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]AS TxJNh>Y[h l%Z>VK_BX4]^SUY�J�fPY.ZpIKY(l(�2�6W TWX>]AS ]A�(l6X4]AJP_UG.lP_�Z>Y��WVKG.Y�X4IW]Ah JbfNY[Z>IKY.l(��k1oKVWX\]gO X4IKY�JNTHX4]"1
S ]A�(l6X4]AJP_!TKZ>JLG.Y[h>h ]gX4h>Y[M^O ]AhL�KJN_KY �pJN_�1 X4IWY01 �Wi 
7lPh�X4IKY�o�i�X>Y.G.J��KY lPTKTKM^]AG(l6X4]AJP_�]^h�o�Y[]A_K�UZ>VK_�k
]^X\X4JLJ�]^SUTxJNh>Y[h lP_�J�fPY.ZpIKY(l(�2� QRIWJHJNhp]A_K�7�NJHJ���JPTWX4]^SU]^�(lmX>]AJN_Kh X>J�Z>Y'�KVKG[Y%J�fPY.Z>lPMAM Z>VK_BX4]^SUY
G(lm_�X>IKY.ZpY[O JNZpY�oxY�X4Zp]AG<�BiN�
FHJLJPX�� qPqHk q�>Wk qA?��1]Ah l X4JLJNMW��Zp]^XpX4Y._ oBi ` G(a ]^MAMKc\_K]^fPY.Zph>]^Xji�� h FHlPoKMAY 3�Y.hpY(lPZpG<I!a�Z>JNVWT�� q + �

X4IKlmX G(lP_�lP_KlPM^iL�.Y lm_!� JNTWX4]^SU]^�.Y �Nlbfml oBi�X4Y.G[J��WY oxY[O JNZpY+]^X ]^h�Z>VW_�JP_�l\�Nl(fml fH]^ZpX>V1lPMPSUlPG<IK]^_KY(�
� IK]^h Y.M^]AS ]A_1l6X4Y.h hpJNSUY JPO X>IKY7JbfNY[Z>IKY.l(� JPO JNTHX4]AS ]A�.lmX4]^JN_"lmX Z>VK_BX4]^SUY)� 
\Jb�RY&fNY.Z[k+X4IK]^h�]^h
lPM^h>J�l�VWh>Y[O VWMWX4JLJNM�O JNZEY��WTxY.Zp]AS Y._BX4]^_K����]gX4I%_KY&� kBZ4l(�K]^G(lPM�XjiLT�Y[h+JPO~JNTWX>]AS ]A�.lmX4]^JN_Kh lP_!�%S JNZ>Y
�NY[_KY.Z>lPM X>Z4lP_WhpO JNZpSUh[kd]A_WG.MAV&�K]A_K� oBi�X4Y.G[J��WY JNoWO VKhpG(lmX>]AJN_�lP_!���RlmX4Y[Z>SUlPZ>��]^_K�!� � h�lU�NY._KY[Z4lPM
TKVKZpT�JPh>Y�X4JLJNM:kLX4IKY[_�k�FHJLJPX I1lPh�SUlP_Bi�lPTKTWMA]AG.lmX4]^JN_Kh'�

W _KY%JPO+X4IWY lPh>TxY.G&X4h�JPO FHJLJPX X>I1lmX�S7lP�mY.h�]gX Y ��Y.G&X4]gfNYPk ]^heX>I1lmX�]gX ]AheZ>Y[M{lmX>]^fNY[M^i�Y(lmhpi�X>J
VKhpY(� 
 Y.oWVK�N�N]^_K� JN_KY.� h X>Z4lP_WhpO JNZpSUh+G.lP_7oxY �WJN_KY\o�iT�WVKSUTW]A_K��X4IWYe]^_�X>Y.Zp_1lPM1Z>Y[TKZ>Y[h>Y[_�X4lmX4]^JN_

+



JPO1X>IKY G.J��KY oxY.]^_K��X>Z4lP_Kh O JNZ>S Y���X4J�l �KMAY lm_!�%]A_KhpT�Y[G[X>]A_K��X>IKY ZpY.h>VWM^X4]^_K� � h>_1lPTWh>IKJPX 
�JPO1iNJPVKZ
X4Z>lP_Kh O JNZ>S lmX\�RJPZ>��� 
 Y[G.JNS TK]^MA]A_W�KkHX>IKY._�k�]AhelUM^JN�N]AG.lPM G.JP_�X>]A_�V1lmX>]AJN_�JPO X>IK]Ah�O Y(l6X4VKZpYPkxh>VKG<I
X4IKlmX JN_KY+G.lP_ _KJb� fL]AY&� ��IKlmX JN_KY�� h X4Z>lP_Kh O JNZ>S �KJLY.h ]A_ l TKVWZ>Y �Nl(fPl hpJNVKZpG.Y���Z>Y[TKZ>Y[h>Y[_�X4lmX4]^JN_
JPO X4IKY oBi�X4Y[G.J��KY(�

W _KG.Y7� YU� Y.ZpY�G.JPSUS ]^XpX4Y��"X4J�X4IKYUTKZ>J �pY.G[X JPO �KY[G.JNS TK]AM^]A_K�!��]gX4I FLJHJPX.kEIKJb� Y[fPY.Z.k+� Y
O Y.MgX�X>I1lmX�X4IKY[Z>Y �RY[Z>Y�JPX>IKY.Z��RJPZpX4IB��IK]^MAY �NJBlPM^h�X>J�oxYUTWVKZ>hpVKY�� lPh��RY[MAM � � IWY.Z>Y7lPZ>Y H�VK]^X>Y
l
O Y&� �Nl(fPl �KY.G[JNSUTW]AMAY[Z>h lPM^Z>Y(l)�Wi l(fPlm]AM{lmoKMAYmk oKVHX7fNY[Zpi MA]gX>X4M^Y!TKVKoKM^]AhpIKY�� ]A_WO JNZpS7l6X4]AJP_ lmh
X4J�IWJ�� X4IWY[i � JNZ>�mY��5� � IKY*FHJHJmX��KY[G.JNS TK]AM^Y.Z[k X4IKY[_�k ]Ah%lP_ Y��WTWMAJNZ>lmX4JNZ i � JNZp� ]A_ ��IW]AG<I
� Y IWJNT�Y X>J!G.JbfNY[Z�S JNh X�JPO X4IKY%]^SUTxJNZ X<lP_BX ]^h>hpVKY.h JPO/�KY[G.JNS TK]AM^]A_K�!�Nlbfml&� U ]^X>I�X4IK]^h��NJBlPM
]A_ SU]^_!��kR� Y�Y��WTKlP_!�KY'� X4IKY*h>G.JPT�Y�JmO X4IK]^h7TKZpJ��pY.G&X�X4J
X4Z iH]^_K� X>J hpX4lmX4Y���I1lmX7]AhUlP_!� ]^h
_KJPX T�JNhph>]^oKMAYU]A_ �KY[G.JNS TK]^MA]A_W���Nl(fml�lP_!� X>J�TKZ>JbfL]��WY�IK]A�PI H�V1lPMA]gXji
h>JNM^VWX4]^JN_Kh�� � MAJP_K��X4IWY
�RlbiPkH� Y �K]^h>G[J�fPY.ZpY��!_�VKS Y.Z>JPVKhJ�K] �dY[Z>Y[_KG.Y[hRoxY[Xj� Y.Y._�X>IKY��Nlbfml�M{lP_K�PV1lP�NY�h>TxY.G[]��1G.lmX4]^JN_�lm_!�
X4IWY%�Nl(fml fL]AZ X4V1lPM SUlPG<IK]^_KY hpT�Y[G.]��KG(lmX>]AJN_Kh���IK]^G<I�I1l(fNY M^]AS ]^X>Y���JNVKZ\Z>Y[h>VKMgX � + >�� � 
\Jb�RY&fNY.Z[k
oxY.G(lmVKh>Y�� Y�IKlbfPY�X<lP�mY._*l G.JNS TKZ>Y[IKY._Wh>]^fPY�lP_!��lP�N�NZpY.hph>]^fPY�lPTKTKZpJBlPG<I�kW� Y I1l(fNY,�KY&fNY.M^JNTxY��
l%h>VKZpTKZ>]^h>]^_K�NM^i7T�Jb� Y.Z O VKM �KY.G[JNS TK]AM^Y.Z��

Fj_!X4IKY�ZpY.hpX\JPO X>IK]Ah ]^_BX4Z>J��KVKG&X4]^JN_�kH� Y�X<lP�mY l MAJLJN�UlmX X4IWY�FHJHJmX O Z4lPS Y[� JNZp�xkWG.M{lmZ>]^O i X4IWY
G.JP_�X>Z>]^oKVWX4]^JN_Kh JPO JNVKZ ZpY.hpY(lPZpG<I�kdlm_!��Z>Y[fL]^Y[� X>IKY JNZ>�Blm_K]A�.lmX4]^JN_�JPO X4IKY ZpY.hpX\JPO X4IWY X>IKY.hp]Ah'�

����� ���	� 
�����
�������� ���������

FHJLJPX�]Ah�l �Nl(fml o�i�X>Y.G.J��KY\X4Z4lm_KhpO JNZpS7l6X4]AJP_ lP_!�UlP_K_KJPX4lmX4]^JN_%O Z4lPS Y[� JNZp� � � IKY.ZpY lPZpY�Xj� J
�RlbiLh�X4J!fL]AY[� FHJLJPX(k �1ZphpX�lPh�l RBDb0&2 X>JHJNM k lP_!�
h>Y[G.JN_&��k lPh�l ;<365��x9��A0&2 C+2�9PO 0&2 � D X4JLJNM � � h
l VKh>Y[ZeX4JLJNM k~FHJLJPXe��]^MAM�ZpY(l(�*]A_*l7�Nl(fmlUG[M{lPhphL�KMAYPk~TxY.Z O JNZ>S hpJNS Y�JNTHX4]AS ]A�.lmX4]^JN_Kh JN_�]gX�lm_!�
Y.S ]^X+l _KY[� JNTWX4]^SU]^�.Y'�%G.M{lmh>h �1M^Y(� 
\Jb�RY&fNY.Z[kKFLJHJPX IKlPh+o�Y[Y._ oKVK]^M^XE��]gX4I%X4IWY �NJBlPMKJmO�SUlP��]A_W�
]^X�Y(lmhpi"O JNZ G[JNS TK]AM^Y.Z>h,�KY&fNY[MAJNTxY.Zph X4J�l(�!� lP_&� X4Y[hpX _WY[� JNTWX>]AS ]A�.lmX4]^JN_Kh�� � h l*G.JNS TK]AM^Y.Z
��Z>]gX4Y[Z X>JHJPM:kNX4IWY._�kL]^X�TKZpJ�fL]��KY.h l�Zp]AG<I � +$F+lP_!�Uh>Y&XRJPO�]A_BX4Y[Z>_1lPM1ZpY.TKZpY.hpY._BX<lmX>]AJN_Wh X4J��KY&fNY.M^JNT
VKTxJN_5� � h>]^SUTWMA]��KY��!M{l(iPJNVWX�JPO FHJLJPX�]Ah �N]gfNY[_*]^_ �K�NVKZ>Y + � + ! T1lm�NY s "0�
FHJLJPX\I1lPheX>IKZ>Y[Y�SUlP]^_�TKlPZpX>h.k # lmO k��P]AS TKMAY�� q�@�� lm_!��a�Z>]^SUT5� * lPG<I�T1lmZpXe]Ah�]Ah�SUl(�KY�VKT

JPO�l TKZpJHG[Y.h>hp]A_K� TKIKlPh>YmkHlm_ ]^_BX4Y.Zp_1lPMHZ>Y.TWZ>Y.hpY._BX<l6X4]AJP_�kLlP_!� lP_ lPhph>JLG.]{l6X4Y�� � +$F � n JPZEY0�WlPS TKM^Y
]A_ # lmO kNX>IKY\TKZ>JLG.Y[h>h>]^_K� TWI1lPh>Y\G.JP_�fPY.Z X4h l G.MAlPh>h$�1M^Y�]A_BX4J�lP_ ]A_BX4Y[Z>_1lPM1ZpY.TKZpY.hpY._BX<lmX>]AJN_UG(lPM^MAY'�
,"!$# lm_!� hpVKTKTKM^]AY.h lP_ � +$F O JNZ TxY.Z O JNZ>S ]A_K��X>Z4lP_Kh O JNZ>S h JN_ X>IK]Ah ]^_�X>Y.Zp_1lPM Z>Y[TKZ>Y[h>Y[_�X4lmX4]^JN_
! F 3 "0�

#RZ>]^Y'�KiPkKo1lmO ]^h l hpX4lPG<��o1lPhpY���Z>Y[TKZ>Y[h>Y[_�X4lmX4]^JN_!X4I1l6X G.M^JNh>Y[M^iUZ>Y.hpY.S oWMAY.h X>IKYI�K]^h4lPhph>Y.S oKM^i
JPO l G.MAlPh>h �1MAY)� F X4h\S7lm]A_�o�Y[_KY'�KX�]Ah X4IKlmX�]gXelPMAM^J���h�JN_WY�X4J �K]AZpY.G&X4M^i�S7lP_W]ATKVKMAlmX4Y X>IKY h X<lPG<�

q



Jimple

.jimple file

Java .class file

Grimp

.grimp file

Baf

.baf file

Soot

n ]^�NVKZpY + � + . � hp]AS TKMA]"�1Y��7M{l(iNJNVHXeJmO+FHJLJPX��

G.J��KY�X>I1lmX!��]AM^M�oxY�Y[fPY._BX4V1lmMAM^i X4Z4lm_Kh>MAlmX4Y'� ]^_BX4J l G.MAlPh>h[ke��]^X>IKJNVWX�I1l(fH]^_K� X4J �KY.lPM���]^X>I
X4IWY�G.JNS TKM^]AG(l6X4]AJP_KhUJmO��Nlbfml oBi�X4Y[G.J��KY(� F X!]AhUVKh>Y&O VKM�O JNZ7JNT�Y[Z4lmX>]AJN_Wh7h>VWG<I�lmh�T�Y[Y.T�1 IKJNM^Y
JNTWX>]AS ]A�.lmX4]^JN_5�
�P]AS TKMAY�]^h�l h X<lPG<��M^Y.h>h�sS1 l)�!�KZ>Y[h>h>F 3 ��]^X>I XjiLTxY�� M^JHG.lPMAh'� � IK]Ah�]Ah�l T�Jb� Y.ZpO VWM�lm_!�

G.JP_�fPY._K]^Y._BX�O JNZ>S hpVK]^X4lPoKMAY�O JNZ7IW]A�NI M^Y[fPY.M JNTHX4]AS ]A�.lmX4]^JN_Kh%hpVKG<I lmh�G.JNTBi 1jTWZ>JNT1lm�BlmX4]^JN_ JPZ
lPZpZ4l(i!oxJNVK_!�Kh�G<IKY[G<��]A_K�!� � IK]^h�]Ah X4IWY O JPZ>S ��IW]AG<I�SUJNh XeFHJLJPX VKhpY.Z>helP_!�>�KY&fNY.M^JNTxY.Z>h � JNZ>�
��]^X>I5� � _W]AG.Y�O Y.lmX4VKZpY JPO �P]^SUTKM^Y ]Ah X>I1lmX\]^X>h F 3 G(lP_*o�Y h4l(fPY���X>J7l%X4Y��HX �1M^Y�lP_!��Z>Y.M^JBl(�KY'�
lmX�l�M{lmX>Y.Z�X>]AS Y(� � IK]^h lPMAM^Jb��h�JN_KY%X4J!��Z>]gX4Y �P]^SUTKM^Y �1M^Y.h,�K]AZpY.G&X4M^i�]A_�X4IWY7�P]^SUTWMAY F 3 lm_!�
X4J lPhph>Y.S oKMAY!X4IWY.S ��]gX4I FHJHJmX ]A_BX4J �Nl(fml
G[M{lPhphT�KMAY.h'� ` JNhpX TxY.JNTWMAY!��IKJ
VKh>Y�FHJLJPX lPh l
VKhpY.Z�X4JLJNM:kKIWJ�� Y[fPY.Z[k���]AM^M	�pVKh X�oxY�M^JBl(�K]^_K� X4IWY�G[M{lPhph�X>IKZ>JPVK�NI�# lmO ]^_BX4J7�P]AS TKMAY���IWY.Z>Y�]^X�]^h
JNTWX>]AS ]A�[Y���lP_!��Y[SU]gX>X4Y'��o1lPG<��lPh\l �Nl(fPl%G[M{lPhph �KMAY(�
a Zp]AS T�]^h lP_ Y��HX>Y._Khp]AJN_ X>J �P]^SUTWMAY(� F X>hE]A_BX>Y.Z>_KlPM�Z>Y.TWZ>Y.hpY._BX<l6X4]AJP_ ]Ah ]��KY[_BX4]AG.lPMNX4J �P]AS TKMAY�� h

Y0�HG[Y.TWX*X4I1lmX�]gX�lP�N�NZpY.�Bl6X4Y.h�Y��WTWZ>Y.hph>]^JN_Kh�lmG.Z>JPh>h�hpX4Z>lP]A�PI�X�M^]A_KY�G[J��WY(� F X*]^h!_KJPX>Y[� JNZpX>I�iPk
IKJb� Y[fNY[Z.k X>I1lmX a Zp]AS T �WJHY[h�_KJmX lP�P�NZ>Y[�BlmX4Y Y��WTWZ>Y.hph>]^JN_Kh%lPG[Z>JNhph G[JN_!�K]gX4]AJP_1lPM h X<lmX>Y.S Y._BX4h'�
U Y�VWh>Y X4IKY�a�Z>]AS T F 3)lPh X>IKY hpX4lPZpX>]A_K� TxJN]A_BX O JNZ\FHJLJPX$� h �KY[G.JNS TK]^MAY.Z'�

s
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� IK]Ah X4IWY.h>]^h ]Ah G.JN_WG.Y.Zp_KY�� ��]^X4I Y0�LX>Y._!�K]^_K� FLJHJPX%X>J lmMAMAJb� ]^X%X>J
O VK_WG[X4]^JN_ lPh l �Nl(fml
�KY[G.JNS TK]AM^Y.Z'� � IKY sS1jl(�!�KZpY.h>h�G[J��KY�JmO �P]^SUTWMAY�TWZ>JbfL]��KY[h VKh ��]^X4I�XjiLTxY���h>]^SUTKM^Y�h X<lmX>Y.S Y._BX4h[k
lP_!��X>IKY%Y0�HTKZpY.h>hp]AJN_ lP�N�PZ>Y.�NlmX4]^JN_ �KJN_WY%]A_
a�Z>]AS T�SUlP�PY[h�X4IKY%�NZp]AS T F 3 M^JHJN�!fPY.Zpi�S VKG<I
MA]^�PY�VK_Kh X4ZpVKG[X>VKZ>Y'� �Nlbfml hpJNVKZpG.Y�G[J��WY(� U Y�I1l(fNY���Z>]gX>X4Y[_ l
T1lPZpXUJPO�FLJHJPXUG(lmMAMAY'� 
�lbfmlWk
��IK]^G<I
IKlPh ]^X>h Jb��_VF 3 ! �1l(fPl "&k � + F<k�lP_!�"G.JN_BfPY.Z>hp]AJN_"TKIKlPh>Y)� 
�l(fml7G.JP_�fPY.Z X4h�X4IKY a�Z>]^SUT
F 3 ]^_�X>J�X4IKYT
�l(fml F 3 k���IK]^G<I
��IKY[_ TWZ>]A_BX>Y���X4J�l7X>Y0�LXI�1MAYmk ]Ah ZpY.G[JNSUTW]AM{lmoKMAY �Nl(fPl!hpJNVKZ>G[Y
G.J��KY)�

� IKY.ZpY\lPZ>Y Xj� J�TWZ>JNoKM^Y.S h+l(�!�WZ>Y.hph>Y'�7]A_ X>IKY 
�l(fml TKI1lPhpYPkB�1Z>h X hpX4ZpVKG[X>VKZ>]^_K��a Zp]AS T�kNlm_!�
h>Y[G.JN_&��k~SUJ��K]^O iL]^_K� X4IWY�h X4ZpVKG[X>VKZ>Y'��a�Z>]AS T!]A_BX>J �Nlbfml h>JNVWZ>G.Y)�

� IKYRS JNZpY/�W]�M G.VKMgX ]Ah>hpVKYRJmOWX4IWY�Xj� J ]Ah ZpY.hpX>Z>VKG&X4VKZp]A_K��a Zp]AS T lP_!� ]^h X>IKY.ZpY[O JNZpY�X>IKY O JLG.VWh
JPO X4IW]AheX>IKY.hp]Ah'� � J!Z>Y[hpX4ZpVKG[X>VKZ>Ymk �RY%oKVW]AM���l�G.JN_BX4ZpJNM4�1Jb���NZ>lPTKI !:Q n a "�lP_!��X>IKY._dk VKh>]^_K�
�NZ>lPTKI�X>IKY.JPZ>Y[X>]AG X4Y[G<IK_K]�H�VKY[hEO Z>JPS)G.JNS TK]AM^Y.Z JNTWX>]AS ]A�.lmX4]^JN_+�KY[h>]A�P_�k(�KY&X4Y[G[X+TKZpJNTxY.ZpX>]AY[h ]^_�X4IWY
Q n a X>I1lmX lPM^MAJb�$S Y X4J �1_&� l�h X4ZpVKG[X>VKZ>Y'� ZpY.TKZpY.h>Y[_BX<lmX>]AJN_5� #RY[G(lPVKhpY%�RY l(fNJN]��KY���hp]AS TKMAY
T1lmXpX4Y[Z>_ SUlmX>G<IK]A_K�
]A_ O l(fNJNZ JPO�SUJNZpY��NY._KY[Z4lPM X>Y.G<IK_K]�H�VKY.h[k 
�l(fml"]Ah lPoKM^Y�X>J ZpY.h X4Z>VWG[X4VWZ>Y
! ? - G[JN_BX4Z>JPM �1Jb� �NZ>lPTKI5� � IW]Ah ]Ah lP_"]^_�X>Y.ZpY.hpX>]A_K��lPG[G.JNS TKM^]Ah>IWSUY[_�X o�Y[G(lPVKhpY ]^X ]Ah lmoKMAY X>J
I1lP_&�KMAY�IK]A�NIWM^i!VK_WhpX4ZpVKG[X>VKZ>Y'�"G.JN_BX4ZpJNM �1Jb�)��]^X4IWJNVWX Y&fNY[Z I1l(fL]A_K� X4J�ZpY.h>JPZpX�X>JUX>Z>]AG<��heh>VKG<I
lPh�h>]^S VKMAlmX4]^_K� G.JP_�X>Z>JNM �1Jb� ��]^X>I*l%h X<lmX>Y�SUlPG<IK]^_KY(�

� IKY.ZpY lmZ>Y�X4IKZpY.Y _KY&�)G.JN_BX>Z>]AoWVWX4]^JN_Kh ]A_!JPVKZ X4Y.G<IW_K]�H�VKY[h��

+ � U Y��WY[fNY[MAJNTxY�� l _KY&� �1lmX4l hpX>Z>VKG&X4VKZpY�G.lPMAM^Y�� X4IKY�FLX4ZpVKG[X>VKZ>Y�*+_KG(lPTWh>VKMAlmX4]^JN_ � Z>Y[Y
! F&* � "0� � IK]^h$�1lmX4l hpX4ZpVKG[X>VKZ>Y�]^h ]AS T�JPZpX<lm_�X oxY.G(lmVKh>Y�]^X+lPMAM^J���h VKh X4J+�K_!� G.JN_BX4ZpJNM&�1Jb�
h X<lmX>Y.S Y._BX4h ]^_ _KY&� JNZ �WY.Z>Y'� � l(i o1lPhpY�� JN_ X4IKY[]AZ�]A_!�K]gfL]��KV1lmM�hpY.SUlP_BX4]^GUTKZpJNTxY.ZpX>]AY[h
Z>lmX4IKY[Z X4I1lP_!X>IKY.]^Z MAJLG(lmX>]AJN_KhRZ>Y.MAlmX4]gfNY X>J JmX4IKY[Z\G[JN_BX4ZpJNM5�1Jb� h X<lmX>Y.S Y._BX4h'�

q�� U YeoWVK]AMgX�l�G.JPMAMAY[G[X>]AJN_%JPO�_KY[� h X4ZpVKG[X>VKZ>]^_K� lPM^�NJNZp]^X4IWSUhEX>I1lmX��RJPZ>�%JN_7lP_!F&* � ��IW]AG<I
G.lP_ X4Z>lP_Kh>MAlmX4Y*VK_Kh X4Z>VWG[X4VWZ>Y���a�Z>]^SUT ]A_BX4J h X4ZpVKG[X>VKZ>Y'� a�Z>]^SUT2� � IKY[h>Y
lPM^�NJNZ>]gX4IKS h
� JNZ>� ��]^X>I�oxJPX4I!lmZ>oK]gX4Z4lmZpi Z>Y[�NVKMAlPZRG[JN_BX4Z>JPM �1Jb��lP_!��lPZ>oK]gX4Z>lPZpi Y0�HG[Y.TWX>]AJN_1lmMdG.JP_�X>Z>JNM
�1Jb�,�

s&� � h l�h>VKo�1 TKZ>JPoKMAY[S*k � Y!Z>Y.lPMA]^�.Y�� X>I1lmX lm_�i lPG[iLG[MA]AG7G.JN_BX4ZpJNMJ�1Jb� �NZ4lmTKI�k Y[fPY._ ]^O�]^X
]^_KG.M^V!�KY.h lPZpoK]^X>Z4lPZ i Y0�HG[Y.TWX>]AJN_1lmM\G[JN_BX4ZpJNM �1Jb� k G(lP_ o�Y�Z>Y[TKZ>Y[h>Y[_�X>Y�� ]^_ TKVWZ>Y��Nlbfml&�
� IK]^h�lPM^MAJb� Y�� VKhUX4J �KY&fNY[MAJNT l _KY&� X4Y.G<IW_K]�H�VKY�O JNZUoKVK]^M��K]^_K� MAlPoxY.MAY'� oKM^JHG<��h!lm_!�
VKhp]A_K�7M{lPoxY.M^Y�� � @ ;BD ��lP_&� C � � ? 7�� 
 ; hpX<l6X4Y.S Y._BX>h�O JNZ�h X4ZpVKG[X>VKZ>]^_K��G.JPSUTKM^Y0�*G.JP_�X>Z>JNM
�1Jb�,�

,



� IKY�Z>Y.SUlP]^_K]A_K�%TWZ>JNoKM^Y.S ]^h X4J G.JN_BfPY.ZpXeX4IKY h X4Z>VWG[X4VWZ>Y���a Zp]AS T!]A_BX4JU�Nl(fml&�6W VKZ\lPS oK]"1
X4]^JN_Kh � Y.ZpY�l�MA]gX>X>MAYRM^Jb�RY[Z�IWY.Z>YmkLlPh+X4IKY[Z>Y\lPZ>Y�SUlP_Bi TKZpJNIK]^oK]^X>]^fNYRZ>VKM^Y.h ]A_%X4IWY��Nl(fml�M{lP_W�NV1lP�NY
h>TxY.G[]��1G.lmX4]^JN_ O JNZ ��IK]^G<I X4IKY[Z>Y ]^h _KJ�G.JNVK_BX>Y.Z>TKlPZpX+]^_�X>IKY��Nl(fml�oBiLX>Y.G[J��KY hpT�Y[G.]"�1G(lmX>]AJN_Wh�� n JNZ
Y0�WlPS TKM^YPk�X4IWY.Z>Y ]^h�l!MAJN_K�!M^]Ah X�JPO�Z>Y[hpX4Zp]AG&X4]AJP_Kh X4I1l6X�lPZ>Y lPTWTKMA]^Y���X4J = ? D ? 7 C ]^_K]^X>]{lPM^]A�.lmX4]^JN_
oKM^JHG<��h ]A_ �Nl(fml�h>JNVKZpG.YmkHoKVHX+fNY.Z i%O Y[� O JNZ X4IKY G[JNZ>ZpY.hpT�JN_&�K]A_K���Nl(fml�oBi�X4Y[G.J��KY(� n JNZ X>IK]AhEZ>Y(l91
h>JP_�kK]^X ]Ah TxJNh>hp]AoKM^Y�X4J � O JP]AM 
 
