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±M,ED 	$=kvk:71�<%�j6ALon HJ8¯p)>-=.8;:76�HK1QI9<-8JLN=zLK<f:c,@,A,@,A,A,@,A,B,A,@,A,A,@,A,@,A,@,A,A,B,A,@,A,@,A,@,A,A,UC-}
±M, s /214>-�Kv.�9Oi6Mv.=.3>+iHK8`p)>-=.8;:769HJ1�Lon HK8?>-�N´µ69:�Oi>-17:§57=�:4HK3°´µHJ5r:76 <-pK14��5°v�n 6�8 7�: � :46 LN6 I96�:�>j�N´µ6�:

�(<%=z54<%8;:°pJ<%17:7=�Lon HK8q�(<-HN�«>-�K´µ6�: ,A,@,A,@,A,A,@,A,B,A,@,A,A,@,A,@,A,@,A,A,B,A,@,A,@,A,@,A,A,UC;�
4B,k+ :"6�5r:45Q<�uj6�I§}Pp)>-=.8;:76�HK145�p]<%1°>-�K´µ6�:�,@,A,@,A,A,@,A,B,A,@,A,A,@,A,@,A,@,A,A,B,A,@,A,@,A,@,A,A,UCdR
4B, D :"6�5r:45Q<�uj6�IBm�p)>-=.8;:76�HK145�p]<%1°>-�K´µ6�:�,@,A,@,A,A,@,A,B,A,@,A,A,@,A,@,A,@,A,A,B,A,@,A,@,A,@,A,A,UCdR
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� 6�:7=.698J5 +A176�Oi691�I�=.6912v.6�5 p)691�57>-8K8K6'52y;HK=)O¯n >-8;:Wp)6914Oi=.5WLN6�Oi698J691�+A�J=k6�8{I�6QOi39Oi>j=k146-,��ªI�>jOPOi6�8JI�6�1

pJ<-1³Oi>j8 O <��z:7146@LN6A5µ:�<%�-6 *°>jv.<-8JL9F§HJI9>-HK148J<%H¯y;HK6³´µ6B1469Oi6�14I9=k6§:4<-8j:��NpJ<%1°54<�LK=.57p]>j8K=.�K=kv.=k:73A6�:°v.6B:769OipJ5
y;H�n =kvBOqn < I�>-8]57<jI�143��©y;HK6¤pJ<%1¯5r6'5{pK143�I9=k6�HN�ªI�>j8J5r6�=kvz5�,³�B1
	-I�6 +cv.HK=³´�n <-=§3�8K>-14Oi39Oi698;: <-pKpK14=.5 LK<%8J5 v.6
LN>jOi<-=k8J6{LN6{v�n >j�N´µ6�:', � 6 176�OP6�14I9=k6i3��j<%v.69Oi6�8j:Mv.6�5M:73���<%1�LK5Ay;HK=³5r6 :417>jHKuf<%=.698;:MLK<%8]5MOi>-8 698;:4>-HK1�<%�j6iLK6
:71�<�uf<%=.vj69:���698�pJ<%17:7=zI�HJvk=.691���: >jH -�
Ay;HK=dO¯n <B<%=zLN3 +BI�wJ<jyjHJ62�e>-=z5�y;HK6 ´�n <�uf<%=z5 �)6�57>-=.8�LK6³576�5$I�>j8J5r6�=kvz5��'57HK17:7>-HK:
p)>-HK12v.6Qh <%:769� 6�:Wv�n HN:7=.vk=z54<f:7=.>-8 LN6°p)6�:4=�:�52v.>-�j=.I9=k6�v.5�pK1�<f:4=.y;HK6'59, � 6°1469Oi691�I�=.6 � 6'<%8i<�u-6�I�y;HK=f´�n <%=JpKH LN=.54I�HK:7691
LNH{LN>jO <%=.8K6°6�:Wp)>-HJ1W5r6'52I�>j8J5769=.v.5 pJ173'I�=.69HN�o, � 6°176�Oi691�I�=.6°39�j<-vk6�Oi698;:Wh�HJI��jFdxdv.u�<-=k8��6	J<-�K=.698 6�:³t?>-wJ<-Oi6�L
p)>-HK1°v.69HK1Q57>-HK:7=.698;:QOi>-1�<%v�, � 6@176�Oi691�I�=.6BOi>j8 p)�9146@6�:QO <POP��176My;HK=o>j8;:�p]<-545r3ALNH¯:76�OipJ5°698¯146 7¹vk6'I�:7HJ176j,
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F§HK14<-8;:§I�6'5Qud=k8J�%:§LN6�178J=k��176'5Q<%8K8J396�5��Jv.6i� 69:§v.6P�21,1l>-8;:�3�:43M698��-1�<%8JLN6AO <%´µ>-14=�:43A69OipKv.>fx-3�5§LK<%8]5
v.6{LN39uj69v.>-pKp)69Oi698;: LN6 v.>-�j=.I9=k6�v.5�,�h�6 �21,1 6�5r:MHK8 v.<-8K�j<-�-6 +¯>-�N´µ69:45A�]<-573i57HK1Mv.6 �¡p]6�17Oi6�:7:4<-8j: L�n � :7146
:714��5�pK14>NI�wK6«LN6 v.<�Oi<jI�wK=.8K6«69:PLN>j8j:Pvk6 �KHN:i6�5r:PLon >-�K:7698J=k1Pvk6 Oi69=.vkv.69HK1P14698JLN6�Oi698;:�p)>j545r=.�Kv.6¤�(14<-pK=.LK=�:43
Lon 6��N3�I9HN:7=.>-8) W6�8«pK14=.u;=.v.39�-=z<%8;:°<%H Oi<%�N=kO�HKO v\n >-pK:7=.OP=z54<f:7=.>-8¯6�:�698¯vz<%=z5754<%8;:°<%H LK39u-6�vk>jpKp)69HK1�HK8K6B�-1�<%8]LN6
v.=k�)6917:73{<-HY8J=kuj6�<%H LN6 vz<q�-6'5µ:4=k>j8YLN6 vz<qOi39Oi>-=.146-,",§1MLN6 8K>;5�´µ>-HJ145��ovk6'5ApK14>%´µ69:45A57>-8;: LN6 pKv.HJ5A6�8YpJvkHJ5
=.OPp)>-17:4<-8;:45 69: v.=kOi=k:73�5«698�:469OipJ5«LK6�I�>j8JI�6�pN:7=.>-8�,³h2n HN:7=.v.=.54<f:4=k>j8ªLN6�I�6'5 vz<%8K�;<%�-6'5i6�5r: <%v.>-1�5{I9>.-N:469HJ576
698 :76�OipJ5 LN6?LN39uj69v.>-pKp)69Oi6�8j:i8K>-:4<%OiOi698;: +YI9<%H]5r6qLNH�pK14>-�Kv.�9Oi6qLN6qv.<YLN3�54<%v.v.>dI�<f:4=k>j8 O <%8dHK6�vkv.6¯y;HK=
pK14>fu->Ny;HK6?�)>-8ª8K>jO �K146�Lon 69141469HK1�5{LN=0/{I�=.vk6'59+ LN3�I969v.691',21Q8 �j<%14�J<-�-6`I�>jvkv.6�I�:7>j143 6'5µ:¯HK8ª143�I�HJp]3�14<%:769HJ1
<%HK:7>-O <%:7=zyjHJ6¤LN6 vz<cOi39Oi>-=.146-, 5Q>jHJ5¯HN:7=.vk=z576914>-8J5 pJ<%1¯vz< 57HK=k:76��M��p]>jHK1qvk6 LN3'5r=.�-8K6�1�,³��vAp)6914OP69:qLK6
57=kOipKv.= -]691 vz<�:
	-I�wK6°LNHipK14>-�j14<-OiOP6�HK1$698PvkHK=J176�8JLK<%8;: v.6�5�pK14>-�j14<-OPOi6'5 pKv.HJ5�v.=.57=.�Kvk6'5 6�: 6�8��(<-=.54<%8;:��J<%=z545r6�1
I�>j8J57=.LN3�14<-�Kv.69Oi698;:Avk6{:769OipJ5�LN6{LN3��]>j�j<%�j6-,�h 6{pK14>-�-1�<%OiOi69HJ1Bp)69HK:�<%v.>-1�5A5r6 I�>-8]57<jI�14691,+?57<¯:
	-I�wK6{LK6
LN3�u-69v.>-pJp]6�OP6�8;:@69: � :4176 <-=k8J57= pKv.HJ5ApK14>NLNHJI�:7=k�µ,"h�6{�M�l5r6 pJ173'5r6�8j:46 5r>j=�:M57>-HJ5@vz<¯�e>-14Oi6iL�n HK8J6 vk=.�K1�<%=.17=.6
y;HK6�v�n >-8{<f´µ>jHN:76§<%H{pK14>-�j14<-OiOP6 �%I�6ByjHJ=]6'5µ:Wv.6§I�<-5©LN6�5��M�^y;HK=]5�n <jLK<%pK:7698;: + HK8{vz<%8K�;<%�j6°6��N=.5r:4<-8;:§��� 69:
�21,1@  �N57>-=k:©=.v��(<%=k:³p]<%17:7=.6§=.8;:739�j14<-8;:76�LNHqI�>jOipK=kvz<f:469HK1��dI%n 6�5r:³v.6BI�<-5�LN6'5��M�~I�>-8]5µ:417HK=k:45©698 O � Oi6B:769OipJ5y;HK6°v.6°v.<-8K�j<-�-6@� � <�u�<; �,;� �-:73�3�:4HJLN6'5 �j8K>-HJ5�8J>-HJ5 =.8;:73�176'57576914>-8J5�<-Hi�M� 6��NpKv.>-1�<f:469HK1�5��'v.6�5©�M�cI9>-OipN:76�HK1�5
LN6A143��e3�176�8JI�6'5©39:4<-8j:QI9>-8J57=.LK39143�5°I�>jOiOP6@>j�J5r>jvk�9:76'5³LJ<%8J5�vz<ivk=k:r:4391�<f:4HK176j,

TWV #j�]_\�J�fVN�'&(�)�
h < I�>-v.>-1�<f:4=k>j8ªLK<%8]5«v.6�5 v.<-8K�j<-�-6'5 +c>j�N´µ6�:�5«6'5µ:¯HK8K6¤:76�I�wJ8K=.y;HK6Yy;HK=@p]6�17Oi6�:qLN6 I�>-8]5r6�17uj691 :4>-HN:46

v�n 66/ I�<-I9=�:43PLN6�v\n =.OPpJvk3�OP6�8;:4<f:4=k>j8¤I9v.<j5757=.y;HK6�pJ<%1§:4<-�Kv.6�5BLN6�Oi39:7wK>NLN6'5BLK6�v�n wJ3914=�:�<%�-6P5r=.OipKv.6 698¤wK3914=k:4<%�j6
O HJv�:4=kpKv.6-,��2v.vk6i< 39:73�LK3�I�14=k:76 p)>-HJ1�vz<{pK1469Oi=.�9146@�e>-=z5�pJ<-1 F§=��N>j8`698c+'|-mj|ipKHK=z5QpJ<-1�/2HK�jw�69:87Y6�LKLN6�v"6�8
+�|j|#�@69:³=.OipKvk3�Oi698;:73�6�698:9W<f�e>d>-v)pJ<%1 *°>-vz<%8]L F�H]I�>-HJ178J<-H 698`+'|-|J+-,d�©69:r:46Q:76'I�wK8K=zy;HK6§576§I�<%1�<-I�:43914=.576°pJ<-1
v.6@�(<%=k:°y;HK6Avz<P1739�e3914698JI96,+�HJ8¯>j�N´µ6�:��N�K=.698?y;H�n =.8duf<%14=.<-8j:46��dp)69HN: � :7146,+�v�n =k8;:73�17=.69HJ1QLon HJ8¯>j�N´µ6�:',

; �]�9�fZ?#-�)���9�f&e¬�!"��&(�)�
5Q>-:7146@�KHN:�6'5µ:§L�n 39:7HJLN=.691§LN6�5Q:76�I�wJ8K=.y;HK6'5QLN6 �M� p)>-HK1QHJ8?v.<-8K�j<-�-6B>-�N´µ69: +P:µxdpJ<%�j6@5r:4<%:7=zy;HK6A=kOipKv.3 7

Oi698;:73i57HK=kuf<-8j:@vz<{:46�I�wK8K=zy;HK6iLN6iv.<¯I�>jvk>j14<%:7=.>-8�,<,§1§v.6�5§:76'I�wK8K=zy;HK6�5@LN6 �M� 69�d=z5r:4<%8;:46�5BI�>-8]5r=zLN�914698;:@yjHJ6
vz< 143��e3�176�8JI�6 + HJ8 >j�N´µ6�:°5r6§:714>-HJu-6@<%H LK39�KHN:QLN6@v�n >j�N´µ6�:�>-H¯�K=.698 6�5r:°y;HK6�v.I9>-8Jy;HK6j,=5Q>%:4176B>-�K´µ6�I�:4=��"6�5r:°LK6
Oi>NLN= -]691AHK8K6{LK6{I�6�5B:46�I�wK8J=.y;HK6'5A698 <-LK<-pN:4<-8;:A576�5@=.8duf<%14=.<-8j:�5,+¯v.<qI�>jvk>j14<%:7=.>-8�,<5�>%:7146P:71�<�uf<%=.v259n =k8]57I917=k:
LK<-8J5�vk6MI�<-LN146@LNH?LN39uj69v.>-pKp)69Oi698;:QLNH?I�>jOipK=kvz<f:469HK12�W=?>�69v"�J<-573§6�8;:7146M<%HN:4176'5³57HK1°vz<iI�>-v.>-1�<f:4=k>j8A@.+'DCB¹,
DFE<G4HCH�I8JLK*MONQPSR PSH*T�UVG4IWUXNQPYHWG4R[ZCP]\VMOR^MOU_UVPa`bR cQPaTVTVP�G4I8ZWPYK4NdMOHWPSIW\eZWPYfSPLNQNQICNQPLULgWh	i MOjC\VJak�cdMlT_cQG4HmPSUVT�nYE�g
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h�6'5MI�wJ<-pK=�:4176'5MD �$sq6�: }�I9>-Oip)>j57698;:MHK8�3�:�<f: LN6«v\n <%17:��"vk6{I�wJ<-pK=k:7146«�qpK143�57698;:76 vz<¯:76'I�wK8K=zyjHJ6«LN6 vz<

I�>jvk>j14<%:7=.>-8 6�:°vk6MI�w]<%pK=k:7146AC�6'5µ:QI9>-8J54<-I9173 +P8K>%:4176AI�>j8;:714=k�KHK:7=.>-8�,
���"VK�$&(�9�fZ�� ��8;:714>NLNHJI�:7=.>-8�,
���"VK�$&(�9�fZ S �©6 I�wJ<%pJ=�:4176M6'5µ:BI�>-8]57<jI�143@:7>-HK:BLon <%�)>-1�L + v.<«Oi39Oi>-=.176j,	,§8`x¯pK143�57698;:76M6�8;:7146 <%HN:4176 �Kvz<
8K>-:7=.>-8 Lon <-vk=.�-8J69Oi698;:A6�:Av.6�5@8K>-:7=.>-8J5ALN6iOi39Oi>j=k146�pJw;xN57=.y;HK6i69:ALK6 OP3�Oi>-=.176Pud=k17:7HK6�vkv.6-, �W8 57HK=k:76 ��8K>-H]5
8K>jHJ5@=k8;:439146�545r>j8J5 + v�n <%v.vk>NI9<%:76�HK1@698Y3�:7H]LN=.<-8;:Mvk6'5B:76�I�wJ8K=.y;HK6'5ALN6 �-6'5µ:4=k>j8¤LN6 Oi3�OP>j=k146P6�: Lon <%v.vk>NI�<f:7=.>-8��
8K>-:4<%OiOi698;:Qvz<i�-6'5µ:4=k>j8¯p]<%1�<(���(� =@?BADC�6�:�v�n <%v.vk>NI9<%:7=.>-8¯vk=.8K3'<%=.176j,K/2HK=z5Q8K>jHJ5°=.8;:714>dLKHK=.57>-8]5�v.<{LK3�54<%v.vk>NI9<%:7=.>-8
6�:�8K>-HJ5MOP>j8;:714>-8J5@v.6�5AOi39�(<%=k:45MLN6«v.<?LN3'57<-vkv.>NI9<%:7=.>-8YOi<-8dHK69v.vk6j,�/�>-HK1 -J8K=.1���>j8 =k8;:714>NLNHK=k: vz<q8K>%:4=k>j8 LK6
�e1�<%�-Oi6�8j:�<f:4=k>j8�,
���"VK�$&(�9�fZª� h�6¯I�wJ<%pJ=�:4176¯s`6�5r:�HJ8K6 �J17��u-6{pK143�57698;:�<f:7=.>-8cLK6�5 �M� I�>jOPpK:769HJ145PLN6¯1739�e3914698JI96�5�, ,§8cx
6��NpKv.=zyjHJ6Bv.6�5Q14<-=.57>-8J5³p)>-HK1°v.6�54y;HK69v.v.6�5�=.v.5�8K6M57>-8;:°pJ<j5�p]6�1r�e>j17O <%8;:�59,
���"VK�$&(�9�fZ � h�6{I�wJ<-pK=�:4176 }?6'5µ: I9>-8J54<-I9173 <-HN� �M�l6��NpKv.>-1�<f:469HK1�5�,",§8 I9>-OiOi698JI96 pJ<%1 pK173'5r6�8;:7691Av.6�5
pK14>-�Kv.39O <%:7=zyjHJ6�5³6�:Q8K>-:4<-OPOi6�8j:°v.6@pK17>j�Kv.�9Oi6ALN6@v.<Pv.>dI�<%v.=.54<f:4=k>j8 LN6'5°p)>-=.8j:469HK1�5�LK<%8]5�v.<PpK=.vk6A69:�I�6�vkHK=ov.=.3
+ v\n <%14=�:4wKOi3�:4=.y;HK6PLN6�5Bp)>-=.8j:469HK1�5�,�FB<%8J5BHK8 576�I�>j8JLq:469OipJ5��)8J>-HJ5BpK143�57698;:7>j8J5Qv.6�5§:46�I�wK8K=zy;HK6�5BI�vz<-5457=.y;HK6'5
� 
��'���9�'��� � ���(� ��� � *°6�I9>-pK=.6A6�:,
������9�����������0� ��� C��� �,J±"uf<%8;:�LN6ApK143�57698;:76�1�vk6'5�:76'I�wK8K=zyjHJ6�5°I�>j8J576914u�<'7
:7=.u-6'5 ��>j8PLN>j8K8K6�HK8i<%p)691���HPLN6�5$:46�I�wK8K=zy;HK6�5$HN:4=kv.=z5r3�6�5�pJ<-1$v.6�52�M��6��K<-I�:45�� :�<%�;5"69:25µ:417HJI�:7HK146�LN6°LN>-8K8J396�5� �,,§8c5�n =.8;:739146�54576 698J57HK=k:76«6�8cLN3�:�<%=.v.5P<%HK�¤:46�I�wK8K=zy;HK6�5�I�>j8J5r6�17uf<%:7=.u-6�5@69:P5769Oi= 7¹I9>-8J576914uf<f:7=.u-6'59, FB<%8J5PI�69:r:46
pJ<-1r:4=k6 �]8K>jHJ5@LN3�I917=.u->j8J5Qv.6PpK17>j�Kv.�9Oi6�LN6'5§�(<%HN�`>j�N´µ6�:�5�69:B8K>jHJ5B6��NpKv.=.y;HK>j8J5§p]>jHK14y;HK>j=$I96�pJ17>j�Kvk��Oi6 =.O 7
p)>j576{LN6�5@:46�I�wK8J=.y;HK6'5 +q�J<-576{LN6«5r:714HJI�:7HK146�5 �(pJ<%�j6�5M<�uj6�IP698 7�: � :76� @p]>jHK1Mv.>NI9<%v.=z5r6�1M<�u-6�IiI96917:7=k:7HJLN6i:4>-HJ5
v.6�5�>-�K´µ6�:45�,	,§8¯x{pK143�57698;:76@6�8J5rHJ=�:46Avk6'5³:76�I�wJ8K=.y;HK6'5�=k8;:417>NLNHK=k:76'5°pJ<-104©>d6�wKO �N6�:QpJ<-104³<-1r:4vk69:r:°6�:Q8J>%:4<-O 7
Oi698;:�vk6@t¤�°���@LN>-8;:�8K>-HJ5³<%v.v.>-8J5©8K>-H]5©=.8J57pK=.176�1�,;/�>-HK1 -J8K=.1�8K>-HJ5©6��Np)>j57>-8J5©v.6§pK14=.8JI�=.p]6@LN6'52:46�I�wK8K=zy;HK6�5
�-3�8K391�<f:4=k>j8K8K6�vkv.6�5�,
���"VK�$&(�9�fZq¢ FB<%8]5©I96�I�wJ<%pJ=�:4176 �-8K>jHJ5WpJ173'5r6�8j:4>-8J52v.<MI9>-v.>-1�<f:4=k>j8P69:©8K>jHJ52vz< I9>-OipJ<-17>j8J5 +Mv�n =.OipKv.39Oi698 7
:4<%:7=.>-8qI�vz<-545r=zy;HK6@698qwK3�17=k:4<-�-6@5r=.OipKvk6A69:0+iv\n =kOipKv.39Oi6�8j:�<f:4=k>j8¯5r:4<-8JLK<%1�L¯LN6 �21,1�,
���"VK�$&(�9�fZl* h 6YI�wJ<-pK=k:7146¤Cc6'5µ:?I�>j8J54<-I�143�+ 8K>%:4176¤pK14>-p)>j57=�:4=k>j8 Lon HK8 �M��p)>-HJ1¯vz< I9>-v.>-1�<f:4=k>j8~�K= 7
LN=.176'I�:4=k>j8K8K69v.v.6-,.5�>-HJ5WpK173'5r6�8;:7>-8]5 LN6�5WOP>NLN��vk6'5 �J<j5r3'5 pK14=k8JI9=kp]<%v.69Oi698;:W57HK1Wv.6Qt¤�°� LK<%8]5 vk6'57y;HK6�vkv.6�5W8K>-H]5
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décroissantes
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Le swap

mémoire RAM

13124

1124

MOVE R 

adresse réelle
page 0

���������
	 �2
435�7698�69/�&��"�

�!:



� ��� � �S& ���6)
�2&'$�!.� �

F§3 -J8K=k:7=.>-8 + $ FB<%8J5 HK8 I�<-LN146{LN6«�j6�5r:7=.>-8cLN6«v.<?Oi3�OP>j=k146«<-HN:7>jOi<%:7=zy;HK6��">-8c<%pJp]6�vkv.6«O�HN:4<%:769HJ1 v.6
pK14>-�j14<-OPOi6�y;HK=�5�n 6��N3�I9HN:76j,;��vop)69HK:�Oi>NLN= -J691QLK6�5³p]>j=k8;:469HK1�5@�(< >�6�I�:4<%:7=.>-8J5� 269:��(<%=.176@LN6�5�LN6�O <%8JLN6'5°Lon <%v 7
v.>dI�<f:4=k>j8�+Pv�n <-vkv.>NI9<f:469HK1',

F§3 -J8K=k:7=.>-8`D $ 1�8q>-�N´µ69:�6'5µ:QHJ8K6 �9>j8K6ALN6@v.<iOi39Oi>j=k146BI9>-8;:76�8J<%8;:QLN6'5QLN>-8J8K396'59,
F§3 -J8K=k:7=.>-8�s2$"1Q8�>-�K´µ6�:Mud=kuf<-8j:M6'5µ:�HK8 >-�N´µ69: <-I9I96�545r=.�Kv.6 pJ<%1Av.6 O HK:4<f:469HK1�LN6{O <%8K=.�9146 LN=.176'I�:76 >jH

=.8JLN=.176'I�:76j,
F§3 -J8K=k:7=.>-8q}0$ 1�8q>-�N´µ69:�Oi>j1r:°6�5r:QHK8q>-�K´µ6�:Qy;HK=�8�n 6�5r:QpKv.HJ5°<-I�I�6�5457=k�Kv.6@pJ<%1°v.6@O HN:�<f:469HK1',

£@�f&(�$#-&(�WZ
h�6«1��jvk6«LK6{v\n <%v.v.>dI�<f:469HK1�6�5r:�LN6«1439p)>-8]LN176 +`HK8K6«146�y;H � :76 �(<-=�:46«pJ<-1 v.6{O HK:4<f:469HK1�698�:417>jHKuf<%8;: HK8J6

