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� GM5HI ;�F>7M^MFHGMd dfZ�=Y<fI�G'pM2�C0<>=@7'u\9#C09�;�Z[<J� 7:Z[<Y;�Z�<@=Y7:Z[FH582K=%.]wXI[2K=Y2�5%GM9�9[7M<fOR2
<>I[26GM58<>Z�GMP£FH2K=Y7:Z[FH582K= 7M�D<>I[26=Y4)=Y<Y2Kd � C09�=Y<Y2KGMN&g�2KGM5HI ;�F>7M^MFHGMd I�GM=iG�5 *W5' �K-0/ 7
	 �
=Y<YF>2KGMd].�wLI[2D7M;�2%FJG/<>C09[^f=>4�=Y<Y2Kd�G/F>FJGM9[^M2K=t<>I�C09[^:=c=Y7 <>I�G/<c<>I[2�p�CEFH<>Z�GMP��>�M� PE7�7MQ)=%g�<Y7
<>I[2XZ�=Y2%F ;�F>7M^MFHGMd]g�GM= <>I[7:Z�^:I�CE<�C0= �>Z�=Y<�9[7MFJd�GMP[�>�M� .M� 9�F>2KGMP0CE<²4Mg:<>I[2D�@n 587:9�<YF>7:P0= GMP0P
<>I[2@�>�M� CE<>=Y2KPE��GM9�N]G/F>FJGM9[^M2K=X<>I�2?=>I�G/FHC�9[^i7M� F>2K=Y7:Z[FJ582K=L<YFHGM9�=>;�G/F>2K9�<>PE4M.cwXI[2@p)CEF><>Z�GMP
7:Z[<Y;�Z�<�=><YF>2KGMdª��7MF�G�;�F>7M^MFHGMdkd�CE^:I�<�OR2cGE:1*Q(GF470:�7:9 <>I[2tF>2KGMP[=>58F>2%2K9hg���7MF�C09�=Y<>GM9�582M.
wLI[2\p�C0F><>Z�GMP�;�FHC09�<Y2%FcC0= F>2KGMP0P04 G ;�FJC09�<�¥ ��Z[2KZ[2M.�wLI[2DQM2%4�O�7:G/FJN�C0= 7:9�PE4 RV587:9�9[2K58<Y2KN �)<Y7
7:9[2 <>GM=YQ�G/<@G�<>C�di2MgRO�Z[<D<>I[2e�@n|5%GM9®=>I�G/F>2 <>I�C0=D<Y7�7[.?�[7MF@28S[GMdi;�PE2MghC09�G�uXC09�N�7'u
2K9�p�CEFH7:9�di2K9�<%g[<>I�C0=LI�G/;�;�2K9�= u\I[2K96G�Z�=Y2%F\5%P0C05>Q)=LC096G�;�G/F><>C05%Z�P�G/Fcu\C09�N[7 u@.
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n�7|��G/F u 2�I�GKpM2�<>GMPEQM2KN G/OR7:Z[<?<>I[26�@n®GMP�di7:=Y<fGM=f<>I[7:Z[^:I CE<@uc2%F>2¯G�P0C0p�C09�^6<>I�C09[^[.
��9 G d Z�PE<>CE<>GM=>Q�C09�^[g�dfZ�P0<>C ¥jZ�=Y2%Fi�@n#P0CEQM2¯y 
\����<>I�C0= C0= 9[7M<iG�O�GMNTG/;�;�F>7'S)C�d�G/<>CE7:9
<Y7 <>I[2�<YFHZ[<>I � ��9+uXI�G/<i��7:P0PE7 uX=iuc2�d�G/QM2�Z�=Y267M�3y 
\����<Y2%FHdeC09[7:PE7M^M4TGM9�N+GMP0P£7M�
<>I[2 28S)GMd�;�PE2K=Du 2i=>I�GMP0P�587 pM2%F?P0G/<Y2%F�uXC0P0P&F>2%��2%F�<Y7¯pM2%FH=>C07:9�=X7M� <>I[2 y 
\��� 7M;�2%FJG/<>C09[^
=Y4)=Y<Y2Kd6.

