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T UVWVXYZ [\]WV ^]_V `XaWb Yc ] ZdX_V ^eacV aW\f cYWUd\]XYbYVc ]XV bX]Wc_VXc]\
gadh\V [ aYWbc ]Wg cVi YjZdhYZ]\ Zdc[c k lW beYc [][VX m ]\\ `XaWbc ^ Y\\ h V Zaj
aXYVWbVg neVWZV m YW []XbYZd\]X m V]Ze a` beVi ^ Y\\ e]_V ]W V_VW WdihVX a`
Zdc[co k

p YUdXV q cea^ c beV `]i Y\f a` VrdYgYcb]Wbc a` ]W V\\Y[cV k seV `XaWbc ]XV
W]bdX]\\f ZajaXYVWbVg hf beV gYXVZbYaW a` [Xa[]U]bYaW k seV `]i Y\f Yc ]W Vtj
]i[\V a` ] UVWVXYZ V_VXcYaW a` ] ZYXZd\]X `XaWb u cb]XbYWU ^ Ybe ] WaWjcYWUd\]X
ZdX_V e]_YWU beV YW^]Xg ZajaXYVWb]bYaW ^V VWg d[ ^ Ybe ] `XaWb ZajaXYVWbVg
adb^]Xgc k

seV `]i Y\f a` p YUdXV q e]c b^a XVi ]Xv]h\V `V]bdXVc u
nYo Yb ga Vc Wab ZaWb]YW `XaWbc ^ Ybe cajZ]\\Vg wxyz {|}~� � {�� ��xyz {y ��{� ]b

^eYZe beV ZajaXYVWb]bYaWc a` beV b]WUVWb hX]WZeVc ^ad\g ZaYWZYgV m ]Wg
nYYo Yb ZaWb]YWc ZdX_Vc ^ Ybe `adX Zdc[c k
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TXWa\g ]bbVi[bVg ba ZaWcbXdZb ] UVWVXYZ V_VXcYaW a` ] ZYXZd\]X `XaWb c]bYc`f YWU
aW\f ZaWgYbYaW nYo hdb Wab nYYo m ]Wg `]Y\Vg k seYc \Vg eYi ba beV `a\\a^ YWU
ZaW� VZbdXV k
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TXWa\g �c ZaW� VZbdXV e]c h VVW ] ZaWcYgVX]h\V cbYid\dc YW beV gV_V\a[i VWb
a` beV beVaXf a` YW_]XY]Wbc a` �VUVWgXY]W vWabc ]Wg \YWvc a_VX beV \]cb gVZ]gV k
lW q��� Yb ^]c [ acYbY_V\f ca\_Vg hf �eVv]Wa_ ]Wg �dcev]X ��� ^ea YWbXagdZVg
] WV^ m X]beVX gV\YZ]bV YW_]XY]Wb a` �VUVWgXY]W vWabc YW beV �jc[]ZV `aX gaYWU
beYc �� m �� k lW beV [XVcVWb [][VX m ^V gVcZXYh V beV YW_]XY]Wb a` �eVv]Wa_j
�dcev]X ncVV  VZbYaW !o ]c ^V\\ ]c cai V a` beV XVZVWb XVcd\bc aW �VUVWgXY]W
vWabc k
"#$�%& ��' n]o � XaeYhYbYWU g]WUVXadc cV\`jb]WUVWZYVc Yc ] W]bdX]\ [efcYZ]\
ZaWgYbYaW u c[ VVg a` [Xa[]U]bYaW a` ] `XaWb ]b ] UY_VW [aYWb Yc gV(WVg hf beV
gYXVZbYaW a` [Xa[]U]bYaW k

nh o lb Yc Wab ca gY) Zd\b ba ZaWcbXdZb ] UVWVXYZ V_VXcYaW a` ] ZYXZd\]X `XaWb
YW_a\_ YWU aW\f ZdX_Vc ^ Ybe ]b iacb b^a Zdc[c aWZV g]WUVXadc cV\`jb]WUVWZYVc
]XV ]\\a^Vg ncVV ��� `aX ]W Vt]i[\Vo k
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sa XVi YWg beV XV]gVX a` beV XV\]bYaW hVb^VVW [\]WV `XaWbc ]Wg �VUVWgXY]W
\YWvc m ^V e]_V ( Xcb ba XVZ]\\ ] `V^ h]cYZ WabYaWc k

� �}y�x�� {�{� {y� ]b ] [aYWb a` ] [\]WV Yc ] \YWV YW beV b]WUVWb [\]WV k lbc
�}�}|�{y�x��}y Yc ] ZeaYZV a` aWV a` b^a e]\`j[ \]WVc YWba ^eYZe Yb gY_ YgVc beV
b]WUVWb [\]WV k seV i ]WY`a\g � a` ]\\ ZajaXYVWbVg ZaWb]Zb V\Vi VWbc a` beV
[\]WV Yc beV c[eVXYc]bYaW ��  " ! a` beV Zab]WUVWb hdWg\V a` beV [\]WV k lb Yc
gY"VaiaX[eYZ ba beV ca\Yg baXdc " ! # � $ u beV ZajaXYVWbYWU WaXi ]\ _VZbaX Yc
gV(WVg hf beV ]WU\V % iag �& ^eYZe Yb i ]vVc ^ Ybe ] (tVg gYXVZbYaW YW beV
[\]WV k seV i]WY`a\g � e]c beV cb]Wg]Xg ZaWb]Zb cbXdZbdXV gV(WVg ]c 'VXac
a` beV qj`aXi ( ) nZac % o*+ , ncYW % o*- m ^eVXV n+ . - o ]XV ZajaXgYW]bVc aW " !
^ Ybe beV [acYbY_V gYXVZbYaW a` beV + j]t Yc h VYWU be]b (tVg ]ha_V ncVV pYUdXV
�o k /V VrdY[ � ^ Ybe beV aXYVWb]bYaW *+ 0 *- 0 *% ) 1( 0 *( k
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seV dWY_VXc]\ Za_VX 3� a` � Yc a` aWV beV XV]\Yc]bYaWc a` beV cb]Wg]Xg

