MuEHG]oiG4X � W + UXEHG TVO[ZATVGNZmUfoiK>UXWYO[Z O5P UXEHG WrZHG]oXU �[K +�� �;W + UXEHG
P oiK5TVUXWYO[ZSO5PsK5WLo G��hT8EAK5Z��5GNd WLZ UXEAGuILlAZ�� +�� K5ZAd � W + UXEHGuK>UXQ O �+ bcEAG]oiWLTwTVO[ZATVGNZmUfoiK>UXWYO[Z O5P3UXEHGnWrZHG]oXU��[K +��

� W��[lHoXG8A EAK + K/�5oiK>b�E O5P UXEHGRdAK>UXK/WLZ � K>^�IYG 6 M WYUXE UXEHG&^vG + U 9 UfUXWLZ�� Q OtdAGNI
PpO5o1^AoXGNK>UXEcWLZ�� + EHO MuWrZ��n^`O5UXESUXEHGwZHO5oiQ/K5I + lH^ 	 GNTVU1K5ZAd/UXEAGuGNQ bcE � + GNQSK&bcK>UXWYGNZmU �

� � � � � �	� � ��� � � � �
��� � � ��� � � � �=��� ��� � � � � � � � � � �
� EHGRO5^ 	fGNTVU O5P UXEAG&G��hb`G]oiWLQ GNZmU + K>^`O - GRM*K + UfO 9 ZAd UXEAG&P lAZATVUXWYO[ZcK5IsoXG + G]o - G(T]K �
bcK5T]WYU5� � � EHGJdAW + GNK + GNd + UXK>UfG + K>oiG O5P UfGNZ_TiEAK>o8K5TVUfG]oiW  GNd\^1� K dHGNTVoXGNK + GNd_oiK>UXWLO
^`G]U M1G]GNZ UXEHGwUXWLdAK5I - O[ILlAQSGwK5Zcd UXEAGjP lAZATVUXWLO[ZAK5IvoXG + G]o - GyT]K>bcK5T]WYU5� � � � Q bcE � + GNQ/K
W + TiEcK>oiK5TVUfG]oiW  GNd ^ � KaIYO +�+ O5P GNILK + UXWLT]WYU4� WLZ UXEHG IrlAZ�� + K5ZAdgK dAGNTVoXGNK + G;WLZ UXEAG
K5I - G]O[ILK>o + lHoXP K5TVG 	o- O[ILlAQ G(oiK>UXWYO � $ � GST]K5ZJUXK>x5GSUXEHG dAW + TVoXG]UfG d��tZcK5QSWLT]K5I Q OtdAGNI
PpO5ou^AoXGNK>UXEAWLZ��(K5Z WrZHG]oXU��[K + K5ZAd oiGNK5dAWLI�� + O[I - GyUXEAW + Q OhdHGNIvP O5oFUXEHGybcK>oiK5QSG]UfG]o � �
� Z GNK + � K5I��5G]^AoiK5WLTyQ/K5ZAWYbclAIrK>UXWYO[ZP�[W - G +

� � X � � X � � �X � � � �
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Model for Breathing

��� ��� � � � � � oiK>bcE O5P3UXEHGndAK>UXKSO5P � K>^cIYG 6 MuWYUXE UXEHGy^`G + U 9 UfUXWrZ��SQ OhdHGNI �
� oXO[Q UXEHG dAK>UXK P O5o,UXEHG1ZHO5oiQSK5I + lH^ 	fGNTVU � M1G + G]G UXEAK>U � � �"@�� 6�� @��-@�� A $ 8��"@�� 6 �

@��-@<@���� $ � @�� 6 � � � EAG - O[ILlAQ G O5PvUXEHG P lAZATVUXWYO[ZAK5ItoXG + G]o - GuT]K>bcK5T]WYU5� � 0�
 � W + oXGNK5dAWrI��P O[lAZAd P oXO[Q�UXEAGyPpO5oiQRlAILK
0�
 �

6 � �
� 0 � �

` � + lH^ + UXWYUXlHUXWLZ�� � UXEAG*dcK>UXKnK>^`O - GFM1G 9 ZAdRUXEAK>U P O5o UXEHGFZHO5o8QSK5I + lH^ 	fGNTVU 0 
 �@�� �<>�� C<C @ $ 8 @�� 6 � � > C @<@;QSI � � EAGRo8K>UXWYO O5P UXEHG UXWLdcK5I - O[IrlAQ G(UfO UXEHG(P lcZATVUXWYO[ZAK5I
oiG + G]o - G T]K>bcK5T]WLU4� W + @��K><> �
� + WLQSWLILK>o K5ZcK5I�� + W + O5P UXEHG + lA^ 	 GNTVU;MuWYUXE\GNQ b�E'� + GNQSK �[W - G + � � �"@�� 6 �

@��-@���� $ 8��"@�� 6 � @��-@<@���� $ � @�� 6 � � � EHG P lAZATVUXWLO[ZAK5ItoXG + G]o - GuT]K>b�K5T]WYU4�(P O5o UXEHG + lH^ 	 GNTVU
M WYUXE;GNQSbcE'� + GNQSK W + PpO[lcZAd;UfO ^`G 0�
 � @�� � ��� > C @ $ 8 @�� 6 � � 6 � � @ QSI �
� EHG&oiK>UXWYOO5P*UXEHG/UXWLdAK5I - O[ILlAQSGSUfO UXEHGSP lAZATVUXWLO[ZAK5I3oXG + G]o - G T]K>bcK5T]WYU5� W + @�� 6�C1� � O5UXWLTVG UXEAK>U
UXEcW + oiK>UXWYOSW +�+ W��[ZAW 9 T]K5Z UXI�� + QSK5ILIYG]o UXEcK5Z UXEHGnO[ZHG PpO5oFUXEAGnZHO5oiQSK5I + lH^ 	fGNTVU �

� � � ��� � � ��� ��� � �	� � �	� � � � 
 � � ��� ���
� K>^cIYG + 6S+ EHO M UXEHGnTVO[ZATVGNZmUfoiK>UXWYO[Z O5P � oudHGNTVoXGNK + WrZ�� WLZ UXEHGndAW + TVoXG]UfGnd��hZAK5QSWLT]K5I
QSOtdHGNI P O5oy^AoXGNK>UXEAWrZ�� � � P UXEHG + WLQRlAILK>UXWLO[Z;P O5oyUXEHG ZHO5oiQSK5I WrZAdAW - WLdAlAK5I W + T]K>oioiWYGNd
O[lAU P O5o*K>^`O[lHU �nQSWrZmlHUfG + O5o ���n^AoiGNK>UXE +�� WYU T]K5Z ^`G + G]GNZ UXEAK>U1UXEHG TVO[ZcTVGNZ UfoiK>UXWLO[Z
O5P � o*dHoXO5b + UfO @��-@<@�� A � M EAWLTiE W + M WYUXEAWLZ 6�� O5PsUXEHGjK>UXQ O + bcEAG]oiWLTuTVO[ZcTVGNZ UfoiK>UXWLO[Z �
, WLZATVG � oRW + K5Z WLZHG]oiU �[K + M EHGNZ WYU&TVO[Q G + UfO ^AoXGNK>UXEAWrZ�� � UXEAGNZ M1G/G��hbvGNTVU&UXEAK>U
K>P UfG]ou^coXGNK>UXEAWLZ�� K5Z GNZAoiWLTiEAGNd + O[lHoiTVGnO5P � o � UXEHGNZ G - GNZmUXlAK5ILI � UXEHGnTVO[ZcTVGNZ UfoiK>UXWLO[Z
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M O[lcILd oXG]UXlAoiZ UfO UXEHG + K5Q G - K5ILlHG K + ZHO5oiQ/K5ILI�� PpO[lcZAd WLZ;UXEHG&K>UXQ O + bcEHG]oXG � � � G
K>oXG W��[ZHO5oiWLZ��;UXEHG P K5TVURUXEAK>U � & � QSK>x5G + lHb K + lH^ + UXK5ZmUXWLK5I PpoiK5TVUXWLO[Z O5PuUXEHG K5WLo
WLZ UXEHG&ILlAZ�� + K + TVO[Q bcK>oXGNd;UfO ZHO5o8QSK5IsK5WYo � MuEAWLT8E W + l + lAK5ILI��/QRlAT8E;dHoiWLG]o � $ � EcW +- K5IrlHGnW + UXEHGyGNktlAWLIrWY^AoiWLlcQ - K5ILlHGyO5P � oFP O5oFUXEHG&Q OtdAGNI �

� O[Z + WLdHG]o KRdAW + TVoiG]UfG d��hZAK5QSWLT]K5I + � + UfGNQ �[W - GNZ/^1�SUXEHG GNkmlAK �
UXWYO[Z

� � � � � ��� � � � � � �
MuEHG]oiG # ��� � $ W + K5Z'�JP lAZATVUXWYO[ZadHG + TVoiWY^cWLZ�� UXEHG d��tZcK5QSWLT + O5P
UXEHGRQ OtdAGNI � � Z � ��! � � � #�� � ! � � � 
�� PpO5o UXEAW + dcW + TVoXG]UfG d��tZAK5Q/W �
T]K5I + � + UfGNQ W + K5TiEAWLG - GNd WYP

� � � � � � � ��� 

�

� EAK>U W + UXEAG*d��tZAK5Q/WLT - K>oiWLK>^�IYG + G]UfUXIYG + WLZmUfOyKyTVO[Z + UXK5ZmU - K5ILlAG
P O5ouK5ILI B �

� Z O[lHo*G��hK5Q b�IYGyK>^vO - G � UXEHGyQSK>UXEHGNQSK>UXWrT]K5IsQ OhdHGNI + EHO[lAILd oXGNK5TiE;K5Z GNkmlAWrILWY^ �
oiWLlAQ - K5ILlHGjUXEAK>UFTVO5oXoXG + bvO[Zcd + UXEHGwUXEHG - K5IrlHGwO5P � oFWLZ UXEHGyK>UXQ O + bcEHG]oiG �
� O 9 ZAd
UXEHGnGNktlAWLILWL^AoiWLlAQ�PpO5o UXEAW + Q OhdHGNI � M1G + lH^ + UXWYUXlHUfG

� � � � � � 
 K5ZAd � � � � 


WLZmUfOSUXEHGndAW + TVoXG]UfGnd��hZAK5QSWLT]K5I Q OhdHGNI`P O5ou^AoiGNK>UXEAWLZ�� � � Etl +��
� 
 � � 6 � � $ � 
 ����� �

MuEAWLT8E W + GNK + WrI�� + O[I - GNd;K5ZAdO�[W - G + � 
 ��� � K + G��hb`GNTVUfGNd �
� EHG]oiGnW + K5Z GNK + � M*K�� UfO �5oiK>bcEAWrT]K5ILI�� - WYG]M\UXEHGnd��tZAK5Q/WLT + O5P UXEAG + GndAW + TVoiG]UfG