�l(fPlHkWoKVWX\JN_WM^iU]A_���I1lmX�G[JNVKM��!o�Y�G.lPMAM^Y���X4IWY �4�Nl(fPlS�1G(lmX>]AJN_ 

JPO hpX>Z>VKG&X4VKZpY���a�Z>]^SUT2�
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� IKY7ZpY.h X JPO X4IK]^h X>IKY.hp]Ah�]Ah JNZ>�NlP_K]A�[Y�� lPh O JNMAM^J���h'�!QRI1lmTWX4Y[Z%q��P]^fNY[h l�oKZp]AY[ORJbfNY.Z fL]AY[�
JPOeX4IKY �1lmX4l
h X4ZpVKG[X>VKZ>Y[h7lP_&� IKJb� X>IKY>�KY.G[JNSUTW]AMA]^_K��lPM^�NJNZp]^X4IWS ]^h%TKVWX X4JN�NY&X4IKY[Z�� � IKY._dk
X4IWY�_KY0�LX�X4IKZpY.Y�G<I1lmTWX4Y[Z>h\TKZ>Y[h>Y._BXL�K] �dY[Z>Y._BX�T1lmZpX4h JmO X>IKY lPMA�PJNZ>]gX4IKS>� QRIKlPTWX4Y[Z�s%Y0�WlPS ]A_KY[h
_KJN_�1jY0�HG[Y.TWX>]AJN_1lmM G[JN_BX4Z>JPM/�1Jb�,� � IK]Ah�]Ah�oKZ>JP�PY._ ]^_BX4J�X4IKZpY.Y�hpY.G[X>]AJN_Wh.k M^JHJNTWh.k 
 � a�h.k+lm_!�
M{lmo�Y[MAY�� oKM^JHG<��h'� QRI1lPTWX>Y.Z , MAJLJN��h lmX�Y0�HG.Y[TWX4]^JN_1lPM1G[JN_BX4Z>JPM!�1Jb� kWlP_&�UG<I1lmTWX4Y[Z - Y0�WlPS ]A_WY.h�l
��]��WY Z4lP_K�PY\JmO �Nl(fml)�1G.lmX4]^JN_ lP_!� ]��K]^JNSUlmX4]^G ]^h>h>VWY.h��$Fj_ G<I1lPTHX4Y.Z > � Y\X>Y.hpX 
�l(fml lP_!� Z>Y&fH]^Y[�
X4IWY�ZpY.hpVKM^X>h�� n ]A_KlPMAMgiNkLG<I1lPTWX>Y.Z ? TWZ>Y.hpY._BX4h\JNVKZ�G[JN_KG.M^VKh>]^JN_Kh JN_�X4IWY 
�l(fml��KY.G[JNS TK]AM^Y.Z��
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� IK]Ah X4IKY[h>]Ah TWZ>Y.hpY._BX4h\lP_�lmMA�NJNZp]^X>IKS X4IKlmX ]AhRVKh>Y'��O JPZJ�KY[G.JNS TK]AM^]A_K� �Nl(fml o�i�X>Y.G.J��KY ]A_BX>J
�Nl(fml hpJNVKZ>G[Y G.J��KY(� � IKY�S7lm]A_��NJNlPMAh JPO X4IWY�lmMA�NJNZp]^X>IKS lPZ>Y�lPh O JNM^MAJb��h��

+ �eQRJNZpZ>Y[G[X4_WY.h>h'� U Y hpIKJNVKM���_KJPX TWZ>J��KVKG.Y%]^_KG.JPZ>Z>Y[G[X�JPVWX4TKVHX �IFj_�X4IWY Z4lPZpY G(lmh>Y.h ��IWY._
� Y G(lP_K_WJPX�TKZ>J��KVKG[Y�lP_�JNVWX4TWVWX(kK� Y h>]AS TKMgi7�N]gfNY�VKT�lP_&��hpY._!��lP_�Y.ZpZ>JNZ S Y.hph4lP�NY X>J
X>IKY VKh>Y[Z��

q��\c\_!�KY.ZphpX4lP_!�1lPoWMAY JNVWX>TKVWX � � IK]^h�Z>Y�H�VK]^Z>Y[SUY[_�X\]^h oKZ>JN�mY._�]A_BX4J%Xj� JUhpVKo�1 �NJBlPM^h��
! l " * M G.]^Y._BX�ZpY.TKZpY.h>Y[_BX<lmX>]AJN_5� n JNZ\lP_Bi��N]^fPY._�TW]AY.G[Y�JmO+G.JN_BX>Z>JNM �1Jb�)X4IKY[Z>Y�S7l(i�oxY

SUlP_Bi TxJNh>hp]AoKM^Y�h X4ZpVKG[X>VKZ>Y'� Z>Y[TKZ>Y[h>Y._BX4lmX4]^JN_Kh�� n JPZ Y��WlPSUTWMAYPkml � E 7N<N; MAJLJNT G.JNVKM��
Y'H�V1lPMAMgi oxY+Z>Y[TKZ>Y[h>Y._BX>Y�� oBi lP_ 798 lm_!� ��� : � E 7 <N; hpX4lmX4Y[SUY[_BX G.JNS oW]A_1lmX>]AJN_2� W�VWZ
]^_BX4VK]gX4]AJP_*]^heX4IKlmX�l7hp]AS TKMAY G[JN_KG.]^h>Y ZpY.TKZpY.hpY._BX<lmX>]AJN_�JmO G.JN_BX4ZpJNM �1Jb� hpIKJNVKM���oxY
Y.lPh>]^Y.Z X4J VK_&�KY.ZphpX<lm_!�*X>I1lP_*l S JNZpY�G.JNS TKMAY��!JN_WY(�

! o " ++ZpJN�NZ4lmSUS Y.Ze]��K]^JNS Z>Y[G.Z>Y.lmX4]^JN_5�,F O X4IKY[Z>Y ]^h�lP_�JNoBfL]AJPVKh T1lmXpX4Y[Z>_�]A_�X>IKY G[JNST1
TW]AMAY'��G[J��WY���IK]^G<I G.JPZ>Z>Y[h>TxJN_!�Kh X4J�l\TKZpJN�NZ>lPSUS Y.Z ]��K]AJPS)lP_!� �KJHY[h _WJPXE]^_BX4Y.Z O Y.ZpY
��]gX4I!Y0MUG[]AY[_�X Z>Y.TWZ>Y.hpY._BX<l6X4]AJP_�kW� Y���]AM^M�l6X>X4Y[SUTHXRX4J Z>Y.oWVK]AM��7X4IKY�]��K]^JNS�� � _!Y��B1
lmSUTKM^Y ]Ah X4IKY G.JN_WhpX4ZpVKG[X>]AJN_�JPO 8 � @ MAJLJNTKh JNVHXEJPO � E27N<N; MAJLJNTKh ��]^X>I�]^_K]^X>]{lPM^]A�.lmX4]^JN_
lm_!�*]^_KG.ZpY.S Y._BX<lmMA]A�.lmX4]^JN_5�
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s&�eFHTxY.Y'�5��W _KG[Y X4IKY��KZ>hpX�Xj� J�G.Zp]^X4Y[Z>]Al�lPZ>Y h4lmX>]AhK�KY���k�� Y%S7lm�PY lP_�Y��dJNZ X X4J!�mY.Y[T X4IWY
ZpY.hpX>Z>VKG&X4VKZp]A_K� lPM^�NJNZp]^X4IWSUh�Z>Y.lPh>JN_KlPoKM^i O lPh X � U Y
�pV!�K�NY X>IK]Ah X>J%o�Y l(�WY�H�V1lmX>Y lPh MAJN_W�
lPh X>IKYI�KY[G.JNS TK]AMAlmX4]^JN_7TWI1lPh>Y ZpVK_Kh ]A_!VW_!�KY.Z �KfPY h>Y.G[JN_!�Kh�O JNZ l%S Y[X>IKJ��2� � JPX>Y X4I1l6X
]^_�X>IKY �Nl(fml ��]AZ X4V1lPM ` lPG<IK]A_WY%FHTxY.G[]��1G.lmX4]^JN_�X>IKY.ZpY�]^h�l MA]^SU]gX JPO VKT*X>J�> -A-msA>%o�i�X>Y.h
TxY.ZUSUY&X4IKJ���k lP_&� X4IKY[Z>Y&O JNZ>Y�l MA]^SU]gX%JPO3> -�-PsA> �KY.G[JNSUTW]AM{lmoKMAY!h X<lmX>Y.S Y._BX4h7O JPZUJNVWZ
�KY[G.JNS TK]^MAY.Z X4J TKZ>J��KVKG[Y(�

� IK]Ah\lPM^�NJNZp]^X4IWS ]^h fNY[Zpi�M{lmZ>�NY�lm_!�!X4IKY T1lPZ X4h\lPZpY�IK]A�NIWM^iU]A_BX4Y[Z �KY[T�Y[_!�KY._BX�� � J �W]AZ>Y[G[X>M^i
l(�!�WZ>Y.hph X>IKY ��IKJNMAY�O VK_KG&X4]^JN_K]A_W� X4JN�NY&X4IKY[Z ]^h+X4J�MAJNhpY\hp]A�NIBX�JPOxX4IKY\�NVK]��K]A_W���WY.h>]^�N_ ]A_Ul,�1JLJ��
JPO&�KY[X4lP]AM^h�� � IK]Ah G<I1lPTWX>Y.Z TKZ>Y[h>Y[_�X>h+lP_�J�fPY.Z fH]^Y[� ��IK]^G<I �RlPMA��h X4IKZpJNVK�NI�X4IKY/�1lmX4l\h X4Z>VWG[X4VWZ>Y.h[k
oKZp]AY'�Wi�X4lPMA��h+lPoxJNVWXE��I1lmX X>IKY T1lPZ X4h JPO~X>IKY lPM^�NJNZ>]gX4IKS$lmZ>Y lP_&�%IKJb� X>IKY[i lPZ>Y TWVWX+X4JN�PY[X4IWY.Z��
� IKY[_�lmO X>Y.Zp�RlPZK�Kh.k~]A_�G<I1lmTWX4Y[Z>hes%X>IKZ>JPVK�NI -HkW� Y��NJ o1lmG<��lP_!��Y0�WlPS ]A_KY�Y.lPG<I�SUl �pJNZ ]^h>hpVKY
JN_�]^X>h�J���_2�
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� IKY.ZpY lPZpY �WfNY �1lmX<l hpX>Z>VKG&X4VKZpY.h�X>I1lmX�� Y VKhpY X>J ZpY.TKZpY.h>Y[_BX�l �Nl(fml SUY&X4IKJ�� ��IW]AMAY
�KY[G.JNS TK]AM^]A_K�&�

+ �ea�Z>]^SUT�ZpY.TKZpY.hpY._BX<lmX>]AJN_
q��eQRJN_BX>Z>JNM n M^Jb�)a�Z4lPTWI ! Q n a "
s&�eFLX>Z>VKG&X4VKZpY�* _WG(lPTKhpVKM{l6X4]AJP_ � Z>Y[Y ! F&* � "
,!� � oKhpX>Z4lPG&X F�iH_BX4lS� � ZpY.Y ! � F � "
-��e�Nl(fml%h>JNVKZpG.Y�G.J��KY

� IKY FHJLJPX O Z>lPSUY&�RJPZ>��TKZ>JLG.Y[h>h>Y[h��Nlbfml�oBi�X4Y[G.J��KY lP_!��TKZpJ��KVWG.Y.h�a�Z>]^SUT�k~��IK]^G<I�]Ah JNVWZ
hpX4lPZpX>]A_K� TxJN]A_BX�� � IKY\G.JN_BX4Zp]AoKVHX4]AJP_ JmOdX4IW]Ah+X4IKY[h>]^h ]^h X>J�G[JN_BfNY[ZpX�a�Z>]^SUT X>J l�Q n a kNX>J�oWVK]AM��
l F&* � O ZpJNS X4IWY�Q n a%k~lP_!� �1_KlPMAMgiUX>J TWZ>J��KVKG.Y�lP_ � F � O Z>JPS X4IWY F�* � � � ZpY.G[JNSUTW]AM{lmoKMAY
�Nl(fml"S Y[X>IKJ�� ]Ah X>IKY._ Y.S ]^XpX4Y'� lPh%h>JNVWZ>G.Y�G[J��KY�O ZpJNS l"TWZ>Y[XpXji TKZp]A_BX4Y[Z X4Z>lbfPY.Zph4lPM JPO\X4IWY
� F � �

� J%IWY.MAT7VK_!�KY[Z>hpX4lP_!��IKJb� X4IKY+�WY.G.JPSUTK]^MAY[Z�� JNZ>��h[kW�RY�hpIKJb� kKhpX4lPZpX>]A_K� ]A_�hpY.G[X>]AJN_!q�� q�� + k
lP_ Y0�WlPS TKM^Y�SUY&X4IKJ�� o�Y[�N]A_W_K]A_K��]A_ ]^X>h a Zp]AS T Z>Y[TKZ>Y[h>Y[_�X4lmX4]^JN_�k lP_!� IKJb� ]gX%�NY&X4h X4Z>lP_Kh 1
O JNZpSUY'��X>IKZ>JPVK�NI�Y(lPG<I*JPO X4IKY[h>Y��K]
��Y.ZpY._BX\Z>Y.TWZ>Y.hpY._BX<l6X4]AJP_Kh��
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n ]A�PVKZ>Y�q�� + .�a�Z>]^SUT�ZpY.TKZpY.hpY._BX<lmX>]AJN_*JPO h>]AS TKM^Y SUY&X4IKJ�� � � � �
a Zp]AS T�]Ah l IK]A�NI!M^Y[fPY.M VK_Kh X4ZpVKG[X>VKZ>Y'�*]^_�X>Y.ZpSUY'�K]{lmX>Y�ZpY.TKZpY.h>Y[_BX<lmX>]AJN_�h>VK]gX<lPoWMAYeO JPZ X4Z4l)�K]"1

X4]^JN_1lPM�G[JNSUTW]AMAY[Z JPTWX4]^SU]^�(lmX>]AJN_Kh'� n ]A�PVKZ>YRq�� + h>IKJb��h lP_ Y��WlPSUTWMAYRS Y[X>IKJ�� � � � ]A_�X4IKY�a�Z>]^SUT
O JNZpS7lmX�� � a�Z>]^SUT!ZpY.TKZpY.hpY._BX<lmX>]AJN_*G.JN_Wh>]Ah X4h\JPOEl hpY�H�VKY._WG.Y JPOEIK]A�PI�1jM^Y[fNY[M�hpX4lmX4Y[SUY[_BX4h\h>VKG<I
lPhRlP�N�NZpY.�BlmX>Y��UY0�HTKZ>Y[h>hp]AJN_Kh[k%�K]AZpY.G&X4]^fPY.h�O JNZ G[JN_BX4ZpJNM �KJ�� kWlP_!�7X>IKY I1lm_!�KMAY[Z>h�O JNZ Y��HG.Y.THX4]AJP_Kh
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lP_!��G.JP_KG.VKZpZ>Y[_KG[i(�
� JPX>Y�X>I1lmX ]^_ �1�PVKZ>Y*q�� + lmMAM TKZpJN�NZ>lPS h X<lmX>Y.S Y._BX4h Y0�HG.Y[TWX�hp]AS TKMAY���� ? � = I1l(fNY�o�Y[Y._

M{lmo�Y[MAY��*��]^X4I�M^Jb�RY[Z�G(lPhpY%MAY[XpX4Y[Z>h�� � IKY.hpY MAY[XpX4Y[Z M{lPoxY.M^h lPZpY%_KJPX�TKlPZpX�JmO a�Z>]^SUTdkdoKVWX IKlbfPY
oxY.Y._*l(�!�WY��*X>J lP]�����]gX4I�JNVKZ M{l6X4Y.Z TWZ>Y.hpY._BX<l6X4]AJP_*JPO X4IWY Q n a lm_!��F�* � Z>Y[TKZ>Y[h>Y._BX4lmX4]^JN_Kh��

� MgX4IKJNVW�NI a Zp]AS T�� lmh�JPZ>]A�P]A_1lPM^M^i �WY.h>]^�N_KY'� lPh�TKlPZpX JPORl!oBiLX>Y.G[J��KY JNTWX>]AS ]A�[Y.Z � qA?�� k ]^X
lPM^h>J TKZpJbfH]��KY.h�lP_ Y0�HG[Y.MAM^Y._BX!h X<lPZ X4]A_W� T�JP]A_BX7O JNZ �KY[G.JNS TK]AMAlmX4]^JN_ o�Y[G(lPVKhpY�]^XUI1lPh!lmMAZ>Y.l(�Wi
�KY.lPM^X���]gX4I"h>Y&fNY.Z>lPM Z>Y[MAY[fmlP_BX ]^h>h>VWY.h�� n JNZ Y��WlPSUTWMAYPk�X>IKYU�Nl(fPl!Y��WTWZ>Y.hph>]^JN_ h X<lPG<��IKlPh o�Y[Y._
Y.M^]AS ]A_1l6X4Y��dk6Y��HTKZ>Y[h>h>]^JN_Kh IKlbfPY o�Y[Y._%lm�N�NZ>Y[�BlmX>Y���kPlP_!�%lPM^MBfPlmZ>]{lmoKMAY[h IKlbfPY �KY.G[M{lPZ>lmX4]^JN_Kh ��]^X>I
lPTKTWZ>JNTKZp]{lmX>YeXjiLTxY.h � @�� � * �HG[Y.TWX O JNZ�X4IKY�M{lPG<� JPO h X4Z>VWG[X4VWZ>Y lP_!�7G.Y.Z X<lP]^_!G.JN_BfPY._BX4]^JN_KhJ1Eh>VKG<I
lPh\hpX4lmX4Y[SUY[_�X>h�ZpY'�1Y[G[X4]^_K�7TKlPZ4lPS Y[X>Y.Z�T1lPhph>]^_K�)! ] � Y(� @������	�N? E 7 =�
 "J1 a Zp]AS T!fNY.Z i�S VKG<I
Z>Y[h>Y[S oKMAY[h%�Nl(fml�h>JPVKZ>G[Y�G.J��KY(� F X ]Ah��pVKhpX�X4IKY �K]AZpY.G[X>]^fPY.h�O JPZ�G[JN_BX4Z>JPM/�1Jb� lP_!� Y0�HG.Y[TWX4]^JN_
I1lP_&�KMA]^_K� X4I1l6X\lPZ>Y VK_Kh X4ZpVKG[X>VKZ>Y'�5�

W VKZ �1Z>h X X<lmh>� ]^hEX4J�ZpY.h X4Z>VWG[X4VWZ>Y X4IKY G[JN_BX4ZpJNM��1Jb� lP_!� Y0�HG[Y.TWX>]AJN_ I1lP_&�KMA]^_K��lP_!�%oWVK]AM��%l
hpX>Z>VKG&X4VKZpY��"a�Z>]^SUT!ZpY.TKZpY.hpY._BX<lmX>]AJN_2� ce_WO JPZpX4VW_1lmX4Y[M^iPkxh X4ZpVKG[X>VKZ>Y'��a�Z>]AS T�]Ah�_KJPX\Y'HLVW]^fmlPMAY[_BX
X4JU�Nl(fml hpJNVKZpG.Y G.J��KY(� FHJPSUY�JPO X4IWY�l)�!�K]^X>]AJN_KlPM2�K] �dY[Z>Y[_KG.Y[h\X>I1lmX � Y l(�&�KZ>Y[h>helPZ>Y).

+ � � M^X4IWJNVK�NI�fmlPZp]{lPoWMAY.h\I1l(fNY%oxY.Y[_�XjiHTxY��dk ]A_BX4Y[�NZ4lPM lP_!��oxJLJNMAY.lP_�G[JN_KhpX4lP_BX4h�I1l(fPY%_KJPX �
� IKY ����� < ;BD�� k C E!D @ k � A ? ; k~lP_!� =9E � @ ? XjiLT�Y[h�lPZpY�hpX>]AMAM�lPMAMxX4Z>Y.lmX4Y'��lmh 7�� ? �

q�� ` Y&X4IKJ��>�KY.G[M{lPZ>lmX4]^JN_Kh ZpY'�1Y[G[X�X4IKY M^JHJNhpY.Z G[JN_Kh X4Z4lm]A_BX4h�]AS TxJNh>Y'��oBi�X>IKY��Nl(fPl���]AZpX>V1lPM
` lmG<IK]A_KY�FHTxY.G.]"�1G(l6X4]AJP_ Z4l6X4IKY[ZUX4IKlP_ X4IWY�hpX>Z>]^G[X4Y[Z7JN_WY.h7O ZpJNS�X4IKY��Nl(fPl�� lm_K�NV1lP�PY
FHTxY.G[]��1G.lmX4]^JN_5� � � J*]^h>hpVKY.h�JPO _KJPX4Y lPZpY X4I1l6X ! + "�]A_"oBi�X4Y[G.J��KY7l!S Y[X>IKJ�� �KJLY.h _KJmX
_KY[Y��
X4J �KY.G[M{lPZpY l ? E @ � � = G[M{lPVKhpY%O JNZ lP_"VK_KG.lPVK�NIBX�Y0�HG.Y[TWX4]^JN_�k ��IK]AM^Y%]A_�X4IKYU�Nl(fml
MAlP_K�NV1lm�NY ]^X S VKhpX.k lm_!� ! q "eX4IWY ? E @ � � = G[M{lPVWh>Y.h S VWhpX�lP�NZpY.Y o�Y&Xj�RY[Y._ G.M{lmh>h>Y[h lm_!�
X>IKY.]^Z h>VKo�1 G.MAlPh>hpY.h\]A_!X4IKY��Nl(fml%M{lP_K�PV1lP�NYmkW��IK]AM^Y ]^X�]^h _KJPX\_KY[G.Y.hph4lPZ i�]A_�oBi�X4Y.G[J��WY(�

s&� Fj_ oBi�X4Y[G.J��KYPk _KY&� JPo	�pY.G&X4h%lPZpY7G[Z>Y(l6X4Y�� ]^_ Xj� J�hpX4Y[TKh�� n ]AZ>h X(kElP_ Y.S TWXji
JNo	�pY[G[X%]^h
G[Z>Y(l6X4Y�����]^X>I�l �!; � ]^_KhpX>Z>VKG&X4]^JN_�k~lP_!�*h>Y[G.JN_!�dkxX>IKY�JPo	�pY.G&X�]^h\]^_K]^X>]{lPM^]A�[Y��7��]gX4I*l G.lPMAM
X>J X4IKY G.MAlPh>h�� h 	!7�� 7 ? � S Y[X>IKJ��5� Fj_�X4IKY��Nl(fml%M{lP_K�PV1lP�NYmkHX4IWY.Z>Y�]^h h>]^SUTKMgi JN_KY�G(lmMAM�X>J
X>IKY �!; � � � G[M{lPhphR]A_WhpX<lm_KG.YeG.Z>Y.lmX4]^JN_ Y0�HTKZ>Y[h>hp]AJN_5� U IK]^MAY X4IWYeXj� J S7l6X4G<IK]^_K��oBi�X4Y[G.J��KY
]^_KhpX>Z>VKG&X4]AJP_Kh lPZ>Y�VKh>VKlPMAMgi O JNM��WY�� ]A_BX4J l hp]A_K�NM^Y �!; � � � ]A_ a Zp]AS T�k X4IKY�O JNM�� ]Ah _KJmX
TxY.Z O JNZ>S Y�� ]^O X>IKYUXj� J�]A_WhpX4ZpVKG[X>]AJN_Wh lPZpY7hpY.T1lPZ>lmX4Y'� oBi ]^_BX4Y.Z fNY[_K]A_K��G.J��KY(� � S JNZ>Y
lP�P�NZ>Y[h>h>]gfNY �!; � � � O JNM��KY.Z ]^h _KY.Y'�KY���O JNZ �KY[G.JNS TK]AMAlmX4]^JN_5�

,!� Fj_ a Zp]AS T�k X4IKY[Z>Y S7l(i"oxYUS VWM^X4]^TKMAY%G.lPMAM^h X4J�X4IKY G.VKZpZ>Y[_�X JNZ h>VKTxY.Z 1jG.MAlPh>hpY.h 	%7�� 7 ?��
S Y[X>IKJ�����]^X>IK]A_*lUG[JN_Kh X4Z>VWG[X4JPZ�� Fj_��Nl(fml X>IKY.ZpY SUl(i!JN_KMgi�o�Y�JN_KY�G(lPM^M�X4J X4IKY�G.JNZpZ>Y�1
hpT�JN_&�K]A_K� ? E 7 = � � JNZ = 
 �!; @ � � ]A_W]^X4]AlPMA]^�(lmX>]AJN_ Y��WTWZ>Y.hph>]^JN_�TxY.Z G[JN_KhpX>Z>VKG&X4JNZ'�
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-��eQRMAlPh>hpY.h lP_!� T1lPG<�6lP�NY[h SUl(i%I1l(fNY\X4IKY�h4lmSUY�_1lPS Y�]A_Ua�Z>]AS T%h>]^_KG.Y\lPM^M 7���� � � ; hpX4lmX4Y�1
S Y._BX4h Y0�HTKM^]AG.]gX4Mgi hpX4lmX4Y�X4IKY T1lPG<�6lP�NYmkPG[M{lPhph lP_!��SUY&X4IKJ�� _KlPSUY[h�� � IKY��Nl(fmleMAlP_K�NV1lm�NYPk
IKJb� Y[fPY.Z.k�lmMAMAJb��h O JNZ ]AS TKM^]AG.]gX�T1lmG<�mlm�NY VWh>Y lm_!� �K]^h4lPM^MAJb��h T1lPG<�6lP�PY �mG[M{lPhph _1lmSUY�G.MAlPh>I�1
]^_K�!�

>&� ` Y&X4IKJ�� T1lPZ4lmSUY&X4Y.Zph lPZ>Y�lPhph>]^�N_KY�� O Z>JPS h>TxY.G[]{lPM fmlPZp]{lPoWMAY.h���]^X4IW]A_ X4IKY�oxJ��Hi JPO�l
a�Z>]^SUT*SUY&X4IKJ��5�IFj_�JNVKZ�Y0�WlPS TKMAY�SUY&X4IKJ�� � � � ]A_��1�NVKZpY q�� + ! T1lP�PY:@ "\X>IKY ]A_BX>Y.�NY[Z
T1lmZ4lPS Y[X>Y.Z7X>I1lmX � � � Z>Y[G.Y.]gfNY[h�]^h!MAJBl)�KY�� ]^_�X>J MAJLG(lPM 7 � ]A_ X>IKY�hpX4lmX4Y[SUY[_�X 7 � ���

� �!D @ D � ; ? ; @�� 
 �JFj_��Nl(fmlWkWIWJ�� Y[fPY.Z[k~X>IKY M^JHG.lPM 9AD X>IKY T1lmZ4lPS Y[X>Y.Z ��IW]AG<I!]Ah ]AS TKMA]^G.]gX4M^i
lPhph>]^�N_KY���X4J ]^_�X>IKY ]A_BfNJLG(l6X4]AJP_!JPO�� � � �

?��L*4�HG.Y[TWX4]^JN_�T1lmZ4lPS Y[X>Y.Z>helPZpY�lmMAh>JUlPhph>]A�P_KY���O Z>JNS hpT�Y[G.]AlPM fPlmZ>]{lmoKMAY[h ��]^X4IW]A_�X4IKY�o�J��Wi
JPOdX4IKY a Zp]AS T S Y[X>IKJ��5� � �NlP]A_�k�]^_UJNVWZRY0�WlPS TKM^YeS Y[X>IKJ�� � � � ]^_ �1�PVKZ>Y q�� + ! T1lm�NY @ "
X>IKYRY��WG[Y.TWX>]AJN_%IKlP_!�KM^Y.Z lmX <ND � ;�< ��lPh>hp]A�N_Wh leZpY[O Y[Z>Y._WG.Y X4J�leG.lPVK�NIBX+Y��WG[Y.TWX>]AJN_ JNo	�pY.G&X
X>J�l MAJLG(lPM ZpY[O Y.ZpY._KG[Y(. � @ � � �	� C(D 
 � E ? ;��%CN;�� ? 7 � � 
 �IFj_"�Nl(fmlWk1X4IKY&i*lPZ>Y�]AS TKMA]^G.]gX4M^i
lPhph>]^�N_�X>JU]^_�X>IKY��KY.G[M{lPZ>lmX4]^JN_�JPOEX>IKY C(D ? C E � � G.MAlPVKh>Y�lPh\h>IWJ���_�]A_ �1�NVKZpY q�� ? ! T1lP�PY
+ > "&kKh X<lmX>Y.S Y._BX�� �

@&� � IKY\hpiL_BX<l9� JPO 	!7���� ��� ; � kW_KY[�BlmX>]AJN_�kBM^Y._K�mX4I�k�lP_&� X>IKY fPlmZ>]AJPVKh C � � Y��HTKZ>Y[h>h>]^JN_Kh�S7l(i
_KY[Y���X4J o�Y�G[JN_BfNY[ZpX4Y'��X4J G[JN_WO JNZpS X4J%X4IWY �Nl(fml M{lP_K�PV1lP�NY hpT�Y[G.]"�1G(lmX>]AJN_2�

�&� � IKY�fmlPZ>]^JNVKh G.JP_KhpX>Z4lP]^_�X>h JP_7hpX4lmX4]^G�]A_K]gX4]{lmMA]A�[Y.Zph ��]^X>IK]A_ X4IWY �Nl(fml�oBi�X4Y[G.J��KY�lPZpY�S VKG<I
M^JHJNhpY.Z\X4I1lP_�X>IKJNh>Y%hpT�Y[G.]"�1Y��"]A_�X>IKY �Nl(fml�M{lP_K�PV1lP�NY hpT�Y[G.]"�1G(lmX>]AJN_2� � � J�]AS T�JNZ X<lP_BX
]^h>h>VWY.h lmZ>Y ! + "d��IK]^MAY+X4IWY.Z>Y�SUlbi oxY�h>Y[fPY.Z>lPMHY��H]^X T�JP]A_BX4h ��]^X>IK]A_�X4IWY oBi�X4Y[G.J��KY ! @ ; ? 
�@ �
� � 7 ��]^_KhpX>Z>VKG&X4]^JN_Kh%"�k6X>IKY.ZpY S VKhpX JN_KMgi�o�Y�JN_KY ]A_ X4IKY�M{lm_K�NV1lP�PY fNY.Zph>]^JN_�kBlP_&� ! q " ��IW]AMAY
X>IKY%oBiLX>Y.G[J��KY SUlbi�G.JN_BX4lP]A_
lPZpoK]^X>Z4lPZ i�_KJPZ>SUlPMEG[JN_BX4Z>JPM �1Jb� k X>IKY%M{lm_K�NV1lP�PY fNY[Z>h>]^JN_
]^h ]A_BX4Y[_!�KY���X4J oxY l h X4Z4lm]A�NIBX�MA]^_KY JPOElPhph>]A�P_KSUY[_BX4h��

� IKY.hpY7lmZ>Y �pVKhpX�l!O Y[� JPO�X4IKY ]^h>h>VWY.h�X4I1l6X���]^MAM _KY.Y'�
X>J�oxY l(�!�KZpY.hph>Y��
O JNZ l!G.JNS TKM^Y[X4Y
X4Z>lP_Kh O JNZ>S oxY[Xj� Y.Y._
hpX>Z>VKG&X4VKZpY��
a�Z>]^SUT*lP_!�
�Nl(fml&� 
\Jb�RY&fNY.Z[k JNVKZeZ>Y.hpVKM^X>h���]AM^M h>IKJb�$X4I1l6X
l(�!�WZ>Y.hph>]^_K��lPMAM��K]
��Y.ZpY._KG[Y.h ]Ah+_KY[]^X>IKY.Z+TxJNh>hp]AoKM^Y _KJNZ l�TKZ>lPG[X>]AG.lPMW_KY[G.Y[h>h>]gXjiN� U Y h>VKTKTxJNZ X+X4IK]^h
G.MAlP]AS$oBi G[JNS T1lPZ>]^_K��JPVKZ+Z>Y[h>VKMgX4hE��]gX4I X4IWY Z>Y.hpVKM^X>h JPOxh>Y&fNY[Z4lPM1M^Y(l(�K]^_K��O ZpY.Y lP_&� G[JNS SUY[Z>G.]AlPM
�Nl(fml �KY[G.JNS TK]^MAY.Zph ]A_�G<I1lPTWX>Y.Z >Ulm_!�*hpY.Y�X4I1lmX\JNVWZelmTKTKZ>JNlPG<I*]^h�o�JPX>I*hpV&M G.]^Y._BX lm_!��S JNZ>Y
X4IWJNZ>JNVW�NI!X4I1lP_�JPX>IKY.Z�MAY.l(�K]^_K���KY.G[JNS TK]AM^Y.Z>h'�
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X4VWZ>]A_W� ]Ah�X4J oKVW]AM�� l G[JN_BX4ZpJNM+�1Jb� �PZ4lPTKI ! Q n a "7Z>Y[TKZ>Y[h>Y[_�X>]A_K� TxJPX4Y[_�X>]{lPM�G.JN_BX4ZpJNM �1Jb�
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n ]^�NVKZpY�q�� q�.�QRJN_BX4Z>JPM n MAJb� a Z>lPTKI�JPO�� � � �
n ]A�PVKZ>Y q�� q h>IKJb��h X4IWY Q n a O JNZeJNVKZ Y��KlmSUTKM^Y S Y[X>IKJ�� � � � � � IKY%MAlPo�Y[MAY'��_KJ��KY.h�G.JNZ 1

Z>Y[h>TxJN_!��X>JUX4IWY M{lmo�Y[M M^Y[XpX4Y.ZpheO ZpJNS �1�NVKZpY%q�� + ! T1lP�NY @ "0� � IKY.ZpY%lPZpY�Xj� J7XjiLT�Y[h JPO G.JP_�X>Z>JNM
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! �WJPX>X>Y��
lPZ>ZpJb��h%"0� � IKY%Xj�RJ!XjiLTxY.h�JPO�Y��K�NY[h�lPZ>Y _WY.G.Y[h>h>lPZpi"oxY.G.lPVKh>Y �NZ>lPTKI�X4IWY.JNZpY[X4]^G O Y(lS1
X4VWZ>Y.h hpVKG<I lPh,�KJPSU]^_1lP_KG[Y%lP_!�
Z>Y.lPG<I1lPoK]^MA]gXji�S VWhpX�VKh>Y oxJPX4I�XjiLTxY.h�JPORY'�K�NY[h ��IW]AMAY%JmX4IKY[Z
O Y(l6X4VKZpY.h.k~hpVKG<I�lPh X>IKY h>VKG[G.Y.hph>JNZpheX>J7l%MAJLJNT!G[JN_!�K]gX4]AJP_�kKSUlbi7G.JN_Wh>]��WY.Z�JN_KMgi!Z>Y[�NVKM{lmZ T1lmX>IKh
JPO Y0�HY.G[VWX4]^JN_5�

� IKY.ZpY�lPZpY!Xj�RJ ]A_BX4Y[Z>Y.h X4]^_K�
O Y.lmX4VWZ>Y.h X4IKlmXUlPMAM S Y[X>IKJ��Kh%��]AMAMRTKZ>J��KVKG[Y*]^_ X>IKY.]^ZUQ n a
Z>Y[TKZ>Y[h>Y[_�X4lmX4]^JN_Kh'�

+ � � IKY[Z>Y ��]AM^MdoxY�Y��WlPG[X>M^i!JN_WY�Y[_BX4Zpi�T�JN]^_BX X4J%X4IKY S Y[X>IKJ���� h�G.JP_�X>Z>JNM5�KJ��,�
q�� � IKY �NZ>lPTKI�_KY.Y'�*_WJPX\o�Y Z>Y'�KVKG[]AoKM^Y(�

� IKY�G<IK]^Y[O G[JN_KhpY�H�VKY._WG.Y�JPO TxJN]A_BX q�]^h�X>I1lmX l*Z>Y'�KVKG&X4]AJP_ o1lPhpY�� lPTWTKZ>JBlmG<I X4J��KY.G[JNST1
TK]^MA]A_W��]^h ]A_KhpV&M G.]AY[_BX �*QRJNS TK]AM^]A_K�!]^h�TxY.Z O JNZ>S Y�� o�i
VKhp]A_K�*�NZ4lmSUSUlPZ �x243��(R~;0O 9:36?WD lP_&� ]^X
]Ah�]A_BX>VK]^X>]^fNY[M^i
lPTWT�Y.lPMA]^_K��X>I1lmX �KY.G[JNSUTW]AMA]^_K��h>IKJPVKM�� hp]AS TKM^i�o�Y7l�h>Y&X JPO 240 �(R1;0O 9:36?WD JP_ l
Q n a k~TxY.ZpI1lPTKheS7lP��]^_K� h>MA]^�NIBX\�NZ4lPTWI�X>Z4lP_Kh O JNZ>SUlmX>]AJN_Kh ��IKY[Z>Y�_KY.G[Y.h>h>lPZpi(� � J7VW_!�KY.ZphpX4lP_!�
X4IWY �K]"MUG[VKM^X>]AY[h l�Z>Y��WVKG[X>]AJN_Uo1lPh>Y'��lPTKTKZpJBlPG<IUTKZ>Y[h>Y._BX>h.k~lP_!� ��IBiUX>IKY�_KY��LX �1lmX4l�hpX>Z>VKG&X4VKZpY
� Y�]A_BX>Z>J��KVKG.Y ! X>IKY�F&* � " ]Ah _KY.G[Y.h>h>lPZpiPk\� Y�S VKhpXUX<lP�mY�l oWZ>]AY&O�MAJLJN� l6X7IKJb� ZpY��KVKG&X4]^JN_
� JNZ>��h��
a ]gfNY[_ lm_
VW_KhpX>Z>VKG&X4VKZpY����W]A�NZ>lPTKI � ZpY.TKZpY.hpY._BX4]^_K��X>IKY%G.JP_�X>Z>JNM �KJ�� JPORl!TKZ>JN�PZ4lPS�k �

]AhRh>G(lm_K_KY���O JNZ hpVKoK�NZ>lPTKIKh X>I1lmX\lPZpY ]AhpJNSUJPZ>TKIK]^GeX>J X>IKY�G.JP_�X>Z>JNM �1Jb� �NZ>lPTKIKh JmO X>IKY X<lmZ>�NY&X
M{lm_K�NV1lP�PY.� h�G[JNSUTxJNhp]^X4]^JN_1lPMEG.JN_Kh X4ZpVKG[X>h�� n JPZ�Y��KlmSUTKM^YPk X4IKYU�NZ4lmTKI JPO l*h>]^SUTWMAY 798 � JNVKM��
h>Y[Y.S X>J oxY��RY[MAM �KY0�1_KY'��k%�1�NVKZpY q�� s&�

a

b

c

"if" construct

c

d

after reduction

n ]A�NVWZ>Y�q�� s&. � IKY G.JP_�X>Z>JNM5�KJ�� �NZ4lPTWI�O JPZ�lP_ 7S8 h X<lmX>Y.S Y._BX �
F O kH��IK]^MAYeh>G(lm_K_K]A_W� a k�� Y Y[fPY.Z6�1_!��l �NZ4lPTWI7X4I1l6X ]Ah�]AhpJNS JNZ>TKIW]AG�X4J X>IKY MAY&O XK1 I1lP_!�Uh>]��WY

JPO �1�NVKZpY%q�� s
! T1lP�NY + q "R� Y G.lP_ 240 �(R1;<0 ]^X�X4J X4IWY�Zp]A�NIBX\I1lP_!�*h>]��KY(��c\_WO JNZpX>VK_1lmX>Y.MgiNkxlP_ 7S8

+ q
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n ]A�NVKZpY q��D,!. � _ 798 hpX4lmX4Y[SUY[_BX\��]gX4IKJPVWX\lP_Bi � �pJN]^_�
%T�JP]A_BX �

SUlbi X4lP�PYeS7lP_Bi JPX>IKY.Z�O JNZ>S h�� n JNZ�Y0�WlPS TKM^YPk�X4IKY G[JN_BX4ZpJNM �KJ�� Y'�K�NY�O ZpJNS �UX4J C _KY[Y��!_KJmX
Y0�H]^hpX(k~lmh\hpY.Y[_�]A_ �K�NVKZ>Y�q��D,!�

� IKY7hpVKoK�NZ>lPTKI O JPZ�l�G.JPSUTxJNh>]gX4]^JN_1lPM 798 h X<lmX>Y.S Y._BX(k X4IKY[_�kE]^h�_WJPX ]^h>JNS JNZpTKIK]AG X>J�lm_�i
JN_KY��NZ>lPTKI�k oKVWXUZ4lmX>IKY.Z JN_KY�JPO�T�JPX>Y._BX4]AlPMAMgi l�fNY[Zpi M{lPZp�NY�h>Y&X7JPO��NZ4lmTKIKh�� � MAhpJKkR_WJPXUlPMAM
G.JP_!�K]^X>]AJN_KlPMAh hpIKJNVKM��7oxYeZpY.TKZpY.hpY._BX4Y'�!o�i 798 h X<lmX>Y.S Y._BX4h[kWh>JPSUY�SUlbi oxY[XpX4Y[Z ZpY.TKZpY.h>Y[_BX4Y���lmh
G.JP_!�K]^X>]AJN_Wh JN_"MAJLJNTKh'�%QRIKJLJNh>]^_K��X4J�SUlmX4G<I"JNZ�Z>Y �pY[G[X�l!T1lmXpX4Y.Zp_"]Ah�_KJPX hpX4Z>lP]A�PI�X�O JPZp�RlPZ �5�
++Z4lPG&X4]^G(lPM^M^i hpT�Y.lP��]A_K�Wkm� Y _KY[Y�� S JNZpY�]^_WO JNZpS7lmX>]AJN_ X>I1lP_ l\hp]AS TKMAY+T1l6X>X4Y[Z>_�S7lmX>G<I�X>J �KY[G.]��KY
��IK]^G<I 798 h�SUlmX4G<I�k lP_!����IWY._ ]gX�]Ah�lPTKTKZpJNTKZp]{lmX>Y�X4J TxY.Z O JNZ>S X4IKY
Z>Y'�KVKG[X>]AJN_2� � � RH240
Z>Y'�KVKG&X4]AJP_*o1lmh>Y���Z>Y[hpX>Z>VKG&X4VKZpY.Z.k1X>IKY._�k~]^h _KJPX�TKZ>lPG[X>]AG(lmM �

F X�X4VWZ>_Kh!JNVHX(k�IKJb�RY&fNY[Z.keX>I1lmX�X>IKY.ZpY�]AhUY._KJNVW�NI Y0�LX4Z>l ]A_WO JPZ>SUlmX4]^JN_ l(fmlP]^M{lPoKM^Y�]A_ X4IWY
Q n a k X>I1lmX7l
ZpY��KVWG[X4]^JN_ o1lPh>Y'� ZpY.hpX>Z>VKG&X4VKZp]A_K� ]Ah _KJPX _KY[G.Y[h>h4lmZpi lmXUlPMAM � � IWY�FLX>Z>VKG&X4VKZpY
*+_KG(lmTKh>VKMAlmX4]^JN_ � ZpY.Y�]Ah�oKVK]^M^X O Z>JPS X4IKY�Q n a lP_!��Z>Y.TWZ>Y.hpY._BX4h �pVKhpXeh>VKG<I�lP_�lPG[G.VKS VKM{lmX>]AJN_
JPO Y0�LX4Z>l ]^_WO JNZpS7lmX>]AJN_2�

��������� � �������4�	� ��

� ���(� ������� �2��	 �����!��
�


n ]A�PVKZ>Y q��C-\h>IKJb��h+X4IKY FLX4ZpVKG[X>VKZ>Y *+_KG.lPTKh>VWM{lmX>]AJN_ � Z>Y[Y !:F&* � " O JPZ JNVKZ Y0�WlPS TKMAY S Y[X>IKJ��
� � � � � IKY ]^SUTxJNZ X<lP_BX�O Y.lmX4VWZ>Y JPO+X>IKY F&* � ]AheX>I1lmX�Y.lPG<I"_KJ��KY JPO X4IWY X4ZpY.Y G[JN_BX<lP]^_Kh l7h>Y&X
Q n a�_KJ��KY[h�� � IKY.hpY�hpY[X>h JPOEQ n a�_KJ��WY.h �KY&X4Y.ZpSU]^_KY���IKY[Z>Y�lP_Bi�TKlPZpX>]AG.VWM{lPZ F&* � _KJ��KY �KX>h
]A_!X>IKY�X4Z>Y[Y(�

� IKY\F&* � _KJ��KY.hEX>IKY.S h>Y[M^fPY.h.kBZpY.TKZpY.hpY._BX hpX>Z>VKG&X4VKZpY��U�Nl(fPleG.JN_Kh X4ZpVKG[X>h.k�h>VKG<I lPh 798&:B;�<�=(;
lP_!� � E27N<N; hpX<l6X4Y.S Y._BX>h.kKlm_!��TKZpY.h>Y[_BX ]A_WO JPZ>SUlmX4]^JN_ lPoxJNVWX�X4IKYeG.JN_Kh X4ZpVKG[X>h$�WG<IKlPZ4lPG&X4Y[Z>]Ah X4]^G.h��
n JNZ�Y��KlmSUTKM^YPk\lPM^M�G.JP_KhpX>Z>VKG&X4h�I1l(fNY"h>JPSUY�XjiLTxY�JPO�o�J��WiPkehpJ Y&fNY[Zpi F&* � _KJ��WY�I1lPh�X4IWY
h>Y&X�JPO Z>Y[O Y[Z>Y[_KG.Y[h�X4J X>IKY�Q n a�_KJ��KY.h X4I1lmX7S7lm�PY�VKT ]^X>hUoxJ��WiN� � J��KY.hUG.JNZpZ>Y[h>TxJN_!�K]^_K�
X4J
G.JP_!�K]^X>]AJN_KlPMRh X<lmX>Y.S Y._BX4h S VKh X7lmMAh>J"G.lPZ>Z i l"ZpY[O Y[Z>Y._WG.Y*X>J
X>IKY�_KY.G[Y.hph4lPZ i G[JN_!�K]gX4]AJP_1lPM
Y0�HTKZpY.hph>]AJP_5�

+ s



a b

hd e fj c g k

kd e fc g h

d ec f g h

d ec f g h

Whole Method

a b

j

Loop condition

Stmt Sequence

Stmt Sequence Stmt Sequence

Stmt SequenceB

A

C D

E

F G

While Loop

Try−Catch Statement

Catch ClauseTry Clause

n ]^�NVKZpY�q��C-�.�FLX4ZpVKG[X>VKZ>Y *+_KG(lPTWh>VKMAlmX4]^JN_ � ZpY.Y JPO�� � � �

� h\��]^X4I*X4IKY a Zp]AS T�ZpY.TKZpY.hpY._BX<lmX>]AJN_dk�� Y I1l(fNY%l)�!�KY���Y0�LX4Z>l7M{lPoxY.M^h X4JUX>IKY _WY[��Z>Y[TKZ>Y�1
h>Y[_BX<lmX>]AJN_5� � IW]Ah X4]^SUY�X>IKY VKTKTxY.Z�G(lmh>Y�MAY[XpX4Y[Z>h I1l(fNY�oxY.Y._*l(�!�WY��*X>J%X4IKY VKTKTxY.Z�M^Y[O X G[JNZ>_KY[Z
JPO Y(lPG<I*_KJ��KY(�

2 ��� ���*�	���&� �$��� � # 02��� , 3�� - 9AD+OPQ10eDb00OR3 # �x243��P2 ! 5 D0O ! Oj0&570&?%O D F # 24365 ! ;<36?%O 243 �)+�36C
�P2 ! �%Q a O Q ! O ! 240TR�Db0 ��Oj3 �13bD&9PO 9:36?�� ?d0<D0O�� ! ;<36?%O 243 �3+�36C ;<36?WD0O 2�R1;0O Q C+9POPQL9 ? ! ? �	��
 "
� Q10&? �A3b3b@69 ? � ! O / ! � ! Db3SRL24;<0 � OPQ10 , 3�� - 9ADU36? � - OPQ10�Db00Oe3 # D0O ! Oj0&570&?%O D C+9PO QL9 ? OPQ107;0RL2 � -
, 2 ! ;<0<D 3 # ! D0O ! O 0&570&?%O "

*$�K�NY.h�]A_�X>IKYUF&* � Z>Y[TKZ>Y[h>Y[_�X�X4IKY h X4Z>]^G[X hpVKoKh>Y&X ZpY.MAlmX4]^JN_Kh oxY[Xj� Y.Y[_ X4IKY oxJ��Hi�h>Y&X4h JPO
Y(lmG<I�F&* � _KJ��WY(� � hph>VKS Y��RY I1l(fPY�_WJ��KY[h � lP_!��
 X4I1l6X Z>Y[h>TxY.G[X>]^fPY.M^i�G.JN_BX<lm]A_�o�J��Wi7h>Y[X>h
! lP_!� - �/F O !�� - kWX4IKY[_ � ��]AMAMxoxY lP_�lP_KG[Y.hpX>JNZ�JPO�
 � � IW]Ah TKZpJNT�Y[ZpXji!]^h hpX>Z>]^G[X4Mgi7Y[_WO JNZpG.Y��2�

� IKY�h>Y[G.JN_!�U]AS T�JPZpX<lm_�XETKZ>JPT�Y[ZpXji%]^h X4I1lmX F&* � h>]^oKMA]^_K� _KJ��KY.h+S VKhpX�I1l(fNY �K]^h �pJN]^_BX+o�J��Wi
h>Y&X4h'� Fj_��1�NVKZpY�q��C-*X>IKY!oxJ��Wi h>Y&X4h JPO #�k Q�k lP_!� 
 �KJ"_KJPX%hpI1lPZpY*lm_�i JPO�X4IKY[]AZ a�Z>]^SUT
hpX4lmX4Y[SUY[_BX4h�� � IKY Z>Y(lmh>JN_�O JNZ�X>IK]Ah�]^h�X4IKlmX�F&* � _WJ��KY[h lPZ>Y%VWh>Y��"X4J �K]^Z>Y[G[X4Mgi��PY._KY[Z4lmX>Y lP_
lPoKh X4Z>lPG[X h iL_�X4lS��X>Z>Y[Y ��IK]AG<I!ZpY.TKZpY.h>Y[_BX4h X4IKY�hpX4ZpVKG[X>VKZ>Y'�*G[JN_BX4ZpJNM �1Jb� hpX4lmX4Y[SUY[_BX4h ]A_!�Nlbfml&�

� IKYT�1_1lPM �mY[i�O Y.lmX4VKZpY JPO X>IKY F&* � ]^h X4I1lmX ]gX�]Ah�oWVK]AMgX�]A_���I1l6X4Y[fPY.Z�JNZ �WY.Z ]Ah�hpVK]^X4lPoKMAY
O JNZ X4IKY lPMA�NJPZ>]^X>IKS>� U Y oxY.�N]^_U��]gX4I �pVWhpX X>IKY � U IWJNMAY ` Y[X>IKJ�� 
 _KJ��KY lP_&��]A_KhpY.Z X lPM^MxJmX4IKY[Z
_KJ��KY.h JP_KY�oBi�JN_KY)�/#RY.G.lPVKh>Y X>IKY�h>VWoKh>Y&XeZpY.MAlmX4]^JN_�]Ah X4Z4lm_Kh>]gX4]^fPYPkLX4IKY[Z>Y�]AhR_KJ Z>Y.h X4Zp]AG[X>]AJN_7JN_

+ ,



X4IWY�JNZK�KY.Z\]A_���IK]^G<I*� Y G(lm_�l(�!��X4IWY.h>Y�_KJ��KY.h'� n JPZ\]^_KhpX4lP_KG[YPk~]A_ �1�NVKZpY q��C-Hkxl%fmlPMA]���JPZ �KY[Z
JPO ]^_Kh>Y[ZpX>]AJN_ G.JNVKM�� I1l(fPY�o�Y[Y._����������
	�� � U Y ��]AM^M�hpIKJb� ]A_ h>Y.G&X4]^JN_ q�� s���IBi
X4IK]^h
TKZpJNT�Y[ZpXji!]^h h>J VKh>Y&O VKM �

��������
 ����� ����� �4� ��� ���3��� �!��
�


h

a b

f g

while body

C D
stmt
while

method body

stmt seq bodycondition
expression

method

stmt seq

A

E
try stmt

stmt seq body

try clause body catch clause body

stmt seq body

stmt seqstmt seq

j

F G

c d e

k

B
parameter assignment

expressions

parameter assignment

n ]A�NVKZpY�q��B>&. � oKh X4Z>lPG[X�FLiL_BX<lS� � Z>Y[Y JPO�� � � �
� IKY � oWhpX4Z>lPG[X FLiL_�X4lS� � Z>Y[Y ! � F � " ]Ah �NY._WY.Z4l6X4Y��%oBi l�h>]^_K�NMAY T1lPhph JbfNY.Z X>IKY�F&* � ��FL]A_KG[Y

a�Z>]AS T hp]AS TKMAY h X<lmX>Y.S Y._BX4h G(lm_�IWJNVKh>Y h X4Z>VWG[X4VWZ>Y���Y0�HTKZpY.h>hp]AJN_Wh.kPX>IKY � F � _KY.Y'� JN_WM^i Y��HTKZ>Y[h>h
hpX>Z>VKG&X4VKZpY �WJ���_ X4J�X>IKY�MAY[fPY.M1JPOxX4IWY�a�Z>]^SUT hpX<l6X4Y.S Y._BX lP_!� VKhpY�X>IKYea Zp]AS T Z>Y[TKZ>Y[h>Y[_�X4lmX4]^JN_
X4J Y��WTWZ>Y.hph�h X4Z>VWG[X4VWZ>Y�lmX X4IKY hpVKo�1jh X<lmX>Y.S Y._BXeMAY[fPY.M �

* lPG<I 
�l(fml�hpX4lmX4Y[SUY[_BX ]A_ X4IWY � F � S7l(iNkBX>IKY._�kHJNTWX>]AJN_1lmMAM^i�IKJNVWh>Y�l�a Zp]AS TUY��HTKZ>Y[h>h>]^JN_
lP_!��l M^]AhpX JPO JPX4IKY[Z hpX4lmX4Y[SUY[_�X>h�� � IKY MA]^hpXR]Ah G.lPMAM^Y���X4IWY�hpX<l6X4Y.S Y._BX$� h , 3�� - � � JPX>Y X4I1lmXRX4IK]^h
]Ah�l%hpVKoKh>Y&X JPO X4IWY�G[JNZ>ZpY.hpT�JN_&�K]A_K�UF&* � _WJ��KY�� h�oxJ��HiN�

+ -



n ]A�PVKZ>Yeq��B>(! T1lP�NY + - "E]^MAM^VKhpX>Z4lmX>Y.h X4IWY � F � Z>Y[h>VKMgX4]A_W� O ZpJNS JNVWZ F&* � JmO�S Y[X4IWJ�� � � � ]^_
�1�NVWZ>Y�q��C- ! T1lP�NY + ,�"�� QR]AZpG.M^Y.h Z>Y[TKZ>Y[h>Y._BXRhpX<l6X4Y.S Y._BX>h��WMAlPZ>�PY JN_KY.h ZpY.TKZpY.h>Y[_BX 
�l(fPl�� h G.JP_�X>Z>JNM
�1Jb� o1lPhpY�� h X<lmX>Y.S Y._BX4h[kBh>SUlPMAMBJN_WY.h ZpY.TKZpY.h>Y[_BX a Zp]AS T�� h h>]^SUTWMAY hpX4lmX4Y[SUY[_�X>h�� � JPX4Y�X4I1l6XEX4IWY
G.JP_!�K]^X>]AJN_ Y0�HTKZpY.h>hp]AJN_ O JNZ�X4IKY � E 7N<N; M^JHJNT lP_!� X>IKY�T1lPZ>lPS Y[X4Y[Z lPhph>]^�N_KS Y._BX Y��WTWZ>Y.hph>]^JN_Kh
O JNZ X>IKYeS Y[X>IKJ�� IKlbfPYeoxY.Y[_7h X4Z>]^TKTxY�� O Z>JNS X>IKY.]^Z�a Zp]AS T%hpX4lmX4Y[SUY[_�X>hRlm_!�7lmZ>Y �K]AZpY.G&X4M^i IKY.M��
oBi�X4IWY.]AZ\lPTWTKZ>JNTWZ>]{l6X4Y �NZ>lPS S7lPZRTKZ>J��KVKG&X4]AJP_Kh��

��������� � ��� � � � � ��� 
 ����� 
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n ]A�NVKZpY q�� ?�. 3�Y.h>VWM^X4]^_K�U�Nl(fPl%hpJNVKZ>G[Y�G[J��WY�JmO�� � � �
� IKY �1_1lPM~Z>Y[TKZ>Y[h>Y[_�X4lmX4]^JN_UO JPZ l�S Y[X>IKJ�� ]Ah+X>IKY�Z>Y.hpVKM^X>]A_K���Nl(fml�hpJNVKZ>G[YeG[J��WY(� � IK]^h G[J��WY

h>IWJNVKM��*o�Y�Z>Y[G.JNS TK]AMAlPoKM^Y ��]^X4I�FHVK_�� h 
BD �&D!C �Nl(fml7G.JPSUTK]^MAY[Z�� � � J�]Ahph>VKY[h�� Y�X<lm�PY G.lPZ>Y�JPO
]A_!X>IKY JNVWX4TWVWX\JPO X>IKY h>JNVWZ>G.Y G[J��KY�lPZpY(.

