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N Q5LRQ5G?@�7E<?@R@^U :8< + >HG\PRYN7EDWUWLRY M+S?7EG?@3O2DW<?@^UF>H<2PR@3D[7EG�'87�'X>;@�S2>"O2PRQ(' Pq7Ed de7EL^UFQ5G MX7E<\DWUF>H< S2>"O2PRQ 9;Y;SJ<2PR>;@>HLZS2> IKQ5G?9HL^UFQ5G?@ZSJUF@^L^UWG?9HLR>;@NM UWD">�b UF@^LR> <2G 9;Q5G?9;>HO2L�<2G2UF:8<?> S2> I�Q5G?9HL^UFQ5G?@`O2PRQ 9;Y;SJ<2Pq7EDF>;@NM)9 + >;@^L<; 8 ; SJUWPR>S2> @�IKQ5G?9HL^UFQ5G?@�BC:=<2U�O >H<2VX>HG=L�Q5<-G?Q5G PR>HLRQ5<2P^G?>HP�<2G-PRY;@^<2DWLq7EL >HL :=<2U�Oc>H<2VX>HG8L�Y4'87EDF>Hd >HG=L d Q SJUVU]>HPD + YHLq7ELBS2>`D[7\d YHd Q5UWPR> � � + >;@^L'DF>Z9N75@TS2>;@Td YHLN1?Q=S2>;@ S2>Z687;V 7 :=<2U O >H<2VX>HG=LBd Q SJUVU]>HPTD + YHLq7ELBS2>aD + Q(-/.^>HLDF>;@T>�b2Y;9H<2Lq7EG8L�>HL'PR>HLRQ5<2P^G?>HPB<2G PRY;@^<2DWLq7EL 8\DF>H<2P 7EO2O >HD[7EG=LN�
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A
M
B
>HL

C
<2L^UWDWUF@RY;>9;Q5d d > O]7EPq7Ed�5HL^PR>BPRY;>HD S2>TD[7`d YHLN1?Q S2>BS2Q5UWVX>HG=L$PR>;@RO >;9HLR>HP%9;>HP^Lq7EUWG?>;@%9;Q5G=L^Pq7EUWG8LR>;@NMJ9;Q5d d >BUF9HU]DF>'I 7EUWL:=<?>$DF> SJUF@R9HP^UWd UWG]7EG=L$@RQ5UWL�G?Q5G/; G?Y4'87EL^U I >HL�:8<?> D[7 V 7EDF>H<2P

A
G?> @RQ5UWL�O]75@ �NYHPRQ2���$UF>HG @�02P�9;>;@�9;Q5G=L^Pq7EUWG8LR>;@V UF>HG2G?>HG8LZSJ<�IK7EUWL`:=< + Q5G�V 7e>�bJL^Pq7EUWPR>\D[7 Pq759HUWG?>\9N7EP^PRY;> SJ<-SJUF@R9HP^UWd UWG]7EG=LZ>HLaSJUWV UF@R>HP�O]7EPa<2G�d�<2L^UWO2DF>S2>