wLI�2i;�G/F><@7M�t<>I[2��?n�uXI�C05JI®I�GM9�N�P02K=3GMP0P 7M�t<>I[2eN[2%<>GMC�P0=37M�£=>I�G/FHC�9[^6GM9�N N[2%p)C0582
I�GM9�N�P0C09[^?C�= 5%GMP0P02KN�<>I�2VY4"'59(T"'/�7MFD$.705<"8.zwLI�2\QM2%FH9�2KP�C�= 9[7M<£=Y7:d�2%<>I�C09[^ uXI�C05JI�5%GM9¯OR2
Z�=Y2KN�N�CEF>2K58<>P04Mg�GMPE<>I�7:Z[^:IeCE<>=c=Y2%F>p)C0582K=c5%GM9eOR2DGM5%582K=>=Y2KN�<>I[F>7:Z[^:I�=Y4)=Y<Y2Kd_5%GMP0P0=%. �
I�G/<
C0= 9[2%2KN�2KN�C0= G � �6"65 *W(G #"'5 �'-4$9" 7MF $%70CEC	-0(GF / *W( " *W(+ #"65 �6-4$9" � b ��� 
­u\I�C05HI GMP0P07'uX=�Z�=Y2%FH=
<Y7 PE7M^|7:9�<Y7 <>I[2�deGM5HI�C09�2�GM9�N d�GM9�C0;�Z�P0G/<Y2 � P02K=%g 587:di;�C0PE2e;�F>7M^MFHGMd�= GM9�N#28S)2K5%Z[<Y2
<>I[2Kd�Z�=>C�9[^?=>C0d�;�PE2X587:d�deGM9�N�=%. n)C�9�582L<>I�C0=cC0=cGfP�GK4M2%F£7M��=Y7M��<jutG/F>2�uXI�C�5HI�uLFHG/;�= <>I[2
QM2%FH9[2KP�C096di7MF>2?GM5%582%;�<>G/O�PE2?5%PE7M<>I�2K=%g�CE<LC0=£5%GMP�PE2KN]G �%& "'/Q/)G/FH7:Z�9�N6<>I[23QM2%FJ9[2KP .

� <eC0=i7:9�PE4#O�4Td�G/Q�C�9[^ P0GK4M2%FJ=e7M�3=Y7M��<jutG/F>2MgLC09+G &L* "65X-4$6&)3�<>I�G/<�pM2%F>4+587:di;�PE28S
;�F>7M^MFJGMd�=f5%GM9#OR2euLFJCE<Y<Y2K9 GM9�N d�GMC09�<>GMC09[2KN&.]wLI[2�C�N[2KG]7M�LP0G'4M2%FH= GM9�N I�CE2%FHG/FH5JI�CE2K=
F>2%<>Z[FJ9�=£G/^:GMC09�GM9�N6G/^:GMC09h.
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wLI[2�y 
\���±QM2%FJ9[2KPzC0=fG]pM2%F>4 P�G/F>^M2�;�F>7M^MFJGMd6g­O�Z[<?CE<?N�7�2K= 9[7M<@;R2%F>��7MFHd GMP�P 7M�£<>I[2
=Y2%F>p)C0582K= F>2 ��Z�CEF>2KN�C�9�GM9¯�?n�.�w­7?QM2%2%;¯<>I[2D=>C��%2X7M�h<>I�2XQM2%FH9[2KP�<Y7 Gfd�C09�C�dfZ�d]g:CE<z7:9�P04
N[2KGMP0= u\CE<>I <>I[26=>I�G/FHC09�^|7M�\F>2K=Y7:Z[FH582K=K.T�D<>I[2%F �Y7MO�= ��7MFi7M;R2%FHG/<>C09[^ =Y4)=Y<Y2Kd ��uXI�C�5HI
uc2D5%GM965%GMP0P�=Y2%F>p)C0582K=�
zG/F>2�C0di;�P02Kdi2K9�<Y2KNeO�4euLFHCE<>C09�^@;�F>7M^MFHGMd_uXI�C05HI�FHZ�9�GMPE7:9[^ =>C0N[2
Z�=Y2%F � =X;�FH7M^MFHGMd�=%.\� 9�N�2%2KNhg�<>I[2%4|G/F>2 �>Z�=Y<VRVZ�=Y2%FD;�F>7M^MFHGMde=6� �¯<>I[2 7:9�PE4]N�C ¡R2%F>2K9�582 C0=
<>I�G/<3G/F>2 7'u\9[2KN O�4|<>I[2 =Y4�=><Y2Kd6.?wLI[2K=>2 ;�F>7M^MFHGMd�=�G/F>2i5%GMP0PE2KN N�G/2Kd�7:9�=%.@B\2%F>2�G/F>2
=Y7:di2?28S)GMdi;�PE23��FH7:d�y 
\� �f.