+ � U IKY[_ G[JNSUTW]AMA]^_K�"l"G.M{lmh>h ��IK]AG<I G.JN_BX<lm]A_Kh X4IKY�VKhpY�JPO l G.MAlPh>h M^]^X4Y[Z4lPM k�lPMAM G[VKZ>ZpY._BX
fPY.Z>hp]AJN_Wh�JPO 
�D �&D&C ��]AM^M �PY._KY[Z4lmX>Y l�SUY&X4IKJ���G(lPM^MAY'� C < D&=B= � � � IK]^h�SUY.lP_Kh�X>I1lmX�X4IWY

+ >



hpJNVKZ>G[YRG[J��KYRlPMAZpY(l(�Hi�G.JN_BX4lP]A_K]^_K�el C <ND!=B= � SUY&X4IKJ�����]^MAMBG.lPVKh>YRleG[JNSUTW]AMAY X>]AS Y Y.Z>ZpJNZ.k
lPh X4IKYeh>TxY.G.]AlPMdS Y[X>IKJ���_1lPS Y�]^hR_KJ M^JN_K�NY[Z O ZpY.Y�O JNZ�X4IKY�G.JNS TK]AM^Y.Z+X4J �NY._KY[Z4lmX>Y(� � IK]^h
]^h l
oKVW� ]^_ 
BD �&D&C oKVWX h>IKJPVKM�� oxY*lmG.G.JPSUS J��KlmX4Y'� X>J"�NY._KY[Z4lmX>Y*G[M{lPhph>Y[h X>I1lmXUlPZpY
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9. synchronized() block simplification

8. break and continue control flow identification

5. try−catch statement restructuring

4. switch statement restructuring

3. if statement restructuring

2. statement restructuringwhile and do−while

7.    Labeled block creation

6.    Statement sequences

1.   Exception Preprocessing
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��� 
 ��� 
��
	�� ��� ��� � � �

Fj_ h>Y.G&X4]^JN_ q�� q ! 
�lmX4l�FLX4ZpVKG[X>VKZ>Y[h%" � Y!h4l(� lm_ Y0�WlPS TKMAY�S Y[X>IKJ�� � � � ]A_ Y.lPG<I JPO�]^X>h
Z>Y[TKZ>Y[h>Y[_�X4lmX4]^JN_Kh'� U Y ��]^MAM _KJb�$� lmMA��X4IKZpJNVK�NI�Y.lPG<I�JPO+X>IKY TKI1lmh>Y.h O ZpJNS h>Y[G[X4]^JN_"q�� s)! � M"1
�NJNZp]^X>IKS QRJN_WhpX4ZpVKG[X>]AJN_ " lP_!��h>Y.Y�IKJb� ]gX oKVK]^M��Kh X>IKY�F&* � O JNZ � � � �

U YUo�Y[�N]A_ oBi X4lP��]A_K��X4IKY�a Zp]AS T
ZpY.TKZpY.hpY._BX<lmX>]AJN_ hpIKJb��_ ]A_ �1�NVKZpY!q�� + ! T1lP�NY @ "�lm_!�
oKVK]^M��K]^_K�!l�G.JN_BX>Z>JNM �1Jb� �NZ4lPTWI
ZpY.TKZpY.hpY._BX4]^_K��oxJPX4I�X>IKY Z>Y.�PVKM{lPZ lm_!�"Y0�HG.Y[TWX4]^JN_1lPM G.JP_�X>Z>JNM
�1Jb�,�

f g h

a b j c d e k

n ]^�NVKZpY�q�� ��.�QRJN_BX4Z>JPM n MAJb� a Z>lPTKI�JPO�� � � �

++I1lPh>Y + kPY0�HG[Y.TWX>]AJN_%TKZpY.TKZpJHG[Y.hph>]A_W�KkNI1lPhE_KJPX4IW]A_K�\X4J �WJ�X4J�X>IKY G[JN_BX4Z>JPM��1Jb� �NZ>lPTKI hp]A_KG[Y
� � � Z>Y[TKZ>Y[h>Y._BX>h lPM^Z>Y(l)�Wi�h X4Z>VWG[X4VWZ>Y����Nlbfml&� � IW]Ah�]Ah Y��WTWMAJNZpY���]A_�h>Y[G[X4]^JN_Kh ,!� q%lP_!�1,!� s��

qPr



� X X4IKY Y[_!��JPO TKI1lPhpY + � Y�oKVK]^M���X4IWY�F&* � � � IKYI�1Z>h X O JNZ>S JPO X4IKY�F&* � G.JN_BX<lm]A_Kh JP_KM^i
JN_KY _KJ��KY���IK]^G<I*ZpY.TKZpY.h>Y[_BX4h lmMAM�X>IKY hpX4lmX4Y[SUY[_�X>h\O ZpJNS X>IKY G.JN_BX>Z>JNM5�1Jb� �NZ4lPTWI5�

hd e fj c g k

Whole Method

a b
A

n ]A�NVKZpY�q�� + r&.�FLX>Z>VKG&X4VKZpY *+_KG.lPTKhpVKM{lmX>]AJN_ � Z>Y[Y�JPO�� � � lmO X4Y[Z�TKI1lPhpY + �

++I1lPh>Y qHk � E 7N< ; lP_!� �
� : � E 7N<N; hpX4lmX4Y[SUY[_�X�ZpY.h X4Z>VWG[X4VWZ>]A_W�KkL�K_!�Kh!X4IKY�FKQ QRh�]A_ X4IWY
G.JP_�X>Z>JNM �1Jb� �NZ4lmTKI JPO � � � lP_!� oKVW]AM��Wh l�F�* � _KJ��KY O JNZ�Y.lPG<I FKQ Q lP_!� ]A_KhpY.ZpX>h ]^X�]A_BX>J
X4IWY F&* � � � IKY[h>YUF&* � _KJ��WY.h lPZpY X4IKY[_�]A_KhpT�Y[G[X>Y���X4J �WY[X4Y[Z>S ]A_KY���I1lmX XjiLTxY%JPO MAJLJNT�oxY.h X
Z>Y[TKZ>Y[h>Y[_�X>heX>IKY.S>�

hd e fj c g k

d e fc g h

Whole Method

a b

j

Loop condition

A

C While Loop

n ]A�NVKZpY�q�� +A+ .�FLX>Z>VKG&X4VKZpY *+_KG.lPTKhpVKM{lmX>]AJN_ � Z>Y[Y�JPO�� � � lmO X4Y[Z�TKI1lPhpY q��

++I1lPh>Y�sWk 798 h X<lmX>Y.S Y._BX\Z>Y[hpX4ZpVKG[X>VKZ>]^_K�KkKY��WlPSU]^_KY.h X>IKY G.JN_!�W]^X4]^JN_1lPMxG.JP_�X>Z>JNM5�KJ�� hpX4lmX4Y�1
S Y._BX4h ]A_UX>IKY�Q n a X4IKlmXRIKlbfPY _KJPX�iNY&X oxY.Y._7S7lPZp�PY'�!lPh X>IKY\G.JN_!�W]^X4]^JN_Kh�G.JN_BX>Z>JNM^MA]A_W��M^JHJPTKh��
FH]^_KG.Y%X4IWY.Z>YUlPZpY _WJ�hpVKG<I ]^_KhpX4lP_KG.Y[h ]A_ � � � X>IK]Ah TKIKlPh>Y �KJLY.h _KJPX�TKVWX�lP_Bi�_WY[� _KJ��KY[h�]^_
X4IWY F�* � �

++I1lPh>Y�,Wk = � 7 ? C E h X<lmX>Y.S Y._BX%ZpY.hpX>Z>VKG&X4VKZp]A_K�WkE��]AM^M�oWVK]AM�� F&* � _KJ��KY.h O JPZ�Y.lPG<I hp��]gX4G<I
hpX4lmX4Y[SUY[_BX O JNVK_!�!]^_7X4IWY�Q n a�� � �BlP]^_�kWoxY.G.lPVKhpY X4IKY[Z>Y�lPZpY _KJ = � 7 ? C E hpX<l6X4Y.S Y._BX>h ]A_ � � � k
X4IW]Ah TKI1lmh>Y��KJHY[h�_KJPX\l(�!��X4J%X>IKY�F&* � �

++I1lPh>Y -Lk ?�@BA :!C(D ? C E hpX4lmX4Y[SUY[_�X�G.Z>Y.lmX4]^JN_�k�MAJLJN��h!lmXUX4IKY�Y��HG.Y.THX4]AJP_1lPM�Y'�K�NY[h!]A_ X4IWY
Q n a kBoWVK]AM��Kh l�h>Y[X JPO ?�@�A :&C(D ? C E F&* � _KJ��KY[h lm_!�U]^_Kh>Y[ZpX>h�X>IKY.S ]^_BX4J�X4IKYeF&* � �BFj_ � � � � Y

q +



�1_!�*X4I1lmX�JN_KY ?�@�A :&C(D ? C E F&* � _WJ��KY�G(lP_�Z>Y.TWZ>Y.hpY._BX lPM^M Y0�HG.Y[TWX4]^JN_1lPM G.JN_BX>Z>JNM �1Jb�,�+W _KG[Y
oKVK]^M^X.kNX4IKY�Y0�HG[Y.TWX>]AJN_1lmMdF�* � _KJ��WY\]^h ]A_KhpT�Y[G[X4Y'�UX>J��WY[X4Y[Z>S ]A_KY X>IKY ?�@BA lP_!� C(D ? C E G[M{lPVKhpY.h'�

hd e fj c g k

d e fc g h

d ec f g h

Whole Method

a b

j

Loop condition

A

C

E

While Loop

Try−Catch Statement

Catch ClauseTry Clause

n ]A�NVKZpY�q�� + q�.�FLX>Z>VKG&X4VKZpY *+_KG.lPTKhpVKM{lmX>]AJN_ � Z>Y[Y�JPO�� � � lmO X4Y[Z�TKI1lPhpY -��

++I1lPh>Y > �1_!�Wh�lmMAM X4IKY hpX4lmX4Y[SUY[_BX h>Y�H�VKY[_KG.Y[h ]^_ � � � oBi�Y��WlPSU]^_K]A_W�7X4IKY%_WJ��KY[h�]A_�X4IWY
F&* � � n JNZ lP_Bi!F&* � _KJ��KYPkW]^O ]^X G.JN_BX<lm]A_Kh\Q n a�h X<lmX>Y.S Y._BX4h ��IK]^G<I�lPZ>Y ?d3SO G.JN_BX<lm]A_KY'��]^_�l
G<IK]^M���F&* � _WJ��KY ! O JNZ Y��KlmSUTKM^Y D ]^_�F&* � _KJ��KY � "�kWX4IWY._!X4IKJPh>Y�Q n a hpX4lmX4Y[SUY[_�X>h\lPZ>Y�TKVHX
]A_�h X<lmX>Y.S Y._BX\h>Y�H�VKY[_KG.Y[h�� � IWY�ZpY.hpVKM^X�O Z>JPS TKI1lmh>Y3> ]^h h>IKJb��_*]A_ �1�NVKZpY�q�� + s ! T1lP�PY qms "0�

Fj_ TKI1lmh>Y4?Hk �RY7G.Z>Y.lmX4YUM{lPoxY.M^Y��
oKMAJLG<��h lP_&� ]A_KhpY.Z X�X>IKY.S ]A_BX4J�X4IKY�F&* � � n JNZ�G.MAlPZ>]gXjiNk
JNVKZ Y��KlmSUTKM^Y � � � �KJLY.h�_KJPX�G[JN_BX<lP]^_ lP_Bi"MAlPo�Y[MAY'�
oWMAJLG<�Lh[kEoKVHX�X>IK]Ah ]^h>h>VWY.h ]^h�X4IKJNZpJNVK�NIWM^i
Y0�HTKM^JNZ>Y'�*]^_�h>Y.G&X4]^JN_�s&� s��

++I1lPh>Y @Wk � @ ;BD ��lP_!� C � � ? 7�� 
 ; G[JN_BX4Z>JPMB�KJ�� ]��KY[_BX4]��KG(lmX>]AJN_�k�Y��KlmSU]^_KY.h 9 ?%Oj0&2�� F�* � _KJ��WY
G.JP_�X>Z>JNM �KJ�� ��IKY.ZpYUG[JN_BX4Z>JPM �1Jb� �KJLY.h ?d3SO X<lPZp�NY[X�lP_
lP_WG.Y.h X4JNZ F&* � _KJ��KY)� n ]^�NVKZpY q�� + ,
! TKlP�NYRq ,�" h>IKJb��h VKh X4IW]Ah G.JN_BX4ZpJNMB�1Jb� O JNZ � � � � U Y Y��HTKMAJNZpY IWJ�� X>IKY.hpY Y��W�NY.hElPZ>Y�Y0�WlPS ]A_KY'�
]A_!hpY.G&X4]AJP_�s&� s&� + lP_!�!��]AM^M �1_&��X>I1lmX�_KJ � @ ;�D �!JPZ C � � ? 7�� 
 ; h X<lmX>Y.S Y._BX4h\lPZpY�_KY.G[Y.h>h>lPZpi�]^_
� � � �

++I1lPh>Y��e]��KY._BX4]"�1Y.h lP_&� Z>Y[hpX>Z>VKG&X4VKZpY.h = A � C9E @ � � 7 
�; � � � oKM^JHG<��h�� � �Blm]A_�k6_KJN_KY lPZpY�O JNVW_!�
]A_ � � � kEoKVWX�JNVWZ�X>Y.G<IK_K]�H�VKY.h�O JNZ X4IK]^h�lPZ>Y Y0�HTKMAlP]A_WY��
]A_
h>Y.G&X4]^JN_ -�� s&� + � � X�X>IK]Ah TxJN]A_BX�� Y
I1l(fNY��1_K]^h>IKY'��oKVK]^M��K]^_K�%X4IKY F&* � lP_!�*I1l(fNY ]��KY._BX>]��1Y'�*��IK]^G<I�G.JN_BX>Z>JNM �1Jb�$Y��W�NY.h ! ]^OElP_Bi "
h>IWJNVKM��!oxY�Z>Y[TKZ>Y[h>Y[_�X>Y�����]^X4I � @ ;BD ��JNZ C � � ? 7�� 
 ; hpX4lmX4Y[SUY[_�X>h�� � IKY � F � ]AhRoKVK]AM��7��]^X>I�l
h>]^_K�NM^Y�X>Z4l(fNY[Z>h>lPM�JmOdX4IWY F&* � kHlP_!�Uh>JNVKZpG.YeG.J��KYe]^h Y.S ]^X>X>Y��UlPh�TKZ>Y&X>Xji TKZ>]^_BX4]A_W��JPO�X4IKY � F � �

� IKY O JHG[VKh JPO X>IK]Ah�X>IKY.hp]Ah ]Ah�_KJmX�IWJ�� X4IKY ]AS TKM^Y.S Y._BX4Y'��T1lPZpX>hI�KX X4JN�NY&X4IKY[Z.k oKVWX�IKJb�
qNq
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hd e fj c g k

kd e fc g h

d ec f g h

d ec f g h
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a b
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n ]A�NVKZpY�q�� + s&.�FLX>Z>VKG&X4VKZpY *+_KG.lPTKhpVKM{lmX>]AJN_ � Z>Y[Y�JPO�� � � lmO X4Y[Z�TKI1lPhpY >��

Y(lmG<I G[JN_KG.Y[TWX4VKlPM ]Ahph>VKY�]^_ Z>Y[hpX4ZpVKG[X>VKZ>]^_K�"]Ah hpJNM^fPY��5� U IK]AM^YUX4IWY!_K]A_KY!TWI1lPh>Y[h JPO�X4IKY!]^ST1
TKM^Y.S Y._BX<lmX>]AJN_ ]A_BX4Y[Z>M^Y(l(fNY�X>IKY�X>IKZ>Y[Y�G(lmX>Y.�NJPZ>]AY[h7JPO ]^h>hpVKY.h�O JNZUTKZ4lmG[X4]^G(lPM�ZpY(lPhpJN_�k��RY���]^MAM
Y0�WlPS ]A_WY7X4IKY �WY.G.JPSUTK]^MAY[Z oBi MAJLJN��]A_W��lmX Y(lmG<I ]^h>hpVKY�! O JNZ Y��WlPSUTWMAYPk+Y��HG.Y.THX4]AJP_1lPM G.JP_�X>Z>JNM
�1Jb� " JN_�]^X4h Jb��_5�/Fj_�X4IK]^h � l(iNk1� Y���]^MAMxX4Zpi7X4J �PY[Y.T�l%G.M^Y(lPZ fL]^Y[� JmOEX4IWY�h X4Z>lmX4Y[�Pi!oxY.IK]^_!�
X4IWY��WY.G.JPSUTK]^MAY[ZR��]^X>IKJNVWX��NY&X>X>]A_K� MAJPhpX�]A_�l SUlP�.Y�JPO �KY&X<lP]^MAh��
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n ]A�NVKZpY�q�� + ,!.�FLX>Z>VKG&X4VKZpY *+_KG.lPTKhpVKM{lmX>]AJN_ � Z>Y[Y�JPO�� � � lmO X4Y[Z�TKI1lPhpY @��
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3\Y[�NVKMAlPZ�G[JN_BX4ZpJNM/�KJ�� O JPZ>S h�X>IKY7G[JNZ>YUJPO 
�l(fml � h �KY.G[JNS TK]AM^]A_K��lPM^�NJNZp]^X4IWSUh'� � IK]Ah�]A_�1
G.M^V!�KY[h � E 7N<N; lP_!� �
� : � E 7N<N; MAJLJNTKh.k 7S8 lP_!� 798�:�;�<�=(; hpX4lmX4Y[SUY[_BX4h.k = � 7 ? C E h X<lmX>Y.S Y._BX4h[k
lP_!� M{lmo�Y[MAY�� oKM^JHG<��h.k � @ ;BD �xk lP_!� C � � ? 7�� 
 ; h X<lmX>Y.S Y._BX4h'� � IKY.hpY*O JNZpS�h>] � JPO\X4IKY�_K]A_WY
TKI1lmh>Y.h\JPO JNVKZ\lPM^�NJNZ>]gX4IKS>�

9. synchronized() block simplification

8. break and continue control flow identification

5. try−catch statement restructuring

4. switch statement restructuring

3. if statement restructuring

2. statement restructuringwhile and do−while

7.    Labeled block creation

6.    Statement sequences

1.   Exception Preprocessing
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w

n ]^�NVKZ>Y s&� + . 3�Y.�PVKM{lPZRG.JN_BX4ZpJNM5�1Jb� TWI1lPh>Y[h��
Fj_�X>IK]Ah G<IKlPTWX4Y[Z.k1� Y�TKZpY.hpY._BX�ZpY.�NVWM{lPZ G[JN_BX4Z>JPM�]A_�s S7lP]^_�h>Y[G[X>]AJN_Kh'�

����(�� � � � � � U Y �1_!� hpX>Z>JN_W�NM^i G.JN_W_KY.G&X4Y�� G.JPSUTxJN_KY[_�X>h!]A_ hpY.G&X4]AJP_�s�� + k�ZpY.h>JPM^fNY���IW]AG<I
qA-



XjiLTxY.h JPOd�Nl(fPl�M^JHJNTWh o�Y[hpX ZpY.TKZpY.h>Y[_BX X>IKY.S�k�lP_!�T�KY&X4Y.ZpSU]^_KYR��IK]^G<IUG[JN_!�K]gX4]^JN_1lPMLhpX4lmX4Y�1
S Y._BX4h�hpIKJNVKM���oxY VKh>Y'�*X>J G[JN_BX4ZpJNM�X4IKY ]gX4Y.Z>lmX4]^JN_!JPO X4IKY[h>Y�MAJLJNTKh'�

��� . 2 ���4� � W�_WG.Y�lPMAM�MAJLJNTKh I1l(fNY�o�Y[Y._ Z>Y[h>JNMgfNY�� lP_!� ]^_Kh>Y[ZpX>Y�� ]A_BX4J�X>IKY�F&* � k �RY�G.lP_
�KY&X4Y[Z>S ]A_KY���IK]AG<I%G[JN_!�K]gX4]AJP_1lPM�oKZ4lm_KG<IKY.h lmZ>Y _KJmX oxY.]A_W� VKh>Y'� lPh G.JP_!�K]^X>]AJN_Wh JN_%M^JHJPTKh��
Fj_�hpY.G&X4]AJP_Kh s&� q�� s X>IKZ>JNVW�NI�s&� q�� - � Y��KY&X4Y.ZpSU]^_KY�IKJb�)X4J7ZpY.TKZpY.hpY._BX�X4IKY[h>Y�Z>Y.SUlP]^_K]A_K�
G[JN_!�K]gX4]AJP_1lPMAh���]^X>I 798 k 798&:B;�<�=(; lP_!� = � 7 ? C E hpX<l6X4Y.S Y._BX>h��

��� � � 
 � � ! � # � !�� �9��� � n ]A_KlPMAMgiNkd� Y7M^JHJN��O JNZ�M{lPoxY.M^Y��"oKMAJLG<��h�]^_ hpY.G&X4]AJP_ s&� s*lm_!� TKVHX ]^_
lP_Bi!_WY.G.Y[h>h>lPZpi � @ ;�D ��lP_&� C � � ? 7�� 
 ; hpX4lmX4Y[SUY[_�X>he]^_�h>Y.G&X4]^JN_�s&� s�� + �

� JPX>Y X4I1l6X+h>]^_KG.Y X>IKY G.ZpY(lmX>]AJN_%JmO�h X<lmX>Y.S Y._BX h>Y'H�VKY._KG[Y.h�]AhEX>Z>]gfH]AlPMHlP_!� � Y �KJ�_KJPX �KY&fNJPX>Y
l hpY.G[X>]AJN_�X>J Y0�WlPS ]A_W]A_K��]^X � � � JNZ>��]A_W� ]A_BX4VW]^X4]^JN_7]^hR�N]gfNY[_�]A_7X>IKY JbfNY[ZpfL]AY&� ]^_�h>Y[G[X>]AJN_�q��B,!�
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W VKZ �1ZphpX�X4lPh>� ]Ah X4J��K_!� �Nl(fml MAJLJNTKhU]A_ X>IKY�G[JN_BX4Z>JPML�1Jb� �NZ>lPTKI5� *+fPY.Z i hpX>Z>JN_W�NM^i
G.JP_K_KY.G&X4Y'�*G[JNSUTxJN_KY[_BX�� ,���]A_�l G.JN_BX4ZpJNM �KJ�� �K]^�NZ4lPTWI � S VKhpX G[JN_BX<lP]^_�lmX M^Y(lPh X JN_KY�o1lPG<�N1
Y��W�NY(� � IKY 36? � - �Rl(iU� Y G(lm_!Z>Y.TWZ>Y.hpY._BX�o1lPG<�N1 Y��K�NY[hRO Z>JPS � ]^_7X4IWY��Nl(fml M{lP_W�NV1lP�NY\]Ah ��]^X>I
l � E 7N< ; k 8 � @ ! ��IK]AG<I%]^h+l�hpiL_BX<lmG[X4]^G h>VK�NlPZ>]^_K� JPO � E 7N< ; " � E 7N< ;	� ?�@�
 ;
� JPZ��
� : � E 7N< ; MAJLJNT5�
#RY[G(lPVKhpYUX>IKY.ZpY7]Ah�_KJ�X4Z>lP_KhpO JPZ>S�kElPTKlPZpX�O Z>JNS ]A_BX4ZpJ��KVWG.]A_W�*ZpY.G.VWZ>h>]gfNYUSUY&X4IKJ��Kh.k X4I1l6X G.lP_
oxYI�KJN_KY�JN_�X>IKY��NZ>lPTKI!X4J%Y[MA]AS ]A_KlmX4Y�o1lPG<�N1 Y��K�NY[h.k1� Y�S VKhpX Y[_Kh>VWZ>Y�X4I1l6X �RY�G.lP_�Z>Y.TWZ>Y.hpY._BX
hpX>Z>JN_W�NM^i�G[JN_K_KY[G[X4Y'�"G.JNS T�JP_KY._BX4heZ>Y[�BlPZ �WMAY.hph�JPO+lP_Bi�JPX>IKY.Z��Nl(fml7M{lP_W�NV1lP�NY�G.JP_KhpX>Z>VKG&X4h�� Y
oKVK]^M��%O Z>JPS � � n JNZ+X>IK]Ah�Z>Y.lPh>JN_dkK�Nl(fml�M^JHJPTKh�lPZ>Y�X4IKY �1ZphpX G.JN_Kh X4ZpVKG[X �RYeoKVK]AM�� lP_!�7TWM{lPG[Ye]^_
X4IWY F&* � ��� lmX4Y[Z G[JN_KhpX>Z>VKG&X4hR��]^MAMWX>IKY._7o�Y\SUJ��K]"�1Y�� X4J�lPG.G[JNS SUJ��1lmX>YelmMAZ>Y.l(�Wi%oWVK]AMgX M^JHJPTKh��

� O VK_!�1lmSUY[_�X4lPM TKZpJNoKM^Y.S ]^h G<IKJLJNh>]^_K����IK]AG<I G&iHG[MAY[h ]^_ � ��]^MAM G.JN_BX4Zp]AoKVHX4Y�X4J���IW]AG<I
�Nl(fml�MAJLJNTKh�]A_ X>IKY �K_1lPMRZpY.TKZpY.hpY._BX<lmX>]AJN_2� � G[JNSUS JN_ lPTKTKZpJBlPG<I ]^h�X4J�MAJLJN��O JNZ�h>SUlPMAM^Y.hpX
G[iLG[MAY.h\��]^X>I�lP_*Y._BX4Z i�TxJN]A_BX�X4IKlmX�]^h\X>IKY X<lP]^M JPO+h>JPSUY�o1lPG<�N1jY'�K�NY � + k sWk + qHkpq���� � � IK]Ah\G[iLG.M^Y
]Ah X4IKY[_ Z>Y��WVKG.Y'� X>J l h>]^_K�NM^Y*_KJ��KY�]^_ X4IWY�G.JN_BX>Z>JNML�1Jb� �NZ>lPTKI lm_!� X4IKY�TKZ>JLG.Y[h>h!]AhUZ>Y�1
]^X>Y.Z>lmX4Y'�5�$#RY[G(lPVKhpY�X4IKY[Z>Y�]Ah _KJ%TKZpJ�fPY._ �K]^Z>Y.G&X G.JPZ>Z>Y[M{lmX>]AJN_Uo�Y&Xj�RY[Y._�h>SUlPMAM^Y.h XRG&iHG[MAY[h ]A_�X4IWY
G.JP_�X>Z>JNM��1Jb� �NZ>lPTKI lP_!� S JNhpX 1G�KY[Y.TKMgi _KY[hpX>Y��7�Nlbfml�MAJLJNTKh[kPX4IW]Ah lPTKTWZ>JBlPG<I G.lP_%iH]^Y.M��%oK]A�.lPZ>ZpY
Z>Y[hpX>Z>VKG&X4VKZp]A_K�Nh'�

� IKY lmTKTKZ>JNlPG<I�hpIKJb��_�]A_!X4IW]Ah\h>Y.G&X4]^JN_ ! s&� + " ]Ah X4JUG.Z>V&�KY.Mgi�Z>Y.h X4ZpVKG[X>VKZ>Y�Y[fNY[Zpi�hpX>Z>JN_W�NM^i
G.JP_K_KY.G&X4Y'��G[JNS T�JN_WY._BX(kHlP_!��X>IKY._�ZpY'�1_WY�X4IKY�Z>Y.h X4ZpVKG[X>VKZ>]^_K� ��]^X>I�h>VWG.G.Y[h>hp]^fNY T1lmh>h>Y[h JPO X4IWY
lPM^�NJNZ>]gX4IKS>� � J
oxY.�P]A_ ��]^X>I�k+�RY�hp]AS TKM^i
G.ZpY(lmX>Y�JN_KY��Nl(fml"M^JHJPT T�Y[Z%hpX>Z>JN_K�PM^i G.JN_K_WY.G[X>Y��
G.JPSUTxJN_KY[_�X�� W�_WG.Y�G[Z>Y.lmX4Y'��k �RY*VKh>Y�X4IKY*TKZ>JPT�Y[ZpX4]^Y.h JPO X>IKY��Nl(fml �NZ>lPS S7lPZ lmh>h>JLG.]AlmX4Y'�
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G.JPSUTxJN_KY[_�X>h ]A_ � � ]^_�h>VWG<I*l�� l(i7X>I1lmX X4IKY&i�G(lm_!G.JNZpZ>Y.G&X4Mgi7oxY�ZpY.TKZpY.h>Y[_BX4Y���lPh �Nl(fml MAJLJNTKh
X4IKlmX�_KY[hpX ]A_�X>IKY%JN_KY[h X4I1l6X�G(lPS Y O ZpJNS � � � IK]Ah�TKZpJHG[Y.hph�]Ah ZpY.TxY(lmX>Y��
VK_BX4]AM �RY lmZ>Z>]gfNY%l6X
h>JPSUY���� ��IK]^G<I�G[JN_BX<lP]^_Khe_WJ7hpX>Z>JN_W�NM^i�G[JN_K_KY[G[X4Y'��G.JNS TxJN_KY._BX>h�lmX�lPM^M � � X\X4IKlmX�TxJN]^_�X�� Y
G.MAlP]AS$X4IKlmX+�RY�I1l(fPY�O JPVK_!�UlPMAMLX4IKY M^JHJNTWh+lP_!� X4IKY[]AZ TWZ>JNTxY.Z+_KY[hpX>]A_K�Nh+O JNZ X>IKY S Y[X4IWJ�� oxY.]A_W�
Z>Y[hpX>Z>VKG&X4VKZpY��5�

� IK]Ah lmTKTKZ>JNlPG<I%G(lP_W_KJPX$�K]^Z>Y[G[X4Mgi �WY(lPML��]^X4I%h X4ZpJN_K�NMgi G[JN_K_KY[G[X4Y'� G.JNS T�JP_KY._BX4h X>I1lmX+IKlbfPY
S JNZ>Y X>I1lP_�JN_KY�Y._BX4Z i�T�JN]^_BX(kKhp]A_KG[Y�_WJ��Nl(fml M^JHJPT�IKlPh�SUJNZpY�X4I1lP_�JN_KY Y[_�X>Zpi�TxJN]A_BX�� 
\Jb�61
Y[fPY.Z[kd_KJ �W]AZ>Y[G[XeZ>Y[hpX4ZpVKG[X>VKZ>]^_K�!lPTWTKZ>JBlmG<I�G(lP_��RJPZ>��o�Y[G(lPVKhpY X4IWY.Z>Y lPM^�Rl(iLh�S VKh X�oxY hpJNS Y
G[iLG[MAY�]^_UhpVKG<I�l�h X4ZpJN_K�NMgi G.JN_K_WY.G[X>Y��!G[JNSUTxJN_KY[_BX X>I1lmX IKlPh S JNZpY\X>I1lP_7JP_KY�Y[_�X>Zpi TxJN]A_BX � �
�K]^Z>Y.G&Xe�Nl(fPl Z>Y[TKZ>Y[h>Y[_�X4lmX4]^JN_�JPO X>IK]Ah�G&iHG[MAY ]Ah ]^SUTxJNhph>]AoWMAY(�

Fj_ 
�l(fPlHkL� Y X4Z>lP_KhpO JPZ>S lP_Bi7S VWM^X4] 1jY[_�X>Zpi TxJN]A_BX hpX>Z>JN_K�PM^iUG.JN_K_WY.G[X>Y���G.JPSUTxJN_KY[_�X>h ]A_BX>J
h>]^_K�NM^Y%Y._BX4Z i�T�JP]A_BX hpX>Z>JN_K�PM^i�G[JN_K_KY[G[X>Y�� G[JNSUTxJN_KY[_BX4h oBi�G.ZpY(lmX>]A_K��l �K]AhpT1lmX>G<I h X<lmX>Y.S Y._BX
X4IKlmX G(lP_ �K]AZpY.G&XUG[JN_BX4ZpJNM6�1Jb� X>J lP_Bi JPO\X4IWY*S VWM^X4]^TKMAYUY._BX4Z i T�JP]A_BX4h'� � Y&i oKZ4lP_WG<IKY.h JPO
G.JP_�X>Z>JNM �1Jb��lPZ>Y�X>IKY._ �W]AZ>Y[G[X>Y���X4J X>IK]Ah �K]AhpT1lmX>G<I!hpX<l6X4Y.S Y._BX hpVKG<I!X4I1l6X ]^X _KJb� lmG[X4h lPhRX4IWY
h>]^_K�NM^Y Y._BX4Z i T�JN]^_BX+X4J X4IKY�hpX>Z>JN_W�NM^i%G[JN_K_KY[G[X>Y���G[JNSUTxJN_KY[_BX � FHY[G[X>]AJN_Us&� + �C- ! T1lP�NY\sBq " �N]gfNY[h
l%G.JNS TKM^Y[X4YI�WY.h>G[Z>]^TWX4]^JN_�JPO X>IK]Ah�TKZpJHG[Y.hph��

� IKY ZpY.hpX JPO X4IW]Ah�hpY.G&X4]AJP_�]AheJNZ>�Blm_K]A�[Y���lmheO JNM^MAJb��h�� n ]AZphpX.k�]^_�h>Y[G[X>]AJN_�s�� + � + � Y%M{l(i�JNVHX
h>JPSUYT�KY0�1_K]^X>]AJN_Wh O JPZ�hp]AS TKMAY h>]A_W�NMAY Y._BX>Zpi"TxJN]A_BX�hpX>Z>JN_K�PM^i�G[JN_K_KY[G[X>Y�� G[JNSUTxJN_KY[_BX4h��!FHY.G�1
X4]^JN_ s&� + � q�Y��WTWMAJNZpY.h ��IKY._ �RY�h>IKJPVKM�� Z>Y[TKZ>Y[h>Y._BXUX4IKY�FKQ Q ��]gX4I l � E 7N<N; M^JHJPT�k h>Y.G&X4]^JN_
s&� + � s7Y0�WlPS ]A_KY[h���IKY[_"� Y%h>IWJNVKM���VWh>Y l �
� : � E 7N<N; MAJLJNT�k�lP_!��hpY.G&X4]AJP_"s&� + �B,!TKZpY.hpY._BX4h�X4IWY
� E 7 <N;	� ?�@ 
 ;
� M^JHJNT lPh%lP_ Y ��Y.G[X>]^fPY�O lPMAM 1jo1lPG<��SUY[G<I1lP_K]^h>S ��IKY._ X4IWY7TKZpY[fL]AJNVWh Xj�RJ�M^JHJPT
XjiLT�Y[h�G(lP_K_WJPX Y ��Y.G&X4]gfNY.Mgi�ZpY.TKZpY.h>Y[_BX\X>IKY�FKQ Q � � IKY[_�kK]^_!h>Y.G&X4]^JN_Kh�s&� + � - lP_!��s&� + �B>WkWZpY.h>TxY.G�1
X4]gfNY[M^iNk1� Y �NY[_KY.Z>lPMA]^�.Y�JNVKZ�h>G<IWY.S Y X4J I1lP_!�WMAY�S VKM^X>]"1 Y._BX4Z i!T�JP]A_BX\MAJLJNTKh\lP_!�*_KY.h X4Y���M^JHJPTKh��
n ]^_1lPMAMgi7]^_*hpY.G&X4]AJP_Kh s&� + � ? lm_!��s&� + �B@ � Y Y��WTWMAJNZpY�IKJb� X>J7ZpY'�1_KY���I1lmX\X4IKY�G.JP_�X>Y._BX4h�JPO X4IWY
�Nl(fml�MAJLJNT
h>IKJNVWM�� oxY�lm_!� IKJb� X4IWY.]AZ�G.JNZpZ>Y[h>TxJN_!�K]^_K��F&* � _KJ��KY.h�h>IKJPVKM�� oxY7TWVWX ]^_ X4IWY
F&* � �
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U Y�oxY.�N]^_�oBi*lPhph>VKS ]A_K�%X>I1lmX\Y[fPY.Zpi�h X4Z>JP_K�NM^i�G.JN_K_WY.G[X>Y���G[JNS T�JN_WY._BX\I1lPh\Y0�WlPG[X>M^i�JN_WY
Y._BX>Zpi TxJN]^_�X.k�lP_!� �PY._KY[Z4lPM^]A�.Y*M{lmX>Y.Z'�$a ]gfNY[_ h>JNS Y�h X4Z>JP_K�NM^i G[JN_K_KY[G[X4Y'� G.JNS T�JP_KY._BX(k � Y
]A_W]^X4]AlPMAMgi G[Z>Y(l6X4Y�l �Nl(fml MAJLJNT�JmO VK_K��_KJb��_�XjiLTxYPkWX>I1lmXR]Ah.kL��]^X>IKJNVWX �WY[X4Y[Z>S ]A_K]^_K����IWY[X4IWY.Z ]^X
]Ah�l � E 7N< ; k � E 7 <N;	� ?�@ 
 ;
� kdJNZ �
� : � E27N<N; MAJLJNT5� FLT�Y[G.]��KG(lPM^M^iNkL�RY�Z>Y[G.JNZK�5.

qA?



� � IKY 0&?%O 2 -�� 369 ?%O X4J�X4IKY hpX>Z>JN_W�NM^i�G.JN_K_WY.G[X>Y�� G[JNS T�JN_WY._BX � � IK]Ah�]Ah X>IKY SUY[S o�Y[Z�JPO
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0�!N9PO � 369 ?%O � 00O

� � IKY h>Y[X hpX<l6X4Y.S Y._BX>h ]A_�X4IKY h X4ZpJN_K�NMgi*G[JN_K_KY[G[X>Y��"G.JNS TxJN_KY._BX�� U Y G(lmMAM X4IK]^h�h>Y&X X4IWY
� 24D0O 
 3�� - � ���x243 !N9 5 ! O 9:36? � 00O

� IKY�_WY0�LX h X4Y.TU]Ah X4J��KY[X>Y.ZpSU]^_KY\X>IKY�XjiHTxY\JPO �Nl(fml�MAJLJNT�kN��IW]AG<I7]^_ X>VKZ>_ ��]AM^MK�N]^fPYeVWh X4IWY
MAJLJNT�� h ? ! O RH2 ! � � !N9PO �
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F O�X4IWY 0&?%O 2 -�� 369 ?%O ]Ah�l�a Zp]AS T�� 8 � ? � ? kH]A_ ��IK]AG<IUJN_KM^i JN_KY\JPO�]gX4h�h>VKG[G.Y.hph>JNZph ]Ah�l�SUY[ST1
oxY.Z\JPO X4IWY�� 24D0O 
 3�� - � ���x243 !N9 5 ! O 9:36? � 00O k1X4IKY[_*� Y G(lP_*Z>Y[TKZ>Y[h>Y._BX�X>IKY�h X4ZpJN_K�NMgi�G.JN_K_WY.G[X>Y��
G.JPSUTxJN_KY[_�X ��]^X>I!l � E 7 <N; MAJLJNT�kLlP_!�7h>Y[XRX4IKY ? ! O RL2 ! � � !N9PO X4J oxYeX>IKY�hpVKG.G[Y.hph>JNZ X4IKlmX ]^h _KJmX
l%SUY[S oxY.Z JPO X4IKY�� 24D0O 
 3�� - � ���x243 !N9 5 ! O 9:36? � 00O � n ]^�NVKZ>Y s&� q hpIKJb��h\X>IK]Ah�T1lmXpX4Y[Z>_5�
a ZpY.Y'�K]AMgi G<IKJLJNhp]A_K� X>J�Z>Y.TWZ>Y.hpY._BX X4IK]^h hpX>Z>JN_W�NM^i�G.JN_W_KY.G&X4Y�� G.JPSUTxJN_KY[_�X+lPh l � E27N<N; M^JHJPT

]AhR�NJHJ���G<IKJP]AG.Y)�/W VKZ JbfNY[Z4lPM^M��NJBlPMx]AhR_KJPX X>J��1_!�!X4IKY�Z>Y.h X4ZpVKG[X>VKZ>]^_K�%X4I1lmX ]AhR�PV1lPZ4lm_�X>Y.Y'��X>J
SUlmX4G<I X4IKY JNZp]A�N]^_1lPMmh>JNVKZpG.Y G.J��KYmkPoKVWX �pVKh X JN_KY+X4I1l6X ]^h VK_!�KY[Z>h X<lP_!�KlPoKMAY)� n Z>JPS X4IK]^h T�JP]A_BX JPO
fL]AY&� kKY(lPG<I�hpX>Z>VKG&X4VKZpY����Nl(fPl h X<lmX>Y.S Y._BX�h>IWJNVKM��!X>Zpi7X>J%Y._KG.lPTKhpVKM{lmX>Y lPh S VKG<I�]^_WO JNZ>SUlmX>]AJN_
O Z>JPS X>IKY"G.JN_BX4ZpJNM �1Jb� �NZ4lmTKI lPh!TxJNh>hp]AoKM^Y(� Fj_ JNVWZ�G<IKJN]^G.Y�JPO�MAJLJNT XjiLTxYPke� Y�� lm_�X!X>J
Z>Y[TKZ>Y[h>Y[_�X TKZ>Y'�KY.G[Y.hph>JNZ%lm_!� hpVKG.G[Y.hph>JNZ ]^_WO JNZpS7lmX>]AJN_*O Z>JNS X>IKY 0&?%O 2 -�� 369 ?%O h X<lmX>Y.S Y._BX � Fj_
X4IW]Ah4�1ZphpX Y��KlmSUTKM^YPk�l � E 7N< ; hpX<l6X4Y.S Y._BX G.lPTWX4VWZ>Y.h+X>IKY O lPG[XEX4I1lmX+X>IKY.ZpY ]Ah+l hpVKG.G[Y.hph>JNZ X4J�X4IWY
0&?%O 2 -�� 369 ?%O X>I1lmX ]^h _WJPX l S Y.S o�Y[ZRJPO X>IKY�h X4Z>JP_K�NM^i G[JN_K_KY[G[X4Y'��G.JNS T�JP_KY._BX(kWlP_!�7X>IKY.ZpY[O JNZpY
O VKM"�1MAM^h JNVKZ%]^_WO JNZ>SUlmX>]AJN_ ZpY�H�VK]^Z>Y.S Y._BX�� � J
JmX4IKY[Z XjiLTxY*JmO��Nl(fml
M^JHJPT ��]AMAMJ�KJ
X>IK]Ah[kRlm_!�
� Y�SUlP�PY X>IK]Ah G<IWJN]AG[Y��PZ>Y.Y'�K]AMgi���_KJb��]A_W� X>I1lmX\]^X h4l(fNY[heX4IWY�]^_BX4Z>J��KVKG&X4]^JN_!JPOElP_�Y0�LX4Z>l7�Nl(fml
� @ ;�D ��h X<lmX>Y.S Y._BX�X4J Y0�H]^X�X>IKY MAJLJNT�O Z>JNS X4IKY 0&?%O 2 -�� 369 ?%O k1M{lmX>Y.Z JN_5�
n ]A_KlPMAMgiNk _KJmX4Y X>I1lmX�O JPZ�l � E 7N<N; hpX4lmX4Y[SUY[_BX(k X4IKY 0&?%O 2 -�� 369 ?%O h>IKJPVKM��)oxY l a�Z>]^SUT

� 8 � ? � ? � � IKY�Y._BX4Z i7TxJN]^_�X S VKh X I1l(fNY�SUJNZpYeX>I1lP_�JN_WY h>VKG[G.Y[h>h>JPZ.k1h>J lmX M^Y(lPh X Y.]gX4IKY[Z lP_ 7S8
JNZ�l = � 7 ? C E ]^h Z>Y'HLVW]AZ>Y'�5� 
eJb� Y[fNY[Z.kx]^O X>IKY 0&?%O 2 -�� 369 ?%O ]Ah�l � � 7 ? C E � ? � ? ��]^X>I�SUJNZpY�X4IKlP_
Xj� J*X<lmZ>�NY&X4h.k � Y 5 !P- oKVW]AM��"l�G.JP_!�K]^X>]AJN_KlPM Y0�HTKZpY.hph>]AJP_ O Z>JPS X4IKY = � 7 ? C E X4IKlmX�Y[fmlPMAVKlmX4Y[h
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Strongly Connected Component

natural exit

entry point

n ]A�PVKZ>Y s&� q�. + lmX>X>Y.Z>_�VKhpY��*X>J �NY._KY[Z4lmX>Y�l � E 7N< ; M^JHJPT5�

X4IWY = � 7 ? C E � h MAJLG(lPM lm_!� G[Z>Y(l6X4YUl*_KY&� � 8 � ? � ? oxY[O JPZ>Y Y[fmlPMAVKlmX4]^_K��l*Z>Y'�KVKG[Y�� fPY.Z>hp]AJN_ JPO
X4IWY = � 7 ? C E � � IKY!Z>Y[h>VKMgX ��]AM^MRoxY!l � E27N<N; M^JHJNT ��IKJNh>Y �1ZphpX h X<lmX>Y.S Y._BX ]Ah X>IKY�ZpY��KVKG[Y��
= � 7 ? C E k oxJPX4I
JPOR��IW]AG<I ��]^MAM oxY Y[fmlPMAVKlmX4]^_K��X4IKY h4lmSUY MAJLG(lmM � U IK]AM^Y G.JNZpZ>Y.G&X(k X4IK]^h G.JNVKM��
oxY SUJPZ>Y�G.JNS T1lPG&X4M^i�ZpY.TKZpY.h>Y[_BX4Y��
oBi�l � E 7N<N;	� ?�@�
 ;
� MAJLJNT*��IWJNh>Y��1ZphpX�h X<lmX>Y.S Y._BX�]^heX4IWY
JNZp]A�N]^_1lPM = � 7 ? C E � n JPZ\G[JNS T1lPG[X>_KY.hph lP_&��Y0�HTxY��K]^Y._KG&i*� Y G<IKJLJNhpY�X4IW]Ah�h>Y[G.JN_!��JPTWX4]^JN_�lm_!�
]A�P_KJNZ>Y = � 7 ? C9E oKlPh>Y'�*G[JN_!�K]gX4]AJP_1lPMdM^JHJPTKh��

� ��� ��� ����� ����� 	 � � � � ���

F OE� Y,�K]���_KJPX �K_!��l � E 7N< ; M^JHJPT�kHX>IKY _KY0�LX\hpX>Y.T�]^hRX4J h>Y[Y ]^O �RY�h>IWJNVKM���ZpY.TKZpY.h>Y[_BX�X4IWY
hpX>Z>JN_W�NM^i!G[JN_K_KY[G[X>Y���G[JNS T�JN_WY._BX���]^X4I*l ��� : � E 7 <N; MAJLJNT5�$F O X4IKY[Z>Y�� h�l TWZ>Y��WY.G.Y[h>hpJNZ�X4J X4IWY
0&?%O 2 -�� 369 ?%O X>I1lmX ]^h l S Y.S o�Y[ZRJPO X>IKY � 24D0O 
 3�� - � ���x243 !N9 5 ! O 9:36? � 00O ��IK]^G<I!I1lPh l hpVKG.G[Y.h>hpJNZ
X4IKlmX ]^h�_WJPX l�SUY[S oxY.Z�JPO X4IWY � 24D0O 
 3�� - � ���x243 !N9 5 ! O 9:36? � 00O k X4IKY[_ �RY7G(lP_ Z>Y.TWZ>Y.hpY._BX%X4IWY
hpX>Z>JN_W�NM^iUG.JN_W_KY.G&X4Y��*G.JNS TxJN_KY._BX ��]gX4I�l �
� : � E 7N<N; MAJLJNT�kHlP_!��h>Y&X X4IKY ? ! O RH2 ! � � !N9PO X>J X4IK]^h
h>VWG.G.Y[h>hpJNZ�� n ]A�NVWZ>Y�s&� s ! T1lP�PY sNr "Rh>IWJ���h�X4IW]Ah�T1lmXpX4Y.Zp_5�

� IK]Ah TKZpY��KY[G.Y[h>h>JPZ7]Ah���I1lmX ��]AM^MRY[fPY._BX4VKlPMAMgi lPG[X lmh X>IKY!G.JP_!�K]^X>]AJN_ O JPZ X4IKY��
� : � E 7N<N;

q��



a

b

c

Strongly Connected Component

entry point

natural exit

predecessor

n ]^�NVKZpY s&� s�. +ElmXpX4Y.Zp_*VWh>Y���X4J �NY[_KY.Z>lmX4Y�l ��� : � E 7 <N; M^JHJNT2�

MAJLJNT5�TF O X4IKY[Z>Y ]Ah S JNZ>Y X>I1lP_
JN_KY G(lP_!�W]��1lmX>Y%X4I1lmX�H�V1lPM^]��1Y[h.k � YUhp]AS TKM^i�lPo1lP_&�KJN_ X>ZpiL]A_W�
X4J7Z>Y.h X4ZpVKG[X>VKZ>Y%l ��� : � E 7 <N; M^JHJPT�lP_!��S7lPZp��X4IKY hpX4ZpJN_K�NMgi�G.JN_W_KY.G&X4Y��"G[JNSUTxJN_KY[_BX�lPh�lP_
VK_KG[JN_!�K]gX4]^JN_1lPM�MAJLJNT5�

� IKY%]A_BX>VK]^X>]AJN_�oxY.IK]^_!��X4IK]^heG<IWJN]AG[Y ]Ah\X4I1lmXe��IKY._�X>ZpiL]A_W�7X4J�ZpY.TKZpY.hpY._BX�X4IKY G(lPhpY ��IKY.ZpY
X4IWY.Z>Y�lPZ>Y�S VKM^X>]ATKM^Y��
� : � E27N<N; G[JN_!�K]gX4]AJP_ G(lm_!�K]��KlmX4Y[h.k �RY�_WJPX4Y�X4I1lmX7X4IKY[Z>Y�lPZpY ? o1lPG<�
Y��W�NY.h�X4J X4IKY 0&?%O 2 -�� 369 ?%O k���IKY[Z>Y���� + k lP_!��JN_KM^i JN_KY
JPO X>IKY.hpY ��]AM^M�o�Y lPG[G.JNVK_BX>Y��
O JNZ�o�i
X4IWY �
� : � E 7N< ; G.JN_!�W]^X4]^JN_5� � IKY.ZpY�lPZ>Y X4IKY[_���� + Z>Y[S7lP]^_K]A_W�*o1lmG<� Y��W�NY.h ��IW]AG<I
S VKh X!oxY�Z>Y[TKZ>Y[h>Y._BX>Y�� o�i lmX�M^Y(lPh X�JN_WY�_KY.h X4Y'� M^JHJPT5� � IKY�G<IKJP]AG.Y�JPO���IK]AG<I G.lP_!�K]��1lmX>Y
G.JP_!�K]^X>]AJN_ ]^h*VKhpY���]A_ X4IKY ��� : � E 7 <N; ��]AM^M�Z4l(�W]AG(lmMAM^i l ��Y.G&X*��I1l6X�Y[S o�Y'�!�KY'� MAJLJNTKh�lPZpY
G.ZpY(lmX>Y��5� c\_WO JNZ X4VK_1l6X4Y.MgiNkR� Y�IKlbfPY�_KJmX O JPVK_!� lm_�i IKY[VKZ>]^hpX>]AG.h ��IK]^G<I G(lm_ Z>Y[MA]AlPoKM^i IKY.M^T
��]^X>I*X>IKY hpY.MAY[G[X>]AJN_*JPO l7�NJLJ��*G.lP_!�K]��1lmX4Y)� � oxY[X>X>Y.Zeh>JNM^VWX4]^JN_*]^h\X>J�TKZpJ��KVWG.Y-�pVWhpX�l h>]^_K�NMAY
VK_KG[JN_!�K]gX4]^JN_1lPM � E 7 <N;	� ?�@ 
 ;
� ��IK]^G<I�I1lP_&�KMAY[h�lPMAM�X>IKY o1lmG<�*Y'�K�NY.h lmX JN_WG.YPk�Z4lmX>IKY.Z\X4I1lm_"q
JNZ S JNZ>Y�_WY.hpX>Y��*G.JN_!�W]^X4]^JN_1lPM�MAJLJNTKh'�

sNr



� ��� ��
 �����
	���������� �	��
 ���(��� � 	 ��	 ��� � � � � �����

F O\_KY.]gX4IKY[Z l � E 7N< ; _KJNZ l ��� : � E 7 <N; MAJLJNT lPZpY�G.ZpY(lmX>Y���k � Y!oKVK]^M�� lP_ VK_KG[JN_!�K]gX4]^JN_1lPM
� E 7 <N;	� ?�@ 
 ;
� M^JHJPT5� *$�K�NY[h�X>I1lmX�G.JNS Y JNVWX�JPORX>IK]Ah XjiLT�YUJPO M^JHJNT
lPZpY7lmMAM+]A_BX>Y.Z>TWZ>Y[X>Y�� lmh
� @ ;�D � hpX4lmX4Y[SUY[_BX4h.kLJNZ ]^OxX4IWY[i%X<lmZ>�NY&X hpJNS Y\Y[_KG(lmTKh>VKMAlmX4]^_K��MAJLJNT�� h�G[JN_!�K]gX4]^JN_�kBlPh C � � ? 7�� 
 ;
hpX4lmX4Y[SUY[_BX4h�� n ]A�NVWZ>Y s��B, ! T1lP�NY s + " ]^MAMAVWhpX4Z>lmX4Y[h hpVKG<IUl hpX4ZpJN_K�NMgi�G.JN_K_WY.G[X>Y�� G.JNS TxJN_KY._BX lm_!�
X4IWY�ZpY.hpVKM^X>]A_K� hpX>Z>VKG&X4VKZpY��*G.J��KY(�

a

b

c

    a;
    do {
        b;
        if (c) continue L1;
    } while (d);
    break;
}

while (true) {L1:

d

n ]^�NVKZ>Y s&�D,!. � _�Y0�WlPS TKMAY G.JN_BX4ZpJNM �KJ�� �NZ>lPTKI�X4IKlmX�X>Z4lP_Kh O JNZ>S h�X>J�l � E27N<N;	� ?�@�
 ;
� MAJLJNT�k
lP_!��]^X>h G.JNZpZ>Y[h>TxJN_!�K]^_K� G.J��KY(�

Fj_"G<IKJHJPh>]A_W��X>IKY%MAJLJNT�XjiLTxY �RYT�KJ!X>IKY O JNMAM^Jb��]A_K�!� n ]AZ>h X � Y%h>Y.Y%X>I1lmX�X4IWY 0&?%O 2 -�� 369 ?%O
X4J%X>IKY FWQ Q �KJLY.h�_KJPX\I1l(fNY�l%h>VKG[G.Y[h>h>JPZeX4IKlmX\]Ah _KJPXel SUY[S oxY.Z JPO X4IKY�FKQ Q � � IKY[Z>Y&O JNZ>Y�l
� E 7 <N; MAJLJNT7]^h _WJPX l �PJHJ��7G<IKJP]AG.Y\O JNZ�Z>Y.TWZ>Y.hpY._BX4]^_K�%X4IK]^h FWQ Q � � Y��LX(kWX>IKY 0&?%O 2 -�� 369 ?%O �KJHY[h
_KJPX I1l(fNY l�TKZpY��KY[G.Y.hph>JNZ�]A_*X4IKY FKQ Q ��IK]^G<I
IKlPh�l�h>VWG.G.Y[h>hpJNZ���IW]AG<I�]Ah�_KJPX l�S Y.S oxY.ZeJPO
X4IWY FKQ Q � � IKY[Z>Y&O JNZ>Ymk�l �
� : � E 7N<N; M^JHJPT�]^h _KJPXelPTKTWZ>JNTKZp]{lmX>Y Y.]^X>IKY.Z'�6W VKZ O lPM^Mdo1lmG<��G<IWJN]AG[Y
]Ah lm_UVK_WG.JN_!�W]^X4]^JN_1lPM � E 7N<N;	� ?�@�
 ;
� M^JHJNT2� � IKY\SUlP]A_%G[JN_Kh>Y'H�VKY._KG[Y ]Ah+X>I1lmX�lP_Bi Y��W�NYeJPVWX JPO
X4IWY�M^JHJPT�S VKhpX\_KJb�)oxY�l � @ ;BD ��h X<lmX>Y.S Y._BX � � G[G.JNZK�K]A_W�NM^iUX4IKY�Y��K�PY O ZpJNS �7��IW]AG<I�M^Y(l(fNY[h
X4IWY FWQ Q�]Ah _KJb� Z>Y.TWZ>Y.hpY._BX4Y'����]^X>I�l � @ ;BD � �

s +
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� M^M _WJ��KY[h\��]gX4IK]^_�l hpX>Z>JN_K�PM^i�G.JP_K_KY.G&X4Y'��G.JNS TxJN_KY._BXeG(lP_�Z>Y(lmG<I�lPM^M JPX4IKY[Z�_KJ��KY[h�� #RY�1
G(lmVKh>Y�JmO X4IK]^h.k ]^O X>IKY7h X4Z>JP_K�NM^i"G[JN_K_KY[G[X>Y�� G.JPSUTxJN_KY[_�X I1lPh�SUJNZpY X>I1lP_ JP_KY7Y[_�X>Zpi T�JP]A_BX(k
X4IWY._ X4IWY.Z>Y�]Ah7_WJ � l(i X4J T1lmZpX4]gX4]^JN_ JPZ7Z>Y'�KVKG[Y�l hpX>Z>JN_W�NM^i G.JP_K_KY.G&X4Y'� G[JNS T�JN_WY._BX!]A_BX>J
h>SUlPM^MAY.Z�T1lPZ X4h.k�h>VWG<I X4IKlmX Y[fPY.Zpi TKlPZpX%��]^MAM�I1l(fNY�JN_KM^i JN_KY!Y[_�X>Zpi TxJN]^_�X�� FH]^_KG.Y!_KJ �Nl(fml
hpX4lmX4Y[SUY[_BX�I1lPh S JNZ>Y\X4I1lP_�JN_WY�Y._BX4Z i�TxJN]A_BX(kL�RY�G.lP_K_KJmX �K]AZpY.G[X>M^iUZ>Y[TKZ>Y[h>Y._BXel S VKMgX4] 1jY._BX>Zpi
TxJN]A_BXehpX4ZpJN_K�NMgi�G.JN_W_KY.G&X4Y���G[JNS T�JN_WY._BX ]^_��Nl(fml&� � JUTKZ>JLG.Y[Y�����]^X>I�ZpY.hpX>Z>VKG&X4VKZp]A_K�Wkx� Y%lPZpY
O JNZpG.Y���X4J TxY.Z O JNZ>S l X>Z4lP_Kh O JNZ>S JN_!X4IKY G.JP_�X>Z>JNM5�KJ�� �NZ4lmTKI5�

� IKY.ZpY�lmZ>Y Xj� J�XjiLTxY.h JPOxX4Z4lm_KhpO JNZpS X>I1lmX G.JPVKM��%oxY\lPTKTKM^]AY��2. + " fNY.Zph>]^JN_K]A_W� X>IKY hpX>Z>JN_W�NM^i
G.JP_K_KY.G&X4Y'� G.JPSUTxJN_KY[_�X!O JPZ�Y(lPG<I Y._BX>Zpi TxJN]A_BX(k�JNZ�q."UX4IKY�]^_�X>Z>J��KVKG&X4]AJP_ JPO lm_�lmZpX4]"�1G.]AlPM
�K]^h>T1lmX>G<I*h X<lmX>Y.S Y._BX�X4I1l6X ��]AMAM�lPG[X\lPh X>IKY h>]A_W�NMAY�Y[_�X>Zpi!TxJN]^_�X��

� MgX4IKJNVW�NI�fNY[Z>h>]^JN_K]^_K� ]A_BX4ZpJ��KVWG.Y.h _WJ _WY[� hpY.SUlP_BX4]^G�X4J%X4IWY�G.J��KYPkKX>IKY.ZpY lPZ>Y Xj� J7lmZ>�NV�1
S Y._BX4h�lm�BlP]A_WhpX ]gX . + "\]gX S VWM^X4]^TKMA]^Y.h X4IWY h>]^�.Y JPO X>IKY G.J��KY ��]gX4IK]^_*X4IWY%hpX4ZpJN_K�NMgi�G.JN_K_WY.G[X>Y��
G.JPSUTxJN_KY[_�X�oBi!X>IKY _LVWS o�Y[Z�JPOEY[_BX4Zpi�T�JN]^_BX4h.kH��IK]AG<I�JNoWO VKhpG(lmX>Y.h�X4IKY G[J��KY�� h�TKVWZ>TxJNh>Ymk�lm_!�
q " X4IKYehpX>Z>JN_K�PM^i G.JN_W_KY.G&X4Y��!G[JNS T�JN_WY._BX6�KJLY.h _KJPX Z>Y[TKZ>Y[h>Y._BX\lP_Bi hpX>Z>VKG&X4VKZpY��!G[JN_KhpX>Z>VKG&X(kKhpJ
lmXpX4Y.S TWX>hRX4J fL]^Y[��T1lPZpX>h JPO ]gX lPh hpVKG<I!��]AM^M�M^]A�PY[M^i oxY _KJN_KhpY._Khp]AG.lPM � U Y G<IKJNhpY X4J%]^_�X>Z>J��KVKG[Y
lPZ X4]��KG.]{lmM�G[JN_BX4ZpJNMJ�1Jb� �K]AhpT1lmX4G<I h X<lmX>Y.S Y._BX4h%]^_ 
�l(fPl*o�Y[G(lPVKhpY�]^X TWZ>Y.hpY.Z fNY.h X4IWY!�NY._KY[Z4lPM
]A_BX>Y._BX4]^JN_�JPO X>IKY hpX>Z>JN_W�NM^i G.JP_K_KY.G&X4Y'��G[JNS T�JN_WY._BX(kLiNY[X�JP_KM^iUl(�!�Wh l h>Y&X JPO lPhph>]^�N_KS Y._BX4hRX>J
X4IWY�_WY[�-�~lm� fmlPZp]{lPoWMAY.hR]A_!X4IKY G[J��KY)�

� _ Y0�WlPS TKM^Y!JPO�X4IK]^h%h>Y.G[JN_!� X4Z>lP_KhpO JPZ>S ]^h �N]gfNY._ ]^_ �1�NVKZpY�s&�C-�� 
eY[Z>Y!� Y�G[JN_BfNY[ZpXUl
� �
� : � E 7N<N; 1j]AhpI�
�M^JHJNT�X4IKlmX�G.lP_�oxY�Y[_BX4Y.ZpY��V�K]^Z>Y[G[X4Mgi�]A_BX4J ]^X$� h\oxJ��Wi�]^_�X>J7l � E27N<N;	� ?�@�
 ;
�
MAJLJNT5� � IKY�_KY&� � TKZ>]^SUY'��
�h X<lmX>Y.S Y._BX4h��W]AZ>Y[G[X%G[JN_BX4ZpJNM �1Jb�,� n JNZ�Y0�WlPS TKMAYmk ; � ]Ah lP_ lPh 1
h>]^�N_KS Y._BX\X4I1lmXeh>Y&X4h hpJNS Y��~lm�7X4JU]A_!�K]^G(lmX>Y�X4I1lmXe�RY�� lm_�X G.JN_BX4ZpJNM �1Jb�$X4J7oxY��K]AZpY.G[X>Y���X>J
; k , � h>Y&X�X>IKYT�~lP�*X>J*]^_!�K]^G(lmX>Y , � � IKY hpX<l6X4Y.S Y._BX�� ]^h�l = � 7 ? C E JNZ 798 hpX<l6X4Y.S Y._BX�X4I1l6X
�K]^h>T1lmX>G<IKY.h\G.JP_�X>Z>JNM5�KJ�� o1lPhpY���JN_�X>IKY�fmlPMAVKY�JmO X>IKY G.JN_BX4ZpJNM5�1Jb� �1lP�!�

� MgX4IKJNVW�NI X4IKY�lPo�JbfPY �1�NVKZpY�]Ah7Y.lPhpi X4J VK_&�KY.ZphpX<lm_!��k�]gX!IK]��KY.h!lm_ ]AS T�JNZ X<lP_BXU]Ahph>VKY)�
Fj_ X>IKY X4Z4lm_KhpO JNZpS �RYUI1l(�"X4J*Z>Y��W]AZ>Y[G[X�JN_KMgi Db36570 oKVHX _KJmX lmMAM+JPO X4IKY Y��K�PY.h�X>I1lmX X<lmZ>�NY&X
X4IWYUY[_�X>Zpi T�JP]A_BX4h'� 
eY[Z>Y�lmZ>Y%X4IKYUZ>VKM^Y.h O JNZ���IK]AG<I Y��K�NY[h lPZpYUZpY��K]^Z>Y[G[X4Y'� X>J*X4IWY �K]^h>T1l6X4G<I
hpX4lmX4Y[SUY[_BX �

+ �eQRIKJLJNhpY\JP_KY�JPOdX>IKY�Y._BX4Z i T�JN]^_BX4h X4J oxY X4IKY ? ! O RH2 ! ��0&?%O 2 - �1369 ?%O �4� Y&X lPMAMKJmX4IKY[Z�Y[_BX4Zpi
TxJN]A_BX>h o�Y G(lmMAM D - ?%O Q100O 9:;%0&?%O 2 - �1369 ?%O D

q�� n JNZ�X4IKY _1lmX4VWZ4lPM Y._BX4Z i�TxJN]^_�X.k�ZpY��K]^Z>Y[G[X�lmMAM G.JN_BX4ZpJNM �1Jb��X>I1lmXeX<lPZp�NY[X>h�]^X\X4JUX4IKY��W]Ah 1
T1l6X4G<I�hpX<l6X4Y.S Y._BX.kKfH]Al l��1lP�UhpY[XpX4]A_W� h X<lmX>Y.S Y._BX �

sBq



a

b

e

dc

a

After transformBefore transform

b

e

dc

c’ b’

D

b’

n ]^�NVKZ>Y\s&� -�. � hp]AS TKMAY S VKM^X>]"1jY[_BX4Zpi T�JP]A_BX�hpX4ZpJN_K�NMgi%G.JP_K_KY.G&X4Y'�!G.JNS T�JP_KY._BX lP_!�U]^X4h G[JN_BfNY.Z 1
h>]^JN_!X4J l h>]A_W�NMAY Y[_BX4Zpi�TxJN]^_�X�h X4ZpJN_K�NMgi�G.JP_K_KY.G&X4Y'��G.JPSUTxJN_KY[_�X��

s&� n JNZRX>IKY hpiL_BX4IKY&X4]^G�Y[_�X>Zpi!TxJN]^_�X>h.k1ZpY��K]^Z>Y.G&X�JN_KMgi�G.JP_�X>Z>JNM5�KJ�� h>JNVWZ>G.]^_K�%O Z>JNS JNVWX>h>]��WY
X>IKY�hpX>Z>JN_K�PM^iUG.JN_K_WY.G[X>Y���G.JNS TxJN_KY._BX X>J X4IKYI�K]^h>T1l6X4G<I�hpX4lmX4Y[SUY[_�X.kWfL]{l%l �~lm�%h>Y[XpX4]^_K�
h X<lmX>Y.S Y._BX �

� IKY G[JN_Kh>Y'H�VKY._BX ]Ahph>VKYmk�X>IKY._�k�]Ah\IKJb�$X4J7G<IWJHJNhpY ��IK]^G<I�Y._BX4Z i�TxJN]^_�Xe]Ah�X4JUo�Y�X4IKY _1lmXK1
VKZ>lPM JP_KY(� Fj_��NY._KY[Z4lPM kx� Y��KJ7_KJPX ��_KJb��IKJb��S7lm_�i��Nl(fml7MAJLJNTKh\]^X\��]AM^M�X<lP�mY X4J7Z>Y.TWZ>Y.hpY._BX
l7h X4Z>JP_K�NM^i�G[JN_K_KY[G[X4Y'��G.JNS TxJN_KY._BX�VK_BX4]AM � Y I1l(fNY lPG&X4V1lmMAM^i �WJN_KY�X>IKY ZpY.hpX>Z>VKG&X4VKZp]A_K�&� ce_�1
O JNZ X4VK_1l6X4Y.MgiNkKX>IKY _LVWS o�Y[Z�JPO M^JHJNTWh _KY.Y'�KY���SUl(i!oxY�G<IKlP_K�NY'��oBi�h>Y[MAY.G&X4]^_K� �W]
��Y.Z>Y[_BXeY[_BX4Zpi
TxJN]A_BX4h�lmh�X>IKY _1lmX>VKZ4lPMdJN_KY(�

� IKY.ZpY�lPZ>Y�Xj� J T�JPh>h>]^oKMAY lPTKTKZpJBlPG<IKY[h X4J X4IW]Ah TKZpJNoKM^Y.S>� � IKYI�1Z>h X ]Ah X4J��KJ lP_�]^_ �KY.THX4I
h>Y.lPZ>G<I"JPO lPM^M TxJNhph>]AoWMAY ZpY.hpX>Z>VKG&X4VKZp]A_K�Ph�O JNZ�X>IKY hpX>Z>JN_W�NM^i*G.JN_W_KY.G&X4Y��
G.JPSUTxJN_KY[_�X�lP_!��X4IWY._
X4J�hpY.M^Y.G[X X4IKY�JP_KY7X4IKlmX%�NY[_KY.Z>lmX4Y[h X4IKY7O Y&�RY[hpX7�Nl(fml�MAJLJNTKh�� � IK]Ah ��]^MAM�o�Y7o�JPX>I G.JPSUTKM^Y0�
lP_!��hpMAJb�,� � IKY h>Y.G[JN_!��lPM^X>Y.Z>_KlmX4]gfNY ]^h X4J VKh>Y�h>JPSUY�IKY[VKZ>]^hpX>]AG X4J �NVWY.h>h ��IK]^G<I*Y[_BX4Zpi�TxJN]^_�X
h>IWJNVKM���oxY h>Y.M^Y.G&X4Y��2�

� IKY.ZpY�lPZ>YRh>Y[fPY.Z>lPMKIKY[VKZ>]^hpX4]^G.hEX>I1lmX+G[JNVKM�� o�YRVKh>Y'��kB]A_KG[MAV!�W]A_K�e]A_BX4Y[ZpfmlPMAh � s��1lP_!� h>SUlPMAM^Y.hpX
G[iLG[MAY��1_!�K]^_K� � + q�� � � IWY IWY.VKZp]AhpX>]AG � YUG[VKZ>ZpY._BX4Mgi�VKhpY ]^h X4J�TxY.ZpO JPZ>S l �KY[TWX4I �1Z>h X�h>Y(lmZ>G<I
��]^X>IK]A_�X>IKYUh X4ZpJN_K�NMgi�G.JN_W_KY.G&X4Y�� G.JNS T�JP_KY._BX�hpX4lPZpX>]A_K��O Z>JNS Y(lPG<I Y._BX4Z i TxJN]^_�X�� n JNZ�Y.lPG<I

 n F�k �RY"G.JPVK_BX�X>IKY"_�VKS oxY.Z!JPO�X<lPZp�NY[X>h!JPO�o1lPG<� Y'�K�NY.h[k�Z>Y.lPMA]^�.]A_W� X4IKlmX�]A_ X4IWY"O VHX4VKZpY
Z>Y[hpX>Z>VKG&X4VKZp]A_K�KkKX>IKY.hpY�X<lPZp�NY[X>helmZ>Y � 9A@B0 � - X>J oxY.G[JNS Y X4IKY Y._BX>Zpi!TxJN]A_BX>h JPOEY[S oxY��!�KY'�*M^JHJPTKh��

sNs



U lP_BX4]A_W��X4J"SU]^_K]AS ]A�[Y%X4IKY�_�VKS oxY.Z%JPO\M^JHJNTWh _KY.Y'�KY�� X4J�ZpY.TKZpY.h>Y[_BXUX>IKY�G.JNS T�JP_KY._BX(k+� Y
G<IKJLJNh>Y�X4IKY�
 n F�O Z>JPS X>IKY Y[_�X>Zpi�T�JN]^_BXeX>I1lmX TWZ>J��KVKG.Y[h�l7S ]A_K]^S7lmM _LVWS o�Y[Z�JPO+X4lPZ>�PY[X4heJPO
o1lPG<�!Y'�K�NY[h�� n ]A�PVKZ>Y s&�B>%h>IKJb��helP_�Y0�WlPS TKMAY��NZ>lPTKI!��]^X>I!Xj�RJUT�JNhph>]^oKMAY Y[_BX4Zpi�TxJN]^_�X>h��
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]Ah�G<IKJNhpY._ lPh�X4IKY Y._BX4Z i TxJN]^_�X X>IKY.ZpY�]Ah��pVKh X + X4lPZ>�PY[X�JPO o1lPG<�
Y��W�NY.h[k
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VK�NMgi _KJ SUlmX>X>Y.Z���IK]AG<I7� Y G<IKJLJNhpY oKVWX ]gXR]^h�� JNZ X4I!_KJPX>]A_K��X4I1l6X X>IKY G.J��KY\O Z>JNS G<IKJLJNh>]^_K� �
]Ah hpVKoKh X<lP_BX4]AlPMAMgi�hpS7lPM^MAY[Z lP_!��h>]^SUTWMAY.Z'�
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n ]A�NVWZ>Y s&� ?�. � IKY �NY[_KY.Z>lmX4Y'��G.J��KY�O Z>JPS �1�NVWZ>Y�s&�B>

U IKY._ TKM{lmG.]A_W��X4IKY�_KY&�
�~lP�)1 h>Y&X>X4]^_K�"lP_!� �K]^h>T1lmX>G<I h X<lmX>Y.S Y._BX4h ]^_ X>IKY�G.JN_BX>Z>JNM6�1Jb�
�NZ>lPTKI�k � Y�I1l(fNY�X4J o�Y�G.lPZ>Y&O VKM�X>I1lmX7X>IKY[i lPZ>Y�TKM{lPG[Y�� ]^_ X4IWY�lPTKTKZpJNTKZp]{lmX>Y�Y0�HG[Y.TWX>]AJN_1lmM
�.JP_KY.h7lPhT�KY'�1_WY�� ]^_ X>IKY*S Y[X>IKJ���� h Y��WG[Y.TWX>]AJN_ I1lP_!�KM^Y.Z%X<lmoKMAY)� n JNZ Y0�WlPS TKM^YPkR]gO lmMAM X4IWY
Y._BX>Zpi*T�JN]^_BX4h lmZ>Y���]gX4IK]^_�l7G[Y.ZpX4lP]A_*�.JN_WYPkdX>IKY._�X>IKY _KY&� �W]Ah>TKlmX4G<IK]^_K�7Y[_BX4Zpi�T�JP]A_BX�hpIKJNVKM��
lPM^h>J!oxY TKM{lmG.Y��"]^_�X4IKY%�[JN_KY)� F O�JN_KMgi�hpJNSUY JPO X4IKY%Y[_�X>Zpi�TxJN]^_�X>h�lPZpY ]A_"l��[JN_KYPk�X>IKY._"X4IWY

s -



_KY&� Y[_�X>Zpi T�JN]^_BX h>IWJNVKM�� ?d3SO oxY�TKM{lmG.Y�� ]^_ X4IWY��.JN_WY(� n M{lm��h>Y&X>X>]A_K��h X<lmX>Y.S Y._BX4h%hpIKJNVKM��
lPMg� l(iLh�o�Y TKMAlPG.Y'��]^_!X4IKY h4lmSUY �.JP_KY.h\lPh X4IWY.]AZ TWZ>Y��WY.G.Y[h>hpJNZ>h'�

� ��� ��� � 
�� ��

� ��� �����

� h X4ZpJN_K�NMgi�G.JN_W_KY.G&X4Y�� G.JNS T�JP_KY._BX�S7l(i�oxYUSUl(�KY VKT JPO S JNZpY X>I1lP_ JN_KY7�Nlbfml�MAJLJNT5�
ce_BX>]AM�_KJb� k �RY!I1l(fPY�JN_KMgi M^JHJP�PY�� lmX �1_&�K]A_K�*��I1lmX%hpIKJNVKM�� o�YUX4IKYUJNVWX4Y[Z 1 SUJNh X JPO X>IKY.hpY
MAJLJNTKh'� � J+�1_!� _KY[hpX>Y�� MAJLJNTKh ]A_ G[JN_BX4Z>JPM��1Jb� �NZ4lPTWI � � Y Z>Y[SUJbfPY l h>]^_K�NMAY hpX4lmX4Y[SUY[_�XEO Z>JNS
� TKZpJ��WVKG.]^_K��l�_KY[� G[JN_BX4ZpJNM$�1Jb� �NZ4lPTWI � � � � IK]Ah�hpX4lmX4Y[SUY[_BX S VWhpX�JNo�Y&i�X4IKY O JNMAM^Jb��]A_K�
Xj� J TKZpJNT�Y[ZpX>]AY.h'. + "E]gX ; ! ?1?d3SO oxY\TKlPZpX�JPOdl�_WY.hpX>Y��UMAJLJNT�k�lP_!�7q "E]gX S VKhpX lPMg� l(iLh o�Y�ZpVK_ O JPZ
Y[fPY.Z i!MAJLJNT�]gX4Y.Z>lmX4]^JN_5� F O X>IKY.hpY G.JN_!�W]^X4]^JN_KhRlPZ>Y S Y[X.kHX>IKY._!��IKY[_�X>IK]AhR�PY[i�T1lPZpX JPO X4IKY M^JHJPT
]Ah ZpY.S J�fPY���k �RY I1l(fNYUY ��Y.G&X4]^fPY.Mgi"Z>Y.S JbfNY'� X4IKY JNVWX>Y.Z��Nl(fml*MAJLJNT�O Z>JPS � � � U Y G(lP_"X4IWY._
Y[fmlPM^V1lmX>Y � � O JNZ ]gX4h�hpX4ZpJN_K�NMgi
G.JN_K_WY.G[X>Y�� G.JPSUTxJN_KY[_�X>h X4J��K_!� MAJLJNTKh�X4I1lmX _KY.h X%]A_ X4IKJNhpY
O JNVK_&�7O Z>JNS � � � h h X<lmX>Y���Y.lPZ>M^]AY[Z.kBX4IK]^hRTKZpJHG[Y.hph ]Ah�Z>Y[T�Y.lmX4Y'�!VK_BX4]AM~� Y Z>Y.lPG<I!h>JNS Y ����X4I1l6X
G.JP_�X4lP]A_Wh\_WJ h X4ZpJN_K�NMgi�G.JP_K_KY.G&X4Y'��G.JNS TxJN_KY._BX>helm_!��lPMAM�_WY.hpX>Y��*MAJLJNTKh I1l(fPY�oxY.Y[_*O JNVK_&�5�
n JNZpX>VK_1lmX>Y.M^iPk X4IKY[Z>Y�lmM^�RlbiLh�Y0�H]Ah X4h�lmX�MAY.lPhpX�JN_KY hpX4lmX4Y[SUY[_BX�O JNZ Y&fNY.Z i �Nlbfml�MAJLJNT�X4I1l6X