ZaWb]Zb " 4 k 5a^V_VX m ^V ce]\\ ^aXv ^ Ybe Ybc YcaiaX[eYZ XV]\Yc]bYaW ^eYZe Yc
beV c[]ZV 6 $ n" ." o a` qj� Vbc a` `dWZbYaWc aW beV \YWV k seV ZaWb]Zb cbXdZbdXV
aW Yb Yc *7 1 8 *9 m ^eVXV 9 ]Wg 7 []X]iVbXYcV beV cadXZV ]Wg b]XUVb \YWVc
XVc[ VZbY_V\fm ]Wg 8 Yc beV gVXY_]bY_V k seV i ][[YWU

7 ) + Zac % , - cYW % 8 ) 1+ cYW % , - Zac % 9 ) %
Yc ] ZaWb]Zbai aX[eYci hVb^VVW 3� ]Wg beV � Vbjc[]ZV k
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� ' �� T �{z {yw|�xy �~|�{ YW ] ZaWb]Zb �ji ]WY`a\g Yc ] i ][[YWU a`
] gYc� aYWb dWYaW a` ] (WYbV WdihVX a` ZYXZ\Vc `aX ^eYZe beV [d\\jh]Zv a` beV
ZaWb]Zb `aXi _]WYceVc k T �{z {yw|�xy ��y� Yc ]W VihVggVg �VUVWgXY]W ZdX_V k

seV Yi ]UV � a` beV Z]WaWYZ]\ [Xa� VZbYaW a` ] �VUVWgXY]W \YWv � `Xai �
ba beV [\]WV Yc Z]\\Vg �� { � |}y� }� � k TW ]XhYbX]Xf ci ]\\ [ VXbdXh]bYaW YW
beV Z\]cc a` �VUVWgXY]W \YWvc Yc ]h\V ba hXYWU ] \YWv YW UVWVX]\ [ acYbYaW ^ Ybe
XVc[ VZb ba beV Z]WaWYZ]\ [Xa� VZbYaW k seV `XaWb a` cdZe ] UVWVXYZ �VUVWgXY]W
\YWv Yc Vt]Zb\f ^e]b ^V Z]\\Vg ]ha_V ] UVWVXYZ ^]_V `XaWb m be]b Yc m Yb e]c aW\f
bX]Wc_VXcV gadh\V [aYWbc ]Wg cVi YjZdhYZ]\ Zdc[c ]c Ybc cYWUd\]XYbYVc k

seVXV Yc ] W]bdX]\ ZajaXYVWb]bYaW ]b ]Wf [aYWb a` ] `XaWb hf beV ZajaXYVWbYWU
WaXi ]\ a` beV ZaWb]Zb V\Vi VWb � 	 � ^eacV [Xa� VZbYaW beYc [aYWb Yc k

T ZajaXYVWbVg id\bYjZai[aWVWb UVWVXYZ [\]WV `XaWb Yc beV `XaWb a` ] dWYrdV
�VUVWgXY]W \YWv YW � k

T UVWVXYZ eaiaba[f YW beV Z\]cc a` �VUVWgXY]W ��� {|��}y� [XagdZVc
UVWVXYZ [ VXVcbXaYv]c a` beV `XaWb npYUdXV �o k 
W\f g]WUVXadc cV\`jb]WUVWZYVc
a` `XaWbc ZaXXVc[aWg ba ba[a\aUYZ]\ Ze]WUVc YW beV \YWvc k T �VUVWgXY]W \YWv YW
beV ca\Yg baXdc ��  " ! ]ZrdYXVc ] gadh\V [ aYWb ]Wg Vt[ VXYVWZVc beV Ze]WUVj
ZXaccYWU ]b V]Ze a` beVcV YWcb]Wbc np YUdXV � o k

paX �VUVWgXY]W \YWvc YW 6 $ n" ." o ) " 4
� � �

m beV W]bdX]\ `XaWbc ]XV beV
Yi ]UVc a` beVYX [Xa� VZbYaWc ba beV n9 . 7 oj[ \]WV 6 � n" ." o k seVcV ]XV � |}y��
� ��� }~� �{|���x� �xyz {y�� cYWZV beVYX UX]gYVWb 8 Yc ]\^]fc (WYbV k seV Z]WaWYZ]\
ZajaXYVWb]bYaW Yc be]b hf beV [acYbY_V gYXVZbYaW a` beV 7j]t Yc k seVXV`aXV m ]\\
cV\`jb]WUVWZYVc a` cdZe `XaWbc ]XV g]WUVXadc k
� �� �� �
� ' �' TW YW_]XY]Wb a` [\]WV `XaWbc Yc Z]\\Vg ] 6 � ���� { �y�x|�xy�
Y` Yb gaVc Wab Ze]WUV dWgVX eaiaba[YVc ^eYZe YW_a\_V Wa g]WUVXadc cV\`j
b]WUVWZYVc k