1 (#��©«���'¬ � ~D2KGMP0=­uXCE<>I@FH2 ��Z[2K=><>=���7MFARVdi7:Z�9�<>C09�^ �'<>I�C0=­d�GM5HI�C09[2�� =«N�C0=YQ)=h7:9f7M<>I[2%F
deGM5HI�C09�2K=L¥£C .m2M.LF>2 ��Z[2K=Y<>=\<Y7¯GM5%582K=>=�<>I[2 N�C0=YQ�7:9�<>I�C0=XdeGM5HI�C09�2?��F>7:d�GM9�7M<>I[2%F
deGM5HI�C09�237:9]<>I[2@9[2%<²u 7MFHQ�.

1 �/����"����­¬ � BDGM9�N�PE2K=tF>2 ��Z[2K=Y<>=X<Y7ePE7M^:C09¯��F>7:d±FH2Kdi7M<Y2@<Y2%FHd�C�9�GMP0=%.
1 ����$&�'����� � ¤+=>2%F>pM2%F­u\I�C05HIf=Y<Y7MF>2K=«;�Z[O�P0C05�GM9�Nf;�FHCEp/G/<Y2zQM2%4)=%.�x«G/FH<­7M��G\9[2%<juc7MF>Q

=>2K5%Z[FHCE<²4�=Y4)=Y<Y2Kd6.
1 �K$&�'����"�¬ � WX2K587MFHN�=\C09[��7MFHd�G/<>CE7:9¯G/OR7:Z[<LC0di;R7MF><>GM9�<£2%pM2K9�<>=\C096GePE7M^ � PE2M.
1 �­��(#��¬ � bc7:9�pM2%F><>=3d�GM5JI�C09[2 9�GMdi2K=�C09�<Y7�<>I[2KCEF�9[2%<juc7MF>Q GMN�N[F>2K=>=>2K=\GM9�N�p)C0582

pM2%FJ=>G).
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wLI[2\C0N[2KG37M�h587:9�=Y<YFJZ�58<>C09[^?587:d�;�Z[<Y2%FH=zuXCE<>Ied�7MF>2L<>I�GM9e7:9[2�btx y
I�GM=�OR2K587:di2Ddi7MF>2
;R7M;�Z�P0G/F�F>2K582K9�<>P04M.��39?GD=Y4�=><Y2Kd uXC0<>I?=Y2%pM2%FHGMP�btx y\=­CE<­C�=�9[7M< �YZ�=Y<­G 5 *Q59 �K-0/K�!GM58<«<>I�G/<
=Y2%pM2%FHGMPR<>GM=>Q�=L5%GM9¯OR2�;R2%F>��7MFHdi2KN¯=>C0d Z�PE<>GM9[2%7:Z�=>PE4 �eCE<£C0=tG F>2KGMP0CE<²4M.zwLI�C0=cC09�<YF>7)N�Z�582K=
G+9�Z�d?OR2%F67M� 587:di;�P0C05%G/<>C07:9�=6C09 �@n�N[2K=>C0^:9h._��7MF]28S)GMd�;�PE2 ��I[7 u 5%GM9�uc2 =Y<Y7M;
<juc7#C�9�N[2%;R2K9�N[2K9�<f;�F>7�582K=H=Y7MFH=i��F>7:dvGMPE<Y2%FJC09[^ =Y7:di2|di2Kdi7MF>4TPE7)5%G/<>CE7:9+uXI�C�5HI+<>I[2%4
OR7M<>I#=HI�G/F>2 �9*WC �P/2 M-0(T"<7 ���9/ 3 �!=Y7�<>I�G/< 9[2KCE<>I[2%F 7M�L<>I[2Kd 5%GM9TN[2%<Y2K58< <>I[2¯587:P0P0C0=>C07:9 
 �
wLI�C�=\C0=�G�;�F>7MO�PE2Kd�C09�;�F>7�582K=H= �.30(G$'&L5X70(+* � -� ,*,7�(�.iwLI[2i=Y7:P0Z[<>C07:9�<Y76<>I�C�=\;�F>7MO�PE2KdqC0=
d Z�5HIT=>C0d�;�PE2%FfC�9 G�=>C09�^:PE26b£xzy�=Y4)=Y<Y2Kd =>C09�582�9[7�<juc7®<>I�C09�^:=?2%pM2%FeI�G/;�;R2K9  ,5��J/ 3
=>C0d Z�PE<>GM9�2%7:Z�=>PE4M.