�9>j8K6 LN6 Oi39Oi>-=.146iI9>-8;:7=.�-H��P69: LN=z5rp)>-8K=.�Kv.6��ip)>-HK1�<-I9I9HK69=.v.vk=.1Av\n >-�K´µ6�:�,�h 6 �KHN:M6'5µ:M�K=.698 3�u;=zLN6�OPOi6�8j: LK6
143�<%v.=z5r6�1Qv\n <%v.v.>dI�<f:4=k>j8?698?:469OipJ5ByjH]<-57="I�>j8J5r:4<%8;:',J/�>-HK1BI�6 �(<%=.176M8J>-HJ5B<%v.vk>j8J5Q39:7HJLK=k6�1§LN=.u-6�14576�5§5µ:414<%:739�j=k6'5
Lon >-14�j<-8K=.54<f:4=k>j8«LN6Avz<POP3�Oi>-=.176j,

�
	�
 	�
 � � � � �/��� � � ��� -.�!-.� �/�(� � � � � ����� � � � � ����� � �
,§8qLN=kud=z5r6@vz<POP3�Oi>-=.176B698qHK8K=k:73'5QLon <%v.vk>NI�<f:7=.>-8 ,d±�I�w]<-y;HK6BHK8K=k:73��J>-8 �(<%=k:�I�>-14146�57p]>j8JLN146�HK8q�K=k:�LK<%8]5

v.6Q:4<-�Kv.6�<%H{LK6��K=k:45�,KFd=]v.6��J=�:³6�5r: +>���jI969vz< 57=k�j8K= -]6�y;HK6�v�n HJ8K=�:43§LN6§Oi39Oi>-=.176§6�5r:©v.=k�J176Q69:³57=]=.v)6�5r: +{+§I%n 6�5r:
y;H�n 69v.vk6{6'5µ:P>NI9I�HJp]3�6-,�� �-:732�	� � �&� �(�6�c5r:4<f:4=.y;HK6 �"I96 :4<-�Kvk6'<%H�6'5µ:�LK3 -J8K=�5r:4<f:4=.y;HK6�Oi698;: 6�:iLN6 :�<%=.vkv.6 -K�N6-,
h2n 6�57pJ<jI�6MOi39Oi>j=k146MI�>j8J5r>jOiOP3�LN39p)698JL�LN6 vz<i:4<-=kv.v.6�LN6Mv�n HK8K=k:73�L�n <-vkv.>NI9<f:4=k>j8�, �W8`6*>�6�:��]pKv.HJ5BI�6�vkv.6 7�I�="6�5r:
p)6�:7=k:76�6�:2pKv.HJ5 v.6�:4<-�Kvk6'<%Hi5r6�14<B�j14<-8JLo,�
§HJ<%8;: +@v�n �	� � �&� �(�#�iLKx;8]<%Oi=.y;HK6 �%=.vJLN39p)698]LPLK6°v.<B:�<%=.vkv.6QLN6�v\n HK8K=k:73
Lon <%v.vk>NI�<f:7=.>-8�Oi3�OP>j=k146-,�Fd=³v\n HK8K=k:73 6�5r:��-1�<%8]LN6�� <-vk>j145 LK<%8J5�v.6«I9<j5M>-² v\n >-8�HN:4=kv.=z5r6 �]6'<%HJI9>-HKp LK6{p]69:7=k:45
>-�K´µ6�:45��o>-8 <%HJ14<¯LN6�5@p)6917:76'5ALN6iOi39Oi>-=.176j,"�©69p)698JLJ<%8;:��ovz<¯176'I�wK691�I�wK6iLon HJ8K6 �9>-8J6Pv.=.�K176ip)>-HK1M<jI9I9HK69=.vkv.=.1
HK8 >-�K´µ6�:M6�5r:Avk>j=k8�Lon � :4176 143�<-vk=z57396P698Y:76�OPp]5MI�>j8J5µ:�<%8;:�, �W8Y66>)69:��$I%n 6�5r:MHK8K6 146�I�wK6�14I�wK6P5r3'y;HK698;:7=.69v.v.6{LNH
:4<-�Kv.6�<%H LN6°�J=�:�5�+@vz<@176'I�wK691�I�wK6�Lon HJ8K6�57HK=�:46QLN6 ��3914>j5 <-LK3�y;HJ<f:',f��vJxP<@HK8 LN>-8JI�HJ8{LN=kv.69OiOi6-,dFd=K>j8PpJ176�8JL
HK8K6 �-1�<%8JLK6 HK8K=k:73«Lon <%v.v.>dI�<f:4=k>j8 �"<-vk>j145A>j8�173'LNHK=k: vz<q:4<-=kv.vk6 LNH�:4<-�Kv.6�<%HcLK6{�K=k:45��"O <%=z5M>j8�p]6�HN:�p)691�LN146
�)6�<%H]I�>-HJp LN6«pJv.<jI�6{Oi39Oi>j=k146«LK<-8J5 v.6{:�<-5�,"t`<-=.5PI�6 yjHJ=©14698JLcp]6�Hc698dud=.54<%�j6�<-�Kvk6{I96�:7:76{:46�I�wK8J=.y;HK6 6�5r:
57HK1r:4>-HN:Av.6P:769OipJ5@p)>%:4698;:7=.69v.v.69Oi698;:Mv.>-8K�¯vk>j145@Lon HK8K6{<-vkv.>NI9<%:7=.>-8¤L�n HK8Y>-�K´µ6�:A8K>%:�<%OiOi698;:M5r=2I969v.HK= 7¹I9= 6�5r:
�-14>j5�,

�
	�
 	�� � � � � �/��� � � ��� -.�!-.� �/�(� � � � ���&�+� � � �
� ������� � �
h2n =zLN396�6�5r:@Lon 39ud=k:76�1 +«v\n <%v.v.>dI�<f:469HK1@Lon <�u->-=.1 +{�(<%=.176�HK8YpJ<%1�I�>jHK145�5r3'yjHJ698;:7=.69v�p)>-HK1§:714>-HKuj691BHK8K6 �9>j8K6

v.=k�K146-,N/�>jHK1QI�6�v.<P8K>jHJ5°<%v.vk>j8J5°LN3 -J8K=.1Qv.<P8K>-:7=.>-8qLN6A�Kv.>NI%,
F§3 -J8K=k:7=.>-8`� $ 1�8q�Kvk>NIB6�5r:QHK8K6 ��>-8K6ALN6@vz<iOi39Oi>-=.176Bp)>j545r3'LK<%8;:°HK8K6A6�8 7\: � :46-,
F§3 -J8K=k:7=.>-8¤C2$ 1�8K6 6�8 7\: � :46M6�5r:§HK8J6�5r:714HJI�:4HK176�yjHJ= p)6914OP69:B<-H`�-6'5µ:4=k>j8J<%=.176ALN6�v.<{OP3�Oi>-=.176 LK6 �-3�176�1

v.6A�Kvk>NI-,
F§3 -J8K=k:7=.>-8�R $ 1�8q�Kvk>NIBv.=k�K146A6�5r:°HK8q�Kv.>dIAy;HK=o6'5µ:�LK=.57p]>j8K=.�Kvk6Ap)>-HJ1°v\n <%v.vk>NI�<f:76�HK1',
F§3 -J8K=k:7=.>-8?m2$ 1�8q�Kvk>NIB>NI9I9HKp]3A6'5µ:QHJ8 �Kv.>NIAy;HK6@v\n <%v.vk>NI�<f:76�HK1°8�n <PpJ<-5�v.6MLN14>-=k:°L�n HN:4=kv.=z5r6�1�,
 lh PYf &WG4c � ZWPYfSPaTVTVP��LG4HCPYR JLR G4cQ\ P ZWG4c T��aTV\VP NdM2R PScQNQNQPSIW\ P ! G4U_UVcQjWNQP4g E�i PSUVTefSP (�IWPYHCG4IWU"JaTVIWZWcQG4HWU+! MO\XNdM U_ICc T_P4g

+j+



3 24 5

������� DN, s��«h =.5r:76@=.OPpJvk=zI�=k:76

3 24 5 2

�����	� DK, }
�9	K14696@v.=.5r:

FB<%8J5³I�6QOi>NLN��vk6 �;vz<AOi39Oi>j=k146�6'5µ:³HK8K6§57HJI�I�6�5457=k>j8{LN6��Kv.>NI95©vk=.�K146�5©6�:�LN6��Kv.>NI95©>NI9I�HJp]3'59, 5Q>jHJ5©<-vkv.>-8]5
u->j=k1@v.6�5MLK=kuj691�5r6'5B5r:71�<f:439�j=k6'5By;HK= p)6914Oi6�:7:7698;: LN6i:417>jHKu-6�1@vk6 �)>-8Y�Kv.>dIiv.=.�K176i69: LN6 173�p]>j8JLN146P<-=k8]5r= +¯vz<
146�y;H � :46ALNHqO HN:�<f:76�HK1',

_(&\[9�'Zq&(a���_(&\#-&e�'Z
h2n 698 7\: � :76QL�n HK8i�Kv.>NIQI�>j8;:7=.698;:257<B:�<%=.vkv.6��%69:©57>-8i5µ:�<f:7HK:§�e=.6A+°�K=k:Wp]>jHK1W54<�u->j=k1�59n =.vJ6�5r:2v.=k�K146°>-Hi>NI9I9HKp)3' �,

h <{vk=z5µ:46�=.OipKv.=.I9=�:46�y;HK=$6�5r:§>-�K:7698dHK6��-1
	-I96 +{vz< :4<-=kv.v.6�LK<-8J5Qv�n 6�8 7�: � :46�<jLNOi=k8K=z5r:71�<f:7=.u-6 p]6�17Oi6�:@LN6PpJ<-545r6�1
Lon HK8«�Jvk>NI +MHK8¯<%HN:4176j,N�©6�p]6�8JLK<%8;:��;HJ8K6�:469v.vk6B=.OPpJvk3�OP6�8;:4<f:4=k>j8{8�n 6�5r:³p]<-5©173'<%v.=.5r:76j,6�28 6*>�6�:��NHK8K6@<%v.vk>NI9<'7
:7=.>-8 yjHJ69vzI�>-8]yjHJ6§Lon HK8«>j�N´µ6�:³uf<M8K3'I�6�5457=�:4691WHJ8«pJ<j5754<%�j6°pJ<%1�LN6�5©�Kv.>NI95©>dI�I�HKp)3�5³I�6By;HK=]6'5µ:�=.8J<-I�I�69pK:4<%�Jvk6j,
FB<%8J5³vz<,-J�jHK176ADN, sM=.v�x{<�D �Kv.>dI�5³vk=.�K146�5B�e698 �Kvz<%8JI�54 W6�:QDM�Jvk>NI95³>NI9I9HKp)3�5B�e698¯�-14=z54 �,;h 6�5	�J��I�wK6'5�5r>j8j:�LN6�5
�J�'I�wK6�5³=.OPpJvk=zI�=k:76'5�6�:�176�pK173'5r6�8;:7698;:³vk6@pJ<j5754<%�j6�Lon HK8 �Jvk>NI + HJ8 <%HK:7146§�j1 	jI�6 +�vz<M:�<%=.vkv.6BLKH �Kv.>NI§I9>-HK1�<%8;:',

*°6�Oi<-14y;HK6@s2$ FB<%8J5�HJ8 vz<%8K�;<%�j6§>j² HK8¯>-�K´µ6�:°p]>j=k8;:46M5rHK1�HK8J6@:4<%�Jvk6ALN6@Oi3�:4wK>NLN6�5��K>-8¯p)69HN:�5r:7>NI

-6�1
v�n =.8N�e>-14O <f:4=k>j8¤LN6ivz<«:�<%=.vkv.6 LK<%8]5@v.<«:4<-�Kvk6 LN6iOi3�:4wK>NLN6�5@69: <%=.8J57=$3�ud=�:4691AHK8 � ��� �&� �(�#� LNxd8J<-OP=zy;HK6iLN6q+
Oi>%:QOi39Oi>j=k146B57HKpKpJvk3�OP6�8;:4<%=.146Bp]<%1°>-�K´µ6�:�,

acb;���$���$Z �$Z?¬�VK['Z`V
�)Zd#?!"�$Z��
�������������
h2n =zLN396{6'5µ:PLN6«1469OipKvz<-I9691Mv.6{pJ<-14I9>-HK1�5MLN6{vz<?Oi3�:4wK>NLN6«pJ173'I�3�LK698;:76{p]<%1MHK8 pJ<%1�I�>jHK145 5rHK1 HK8K6«v.=z5µ:46

v.=.<-8j:³:7>jHJ5³vk6'5³�Kvk>NI�5©v.=.�K176'5@�eHK8K62<(���(� =@?BADC7 �,]�©6�p]6�8JLK<%8;:�v\n <%v.v.>dI�<f:4=k>j8«6�5r:³:7>-H%´µ>-HK1�5³vk>j=k8¯Lon � :7146§143�<-vk=z57396�6�8
:76�OipJ5©I9>-8J5r:4<-8;:�,#�W8{6*>�6�:��jv.6Q:469OipJ5³LN6QpJ<-14I9>-HK1�52LN6§v.<0<(����� = ?BA(C©LN39p)698JL«LN6�vz<@:4<-=kv.v.6§LN6Qv�n >-�N´µ69:³y;HK6Qv�n >j8
u-6�HN:MI�14396�1���LN6iv.< 1439pJ<-1r:4=�:4=k>j8¤LN6'5§�Jvk>NI95Bv.=k�J176'5BLK6Pvz< <(���(� =@?BADCB6�:MLN6 57< v.>-8K�jHK69HK1i�e=.6 LK<%8]5§v.6ipK=.176iLN6�5
I9<j5W=.v]�(<%HJLN1�<Mp]<%1�I�>-HJ17=.1 :7>jHN:76Bvz< <(���(� =@?BADC7 �,8FB<%8]5©vz<,-]�-HK146§DN, }��dI�wJ<jyjHJ6Q�Kv.>dI§v.=k�K146�p)>j5457��LN6§HK8{p)>-=.8j:469HK1
y;HK6@v\n >-8?<P1�<f´µ>-HK:73@<%pK14��5�v�n 6�8 7�: � :46M<-LNOi=.8K=z5µ:414<%:7=.u-6-,Nh 6�5��J�'I�wK6�5�1469pK143�57698;:4698;:QLN>-8JIB=zI�= LK6�5�p)>-=.8j:469HK1�5�,

� b;���$���$ZqV
�)Z;#`�$_\!"['&(Zd!"��[��
���������������
�©6�:7:76§OP39:7wK>NLN6B6�5r:³<-�]>j14LK396�LK<-8J58@k+'sWB�,K�§n 6�5r:©HK8K6B>-pK:7=.OP=z54<f:7=.>-8{LKH«Oi>NLN�9v.6�pK143�I93�LN6�8;:³y;HK=�I�>-8]5r=z5µ:46

+?LN=.ud=.57691Avz<�<(���(� =@?BADCA6�8YpJvkHJ57=.69HK1�52<(���(� = ?BA(C A pJ<%1A=.8;:76�17uf<%v.v.6{LN6i:4<-=kv.vk6j,�,§8YHN:7=.vk=z576{vk6'5@pKHK=z5754<%8]I�6�5ALK6«D
6�:M>j8 pK176�8JL I�>jOPOi6i=.8j:46914uf<%v.vk6 �! �"¤6�:# 
"�$!%'&)( >-² 8 6�5r:Mv.6 8K>-O��K176 LN6 <(�����.=@?BADC A�,"h <qpK1469Oi=.�9146 <(�����
=@?BADC§I9>-HKud146�LN>j8JI�v\n =k8;:46914u�<-vkv.6+*  -,/.0 1%2&3(54 ��vz<«576�I�>j8JLN6iI�>jHKud176�v\n =k8;:46914u�<-vkv.6+*  /%-.0 
67&)(54 �)v.< =.�9Oi6PI9>-HKud146
v�n =.8;:76914uf<%v.vk68*  �9:.0 
9 $;% &<(54�,³h�>-1�54yjH n HK8J6?176'yjH � :76?6'5µ:«�(<%=k:76�+�v�n <%v.vk>NI9<%:76�HK1��©I�69v.HK= 7¹I9=�I9<-v.I9HKv.6`vk6�pK176�Oi=k6�1
=.8j:46914uf<%v.vk6 p)>-HKuf<-8j: <jI9I9HK69=.vkv.=.1Av\n >-�N´µ69: 6�: 5739v.6�I�:7=.>-8K8J6 v.<q�)>-8K8J6><(���(� = ?BA(C�,$FN=269v.vk6«6�5r:M8K>-8 ud=.LK6 6�:�y;H�n =kv
6��N=z5µ:46iHK8¤6�OipKv.<jI�6�OP6�8;:A57H=/{54<%OiOi698;:A�-1�<%8JL ��>j8�143�<%v.=z5r6Pv\n <%v.v.>dI�<f:4=k>j8 �o5r= 8K>j8 �o>-8Y1439=k:7�9146Pv.<qI�wK6�14I�wK6�1
LK<-8J5�v.< <(���(�>=@?BADC°5rHK=.uf<%8;:76@69:�<%=.8J5r=�LK6M5rHK=k:76j,

+�D



F§3 -J8K=k:7=.>-8?|2$Kh"<��e14<-�-Oi698;:4<%:7=.>-8 �@LN6Avz<POi39Oi>-=.176@6'5µ:Qvz<i173�pJ<%17:7=k:7=.>-8¯LN6Av�n 6'5rpJ<jI�6@v.=k�K146A698qpKv.HJ57=k6�HK1�5
�9>j8K6�5�8J>-8qI�>-8;:4=k�jH ��5�,

� �9�fVN��bdX)&(Zd[i�W¨.VK_(_\��#-VK��&(�)�$[
h�>j1454y;H�n HK8 >j�N´µ6�:BLN>-=k: � :4176M<-vkv.>-HK3 �Kv�n <-vkv.>NI9<f:469HK1§LN=.57p)>j576A698?�-3�8K391�<%v�LK6@:714>-HJ5Q57H=/{54<%OiOi698;:��-1�<%8]LK5

p)>-HK1§vk6 I9>-8;:76�8K=.1�,)h < LN=0>)3�176�8JI�6�698;:7146Av.6�5�LK=kuj691�5r6'5Q5µ:414<%:73��-=.6�5QLon <%v.v.>dI�<f:4=k>j8J5Q576 5r=k:7HJ6 LK<%8]5Qv.6 I�wK>-=k�?LNH
:714>-H ,"5Q>jHJ5P<%v.vk>j8J5M=zI�=³698��(<-=k146{HK8J6 I�>jHK17:76{pK143�57698;:�<f:7=.>-8 , ,§8�p)>-HK1414<`698 <�uj>-=.1AHK8c�)>-8 <-p]6�1 �9H LK<%8]5@ED-D ��+fR�B¹,)�©6A5r>j8j:QLN6'5°<%v.�->j17=k:7wKOi6'5³L�n <-vkv.>NI9<f:4=k>j8�� !$&³�"�fZd�$�"Zd��� Zd�~Z;�����fb;Z?!$�$Z#�
���������������
TWZ��°&e�f[9���°&e�

�§n 6�5r:�vz<�5r:71�<f:73��-=.6«Lon <%v.vk>NI�<f:7=.>-8�vz<`pJvkHJ5P57=kOipKv.6-, h2n <%v.�->j17=k:7wJOP6{I9>-8J57=z5µ:469+`p]<%1�I�>-HJ17=.1Mv.=k8K3'<%=.176�Oi698;:
vz< <(���(� =@?BADC +Yv.< 146�I�wK6�14I�wJ6¯LNH�pK1469Oi=.691 6�OPpJv.<jI�69Oi6�8j:{v.=.�K176?I9>-8du-6�8J<%�Kv.6-,©�©69:r:46q:76�I�wJ8K=.y;HK6?p)>j576?LN6�5
pK14>-�Kv.�9Oi6'5 $;vk6B�Kv.>NIQ:417>jHKu-3Qp)69HK:�p)>j54573�LN6�1WHK8K6§:4<-=kv.v.6�ud14<-=kOi6�8j:�5rHJp]3�17=.69HK146 +�I�6�vkv.6§8J3�I�6'5754<%=.146-,6FB<%8]5©I96
I9<j5�v.<��e1�<%�jOP6�8;:4<f:4=k>j8 LN6AI96�:Q6�57pJ<jI�6BOP3�Oi>-=.176@p)69HN:�I9>-8JLK<-Oi8K6912+�:76�17Oi6@v\n <%v.v.>dI�<f:4=k>j8¯Lon HK8¯�-14>j5³>-�K´µ6�:�,
�©6@yjHJ=�I�<%1�<-I�:73914=z5r6�I96�:°<%v.�->j17=k:7wKOi6Q6'5µ:�v�n <-pKpJ<%14=k:7=.>-8«Lon HK8K6§�e1�<%�-Oi6�8j:�<f:4=k>j8«LN6Bp]69:7=k:76B:4<-=kv.vk6§698¯LN39�KHK:°LK6
<(���(� =@?BADC�,	1�8K6 >jpN:7=.Oi=.54<f:4=k>j8`I�>-8]5r=z5µ:46>+«57HKpKpJ17=.Oi691§LK6Mv.< <(���(� =@?BADCQv.6�5°:417>jHJ5�LK6 p)6�:7=k:76'5Q:�<%=.vkv.6�5By;HK6Mv�n >j8
I�>j8J57=.LN��176B=.8;HK:7=.vk=z57<-�Kv.6�5�,
TWZ ; Zj�o���°&(�

�©6�:�<%v.�->j17=k:7wKOi6Q6'5µ:³HK8K6§u�<-17=z<f:4=k>j8{LN6�v�n <%v.�->-14=k:7wKOi6 	$=.145r: 	$=k:�,;��v)I9>-8J57=.5r:76 +A8K6BpJ<-5WpJ<%1�I�>jHK14=k12vz< <(�����
=@?BADC�LN6§vz<�O � Oi6§�(< ��>j8�, ,§8«uf< �)>-H]I�v.691�v.<�v.=.5r:76@I�=.14I9HKvz<%=.176�OP6�8;:�,Nh2n <%v.vk>NI�<f:7=.>-8 I�>-8]5r=z5µ:46 +�pJ<%17:7=.1°LNH :714>-H
LK<-8J5�vk6'y;HK69v <P39:73A143�<%v.=z5r3Bv.<iLN6�178J=k��176A<%v.v.>dI�<f:4=k>j8�,
TWZ » Zd[��	�°&(�

�©6�: <%v.�->j17=k:7wJOP6Wu�<BI�wK6�14I�wK6�1 +�>-pN:4=kOi=z5r6�1 	"=.1�5µ: 	"=k:�,%h"<§5r:71�<f:439�j=k6WI9>-8J57=z5µ:46 +§LN3�:46914OP=.8K6�1$v.6³pKvkH]5"p)6�:4=�:
:714>-H¯p)>j545r=.�Kv.6Bp)>-HJ1°x{Oi6�:r:4176Av�n >-�N´µ69:�,Kh�6@143�57HKvk:4<f:Q<%:r:76�8JLNHq3�:�<%8;:QLN6@O <f�N=kOi=z5r6�1°v.<P�j6�5r:7=.>-8 LK6Av\n 6�57pJ<-I96
Oi39Oi>-=.146°vk=.�K146-,#�W8{I�wK691�I�wJ<%8;: vz<AOi69=.vkv.69HK146 �9>j8K6Qv.=k�J176 �%>-8 3�u;=k:76QLK6°�e14<-�-Oi698;:46912HK8J6 �9>j8K6°Oi39Oi>-=.176°pJvkHJ5
�-1�<%8]LN6By;HK=�<-HK1�<%=k:³pKH¯8K>jHJ5°5r6�17ud=.1�pJ<%1�vz<�57HK=k:76 +P<-I9I9HK69=.v.vk=.1�HK8q�-14>j5©>-�N´µ69:�,]�©69p)698]LK<%8;:QI�69:°<-vk�j>-14=�:4wKOi6
+�vk6@LN3��(<-HN:°5rHK=.uf<%8;: $KI�wK691�I�wK691©vk6§:714>-H >-pN:4=kO <-v)=.OipKv.=.y;HK6BHK8¯pJ<%1�I�>jHK145W698 ,P�e8] B�(57=�8«6'5µ:�v.< :4<-=kv.v.6BLN6Bvz<
v.=.5r:76� �,=1Q8¯<%HN:4176§pK17>j�Kv.�9Oi6�6'5µ:�yjH n =.v�p]6�HN:³�j398K3�176�1©LN6§v.<�p)6�:7=k:76§�e1�<%�-Oi6�8j:�<f:4=k>j8{LK<%8J5©v.6BI�<-52>j²{HK8 >-�N´µ69:
6�5r:�<%v.v.>-HK3@LK<%8]5�HK8q69OipKvz<-I�6�Oi698;: ´µHJ5r:76M57HKp]3�17=.69HJ1�,
TWZ�
l�J�f[��	�°&(�

@ED'�WBopK143�I9=.576§y;HK6@I�6�1r:�<%=.8K6�5©6��Np)3914=k6�8JI�6'5©>j8;:©Oi>-8;:7143@yjHJ6§v.6 	$=.145r:2	"=k:°pK14>dLKHK=�:�Oi>-=.8J5�LN6§�e14<-�-Oi698;:4<'7
:7=.>-8qy;HK6Bvk6,4³6�5r: 	$=k:�,Kh 6 7Y>-1�5r: 	$=k:°I9>-8J57=z5µ:46 +PLN3�:46914Oi=k8K6�1�vk6B:714>-H vk6BpKv.HJ5��-1�<%8]L{LN=z5rp)>-8K=.�Kv.6@p]>jHK1°yjHJ6
vz< ��>-8K6@Oi39Oi>j=k146@176'5µ:�<%8;:76A57>-=k:�vz<PpKv.HJ5°=.OPp)>-17:4<-8;:76@p]>;5757=.�Kvk6j,

*°6�Oi<-14y;HK6i}0$ ; �]!$[ �)Zj���f�)�"[ � !"Z^_(V~X)Zd[9�'&(�)���"Z^_(V~acbdac�)&e�fZY��VN� �
����� �������qZ;[��`['! �����)!"�
�$Z;[���&\�"bdZqVK!
��� ������������� �������µ['Z;#-��&\�]�����zS �(�"!��
�
	�
 	�� � � � � �/��� � � ��� -.�!-.� �/�(� � � � � ���/��� � � �/��� �����"� � �/�(�

h2n <%v.v.>dI�<f:4=k>j8`vk=.8K3'<%=.176P6�5r:Bv�n <%v.vk>NI9<%:7=.>-8¤v.< pKv.HJ5@14<-pK=zLN6-,��2v.vk6{I9>-8J57=.5r:76 +¯HN:7=.vk=z57691@HK8Yp]>j=k8;:76�HK1ALon <%v.vk>#7
I9<%:7=.>-8�,o± I�wJ<jy;HK6M�e>j=.5Ay;H�n HK8K6 <%v.v.>dI�<f:4=k>j8�6�5r:A173'<%v.=.57396 �]>j8¤=.8JI9173�OP6�8;:76Pvk6ip)>-=.8j:469HK1ML�n <-vkv.>NI9<f:4=k>j8�LN6ivz<
:4<-=kv.v.6iLK6Pv�n >-�N´µ69:§�e1�<��eI�wK69Oi6�8j:M<-vkv.>-HK3q�euj>-=.1 -]�-HK146iDK, �j �,�hWn <�uf<%8;:�<%�-6PLN6iI�6�:7:76i:46�I�wK8K=zy;HK6P6�5r:Ay;H�n 69v.v.6P8J6
8K3'I�6�5457=�:46Bp]<-5°LN6AOi=z5r6'52+�´µ>jHK1QI�>jOiOP6MLJ<%8J5�vz<P�-6�5r:7=.>-8¯pJ<-1 <(���(� =@?BADC�,
-%:"G4IWUeNdM2ZWcQUVfSICT_G4HCU ) NdM2U_PSfaT_cQG4H ?Cg #Cg
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zone déjà allouée

pointeur d’allocation

zone déjà allouée

pointeur d’allocation

nouvelle allocation

������� DN,E� � ±Qv.vk>NI9<%:7=.>-8¯vk=.8K3'<%=.176

3 1 2

p q p

Tas

3

Pile

4 4 1 2

q
p := q

zone inaccessiblezone accessible zone accessible zone accessible

�����	� DN, C
�.	KHK=k:76MLN6AOi3�OP>j=k146

*°6�Oi<-14y;HK6@� $ ; �]!$[��)Zj���f�)�"[ � !"Z?#jZ;�9��Z¯�'Z;#"�$�"& � !"ZqZd[�� �"Zd[���&\�"bdZ¯VK! ���?� ��VN� � Zd#j�J��&(Z¯Z;�
VK! � VK����VK�$� ���]a���VK#-� �r[�Zd#%�'&(�)��� � S � S`Z;� � � S �z� ! �

� ��� � & ��� �"& ���*)
� &'$"(*)+#
h < LN3'57<-vkv.>NI9<%:7=.>-8�Lon HJ8^>j�N´µ6�:«I9>-8J57=z5µ:46 + 14698]LN176qv�n 6'5rp]<-I�6`y;H�n =.vQ>NI9I�HJp]6 + v�n <-vkv.>NI9<%:769HJ1�,WFd6�vk>j8 v.6�5

vz<%8K�;<%�-6'5 LN6qpK14>-�j14<-OiOi<%:7=.>-8 �"69v.vk6qp)69HN:{576«�(<-=k146¯Oi<-8dHK69v.vk6�Oi698;: >-H <-HN:7>jO <f:7=zy;HK69Oi6�8j:',Y5Q>-H]5P<-vkv.>-8]5
Lon <%�)>-1�L«uj>-=.1�vk6'5°LN3��(<-HN:45QL�n HK8J6MLN3�54<%v.vk>NI�<f:7=.>-8 O <%8dHK69v.v.6B69:Qu->j=k1�698?57HK=k:76Av.6�5��K=.698J5 7��(<%=k:45°Lon HK8`�M�§,
�
	���	�
 � � � � �/��� � � ��� �"� � � �&�/��� � � �
��� � � � � � � � � + �(� - - �!���
�©6�:7:76 57>-v.HN:7=.>-8Y6�5r:M<%�)>-1�LN396PpK14=k8JI9=kp]<%v.69Oi698;:ALK<%8J5ALK6�5Bv.<-8K�j<-�-6'5�8K>j8¤>j�N´µ6�:�5AI�>jOPOi6P/ <-54I9<%v � � ��±°LK< �
t?>NLNHKvz<�7µD � /©h�����,°�§n 6'5µ:{3��j<-vk6�OP6�8;:{vk6`I�wK>j=���LN6¤�21,1�,�FB<%8J5«I�6�:7:76�I9>-8 -]�-HK1�<f:4=k>j8 ��v.< �j6�5r:7=.>-8~LN6?vz<
LN3'57<-vkv.>NI9<f:4=k>j8«LN6Bv.<�Oi39Oi>-=.146§6'5µ:�v.<-=.5457396B698;:7=.�91469Oi698;:2+ vz<�176'5rp)>-8J54<%�J=kv.=�:43§LNH¯LN39uj69v.>-pKp)69HJ1�,Nt`<-=.5�I�69:r:46
: 	jI�wK6W8J3�I�6'5757=k:76³HK8K6©:714��5"�]>j8K8K6³u;HJ6³Lon 698]5r6�O �Kv.6³LK6©v�n 69�N3�I�HK:7=.>-8 LNH�pK14>-�-1�<%OiOi6-,'h <BLN=0/ I9HKvk:73 +�vz<-y;HK6�vkv.6
p)69HN:@5r6AwK6�HK17:7691�vk6 LK39u-6�vk>jpKp)69HK1Q6'5µ:§v\n =k8]I9<%p]<-I�=k:73 +{pK173�u->j=k1°v.6�5QLKHK173�6�5§LN6Mud=k6MLK6 I�6�1r:�<%=.8J5°>-�K´µ6�:45§LK<%8]5
LN6'5§5r:714HJI�:4HK146�5�LK6�LN>j8K8K396'5§<-vkv.>-HJ396�5�,]h 6�5Bs 69141469HK1�5�I9v.<j5757=.y;HK6'5Q57>-8;:§vz< �eHK=k:76iLN6�OP3�Oi>-=.176 �Jv.6 p)>-=.8j:469HK1
�(<%8;:��-Oi6@6�:Qvz<PLK69O <%8JLK6MLN6ALN3�54<%v.vk>NI�<f:7=.>-8¯1439p)3�:73ALN6Avz<PO � Oi6 �9>j8K6@OP3�Oi>-=.176j,
_(VY�¹!"&(��Z?�$Z`acbdac�)&e�fZ

h <§�eHK=k:76QLK6°OP3�Oi>-=.176A� � �4� �'�	� = �(�3�J  I�>j8J5r=z5r:762+@>-HK�Jvk=.6912LN6°14698]LN176°<-HP57xN5µ:4�9Oi6��%HJ8K6 �9>j8K6�OP3�Oi>-=.176 �
:7>jHN: 698Pp]6�14LJ<%8;:":4>-HN: p)>-=.8;:769HJ1 v.<§1739�e3914698 ��<%8;:�,fh"<§I9>-8J573�y;HK6�8JI�6³6�5r:�y;HK6°I96�:r:46 �9>-8J6³Oi3�OP>j=k146³8K6©p)>-HJ171�<
pKv.HJ5$´r<%O <-=.5 � :4176B173�HN:7=.v.=.57396BpJ<%1�v�n <-vkv.>NI9<%:769HJ1�,NFd=�I�69:r:46B6�171469HJ1©6'5µ:�173�p]39:73�6§HK8¯�-1�<%8]L 8K>-O��K146BLN6§�e>-=z5��;>j8
p)69HN:2<%�)>-HK:7=.1 +�HK8J6�54<f:4HK1�<f:7=.>-8�LN6�v.<§Oi39Oi>-=.176j,fh < -J�-HK146°DN, C�Oi>-8;:4176³HK8P6��N69OipKv.6°LN6³�eHK=�:46°LN6�OP3�Oi>-=.176j,
TWZ`�W�]&\����Zd!"�{��VJ����
)acZ

1Q8Ap)>-=.8;:76�HK1��(<-8j:��-Oi6Q���6���
�'=@? �
� � ��? � C � �f  <%pKp]<%1�<��z:�vk>j1454y;H�n >j8§146�5r:7=k:7HJ62HK8K6 ��>-8K6 Oi3�OP>j=k146W<-vk>j145oy;H�n =kv
x{<�698JI9>-146§LN6'5©143��e3�176�8JI�6'5©57HK1°I�69:r:46 ��>-8K6j,=1Q8K6§:76�vkv.6@1739�e3914698JI96�6�5r:�HK8 p)>-=.8;:76�HK1³�(<%8;:��jOP6j,J�©6�:r:46@6914176�HK1
6�5r:A5r>jHK178J>-=z5r6�6�:@p]6�HN: � :4176�:714��5BLN=0/ I9=kv.6 + LK3�I�6�vk6�1�,oh"<{pK=.176iLN6'5A5r=k:7HJ<%:7=.>-8J5B<%1414=kuj6 v.>-1�57y;HK6�v\n >-�N´µ69:@y;HK=
<i3�:43M<%v.vk>jHK3A5rHJ1QI�6�:7:76 ��>-8K6AOi39Oi>j=k146@6�5r:�I�>-OipJ<%:7=.�Kv.6@<�uj6�IBv�n <-8JI�=.698¯>-�N´µ69: �epJ<-1Q6��N6�OPpJvk6@O � Oi6A:µxdp)6' �,
FB<%8J5 I96qI�<-5�� =kv°8 n x^<%HK1�<�p]<-5iLon 6914176�HK145Pv.>-1�5iLN6?v\n 6��N3'I�HN:4=k>j8 O <%=z5iHK8�I�>jOPp)>-17:76�Oi698;:{<%8K>j17O <%v³:417�'5
LN=0/{I�=.vk6>+i143�57>-H]LN176j,KFd=k�j8J<%v.>-8]5°yjHJ6Mvk6MLK39�)>-�j<-�-6ALon HK8?p)>-=.8j:469HK1Q�(<%8;:��jOP6@6'5µ:§LK39v.=.I�<f:�I9<-1°v\n 69141469HK1°p)69HN:
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p q

delete(q)

p

Tas

3

zone allouéezone allouéezone allouée

Pile

zone allouable

������� DN, R �«/�>-=.8;:76�HK1��(<%8;:��jOi6

� :4176@LN=0/{I�=.vk6,+P176�pK14>dLKHK=k146-,8�28q6*>�6�:��N=kv��(<-HN:Q<�u->j=k1©v.<PO � Oi6A5r3'y;HK698JI96BL�n <-vkv.>NI9<f:4=k>j8«69:°LK6@LK3�54<%v.vk>NI9<%:7=.>-8
<�-]8¯Lon <%1414=kuj6912+Pv.<PO � Oi6A69141469HK1',Nh < -J�-HJ176MDN, R Oi>-8;:7146§HJ8¯69�N69OipKv.6MLN6@p]>j=k8;:76�HK1°�(<-8j:��-Oi6-,
� Z;a VK�"�$Zq�fb;�Wb;��bdZq�"Z`�$bd[�VJ_(_(� #-VN�'&(�)� �©¨k!$�"Z?a��;a Z��j�]�$Z`acbdac�)&e�fZ

FB<%8J5�v.6MI9<j5³LK6��~69:°LK6��21,1 �Nvk6MI9>-Oip]>j1r:469Oi698;:°6�5r:°=k8]LN3�:46914OP=.8K3j,
� &(['#-!$[�['&(�)�

1Q8PLN6�5$<�uf<%8;:4<-�-6'5�y;H�n >j8 p)>-HK141�<%=k:"I�=k:76�1"6'5µ: y;HK6Wv.6³LK39u-6�vk>jpKp)69HK1$6�5r:"O <��z:7146©LK6³I96©y;H�n =kv;�(<%=k:�6�: LK<%8J5"v.6
I9<j5W>j²{v.6�5³LN3�54<%v.vk>NI�<f:7=.>-8]5W57>-8;:©pJ<-1r�(<-=�:46�5��jv.6�pJ17>j�-1�<%OiOi6�5r6�14<MpKvkH]5©1�<%pJ=.LN6§yjH n <�uj6�I°HK8q�M�§,J�©69p)698JLK<-8;:
v.6�5ApK14>-�Jvk��OP6'5ALN6 p)>-=.8j:469HK1�5B�(<%8;:��-Oi6�5A69: LN6i�eHK=k:76'5 LN6 Oi39Oi>j=k146 59n <�u-��176�8j: � :4176i:417�'5ALN39v.=zI9<f:�5 +q�-3�176�1
57HK1QLN6�5Q�-14>j5©pK17>-´µ6�:�59,]�©6'5�pK17>j�Kv.�9Oi6�5�=.OipKvk=zy;HK698;:Q�j398K3�14<-vk6�OP6�8;:�LN6A8J>-O �J176�HJ5r6'5³wK69HK146�5°LK6MLN39�)>-�;<%�-6'5
I�6Ay;HK=�v.=.OP=k:76�8;:Qvk6@:469OipJ5°pJ<j57573BpJ<%1°v.6MLN39uj69v.>-pKp)69HJ1Q5rHK1Q54< : 	-I�wJ6BpJ17=.8JI�=.pJ<-vk6j,

*°6�Oi<-14y;HK6³C2$.,§8 p)>-HK141�<°:714>-HJu-691$HK8K6°LN=z54I�HJ545r=.>-8�pKv.HJ5$pK17>-�e>-8JLK6³57HK1�vk6'5$OP39�(<%=k:45 LN6³vz<BLK3�54<%v.vk>NI9<%:7=.>-8
O <%8dHK6�vkv.6ALK<%8J5'@EDN+*B�,
�
	���	�� � � � � �/��� � � ��� �"� � � �&�/��� � � �
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h�6 1��jvk6MLon HK8��M��6'5µ:§LK6 5r>jHKvz<%�-6�1°vk6 pK17>j�-1�<%OiOi69HK1°6�8?�-3�14<-8j:�<-HN:7>jO <f:7=zy;HK69Oi6�8j:§v.<{LK3�54<%v.vk>NI9<%:7=.>-8
6�:°6�8¯<-pKp]>j1r:�<%8;:�HK8K6A5L-J1769:73@LK<%8J5�vz<��-6�5r:7=.>-8 Oi39Oi>-=.176j, 4©>d6�wKO pK143�I9=.576BLJ<%8J5 @ C B y;HK6@v\n >-8 p]6�HN:Q�j<-�-8K6�1
´µHJ54y;H�n +B}8��� LNHP:469OipJ52LN6°LN3�u-6�vk>jpKp]6�Oi698;:25rHK1 HJ8P�j17>;5$pK17>-´µ6�: LK<%8]5 vk6'y;HK69vN>j8�O <%8J=kpKHJvk6QLN6'5 5µ:417H]I�:7HJ176'5
LN6 LN>j8K8K396'5@I�>-OipKv.6��N6'59, � �%:43ip]6�1r�e>j17O <%8]I�6��)v.6�5A57p]3'I�=z<%v.=.5r:76'5BLKHYLN>jO <%=.8K6PI9>-8J57=zLN�914698;:AyjH n HK8��M��y;HK=
pK14698JL�Oi>-=.8J5�LN6@+3�	� LNH :469OipJ5 Lon 6��N3'I�HN:4=k>j8 6�5r: HK8 �M� �K=.698iI�>j8 ��H�, �28 I96³y;HK=KI9>-8JI969148K6©v.6�5":46�I�wK8K=zy;HK6�5
LN6 �M� �N6�vkv.6�5°1469p)>j57698;:³:7>jHN:76'5°698qpJ<-1r:4=k6A57HK1°v.<P14�9�jvk6B6�:�57HK1°v�n =.8du�<-17=z<%8;:Q57HK=kuf<-8j:,$

*°���-v.6P+�$ 1Q8`�M��8K6MLK>-=k:Q698q<%HJI9HK8?I9<-5°57HKpKpJ17=.Oi691°Lon >-�N´µ69:45°6�8JI�>j176Bud=kuf<%8;:�59,
��8duf<%14=.<-8j:A+ $ 1Q8?>-�K´µ6�:§y;HK=�8 n 6'5µ:�pJvkHJ5�1739�e3914698JI93 +iHK8?=.8J5µ:�<%8;:�
°LN6Mv�n 69�N3�I�HK:7=.>-8q8K6Mv.6 57691�<�p]<-5°8K>j8

pKv.HJ50+PHK8q=.8J5µ:�<%8;:�
�
���
©y;HK6�v.y;HK6M57>-=k:���
�,
*°6�Oi<-14y;HK6qR $"1�8^�M� 8K6¯uf<`59n >NI9I9HKp]6�1Py;HK6¯LN6«vz<�LK3�54<%v.vk>NI9<%:7=.>-8cLN6'5 >j�N´µ6�:�5�<-vkv.>-HJ3�5 LJ<%8J5 vk6«:4<-5

pKHK=z54yjHJ6`I�69HK��LN6?vz< pK=.vk6 �e>-�K´µ6�:45{6��NpJ<%8]5r3'54 i5�n =.v�x 698ª<�576914>-8;:{<%HN:4>-O <f:4=.y;HK6�Oi698;:«LN3�:417HJ=�:�5 vk>j145«LNH
LN3�pK=kv.69Oi6�8j:',

*°6�Oi<-14y;HK6@m2$ 1�8¯>j�N´µ6�:�y;HK=o8 n 6'5µ:QpKv.HJ5°143��e3�176�8JI�3B6�5r:Q=.8;HK:7=.vk6j,

� ��� � ! �
� )�� ��� � ! �
!��*&��W��&�� � ! #%$"&'$"(*)+#
,§8 1�<%pKp)69v.vk6§yjHJ6Qv.<A�e14<-�-Oi698;:4<%:7=.>-8 LN6Qvz<AOi39Oi>j=k146Q6�5r:©vz<A1439pJ<-1r:4=�:4=k>j8 LN6Qv�n 6'5rpJ<jI�6Qv.=.�K176�698{pKv.HJ57=k6�HK1�5

�9>j8K6�5�8K>-8`I9>-8;:7=.�-H���5�,Jh <�-]�-HK146�DN, mi6��Np)>j576 I�6�v.<J,]h 6�5 ��>-8K6'5°v.=k�K146�5�3�:�<%8;:�698��Kv.<-8JI%,�F§<-8J5QHJ8K6 �j6�5r:7=.>-8
pJ<-10<(���(� =@?BADC ��vk6ipK14>-�Jvk��OP6 y;H�n 69v.vk6ip)>j576i6�5r: yjHJ6Pv�n <%v.vk>NI9<%:76�HK1@p]6�HN: � :4176 LK<-8J5@v\n =.8JI9<-pJ<-I9=�:43�+¯1439HN:4=kv.=z5r6�1
LN6{vz<?Oi39Oi>j=k146{v.=k�)3914396j, �28c66>)69:��$=kv³6�5r: p)>j545r=.�Kv.6«y;HK6«I969v.HK= 7�I�=©8K6{:417>jHKu-6 p]<-5 <j57576 �{LK6{pKvz<-I�6«p]>jHK1 x
<%v.v.>-HK6�1©HK8¯>-�K´µ6�:°<%v.>-1�5Wy;HK6@vk6§:7>-:4<-v�LK6§vz< ��>-8K6Bv.=k�K146@LN=.57p)>-8K=.�Kv.6B6'5µ:�vz<%14�-69Oi6�8j:�5rH / 54<%8;:46-, F§<-8J5�I�6@I9<j5

+��



������� DN, m � h"< �e1�<%�jOi698;:4<%:7=.>-8 LK6Bvz<iOi39Oi>-=.146

v.6 Oi69=.vkv.69HJ1�Oi>fx-6�8`LN6 vz<{I�>jO �J<%:r:4176A6'5µ:@LN6 143�<-vk=z5r6�1Qvz<i�eHJ57=k>j8�LN6�5Q:714>-HJ5§I�>j8j:4=k�jHJ5�, �28`1469uf<-8JI�wK6��)LK<%8]5
HK8K6A�j6�5r:7=.>-8¯pJ<%1°<-vkv.>NI9<f:4=k>j8 v.=.8K3�<-=k146��N=.vo8�n x <PpJ<-5°LK6ApK17>j�Kv.�9Oi6�5�LN6@�e1�<%�jOP6�8;:4<f:4=k>j8�,
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h2n <%v.�->j17=k:7wJOP6BLN6AI�>jOPpK:4<%�j6§LN6@143��e3�176�8JI�6'5©6'5µ:°v�n HJ8¯LN6'5³pKvkH]5°<%8JI9=k6�8J5�698¯I�6Ay;HK=�I�>j8JI�6�178K6Bvz< �j6�5r:7=.>-8
<%HK:7>-O <%:7=zyjHJ6@LK6Bvz<POi39Oi>-=.176j,N/�>-HK1°Oi39Oi>j=k146@=kv�LK<%:76MLN6'5°<%8K8J396�5@+'|-C6� <�u-6'IB�B6�vk6�178;:4691°6�:§�©>jvkv.=k8]59,JFd>j8
pK14=k8]I�=.p]6Q6'5µ:W57=.OPpJvk6Q6'5µ:©=k8;:7HJ=�:4=��µ,K�©wJ<-y;HK6°>j�N´µ6�:2p)>j5457��LN6°HK8{I9>-OipN:469HK1Wy;HK=]uf<ALN3�:46914OP=.8K6�1Wv.6°8K>-O��K176QLK6
143��e3914698]I�6�5Qp]>j=k8;:4<-8;:Qu-691�5QI96�:�>j�N´µ6�:',Jh�>j145QLK6Mv.< I9173'<f:4=k>j8qL�n HK8?>j�N´µ6�:��]57>-8?I�>jOipN:76�HK1�6'5µ:Q=.8K=k:7=z<%v.=.573>+ �K,
F§��5°y;H�n =kv�x < HK8J6M< >�6�I�:�<f:4=k>j8 Lon HK8K6Auf<%14=z<%�Kv.6§143��e3�176�8JI�6Bu-6�145�I96�:°>-�N´µ69:��N>j8 =.8JI�1439Oi6�8j:46A5r>j8 I�>jOipN:76�HK1��
6�:@LN��5By;H�n =kv$x?< HK8�LN3�1739�e3914698JI969Oi698;:��J>-8�vk6PLN3�I9173�OP6�8;:76-,)h <{57HKpKpJ176'5757=k>j8`LN6 v�n >-�N´µ69:B5�n 66>)6'I�:7HJ6 pJ<-1�v.6
�M�ªvk>j1454y;HK6§v.6MI�>jOipN:76�HK1°6�5r:°39�j<-v + �93914>J,
�
	�
 	�� % 0 � � � � + � �
+j,§�§n 6'5µ:2HK8{�M� 8J<%:7HK1469v.vk6�Oi698;:2=k8]I�1439Oi698;:4<-v\,��W8 6*>�6�:Wv.6��M��1�<%O <j57576�HK8i>-�N´µ69:2OP>j1r:WLK��52y;HK6QI969v.HK= 7

I�=�vk6qLN6�u;=.698;:',�h 6«�(<-=�: Lon � :4176¯=k8]I�1439Oi698;:4<-v°<`p)>-HK1 <�uf<%8;:4<-�-6«LK6¯8J6 pJ<j5 pJ17>fuj>dy;HK6�1�LN6¯�Kv.>NI9<%�j6
LNHK1�<%8;:°v\n 6��N3�I9HN:7=.>-8 ,]�©6@y;HK=��(<%=k:�yjH n HK8¯:469v"�M�~p]6�HN: � :4176A<�uf<%8;:�<%�-6�HN� p]>jHK1Qv.6B:769OipJ5Q173�69v�,