dX bVXi YWa\aUf `a\\a^ c beV W]i V a` beV ( Xcb YW_]XY]Wb a` beYc bf[ V YWbXaj
gdZVg hf TXWa\g YW �qm �� k

pXai beV ]ha_V gYcZdccYaW m ^V cVV be]b beV beVaXf a` YW_]XY]Wbc a` �VUj
VWgXY]W \YWvc YW ��  " ! nXVc[ VZbY_V\f YW 6 $ n" ." oo Yc YcaiaX[eYZ ba be]b a`
6 � jbf[ V YW_]XY]Wbc a` `XaWbc nXVc[ VZbY_V\f a` `XaWbc ^ Ybeadb _VXbYZ]\ b]WUVWbco k
 a YW ^e]b `a\\a^ c ^V ^ Y\\ i ]vV Wa gYcbYWZbYaW h Vb^VVW YW_]XY]Wbc a` �VUVWj
gXY]W \YWvc YW ]Wf a` beV b^a cb]Wg]Xg ZaWb]Zb c[]ZVc ]Wg beVYX \a^VXYWUc ba
beV 6 � jbf[ V YW_]XY]Wbc a` beV XV\V_]Wb `XaWbc k

�



cusp  crossing

dangerous  self-tangencycusp  birth-death

safe  self-tangency safe  self-tangency

triple  point

4/3

pYUdXV � u � {|{��|}��x� }� z {y {|�� � |}y�� �
� �� � �� � ���������������� ���	 ��
� ��
TWf dW`X]i Vg \YWv bf[ V YW � ]Wg 6 $ n" ." o e]c ] �VUVWgXY]W XV[XVcVWb]bY_V
ncVV m V kU k �q��o k � aXVa_VX m ]ZZaXgYWU ba �q�� m YW beV Z]cV a` � Yb Yc [ accYh \V
ba ZeaacV ] XV[XVcVWb]bY_V ^eacV `XaWb e]c Wa Zdc[c k 5a^V_VX m beYc gaVc Wab
ea\g YW beV `X]i Vg cVbbYWU k

T �VUVWgXY]W \YWv YW ] �ji ]WY`a\g ^ Ybe ] ZajaXYVWbVg ZaWb]Zb cbXdZbdXV
e]c ] Z]WaWYZ]\ `X]i YWU hf beV ZajaXYVWbYWU _VZbaXc a` beV ZaWb]Zb [\]WVc k lW
beV Z]cVc a` beV cb]Wg]Xg �jc[]ZV ]Wg ca\Yg baXdc m be Yc Yc YcaiaX[eYZ ba beV
`X]i YWU hf beV �VUVWgXY]W \Y`b a` beV `XaWb a` beV aXYUYW]\ \YWv c\YUeb\f ceY`bVg
YW beV gYXVZbYaW a` Ybc ZajaXYVWb]bYaW npYUdXV !o k
� �� �� �
� ' � seV cV\`j\YWvYWU WdihVX � a` ] Z]WaWYZ]\\f `X]i Vg aXYVWbVg
�VUVWgXY]W \YWv YW 6 $ n" ." o Yc Z]\\Vg beV � {yy {�~�y y~� �{| a` beV \YWv �

seV � VWWVrdYW WdihVX Z]W hV Z]\Zd\]bVg YW bVXi c a` cYWUd\]X [aYWbc
a` beV dWgVX\f YWU UVWVXYZ aXYVWbVg [\]WV `XaWb YW 6 � n" ." o ) " !
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gadh\V [aYWb a` beV `XaWb m ]b ^eYZe beV 9 jZai[aWVWbc a` beV b^a _V\a ZYbYVc
e]_V gY"VXVWb cYUWc m ZaWbXYhdbVc , q YW � k / eVW beV eaXY'aWb]\ Zai[aWVWbc
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e]_V beV c]iV cYUW m ] gadh\V [aYWb ZaWbXYhdbVc 1 qk seV ZaWbXYhdbYaW `Xai
V_VXf Zdc[ Yc , q�� k


WV a` beV i ]YW XVcd\bc a` �� � cea^ c be]b beV � VWWVrdYW WdihVX Yc
hadWgVg `Xai hV\a^ n`aX adX ZeaYZV a` aXYVWb]bYaW o aW beV cVb a` ]\\ �VUj
VWgXY]W vWabc XV[XVcVWbYWU beV c]iV dW`X]i Vg vWab bf[ V YW " 4 u
��
�# ' �� �}| x �{z {yw|�xy �y}� � �y �� { ��xywx|w �}y�x�� " 4 �

� n� o � q 1 �� n� o .
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lWcVXbYaW a` ] b^ajZdc[ 'YUj']U n]c YW pYUdXV !o [XVcVX_Vc beV dW`X]i Vg
ba[a\aUYZ]\ bf[ V a` ] �VUVWgXY]W vWab ]Wg YWZXV]cVc � hf qk
�	$#
�& ' �� ]o paX ]W dWvWab YW beV cb]Wg]Xg ZaWb]Zb " 4 m � � q ��� k
seYc `]Zb ]\\a^Vg � VWWVrdYW YW �� � ba cea^ be]b ] ZVXb]YW ZaWb]Zb cbXdZbdXV
aW " 4 Yc Wab YcaiaX[eYZ ba beV cb]Wg]Xg aWV k

h o seV VcbYi ]bV a` beV seVaXVi [Xa_YgVc beV c]i V hadWgc `aX ] vWab ]Wg
Ybc i YXXaX Yi ]UV k paX Vt]i[\V m `aX habe beV XYUebj ]Wg \V`bje]WgVg bXV`aY\c Yb
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UY_Vc � � 1 qk seYc hadWg Yc Vt]Zb `aX beV \V`bje]WgVg bXV`aY\ k lW ��� m q� � Yb
^]c cea^W be]b `aX beV XYUebje]WgVg bXV`aY\ beV Vt]Zb \a^VX h adWg Yc  k

TW ]W]\aU a` beV � VWWVrdYW WdihVX `aX ]W aXYVWbVg �VUVWgXY]W \YWv � YW
��  " ! ^]c YWbXagdZVg hf s]h]ZeWYva_ YW ��� k 5 V cVb Yb ba h V beV YWgVt a`
YWbVXcVZbYaW a` beV ceY`b � � a` � YW beV gYXVZbYaW a` beV `X]i YWU ]Wg ] �j( \i �
XV]\YcYWU beV eaia\aUf h Vb^VVW � ]Wg ] id\bY[ \V a` beV (hXV a` beV [Xa� VZbYaW
��  " ! � " ! a_VX ] cd) ZYVWb\f gYcb]Wb [aYWb k seV aXYVWb]bYaW a` � Yc ZeacVW
ca be]b � VWbVXc Ybc h adWg]Xf ^ Ybe ] [acYbY_V cYUW k paX Vt]i[\V m � ) � YW
pYUdXV ! k

� Y] beV YWZ\dcYaW a` beV cb]Wg]Xg ca\Yg baXdc YWba beV cb]Wg]Xg �jc[]ZV m beV
hadWgVgWVcc a` beV � VWWVrdYW WdihVXc i VWbYaWVg ]ha_V Yi[\YVc ] cYi Y\]X
hadWgVgWVcc a` beV s]h]ZeWYva_ WdihVXc k
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seVXV Vt Ycbc ] cVXYVc a` abeVX VcbYi ]bVc a` beV � VWWVrdYWjs]h]ZeWYva_ Wdij
hVX m Zai YWU `Xai beV Z\]ccYZ]\ [a\fWai Y]\ \YWv YW_]XY]Wbc k seVcV VcbYi ]bVc m
YW []XbYZd\]X m g Y"VXVWbY]bV h Vb^VVW ] \YWv ]Wg Ybc i YXXaX Yi ]UV k 5 VXV ^V
ZaWcYgVX YW gVb]Y\ beV � ]d"i]W [a\fWai Y]\ k
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lW ���� sdX]V_ YWbXagdZVg beV � ]d"i]W [a\fWai Y]\ a` ] `X]i Vg WaWjaXYVWbVg
\YWv YW ] ca\Yg baXdc k seYc Yc ]W V\Vi VWb a` � �+� $ . -� $ . � $ . �! . � � �� dWYrdV\f
gV(WVg hf beV XV\]bYaWc ]Wg YWYbY]\ g]b] a` p YUdXV  k seV \YWvc � $ ]Wg � !beVXV ]XV idbd]\\f dW\YWvVg k Tc dcd]\ m ]\\ beV \YWvc []XbYZY[]bYWU YW V]Ze
[]XbYZd\]X XV\]bYaW ZaYWZYgV VtZV[b `aX beV `X]UiVWbc cea^W k T \\ beV \YWvc
]XV VrdY[[ Vg ^ Ybe beV `X]i YWU ^eYZe Yc h\]Zvha]Xg ^ Ybe XVc[ VZb ba ] (tVg
[Xa� VZbYaW a` beV ca\Yg baXdc ba beV ]WWd\dc k seV vWab 	 4 [Xa_YgVc ] []bbVXW
`aX beV ^ea\V cVXYVc 	
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seV �VUVWgXY]W \Y`bYWU \a^VXc beV [ a\fWai Y]\ ba UVWVXYZ [\]WV `XaWbc k
sX]Wc\]bYaW a` beV Xd\Vc a` p YUdXV  ba `XaWbc UY_Vc XYcV ba beV Xd\Vc a` p YUdXV
� k seV `XaWbc � $ ]Wg � ! a` beV beYXg \YWV ]XV \f YWU YW gYc� aYWb e]\`j[ \]WVc k seV
XV\]bYaW hVb^VVW beV �VUVWgXY]W UVWVX]baXc �
 ]Wg beV h\]Zvh a]Xg UVWVX]baXc
�
 a` p YUdXV  Yc V]cY\f cVVW ba h V �
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�abV be]b beVXV ]XV Wa WVU]bY_V [a^VXc a` beV `X]i YWU _]XY]h\V + Wa^ k