I1lPh X4IKY[h>Y TKZpJNT�Y[ZpX>]AY.h'� 
�l(fml��NY[_KY.Z>lmX4Y[h X4IKZpY.YRXjiLTxY.h+JPOd�Nl(fml�MAJLJNTKh'. � E 7N<N; k��
� : � E 7N<N; kHlm_!�
� E 7 <N;	� ?�@ 
 ;
� � U Y oxY.�N]^_�M^JHJN��]^_K� lmXeX>IKY Xj�RJ�G[JN_!�K]gX4]^JN_1lPM M^JHJNTWh.k � E27N<N; lP_!� �
� : � E27N<N; �
Fj_ l�G.JN_!�W]^X4]^JN_1lPM�MAJLJNT�k � Y!Z>Y[SUJbfPY�X>IKY!hpX4lmX4Y[SUY[_BX X>I1lmX%IWJNVKh>Y[h%X4IKY�MAJLJNT�� h G[JN_!�K]gX4]AJP_1lPM
Y0�HTKZpY.hph>]AJP_5� � IKY�Z>Y.lPh>JN_W]A_K�
]Ah%X4IKlmX + " O JNZ Y[fNY[Zpi G.JPSUTKM^Y[X>Y�]gX4Y[Z4lmX>]AJN_ JPO�l G[JN_!�K]gX4]AJP_1lPM
MAJLJNT�kKX>IKY�G.JN_!�W]^X4]^JN_�S VKh X�oxY�Y&fmlPMAV1l6X4Y��dk ! _KJPX>Y�X>I1lmX C � � ? 7�� 
 ; h�X4lPZ>�PY[X�X4IKY�G.JN_&�K]^X>]AJN_1lmM "
lP_!��q "RX4I1l6Xe_WJ7_KY[hpX4Y'��MAJLJNT�G(lm_�G.JP_�X4lP]A_�X4IWY�G[VKZ>ZpY._BX M^JHJNT�� h�G.JP_!�K]^X>]AJN_KlPM�Y0�HTKZpY.hph>]AJP_5� Fj_
JPX>IKY.ZR� JNZK�Kh.kWO JPZRY[fPY.Z i7X4]^SUY�� Y T1lPhph X4IK]^hRG.JP_!�K]^X>]AJN_KlPM:kN� Y�S7l(iUlPhph>VKS Y�� Y�lPZ>Y�]^X4Y[Z4lmX>]A_K�
JN_�JNVWZ�G.VKZpZ>Y._BX�lP_!��_WJPX�l�_KY.h X4Y'� M^JHJNT2� U Y%Z>Y[SUJbfPY%]^X O ZpJNS � � lP_!�"ZpY.S J�fPY X4IKY%JPVWX4Y[Z
�Nl(fml M^JHJNT2�
ce_KG[JN_!�K]gX4]^JN_1lPM MAJLJNTKh�lPZpY h>]AS ]AMAlPZ�. � Y Z>Y.S JbfNY%X4IWY Y[_BX4Zpi�T�JN]^_BX�JPO�X4IKY%h X4Z>JP_K�NM^i�G.JN_�1

_KY[G[X4Y'�*G[JNS T�JN_WY._BX � n ]^Z>hpXR_KJPX>Y X>I1lmX O JPZ Y[fNY[Zpi!G[JNS TKMAY&X4Y ]gX4Y.Z>lmX4]^JN_�JPO X4IWY�MAJLJNT7X4IWY�Y[_BX4Zpi
TxJN]A_BX S VWhpX\o�Y�Y��HY.G.VHX4Y��2� � MgX4IKJPVK�NI!X4IKY��Nl(fml M{lP_K�PV1lP�NY�O JPZ>S JmO X>IKY�VK_KG[JN_!�K]gX4]AJP_1lPMdM^JHJPT
! � E 7N<N;�� ?�@�
 ;�� "7I1lmh�l G[JN_Kh X<lP_BX�G[JN_!�K]gX4]^JN_1lPM Y��WTWZ>Y.hph>]^JN_ ]A_ ]^X.k X4IWY�Z>Y[h>VKMgX4]^_K� oBi�X4Y[G.J��KY
_KY&fNY.Z7]A_KG[MAV!�KY[h7lm_ Y[fmlPM^V1lmX4]^JN_ JPO ?�@�
 ; � Fj_KhpX>Y(l(�dk �RY�lmVWX4JNSUlmX>]AG(lmMAM^i Y0�HY[G.VWX>Y�X4IKY �1Z>h X
hpX4lmX4Y[SUY[_BX�JPO X4IKY�M^JHJNTdk���IW]AG<I I1lPTKTxY._Wh�X>J o�Y�X>IKY�Y._BX>Zpi TxJN]A_BX!JmO�X>IKY�hpX>Z>JN_W�NM^i G.JN_�1
_KY[G[X4Y'��G.JNS T�JP_KY._BX � � h hpVKG<I�]^X ]AhRZpJNVK�NIWM^i G.JNZpZ>Y[G[X X>J hpX4lmX4YeX4I1lmXR]A_�VW_KG.JN_&�K]^X>]AJN_1lmMxM^JHJPTKh.k
C � � ? 7�� 
 ; h\X<lPZp�NY[X X>IKY Y._BX4Z i�T�JP]A_BX �
FHY.G[JN_!��k\�RY�hpIKJb� oBi G.JN_BX4Z>l(�K]^G[X4]^JN_ X>I1lmX�� Y�G(lP_ lmM^�RlbiLh!h>lmO Y.Mgi ]^_�X>Y.ZpTKZ>Y&X � h>VKG<I

X4IKlmX7X>IKY��1ZphpX!h X<lmX>Y.S Y._BX�]^h7_KJPX�l S Y.S oxY.ZUJPO�l _KY[hpX4Y'� MAJLJNT5� QRJN_Khp]��KY[Z7X4I1l6X�]^XU]Ah7l

sA>



S Y.S oxY.Z JmO _KY.h X4Y���MAJLJNT5�+FH]A_KG[Y JNVKZ X<lPZp�NY[X h X<lmX>Y.S Y._BX�]Ah X4IKY�Y[_�X>Zpi7T�JN]^_BX X4J X>IKY hpX>Z>JN_W�NM^i
G.JP_K_KY.G&X4Y'� G[JNSUTxJN_KY[_BX(k�� Y ��_KJb� X4I1lmX ]gX S VWhpX oxY X4IKY Y._BX>Zpi�TxJN]A_BXeX4J!X4IKY%_WY.hpX>Y��
MAJLJNT5�
� Jb� k�X>IKY"_KY.h X4Y'� MAJLJNT S VKh X�o�Y"JN_KY"JPO�X4IWY"X>IKZ>Y[Y
XjiLTxY.h�JPO�MAJLJNTKh�� F O ]^X�]^h�l � E 7N< ;
MAJLJNT�kx�RY ��_KJb� X>I1lmX JN_WY%JPO X4IKY%hpVKG.G[Y.h>hpJNZ>h�JPO X4IKY%Y[_BX4Zpi�T�JN]^_BX�]Ah _WJPX�l�SUY[S oxY.Z JPO�X4IWY
hpX>Z>JN_W�NM^i�G[JN_K_KY[G[X4Y'��G.JNS TxJN_KY._BX�� 
\Jb�RY&fNY.Z[kdX4IW]Ah\G(lP_K_WJPX oxY�X>IKY�G.lPh>YmkdoxY.G.lPVKh>Y ]^O ]gXe� Y.ZpY
� Y �RJPVKM��*I1l(fNY ZpY.hpX>Z>VKG&X4VKZpY���X>IKY G[VKZ>ZpY._BX�Y._WG(lPTKhpVKM{l6X4]A_W�7MAJLJNT*lPhel � E27N<N; MAJLJNT*lP_!��_KJmX
lPh l � E27N<N;	� ?�@�
 ;
� � � Y0�LX%G[JN_Khp]��KY[Z�X4IKlmX X>IKY7_KY[hpX>Y�� MAJLJNT ]Ah�Y.]^X>IKY.Z l � E 7 <N;	� ?�@ 
 ;
� JPZ
�
� : � E 7N<N; M^JHJNT2� Fj_
X4IK]^h�G.lPh>Y Y[fPY.Z i o1lmG<�
Y'�K�NY X4I1l6X�X4lPZ>�PY[X4h X4IWYUY[_�X>Zpi
TxJN]A_BX _KY[Y�� _KJmX
oxY Z>Y[TKZ>Y[h>Y[_�X>Y��"oBi�_KJNZ>SUlPM G.JP_�X>Z>JNM �1Jb�$]A_�X4IKY�_KY.h X4Y'��MAJLJNT�k~oKVWX�G(lP_�oxY ZpY.TKZpY.hpY._BX4Y'� lmh
l C � � ? 7�� 
 ; ]A_�X4IKY�Y._KG.lPTKhpVKM{lmX>]A_K� MAJLJNT5� � IKY.ZpY[O JNZpY�X>IKY.ZpY ]^h\_WJ7G.JP_�X>Z>JNM �1Jb�$�NZ>lPTKI�X4I1l6X
��]AM^M�_KY.G[Y.h>hp]^X4lmX4Y X>I1lmXE� Y�l(�!�%_WY.hpX>Y�� MAJLJNTKh X4IKlmX+VKhpYRX4IKYRVK_KG.JP_!�K]^X>]AJN_KlPM�MAJLJNT�� hEY._BX>Zpi TxJN]^_�X
lP_!��IKY[_KG.Y �RY ZpY.S J�fPY�]gX �

� ��� ��� � � � ��� ��� 	 
��

� IKYRoxJ��Wi JPO~le�Nl(fPl\MAJLJNT�S7l(i�G[JN_BX<lP]^_ S JNZ>Y+X4IKlP_-�pVKh X X>IKYRh X<lmX>Y.S Y._BX4h ]A_ X4IKY�hpX>Z>JN_W�NM^i
G.JP_K_KY.G&X4Y'�*G[JNSUTxJN_KY[_BX � � IKY�G[J��KYeO Z4lP�NS Y._BXR]A_ �1�NVWZ>Y�s&�B@ h>IWJ���h X>I1lmX X>IKY�oxJ��WiUG(lm_�lPMAhpJ
IKJNM�� h>JNS Y"JPO�X>IKY"hpX4lmX4Y[SUY[_�X>h�X>I1lmX�S Y.S oxY.Zph�JPO�X>IKY"hpX>Z>JN_K�PM^i G[JN_K_KY[G[X4Y'� G[JNSUTxJN_KY[_BX
�KJNS ]A_KlmX4Y[h�� � JHJPT!o�J��K]AY[h\lPZ>Y O JNVW_!�*oBi�X>IKY�O JNMAM^Jb��]A_K�%lmMA�NJNZp]^X>IKS��

+ � � IKY 0<Db; ! �x9 ? � � R~;<;<0<D<Db362 ]^heX>IKY hpVKG.G[Y.h>hpJNZ�X4J X4IKY M^JHJPT*G[JN_!�K]gX4]AJP_�hpX4lmX4Y[SUY[_BX(k���IW]AG<I
]^h�]gX4hpY.M^O _KJPX�l S Y.S oxY.Z�JPO X4IKY
MAJLJNT5� #�i G.JN_Kh X4ZpVKG[X>]AJN_�k � E 7N<N; lP_&� �
� : � E 7N<N;
M^JHJNTWh IKlbfPY�l _KlmX4VKZ>lPMAMgi JLG.G.VWZ>Z>]^_K� 0<Db; ! �x9 ? � � R1;<;<0<D<Db362 ! ; ]A_ �K�NVKZ>Y�s&�B@ " lm_!� X4IWY
� E 7N< ;	� ?�@�
 ;
� MAJLJNT �KJLY.h\_KJPX�� n JNZ X>IKY � E 7N<N;	� ?�@�
 ;
� M^JHJNT�� Y X<lP�mY�X>IKY h>Y[XeJPO h>VKG�1
G[Y.h>hpJNZ>h X>J!MAJLJNT�S Y.S o�Y[Z>h.k���IK]AG<I�X>IKY.S h>Y[M^fNY[h lPZ>Y _KJPX�]^_�X4IKY MAJLJNT�k�lP_!��h>Y[MAY[G[X�X4IWY
JN_WY X>I1lmX�I1lmh�X>IKY MAJN_W�NY.h X�h>IKJNZ X4Y[hpXeT1lmX4I!X>J7lP_Bi!Y��H]^X�JPO X4IKY S Y[X>IKJ��2�

q�� � IKY 0<Db; ! �10&24D���0 ! ; QL9 ? � � 00O ]^h�S7l)�KY+VKT�JPOHX>IKY 0<Db; ! �x9 ? � � R~;<;<0<D<Db362 TKM^VKh lPMAMmhpX4lmX4Y[SUY[_�X>h
X>I1lmX lPZpY�ZpY(lPG<IKlPoKMAY+O ZpJNS�X>IKY 0<Db; ! �x9 ? � � R~;<;<0<D<Db362 ��]^X>IKJNVWX T1lmh>h>]^_K� X4IKZpJNVK�NI X4IWY�Y[_BX4Zpi
TxJN]A_BX�JPO X4IWY�h X4ZpJN_K�NMgi�G.JP_K_KY.G&X4Y'��G.JPSUTxJN_KY[_�X��

s&� � IKY , 3�� -�� 00O SUl(�KY VKT
JPO X4IWY h X4ZpJN_K�NMgi�G[JN_K_KY[G[X4Y'� G[JNSUTxJN_KY[_BX�� h�Y[_BX4Zpi�T�JN]^_BX�TKMAVWh
lPM^M�h X<lmX>Y.S Y._BX4hR]A_7X>IKY G.JP_�X>Z>JNM �1Jb� �PZ4lPTKIUX4I1lmX lPZ>Y+�WJNSU]^_1lmX>Y��7oBiUX4IKY Y[_BX4Zpi7T�JP]A_BX(k
S ]A_�VKh X>IKY 0<Db; ! �10&2<D���0 ! ; QL9 ? � � 00O �

� IKY�h X<lmX>Y.S Y._BX4h JPO�X>IKY , 3�� -�� 00O lPZ>Y�X4IWY._�VKhpY��7X>J TKMAlPG.Y�X4IWYeM^JHJNT ]A_BX>J�]gX4h lPTKTKZpJNTKZ>]AlmX4Y
TxJNh>]gX4]AJP_!]A_!X4IKY�F&* � �

s ?
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n ]^�NVKZ>Y s&� @�.�QRJ��KY�lP_&�*G[JNZ>ZpY.h>TxJN_!�W]A_K� G.JN_BX>Z>JNM2�KJ�� �NZ4lPTWI5�

� ��� �
	 � � � ��	���� � � � ���i	 � �3��
 � � �

� JHJNTWhRlPZpYe_WY.hpX>Y��!]^_ X>IKY�F&* � lPG[G.JNZK�K]A_W��X>J�X4IWY , 3�� -�� 00O h>Y[XRZ>Y[M{lmX>]AJN_Kh+X>I1lmX�X4IKY&iUIKlbfPY
��]^X>I�G.JN_WhpX4ZpVKG[X>h lPMAZpY(l(�Hi�]^_�X4IKY F�* � � � MAJLJNT���]^MAM o�Y%l �WY.h>G[Y._!�KlP_BX�JmO Y&fNY[Zpi�G[JN_KhpX>Z>VKG&X
X4IKlmX�I1lPh�l , 3�� -�� 00O ��IK]AG<I�]Ah l hpVKTxY.Z>hpY[XeJPO ]^X4hRJ���_dk~lP_!��lP_�lP_KG[Y.hpX>JNZ�JPO Y[fNY[Zpi�G[JN_KhpX>Z>VKG&X
X4IKlmX IKlPh l , 3�� -�� 00O ��IK]AG<I ]Ah�l�h>VKoWh>Y[X�� n JNZ X4VK_1l6X4Y.MgiNk �RY7�L_WJ�� X>I1lmX�X4IKY , 3�� - � 00O O JNZ�l
_KY&��M^i!G[JN_KhpX>Z>VKG&X4Y'��MAJLJNT���]AM^M�lPMg� l(iLh�o�Y�l h>VKoWh>Y[XeJNZ hpVKT�Y[Z>hpY[XeJPO+lP_Bi , 3�� -�� 00O lPM^Z>Y.l(�Wi!]^_
X4IWY F�* � � U Y G.M{lm]AS X4IK]^h ��]^X4I!X>IKY�O JNMAM^J���]^_K� Xj� JUTxJN]^_�X>h ]A_�S ]A_!�5�

+ � � _�i hpX>Z>JN_W�NM^i"G[JN_K_KY[G[X4Y'� G.JNS TxJN_KY._BX ]A_ lm_�i
JPORX4IKY ���*G.JN_BX>Z>JNM �1Jb� �NZ4lmTKIKh���]^MAM
Y[]^X4IWY.Z oxY��K]Ah �pJN]A_BX.k l�TKZ>JPT�Y[Z�h>VKoKhpY[X.k JPZ l�TKZ>JNTxY.Z�hpVKTxY.Z>hpY[X X4J�lm_�i�JPX4IKY[Z hpX>Z>JN_W�NM^i
G[JN_K_KY[G[X4Y'��G[JNSUTxJN_KY[_BX �

q�� � IKY _WJN_�1jG&iLG.MA]^G G.JP_�X>Z>JNM��1Jb� ]^hEO JNVK_!� oBi��WJNSU]^_1lP_KG[Y lP_!� ZpY(lPG<I1lmoK]AM^]^Xji�JPO~X4IKY M^JHJPT�� h

sA@



Y[_�X>Zpi�lP_!��Y[h>G.lPTK]A_W�!h>VKG[G.Y.hph>JNZ�TxJN]^_�X>h�� FH]A_KG[Y X4IWY Y._BX>Zpi*T�JN]^_BX ]Ahel7S Y.S oxY.ZeJPO+X4IWY
h X4Z>JP_K�NM^i�G.JN_W_KY.G&X4Y�� G.JNS T�JP_KY._BX(k � YU��_KJb� X>I1lmX Y&fNY.Z i lP_KG.Y[hpX>JNZ MAJLJNT"]A_�X4IKYUF&* �
lPM^Z>Y.l(�Wi!G[JN_BX<lP]^_Kh X4IK]^h\h X<lmX>Y.S Y._BX �6#RY.G.lPVKh>Y�o�JmX4I>�KJNS ]A_1lP_WG.Y lP_!�*Z>Y.lPG<I1lPoK]^MA]gXji!lPZpY
oxJPX4I X4Z>lP_Kh>]gX4]gfNYPk��RY*��_KJb� X4I1lmX7lPM^M�lP_KG.Y[hpX>JNZUM^JHJPTKh$� , 3�� -�� 00O h _KJN_�1jG[iLG[MA]AG�G.JP_�X>Z>JNM
�1Jb� S VKhpX�X>IKY.ZpY[O JNZpY�oxY�l%h>VKTxY.Zph>Y[XeJPO X4IKY G[VKZ>ZpY._BX�M^JHJPT�� h _WJN_�1jG&iLG.MA]^G�G.JN_BX>Z>JNM2�KJ��,�

� ��� � ��� �

W _KG.Y�� Y�I1l(fNY�]��KY._BX>]��1Y'� lPMAM X4IWY�G.JN_&�K]^X>]AJN_1lmM\M^JHJPTKh.k X>IKY�Z>Y[S7lm]A_K]^_K� VK_KlPG.G[JNVK_BX4Y'��1
O JNZ G.JP_!�K]^X>]AJN_KlPMAh ]^_ X>IKY�G.JN_BX4ZpJNM �1Jb� �NZ>lPTKI h>IKJNVWM�� oxY�Z>Y[TKZ>Y[h>Y._BX>Y�� oBi 
 � a ! 7S8 lm_!�
= � 7 ? C E "�G[JN_BX4Z>JPM �1Jb� hpX4lmX4Y[SUY[_�X>h�� � IK]Ah h>Y[G[X>]AJN_
]Ah,�K]gfH]��KY��V�KfPY7hpVKoKh>Y[G[X>]AJN_Kh ��IK]^G<I lPZpY
TKZp]ASUlPZ>]^M^i G[JN_KG.Y[Z>_KY'� ��]^X4I G.JNZpZ>Y.G&X4Mgi �1_&�K]A_K� , 3�� -�� 00O h7O JNZ 
 � a�hpX<l6X4Y.S Y._BX>h�� FHY.G&X4]^JN_
s&� q�� + �K]AhpG.VKhph>Y[h ��I�i , 3�� - � 00O D lPZpY h>J ]^SUTxJNZ X<lP_BXRlP_!�!]A_BX>Z>J��KVKG.Y[h l TKZpJNoKM^Y.S lP_!��hpJNMAVHX4]AJP_
��IK]^G<I�]Ah\G.JNS SUJP_*X4J �1_!�K]^_K� , 3�� -�� 00O heO JNZ�lm_�i�XjiLT�Y JPO/
 � a hpX4lmX4Y[SUY[_BX � � Y0�LX(kdh>Y.G&X4]^JN_
s&� q�� q�TWZ>Y.hpY._BX4h�l"hpS7lmMAMRX>Z4lP_Kh O JNZ>S X4I1lmXUlPM^MAJb��h VKh X4J
SUlP�PY�lP_ ]AS T�JPZpX<lm_�X%lPh>hpVKSUTHX4]AJP_
lPoxJNVWX�X>IKY%G.JN_BX>Z>JNM4�KJ�� �NZ4lmTKI5� � IKY[_�k ]A_�X>IKY M{lPh X X4IKZpY.Y h>Y[G[X>]AJN_Kh ! s&� q�� s�X>IKZ>JNVW�NI
s&� q��C- "
� Y�Y��KlmSU]^_KY�IKJb� 798 k 798&:B;�<�=(; lP_!� = � 7 ? C E hpX<l6X4Y.S Y._BX>h�lP_&��X>IKY.]^Z , 3�� - � 00O h\lPZ>Y�O JNVW_!�5�

� ������� � � � ��	������ ��� �H	�� �3��
 � � �

F&* � _KJ��KY[h lmZ>Y TKMAlPG.Y'�%]A_%X4IKY\F�* � lPG.G[JNZ �W]A_K� X>J X>IKY.]^Z , 3�� -�� 00O h'� � IKY�o1lPhp]AG G[JN_!�K]gX4]AJP_
O JNZ4�K_!�K]A_W�,
 � a , 3�� - � 00O h+]AhEX>I1lmX+Y.lPG<I , 3�� - � 00O h>IKJNVWM��%oxY �KJNS ]A_1lmX>Y�� oBi ]^X4hEY._BX4Z i%T�JP]A_BX �
n JNZ7Y��WlPSUTWMAY�]^_ lP_ 798�:�;�<�=(; = ? D ? ; � ;�� ? k�X>IKY�h>Y&X!JPO�hpX4lmX4Y[SUY[_BX4h!]A_ X4IKY ;�<�=(; G.MAlPVKhpY
h>IWJNVKM�� oxY �KJNS ]A_1l6X4Y�� o�i X4IKY �1ZphpX h X<lmX>Y.S Y._BX JPO�X4I1lmX ;�<�=(; G.MAlPVKhpY(� U IW]AMAY7_KY.G[Y.h>h>lPZpiPk
�KJNS ]A_KlP_KG.Y�]^h _KJPX�hpV&M G.]AY[_BXeO JNZ �WY[X4Y[Z>S ]A_K]^_K�%S Y.S oxY.Zph>IK]^T�]^_�l , 3�� -�� 00O �
QRJN_Khp]��KY[ZL�1�PVKZ>Y�s&� �
! T1lP�NY ,Br "0� n JLG.VWh\JP_�X>IKY�G[JN_!�K]gX4]^JN_1lPM ��]A_!X4IKY M^Y[O X\I1lP_!��h>]��KY JPO

X4IWY �K]AlP�NZ4lmS�� Fj_BX4VW]^X4]gfNY[M^iNk~� Y I1l(fNY%l h>]^SUTKM^Y 7S8�:B;�<�=N; hpX4lmX4Y[SUY[_�X�VKh>]^_K�UX>IKY G[JN_!�K]gX4]AJP_1lPM
Y0�HTKZpY.hph>]AJP_7O Z>JNS h X<lmX>Y.S Y._BX �dkHlP_!�UI1l(fL]A_K� lP_7Y[SUTWXji ;�<�=(; G.M{lmVKh>Y)� F O � X4IWY._ �KJ C lP_!� �xk
Y.M^h>Y\_KJPX>IK]A_K�WkNX4IKY[_ �KJ ; �/W _ X4IKY\Z>]^�NIBX�h>]��WYeJPO�X4IKYL�K]AlP�NZ4lmS*kNIWJ�� Y[fPY.Z[kKh>]^SUTKMgi%oBi SUJbfL]A_W�
l7X<lmZ>�NY&X JPO �xk�� Y lPZ>Y%�P]^fNY[_
l ��� : � E 7 <N; M^JHJNT*��]^X4I�]gX4h�G[JN_!�K]gX4]AJP_�IKY.M���]A_�h X<lmX>Y.S Y._BX � �
� IKY 798�:�;�<�=(; hpX<l6X4Y.S Y._BX lmX � _KJb� TxY.ZpO JPZ>S h C k�Y[MAh>Y\l � @ ;�D � O ZpJNS X>IKY MAJLJNT X4J h X<lmX>Y.S Y._BX
; � � IKY �PY[i�]Ah>hpVKY ]Ah X>I1lmX ��IK]^MAY ]gX �RJPVKM���oxY�G.JNZpZ>Y.G&X�X4J ]A_KG[MAV!�WY �7]A_�X>IKY 798 � h , 3�� - � 00O JN_
X4IWYUM^Y[O X I1lP_&� h>]��KYPk ]^X�� JNVKM�� oxY ��Z>JN_K��X4J�]A_WG.MAV&�KY ]^X ]A_"X4IWY 798 � h , 3�� -�� 00O JN_
X>IKY Z>]A�PI�X
I1lP_&�*Y��KlmSUTKM^Y(�
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n ]A�PVKZ>Y�s�� �&. n ]^_!�K]^_K�%l 
 � a , 3�� -�� 00O

� IKY hpJNMAVWX>]AJN_�]Ah\X4JUJNTWX4]^SU]^hpX>]AG(lmMAM^i VKhpY��KJNS ]A_KlP_KG.Y�lP_!��G.Z>Y.lmX4Y , 3�� - � 00O heX>I1lmX lPZ>Y�T�J)1
X4Y[_BX4]{lmMAM^i�X4JLJ MAlPZ>�NY\lP_&�UX4IWY._UX>Z>]^S ]^X ��IKY._7_KY.h X4]A_W� ]^X>h F�* � _WJ��KY\]A_BX>J�X>IKY�F&* � � � hph>VKS Y
X4IKlmX � Y!lPZpY7]A_
X4IKY7SU]��!�KMAY JPO X>ZpiL]A_W�*X4J�_KY.h X X4IKY7_KY[� _KJ��KY7]^_ X>IKY�F&* � � � IKlmX ]^h.kE� Y
I1l(fNY%O JNVW_!��X4I1lmX�X>IKY _KY[� _KJ��KY.� h , 3�� - � 00O ]Ah�l �KY[h>G.Y[_!�1lP_BX�JPO h>Y[fPY.Z>lPM _KJ��WY.h lPM^Z>Y(l)�Wi�]^_
X4IWY F&* � kLlP_!� �RYelPZpY\TxY.Z O JNZ>S ]A_W� X>IKY\Y[fmlPMAVKlmX4]^JN_ O JNZ h>JNS Y ;0RH2�240&?%O F&* � _KJ��KY(� * �WlPS ]A_WY
X4IWY G<IW]AM��WZ>Y._"JPO X>IKY G.VKZpZ>Y._BX F&* � _WJ��KY lP_&� �WY[X4Y[Z>S ]A_KY ��IW]AG<I
G.JN_BX<lm]A_Kh X>IKY 0&?%O 2 -�� 369 ?%O
JPO X4IWY _WY[� _KJ��WY(��F O ]^X�Y��H]AhpX>h.k G.lPMAMEX>IK]Ah�G<IK]AM���X4IKY O ! 2 �L00O���3��L0 ��F O�X4IKY O ! 2 �L00O���3��L0 IKlPh l
, 3�� -�� 00O X4I1l6X�]^h l�_WJPX�l�hpVKTxY.Z>hpY[X�JPO�X4IKY G.VWZ>Z>Y[_BX _KJ��KY�� h , 3�� - � 00O k�X4Zp]AS X4IKY _KY[� _KJ��KY.� h
, 3�� -�� 00O h>J X4I1l6X�]^X�]Ah'� U Y�X>IKY._�Z>Y[G.VKZph>Y��KJb��_*X4IWY F�* � ��]^X>I�X>IKY _KY[��Mgi!X4Zp]AS SUY'��_KJ��KY(�
QRJN_Khp]��KY[ZRX4IKYeMAY&O XRhp]��KYeJPO5�1�NVWZ>Y s�� + r ! T1lP�PY , + "�� 
eY[Z>Y\�RY IKlbfPY�lP_�F�* � �!W VKZRG[VKZ>ZpY._BX