�
	�
 	�� � ������� 0�� � � � � � �
+j,§�©6A�M�ª8K6@�-��176@pJ<j5�vk6'5°I�xNI�v.6�5�,
DK,Qh�6`:469OipJ5qLon 6��N3�I9HN:7=.>-8 �-v.>-�J<-vBLNH pK17>j�-1�<%OiOi6`6�5r:q14<-vk6�8j:4=\, �28 6*>�6�:���=.v@x�< HK8�57HK1�7¹I9>.-N:q5rHJ1

:7>-HK:76�5³v.6�5³O <%8K=.pKHKvz<f:4=k>j8J5�LN6B1739�e3914698JI96�5©pJ<%1³vk6@Oi3�LK=.<%:769HJ1@�\LN3�I9173�Oi698;:4<%:7=.>-8 �;=k8]I�1439Oi698;:4<%:7=.>-8¯LNH
I�>-OipN:469HK1��K:46�5r:@57=$vk6PI�>-OipN:469HK1§6�5r:§3��j<%v + ��3914>; �O � Oi6i59n =.v"8�n x?< pJ<j5§57HKpKpK146�5457=k>j8`Lon >j�N´µ6�:',]/ <-16��N69OipKv.6��NHK8J6@57=.OPpJvk6M< >)6'I�:4<%:7=.>-8¯p]6�HN:Q=.OPpJvk=zy;HK691�D�Oi>NLN= -)I9<f:4=k>j8J5°LN6AI�>jOipN:76�HK1�, 5�>-HJ5�p)>-HJu->-8]5
8K>%:4691A39�;<%v.69Oi698;:My;HK6 vz< Oi=z5r6 +�´µ>jHK1 57xd5r:73�O <f:7=zy;HK6 LN6�5 I�>-OipN:469HK1�5@p)69HN: 6�8¤pJvkHJ5 � :7146 1�<%v.698;:7=.6
pJ<%12v.6°�(<-=�:�yjHJ6Qvk6'5©D@I9>-OipN:76�HK1�5�+AOi6�:7:7146 +�´µ>jHK1W8K6§5r6°:417>jHKu-6�8;:2pJ<-5©5rHK1Wv.<AO � OP6�pJ<%�j6QpKwdxN5r=zy;HK6698¯OP3�Oi>-=.176,*Q±§t �K>-Hq�K=.698¯pK=.176My;HK6@v�n HJ8qLK6�5°I�>jOipN:76�HK1�57>-=k:°LJ<%8J5�v.6 F (�<%p�,

sJ,°��vox <PHK8 � ��� �&� �(�#�qLNxd8J<-OP=zy;HK6ALon HK8qOP>-:QOi39Oi>-=.176@pJ<-1°>-�N´µ69:�,
*°6�Oi<-14y;HK6 + $ @ D#� ��D-D ��DK+4B2pK14>-p)>j576�LN6'5B<-v�:469148J<f:4=kuj6�5��)I9>-OiOi6 1�<f´µ>jHN:76�1§HK8��M� 69�dpJvk>j14<%:769HJ1��)O <%=z5

I�6'5�Oi3�:7wJ>dLK6�5°146�5r:76�8j:°p)69H?I�>j8du�<-=k8]I9<%8;:46�5�,

+fR
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F§3 -J8K=k:7=.>-8¯+ $ 1�8K6°1739�e3914698JI96©69�K<-I�:46�6�5r:�HJ8K6�u�<-vk6�HK12LN>j8j: v.6Q�M� 6�5r:WI�6�1r:�<%=.8�y;HK6°I%n 6�5r:2HK8K6�143��e3�176�8JI�6j,
F§3 -J8K=k:7=.>-8¯D $ 1�8K6B1739�e3914698JI96�<%O��K=k�jH ��6'5µ:³HK8K6Buf<%v.69HK1³yjHJ=)6'5µ:³p]>-:76�8j:4=k6�vkv.69Oi6�8j:�HK8K6§1739�e3914698JI96��;O <%=z5

v.6 �M��8K6Ap)69HN:Qv.6ApK14>-HKuj691',
F§3 -J8K=k:7=.>-8Ys2$ 1Q8K6�14<jI�=.8K6 6'5µ:BHK8�p)>-=.8;:769HJ1B57HK1BHK8�>j�N´µ6�:ALNH?:�<-5ByjHJ=�576M:417>jHKu-6PLK<%8]5�vz<{pK=.v.6��oLK<%8]5

v.6�5�1469�-=z5r:7146�5³>-HqLK<%8]5°vk6'5°LN>-8J8K396'5°5µ:�<f:7=zy;HK6�5A�(uf<%14=.<-�Kvk6'5³�-v.>-�J<-vk6'5�>-H¯u�<-17=z<%�Jvk6'5³LK3�I�vz<%14396'5�5µ:�<f:7=zy;HK6�5� �,
F§3 -J8K=k:7=.>-8q}0$ 1�8K6A1�<-I�=.8K6@<%O��K=k�jH �@6�5r:QHK8K6@1�<-I�=.8K6AI�>j8;:7698]<%8;:°HK8K6A143��e3914698]I�6@<%O �J=k�jH �-,
F§3 -J8K=k:7=.>-8`� $ 1�8K6A1�<-I�=.8K6B6��K<-I�:76@6�5r:QHK8K6A1�<-I9=k8J6BI9>-8;:76�8J<%8;:°HK8K6A143��e3�176�8JI�6B6��K<-I�:76j,


 	�
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 � � � � �!� � � � �
���
,§8{<MudH«y;HK6§vk6'5WI9>-OipN:76�HK1�5©LN6§1739�e3914698JI96�5257>-8;:³8J<f:4HK176�vkv.69Oi6�8j:©=k8JI9173�Oi698;:4<-HN�P69:�y;H�n =.v.5©p]6�17Oi69:r:76�8;:

<%=.8J57=$LK6M�(<%=.146�LNH?:469OipJ5B143969v�,��©6�p]6�8JLK<-8j:���HK8�LN6�vk6�HK1§�j17>;5�LN39�(<%HN:B6�5r:By;H�n =kvz5B14<-vk6�8;:7=z5757698;:Qv�n 69�d3'I�HN:4=k>j8
�-v.>-�]<%v.6 LN6Pv\n <%pKpJvk=zI9<%:7=.>-8�I96Py;HK=�6�5r:@=k8J<jI9I969pN:�<%�Kv.6�LK<-8J5BI�6917:4<-=k8J6�5B<%pKpKv.=zI9<f:4=k>j8J5�,)h 6�5@�M� 6��NpKv.>-1�<f:469HK1�5
u->j8;:$p)6914Oi6�:r:4176�Lon xM1469Oi3�LN=.691',fh�6�HK1$�e>-8JI�:7=.>-8K8K6�Oi698;:$1469p)>j57698;:$:7>jHJ5�5rHK1�v.6�O � Oi6³pJ17=.8JI�=.p)6 $f=.v.5�HK:7=.vk=z5r6�8;:
HK8K6°pJwJ<-576³L�n 69�dpJvk>j14<%:7=.>-8�LKHP�j14<-pKwK6�Lon >-�N´µ69:45 <�-]8PLN6QLK3�:76'I�:4691 v.6�5�>-�K´µ6�:45�ud=.uf<%8;:45�,j�©6�:7:76°6��NpKv.>-1�<f:4=k>j8 576
�(<%=k:QLN6@v.<��(< ��>-8q57HK=kuf<-8j:46 $Nv.6�5�>j�N´µ6�:�5�698¯Oi39Oi>-=.176§�e>-14Oi698;:°HK8¯�-1�<%pKwK6B>-14=.698;:73@Lon >-�N´µ69:45�,Kh2n =.LN3�6@6�5r:°LK6
pJ<-1r:4=k1³LN6�5©14<jI�=.8K6�5W6�:°Lon <f:r:469=.8JLN146�143�I9HK1457=.u-69Oi6�8j:W:7>-H]5Wv.6�5©>-�N´µ69:45©<f:r:469=.�-8J<-�Kv.6�5�,;h 6§57>-HJ5W�-1�<%pKwK6�>-�N:4698dH
6�5r:�HK8 �j14<-pKwK6BLK<%8J5³v.6�y;HK6�vovk6'5©8J>;6�HJLK5�57>-8;:�LK6�5�>-�K´µ6�:45³ud=.u�<-8;:45³6�:�vk6'5�<%1�I95�LN6�5³p)>-=.8;:769HJ145�,=5Q>-H]5³<-vkv.>-8]5
6��Np)>j57691@v.6PpJ17=.8JI�=.p)6{LNH 
��'�����'��� �����(�)� ��LNHc�M� pJ<-1 *°6�I9>-pK=.6i6�:MLNH 
������ ����� � ���0� ��� CAy;HK=W57>-8;:
v.6�5��M� 6��NpKv.>-1�<f:469HK1�5°LN6A�J<j5r6'59,]t`<%=z5Q<�uf<%8;:��J8K>-HJ5�<%v.vk>j8J5QLN3 -J8K=.1Qv.<{17���-v.6@y;HK6�LN>-=k:Q176'5rp)6�I�:76�1°:7>jHN:B�M�
6��NpKv.>-1�<f:469HK1°<'-J8¯LK6A�j<%1�<%8;:4=k1³v.<P14�9�jvk6i+ALNH?I�wJ<%pJ=�:4176MD9$

*°���-v.6P+�$ : >jHN:°>-�N´µ69:Qu;=.uf<%8;:°6�5r:°:71�<�u-6�14573�pJ<-1°vk6M�M�§,

 	�
 	�� � � � ���/�!- � � �
	�� � �
TWZd[i��VK!$[�Zd[

h�6'5 �M�Y6��NpKv.>-1�<f:469HK1�5"LK6³�]<-576�5$5r>j8j: LN6'52�M� <-57xd8JI�wK14>-8K6'5 ��I%n 6�5r: 7 +�7�LN=.176³yjH n =.v.5$8K6°57>-8;:�pJ<-5$698P3�:417>j=�:46
I�>jvkvz<%�)>-1�<f:4=k>j8P<�uj6�I³v.6°O HN:�<f:76�HK1', 1Q8i:469v]�M� 8K6§5r6QLN3'I�v.698JI�wJ6QyjHJ6Qvk>j1454y;HK6�vk6��]6'5r>j=k8 LN6QOi3�OP>j=k146Q576��(<%=k:
57698;:7=.1�,�/ <%1@69�d6�OipKvk6Pv.>-1�57y;H�n HK8K6iLN69O <-8JLN6iLon <-vkv.>NI9<%:7=.>-8?�(<-=�:46Pp]<%1@vk6PO HK:4<f:469HK1,+¯v�n <-vkv.>NI9<f:469HK1B3�I�wJ>-HK6j,
h�6P�M� 576 LN3'I�v.698JI�wJ6A6�:�=.8;:7691414>-OipN:Qv.6MO HN:�<f:469HK1', 1�8��M�ª69�NpKvk>j14<%:76�HK1Q8K6Muf<ipJ<j5Q1�<%v.698;:7=.1°v�n 69�d3'I�HN:4=k>j8

+'m



�-3�8K391�<%v.62LNHApK14>-�j14<-OiOP6 �9I�6�p]6�8JLK<-8j:��9=.v-p)69HN:�pK14>fu->Ny;HK691oLN6'5�pJ<-HJ576�5 LKHK6�5 +°v\n =.8j:4691417HJpN:7=.>-8MLNHAO�HN:4<%:76�HK1�,
��v�6��N=z5µ:46BLN6'5Q�M��y;HK=�6�5457<�xj698;:³LK6§v.HN:r:4691QI9>-8;:7146§I969vz<.$Nh�6'5°�M�^�-3�8K391�<f:4=k>j8K8K69vz5©6�:°vk6'5°�M�^6��NpKv.>-1�<f:469HK1�5
=.8JI�1439Oi698;:�<%HN�o, 5Q>jHJ5�8�n 3�:7H]LN=k6�17>j8J5$pJ<-5�v.6�5 �M�c=k8]I�1439Oi698;:4<-HN� ��Oi<-=.5$>j8�p)>-HK141�<Q698i<�u->j=k1$HK8i�)>-8i<%p)691���H
LK<-8J5'@ DK+ �]D#�WB�,
� bj�'Z;��a &(�$VN��&\�]�^�"Zd[P�fVK#-&\�"Zd[ Z;� _(��#jVK_(&\[�VK��&(�)�^�"Zd[P�W�)&(����Zd!"�f[��Y_µ¨.&(���'bj�f&\Z;!"�{�©¨k!$�^�]¬oº�Z;���

/�>-HK1Ap)>-HJu->-=.1@173'<%v.=.57691@v�n 69�NpKvk>j14<%:7=.>-8 �o>j8Y<q�)6�57>-=.8 LN6{I�>j8K8J<��z:7146iv.<qv.>NI9<-vk=z57<%:7=.>-8YLN6�5Ap)>-=.8;:76�HK145@6�8
pJ<-1r:4=.I9HKvk=.691©LK<%8J5Wv.<MpK=kv.6�69:©LK<-8J52v.6�5W>-�N´µ69:45�,j±ªp]<%17:7=.1WLN6�vB+ �j8K>-H]52p)>-HKuj>-8J52I9v.<j5757691Wvk6'5©�M� 6��NpKv.>-1�<f:469HK1�5
698csq�j14<-8JLN6'5@�(<%Oi=.vkv.6�5�, /21469Oi=.�91469Oi698;:���vk6'5��M�l6��K<jI�:45�,$�©6'5��M�l>-8;:Mv.6{Oi>fx-698�LN6«vk>NI9<-vk=z57691A:4>-HJ5Av.6�5
p)>-=.8j:469HK1�5 6�:`LN>-8]I¤LN6 LN=z5rp)>j57691qLN6Y1739�e3914698JI96�5 6��K<-I�:76'59, F�6�HN�N=k��Oi69Oi698;:��°v.6�5?�M��I9>-8J576914uf<f:4=��(5 � �©6�5
�M� 8 n >j8j:A<%H]I�HK8YOi>fx-698YLN6Pvk6'5@vk>NI9<-vk=z57691@<�u-6�I�I�6�1r:4=�:4HJLN6i6�:MLN>j8JIiLN=.57p)>j57698;:@LK6P143��e3�176�8JI�6'5§<-O �K=.�-H���5�,
:"17>j=.57=k��Oi69Oi698;:��)v.6�5@�M� 5r6�Oi= 7�I�>j8J5r6�17uf<%:7=k�(5 � �©6'5@�M� >-8;:W´µHJ5r:76Pv.6�Oi>fx-6�8`LN6Pvk>NI9<-vk=z57691�v.6�5§p)>-=.8j:469HK1�5 +
v�n =.8;:73914=.69HK1 LK6�5�>j�N´µ6�:�59,�5Q>-H]5ou-6�1714>-8J5�6�8ApJ<%17:7=zI�HJvk=.691�LK<-8J5�vz<�pJ<-1r:4=k6 }], }QI96Wy;H�n 6'5µ:�HJ8ApJ<%1�I�>jHK145oI9>-8J576914uf<f:4=��
6�:Qv.6�5�1�<%=z57>-8J5³p)>-HK1°v.6�54y;HK69v.vk6'5�=kvz5Q57>-8;:°pJ<%17�e>-=z5³8K3�I96�5457<-=k146�5�,
TWZ`�"�f�]¬$_\¸;a Z �$Z`_µ¨.VN�f&e� �"acb;�'& � !$Z �$Zd[i�W�]&\����Zd!"��[��

�©6BpK17>j�Kv.�9Oi6§I9>-8JI969148K6§v.6�5°�M��y;HK=o57>-8;:°LN6�5r:7=.8K3�5 +PLN6�5³vz<%8K�;<%�j6�5Wy;HK=op)6914Oi6�:7:7698;:°vz<MO <%8K=.pKHKvz<f:4=k>j8
LN=.176'I�:46@LK6�5°p)>-=.8;:769HJ145�69:�LN6�5°I�<-5r:452+Pv.<{�§,

� ��� � ! ����� !�� ���*)m� &'$"!.����� ��! �
&+�e! �

 	���	�
 ����' � �	� � ����
 )�� � �

�©6A�M�^�e>-8]I�:7=.>-8J8K6§pJ17=.8JI�=.pJ<-vk6�OP6�8;:°LJ<%8J5³HK8¯Oi>dLK�9v.6BLN6@�j6�5r:7=.>-8 LK6BOi3�OP>j=k146BpJ<%1��Kv.>NI95³6�:°pJ<-1 <(�����
=@?BADCl3f,)��v 5�n 66>)6'I�:4HK6�6�8¤D«pKwJ<-576�5�,J/W176�OP=.�91469Oi6�8j:���vk6'5�>j�N´µ6�:�5§57>-8;:§69�NpKvk>j173'5Q143�I9HK1457=.u-69Oi6�8j: +«pJ<-1r:4=k1BLN6�5
1�<-I�=.8K6'59,J�§n 6�5r:Qv.<PpKwJ<j5r6ALN=k:76MLK6AOi<-14y;HJ<-�-6j, F§HK1�<%8;:QI�69:r:76ApJwJ<-576��KI�wJ<jy;HK6@>-�N´µ69:°<%:r:469=.8j:Q6'5µ:°O <%1�y;HK3-,N��v
6�5r: ´µHJLN=zI�=.69HK�¯Lon HN:7=.v.=.57691QHJ8¯�J=�:§LK6AOi<-14y;HJ<-�-6§698q�-HK=z576MLN6AO <%1�yjHJ69HK1°<�-]8qLK6A8K6ApJ<-5°<�uj>-=.1°Lon �	� � �&� �(�6�f,
/2HK=z5³LK<%8J5©HK8K6B5r6'I�>j8JLN6QpKw]<-576§LN=k:76§pKwJ<-576§LK6��J<-v.<�x;<%�-6A� A(���(� �o  �Nvk6BI�>-v.v.6�I�:469HK1©�J<%vz<�x-6Q573�y;HK6�8;:7=.69v.vk6�OP6�8;:
v.6i:4<-5@6�8 173'I�HKp)391�<%8;:@:7>jHJ5@vk6'5A>-�K´µ6�:45@Oi>j1r:�5 �e=.6{vk6'5@>-�N´µ69:45A8J>-8YOi<-14y;HK3'54 By;H�n =kv2:71�<%8J5r�e>-14Oi6�6�8Y�Jvk>NI95
v.=k�K146�5�,W��v§6�5r:�+�8J>%:76�1 y;H�n >-8~p)>-HK141�< 6*>�6�I�:4HK691¯Lon <%HN:4176'5 :71�<%=k:76�Oi698;:45«vk>j145{LK6`v.<cpKwJ<-576�LN6¤�J<%vz<�xj<-�-6
I�>jOiOP6 pJ<%1Q69�N69OipKv.6 1469Oi6�:7:7146 + �93�17>{I�wJ<jy;HK6MO <%1�y;HK69HK1��ep)>-HK1§v.< pJ17>NI�wJ<-=k8K6MI9>-v.vk6'I�:46'  �]176��-14>-HKp)691°v.6�5
�Kv.>NI95BLN=.57p)>-8K=.�Kv.6�5B<-L�´r<jI�698;:�5��e�eHJ5r=.>-8) Q69:BI�14396�1�v.6�5��e176�6 v.=.5r:45B6�8`xqOP69:r:�<%8;:Bv.6�5§�Kv.>NI95§vk=.�K146�5§176�8JI�>j8j:4173'5
>-H I�69HK�Y�e1�<��eI�wK6�OP6�8;:PI�14393'59,$h�6¯pK1469Oi=k6�1�54I�wK39O <¤LN6«vz< -J�jHK146«}J,.+«Oi>j8j:4176«HK8 69�d6�OipKvk6¯Lon 3�:4<%:iLK6«vz<
Oi39Oi>-=.146@<�uf<-8j:�v.6MLN3�I9vk6�8JI�wK69Oi6�8j:QLNH`�M�§,Jh 6ALN69HN�N=.�9Oi6M54I�wK39O <PLN6Av.< -J�jHK146B}],k+BOi>-8;:7146@v.<PpKw]<-576@LK6
O <%1�y;HJ<%�j6 �ev.6�5³>-�K´µ6�:45�<j5757>-O��K17=z5 39:4<%8;:�vk6'5³>-�N´µ69:45�<f:7:769=.8;:45©pJ<%1�v.6@�M�� �,Nh <>-J�-HK146�}], DMOi>-8;:7146�vz< pJwJ<-576
LN6M5�(©6�69pq<�u-6'I�vz<iI�143�<f:4=k>j8 Lon HK8K60<(�����>=@?BADC�,
�¯Zd[9�'&(�)���"Zd[P¬$_\��#-[i_\&e¬$��Zd[PZ;�i�¹!$[�&\�]�

FB<%8J5�HK85
������ �'��� � ���(�)� �)I9>-OiOi6Mv.6MOi>-8;:7146Mvz<�-J�-HJ176A}], s��Jvz<i�eHJ57=k>j8`59n 6*>�6�I�:7HK6P5r=.OipKvk6�Oi698;:�v.>-1�5
LN6Avz<PpKwJ<-576ALN6�AD���(�)��6�8¯HK:7=.vk=z57<-8;:�HJ8q57=.OPpJvk6Ap)>-=.8;:769HJ1QLon <-8J<%v.xN5r6j,
· �KVK���'VKX)Z;[

+j,Qh�6 
�������������� ���(� ��8�n <ipJ<-5°LN6@pK14>-�Jvk��OP6'5°LN6MI�xNI9vk6'59,
DK,°��v�<%HN:4>-14=.576@vk6'5Q�M�ªI9>-8J576914uf<f:7=k�(5@��� �)�21,1@ �,
sJ,°��v;8J6©1�<%v.698;:7=k:�pJ<-5$v�n 69�d3'I�HN:4=k>j8M�-v.>-�]<%v.6©LNHi5rxN5r:7��OP6�LNH �(<%=k: y;H�n =.v;8 n 6'5µ:�pJ<-5$6�8 3�:417>j=�:46³I9>-v.v.<-�]>j14<%:7=.>-8

<�u-6�I§v.6BO�HN:4<%:76�HK1�,
}],°��vo8�n <ip]<-5°Lon � ��� �&� �(�#�¯pKHK=z54yjH n =.v�HN:4=kv.=.576AHK8q�K=k:�LN6@v\n >-�K´µ6�:�,
D&%�H \VM�!"! PLNQNQP (6IWPYfSPaTVTVP T_PSf &WHCc>(�IWP]M JaTVJ�!W\VJSUVPLH*TVJLP ) NdM]U_PSfaT_cQG4H@?Cg ;Wg ?
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pile
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BL

free list

BL BL

�����	� }], D�� 
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���$#-�)� �]bd�$&(Zd����[
+j,Qh <MpJwJ<-576§LN6B�J<-v.<�x;<%�-6�8K3�I96�545r=k:76§HK8«pJ<-14I9>-HK1�5WLKH{:4<j5�yjHJ=)p)69HK:°576�1439uj39v.691 � :7146Bvk>j8K� 69:³6�8j:414< �z8J691��
LK<%8J5BI�6�1r:�<%=.8J5�I�<-5��)LK6�I�>jHK17:76�5§pJ<-HJ5r6'5Qv.>-1�5�LN6Pv�n 69�d3'I�HN:4=k>j8 � , 5Q>jHJ5§u-691414>-8J5�pJ<%1§v.< 5rHK=k:76 �oyjH n HK8J6
5r>jvkHN:4=k>j8¯I9>-8J57=z5µ:46 +P146�5r:71469=.8JLN146§vz<iI�>jvkv.6�I�:76,+ I�6�1r:�<%=.8K6�5 �9>j8K6�5°LKH :�<-5A���M�~�j398K3�14<%:7=.>-8K8K6�v.5� ©O <%=z5
yjHJ6@L�n <-HN:7146�5�pK14>-�Jvk��OP6'5°<%pKp]<%1�<%=z5757698;:�,

DK,Q±�v�n =.545rH?LN6'5QD�pKwJ<-576�5��Nv.6�
 �'��������� � ���(� ��v.<-=.545r6@v.6B:4<-5°�e14<-�-Oi698;:73j,