A
�

� DJ@R>HPq7EUWL3UWG8LRYHPR>;@R@q7EG=L"S + 759;9HPRQ=9 1?>HP">HG :8<?>HDF:=<?>;@�@RQ5P^LR>;@�9;>;@39;Q5G?SJUWL^UFQ5G?@,8 D[7Bd YHLN1?Q=S2> � *,+ <2L^UWDWUF@~7ELR>H<2PS2>�D[7Td YHLN1?Q=S2>�OcQ5<2P^Pq7EUWL37EDFQ5PR@�VXYHP^UVU]>HPNM+@~7EG?@�7;VXQ5UWP 8 PR>4'87EPRS2>HP�DF>/9;Q=S2>"S2>/D[7 d YHLN1?Q S2> M�:=<?>�DF>;@ V 7EDF>H<2PR@O]75@R@RY;>;@ 8�9;>HDWDF> ; 9HU @RQ5G8L'9;Q5GJIKQ5P^d >;@ 8 9;>�:8<2U >;@^L'7EL^LR>HG?SJ< MJ>HLT7EUWG?@^U�]HL^PR>`75@R@R<2PRY SJ<F- Q5G S2YHPRQ5<2DF>Hd >HG8LSJ< 9N7EDF9H<2D%>HL\S2>eD + Q(-2LR>HG=L^UFQ5G S + <2GPRY;@^<2DWLq7EL 9;Q5P^PR>;9HLC8 D[7 U?G�S2> 9;> S2>HP^G2UF>HPN�  Q5<2P\9;>eIK7EUWPR> M)Q5GV 775@R@RQ 9HUF>HP 8�D[7�S2Y U?G2UWL^UFQ5G S2>aD[7�d YHLN1?Q S2>aS2>H<Jb 75@R@q>HP^L^UFQ5G?@ 0=<2G?>/O";�a �)�R5&�?3<9<3 �?5C>HL <2G?> O �H7:9 �)�?5&�?3<9<3 �?5]�
* 7 O2PRY;9;Q5G?SJUWL^UFQ5G>;@^La<2G?> 75@R@q>HP^L^UFQ5G-O Q5P^Lq7EG=LZ@^<2P`DF>;@aO]7EPq7Ed�5HL^PR>;@`IKQ5P^d >HDF@NM >HLaO]7EPnI�Q5UF@�7E<?@R@^U�@^<2PDF>;@ V57EP^U[7�-2DF>;@ V=UF@RU -2DF>;@ S2>HO2<2UF@�9;>HL^LR> d YHLN1?Q S2>=T�S2Q5G=LaDF>;@TV 7EP^U[7�-2DF>;@�S + UWG?@RLq7EG?9;>�S2> D + Q(-/.n>HL�>�bJY;9H<2Lq7EG=LD[7 d YHLN1?Q=S2>XW�MJ>HL :8<2UcS2Y U?G2UWL$D[7 PR>HD[7EL^UFQ5G :8<2UcS2Q5UWL ]HL^PR> VXYHP^UVU]Y;>a@^<2P$DF>;@%V57EDF>H<2PR@ S2>;@%O]7EPq7Ed�5HL^PR>;@ PRY;>HDF@>HL S2>;@ V 7EP^U[7�-2DF>;@ V UF@^U -2DF>;@ :=<2UTS2Q5UWLU]HL^PR> V Pq7EUF> DFQ5PR@ S2> D + 7EO2O >HD S2> D[7Cd YHLN1?Q=S2> O Q5<2P :=<?> 9;>HDWDF> ; 9HU@ + >�b2Y;9H<2LR>e9;Q5P^PR>;9HLR>Hd >HG=LN� * 7 O Q @RLR9;Q5G?SJUWL^UFQ5G>;@^LZ<2G?> 75@R@R>HP^L^UFQ5G OcQ5P^Lq7EG8L @^<2PZDF> PRY;@^<2DWLq7EL�>HL @R<2PZDF>;@V 7EP^U[7�-2DF>;@�V UF@^U -2DF>;@�>HL\:=<2U$S2Y U?G2UWL\D[7 PR>HD[7EL^UFQ5G :8<2U%@R>HPq7 V=Pq7EUF> @^<2P�9;>ePRY;@^<2DWLq7EL\>HL\@^<2P�9;>;@�V 7EP^U[7�-2DF>;@V UF@^U -2DF>;@B7EO2P75;@'D + >�b2Y;9H<2L^UFQ5G�S2>`D[7\d YHLN1?Q S2> �
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�BO2P75;@/G?Q5L^PR>TO2PR>Hd U65HPR>TUWG?9H<2PR@RUFQ5G S?7EG?@"DF>;@$YHG?Q5G?9;Y;@$S2>TD[7aO2PRQ(' Pq7Ed de7EL^UFQ5G UWd O YHPq7EL^UWVX> M8PR>HVX>HG?Q5G?@@^<2P)DF>;@�S2Q5G2G?Y;>;@�>HL)@^<2P�D + UWGJI�Q5P^de7EL^UFQ5G MEO2<2UF@R:=<?>/9 + >;@^L)D[7'O2P^UWG?9HUWO]7EDF>$<2L^UWDWUF@q7EL^UFQ5G S2>;@)Q5PRSJUWG]7ELR>H<2PR@�:=<?>"DF>L^Pq7EUWLR>Hd >HG8L'S2>;@%S2Q5G2G?Y;>;@ >HL$S2>TD + UWGJIKQ5P^de7EL^UFQ5G >HG2'XYHG?YHPq7ED �	N Q5<?@ 7;VXQ5G?@$V < :=<?>TD[7Z@q>H<2DF>TUWGJIKQ5P^de7EL^UFQ5Gde7EG2UWO2<2D[7�-2DF> O]7EP�<2G�Q5PRSJUWG]7ELR>H<2P >;@^L�D + UWGJIKQ5P^de7EL^UFQ5G -2UWG]7EUWPR> � * 7 9;Q5G?@RY;:=<?>HG?9;> UWd O Q5P^Lq7EG=LR> S2> 9;>HLYHLq7EL S2>�971?Q @R>�>;@^LB:=<?>ZLRQ5<2LR> UWGJI�Q5P^de7EL^UFQ5G-7E<2L^PR> :=<?> S2>;@BG?Q5d -2PR>;@ -2UWG]7EUWPR>;@ >HG=L^UF>HPR@�O Q @^UWL^U IK@BS2>HV Pq7
]HL^PR>Z>HG?9;Q S2Y;>Z>HG -2UWG]7EUWPR>ZOcQ5<2P�]HL^PR>`de7EG2UWO2<2DFY;> �

* >;@'UWGJIKQ5P^de7EL^UFQ5G?@BSJUWPR>;9HLR>Hd >HG8L de7EG2UWO2<2DFY;>;@BO]7EP'D + Q5PRSJUWG]7ELR>H<2PNM 9 + >;@^L<; 8 ; SJUWPR>`OcQ5<2P'DF>;@R:=<?>HDWDF>;@'D + Q5P<;SJUWG]7ELR>H<2P$SJUF@RO Q @R>BS + UWG?@^L^P^<?9HL^UFQ5G?@$Q5OcYHPq7EG8L @^<2P/9;>;@$S2Q5G2G?Y;>;@NMX@RQ5G=L$>HG PRYN7EDWUWLRY PR>HD[7EL^UWVX>Hd >HG8L%Oc>H< G?Q5d ;
-2PR>H<?@R>;@N� ��D?@ + 7�' UWL"S2> G?Q5dO-2PR>;@/>HG8L^UF>HPR@$>HL�PRY;>HDF@NM S2>'9N7EPq759HL75HPR>;@NMXS2> V 7EDF>H<2PR@ -cQ=Q5DFY;>HG2G?>;@�MX>HL"S2> O2DW<?@">HGO2DW<?@/S2>'@qQ5G?@">HL/S + YHDFYHd >HG8LR@%S + UWde7�'X>;@ T O"3 � T � 7BS2> O"3 � 9<= ;�T4T � TCFUTC5 967 W��  Q5<2P/LRQ5<2LR>;@$9;>;@"UWGJIKQ5P^de7EL^UFQ5G?@NMS2>;@ >HG?9;Q=S?7�'X>;@'@qQ5G8L O2PRYHV=<?@%O]7EP DF>;@ Q5PRSJUWG]7ELR>H<2PR@N�2� G >HG?9;Q S?7�'X>a>;@^L$OcQ5<2P D + >;@R@R>HG=L^UF>HD <2G?>a9;Q5P^PR>HOcQ5G/;S?7EG?9;> >HG=L^PR>eS2>;@`V 7EDF>H<2PR@ >HLZS2>;@ G?Q5d -2PR>;@ -2UWG]7EUWPR>;@\7EUWG?@^U/:=<?> S2>;@ZQ5OcYHPq7EL^UFQ5G?@�@q759 1]7EG8L�L^Pq7EUWLR>HP 9;>;@G?Q5d -2PR>;@ -2UWG]7EUWPR>;@B@q>HDFQ5G D[7 @^U ' G2UVU]9N7EL^UFQ5G :=< + UWDF@TQ5G8L�>HG I�Q5G?9HL^UFQ5G�S2>`D + UWGJI�Q5P^de7EL^UFQ5G�L^Pq7EUWLRY;> �
��G LN1?Y;Q5P^UF> M=D + >HG?9;Q S?7�'X>�O >H<2L ]HL^PR>�PRYN7EDWUF@RY�O]7EP$<2G?> IKQ5G?9HL^UFQ5G de7ELN1?YHde7EL^UF:=<?>Z75@R@RQ 9HU[7EG8L 8�971]75:=<?>V 7EDF>H<2P$S + UWGJIKQ5P^de7EL^UFQ5G T G?Q5dO-2PR> M=9N7EPq759HL75HPR> MJ>HLR9 � W�<2G 9;Q S2>TO]7EP^d U D + >HG?@R>Hd -2DF>�S2>;@$9;Q S2>;@/9 1?Q5UF@^UF@ T�S2>;@G?Q5d -2PR>;@	-2UWG]7EUWPR>;@,-2UF>HG @%02P�DFQ5PR@q:8< + Q5G >HG?9;Q S2> O Q5<2P�<2G Q5PRSJUWG]7ELR>H<2P W��J� Q5UWL