d��hZAK5QSWLT]K5IjQ OhdHGNI +�� � EHG �5GNZAG]oiK5IwQ OtdAGNI K>^`O - G + UXK>UfG + UXEcK>U�� � � � � # ��� � $ �
� Etl +�� UXEHGE� B � 6 $�� 	:+ UXK>UfG O5PjUXEHG Q OhdHGNI � � � � � � W + KJP lAZATVUXWLO[Z dAG]bvGNZcdAWLZ�� O[ZUXEHG/B 	��]+ UXK>UfG O5P*UXEHGSQ OhdHGNI � � � � � G/TVoiGNK>UfG K2�5oiK>b�EaMuWYUXEJUXEHG - K>oiWrK>^cIYG � � � �O[Z UXEHG - G]oXUXWLT]K5I K��hW + K5ZAd � � O[Z UXEHG EHO5o8W  O[Z UXK5I K��hW +�� � G dHoiKNM UXEHG/�5oiK>b�E O5P
� � � � � # ��� � $ K5ZAd UXEHG ILWLZHG � � � � � � � � � bcoXOtTVG +9+ T]K5ILIYGNd � �'# ��� # #�� �� K5ILIYO M +
l + UfO - WYG]M UXEHGad��hZAK5QSWLT + O5PnUXEAW + dAW + TVoXG]UfGJd��tZcK5QSWLT]K5IjQ OtdAGNI � � G + UXK>oXU K>U+ O[Q Gyb`O[WLZmU � � O[Z UXEHGnEHO5oiW  O[Z UXK5IsK��HW +�� UXEHGNZO�5O - G]oXUXWLT]K5ILI�� UfO # ��� � $ UfO 9 ZAd�� � �
� G��hUyM1G �5O EHO5o8W  O[Z UXK5IrI�� lAZmUXWLI,M1G EAWYUjUXEHG(ILWLZHG � � � � � � � � � oXO[Q�EHG]oXGRM1G �5O- G]oXUXWLT]K5ILI �;UfO # ��� � $ UfO 9 Zcd � & � � EAGRbcoXOtTVG +9+ W + oXG]b`GNK>UfGNdJUfO2�[W - GSKO�5G]O[Q G]UfoiWLT- WLG]M O5PnUXEAG dAW + TVoXG]UfG d��hZAK5QSWrT]K5IuQ OhdHGNI � � U K5Z �gb`O[WLZ U MuEHG]oXG UXEHG;P lAZATVUXWLO[Z
# ��� � $ TVoXO +�+ G + UXEHG ILWLZAG � � � � �
� � � UXEHG]oiG W + K5Z GNktlAWLIrWY^AoiWLlcQ PpO5ouUXEHG Q OhdHGNI �
� EHG TVO5^mM1G]^A^cWrZ��eUfGNTiEcZAWLktlHG W + WLILILl + UfoiK>UfGNd\MuWYUXE UXEHG dAW + TVoXG]UfG d��tZAK5Q/WLT]K5I

Q OhdHGNIuP O5o ^AoXGNK>UXEAWrZ�� � � W��[lHoXG C �[W - G + K*�5oiK>b�E + EHO MuWrZ�� UXEHG + WLQRlAILK>UXWYO[Z PpO5o
UXEHG ZHO5o8QSK5I + lH^ 	fGNTVUFILW + UfGNd WLZ � K>^�IYG 6(�
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Cobwebbing

��� ������� � � � oiK>b�E/dHG + TVo8WY^cWLZ��wUXEHG � �'# ��� # #�� �� UfGNT8EAZAWLktlHGFP O5o lAZcdHG]o + UXK5ZAdcWLZ��wUXEHG
d��tZAK5Q/WLT + O5P UXEAG Q OhdHGNI`O5P3^AoXGNK>UXEAWLZ��(K5Z;WLZHG]oXU��[K +��

� O5UXWLTVG1UXEAK>U PpO5o UXEHG ^coXGNK>UXEAWLZ�� Q OtdAGNI � UXEAG TVO[ZATVGNZmUfoiK>UXWYO[Z � � � � UfGNZcd + UfO M1K>o8d +UXEAGSGNkmlcWLILWY^Ao8WLlAQ TVO[ZATVGNZ Ufo8K>UXWYO[Z � � 
 � � � � EHGNZ UXEHG + O[IrlHUXWYO[ZaK>bAbAoiO[K5TiEHG + UXEHG
GNktlAWLIrWY^AoiWLlcQ PpO5o ILK>o;�5G B � UXEHGNZ UXEHGnGNktlAWLILWY^coiWLlAQ�W +x+ K5WLd UfOS^`G � � � #�� � �

� $ ' )>- % � 
�� ' � � � � 
 - % $ � � �1) 
 
 � - % � $ $ � � � '*-�� � �
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f(a) is a Local Maximum

f(b) is a Local Minimum

f’(x) > 0
f’(x) < 0 f’(x) > 0

y = f(x)

xa b

y

Local Extrema
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Model Simulation r = 0.5
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Model Simulation r = 1.8
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Model Simulation r = 2.3
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Model Simulation r = 2.65
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Skeena Sockeye Salmon − Updating Function
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Skeena Sockeye Salmon − Ricker’s Model
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