 	���	�� ���$# �!��� � � �

�©6«�M���e>-8JI�:7=.>-8K8K6{LJ<%8J5AHJ8YOi>NLN��vk6«LK6 �-6�5r:7=.>-8YOi39Oi>-=.146 pJ<%1M<-vkv.>NI9<f:4=k>j8¤v.=.8K3�<-=k146��f,$h <¯pKwJ<j5r6{LK6
O <%1�y;HJ<%�j6WLNH 
��'���>�'��� ������� �{8K6©:7>-H]I�wK6³y;HK6³v.6�5$�Kv.>dI�5"<jI9I96�545r=.�Kv.6�5³�e=.6©v.6�5$>-�K´µ6�:45$ud=.u�<-8;:45� �,�/ <%1�I�>-8;:4176 �
v.6 pK17>j�Kv.�9Oi6 LNH 
������ ����� � ���(� � 6�5r: y;HK6 v.<¯pKw]<-576{LN6 �J<%vz<�xj<-�-6�=kOipKv.=.y;HK6 HJ8�pJ<%1�I�>jHK145@LN6i:4>-HJ5@v.6�5
�Kv.>NI95 �eO � OP6 LN6'5@�Kv.>dI�5@vk=.�K146�5� B<�-J8 LN6 LN3�:46914Oi=k8K6�1MI�6�HN��y;H�n >j8YLK>-=k:@143�I9HKp)3914691 �e=.6 I�69HK�¤y;HK= 8K6{57>-8;:
pJ<j5QO <%1�y;HK3�5� �,Jh 6 
������ �'��� � ���(� �YpK14>fu->Ny;HK6MLN6Mvz<i�e1�<%�jOP6�8;:4<f:4=k>j8�,JhWn >j�N´µ6�I�:7=k� LK6 vz< *°6�I9>-pK=.6M6'5µ:§LK6
vz< �(<-=k146ALN=z5rpJ<-14< �.:4176j,
£@�f&(�$#-&(�WZ

h�6BpK14=k8]I�=.p]6ALN6@vz< *°6'I�>jpK=k6@I�>j8J57=.5r:76 +iLN>-HK�Jvk6�1³v�n 6�57pJ<-I96§Oi39Oi>j=k146�69:2+Pv.6BLK=kud=z5r6�1³6�8qD�57>-HJ5 7�6'5rp]<-I�6'5
LN6³O � Oi6W:�<%=.vkv.6-,fhWn HK8�uf<§576914ud=k1�Lon 6�57pJ<-I96©Lon <%v.vk>NI�<f:7=.>-8 �e6�57pJ<jI�6©<jI�:4=��4 "69:$v�n <-HN:7146³u�<§5r6�17ud=.1 +��(<%=.146Wvz<§I9>-pK=.6
�e6'5rp]<-I�6POi>-17:B>jH�6'5rpJ<jI�6PLN6�5r:7=.8J<f:4=k>j8] �,oh >-1�57y;H�n =kv$8�n x�< pKvkH]5B<j57576 �PLN6ipKvz<-I�6iLK<-8J5�v�n 6�57pJ<-I96P<jI�:7=k�Wp)>-HK1
54<f:7=z5r�(<%=.176°HK8J6§LN6�Oi<-8JLN6�L�n <-vkv.>NI9<f:4=k>j8 �-HJ8{pK14>dI96�545rH]52LN6�1�<%O <j57576°Oi=k69:r:76'5W576§LN3'I�v.698JI�wJ6-,jh 6QpK14=k8]I�=.p]6§6�5r:
57=kOipKv.6��d>-8«�(<%=k:³HJ8K6§69�NpKvk>j14<%:7=.>-8«LJ<%8J5©vk6B�-6�8K146§LNH¯O <%1�yjH]<%�-6§LK<%8J5©v.6>
������9����� � ���(� �?69:�I�w]<-y;HK6Q�e>j=.5
y;H�n HK8 >j�N´µ6�:�6�5r:�176�8JI�>j8j:4173§>-8 vk6AI�>jpK=.6§LK<-8J5³v.< �9>j8K6BLK6�5r:7=.8J<f:4=k>j8�,Nh < �9>-8J6BLN6'5µ:4=k8]<f:7=.>-8¯5r6@I�>jOip]>j1r:�<%8;:
I�>jOiOP6�HK8K6QpK=.v.6-,d±~v.<,-J8«LNH pK14>NI�6'5757HJ5��f:7>jHJ52v.6�5W>-�N´µ69:452ud=.uf<%8;:45©yjHJ=]576°:714>-HKuf<-=k6�8j:³LK<%8J52v.< ��>-8K6§<-I�:4=kuj6
<�uf<%8;:2v.6QLN3�I9vk6�8JI�wK69Oi6�8j:³LNH«�M�c576Q146�:417>jHKu-6�8j:2LK<-8J5 v�n 6'5rp]<-I�6QLK6�5r:7=.8J<f:4=k>j8Pv.6�5WHK8J5 +@vz<M57HK=k:76QLN6'5W<%HK:7146�5�,
h < �9>j8K6 Lon <%v.vk>NI9<%:7=.>-8Y5r6P:714>-HJu�<-8;:@<-vk>j145W´µHJ5r:76{<%pJ17�'59,oh < �9>j8K6 <-I�:7=.u-6iLN69ud=.698;: �9>-8J6�Oi>-17:76i69:@vz< �9>j8K6
Oi>-17:76QLN6�ud=k6�8j: ��>-8K6°<jI�:7=.u-6j,'4³=k6�8P6�8;:7698]LNH �-=.vN�(<-HN:2�(<%=.146³HJ8K6°Oi=.5760+³´µ>-HK1©LN6�5 p)>-=.8;:76�HK145 LJ<%8J5 v.6�5�>j�N´µ6�:�59,5Q>jHJ5°<%v.v.>-8J5�uj>-=.1�I9>-OiOi698;:�I�6�v.<P6'5µ:°143�<%v.=z5r3@LK<%8]5°v\n <%v.�->j17=k:7wJOP6@LN6��©wK6�8K69xj,
· _\X]�]�f&e� �"acZ¯�$Z¤���"Zd�$Z��

h2n <%v.�->j17=k:7wJOP6§LN6@�©wK6�8K69x 6'5µ:³HK8 <-vk�j>-14=�:4wKOi6Q8K>j8{173'I�HK1�57=�� LK<-8J5©vk6'yjHJ69v)vk6'5©>j�N´µ6�:�5©57>-8;:³176'I�>-pJ=k3'52pJ<-1
HK8¤pJ<%1�I�>jHK145Q698�vz<%14�-6�HK1',]h�6�pK1469Oi=k6�1B54I�wK3�Oi< LN6 vz<.-J�-HK146M}], } OP>j8;:7146 v�n 39:4<f:ALN6�v.< Oi39Oi>-=.176�<�u�<-8;:§v.6
LN3'I�v.698JI�wK6�Oi698;:QLNH`�M�~pJ<-1°176'I�>jpK=k6j,

��� :4<-p]6 +j,Jh2n >-p)391�<f:4=k>j8¯LN6MI9>-pK=.6A698;:4176@v.6�5QLN6�HN� 6'5rp]<-I�6'5°I�>jOPOi6�8JI�6ApJ<-1°v.< I9>-pK=.6MLN6'5��Kvk>NI�5QLN6Avz<
�9>-8J6{<-I�:4=kuj6 yjHJ=©57>-8;:M176�p]3�173'5@pJ<%1�LN6�5Ap)>-=.8;:76�HK145 LN6{v�n 6�8J5r6�O �Kv.6 1�<-I�=.8K6j, h2n >-14=k�j=k8]<%v 6�5r:MO <%1�y;HK3
!fI�>jpK=k3 #ª�(8K>%:43 ��LK<-8J5Pvk6'5 -J�-HK146�5�}J, }Y6�: }J,E�-  6�: HK8^p]>j=k8;:469HK1{57HK1iv.<YI�>jpK=.6 xc6'5µ: =.8J57391434� �e=.6
vk6 I�>j8;:7698dH LN6iv\n >-14=.�-=.8J<%v�p)>-HKuf<%8;: � :4176 LN39:714HK=k:� �, /2HK=z5 ��>j8¤Oi69:>+ ´µ>jHK1Av.6�5@1�<-I�=.8K6'5AyjHJ= p]>j=k8;:76�8;:
LN3�57>-14O <%=z5°u-6�145�vk6'5§I9>-pK=.6�5�, FB<%8J5Bv.6�576�I9>-8JL?54I�wK39O < LN6 vz< -J�jHK146M}J, }��]v\n 3�:�<%p)6 +�6�5r:�:76�17Oi=.8K396j,]��v
6�5r:2+i57=k�j8J<%v.691°y;H�n <%HJI9HK8qp]>j=k8;:469HK1°8�n 6�5r:QOi=.52+§´µ>jHK1 +Pv\n =.8j:43914=k6�HK1QLN6'5°I�>-pJ=k6'59,

��� :4<-p]6°D � -J�-HJ176³}J,E�- �,�hWn 6'5rp]<-I�6³LN6�5r:7=.8J<%:7=.>-8 6'5µ: <%v.>-1�5�udHiI�>jOPOi6³HK8K6 -Jv.6��%, ,§8 HN:7=.vk=z576³HJ8 p)>-=.8j:469HK1
Lon <-8J<%v.xN5r6iy;HK=2uf<qvz< p]<%1�I�>-HJ17=.1�,�Fd>j=�:����`HK8 �Kv.>NI LN6 v.<9-Jv.6-,��©>-8J57=.LK3914>-8J5@y;HK6	��p)>-=.8j:46{5rHJ1AHK8
I�wJ<%OipiLN6
����LN6°:µxdp)6°p]>j=k8;:76�HK1��\5r>j=�:�� 
�
BI96QI�wJ<%Oip]  y;HK= �%v.HK= �-p)>-=.8j:46Q5rHJ12HK8i�Kv.>dI
���MLN6�v\n 6�57pJ<-I96
LN6�LN3�pJ<%17:�,]��v�xq< D p)>j545r=.�K=.vk=k:73'5>$�5r>j=�:����¯8�n 6�5r:§pJ<j5�O <-14y;HK3 !%I�>-pJ=k3 #q6�:@LK<%8J5BI�6PI9<j5 �]=kv$�(<%HK:§v.6
I�>-pJ=k6�1Q�ev�n =.8J573914691©LJ<%8J5 vz< -Jv.6'  �jOi6�:7:7146QHK8 p)>-=.8;:769HJ1WLK<%8]5���� u-6�145254<AI�>jpK=.6°6�:2�(<-=k146Qvz<@OP=z576 +�´µ>-HJ1
LN6�� 
�
 ��5r>j=�:�� �q6�5r:@O <-14y;HK3P6�:MLK<-8J5AI�6iI9<j5 �o>j8�143�I�HJp]��176Pvk6ip)>-=.8;:769HJ1MyjHJ= p]>j=k8;:76 57HK1A57<qI9>-pK=.6
p]>jHK1QOi6�:7:7146 +B´µ>-HJ1�� 
�
d,�h�6MpJ17>NI�6'5757HJ5°5�n <-171 � :46{� -J�jHK146M}J, Cj ³HK8J6A�e>-=z5�y;HK6Mv.6Mp)>-=.8;:769HJ1§Lon <%8J<-vkxN576
<�p]<-545r3§:7>jHJ5°v.6�5�39v.39Oi6�8j:�5°LN6Avz<>-]vk6j,
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zone d’arrivée

zone de départ

o1 o3o2pile

zone d’arrivée

zone de départ

o1 o3o2pile

C

forward

pointer

�����	� }], }#�.*°6�I9>-pK=.6-,]�©>jpK=.6@LK6�5°>j�N´µ6�:�5�14<jI�=.8K6�5�,

· �KVK���'VKX)Z;[
+j,°��vo8�n x¯<PpKvkH]5QLN6B�e14<-�-Oi698;:�<f:7=.>-8 ,��e=.6Bv.6@:4<j5�6�5r:�I�>jOPp]<-I�:� �,
DK,°/2vkH]5QLN6@pK14>-�Kv.�9Oi6�5°LK6MI�xNI�v.6�5�,
sJ,°/�<j5°Lon � ��� �&� ���6�f,
}],�Fd>-8i:469OipJ5³Lon 69�N3�I�HK:7=.>-8{8�n 6�5r:©pJvkHJ5©pK14>-p)>-17:7=.>-8K8J69v]<-H 8K>-O��K146�LN6��Jvk>NI95³LNH :�<-5©O <%=z5�+Avz<A:�<%=.vkv.6�69:

<%H¯8K>-O��K176@LN6'5°>-�N´µ69:45�143��e3�176�8JI�3'5B�\<-I�I�6�5457=k�Kv.6�5�p]<%1°v.6BO�HN:4<%:76�HK1� �,
�K,Qh <B�-6'5µ:4=k>j8PLN6'5 6�57pJ<jI�6�5�Oi3�OP>j=k146�5�v.=.�K176'5�pJ<%1 <(����� =@?BADC�8�n <@pKv.HJ5 v.=k6�HiL�n � :7146M�epKHK=z54yjHJ6°v\n 6�57pJ<-I96�vk=.�K146

5r6�:714>-HKuj6W´µHJ5r:76@<%pJ17�'5Wv.6�5³>-�K´µ6�:45³ud=.u�<-8;:�I9>-8;:7=.�-HJ5³y;HK6Bv\n >-8 u;=.698;:°LN6AI�>jpK=k6�1� WI�6@y;HK=�=kOipKv.=.y;HK6@HK8J6
<%v.vk>NI9<%:7=.>-8«:714��5�1�<%pK=zLN6-,

CJ,���3914= -J691�y;HK6�v\n <%v.v.>dI�<f:4=k>j8¯6'5µ:@I�>j17146�I�:76A6�5r:Q:417�'5Q1�<%pK=zLN6-, �28`66>)69:���I�69vz<{I9>-8J57=.5r:76Q´µHJ5µ:46 +i�(<-=k146MHK8J6
I�>-OipJ<-14<-=.57>-8 LN6@p]>j=k8;:76�HK1�5�698;:7146§v.6M57>-OiOi6�:QI�>jHK14<-8;:�LN6@v�n 6'5rp]<-I�6A<jI�:7=k�"69:Qvk6A57>-OiOi6�:°O <f�N=.O HKO
LN6AI�6�:Q6'5rp]<-I�6j,

RN,§�©6��M� LN6�I9>-pK=.6 6'5µ:�:714��5§p]6�1r�e>j17O <%8;:�6�8�I�6�yjHJ=$I9>-8JI969148K6Mv.6M:71�<%=k:76�Oi698;:§LN6'5�>j�N´µ6�:�5 ´µ69HJ8K6�5�, �W8
6*>�6�:�� >-8 I�>-8]5µ:�<f:76iy;HK6 pKv.HJ5@HK8 >-�K´µ6�:A6�5r:°´µ69HK8J6P69:MpKv.HJ5A=.v2<¯LK6{I�wJ<%8JI96�5@Lon <�u->j=k1BHK8K6{LNHJ173�6iLK6
u;=.6@:714��5°I9>-HK17:76j,J±Q=.8J57= HK8`�M� LN6 I9>-pK=.6My;HK=�8K6M5�n <-pKpKv.=.y;HK6My;H�n +iHK8K6�´µ6�HK8K6M�j398K3�14<%:7=.>-8q<%HK1�<Pp]6�H
Lon >j�N´µ6�:�5 +¯I9>-pK=.691@pKHJ=.54y;HK6�vz<¯pKv.HKpJ<%17:M5r6�17>j8;:§=.8J<-I�:7=k�(59, F§6{I�6P�(<%=k:���I96917:4<-=k8J5A�M���-398J391�<f:7=.>-8J8K69vz5
HN:7=.vk=z57698;: HK8K6 I�>-O��K=.8J<%=z5r>j8YLK6{v\n <%v.�->j17=k:7wJOP6{LK6«I�>jpK=k6«p]>jHK1Mv.6�5M>j�N´µ6�:�5�´µ69HJ8K6�5�6�: HJ8 
 �'���&�����
� ���(�)��p)>-HJ1°vk6'5�u;=.69HK� >-�K´µ6�:45�,

���$#-�)� �]bd�$&(Zd����[
+j,0: >jHN:76'5 v.6�5P143��e3914698]I�6�5 O <%8K=.pKHKv.396'5PI9>-OiOi6¯LK6�5�p]>j=k8;:76�HK1�5PLK>-=.u-698;: � :7146 LK6�5P1739�e3914698JI96«69�N<jI�:46�5�,

�28¤66>)69:�� 57= vz< 143��e3�176�8JI�6P8�n 6�5r:ApJ<-5@69�N<jI�:46P>j8�14=.54y;HK6 LN6iOi>dLK= -J6�1AHK8K6iuf<%v.69HK1My;HK= 8 n 6'5µ:ApJ<j5@HK8
p]>j=k8;:76�HK1°v.>-1�5³LK6Av.<POi=.576 +§´µ>-HK1',

DK,°/217>j�Kv.�9Oi6ALN6Av.<P146�I9>-pK=.6BL�n >j�N´µ6�:�LN6Av.>-8J�-HK6Bud=k6My;HK6@v�n >j8¯uf<P146�I�>jpK=.691°<iI�wJ<-y;HK6B�e>-=z5�,
*°6�Oi<-14y;HK6§+ $�h�6©�(<%=k:�y;H�n =kvd�(<-=kv.v.6³LN6�HN�A�e>-=z5$pKv.HJ5�LN6©Oi3�OP>j=k146©y;HK6³p)>-HK1�v.6 
������ ����� � ���(� �i8 n 6'5µ: pJ<j5

HK8 u;1�<%=]pK14>-�Kv.�9Oi6�pJHK=.54y;HK6Bv.< OP3�Oi>-=.176§HN:7=.vk=z57396B6�5r:³LN6Bv.< Oi39Oi>-=.176§ud=k17:7HK6�vkv.6-,dh�6BpK14>-�Kv.�9Oi6�y;HK=�p)69HN:°576
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zone d’arrivée

zone de départ

o1 o3o2pile

C

d’analyse

pointeur

C

zone d’arrivée

zone de départ

o1 o3o2pile

C C

pointeur

d’analyse

C

zone d’arrivée

zone de départ

o1 o3o2pile

C CC

pointeur

d’analyse

������� }], ���.*°6'I�>-pJ=k6j,Kt?=.576 +§´µ>-HK1QLK6�5°p)>-=.8;:769HJ145�69:°I9>-pK=.6MLN6'5°<%HN:4176'5�>-�N´µ69:45�ud=kuf<-8j:�59,

zone d’arrivée

zone de départ

pile

d’analyse

pointeur

o1 o2o3

������� }], C
�.*°6'I�>-pJ=k6j,N/$>;5r=k:7=.>-8�-J8]<%v.6
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p)>j57691�6�:Qy;HK6Bvk6A57xd5r:7��Oi6§p)69HN:�5�(�<%pKp)691³6�:°p)6917:7HK14�]6�1°v\n 6��N3'I�HN:4=k>j8 LNH?�M�§,JFd=ov.6@�M�~6�5r:�p]<%1�<%Oi3�:414<-�Kvk6 �
=.v 5rH /P:�LK6@I�wJ>-=z5r=.1°HK8K6B:4<-=kv.v.6A698¯�e>-8JI�:7=.>-8qLN6Avz<�O <jI�wK=k8J6@y;HK6Av�n >-8¯HN:7=.vk=z576-,

 	���	�� ����' � �	� � ��� � ��- � � � �

�©>-OiOi6«v.6¯�M� LK6�*°6'I�>jpK=k6 � =.v³�e>-8JI�:7=.>-8K8K6¯LK<%8]5 HK8 OP>NLN��vk6qLN6 �-6�5r:7=.>-8�Oi3�OP>j=k146«p]<%1�<-vkv.>NI9<%:7=.>-8
v.=k8K3'<%=.176j, 5Q>-H]5¯<-vkv.>-8]5{�(<-=k146¤HJ8K6¤pJ173'5r6�8j:�<f:4=k>j8ª14<-pK=zLN6¤pJHK=.54y;HK6Y8K>-HJ5¯8K6Yv�n HN:4=kv.=z5r6�17>j8J5¯pJ<-5¯p)>-HK1q8K>;5
Oi>NLN�9v.6�5�,
£@�f&(�$#-&(�WZ �©>-8;:414<-=k1469Oi698;: +Bv.< *°6�I9>-pK=.6��f=.vK8K6�uf<BHN:7=.v.=.576912y;H�n HK8i5r6�HKvN6�57pJ<-I96-,%Fd>j8�pK14=.8JI�=.p]6°6'5µ:257=kOipKv.6��
=.vou�< LK3�I9<-vk6�1³:7>-H]5�vk6'5�>-�N´µ69:45�ud=kuf<-8j:�5³u-691�5³vk6MLK39�KHN:QLNH¯:�<-5°LN6B:76�vkv.6AO <%8K=.�9146@yjH n =.v.5°57>-=.698;:�:7>jHJ5�v.6�5�HK8J5
+?vz<�57HK=k:76«LN6'5�<-HN:7146�5�, /�>jHK1�I96 �(<%=.176 �$I96 �M� uf<?8K3'I�6�5457=�:4691 HJ8cp]>j=k8;:469HK1P5rHKpJpKvk3�Oi698;:4<-=k146{pJ<-1 >-�K´µ6�:�,
�©69v.HK= 7¹I9= uf< p)6914Oi6�:r:4176PLN6Mv.>NI9<%v.=z5r6�1Qv.< �9>-8J6M>-²`57691�< LN39pJv.<jI�3Mv�n >j�N´µ6�:', �W8`6*>�6�:��]=.v 6'5µ:B39ud=.LK698;:§y;HK6Mv�n >j8
8K6«LK>-=k:PLN3�pKv.<jI�6�1Mvk6'5 >j�N´µ6�:�5 y;HK6{v.>-1�5MLN6 v.<�LN69148K=.�9146 pKwJ<-576-,Y,§8cI�>jOPOi6�8JI�6{p]<%1M�(<-=k146{HK8J6{pKwJ<j5r6«LK6
O <%1�y;HJ<%�j6§I�>jOiOP6@I�6�vkv.6@LN6 
 �'��� �'���������(�)��,N/2HK=z5©>j8 p]<%1�I�>-HJ1r:³vk6§:4<j5©69:°p]>jHK1°I�wJ<-y;HK6B>-�N´µ69:³O <-14y;HK3 �
>-8¤I9<%vzI�HJvk6i57<«8K>-HJu-69v.v.6 <-LN146�54576�LN6PLN6�5r:7=.8J<f:4=k>j8�,e,§8`pJ<-14I9>-HK17: +«8K>-HKuj6�<-H?vk6�:4<j5�69:B>j8�Oi6�:,+A´µ>jHK1§v.6�5
p)>-=.8j:469HK1�5°LK<-8J5�vk6'5�>-�N´µ69:45�,K/�>-HK1 -]8K=k1��N>-8qLN3�pKv.<jI�6Av.6�5��Kv.>NI95�,
� &(['#-!$[�['&(�)�

��vo> >�146Bv.6�5QO � Oi6�5Q<�uf<%8;:�<%�-6'5©y;HK6Avz<�*°6�I9>-pK=.6@6�:Q=.v�8K6A8K3'I�6'5757=�:46@pJ<-5�HK8?LN3'I�>jHKpJ<%�j6ALN6@v.<iOi39Oi>j=k146
698�D pJ<%17:7=.6�5§I�6 y;HK="vk=.Oi=�:46�LN>j8JIAv.6�5QpJ17>j�Kvk��Oi6�5QLN6.AD�����#��? � �-, �©69p)698JLK<-8;:�=kv"8K3�I96�545r=k:76 }{pKwJ<j5r6'5Q6�:§6�5r:
LN>j8JI�pKv.HJ52v.698;:Wy;HK6Qv.6��M� pJ<%1�*Q6�I�>jpK=.6-,-h 6�5 >j�N´µ6�:�52y;HK6°v\n >-8{LK39pKvz<-I96QLN>-=.u-6�8j: � :7146°p]>j=k8;:43�5 pJ<-1WLN6°ud1�<%=z5
p)>-=.8j:469HK1�5�,6F§6QpKv.HJ5WI96§�M� pK14>fu->Ny;HK6�HK8 � ��� �&� �(�#�{LK6M+QOi>%:WOi3�OP>j=k146�L=-{<-H p]>j=k8;:469HK1³5rHKpJpKvk3�Oi698;:4<-=k146
pJ<-1°>-�N´µ69:�,