I
<2G >HG?@R>HdO-2DF>BS2> V 7EDF>H<2PR@S + UWGJIKQ5P^de7EL^UFQ5G >HL

C
<2G\>HG?@q>Hd -2DF> S2>$9;Q S2>;@)O Q @R@RU -2DF>;@NM�<2G?>/IKQ5G?9HL^UFQ5G\S + >HG?9;Q S?7�'X>

enc : I → C
O2PR>HG?S<2G?> V 7EDF>H<2P"S + UWGJI�Q5P^de7EL^UFQ5G

i ∈ I
>HL�DW<2U]75@R@RQ 9HUF>$<2G 9;Q S2>

c ∈ C
�5��S2YN7EDF>Hd >HG=LNM D[7 IKQ5G?9HL^UFQ5G

enc
S2>HV Pq7EUWL

]HL^PR>_9 �R9 �'� T >HL/]HL^PR>`<2G?>��CO O�� 3 �)� 9<3 �?5A365��>T)�>9<3 �?THM]9 + >;@^L<; 8 ; SJUWPR>20
� �� ���� ���  Q5<2PTLRQ5<2L

i ∈ I
MJUWD�>�bJUF@^LR>a<2G

c ∈ C
LR>HD�:=<?>

c = enc(i)
M

� ����� � � H��/	� � L��  Q5<2PBLRQ5<2L
i ∈ I

M2UWD >�b UF@RLR>a<2G <2G2UF:8<?>
c ∈ C

LR>HD :8<?>
c = enc(i)

M]>HL
� � L/!#��H?	��� ���  Q5<2PBLRQ5<2L

c ∈ C
MJUWD >�b UF@^LR>Z7E< O2DW<?@'<2G

i ∈ I
LR>HD�:8<?>

c = enc(i)
�

 PR>HG?Q5G?@e<2G >�bJ>Hd O2DF> �$�BG >HG=L^UF>HPeOcQ @^UWL^U IZ>;@^Le7EUF@RYHd >HG8L >HG?9;Q=S?7�-2DF>�>HG -2UWG]7EUWPR> >HG 7EO2O2DWUF:8<]7EG=L@^UWd O2DF>Hd >HG=L <2G 9 1]7EG�'X>Hd >HG8L S2> -]75@R> � *,+ Q5O YHPq7EL^UFQ5G S + 75S2SJUWL^UFQ5G @^<2PeDF>;@e>HG8L^UF>HPR@ OcQ @^UWL^U I�@e>HG -]75@R>� @ + 7EO2O2DWUF:=<?> 7EDFQ5PR@\@^<2PZD + >HG?9;Q S?7�'X>eS2>;@�S2>H<Jb�Q5O YHPq7EG?S2>;@\>HL S2Q5G2G?> 9;Q5d d > PRY;@^<2DWLq7EL�<2G>HG8L^UF>HP >HG
-]75@R> � � * > O2P^UWG?9HUWOc> d_]Hd > S2> D + >HG?9;Q S?7�'X> >;@^L`:8<?> 9;>HLZ>HG=L^UF>HP >HG9-]75@R> � >;@^L -2UF>HG @%02P`D + >HG?9;Q S?7�'X>>HG -2UWG]7EUWPR>\SJ<�PRY;@^<2DWLq7ELaS2> D + Q5OcYHPq7EL^UFQ5G-S + 75S2SJUWL^UFQ5G S2>;@ S2>H<Jb�Q5O YHPq7EG?S2>;@aUWG2UWL^U[7EDF>;@N� _`7EG?@a9;>�9N75@NM D[7IKQ5G?9HL^UFQ5G S + >HG?9;Q S?7�'X>%O >H<2L3@ + >�bJO2P^UWd >HP�7EG]7ED Q L^UF:=<?>Hd >HG8L T�9;Q5G8VX>HPR@RUFQ5G >HG -]75@R> � W�� * >$@R9 1?YHde7�@^<2UWV57EG=L>�bJO2P^UWd >`D + UFS2Y;>`OcQ5<2PR@^<2UWV=UF>20