�	$#
�  � �aWcYgVX beV \Y[c `XaWb m ^ Ybe b^a Zdc[c ]Wg Wa gadh\V [aYWbc k
sa Z]\Zd\]bV Ybc � ]d"i]W [a\fWai Y]\ m aWV Z]W [XaZVVg ]c `a\\a^ c nbeV ZdX_Vc
dcVg YW beV cVZaWg Vrd]\Ybf ]XV ZaWWVZbVg hf ] eaiaba[f YW_a\_ YWU aWV c]`V
cV\`jb]WUVWZf ]Wg aWV Zdc[ gV]be o u
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� , + k lWgVVg m beV \Y[c `XaWb \Y`bc ba beV �VUVWgXY]W

dWvWab YW � ^ Ybe � ) qm ca Ybc � ]d"i]W [a\fWai Y]\ cead\g hV be]b a` ]W
dWvWab ^ Ybe beV bXY_ Y]\ `X]i YWU bYi Vc + k
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lb `a\\a^ c `Xai seVaXVi � k� be]b beV � ]d"i]W [a\fWai Y]\ a` ] [\]WV `XaWb
Yc ] UVWdYWV [a\fWai Y]\ YW + m Wab ] �]dXVWb aWV k seYc Yi [\YVc beV `a\\a^ YWU
XVcbXYZbYaW aW beV _]\dVc a` beV � VWWVrdYWjs]h]ZeWYva_ WdihVXc a` aXYVWbVg
�VUVWgXY]W \YWvc YW beV ca\Yg baXdc ]Wg �jc[]ZV k

paX ]W aXYVWbVg \YWv � ^ Ybe beV h\]Zvh a]Xg `X]i YWU YW ] ca\Yg baXdc n\YvV
beacV ZaWcYgVXVg YW sdX]V_ �c gV(WYbYaW a` beV � ]d"i]W [a\fWai Y]\ YW pYUdXV
o m ^V gV(WV beV cV\`j\YWvYWU WdihVX � n� o ]c beV gY"VXVWZV h Vb^VVW beV
WdihVXc a` [ acYbY_V ]Wg WVU]bY_V ZXaccYWU YW Ybc \YWv gY]UX]i YW beV ]WWd\dc
nbeYc �dcb XV[ V]bc beV ZaXXVc[ aWgYWU gV(WYbYaW `aX ] \YWv YW �jc[]ZV YW bVXi c
a` Ybc [\]WV gY]UX]i � beV W]bdX]\ UVWVX]\Yc]bYaW a` beYc [XaZVgdXV ba beV Z]cV
a` WaWjh\]Zvh a]Xg `X]i YWUc UY_Vc beV s]h]ZeWYva_ WdihVX a` ] �VUVWgXY]W
vWabo k �a^ gV(WV beV dW`X]i Vg _VXcYaW a` beV � ]d"i]W [a\fWai Y]\ ]c

�
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pa\\a^ YWU ��� m �q� m be Yc [ a\fWai Y]\ gV[ VWgc aW\f aW beV dW`X]i Vg ba[a\aUYZ]\
bf[ V a` � k sedc ^V Z]W c[ V]v ]hadb beV [a\fWai Y]\ �
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\YWvc k lW beV Z]cV a` vWabc beV aXYVWb]bYaW gaVc Wab i ]bbVX k
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|{� |{� {y�x���{ }� � �� x� �{x�� 1� �

�	$#
�  �� paX ]W dWvWab ncVV �t]i[\V � kqo beYc ZaYWZYgVc ^ Ybe beV Z\]cj
cYZ]\ hadWg � � q ��� k
�	$#
�  �	 seV seVaXVi Yi[\YVc be]b beV i YWYi ]\ � VWWVrdYWjs]h]ZeWYj
va_ WdihVX a` ] �VUVWgXY]W XV[XVcVWb]bY_V a` beV h]cYZ vWab 	
 YW beV ca\Yg
baXdc npYUdXV o Yc be]b a` beV �VUVWgXY]W \Y`bYWU a` beV `XaWb 
 
 m ^eYZe Yc
�� 1 qk �abV be]b beV YWZ\dcYaW a` beV cb]Wg]Xg ZaWb]Zb ca\Yg baXdc YWba beV
cb]Wg]Xg ZaWb]Zb �jc[eVXV UY_Vc aW\f � � q `aX ]Wf � u ]\\ beV 	
 UVb dWvWabbVg
YW � 4 k