� ��� � ! ����� !��:& �]$"�
5Q>jHJ5�<-vkv.>-8]5Qu->j=k1§�K14=k��u-69Oi6�8j:§vk6'5�LN6�HN�q:76�I�wJ8K=.y;HK6'5�pJ17=.8JI�=.pJ<-vk6'5�y;HK6�57>-8;:�vz<i:46�I�wK8K=zy;HK6�LK6�5�:4<%�;5Q69:

vz< :46�I�wK8J=.y;HK6ApJ<-1Q5µ:417H]I�:7HJ176'5³LK6MLN>-8K8J396�5�,

 	���	�
 ��� � �!�
��� �
	�� � � � � ��� + �

�©6�:7:76W:76�I�wJ8K=.y;HK6W6�5r:"HK8K6W:76'I�wK8K=zyjHJ62HN:7=.v.=.57396 !�8J<f:4HK1469v.vk6�OP6�8;: #@pJ<-1 v.6�5 v.<-8K�j<-�-6�5 +�:µxdpJ<%�j62LNxd8J<%Oi=zyjHJ6
<�-]8MLN6©LN=0>�3914698JI9=k6�1 HK8K6©uf<%v.69HK1�=.OiOi3�LN=z<f:46©Lon HK8K6©1739�e3914698JI96-, �Wvkv.6©I9>-8J57=.5r:76 +Q57<jI�14= -]691�HK8A�J=�:$>-HMpKv.HJ57=k6�HK1�5
�K=k:45Q<'-J8qLN6@�(<%=.176AI96�:r:46MLN=z5µ:4=k8JI�:7=.>-8�,e@ DK+ �o+�C � +3�WB�:414<-=�:4698;:QI�69:r:76@:46�I�wK8J=.y;HK6j,

 	���	�� % 0 �!�1� � � � � � ��� � �"� � � � � �"��� �"� � ������� '��

h < � �§t 6�5r: HK8K6©Oi<jI�wK=.8K62ud=k17:7HJ69v.vk6Wy;HK=d57=kO�HKvk6Wvk6 �e>j8JI�:4=k>j8K8K6�OP6�8;:$Lon HK8MpK14>NI�6'575769HK1 �-391�<%8;:�pKv.HJ57=k6�HK1�5
� � ���(�6�
	��©wJ<-I9HK8¯L�n 6�HN�{p]>;5757��LK6B54< pJ17>jpK176§pK=.vk6 �(LK>-8;:°v\n >-p)391�<%8JLK6�6�5r:QLN6i+§Oi>-:³Oi39Oi>j=k146'  �d57>-8 pK14>-pK146
5769�-Oi6�8j:MLN6{I9>NLN6i6�: 57>-8 pK14>-pK146�1469�j=.5r:7146P/³�§, :">-HJ5Av.6�5,:�wJ176'<-L¤u->-8;:M576Pp]<%17:4<%�j691@v.6i:4<-5@�j39143ipJ<%1@vz<
� �§t��-,Y@k+4B2pJ173'5r6�8j:46PLJ<%8J5Bv.69HK1A<%17:7=zI�v.6PHK8K6�:76�I�wJ8K=.y;HK6iHN:4=kv.=z5r3�6Pp]<%1Bv.< � �Bt p)>-HJ1§�(<-=k146PHK8K6 I�>jvkv.6�I�:7=.>-8
6��K<jI�:76j,�h <¯pK=.vk6{L�n HK8":�wK146�<jL¤I9>-8;:7=.698;:MLN6'5 A(C ���(�><(��� � ��,"1Q8 <(��� � �«6�5r:Mp]>jHJ57573 5rHJ1Av.<¯pK=.vk6 +qI�wJ<jy;HK6
=.8;uj>NI9<f:4=k>j8¤Lon HK8K6«OP39:7wK>NLN6 69:M6�5r: LN39pJ=kv.3 vk>j145ALKHY146�:4>-HK1MLK6iI96�:7:76{Oi3�:4wK>NLN6-,"1Q8 <(��� � �«6�5r: I�>-Oip)>j573
pK14=k8]I�=.pJ<%v.69Oi698;:WLN6'5 uf<%14=.<-�Kv.6�5�v.>dI�<%v.6�5��%LN6�52pJ<%1�<%Oi��:4176'5$6�:©Lon HK8 p)>-=.8;:769HJ1W5rHJ1 HK8K6�5r:714HJI�:4HK146�LK6�LN>-8J8K396'5
y;HK=d=k8]LN=.y;HK6�vz<§LK=.57p]>;5r=k:7=.>-8PLN6�5$p)>-=.8;:769HJ145$LK<%8]5"v.6 <(��� � ��,':">-HK:76�uf<%v.69HK1$69OipK=.vk3�6�vk6�5r6�14<§5rHJ1$vz<°:�<%=.vkv.6°Lon HK8
Oi>%:@Oi39Oi>-=.176 �]O � OP6PHK8 ��� ���{>jH`HK8%A&� ���DC�,oh <{:4<%=.v.vk6iLon HK8�<(��� � �i6�5r:@LK3�:76�17Oi=.8K396�+{vz<¯I�>-OipK=.vz<f:7=.>-8��
I�>j8;:71�<%=.176�OP6�8;: +PHK8K6A�j6�5r:7=.>-8qLN6�5°<-pKp)69vz5QLN6AOi3�:4wK>NLN6�5QI9v.<j5757=zyjHJ6�
f,Kh"< � �Bt LN>j=�:Q143�576914u-6�1³LK6Av.<ipKvz<-I96
p)>-HK1Bvk6'5�uf<-17=z<%�Kv.6�5§v.>dI�<%v.6�5§LN��5Bvz<«I�>jOipK=kvz<f:4=k>j8�I�6Py;HK=�v\n >-�Kv.=.�-6 +«173'5r6�17uj691�LK6 vz<«pKvz<-I96 p)>-HK1§:7>jHN:76'5�v.6�5
uf<%14=.<-�Kv.6�5³vk>NI�<%v.6�5�p)>%:76�8;:7=.69v.vk6�OP6�8;:Q176�8JI�>j8j:414<-�Kv.6�5©vk>j145°LN6@v�n 69�N3�I�HK:7=.>-8?LN6@v.<iOi39:7wK>NLN6j,
� %�H ! G4IW\ \_M TV\VG4I�k*PL\"Z MOHWU���� ;�� ZWPSU8!W\ JLfScQUVcQG4HWU"UVIW\XNQP # G4HCfSTVcQG4HWHWPSR PSH*T�ZWPYNdM���� ' g
��� MOHWUYIWHWP K4PLU T_cQG4H+fSNdMOU_UVc>(�IWP2NQPSU k4MO\ cdMOjWNQPSU]NQG6fLMONQPSU]ULi PSR.!WcQNQPSH6T�Z MOHWUYNQP fLMOZW\ P ZWP TV\VMLk4MOcQN ZWP NdM^R JaT6&CG�ZWP�MOI #0IW\ PaT )R PSU_IW\ PYPaTeU_IWc kOMOH6TeNQPYf &WPSR cQH U_IWc k�c g
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Un tableau en mémoire

TM

Faux objet

...

������� }],ER �{/214>-�Kv.�9Oi6ALNHq1469p)391�<%�-6@Lon HK8qud14<-=o>-�N´µ69:


 	���	�� � ��� � � �����/���
h�6'5³�M�~yjHJ=oHN:7=.vk=z57698;:³HJ8«pJ<-14I9>-HK1�5269�N<jI�:°5r>j8;:³LN6'5��M�~yjHJ=�5r>j8j:�I�>j8J5µ:417HJ=�:�5W6�8 O � Oi6§:76�OPp]5³y;HK6Bv.6I�>jOipK=kvz<f:469HK1AI96Py;HK=�p)6914OP69:M<%HN��I9>-8JI969pN:469HK1�5@LN6�pJ173�u->-=.1Bvk6'5B5r:714HJI�:7HK146�5@LN6iLN>-8J8K396'5B<jLN3�y;HJ<%:76'5�p)>-HK1

143�57>-HJLN146Bvk6ApK14>-�Jvk��OP6@LN6Avz<Pvk>NI9<-vk=z54<f:7=.>-8qLN6'5�p]>j=k8;:76�HK1�5°LK<%8J5�vz<PpK=.vk6j,

� ��� � ! ����� � )�#
�e!�� �8&'$"(�� ��� ! $ �e! � ( � )�#
�e!�� �8&'$�( � ���

 	�
 	�
 � � � �������(� ����� � � � 0 � � ���

F§3 -J8K=k:7=.>-8?C2$ 1�8qu;1�<%=�>j�N´µ6�:Q6'5µ:°HK8q>-�K´µ6�:�y;HK=�<P3�:43M<%v.vk>jHK3@pJ<%1°v�n <-vkv.>NI9<%:769HJ1�,
,§8�66>)6'I�:4HK6iHK8¤p]<%1�I�>-HJ145BI�>j8J5r6�17uf<%:7=k�Wvk>j1454y;H�n >-8`8K6 54<%=k:ApJ<-5Bv.>dI�<%v.=.57691Bv.6�5@p)>-=.8j:469HK1�5@LK<%8]5§vz< �9>j8K6

Oi39Oi>-=.146MyjHJ6Av\n >-8q6��K<-OP=.8K6{�(pK=kv.6M>jH¯>j�N´µ6�:� �,o�©6�:r:46 �9>j8K6AOi39Oi>-=.176M<-pKpJ<-14< �.:QLN>j8JIA<%H`�M��I�>jOPOi6AHK8J6
57HK=�:46WLN6WI�<-576�5oOi3�OP>j=k146�5�,�h 6 pK14=k8JI9=kp)6W6'5µ:"vk6W57HK=.uf<%8;:�$�:4>-HN:"69OipKvz<-I�6�Oi698;: Oi39Oi>-=.1462p]>jHKuf<%8;:"I9>-8;:76�8K=k1 HK8
p)>-=.8j:469HK1��%57691�<§I9>-8J57=.LK39143³I9>-OiOi6³HJ8Pp)>-=.8;:76�HK1�,f/�>jHK1 I�6��(<%=.146���>-8PpJ<%1�I�>jHK17:$vz< �9>-8J6�573�y;HK6�8;:7=.69v.vk6�OP6�8;:�6�8
I�>j8J57=.LN3�14<-8;:WyjHJ6�I�wJ<-y;HK6�OP>-:©6'5µ:WHJ8{p]>j=k8;:469HK1³I9<%8]LN=.LJ<f:�,;±ªpJ<-1r:4=k1³LN6QvB+ �;5r6�HKv.5©v.6�52p)>-=.8;:76�HK145©I9<-8JLN=zLK<f:�5
y;HK=�p]>j=k8;:4698;:{5rHK1iHK8 ud14<-=³>j�N´µ6�: 57>-8;:�:414<-=�:43�5iI�>jOiOP6qLN6'5�p)>-=.8;:76�HK145���vk6'5i<%HN:4176'5�57>-8;:i3�I9<-1r:43�5�,�5�>-HJ5
<%v.v.>-8J5°LK<-8J5�HK8?pK1469Oi=.691�:469OipJ5°pK143�57698;:4691°v.6�5°pK14>-�Jvk��OP6'5°y;HK= 576Bp)>j57698;:Qp)>-HK1°1469p)3914691°HJ8¯>j�N´µ6�:Quf<-vk=zLN6��
LK<-8J5�HJ8¤576�I�>j8JLq:469OipJ5��]pK143�57698;:4691�vz<��"� ?BA(?E�6� � C ? 	 �(��C ?)��� #?6�:ALK<-8J5�HJ8`:714>-=z57=k��OP6M:769OipJ5BpK143�57698;:4691�v.6�5
pK14>-�Kv.�9Oi6'5°LNHJ52+Pv\n <%14=k:7wKOi3�:4=.y;HK6MLK6�5�p)>-=.8j:469HK1�5�6�:�LK6�5QI�<-5r:45 +Pv.<«�§,

���]a acZd���M�fZj�©bj�fZ;�{!$� �o��VJ&°�J¬oº'Zj� �¤�$VK�'�'&e�«�©¨k!$���W�)&(���'Z;!"�{#-VJ�"�$&(�$VN��

±QH{5769=.8«Lon HK8 O � Oi6§v.<-8K�j<-�-6��-vk6'52>-�K´µ6�:45W>-8;:©LN6'52=.8du�<-17=z<%8;:�52Lon =kOipKv.39Oi698;:�<f:7=.>-8 ,j/ <%1W6��N69OipKv.6��dLK<%8]5

v.6BI�<-5�Lon HK8«vz<%8K�;<%�j6§y;HK=)�(<%=k:�LK6§v�n wJ3914=�:�<%�-6@57=kOipKv.6§69:�y;HK=oHK:7=.vk=z5r6Bvz<M:46�I�wK8K=zy;HK6@LN6�5©:4<-�Kv.6�5�LN6BOP39:7wK>NLN6'5 �
HK8 >-�N´µ69:³57691�<@:7>jHN:�57=.OPpJvk6�OP6�8;:³HK8J6 ��>-8K6BI�>-8;:4=k�jH ��LN6BOi39Oi>-=.176BLN>-8;:³vk6BpK1469Oi=k6�1WOi>%:�6�5r:�HK8{p)>-=.8j:469HK1
57HK1WHK8J6�:�<%�Kv.6§LN6§Oi3�:7wJ>dLK6�5³5rHK=.ud=)LK6�5³5r6'5WI�wJ<-OPp]59, ,§8{< LN>j8JIQHJ8{Oi>fx-698{LK6�1469p)3914691WHJ8{>-�N´µ69:�, ,§1©I96�I�=
8�n 6�5r:°pJ<-5°57H=/{57<-8;:�,Nh < -J�jHK176B}J, RMOP>j8;:7146§HK8qI9<j5�>-² vk6'5°LN>-8K8J396�5�p)>-=.8;:73�6�5³698¯Oi39Oi>-=.176@146�545r6�O �Kv.698;: +
HK8q>-�K´µ6�:�,

F§3 -J8K=k:7=.>-8�R $ 1�8¯�(<%HN�«>j�N´µ6�:Q6'5µ:°HK8J6M5rHK=k:76ML�n >NI�:46�:�5°yjHJ=�176'575769O��Kv.6 +iHK8qud1�<%=�>-�N´µ69:�,

TWZd[i�f&([ � !$Z;[P�$�f� �]� � !$bd[i�$VN� _(Zd[i��VJ! ���J¬oº'Z;��[
+j,°/$>jHK1MHK8 
 �'���5����� ������� � �$HK8��(<-HN� >-�N´µ69: 6�5r:�LK<-8K�-6�176�HN�¤v.>-1�5MLN6 v.<?pJwJ<-576{LN6«O <-14y;HJ<-�-6 I9<-1
I�14>fxj<%8;:³Oi<-14y;HK6�1�HK8q>-�N´µ69:�>j8qp]6�HN:QOi>dLK= -J6�1°698¯�(<%=k:�LN6'5°LN>-8K8J396�5°L�n HK8qud1�<%=o>-�K´µ6�:�,
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DK,°/$>jHK1�HK8`�M�ªLJ<%8J5�v.6@�-698J176ALNH 
 � ADC = ���%� �(� ��? �
� � �'= = ��� C ��� � �NHK8¯�(<%HN�«>j�N´µ6�:Q6'5µ:QLK<-8K�-6�176�HN�{v.>-1�5
LN6 v.<?I9>-pK=.6{Lon HK8�>-�K´µ6�:Mp)>-=.8j:43{pJ<-1AHK8cI�wJ<%OipJ5 LN6{I�6i�(<-HN�Y>j�N´µ6�:«�(=k6{I96«I�wJ<-OPp p)69HN: � :7146 pJ<-1
6��N69OipKv.6@HK8q698;:7=.691� �,

*°6�Oi<-14y;HK6AD $Kh 6�5³�(<%HK� >-�K´µ6�:45°57>-8;:°3�:4HJLN=.3�5°6�8¯<-8K8K69�d6A± ,

� Z;#"�$�"& � !"Z¤[�VJ�"[i[��9�f!"#-��!"�fZ;[ �$Z`�$�]�$�$b;Zd[
FB<%8J5°I96�:r:46A5r=k:7HJ<%:7=.>-8 �Nvz<i5r6�HKv.6§�(< ��>j8¯LN6ALN39:76�17Oi=.8K691Q57=oHK8qp]>j=k8;:469HK1QI�<%8JLN=zLK<%:�p)>-=.8;:76A57HK1°HK8¯>-�N´µ69:

uf<%v.=.LK6°6�5r:©LN6QI�>jOiOP6�8JI�6�1�+A54I9<%8J8K691 v.6°:4<j5 +@pJ<-1r:4=k1WLKH{LN39�KHK:W698ipJ<j5754<%8;:2Lon HK8 �Kv.>dI�<%H 5rHJ=kuf<%8;:o´µHJ54y;H�n +
LN39:76914Oi=k8J69125�n =.vKp)>-=.8j:46°>-HP8K>-8i57HK1 HK8i>-�N´µ69:2uf<%v.=.LN6j,-t`<-=.5 I96�:r:46�:76'I�wK8K=zyjHJ6³6'5µ: :417>jpPI9>.-N:469HJ576-,��W8 >-HN:4176 �
p)>-HK1MHJ8 �M�¡y;HK=W<?<jI9I9��5M<-HN�`:4<-�Kv.6�5MLN6«OP39:7wK>NLN6'5 � 8K>-HJ5 <�u->-8]5B:714>-HKuj3iy;H�n =.v26�5r:Mp]>;5757=.�Kvk6{L�n >j�N:76�8K=k1
HK8�I96917:7= -]I9<%:§69�N<jI�:§y;HK=$�j<-14<-8;:7=k:§y;H�n HJ8K6 uf<%v.69HJ1�6�5r:§HJ8K6�<jLN176'57576 LN6PLN39�JHN:@L�n HK8J6M:4<-�Kv.6�LN6�OP39:7wK>NLN6'5 �
698�Lon <%HN:4176'5�:76914Oi6�5��2y;H�n HJ8 p)>-=.8;:769HJ1Pp)>-=.8;:76?57HK1iHK8K6¯:4<-�Kvk6?LN6qOi3�:4wK>NLN6�5�,©�©6�I9=°p]6�17Oi69: L�n <-1714=kuj691 +
HK8K6ApJ17>j�J<%�K=.v.=�:43@:714��5³�(<%=.�Kv.6 LN6@�(<-HN� >j�N´µ6�:�59,J±�=k8]5r=�8J>-HJ5Q<�uj>-8J5³6�8¯pJ176�OP=.691�vk=.69Hq6�5454<�x-3@LN6@:714>-HKuj691°HK8J6
:76'I�wK8K=zy;HK6��]<-57396i5rHK1@v.6.
��'�����'����������� � <�u-6'IMHK8K6PpKwJ<j5r6i57HKpKpKv.39Oi698;:�<%=.176iLN6iLN39O <%1�y;HJ<%�j6�LN6'5§�(<%HN�
>-�K´µ6�:45�,�t`<-=.5AI96�I�=2576i173�u-��vk6iy;HJ<-57=kOi6�8j:A=.Oip]>;5757=k�Jvk6j,X5Q>-H]5ALN3�I917=.u->j8J5B698 <%8K8K69�N6i± I96 I�6917:7= -]I�<f:M<%=.8J57=
y;HK6@vk6'5°pK14>-�Kv.�9Oi6'5©v.=.3�5Q<-HN�{�(<%HK�«>-�N´µ69:45°p)>-HJ1QI�6�:7:76@:46�I�wK8K=zy;HK6-,
� Z;#"�$�"& � !"Z ��¬�VK['Z¤�$ZY[9����!$#%�'! �fZd[¯�"Z �$�]�$�"bdZd[ h�6'5°:46�I�wK8K=zy;HK6�5 +{�J<j5r6�LN6 pJ<-�-6'5�LK<-8J5Qv.6 �j698K146
LN654³>;6�wKO 6�:`LN6&4³<-1r:4vk69:r:?5r>j8;: v.6�5q5r>jvkHK:7=.>-8J5«vk6'5 pJvkHJ5¯6�8;ud=z57<-�-6'<%�Kv.6�5�, �2v.vk6'5¯p]6�17Oi6�:7:76�8j:`LN6Y57<�uj>-=.1
6��K<jI�:76�Oi698;:�>-²`57>-8;:§57=k:7HK3'5�v.6�5�>-�N´µ69:45Q6�8`Oi39Oi>-=.146-, 4³>d69wJO�LN3'I�>jHKp]6�vk6M:4<-5§698?p]<%�-6'5�LN6 O � Oi6M:4<-=kv.v.6
6�:PxY5r:7>NI

j6{LK<%8J5PI�wJ<jI�HK8K6{L�n 6�8j:4176«69v.vk6'5�LN6'5M>j�N´µ6�:�5 LN6 O � Oi6 :4<-=kv.vk6j, 4�<-1r:4vk69:r: HN:4=kv.=z5r6 HK8�u-6'I�:76�HK1�LK6
�K=k:Bp]<%1�p]<%�-6�>-²�I�w]<-y;HK6M�K=k:AI�>-14146�57p]>j8JL +{HK8�OP>-:@I96�y;HK=$p]6�17Oi69:@Lon =.8JLN=zyjHJ691Bvk6PI�>-OiOi698]I�69Oi6�8j:@LN6�5
>-�K´µ6�:45°LJ<%8J5�vz<ipJ<%�j6-,J�©69p)698]LK<%8;:��]I�6�5³:46�I�wK8J=.y;HK6'5�pK17>fuj>NyjHJ698;:�LK6�5 � ��� �&� �(�#��A�,
TWV��������-� � ��� ���	��
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h <�� � ?BAD?E�#� � C ? 	��(�'C ?)�'���$6�5r:�v.6 :76�17Oi62<%8J�-vz<%=z5oLN62O <%HKuf<-=.576�=.LN6�8;:7= -]I9<%:7=.>-8�,'h <�� � ?BAD?E�#� � C ? 	��(��C ?)�����$6�5r:
v.6§�(<-=�:QLN6@pK14698]LN176BHK8¯8K>-8¯p)>-=.8j:469HK1M�(pJ<%1�69�d6�OipKvk6@HK8¯698;:4=k6�1� Wp]>jHK1°HK8¯p]>j=k8;:469HK1', �28qLon <-HN:7146�5©:46914OP6'5 �
v.6?p]>j=k8;:76�HK1«I�<%8JLN=zLK<%:{8�n 6'5µ: pJ<-5 HJ8^p)>-=.8;:76�HK1{O <%=z5 HK8~6�8j:4=k6�1{6�:¯I�6?p)>-=.8j:469HK1 I9<%8]LN=.LJ<f:«I�>j17146�57p)>-8JL
�K=.6985+«v�n <-LN146�545r6iLon HK8Yu;1�<%=�>j�N´µ6�:',X,§8Yp)69HN:MLN>j8JIi<%�)>-HN:4=k1,+ HK8K6i1739:76�8j:4=k>j8¤LN6iOi39Oi>j=k146-, �©69p)698]LK<%8;:��
I�>j8;:71�<%=.176�OP6�8;: <-HN� �(<-HN�i>-�N´µ69:45��%69v.vk6�8�n 6'5µ:2p]<-5WLJ<%8K�j691469HJ576�p]>jHK12vz<AI�>-wJ3914698JI96QLN6Qv�n 69�d3'I�HN:4=k>j8�,-±~p]<%17:7=.1
LNH^Oi>-Oi698;: >-²^v\n >-8 �(<%=k: HK8^pJ<%1�I�>jHK145PI�>j8J576914u�<%:7=k�§LN6?vz<�pJ=kv.6�� v.6?17=z54yjHJ6¯LN6�� � ?BAD?E�#� � C ? 	��(�'C ?)�'���«6�5r:
=.8K39ud=k:4<%�Jvk6j,]�©69p)698JLK<-8;:Q=kv�6'5µ:°p)>j545r=.�Kv.6MLN6B�(<%=.176@�J<-=.5457691°v.6�5�14=.54y;HK6�5 $

+j,Qh�6�5�<jLN176'57576�5©LN6ALN39�JHN:³69:QLN6 -J8 LN6B:�<-5�5r>j8;:³I�>j8K8dHK6�5�I96By;HK=o=.OipKvk=zy;HK6@yjHJ6�:4>-HN:46Buf<-vk6�HK1�wK>-1�5©LK6
I�6�5��)>-148K6'5�8�n 6'5µ:°pJ<j5�HK8K6M<jLN176'57576-,