_KJ��KY�]^h � � U Y lPM^Z>Y(l)�Wi I1l(fNY TWZ>JNTxY.ZpM^i _KY[hpX4Y'�!_KJ��KY � ]^_ � lP_&��_KJb� � lm_�XRX4J _WY.hpX _KJ��WY
� � 
eJb�RY&fNY[Z.k�oxY.G.lPVKh>Y��RY lPZ>Y,�1_!�W]A_K� , 3�� - � 00O heJPTWX4]^SU]^hpX4]^G(lPM^M^i � Y G(lm_�_KY[]^X4IWY.Z\TKVWX � lmh
l!h>]^oKMA]^_K�Kk�_KJPZ�lmh�l!G<IK]^M��"JPO � � 
eJb� Y[fPY.Z.k �RY _KJPX>Y X4I1lmX X>IKY 0&?%O 2 -�� 369 ?%O JmO � ]^h�]A_ � � h
, 3�� -�� 00O � U Y�X4IKY[_ O 2�9 5 � oBi�ZpY.S J�fL]^_K�!lPM^M h X<lmX>Y.S Y._BX4heO Z>JNS � � h , 3�� - � 00O X4IKlmX�lPZpY _KJmX
]A_ � � h��
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n ]A�PVKZ>Y s&� + r&. � Zp]AS SU]^_K�%lT
 � a F�* � _KJ��KY(�

� IKY7Y��dY[G[X�JPORX>IK]Ah ]^h X>I1lmX X4IWYU_KY&� _KJ��KY.� h , 3�� -�� 00O ��]AM^M _KY[hpX�TKZ>JNTxY.ZpM^i�]^_
X>IKY7F&* � �
#RY[G(lPVKhpY�X4IKY , 3�� -�� 00O ]^h6�KY[X>Y.ZpSU]^_KY���oBi7X>IKY 0&?%O 2 -�� 369 ?%O k1lm_!�!X4IKY�JNTxY.Z>lmX4]^JN_�JPO X>Z>]AS S ]A_K�
��]AM^MN_KY&fNY.Z Z>Y[SUJbfPY�X>IKY 0&?%O 2 -�� 369 ?%O � Y�G(lP_�o�Y G[Y.ZpX4lP]A_ X4IKlmX �RY ��]AM^MN_KY&fNY.Z h>JPSUY[IKJb���KY.h X4ZpJ�i
X4IWY�_WY[� 
 � a _KJ��KY(�

� ������� � ��� � ��� ����� �����.� �
� �3� �2� �d	��
����	�� 
�� � 
��d	 ���

Fj_��1_!�K]^_K��X4IWY , 3�� - � 00O �RY�lmZ>Y�G[JN_KhpX4lP_BX4Mgi VKhp]A_K�V�WJNSU]^_1lP_KG[Y(�VF X%SUl(i Y.lPh>]^M^i
JLG.G.VWZ
X4IKlmX�l G.JP_!�K]^X>]AJN_KlPM �WJHY[h>_�� X �KJNS ]A_1l6X4YelP_BiLX>IK]A_W�Kk1lP_!�!hpJ h>IKJNVWM��!I1l(fNY lm_!Y.S TWXji , 3�� -�� 00O �
U YR��]AM^MHhpY.YPk�IKJb� Y[fPY.Z.k�X4IKlmX ]gX ]AhEG.JN_BfNY[_K]AY[_BX _WJPX X4J�VKh>Y X>IKY G.JN_&�K]^X>]AJN_1lmM�� h �KJPSU]^_1lP_KG[YPkNoKVHX
]^X>h h>VKG[G.Y.hph>JNZph$� �KJNS ]A_1lP_WG.Y%X4J>�KY[X>Y.ZpSU]^_KY%X4IKY , 3�� -�� 00O �7ce_WO JNZ X4VK_KlmX4Y[M^iNk ]^O�X4IWYUhpVKG.G[Y.h>hpJNZ
]Ah\_KJPX �KJNS ]A_1l6X4Y���oBi*X>IKY G[JN_!�K]gX4]^JN_1lPM lP_&���RY oKMA]^_!�KM^i!lPTKTKMgi�h>VKG[G.Y.hph>JNZph$� �KJPSU]^_1lP_KG[Y�� Y
��]AM^Md�NY&X\]A_KG[JNZ>ZpY.G[X , 3�� -�� 00O h��
QRJN_Khp]��KY[Z X4IKY7Y0�WlPS TKMAYUJN_ X4IKY7MAY[O X�I1lP_&� h>]��WY�JPO �1�NVWZ>Y!s&� +A+ ��F O �RY!VKhpY7X4IWY �KJNS ]"1

_1lP_WG.Y�JPO ��lP_!� C X4J �K_!� , 3�� - � 00O h.kL�RY ��]^MAM~]A_KG[JNZ>ZpY.G&X4M^iU]A_WG.MAV&�KY�h X<lmX>Y.S Y._BX4h X>I1lmX lmZ>Y _KJmX
�KJNS ]A_KlmX4Y'�*oBi D � � hp]AS TKMAY�X>Z4lP_Kh O JNZ>S X>I1lmX�h>JNMgfNY.h\X4IK]^h�TKZpJNoKM^Y.S ]Ah�X4J7]A_KhpY.ZpX�lP_�VW_KG.JN_�1
�K]gX4]AJP_1lPM%�K]^Z>Y.G&X �pVKS T7oxY[Xj� Y.Y[_�Y[fNY[Zpi7G.JN_!�W]^X4]^JN_1lPM~lm_!��]^X>h�X4lPZ>�PY[X4h'�$Fj_7X4IWY Y0�WlPS TKMAYmkLX>IKY.hpY
�pVKS TKh lPZ>Y\hpX4lmX4Y[SUY[_�X>h � lP_&� A � � IK]Ah�]A_BX>Z>J��KVKG.Y[h _WJ _KY&� h>Y.SUlP_BX4]^G.h X4J�X4IKY\TKZ>JP�NZ4lPS lm_!�
�NV1lmZ4lP_BX4Y[Y.h\VKh X4I1l6X X4I1lmX�Y&fNY[Zpi�G.JN_&�K]^X>]AJN_1lmM2�KJLY.h�]A_&�KY.Y'���KJPSU]^_1lmX4Y�]^X4h hpVKG.G[Y.hph>JNZph��

� ������� ���
� �3�2��
q� 
 ���	�

� _ 798 hpX4lmX4Y[SUY[_�X\]^h �KY[X>Y.G[X>Y�����IWY._�X4IKY�O JNM^MAJb��]A_K� G.JN_!�W]^X4]^JN_Kh�lPZpY�SUY&X �

+ � � IKY G[VKZ>ZpY._BX�h X<lmX>Y.S Y._BX\]Ah�l 	 @ 7 � � 798 h X<lmX>Y.S Y._BX �
, +



a a

x y

b c

b c

n ]^�NVKZ>YUs&� +A+ . � h>SUlPMAM+X4Z>lP_Kh O JNZ>S�X4IKlmX �NVKlPZ4lP_BX>Y.Y.h�X4I1lmX h>VKG[G.Y[h>h>JPZ>h JPO�G.JP_!�K]^X>]AJN_KlPMAh�lPZpY
�KJNS ]A_KlmX4Y'�5�

q�� � IKY 798 ��]^MAM1I1l(fNYeXj�RJ hpVKG.G[Y.hph>JNZph\IWY.Z>YeG(lPM^MAY'� D lP_!� �2� U ]gX4IKJPVWXRM^JNh>h JPO �NY[_KY.Z>lPMA]gXjiNk
]gO D ]Ah+Z>Y.lPG<I1lPoWMAY O Z>JNS �%��]^X>IKJNVWX TKlPh>hp]A_K��X4IWZ>JNVK�PI X>IKY 798 hpX4lmX4Y[SUY[_�X.kB�RY���]AM^MWG(lmMAM �
X>IKY , 2 ! ?d; Q � R1;<;<0<D<Db362 � n JPZelm_ 798 h X<lmX>Y.S Y._BXeX>JUoxY,�KY[X>Y.G&X4Y��dkxX>IKY�oWZ4lP_KG<I1FHVKG.G[Y.hph>JNZ
S VWhpX\Y0�H]Ah X �

� IKY , 3�� - � 00O O JNZ X>IKY 798 h X<lmX>Y.S Y._BXe]Ah X4IKY hpY[XeJPOEX>IKY , 2 ! ?d; Q � R1;<;<0<D<Db362 TWMAVKh\lPM^M�hpX4lmX4Y�1
S Y._BX4h X>I1lmX ]^X��WJNSU]^_1lmX>Y.h�� � IK]Ah , 3�� - � 00O ��]AM^M�X>IKY._ oxYUX>Z>]AS S Y�� X>J�lPG[G.JNS SUJ��1lmX>Y7lm_�i
G.JP_KhpX>Z>VKG&X4h lPMAZpY(l(�Hi Y0�H]^hpX4]^_K��]A_ X>IKY�F&* � �$F X ]Ah ]AS T�JNZ X<lP_BX�X4J"_KJPX>Y�X4I1lmX X4IKY�X>Z>]AS S ]A_K�
IKY[Z>Y G.lP_!JN_KMgiUoxY+�KJP_KY���IKY[_�_WY.hpX>]A_K� ]A_BX4J%l ��� : � E 7 <N; JPZ � E 7 <N;	� ?�@ 
 ;
� M^JHJNT2� QRJN_Khp]��KY[Z
X4IWY O JPMAMAJb��]^_K� ]AS TxJNh>hp]AoKM^Y�G(lmh>Y.h'�

+ � U Y lPZpYR_KY[hpX4]^_K��]A_BX>J�l�G.JP_!�K]^X>]AJN_KlPM � E 7N<N; M^JHJPT5� � IWY 0&?%O 2 -�� 369 ?%O JPO1X>IKY 798 ��]^MAMLo�YRl
S Y.S oxY.Z+JmOdX4IWY � E 7N<N; � h , 3�� -�� 00O kBoKVWX G(lP_K_WJPX�o�Y X4IWY 0&?%O 2 -�� 369 ?%O JPO�X4IKY � E 7N< ; M^JHJPT
! ]^O�]^X �RY[Z>Ye]^X+� JNVKM��Uo�Y X>IKYeG[JN_!�K]gX4]^JN_UJmOdX4IWYeM^JHJNT lP_&�U_KJmX X>IKYeG[JN_!�K]gX4]^JN_ JPO l�
 � a
_KJ��KY�"0� #RY.G.lPVKhpY7JPO�X4IK]^h��RY ��_KJb� X4I1l6X ]^O�X4IKY MAJLJNT�� h , 3�� - � 00O �RY[Z>Y h>JNM^Y.M^i �KY'�1_WY��
oBi �WJNSU]^_1lP_KG[Y�JPO X4IWY�MAJLJNT�� h 0&?%O 2 -�� 369 ?%O ! lm_!� h>]A_WG.YV�KJNS ]A_KlP_KG.Y*]Ah!l X>Z4lP_Wh>]^X>]^fPY
TKZpJNTxY.ZpXji " X4IKY 798 hpX4lmX4Y[SUY[_BX�� h , 3�� - � 00O � JNVKM���TKZ>JNTxY.ZpM^i�_KY[hpX�]^_*X>IKY � E 7 <N; MAJLJNT�� h��

\J�� Y[fPY.Z[k�h X<lmX>Y.S Y._BX4h�Z>Y.lPG<I1lPoWMAY"O Z>JNS X>IKY � E27N<N; MAJLJNT�� h 0<Db; ! �x9 ? � � R~;<;<0<D<Db362 lPZpY
ZpY.S J�fPY���O ZpJNS ]^X>h , 3�� -�� 00O � # VWX _KJmX4Y�X>I1lmX�lP_Bi�T1lmX4I*O Z>JNS � E 7N< ; MAJLJNT�� h ����� A � ; ?
X>J*X4IWY7MAJLJNT�� h 0<Db; ! �x9 ? � � R~;<;<0<D<Db362 S VKhpX T1lPhph�X4IWZ>JNVK�PI ]^X>h 0&?%O 2 -�� 369 ?%O k+lP_!� h>J�JNVWZ

 � a � h�G.JN_!�W]^X4]^JN_1lPMEG(lP_ _KJPX �KJNS ]A_1lmX>Y X4IKY 0<Db; ! �x9 ? � � R~;<;<0<D<Db362 � � G[G.JNZK�K]A_K�PM^iNk X4IWY

,�q




 � a � h , 3�� - � 00O G.lP_ _KJmX7G[JN_BX<lP]^_ lP_Bi�X4IW]A_K�
Z>Y.lPG<I1lPoKM^Y*oBi X4IWY 0<Db; ! �x9 ? � � R1;<;<0<D<Db362
lP_&��� Y �L_WJ�� X4I1lmX X>IKY 798 S VKh Xe_WY.hpX\TKZpJNTxY.Z>Mgi!]A_�X>IKY � E27N<N; �

q�� U Y lPZ>Y _KY[hpX4]^_K��]A_BX4J�lP_WJPX4IKY[Z�
 � a G[JN_KhpX>Z>VKG&X � � IK]Ah ]^h�Y(lPhp]AY.Z�X>I1lP_�X4IKY TKZpY[fL]AJPVKh
G.lPh>Y)� � �BlP]^_�kKX4IKY 0&?%O 2 -�� 369 ?%O JmOEX4IWY 798 ��]AM^M o�Y�lUS Y.S oxY.Z�JPO X4IKY 
 � a � h , 3�� -�� 00O k
oKVHX _KJPX%X4IWY�
 � a � h 0&?%O 2 -�� 369 ?%O � FH]A_KG[Y�lPMAMJ
 � a�h$� , 3�� - � 00O h lPZ>Y �KY0�1_KY'� oBi X4IWY
�KJPSU]^_1lP_KG[YRJPO~X4IWY.]AZ 0&?%O 2 -�� 369 ?%O h[k�lP_!� o�Y[G(lPVWh>Y �KJNS ]A_KlP_KG.Y ]Ah+l�X>Z4lP_Wh>]^X>]^fPYRTKZpJNT�Y[ZpXjiPk
X>IKY 798 h X<lmX>Y.S Y._BX S VKhpX�_KY.h X TWZ>JNTxY.ZpM^i�]^_
X>IKY 
 � a G.JP_KhpX>Z>VKG&X � � JmX4Y X4I1lmX�]gORX4IWY

 � a G.JN_WhpX4ZpVKG[XeI1lPh�oxY.Y[_*X4Zp]AS SUY'�!oBi�l �
� : � E27N<N; ! O JNZ�Y��KlmSUTKM^Y#"�kW�RY�S VKh X�IKlbfPY
lPM^Z>Y.l(�Wi
Y0�HTxY.Z>]^Y._KG[Y�� X>IKY�h4lmSUY X4Z>]^SUS ]A_W��O ZpJNS X4IWY�h4lPS Y �
� : � E27N<N; JP_ X4IKY 7S8 � h
, 3�� -�� 00O �KVKZp]A_K�%X>IKY _KY.h X4]A_W�UTKZpJHG[Y.hph��

� ������
 ��� � � 	�� � � � �2�	
q� 
 � ���

� _ 798&:B;�<�=(; h X<lmX>Y.S Y._BX\]Ah �KY&X4Y[G[X4Y'�*��IKY[_*X>IKY�O JNMAM^J���]^_K� G[JN_!�K]gX4]^JN_Kh�lPZpY�S Y[X��

+ � � IKY G[VKZ>ZpY._BX�h X<lmX>Y.S Y._BX\]Ah�l 	 @ 7 � � 798 h X<lmX>Y.S Y._BX �
q�� � _ 798 h X<lmX>Y.S Y._BXelPh �KY.hpG.Z>]^o�Y'�*]^_�h>Y.G&X4]^JN_�s&� q�� s ]Ah ?d3SO �WY[X4Y[G[X>Y��5�

� IKY , 3�� -�� 00O O JNZ�X4IKY 798�:B;�<�=(; h X<lmX>Y.S Y._BX%]^h O JNVK_!� ]^_ l�h>]^SU]^M{lPZ�SUlP_K_WY.Z X>J�X4IKY 7S8
hpX4lmX4Y[SUY[_BX%Y0�HG.Y[TWX X>I1lmX oxJPX>I h>VKG[G.Y[h>h>JPZ>h lPZ>YUVKh>Y'� X4J�G[JN_BX4Zp]AoKVWX>YPk+Z>lmX4IKY[Z�X>I1lP_ �pVKh X X4IWY
, 2 ! ?d; Q � R~;<;<0<D<Db362 � � �!�W]^X4]^JN_1lPM^M^iPkd�RYUT1lPZ X4]^X>]AJN_�X>IKY , 3�� -�� 00O ]A_BX>J�X>IKY 9 # 
 3�� - � 00O lP_&� X4IWY
0 � Db0 
 3�� -�� 00O � � IKY.hpY�Xj�RJ%hpY[X>h�lPZ>Y\X4IKY[_�VKh>Y'�!O JNZ TxY.Z O JNZ>S ]A_W��_KY[hpX>]A_K� JmO h>VKo�1 _KJ��KY.h ]^_7X4IWY
F&* � �

� ������� � � � ��� � � � �2��
f� 
 ���	�

` VKMgX4]"1:� l(i G.JN_!�W]^X4]^JN_1lPM�oKZ4lm_KG<IKY.h lPZpY TKZ>JbfL]��KY'����]gX4I a�Z>]AS T = � 7 ? C E h X<lmX>Y.S Y._BX4h'�
� IKY[h>Y IWJNM���l G[JN_!�K]gX4]AJP_1lPM Y��WTWZ>Y.hph>]^JN_�k TKMAVWh�l h>Y[Z>]AY[h�JPO �K]AZpY.G&X�X4lPZ>�PY[X4h�o1lPhpY�� JP_�X4IWY
Y[fmlPM^V1lmX>]AJN_!JPO X4IWY�Y��HTKZ>Y[h>h>]^JN_�kxlP_!�*l��KY[O lmVKM^X X4lPZ>�NY&X �

W VKZ�o1lPhp]AG�X>Z>Y.lmX4S Y._BX!JPO = � 7 ? C E hpX<l6X4Y.S Y._BX>h!]Ah �pVKh X�l �NY[_KY.Z>lPMA]^�(lmX>]AJN_ JPO 798&:B;�<�=(;
hpX4lmX4Y[SUY[_BX4h�� � IKY , 3�� - � 00O O JPZ Y(lPG<I C(D&=N; ]Ah hp]AS TKM^i�X4IKY X4lPZ>�PY[X hpX4lmX4Y[SUY[_BX�O JNZ�X4IKlmX G(lPhpY
TKM^VKh+Y[fPY.Zpi�X>IK]A_K��X>I1lmX ]^X4�KJNS ]A_1l6X4Y.h'� � IKY , 3�� -�� 00O O JNZ X4IKY = � 7 ? C E lmh l���IKJNMAYR]Ah X4IWY VK_K]AJP_
JPO X4IKY C(D&=(; , 3�� - � 00O h�� n ]^�NVKZpY s&� + q%]^MAM^VKhpX>Z4lmX>Y.hRX>IK]Ah'�

,Bs



...

switch statement

a b

���������	�
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�����������
�����������������������
����
������� �"!
��� �$#%� �������$&
' ������()&

������� ' !
��� ' #%� �������$&
' ������()&

*�*�*
+

n ]A�NVWZ>Y�s&� + q�. � hp]AS TKMAY = � 7 ? C9E h X<lmX>Y.S Y._BX �

� MgX4IKJNVW�NI
X>IK]Ah���]^MAM+�N]gfNY l�G[JNZ>ZpY.G&X%lP_Kh �RY[Z.k ]^X�S7l(i�oxY X4JLJ*G[JN_Kh>Y[ZpfmlmX>]^fNY)��Q lPhpYUO lPM^M"1
X4IWZ>JNVK�PIKh lPMAM^J��
VKh X4J�]^_KG.M^V!�KY+S JNZ>Y+]^_�l�G(lmh>Y.� h , 3�� - � 00O X>I1lP_ �RJNVWM�� o�Y JPX>IKY.Z ��]AhpY TxJNh>hp]AoKM^Y(�
QRJN_Khp]��KY[Z �1�PVKZ>Y�s&� + s ! TKlP�NY ,A,�"0� 
eY.ZpYPkHhpX<l6X4Y.S Y._BX � �KJHY[hR_KJmX6�KJNS ]A_KlmX4Y X4IWY�G.JP_�X>Z>JNM%�1Jb�
X4IKlmX O JNMAM^J���h�]gX(k lP_!�
IKY[_KG.Y �"��]AM^M I1l(fNYUlP_
Y.S TWXji"G(lPhpY(� 
eJb�RY&fNY[Z.kE� Y � JNVKM�� TKZpY[O Y[Z X>J
TKVWX\X4IW]Ah\G.JN_BX4ZpJNM �1Jb�)]A_BX>J � � h�G(lmh>Y lm_!��hp]AS TKM^i7I1l(fNY l O lPMAM 1 X>IKZ>JNVW�NI�O Z>JNS D � heG.lPh>Y�X4J �2�
� h>]AS TKM^Y�X>Z4lP_WhpO JNZpS X>I1lmX���]AM^M~lPMAM^J�� VKh X>J �KJ�X4IK]^h ]^h���]gX4IUJNVKZ�JNZ>]^�N]A_1lmM!�KJNS ]A_1lm_KG.Y\o1lPhpY��
lPM^�NJNZ>]gX4IKS ]^h�X4J!ZpY.S J�fPY%X4IKY%T1l6X4I�O Z>JPS D � h�G.lPh>Y%X>J ��� h�O JNMAM^Jb�RY[Z�� � Jb� ����]AM^M �KJPSU]^_1lmX4Y
]^X>h O JNMAM^Jb�RY[Z lP_!��X4IKY�lPTWTKZ>JNTWZ>]{l6X4Y , 3�� -�� 00O ��]AM^MdoxY O JPVK_!�5�

...

switch statement

a b
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������� �"!
��� �$#%� �������$&

������� ' !
��� ' #%� �������$&
' ������()&

*�*�*
+

n ]A�NVWZ>Y�s&� + s&. � = � 7 ? C E h X<lmX>Y.S Y._BX���]^X4I�l G(lPhpY�O lPMAM 1 X4IWZ>JNVK�PI5�
� h � Y.M^M:kd]gO+X4IKY[Z>Y lPZpY h>Y&fNY[Z4lPM C(D&=(; h X>I1lmX�Y[h>hpY._BX4]AlPMAMgi�X4lPZ>�PY[X X>IKY h4lmSUY G[J��WYPk�hpVKG<I lmh

��k C lm_!� ���WJ!]A_��1�PVKZ>Y s&� + , ! T1lP�NY , - "&k��RY%G.lP_�T�Y[ZpO JNZpS X>IKY%h4lmSUY Y'�K�NY ZpY.S JbfPlmM X4Zp]AG<�
X4J��1_&��X>IKY�lPTKTKZpJNTKZ>]AlmX4Y , 3�� -�� 00O h��

� IKY.ZpY�lPZ>Ymk�IWJ�� Y[fPY.Z[k Xj� J
hp]^X>V1lmX4]^JN_Kh���IKY.ZpY�X4IKY!Y'�K�NY!Z>Y[SUJbfmlPM�X4Z>]^G<� hpIKJNVKM�� ?d3SO oxY
,A,



switch statement

a b ...c d
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������� �"!
��� �$#%� �������$&

������� ' !
������� � !
������� �)!
��� ' #%� �������$&
' ������()&

*�*�*
+

n ]A�NVWZ>Y s&� + ,!. � = � 7 ? C E h X<lmX>Y.S Y._BXe��]gX4I�S VKMgX4]^TKMAYeG(lPhpY O lmMAM"1:X4IKZpJNVK�NIWh��

lPTKTWMA]AY'�5� n ]^Z>h X(k lPh hpIKJb��_ ]A_ �1�NVWZ>YUs&� + - ! TKlP�NY , - "&k X4IWY.Z>YUS7l(i�oxY7S JNZpY X>I1lP_ JN_KY O lPMAM
X4IWZ>JNVK�PI�TKZ>Y'�KY.G[Y.hph>JNZ X>I1lmX �KJHY[hR_KJmX6�K]^Z>Y.G&X4Mgi%X<lPZp�NY[X X4IKY CND&=(; o�J��Wi(�$Fj_�X>VK]^X>]^fPY.M^iPkWl��NZ4lmTKI
JPO X>IKY C(D&=(; h ]A_ l�hp��]^X>G<I ��]AM^M O JPZ>S l�O JNZpY.h X%JPO M^]A_K�mY�� M^]AhpX>h.k oKVWX ]gX ]^h�]^SUTxJNhph>]AoWMAY%X4I1l6X
X4IWY.h>Y�MA]^hpX4h�hpIKJNVKM���S Y.Z>�PY(�\FHY[G.JN_!�dkdlPh\h>IWJ���_�]^_>�K�NVKZ>Y�s&� + > ! T1lP�NY3, > "�k1X4IKY[Z>Y G.lP_�oxY�_KJ
G[iLG[MAY ]^_*X>IKY ZpY(lPG<I1lmoK]AM^]^Xji�JPO C(D&=(; oxJ��K]AY[h�� F O X4IWY.Z>Y ]Ah.k~� Y lPZpY�O lPG[Y�����]gX4I*X>IKY lmoKh>VKZK�K]^Xji
X4IKlmX X4IKY[Z>Y�]Ah _KJ � �KZ>hpX 
UG.lPh>Y ]^_�X>IKY = � 7 ? C E

b

switch statement

a ...c

n ]A�PVKZ>Y�s�� + -�. � = � 7 ? C9E h X<lmX>Y.S Y._BX�X4I1l6XeG.lP_K_KJmX�Y.S TKMAJbi�G.lPh>Y O lPM^M"1 X>IKZ>JPVK�NIKh'�
� M^�NJNZ>]gX4IKS + � � # 6 ��� �������%� �5# 68� � ���9< � � # 0 6 � ��� ! T1lP�NY -Ps " �1_!�Wh X4IWY�G(lmh>Y , 3�� -�� 00O h

O JNZ�l�hpX4ZpVKG[X>VKZ>Y'� = � 7 ? C9E ��]^X>I�X4IKY[h>Y O lPG&X4h ]^_�SU]^_!�5� n ]^_1lPM^M^iNk1� Y%S VKh X�JNZ �WY.Z�X>IKY G(lmh>Y.h'�
Fj_�lmMA�NJNZp]^X>IKS + � Y �KY0�1_KY X4IKY��NZ>lPTKI � � X4J Z>Y[TKZ>Y[h>Y[_�X�Z>Y.lPG<I1lPoK]^MA]gXji�oxY[Xj� Y.Y._*X4IKY�G(lPhpY.h\JPO
X4IWY = � 7 ? C9E hpX<l6X4Y.S Y._BX�� U Y%_KJmX4Y%X4I1l6X�X4IKY%G.lPh>Y[h���IK]^G<I"I1l(fNY _KJN_�1 Y.S TWXji , 3�� -�� 00O h ��]^MAM
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9. synchronized() block simplification

8. break and continue control flow identification

5. try−catch statement restructuring

4. switch statement restructuring

3. if statement restructuring

2. statement restructuringwhile and do−while

7.    Labeled block creation

6.    Statement sequences

1.   Exception Preprocessing
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