TW VcbYi ]bV `aX beV � VWWVrdYWjs]h]ZeWYva_ WdihVX cYi Y\]X ba be]b a`
seVaXVi � k� hdb h]cVg aW beV 5
�p�� [a\fWai Y]\ `aX \YWvc YW beV ca\Yg

q�



baXdc ]\ca Vt Ycbc �q� m qq� k 
 ` ZadXcV m beVXV Vt Ycb _VXcYaWc a` habe VcbYi ]bVc `aX
\YWvc YW beV cb]Wg]Xg " 4 �q� m q� m qq� k seV aWV Zai YWU `Xai beV 5
�p��
[a\fWai Y]\ YW " 4 ^]c V]cY\f gVXY_Vg �q� � `Xai aWV a` beV YWbVXi VgY]bV XVcd\bc
a` �VWWVrdYW �c aXYUYW]\ [][ VX �� � ]Wg `Xai ] XVcd\b a` � aXbaW ]Wg pX]Wvj
/ Y\\Y]i c ��� m q�� k

seV 5
�p�� [a\fWai Y]\ ]\ca [Xa_YgVc cYi Y\]X VcbYi ]bVc `aX beV � VWWVj
rdYWjs]h]ZeWYva_ WdihVX a` �|xy��{|� { vWabc YW 6 $ n" ." o �q� � ]Wg ��  " !
�q�� k  dZe vWabc ]XV V_VXf^eVXV bX]Wc_VXc]\ ba beV ZaWb]Zb cbXdZbdXV k seV
� ]d"i]W [a\fWai Y]\ Yc Wab gV(WVg `aX beVi k
"#$�%  �� seV VcbYi ]bV `aX beV � VWWVrdYW WdihVX a` �VUVWgXY]W vWabc YW
6 $ n" ." o hf beV \a^Vcb gVUXVV a` beV `X]i YWU _]XY]h\V YW beV i ag � � ]d"i]W
[a\fWai Y]\ ^]c gVXY_Vg YW �q�� `Xai beV XVcd\bc a` ��!� k lb Yc Wab vWa^W Y` beV
\a^Vcb gVUXVVc YW beV YWbVUVX ]Wg iag � � ]d"i]W [a\fWai Y]\c `aX " 4 i]f
gY"VX k lW ]\\ beV Vt]i[\Vc ^V vWa^ beVf ZaYWZYgV k seV ^aXv ���� Yi[\YVc be]b
`aX ]\bVXW]bYWU vWabc beVf ]XV Vrd]\ k  VV ]\ca ��� � k
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WV a` beV iacb [a^VX`d\ ba a\c a` iagVXW vWab beVaXf ]XV �]ccY\YV_ �c (WYbV
aXgVX YW_]XY]Wbc k seVYX gV(WYbYaW Yc h]cVg aW beV YWgdZbY_V VtbVWcYaW a`
YW_]XY]Wbc a` aXgYW]Xf vWabc ba YiiVXcVg c[]bY]\ ZdX_Vc ^ Ybe ] (WYbV WdihVX
a` gadh\V [aYWbc k lW ] cYi Y\]X ^]f aWV ZaWcbXdZbc ] beVaXf a` (WYbV aXgVX
YW_]XY]Wbc a` �VUVWgXY]W vWabc YW adX cb]Wg]Xg c[]ZVc aX m VrdY_]\VWb\fm ]
beVaXf a` (WYbV aXgVX 6 � jbf[ V YW_]XY]Wbc a` beVYX `XaWbc �q�� k T c ]W Y\\dcbX]bYaW m
^V ce]\\ ZaWcYgVX Wa^ ] c\YUeb\f cYi [\VX Z]cV a` `XaWbc ^ Ybe Wa Zdc[c ]b ]\\ m
be]b Yc YiiVXcVg [\]WV ZdX_Vc niaXV gVb]Y\c Z]W h V `adWg YW �q�o k 
dX
ZdX_Vc ^ Y\\ h V aXYVWbVg ]Wg e]_V �dcb aWV Zai[aWVWb k /V ]ccdi V be]b beV
ZajaXYVWb]bYaW dcVg `aX beV �VUVWgXY]W \Y`bYWU ba ��  " ! Yc ahb]YWVg `Xai beV
aXYVWb]bYaW hf beV Z\a Zv^ YcV Xab]bYaW beXadUe & �� k

seV \Ycb a` UVWVXYZ [ VXVcbXaYv]c a` pYUdXV � Wa^ XVgdZVc ba �dcb beXVV
Z]cVc u bXY[ \V [aYWb m w�|{�� cV\`jb]WUVWZf n^eVW beV b^a _V\a ZYbf _VZbaXc ]b
beV cV\`jb]WUVWZf [aYWb e]_V beV c]i V gYXVZbYaWo ]Wg �y�{|� { cV\`jb]WUVWZf
n^eVW beV _V\a ZYbYVc ]XV a[[acYbVo k �]Ze a` beV beXVV gVUVWVX]bYaWc gV(WVc
] ef[ VXcdX`]ZV YW beV c[]ZV a` ]\\ � � jYii VXcYaWc � $ � " ! ncVV T XWa\g �c
[][ VXc �qm �� `aX gVb]Y\c aW aXgVX aWV YW_]XY]Wbc � ����� 	�	

 m 6 � ]Wg 6 �
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gd]\ ba beVcV ef[VXcdX`]ZVco k 6 � jbf[ V YW_]XY]Wbc ^eYZe ^V ]XV ZaWcYgVXYWU
]XV YW_]XY]Wbc a` [\]WV ZdX_Vc ^ Ybeadb gYXVZb cV\`jb]WUVWZYVc ]Wg ga y}� Ze]WUV
YW eaiaba[YVc ZXaccYWU aW\f beV ( Xcb ]Wg beYXg ef[VXcdX`]ZVc k