�®2 =>I�GMP0P&587:9�=>C0N[2%FL<>I�C0=LC096di7MFH2fN[2%<>GMC0P�C09]P0G/<Y2%FD5HI�G/;�<Y2%FJ=%.c��7MFD9[7 u CE<\C0=LZ�=Y2%�!Z�P
<Y7�QM2%2%; C�9�d�C09�N6<>I�G/<�dfZ�P0<>CE;�F>7)582K=>=Y7MFH=\G/F>2 GM9|C0d�;�7MFH<>GM9�<L2KP02Kdi2K9�<D7M�zdi7)N[2%FH9 �@n
N[2K=>C0^:9h.
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<>I[2 9[28S)<65HI�G/;�<Y2%F'g3uLFHCE<Y2®G
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2%<>5/.�WL2KGMN C�9 <>I[2�587:d�d�GM9�N�=@GM9�N ;�FHC�9�<�7:Z[<?G6P07M^]7M� u\I�G/<3<>I[2�587:d�d�GM9�N�=
G/FH2MgLC09T<>I[2]��7MFHd�� ��S�2K5%Z�<>C09[^ ��7M;R2%FHG/<Y7MF 
i7:9���7M;R2%FHGM9�N 
��). ��7:Z�=>I[7:Z�P0NTOR2
G/O�PE2@<Y7eFH2K587M^:9�C��%2@<>I[2 587:d�d�GM9�N�=@R ucGMC0<6��GM9�N R ��7MF>QT��=Y;R2K5%C0GMP�PE4Mg)O�Z[<£<>I[2f7M<>I[2%F
587:ded�GM9�N�=\d�GK4¯OR2@GM9�4�<>I�C09�^�4M7:Z�P0C0QM2M.zwLI[2?GMC�d�C0=£<Y7�=>C0d Z�P0G/<Y23<>I[2@<²4�;R2@7M�
587:ded�GM9�N�=LG�F>2KGMPh;�F>7M^MFJGMd�I�GM=£<Y7�28S)2K5%Z[<Y2M.
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{�Z�PE<>CE<>GM=YQ)C09[^�GM9�N|d Z�PE<>CE¥jZ�=Y2%FX=Y4)=Y<Y2Kd�=D9[2%2KN|<Y7�N�C0=Y<>C09[^:Z�C0=>I¯OR2%<juc2%2K9�<>I[2fN�CE¡�2%F>2K9�<
;�F>7M^MFJGMd�=�OR2KC09[^328S)2K5%Z[<Y2KN�O�4 <>I[2\=Y4�=><Y2Kd6.�wLI�C0= C�=zGM5%587:di;�P�C0=>I[2KNiu\CE<>Ii<>I[2X587:9�582%;�<
7M� GONG5 7�$."�� �J.

� ������� � #�	 ��+ � % 2 + ! �"+ �$� 2 +�)

�c2%��7MFH2£<>GMPEQ�C�9[^3G/O�7:Z�<«;�F>7�582K=H= d�GM9�G/^M2Kdi2K9�<�uc2t=HI�GMP0P)C09�<YF>7�N�Z�582c=>7:di2£7M��<>I[2L9�GMdi2K=
uXI�C�5HITG/F>2]C09T587:d�di7:9+Z�=Y2M. 
\7M<�GMP0Pc7M;R2%FHG/<>C09[^®=Y4)=Y<Y2Kd�= 7MFiOR7�7MQ�=iG/^MFH2%2]7:9T<>I[2
N[2 � 9�CE<>CE7:9�=?7M�L<>I[2K=Y269�GMdi2K=K.®� 9#<>I�C0= 5HI�G/;�<Y2%Fiu 2¯=>I�GMP�Pz<>G/QM2]G P0CEOR2%FHGMPzG/<Y<>CE<>Z�N[2 �
G/��<Y2%F@GMP0P g�C0<DC0=\<>I[2 C0N[2KGM=DFHG/<>I[2%F�<>I�GM9�<>I[2 9�GMdi2K=DuXI�C05HI�587:Z�9�<%.�w­F>4]<Y7¯F>2Kd�2Kd?OR2%F
<>I[2?N�C ¡�2%FH2K9�<t<Y2%FHd�= �e<>I[2%4¯uXC0P0P�OR23Z�=Y2KN6FH2%;�2KG/<Y2KN�PE4M.