DK,Qh�6�5³>j�N´µ6�:�5³<-vkv.>-HJ3�5�5r>j8;:�<-vk=.�-8K3'5©57HK1�HK8K6A<jLN176'57576§LK6BOi>-:�, :">-HN:46§uf<%v.69HJ1³8J6@I9>-14176'5rp)>-8]LK<%8;:WpJ<j5 +
HK8¯<-vk=.�-8J69Oi698;:QI�>j17146�I�:°57691�<PI�>-8]5r=zLN3914396@I�>jOiOP6@HK8J6Au�<-vk6�HK1°=.OPOi3'LN=.<%:76j,

sJ,^1°:7=.v.=.54<f:4=k>j8«Lon HK8K6Bvk=z5µ:46�8K>j=k146���� = ���(��=@?BADC7 �,dh"<Mv.=.5r:76B8K>j=k146Q6�5r:�HK8 57xN5µ:4�9Oi6�pK1439uj698;:7=k�µ,NFd>-8{pJ17=.8JI�=.p)6
6�5r:AL�n x`pJv.<jI�691ALN6'5A<-LN146�54576�5ByjHJ= >-8;:Ap]>;5r3PpK14>-�Kv.�9Oi6�5���pJ<%1@6��N6�OPpJvk6iHK8 p)>-=.8j:469HK1AI�<%8JLN=zLK<%:Ay;HK=
p]>j=k8;:76¤LK<%8J5«HK8K6 �9>-8J6�<%v.vk>jHJ<%�Jvk6 �(=k6YLK<%8]5{v.6�5{v.=.OP=k:76'5 LKH~:4<j5 �³I�>-14146�57p]>j8JLK<%8;:.+�HJ8K6¤<jLN176'57576
<%v.=k�j8K396 57HK1Bvk6�Oi>%:i,k,.,  �O <%=z5§y;HK=$8K6Pp]>j=k8;:46 pJ<j5§57HK1BHK8�>j�N´µ6�:',)hWn >j�N´µ6�I�:7=k�W6�5r:BLon 39ud=k:76�1BLon HN:4=kv.=.57691
HK8K6�LK6�I�6'5�<jLN176'57576�5Qp]>jHK1§HJ8K6 pK14>NI�wJ<%=.8K6 <-vkv.>NI9<%:7=.>-8`<�-]8�LN6 pJ173�u-698J=k1QHJ8K6���OP=z57=.LN6�8;:7= -]I9<%:7=.>-8��%,
4©=.698�39ud=.LK69OiOi698;:��o57="v�n <-vkv.>NI9<%:769HJ1�8�n <«pJvkHJ5B<-54576 ��LK6 Oi39Oi>-=.146 p)>-HK1@<%v.vk>jHK691§HK8�>j�N´µ6�:���=kv$=k1�<{6�8
I�wK691�I�wK691�LK<-8J5°vz<�v.=z5µ:46B8J>-=.176j,

h�6ipK14>-�Jvk��OP6 LN6ivz<�� � ?BA(?E�6� � C ? 	 �(��C ?)����� 6�5r:M<%�)>-1�LN3iLK<%8J5 @E�WB¹,�h2n =.OPp]<-I�:M<-H¤8K=.u-6'<%H¤1739:7698;:4=k>j8YLN6iOi3 7
Oi>-=.176MLK39p)698JL?LN6'5Q5r:714HJI�:4HK176'5QLN6 LK>-8K8K3�6�5°HK:7=.vk=z5r3�6�5�,J/ <%1°69�N69OipKv.6 5r= v\n >-8?HN:4=kv.=z5r6 LK6@:714��5Qv.>-8J�-HK6'5 -Jvk6'5 �
v�n =.OipJ<-I�:�Lon HK8K6�� � ?BAD?E�#� � C ? 	��(�'C ?)�'���°p)>-HJ171�< � :7146Q:76�1714=.�Kvk6@LK<-8J5Wv.6AI9<j5W>j²«69v.v.6§8�n 6�5r:�pKvkH]5³<jI9I96�545r=.�Kv.6�pJ<-1
�Oh P�''G4UVTVN ,�` E<G%! ,�cQHWK^E G4NQNQPSfSTVPSIW\ePLU TeJSTVIWZWcQJ )]NdM U_PSfaT_cQG4H ;Wg ;Wg ;Wg

D-C



3 4 1 2 3 4 1 2

p
pointeur de base

p
p = NULL

q
q = p + 2

Tas

Pile

L’objet est référencé par un pointeur de base L’objet n’est plus référencé par un pointeur de base

�����	� }], m
�{/214>-�Kv.�9Oi6ALN6Avz<�O <-8K=kpJHKv.<%:7=.>-8?LN6'5�p]>j=k8;:76�HK1�5

25 M A R T I N M A R T I N25

int& personne::foo(){return age;}

zone garbageable

=qp kkp
pointeur de base

void main(){...personne*p=new personne(MARTIN,25);
int*k=&p.foo();...personne* q; ...

private: char* nom; int age; ...};
class personne{

nom age nom age

������� }J, |
� /W17>j�Kvk��Oi6@LK6Av\n >-p)391�<f:469HK12/ LN6 �21,1

v.6§O�HN:4<%:769HJ1°6�:�>-²«vz< � � ?BA(?E�6� � C ? 	 �(��C ?)�����Q:7>jHJI�wK6Bvk6BpK1469Oi=.691�39v.39Oi698;:',K±Q=.8J5r=):4>-HN:46Bvz<>-Jvk6A57691�< I9>-8J57691�7
u-3�6�6�8{Oi39Oi>-=.176j,N�©6�p]6�8JLK<-8j:��j=.vo<M39:73�Oi>j8j:4173By;HK6§LK<-8J5©v.< �-1�<%8JLN6�Oi<%´µ>-14=�:43�LN6'5³I�<-5Wv.< 1739:7698;:4=k>j8{8�n 6�5r:
pJ<j5Q=.OPp)>-17:4<-8;:76-,�F§6 pKv.HJ5���4³>d69wKO�pK143�I9=.576 y;HK6�v\n HN:7=.v.=.54<f:4=k>j8�Lon HK8K6 v.=z5µ:46 8K>j=k146Mp)6914OP69:BLN6 �(<%=.176PI�wdHN:76�1
�-1�<%8]LN69Oi698;:�vk6A14=z57y;HK6ALN6�� � ?BAD?E�#� � C ? 	��(��C ?)�����P�(y;HJ<-57=o8dHKv  �,
TWZ`�"�f�]¬$_\¸;a Z �$Z`_µ¨.VN�f&e� �"acb;�'& � !$Z �$Zd[i�W�]&\����Zd!"��[

F§3 -J8K=k:7=.>-8?m2$ 1�8qp]>j=k8;:76�HK1QLN6A�J<j5r6@6'5µ:°HK8qp)>-=.8j:469HK1Qy;HK= p]>j=k8;:76M<-H¯LK39�KHN:�LK6Av\n >-�N´µ69:�,
/�>-HK1¯LN3�:46914Oi=k8K6�1¯57=BHK8ªp)>-=.8j:469HK1qI9<-8JLN=zLK<f: p]>j=k8;:76 57HK1«HK8 u;1�<%=§>-�N´µ69:��³vk6��M��uf<cuj3914= -J6�1«57=BI96

p)>-=.8j:469HK1°6'5µ:QHJ8 p)>-=.8;:769HJ1QLN6A�J<-576-, ,§1°57=�v.6BpJ17>j�-1�<%OiOi69HK1�<Pv.<Pp)>j545r=.�K=.vk=k:73MLN6@O <%8J=kpKHJvk6�1QLN=k146�I�:76�OP6�8;:
v.6�5$p]>j=k8;:469HK1�5 ��>j8�p)69HN:2576©146�:417>jHKu-6�1$LJ<%8J5$HK8K6°57=�:4HJ<f:4=k>j8 >j² HK8P>-�N´µ69: 6�5r:$ud=.u�<-8;: I-n 6'5µ: +@LN=.176�<f:7:769=.�-8]<%�Kv.6
pJ<-1 v.6{O HN:�<f:469HK1�6�: >j²�vk6q�M�¡8J6«v.6 :71�<�u-6�14576ipJ<-5 �eu->j=k1 -J�-HK146�5M}J, m?6�: }], |; �, �©6«y;HK=©ud=.>-v.6 v.<`17���-v.6?+
LNHªI�wJ<-pK=k:7146?}J,]1�8K6`pK1469Oi=.�9146q57>-v.HN:4=k>j8^6'5µ:¯LN6`1�<%Oi698K6�1 vk6?p)>-=.8;:76�HK1 I�<%8JLN=zLK<%:{u-691�5iv.6`p]>j=k8;:469HK1«LK6
�J<j5r6A69:§LN>-8]IALN6 I�>j8J57=.LN3�176�1°yjHJ6A:7>jHN:�p)>-=.8j:469HK1§I9<%8]LN=.LJ<f:�y;HK= p)>-=.8;:76 +iv�n =.8;:73�17=.69HK1§Lon HJ8?u;1�<%= >-�N´µ69:Q6�5r:
HK8Yp]>j=k8;:469HK1',"�©6�I9= 6�5r:M173'<%v.=.54<%�Kv.6�<�uj6�I�vk6'5B:76'I�wK8K=zyjHJ6�5,+ �J<-576�5ALN6ipJ<-�-6'59, �©6�:7:76i:46�I�wK8K=zy;HK6i6�5r:AHN:7=.vk=z573
LK<-8J5m@ C B¹, 1Q8J6 LN69HK�d=.�9Oi6 57>-v.HN:4=k>j8¯6'5µ:BLN6A�e>-HJ178K=.1 + v�n HN:7=.vk=z54<f:76�HK1§LKH��M� LK6�5Q=.8duf<%14=.<-8j:�59,N/ <-1Q6��N69OipKv.6��
:7>jHf´µ>-HJ145B�j<-14LK691BHK8�p)>-=.8;:769HJ1M<%H¤LK39�KHN:MLN6iv�n >j�N´µ6�:',X1Q8K6i39:7HJLN6ipK143�I9=.576 69:MLN3�:�<%=.vkv.396i6�5r:@173'<%v.=.57396iLK<%8]5@.+-+4B°I�>j8JI�6�178J<-8;:MHK8K6«HK:7=.vk=z57<%:7=.>-8cLon HK8^5r>jHJ5 7¹698]5r6�O �Kv.6{LN6�5 p]>;5757=.�K=kv.=k:73�5�LN6q�21,1�,Y,§8�p]>jHK1414<q:417>jHKu-6�1
LK<-8J5'@k+'mWB HK8?LN=z54I�>-HJ145�57HK1°v\n <%14=k:7wKOi3�:4=.y;HK6MLK6�5�p)>-=.8j:469HK1�5�,

*°6�Oi<-14y;HK6{s0$ �28 � <�uf<qI�6«pJ17>j�Kvk��Oi6 8�n 69�N=.5r:76{p]<-5 I�<%1MHJ8K6«uf<%14=z<%�Kv.6 14<%:4<jI�wK396 +qHK8 >-�N´µ69: p]>j=k8;:46
:7>jHf´µ>-HJ145°<-H¯LN3��KHN:�LN6MI96�:Q>j�N´µ6�:',

*°6�Oi<-14y;HK6@}0$]��v�6�5r:§LN=k:§LK<-8J5�@.+-+*B$y;HK6MI�>j8J57=.LN3�176�1°HK8?p)>-=.8j:469HK1BI9<-8JLN=zLK<f:�y;HK="p]>j=k8;:76�LK<%8J5QHK8?ud14<-=
>-�K´µ6�:MI�>jOPOi6iHK8Yp]>j=k8;:469HK1@�(<-=�:M<%HJ�-Oi698;:76�1ALK<%8J5Bv.6ipK=k146 LN6�5AI�<-5Bv.6�:469OipJ5@�jvk>j�J<%v LNH��M��LN6«D#����69:
y;HK6ALK<%8]5°v.<PO <f´µ>j17=k:73@LN6'5QI9<j5 �KI96B8 n 6'5µ:QpJ<j5�HK8qwJ<%8]LN=.I�<%p�,
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pointeur de base

tableau de int*

t[0] T[1]
22 32 22 32

pointeur de base

a

Pile

Tas

T[1] = (char) ’a’

Donnéees statiques tableau de int*

������� }J,.+3���{/217>j�Kv.�9Oi6MLN6AI9<j5µ:

 	�
 	�� ������� 	��"� � � � �/� � ��� � � � �����"� ������� � �!� 0 � � � � �

h�6'5 pJ<-14I9>-HK1�5 I�>j8J5r6�17uf<%:7=k�(525r>j8;:WHN:7=.v.=.573�5©LK<%8J5Wvk6§I9<-52>-² v.6§�M� 6�5r:©LN6'5µ:4=k8K3 +M5r6��-146*>�691�+@HK8«v.<-8K�j<-�-6
6��N=z5µ:�<%8;:�, �W8¯66>)69:��JLJ<%8J5�HK8J6@:769v.v.6M5r=k:7HJ<%:7=.>-8 �N=.v�8�n 6�5r:QpJ<j5�698dud=.54<%�j6�<%�Jvk6BLN6@�(<%=.176@HK8qpJ<-14I9>-HK1�5©6��K<-I�:°LK6
vz<?pK=.vk6«I�<%1 I969v.HK= 7¹I9=W=.OPp)>j57691�<%=k: LN6 �(<-=k146«Lon =.OPp)>-17:4<-8;:76�5MOP>NLN= -]I�<f:7=.>-8]5 <%H�8J=kuj6�<%H�LNH I�>-OipK=.vz<f:76�HK1M69:
8K>-:4<%OiOi698;:§LK6 vz< �-3�8K391�<f:4=k>j8¯LN6PI�>NLN6j,]±¡p]<%17:7=.1�LN6 vB+ �]=kv"6��N=z5µ:46 LN69HK�qp)>j5457=k�K=.v.=�:43�5��K�(<%=.146AHK8`pJ<-14I9>-HK1�5
6��K<jI�:�LN6'5°>-�N´µ69:45��N>-Hq�K=.698?HK8qpJ<-14I9>-HK1�5�I�>j8J5r6�17uf<%:7=k��LN6'5°>-�K´µ6�:45�,	,§8qp)>-HK1414< :714>-HJu-691°HJ8K6ApK143�57698;:4<%:7=.>-8
57HK1Mv.6�5Mp]<%1�I�>-HJ145AI9>-8J576914uf<f:7=k�(5A69:�5r6�Oi= 7�I�>j8J5r6�17uf<%:7=k�(5MLK<%8]5 @k+��WB¹,]@EDN+ � � ��RWB©Oi>-8;:4176�8j:Mv�n =k8;:73�1 � :�LN6'5��M�
I�>j8J576914u�<%:7=k�(59,

*°6�Oi<-14y;HK6A� $JFd6�HKv�v.6MI�>jOPpJ=kvz<f:469HK1°54<%=k:Q>-²q5r6B:714>-HJu-6@vk6@p)>-=.8;:769HJ1 C�� ?BA�,
�?��['Zdac& ­�#-�)�"['Z;���KVK��&(�

FB<%8J5AHJ8 �M�¡5769Oi= 7¹I9>-8J576914uf<f:7=k� ��v.6«�M�lp]>;5757��LN6{LK6�5A=.8N�e>-14O <f:4=k>j8J5A5rHJ1Mvk6'5A:µxdp)6�5MLN6'5MI�wJ<-OPp]5MLN6�5
>-�K´µ6�:45�,N/�>-HK1°>j�N:76�8K=.1QI�6�5Q=k8N�e>j17O <%:7=.>-8J5��dvk6MI9>-8JI969pN:469HK1QLNH`�M�ªp]6�HN:�57>-=k:��K5�n =.v�698?<Pvz<�p)>j5457=k�K=.v.=�:43��N�(<-=k146
LN6'5©Oi>NLN= -]I9<%:7=.>-8J5³LN6BwJ<%HK:³8K=.u-6'<%H«LKH I�>jOipK=kvz<f:469HK1°<'-J8«Lon >-�N:4698K=.1°LN6�5³=.8N�e>-14O <f:4=k>j8J5©57HK1³vk6'5©:µx;p)6�5³57>-=k:
vz<%=z5757691 vz<Ap)>j545r=.�K=.vk=k:73�<-HipK17>j�-1�<%OiOi69HK12LK6�5rp)3�I9= -]6912v.6�5©I�wJ<%OipJ52LK6°:µxdp]6'5 p]>j=k8;:469HK1�52v.>-1�5 LN6Qv�n <-vkv.>NI9<%:7=.>-8
�S@.+-+*B©<�u-6'IMv.6�5 A4�(��� � ? � ����� C � �3�¤69:@vz<¯Oi3�:7wJ>dLK6�C ���	� � �(A �����«LK<-8J5 @ D B  �,e1Q8��M�¡5769Oi= 7¹I9>-8J576914uf<f:4=��2p)69HN:
1469p)>j57691°5rHJ1°v\n =k8duf<%14=z<%8;:Q5rHK=.uf<%8;:,$

��8duf<%14=.<-8j:@+ $ 1�8qI�w]<%Oip¯L�n HK8qud1�<%=o>-�K´µ6�:°p]>j=k8;:46M5rHK1°HJ8¯ud1�<%=�>-�K´µ6�:�,
�©6�: =.8du�<-17=z<%8;:�p]6�17Oi69: L�n 3�u;=k:76�1 vk6³:46�5r: LK6�54<�u->j=k1�57=NHK8�p)>-=.8;:76�HK1 p]>j=k8;:46�<-H�LN3��KHN:WLon HK8i>-�K´µ6�:�vk>j1454y;HK6

I�6°p)>-=.8;:76�HK1 6�5r:2HK8 I�wJ<%OipiLN6�:µxdp]6°p)>-=.8;:76�HK1 6�:W<-=k8J57=KLN6°8K6°p]<-5�1�<%v.698;:7=.1�vk6��M�§,;�©6�p]6�8JLK<-8j:��-57=Nvk6'52I9<j5µ:�5
+Pv.< �~57>-8;:°p)6914OP=z5��KI�6�:°=.8du�<-17=z<%8;:�p]6�HN: � :4176@ud=k>jvk3j,Nh < -J�-HJ176B}J,.+3��Oi>-8;:7146§HJ8 pK14>-�Jvk��OP6@v.=k3,+�HK8?I9<j5µ:',1Q8¯<%HN:4176§pK14>-�Kv.�9Oi6�v.=.3B<-HN�{I9<-5r:45W6�5r:�LK6BI�<-5r:7691©HK8«6�8;:7=.691³698«p)>-=.8;:76�HK1³<'-J8«LN6B143�<%v.=z5r6�1WHK8K6@< >�6�I�:4<%:7=.>-8
LN6Muf<-vk6�HK1 +iHK8`I�wJ<-OipqLK6A:µxdp]6Mp)>-=.8;:76�HK1�,�F§<-8J5QI96 I9<j5 �K>j8qp]6�HN:B<-1714=kuj6912+ip)>-=.8j:4691Q8 n =.Oip]>j1r:46M>-²?69: +
:714>-Oip)691°v.6 �M�§,
�?����! �fZdacZd���i#-�)�"['Z;���KVK��&(�

1Q8¯�M�^pKHK1469Oi698;:�I�>-8]5r6�17uf<f:4=��o:414<�uf<-=kv.vk6�698«v�n <%�J57698JI96Q:4>%:4<-vk6BLon =k8N�e>j17O <%:7=.>-8J5©5rHK1³vz<Mv.>dI�<%v.=.54<f:4=k>j8{LN6�5
p)>-=.8j:469HK1�5�,%h2n <�u�<-8;:4<%�j6©Lon HK8P:76�v]�M� 6'5µ:2y;H�n =kvJ8K6�176'yjHJ=k6�1r:2<%H]I�HK8K6�Oi>NLN= -]I9<%:7=.>-8iLNH I�>-OipK=.vz<f:76�HK1�6�:Wy;H�n =kv
6�5r:B:714��5��(<-I�=.v.6 +{HK:7=.vk=z5r6�1§p)>-HJ1§v.6PLK39u-6�vk>jpKp)69HK1',�F§6 pJvkHJ5@I96�5@�M� p]6�HKu-6�8;:§p)6914OP69:r:4176iLN6 v.HN:7:7691AI9>-8;:7146
v.6�5�pK14>-�Kv.�9Oi6'5�pK17>fuj698J<-8;:�LN6@v�n <-17=k:7wJOP39:7=zy;HK6MLN6�5�p)>-=.8;:76�HK145�69:�LN6�5°I�<-5r:452+Pvz<«�§,
� �~ac�J�P[�!"�¯�����

h2n =.OPpJvk3�OP6�8;:4<f:4=k>j8«5r:4<%8]LK<%1�L LN6@�21,1
	Q6�5r:©HK8K6B=.OPpJvk3�OP6�8;:4<f:4=k>j8{pJ<-1©57>-HJ5 7�>j�N´µ6�:�52I�6By;HK=J�(<-=�:°y;H�n HK8
p)>-=.8j:469HK1�p]>j=k8;:4<-8;:§5rHJ1QHK8`57>-HJ5 7�>j�N´µ6�:Qp)69HK:Q:714>-Oip)691Qv.6��M� pKHK=z57y;HK6�I�69v.HK= 7¹I9= 8�n 6�5r:QpJ<j5Qv.6Mp]>j=k8;:469HK1�LK6
�J<j5r6j,J��v��(<-HN:BLK>-8JIA6�8q:76�8K=k1@I�>jOipN:76Mv.>-1�5QLN6 v.<{I9173'<f:4=k>j8`Lon HJ8K6 I�vz<-54576 LN3914=.u�<-8;:�Lon HJ8K6�I9v.<j57576Aud=k17:7HK6�vkv.6-,5Q>jHJ5�p)>-HK1417>j8J5³u->j=k1QI969vz<PLJ<%8J5'@.+-+ �JD B�,
� %�H ! G4IW\ \_M TV\VG4I�k*PL\"IWHWPYZWPSUVfL\ c>!CTVcQG4H'ZWPYN i cQR.!WNQJSR PSH*T MlTVcQG4H^UVT_MOHWZ MO\ ZmZWP]E
��� MOI f6& M�!Wc TV\VP�� UVPLfaTVcQG4H@?Cg
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p)691�LNHK6 + vz< -]8¯Lon HK8K6@pJ<-�-6@LK<%8]5Wv.6AI9<-5³>j²«v.6BLN3'I�>jHKpJ<%�j6§LN6@vz< p]<%�-6§8K6B:7>jO �)6§pJ<j5"´µHJ5µ:46-, �28¯>-HK:7146��d=kv
LN6�Oi<-8JLN6Qp)69H¯LN6QOi39Oi>j=k146QO <%=z52pK14>fu->Ny;HK6QLN6�v.<M�e14<-�-Oi698;:4<%:7=.>-8i6�:©=kOip)>j576�HK8{p]<%1�I�>-HJ145 LNH{:4<-5§�epKw]<-576
LN6�AD���(�)�� �,)h2n <%v.vk>NI9<%:7=.>-8 176'5µ:46@I9>.-N:469HJ576@pJ<%1°1�<%pJp]>j1r:2+PHK8K6M<%v.v.>dI�<f:4=k>j8 v.=k8J3�<%=.146P���M�~pJ<-1QI�>jpK=k6� �,
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h�6�pK17=.8JI9=kp)6¤< 3�:73¤=k8;:417>NLNHK=k: p]<%194�<-1r:4vk69:r:¯LJ<%8J5A@ s B@<�uj6�I?57>-8 
 � ADC = ���%����� ��? � � ����= = � � C ���c5769Oi= 7
I�>j8J576914u�<%:7=k�µ,°h2n =.LN3�6cLN6 �J<-576Y6�5r:�LN6Y�(<%=.176�LN6 vz<^I9>-pK=.6YOi<-vk�j173YHK8 698dud=.17>j8K8K69Oi6�8j:qwK>;5µ:4=kv.6~�e1�<-I�=.8K6'5
<%O��K=.�-H �'54 @6�8 LN39:76�I�:4<-8j:Pvk6'5 >j�N´µ6�:�5M8K>j8 I�>jpK=z<%�Kv.6�5 �e>-�K´µ6�:45 14<jI�=.8K6�5� @69:�698 I�>-pJ=.<-8j:Pvk6'5 <-HN:7146�5�, FB<%8J5
v.6�5�pK176�Oi=k��176'5Au-6�1457=k>j8J5�� 4�<%17:7v.6�:r:PHN:7=.v.=.576«HK8J6 5r:71�<f:73��-=.6«LN6 �-6�5r:7=.>-8�Oi3�OP>j=k146.+?vz<�4³>d69wJO 69:�ud=z5r6{v.6�5
5r:714HJI�:4HK176'5©LK6BLN>j8K8K3�6�5�LN6Bp]69:7=k:76�5©:�<%=.vkv.6�5³6�:�p)69H¯8K>-O��K176�HJ576�5WI9>-OiOi6§v.6�5�I969v.vkHKv.6�5�,=1Q8K6@<%HK:7146§5r:71�<f:73��-=.6
I�>j8J57=.5r:76>+ LN3�I9>-HKp)691§vk6 :4<j5�6�8`pJ<%�j6�5QLK6 O � Oi6M:�<%=.vkv.6 69:BLon HN:4=kv.=.57691BHK8¤u-6�I�:76�HK1§LN6��K=k:45§pJ<%1§698 7�: � :76�LK6
pJ<-�-6�<'-J8¤LK6 v.>dI�<%v.=.57691Bv.6PLN3��KHN:ALN6�5B>j�N´µ6�:�59,�� �%:43 �e>j8JI�:4=k>j8K8K69Oi6�8j:���vk6iI�>j8JI�6�pN:BLN6'5AD 6�57pJ<jI�6�5§uf< � :7146
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pK1469Oi=.�9146�pKwJ<j5r6 �j>j8 54I9<-8K8K6�vz<�pK=kv.6B6�:�>-8{O <%1�y;HK6�8J>-8 I9>-pK=z<%�Jvk6'5Wv.6�5³pJ<-�-6�5©y;HK=oI�>-8;:4=k6�8K8K698;:°LN6�5³>j�N´µ6�:�5
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C ���)A � � �(�{I�>jOiOP6 LN6'5@14<jI�=.8K6�5�,���v26��N=z5µ:46ipKvkH]5r=.69HK1�5@u-6�1457=.>-8J5BLNH 
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� ����= = ��� C �'��,�h 65
������ �����5� ���(� � uf< � :4176?HK:7=.vk=z5���p]>jHK1«v.6�5 �j17>;5i>-�N´µ69:45 69:«p)>-HK1{v.6�5
>-�K´µ6�:45�8J6Bp)>-HJu�<-8;:�p]<-5 � :4176AL���pKv.<jI��'59,Nh�6 
 � ADC = ���%����� ��? � � ����= = ��� C �'� p)>-HK1°v.6�5°<-HN:7146�5�,J�©>-8;:71�<%=.1469Oi698;:
<%Hq�M�~LN6@�J<j5r6@LN6 4�<%17:7v.6�:r:°>jH <%H�4 F 7 �Nvk6At¤�°�~uf< HN:4=kv.=z5r6�1°HK8K6B698 7�: � :76@p]>jHK1�vk6'5�>-�N´µ69:45�,Nh2n >-�N´µ6'I�:7=k�<%8J8K>-8JI��Q6�5r:©LN6��j<%1�LN6�12vk6'5W<�uf<%8;:�<%�-6'5 LNH �M� pJ<-1W146�I�>jpK=.6°698{HN:4=kv.=z57<-8j:©v\n <%v.vk>NI�<f:7=.>-8iv.=k8���<%=.146-,-��v]>-14�j<-8K=.576
vz<?O��9Oi>-=.176 LN6«vz<q�(<��9>-8 57HK=.uf<%8;:76 $$=.v©HN:4=kv.=z5r6¯LN6�5 �-1�<%8JLK5 �Kv.>dI�5«�r+ �%D`t 4° MI�>j8;:7698]<%8;:45MLK6�5�pJ<%�j6�5{��D
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<-LK176'57576�5 O HKvk:7=.pKv.6�5 LN6¯v.<`:4<-=kv.vk6qLon HK8^�-1�<%8JL��Jvk>NI 6�:ivk6'5�p]<%�-6'5�57>-8;:i<%=.8J5r=°<-vk=.�-8���6�5P5rHJ1PLN6'5i<-LN146�545r6'5
O HJv�:4=kpKv.6�5BLN6Mvz<i:�<%=.vkv.6�Lon HK8K6�pJ<%�j6-,)�©w]<-y;HK6M�j14<-8JL¯�Kvk>NI p]>;5757��LN6 HK8K6M6�8 7\: � :46�I�>jOip]>;5���6MLN6 ADC ��� � C�� ��� A
� ���6� ? �3< �%,�,§8¤<j5757>NI�=.6 +¯I�wJ<-y;HK6�pJ<%�j6�HK8J6P5r:714HJI�:4HK146 � ���6� ? �3< � �(} Oi>-:45� �,X1Q8¤>-�N´µ69:Buf<¯<�u->j=k1BHK8�Oi>-:
Lon 698 7�: � :76?L��9:76914Oi=k8]<%8;:Pvz<�:4<%=.v.vk6 � vk6 :µxdp]6q6�:{57>-8 ��:4<%:�,2h 6q�M� 176'I�>-8J8J<��z: :417>j=.5�:µxdp]6'5iLon >j�N´µ6�:�5 $ h�6�5
>-�K´µ6�:45³LN>j8j:©>-8{p)69HN:°L��9:76914Oi=k8J691Wv.6�5³I�wJ<-OPp]5Wy;HK=�5r>j8j:�LN6Q:µxdp)6�p)>-=.8;:769HJ1§�e>j�N´µ6�:�5©5F-K1�54  �jv.6�5W:4<-�Kv.6�<%HK�P69:
v.6�5�>-�K´µ6�:45°I9>-8J576914uf<f:4=��(5�,d/$>jHK1°v.6�5�>-�K´µ6�:45°5F-K1�5 �dHK8J6 � ? C6����A�� p]6�17Oi6�:QLN6ML���:76�17Oi=.8K691�vz<Pvk>NI9<-vk=z54<f:7=.>-8¯LN6�5
p)>-=.8j:469HK1�5°LK<-8J5�v\n >-�K´µ6�:�,]h�>-1�5�Lon HK8K6MI�>jvkv.6�I�:7=.>-8 �Nv�n >-�N´µ69:�p)69HK:§5r6B:417>jHKu-6�1�LJ<%8J5�v�n HJ8qLK6MI�6�5�}��9:4<f:�5,$