lW beV c[YXYb a` beV �]ccY\YV_ beVaXfm ] 6 � jbf[ V YW_]XY]Wb VtbVWgc YWgdZj
bY_V\f ba ZdX_Vc ^ Ybe (WYbV\f i ]Wf rd]gX]bYZ gYXVZb cV\`jb]WUVWZYVc hf cVbbYWU

u u u

T 6 � jbf[ V YW_]XY]Wb Yc c]Yg ba h V a` }|w{| x� � }�� � Y` Ybc VtbVWcYaW
_]WYceVc aW ]Wf XVUd\]X ZdX_V ^ Ybe � rd]gX]bYZ gYXVZb cV\`jb]WUVWZYVc k

lb Yc Wab _VXf gY) Zd\b ba cVV be]b beV VtbVWcYaWc ]XV cdh� VZb ba beV �j ]Wg
�jbVXi XV\]bYaWc a` p YUdXV � k
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T`bVX X]YcYWU [\]WV ZdX_Vc ba �VUVWgXY]W ZdX_Vc YW beV ca\Yg baXdc ��  " ! m
beV �jbVXi XV\]bYaW hVZai Vc beV �jbVXi XV\]bYaW a` beV beVaXf a` vWabc YW ]
ca\Yg baXdc n s m `aX ceaXbo �q!� k � aXVa_VX m beV `a\\a^ YWU beVaXVi Yc _]\Yg k
��
�# � �� �q� �� { z |xw{w ��x�{� }� � y��{ }|w{| �}�� �{� ��x�~ {w �y�x|��
xy�� }� }|�{y�{w � |x� {w �y}�� �y x �}��w �}|~� xyw }� }|�{y�{w � �xy { �~|�{�
� ��� }~� w�|{�� � {�� ��xyz {y ��{� x|{ �� }� }|� � ��� �� { �� }� }|� � ��� �� � |}��w{w
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q�



seV UX]gYWU eVXV Yc be]b hf beV aXgVX a` ]W YW_]XY]Wb k
seV UX]gVg c[]ZV a` Zai[\Vtj_]\dVg (WYbV aXgVX YW_]XY]Wbc a` aXYVWbVg

`X]i Vg vWabc YW  s ^]c gVcZXYh Vg YW �q!� k lb bdXWVg adb ba h V YcaiaX[eYZ
ba beV UX]gVg 	 j\YWV]X c[]ZV � c[]WWVg hf ]\\ i ]XvVg ZeaXg gY]UX]i c aW
] ZYXZ\V i agd\a beV i ]XvVg �jbVXi XV\]bYaW k � Yc UX]gVg hf beV WdihVX a`
ZeaXgc YW ] gY]UX]i k

seV ]ha_Vji VWbYaWVg gY]UX]i i]XvYWU Yc ]Zbd]\\f beV i ]XvYWU hf beV
`dWg]iVWb]\ UXad[ � a` beV ca\Yg baXdc k �]i V\fm ZaWcYgVX ]W YiiVXcYaW a`
]W aXYVWbVg ZYXZ\V YWba  s ^ Ybe ] (WYbV WdihVX a` gadh\V [aYWbc k T c dcd]\ m
aW beV aXYVWbVg cadXZV ZYXZ\V m ^V ZaWWVZb beV b^a [XVYi ]UVc a` ] gadh\V [aYWb
hf beV ZeaXg k /V i ]Xv V]Ze ZeaXg aW habe cYgVc hf beV Z\]ccVc a` beV Yi ]UVc
a` beV cdhbVWgVg e]\_Vc a` beV ZYXZ\V YW & $ n sok /V i ]Xv beV ^ea\V ZYXZ\V
^ Ybe beV `dWg]i VWb]\ Z\]cc a` Ybc Yi ]UV k seV cdi a` beV b^a i]XvYWUc aW ]
ZeaXg Yc beV i ]XvYWU a` beV ZYXZ\V k seV c[]ZV � Yc c[]WWVg hf ]\\ beV ZeaXg
gY]UX]i c ^ Ybe beYc XVcbXYZbYaW aW beV i ]XvYWU k