1 �?� ���:���K� � wLI�C0=3C0=@G6^M2K9�2%FHGMP�<Y2%FHd ��7MF -8NG5X7%I�5 -0C : &)*,$6& * � �."'*Q(LI!" �J"<$ �  #"%F/.
¤DP0PDuc7MF>Q�N�7:9[2®O�4�<>I[2#btx y 587:9�<YFHCEO�Z[<Y2K=¯<Y7 <>I[2 28S�2K5%Z[<>C07:9�7M�f;�F>7�582K=H=Y2K=%.
� GM5HIT;�FH7�582K=>=iI�GM= G N[2K=H58FHCE;�<>CEpM2�C09[��7MFHd�G/<>CE7:9 =Y<YFHZ�58<>Z[F>2¯GM=>=Y7)5%C0G/<Y2KNTuXCE<>I CE<
�!9�7MFHd�GMP0PE4�I[2KP0N®O�4�<>I[2�QM2%FH9[2KP 
�5%GMP0PE2KN®G NG5X7 $."���� $%7�(+ ,5X7�/��6/27�$6Y u\I�C05HI QM2%2%;�=
<YFJGM5>Q 7M�fI[7'u��!G/F�<>I[2�28S)2K5%Z[<>CE7:9
I�GM=�;�F>7M^MF>2K=H=Y2KN�GM9�N uXI�G/<�F>2K=>7:Z[FH582K=�<>I[2
;�F>7�582K=H=LI[7:P0N�=K.

1 �c���'� � ��9]=Y7:d�2@=Y4�=><Y2Kd�=L;�FH7�582K=>=>2K=LG/F>2?5%GMP0P02KN¯<>GM=YQ�=K.
1�� �	� � n�7:d�2�=Y4�=><Y2Kd�=@N�C0=><>C09[^:Z�C0=HI]OR2%<juc2%2K9 �%-� M$'&�28S�2K5%Z[<>C07:9 GM9�N *Q(+ #"'5 -4$� ,* 50"

28S)2K5%Z[<>CE7:9&.��tG/<>5HI ��7MF ��Z[2KZ�2KN 
D;�F>7)582K=>=Y2K=fG/F>2e7M��<Y2K9 5%GMP�PE2KN �Y7MO�=%.¯wLI[2%4®G/F>2
P�CEQM2 ;�F>7�N�Z�58<>CE7:9 P0C09[2 ;�F>7)582K=>=Y2K=«uXI�C05JIf=><>G/F><%g�N[73=Y7:di2%<>I�C09[^�GM9�N ��Z�C0<%g¢u\CE<>I[7:Z[<
=><Y7M;�;�C09[^3<Y7 GM=YQ ��7MF C09[;�Z[<���F>7:d G?Z�=Y2%FK. wLI[2%4 G/F>2X9�7:9)¥jC09�<Y2%FHGM58<>CEpM2X;�F>7�582K=H=Y2K=%.

1 � 
­� ����¬ � �!=Y7:di2%<>C0d�2K=­5%GMP0P02KN@G / *2I�&L ,: "'* I0&J LNG5X7 $."���� 
­C0=&N�C ¡�2%FH2K9�<���F>7:d ;�F>7)582K=>=
7MFD<>GM=YQ�C�96<>I�G/<�G�<>I[F>2KGMN�C0=\9[7M<X2K9[7:Z�^:I�<Y7�^M2%<DGeuXI[7:PE2?;�F>7M^MFHGMd�28S�2K5%Z�<Y2KNh.
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XZY\[f] ^_YOk_YHk { qf[\xdwbja`Hif[bq\wbj_YHk { qf[on
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kZlbY `HifY
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argv[]  and  envp[]

Stack

Heap

Unitialized data

Initialized data (static)

Text / Code

Initialized to zero by exec()

Read from program

by exec()
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HIGH ADDRESS
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