+j,^5Q>-14O <%v $JhWn >j�N´µ6�:°8�n 6�5r:QpJ<-5�6�8JI�>j176B:414<�uj691�5��§pJ<%1�v.6 �M�§,
DK,��8�'�D�������6��� $JhWn >j�N´µ6�:Q< ��:��MI�>jpK= �@69:QHK8 < ���D��������? � �>� ��? � C)� � p)>-=.8;:76A57HK1°v.< I9>-pK=.6-,
sJ, � ? � ������$JhWn >j�N´µ6�:°8K6Ap)69HN:Qp]<-5 � :4176ML��9pKvz<-I��-,
}],Qt`<%1�y;H�� $]h2n >-�N´µ69:�6'5µ: �B��? � ���(����6�:�< ��:��ML��µ´ +i<%:r:76�=k8;:QpJ<-1°vk6M�M�§,

h�6M�M�ªO <%=.8j:4=k6�8;:�CP5r:714HJI�:7HK146�5°LN6ALN>j8K8���6�5 $
+j, <(���(� =@?BADC $ 1Q8J6@�e176�6Bv.=z5µ:�LN6'5�pJ<%�j6�5°y;HK=�8J6@57>-8;:°pJ<j5�HN:7=.vk=z5��96�5�,
DK, <(� � � A � � ��� $Kvz<�v.=z5µ:46MLN6�5�pJ<-�-6'5°LN6@v\n 6�57pJ<-I96AI�>-HJ14<-8j:',
sJ, ��� � ��� ����� �	� � $Nv.<iv.=z5µ:46@LK6�5°pJ<-�-6'5³y;HK="I�>-8;:4=k6�8K8K698;:°v.6�5°I�>jpK=.6�5A�(I-n 6'5µ:QHJ8K6Avk=z5r:76A=.OPpJvk=zI�=k:76� �,
}],@���'���
�	� ��� � $jHJ8K6§v.=z5µ:46§I�>j8;:7698]<%8;:Wv.6�5©1��9� �914698JI96�5W<-HN� >-�N´µ69:45³<f:7:769=.8;:45©O <%=z5WpJ<j5 ����? � ���(� #j,K�©69:r:46

vk=z5µ:46@6�5r:�<%8J<-vk>j�-HK6 +iI�69v.v.6BHK:7=.vk=z5��Ap]<%104³>d69wKO �����'��� A(C ���(�K �,
�K,Qh <Pvk=z5r:76ALN6�5QpJ<%�j6�5 ����? � ���(� #Y�\I�>-8;:4698J<-8j:QLN6'5�>-�N´µ69:45°y;HK=�8J6Ap]6�HKu-6�8j:°pJ<j5 � :4176AL���pKv.<jI��'54 �,
CJ,Qh <Pvk=z5r:76ALN6�5Q>-�N´µ69:45°I�>j8J576914u�<%:7=k�(59,

h2n <%v.v.>dI�<f:4=k>j8¯Lon HK8?>j�N´µ6�:�5F-K1Q6'5µ:Q66>)6'I�:7H��MpJ<%1°HJ8K6 <%v.v.>dI�<f:4=k>j8 v.=k8���<%=.146-,Kh < I9>-v.vk6'I�:4=k>j8¯6'5µ:Q1���<-vk=z5��96ALN6Avz<
�(<��9>-8q5rHJ=kuf<%8;:46 $

� F§<-8J5³HK8K6@pK1469Oi=k��176 ��:�<%p)6��N>j8 L��9:76914Oi=k8J6Bv.6�5�>j�N´µ6�:�5�yjHJ=o8K6@p]6�HKu-6�8j:°pJ<j5 � :7146@L��9pKvz<-I���5³698q54I9<%8 7
8J<%8;: v.<YpK=.v.6?6�:{vz<¤v.=z5µ:46`LN6�5 >j�N´µ6�:�5 I�>j8J5r6�17uf<%:7=k�(59, h�6 -]v�:4176?y;HK=Qp)6914Oi6�:«Lon ��I�<%17:7691iv.6�5 O <-HKuf<%=z5
p]>j=k8;:76�HK1�5©I�<%8JLN=zLK<%:45©6�5r:�y;HJ<j5r=.Oi698;:�57=.OP=.vz<%=.176 +�I969v.HK=oLN6 4³>d69wJO¯,J�©6�p]6�8JLK<%8;:�v.<PLN=0> ��176�8JI�6BpK14=k8 7
I�=.pJ<%v.6«576«5r=k:7HJ6 LK<-8J5 vz<q:46�I�wK8K=zy;HK6 y;HK=�I�>j8J57=.5r:76.+`176�p���176�1 v.6 L����KHN:PL�n HK8 >-�N´µ69:�,$�µI�=³vk6'5 >j�N´µ6�:�5
5µ:4>dI

 ��5@LK<-8J5Av.6�5@pJ<-�-6�5A57>-8;:MLN6i:�<%=.vkv.6�5MLK=?>��914698;:76'59,�h"<?5r>jvkHK:7=.>-8YHN:7=.vk=z5��96 6�5r: LN6{576 14<-Oi698K6�1@<-H
L��9�KHK:PLN6¯v.<`pJ<%�j6«6�:iLN6«p]<-545r6�1�5���y;HK698;:4=k6�vkv.69Oi698;:Pvk6'5 >j�N´µ6�:�5 �(=k6 >-8 I9>-8K8J< �.:Pv.<`:4<-=kv.vk6� �´µHJ54y;H�n +
p]>jHKu->j=k1�L���:46914Oi=k8K6�1°5r=ov.6@p]>j=k8;:76�HK1°p)>-=.8j:46A<%H L��9�KHN:�L�n HK8¯>-�K´µ6�:�, ,§8 O <%1�yjHJ6BI96�5�>-�K´µ6�:45�I9>-OiOi6
<f:r:469=.8;:26�:©I9>-OiOi6 ����? � ���(� # �%pKHJ=.5 >j8ivk6'5 pKvz<-I�6QLJ<%8J5 vz<@v.=.5r:76@� ��������� �	� �9, ,§8iO <%1�y;HK6 �9�j<-vk6�Oi698;:
vk6�HK1°pJ<%�j6BI9>-OiOi6 ����? � ���(�
�i69:Q>-8 ����? ��� :7>jHJ5�v.6�5Q<-HN:7146�5³>-�K´µ6�:45°LK6Av.<PpJ<-�-6-,

� F§<-8J5QHK8J6 LN69HK�d=.�9Oi6��9:4<-p]6 �]>j8?1��'<%v.=.576Av\n 6��NpKv.>-1�<f:4=k>j8?LNH?�-1�<%pKwJ6MLon >j�N´µ6�:�5 + p]<%17:7=.1�LN6 vz<{I�wK6�8K69x
yjHJ69HK6A69:BLN6Mvz<
� ��������� �	� �9, :$<%8;:§y;HK6 I96�5�D -]vk6'5°8K6 57>-8;:�pJ<j5°ud=.LK6�5��J>-8q69�;:414<-=�:§HK8 �9v �9Oi698;:§LK6
v\n HK8K6ALN6'5�D>-Jvk6'5A�(<-17�K=k:71�<%=.146' ©6�:°>-8¯:414<-=�:46@I�w]<-I�HJ8¯LN6M576�5�6�8N�(<%8;:�5�698q176��j<-14LK<-8;:³57= $

+j, ��? � ���(� �K>j8 v.6AO <%1�yjHJ6BI9>-OiOi6M<f:r:469=.8;:�69:Q>-8qpKvz<-I96@54<P1��9� �914698JI96BLJ<%8J5<� �������	� ��� �9,
DK,°Oi<-14y;H��@I�>jOiOP6A<%:r:76�=k8;:��K>-8q8K6B�(<%=k:Q14=k6�8�,
sJ, < ���D�������#�(� �]>-8qOi6�: +§´µ>-HK1°v.6@p]>j=k8;:469HK1',
}],°8K>-8q<f:7:769=.8;:��K>j8 v.6AOi6�:�LK<-8J5�vz<PI�wJ698K6�x«y;HK69HK6{�(=k6@>j8¯v.6AI�>jpK=k6� ³6�:Q>j8 Oi6�:QHJ8�< �'�D�������6�(�,� ��? � C)� �

LK<%8J5�v�n >-14=k�j=k8J<-v�u-691�5³v.<iI9>-pK=.6-,
FB<%8J5BHK8K6P:417>j=.57=k��Oi6 pKwJ<j5r6 ��>-8�1���<-vk=z576 HK8 A(���(� � 5rHJ1§vz<«v.=z5µ:46iLK6�5BpJ<%�j6�5 � ��? � ���(����,�,§8YL��9O <%1�y;HK6 v.6�5
>-�K´µ6�:45MOi<-14y;H��'5@6�: >j8 6*>o<-I�6 v.6�5M>-�N´µ69:45AOi>-17:45A<'-J8�Lon �9ud=�:4691Mv.6�5M�eHN:7HJ176'5@�(<%HJ54576�5@1���� �914698]I�6�5�,�/2HJ=.5A>j8
I�>j8JI9<%:7��8K6Qvz<Avk=z5r:76�LN6'5Wp]<%�-6'5 � ��? � ������� +Avz< ��� � ��� �
��� �	� ��6�:³>-8 v.=k�)�9146Q:4>-HN:46�52v.6�5WpJ<%�j6�52LK6 <(� ��� A � ���(�
698qv.6�5�=.8J5��91�<%8;:QLK<%8J5 <(�����>=@?BADC�, �28 -J8��Kv.< � � � ��� ����� �	� � LN69ud=.698;: <(� � � A � � ���9,

*°6�Oi<-14y;HK6@m2$Kh 6�5��-14>j5³>j�N´µ6�:�5°5r>j8j:�:414<-=�:���52+ipJ<-1r:°pJ<-1³HJ8qt�<%1 
«<%8JLqF (³696�p�,

sjs




 	�
 	�� � ��� � � �����/���
h�6'5M�M� I�>-8]5r6�17uf<f:4=��(5@69:�5769Oi= 7�I�>j8J576914u�<%:7=k�(5@>-8;:Mp)>-HK1M=.8;:���1 � : LN6 p]>jHKu->j=k1M576 �-146*>�691 +qHJ8�v.<-8K�j<-�-6

y;HK=A8�n <�uf<%=k: pJ<j5 �9:4<-=�:`I�>j8 ��H + vz< �J<-576¤p)>-HJ1 �e>j8JI�:4=k>j8K8K6�1q<�uj6�I�HK8 �M�§,§�©6'5q�M� 59n 6��Np)>j57698;:�+ vz<
!�Oi=z5r=zLN698;:4= -]I�<f:4=k>j8 #j, FB<%8]5«vz< pJvkHJ5¯pJ<-1r:qLN6�5¯I9<j5 �³69v.v.6Y5�n <�uj�9146 � :4176¤14<-176¤5rHK17:7>jHN:¯57=@v\n >-8 <cHK8��]>j8
-Jvk:71�<%�j6�LN6'5§p)>-=.8;:76�HK145@I�<%8JLN=zLK<%:45B6�:My;H�n >-8�HK:7=.vk=z5r6PHK8K6iv.=.5r:76P8K>j=k146-, @.+�m ��+�| BWI�>-OipJ<-176�v.<«:76'I�wK8K=zy;HK6PLK6
4³>d69wKO <�u-6'I�vk6�HK1Wt¤�°�§,j��v]6�8 176'5757>-17:2yjHJ6Qvk6§I�wK>-=k�PLNH¯�M� L��9p)698JL LNH I�>-8;:46��d:76QLon 6����'I�HN:4=k>j8�,jh 6�t¤�°�
�e>-8]I�:7=.>-8J8K6§�J=k6�8¯LK<-8J5³vk6AI�<-5©>-²¯v.<�O��9Oi>-=.176 *Q±§t 6'5µ:°<%�)>-8JLJ<%8;:76i�(57=k8J>-8«pJ17>j�Kvk��Oi6BLN6A54< (°pKpK=.8K�;  �jv.6�5
>-�K´µ6�:45@ud=.uf<%8;:45M57>-8;:A698 p)6�:4=�: 8J>-O �J176i6�:M>j² vk6i:�<%HN�¤L�n <-vkv.>NI9<f:4=k>j8¤6'5µ:���vk6�u �j,o/�<-1MI�>j8j:4176 �ovk6 4 F 7	576
1��9u-��vk6 � :4176BOi69=.vkv.69HK1�v.>-1�57y;H�n =.v)x{<�p)69HqLN6§O���OP>j=k146 *Q±�t �N69:³v.>-1�54yjHJ6�v.6�5³>-�N´µ69:45³>-8;:�HK8K6@v.>-8K�jHK6§LNHJ1���6
LN6 ud=.6-,�/�>-HJ1MHK8 v.<-8K�j<-�-6iy;HK=W8K6 O <-8K=kpJHKvk6{y;HK6{LK6�5MI969v.vkHKv.6�5���v.6{t¤�°�¡p]6�HN: pK14>fu->Ny;HK691³´µHJ54y;H�n +`�'���
Lon � ��� �&� �(�#� p]<%1WI969v.vkHKv.6Q69:©pJ<j5 vk6 4 F^7�,;hWn <�uf<%8;:�<%�-6°LNH 4 F 7 5�n <%:r:��98dHK6�I969p)698JLK<-8;:©I9<-12>-8{<-vk=.�-8K6�:4>-HJ5
v.6�5A>j�N´µ6�:�5MLN6i:4<-=kv.v.6{5rHKp �914=.69HK146 +?LN69HN�YOi>%:45 5rHK1 vk6{LN>jHK�Kv.6 Oi>%:�, F�6 pKv.HJ5 vk6 4 F 7 8�n HN:7=.vk=z576{pJ<-5@v.6�5
Oi>%:�5©y;HK=o576914u-698;: +Mp)>-=.8j:4691�5rHJ1©v.6�5©:4<-�Kv.6�5³LN6§O��9:7wK>NLN6'59, FB<%8J5³v.6§I9<j5W>j²«>j8«<%v.vk>jHK6��)6�<-HJI�>jHKp«Lon >-�K´µ6�:45
LN6§:4<-=kv.vk6@LN=0> ��176�8;:76��dv.6BtY�°�^6�:°v.6 4 F 7 57>-8;:�I�>-OipJ<-14<-�Kv.6�5W57HK1�vz< pKv.HKpJ<-1r:�LN6�5�� � �����N,N/ <%1°I�>j8j:4176B5rHJ1
I�6�1r:�<%=.8J5�� � � � � �dv.6Bt¤�°� 6'5µ:�Oi69=.vkv.69HJ1³LN6B}6�	�«,6�28 6*>�6�:��Nvk6 4 F^7 < LN6'5@� ��� �&� ���6� AALNHJ5 + 54< 5r:714HJI�:7HK146
LN6@LN>-8J8��96'5³y;HK=oI9>-8J57=.5r:76 + 5r:7>NI

j691�LN6�5³>-�K´µ6�:45�LN6BO � Oi6B:4<-=kv.vk6@LK<-8J5©I�w]<-y;HK6BpJ<%�j6-,8�28¯I96By;HK=oI9>-8JI969148K6
vz< L��9:76�17Oi=.8J<f:4=k>j8YLon HK8Yp]>j=k8;:469HK1AI9<-8JLN=zLK<f:��oHK8Yp]>j=k8;:76�HK1Ay;HK= 8K6PpJ<-545r6PpJ<j5§v.6 -Jvk:7146iI9>.-N:4691�<{v.6iO � Oi6
pK14=��¯p]>jHK1�v.6Mt¤�°� 6�:§p]>jHK1�v.6 4 F 70�e=.6 p)69H`I�> -N:76�HN�J �,o�©69p)698JLK<-8;:��KHK8?p)>-=.8;:76�HK1§I�<%8JLN=zLK<%:�yjHJ= pJ<j57576
v.6 -Jvk:7146A<�u-6'I�57HJI9I9��5©8���I96�545r=k:76�14<�s#��=k8J5r:714HJI�:7=.>-8J5©O <-I�wK=.8K6�5³p)>-HK1�v.6 4 F 7 6�:°698dud=.17>j8 D'�6�M=.8J5µ:417H]I�:7=.>-8]5
p)>-HK1°v.6BtY�°�§,K±QH�-J8J<-v �JFdOi=k:7w¯6�:Qt?>j1714=.576�:7:³Oi>j8j:4176@y;HK6@vk6�HK1Qt¤�°�~6�5r:�Oi6�=kv.vk6�HK1°y;HK6@vk6,4 F 7 57HK1�vz<
pKv.HKpJ<-1r:QLN6'5�� � � � �d,

*°6�Oi<-14y;HK6@|2$ ,§8qp)>-HK1414<�u->j=k1�HK8J6M<%HN:4176A57>-v.HN:7=.>-8¯�J<-5��96A57HK1°v.6�5�pJ<-�-6�5�LK<-8J5m@ED-DCB¹,
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mais il n’y a plus assez de place
On veut allouer ce bloc

Compactage

Tas non alloué

génération 0

donc le GC se déclenche
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allocations

compactage
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génération 1 génération 0
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allocations

D D

Compactage

gen
1

génération 0génération 2

������� }],k+'C
� � �98���14<%:7=.>-8qD

allocations

D

donne rien puis sur la génération 2

Il faut le faire sur la génération 1 qui ne  

qui permet de libérer de la mémoire.

D

n’est pas suffisant pour accueillir l’objet
Le compactage sur la génération 0

génération 2 gen
1

génération 0
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D

A

C

foo()

f() g()

f: @f_B | 0

foo: @foo_D | + 3

foo: @foo_D | + 2

foo: @foo_D | + 1 g: @g_C | 0

bar: @bar_D | 0foo: @foo_D | 0 f: @f_B | −2 g: @g_C | −1

A B C D

Tables de D

Une instance de D

foo()
bar()

(B)p

Données statiques

Pile

TAS
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de types pointeurs
nombre d’attributs

tableaux d’offsets

sur le mot
alignement

d− : delta pour se ramener au début de l’objet
d+ : taille de l’objet

d−d+ données classiques de la TM
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sur le mot
alignement

autres infotaille d’une
case

de pouvoir distinguer que c’est une
La taille d’une case est négative afin 

Le bit de poids faible indique si c’est
un tableau de pointeurs ou non.
Les autres bits codent la taille.

table de méthodes de tableaux.
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on définit une limite
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110010...11 ...

... ...

adressage virtuel
croissant

TAS Pile

représente un mot mémoire

page du GC

H

S

...

adressage virtuel
decroissant

structure de données donnant 

l’utilisation des pages par le GC

la taille d’une page
alignement sur 
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BP

SP

on scanne

la pile

mot

filtre

(pointeur
candidat)

−alignement sur le mot

− limite du tas

− est−il dans une page allouée?

− est−il dans la zone allouable de la page?

− le bit correspondant dans le vecteur de bits est−il à 1?

mot écarté

racine retenue marqué?
objet racine

oui

Procédure de marquage
non
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o est marqué : STOP

Parcours_des_champs_pointeur(o): Pour chaque pointeur q de o faire[

Mark(p) −−−−−−−−−> Objet pointé par p: o 

o est non marqué: marquer o + Parcours_des_champs_pointeurs(o)

Mark(q)]
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Sweep(p)

Sweep_OV(p):

Sweep_OM(p):

Sweep_BL(p):

Proc(p)

Proc(p):  démarquer(p) + Sweep(p+delta)

Next_Sweep(p+delta,p)

 Remettre_à_zero_bit_en_tete_page(p) + Next_Sweep(p+delta,p)

Next_Sweep(p,bl): 

OV(p):

 OM(p):Remettre_à_zero_bit_en_tete_page(p) + Next_Sweep(p+delta,bl)

BL(p): Next_Sweep(p+delta, bl)

fermeture_BL(bl,p) + Sweep_OV(p) 
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de chainage

de chainage

en−tete descriptive

second pointeur

(son bit de poids faible
indique si la page est pinned)

premier pointeur
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