paX XVUd\]X [\]WV ZdX_Vc m beV i ]XvYWU gVcZXYh Vg Yc hf beV / eYbWVf ^ YWgj
YWU WdihVXc a` ] ZdX_V ]Wg a` beV ]XZc YWba ^eYZe beV ZdX_V Yc Zdb hf Ybc gYXVZb
cV\`jb]WUVWZYVc np YUdXV �o k �_VXf i]XvVg ZeaXg gY]UX]i Yc beV gY]UX]i a` ]
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[\]WV ZdX_V k � aXVa_VX m beV cVb a` YiiVXcVg [\]WV ZdX_Vc ^eacV gYXVZb cV\`j
b]WUVWZYVc ]XV cdh� VZb ba ] UY_VW i ]XvVg ZeaXg gY]UX]i Yc ZaWWVZbVg �q� m
gdV ba beV / eYbWVfj� X]dcbVYW beVaXVi ���� ]Wg beV ��jbVXi jXV\]bYaW � ia_V k
 a m beV _]\dV a` ]W aXgVX � 6 � jbf[ V YW_]XY]Wb aW ]W YiiVXcVg [\]WV ZdX_V
^ Ybe � gYXVZb cV\`jb]WUVWZYVc gV[ VWgc aW\f beV i ]XvVg ZeaXg gY]UX]i a` beYc
ZdX_V k lW beYc Z]cV m beV �jbVXi XV\]bYaW a` p YUdXV � Yi[\YVc beV i ]XvVg �jbVXi
XV\]bYaW aW i]XvVg gY]UX]i c ^eYZe Yc Vt]Zb\f beV aWV YW beV gV(WYbYaW a` beV
UX]gVg c[]ZV � u
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5 VXV ^V i ]Xv beV ZeaXgc �dcb aW aWV cYgV cYWZV beV ZYXZ\V i ]XvYWU Yi[\YVc beV
XVcb a` beV g]b] k / Ybe ]\\ beV i ]XvYWUc ai YbbVg m beV XV\]bYaW Yc Vt]Zb\f beV
aXgYW]Xf �jbVXi XV\]bYaW a` beV �]ccY\YV_ beVaXf `aX vWabc YW " 4 ��� m � m ! m ��� k
"#$�% � �' Tc ^]c cea^W YW �q�� ]Wg YWgV[ VWgVWb\f hf T k  edi ]va_ YZe
ndW[dh\YceVgo m beV �VUVWgXY]W \Y`b a` XVUd\]X ZdX_Vc [Xa_YgVc XV[XVcVWb]bY_Vc
`aX ]\\ dW`X]i Vg ba[a\aUYZ]\ bf[ Vc a` vWabc YW beV ca\Yg baXdc � ) ��  " !
nbeV rdVcbYaW a` beV Vt YcbVWZV a` cdZe XV]\Yc]bYaWc ^]c `aXid\]bVg hf TXWa\g
YW ���o k seV c]iV Yc a` ZadXcV _]\Yg `aX beV \Y`b a` XVUd\]X [\]WV ZdX_Vc ^ Ybe
'VXa ^ YWgYWU WdihVX ba 3� ) " 4 ]Wg dW`X]i Vg vWabc YW " 4 k 5a^V_VX m beV
�VWWVrdYWjs]h]ZeWYva_ WdihVX � a` ] \Y`bVg XVUd\]X ZdX_V Yc ]\^]fc agg k
� aXVa_VX m Yb cVVi c be]b beV \a^VX hadWg `aX � YW beYc Z]cV idcb h V n]c Yb
i ]f ] [XYaXY h Vo eYUeVX be]W `aX \Y`bVg `XaWbc ^ Ybe Zdc[c k paX Vt]i[\V m `aX
�XVUd\]X � XV[XVcVWb]bY_Vc a` XYUebje]WgVg bXV`aY\c YW 3� m � ][[]XVWb\f Z]WWab
h V \Vcc be]W � �q�� m ^eY\V YW beV UVWVX]\ Z]cV beV i YWYidi a`  Yc ]ZeYV_Vg k
"#$�% � � seV �jbVXi XV\]bYaW `aX �]ccY\YV_ bf[ V YW_]XY]Wbc a` vWabc YW
�ji ]WY`a\gc Zai Vc `Xai beV hY`dXZ]bYaWc a` ] bXY[ \V [ aYWb aW ] cYWUd\]X vWab k
seV �jbVXi XV\]bYaW `aX YW_]XY]Wbc a` ZdX_Vc aW cdX`]ZVc Zai Vc `Xai beV hY`dXj
Z]bYaWc a` ] bXY[\V cV\`jb]WUVWZf [aYWb k �abe XV\]bYaWc ]XV \a Z]\\f YcaiaX[eYZ k
lW pYUdXV q� ^V cea^ beV hY`dXZ]bYaW gY]UX]i c nbe]b Yc m UVXi c a` UVWVXYZ cVZj
bYaWc a` beV ef[VXcdX`]ZVc a` WaWjUVWVXYZ i ][c YW beV ZaXXVc[ aWgYWU c[]ZVc
a` i ][[YWUco a` beV b^a gVUVWVX]bYaWc k seV gY]UX]i c ]XV Wab gY"VaiaX[eYZ k

�a^ ZaWcYgVX 6 � jbf[ V (WYbV aXgVX YW_]XY]Wbc a` Zdc[ Vg ZajaXYVWbVg aWVj
Zai[aWVWb [\]WV `XaWbc k  dZe ] UVWVX]\Yc]bYaW bdXWc adb ba ]gg aW\f aWV
iaXV YW_]XY]Wb m a` aXgVX � m ba (WYbV aXgVX YW_]XY]Wbc a` `X]i Vg vWabc YW  s
�q�� k seV VtbX] YW_]XY]Wb Yc beV � x��}� �yw{� � a` ] `XaWb u � Yc b^ YZV beV
WdihVX a` Xab]bYaWc i ]gV YW beV ZaWb]Zb [\]WV hf beV _V\a ZYbf _VZbaX a` beV
�VUVWgXY]W vWab nbeV ZaWb]Zb cbXdZbdXV aW ��  " ! Yc []X]\\V\Yc]h\V m eVWZV
beYc WdihVX Yc ^V\\jgV(WVgo k sedc (WYbV bf[ V YW_]XY]Wbc Z]WWab gYcbYWUdYce
�VUVWgXY]W vWabc YW ��  " ! ^eYZe ]XV ba[a\aUYZ]\\f Ycaba[YZ ]Wg e]_V beV
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