Q5O YHPq7EG?S2> -2UWG]7EUWPR>
−→
+2

PRY;@^<2DWLq7EL -2UWG]7EUWPR>
↑ ↓Q5OcYHPq7EG?S2>

−→
+

PRY;@^<2DWLq7EL
& G1G?Q5LR>HPq7C9;>HO >HG?S?7EG=L :=<?> D[7�IKQ5G?9HL^UFQ5G >HG :=<?>;@^L^UFQ5G1G?> O >H<2L ]HL^PR> LRQ5Lq7EDF> LRQ5<2L >HG YHLq7EG=L <2G?>7EO2O2DWUF9N7EL^UFQ5G UWG(.n>;9HL^UWVX> �=�=<2P$<2G d Q5L/S2>'Lq7EUWDWDF> U?G2UF> MXQ5G G?>'OcQ5<2P^Pq7 .R7Ede7EUF@�PR>HO2PRY;@R>HG=LR>HP%:=< + <2G G?Q5dO-2PR>

U?G2U S2>BV57EDF>H<2PR@�� *,+ >HG?@R>HdO-2DF> S2>;@$>HG8L^UF>HPR@ YHLq7EG8L%UWG/U?G2U MXLRQ5<?@$DF>;@/>HG=L^UF>HPR@%G?>TOc>H<2VX>HG8L ]HL^PR>BPR>HO2PRY;@R>HG8LRY;@��
& G DWUWd UWLR>�S2Q5G?9`D + UWG8LR>HP^V 7EDWDF>�S2>;@B>HG8L^UF>HPR@ PR>HO2PRY;@R>HG8LRY;@NM]G?Q5<?@B9;Q5G=LR>HG8Lq7EG8LZ7EDFQ5PR@ S + <2G?>`IKQ5G?9HL^UFQ5G S + >HG/;9;Q S?7�'X>TO]7EP^L^UF>HDWDF> �  Q5<2P S2>;@/d Q5LR@%S2>B� � -2UWLR@NMXD + UWG=LR>HP^V57EDWDF>�S2>;@$>HG=L^UF>HPR@%G]7EL^<2PR>HDF@/DF>BO2DW<?@/9;Q5<2Pq7Ed d >HG8LPR>HO2PRY;@R>HG=LRYZO]7EPB9;Q5G=VX>HPR@^UFQ5G�>HG -]75@R> � >;@^L

[0, 4.294.967.295]
�

 PR>HG?Q5G?@/<2G @R>;9;Q5G?Se>�b2>Hd O2DF>BQ�� D[7aI�Q5G?9HL^UFQ5G S + >HG?9;Q=S?7�'X>BG + >;@^L/O]75@$>�b O2P^UWde7�-2DF>BO]7EP"<2G?>B>�bJO2PR>;@<;@^UFQ5G7EG]7ED Q L^UF:=<?> � S Q5<?@ DF>;@�Q5PRSJUWG]7ELR>H<2PR@�de7EG2UWO2<2DF>HG=L 7E<(.^Q5<2PRS + 18<2U'S2>;@�9N7EPq759HL75HPR>;@N� * >;@ Q5OcYHPq7EL^UFQ5G?@PRYN7EDWUF@q7�-2DF>;@ @^<2P S2>;@ 9N7EPq759HL75HPR>;@%@qQ5G8L PR>HD[7EL^UWVX>Hd >HG8LT@^UWd O2DF>;@ 0=Q5G Oc>H<2L$DF>;@%9;Q5d O]7EPR>HPT>HG8L^PR>a>H<Jbe>HL%DF>;@7JXe971?>HP�@^<2Pa<2GCY;9HPq7EG Q5<CDF>;@`Y;9HP^UWPR> @^<2P`SJ<CO]7EO2UF>HPN�  Q5<2PZde7EG2UWO2<2DF>HP`DF>;@`9N7EPq759HL75HPR>;@ 8 D + 7EUFS2> S + <2G
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Ensemble
des caractères

Ensemble
des codes

(nombres binaires 7 bits)

a

b

z

0010001

0010010

0011110

� � ��� � � 3 � ��G?9;Q=S?7�'X>�S2>;@T9N7EPq759HL75HPR>;@

Q5PRSJUWG]7ELR>H<2PNM=UWD?I 7E<2L"DF>;@/>HG?9;Q S2>HP$>HG=-2UWG]7EUWPR> �8_`7EG?@/DF>B9N75@/S2>;@%9N7EPq759HL75HPR>;@NMXUWD G + >�b UF@^LR>TO]75@$S + >HG?9;Q S?7�'X>@ + UWd OcQ @q7EG8L 7 O2P^UFQ5P^U$9;Q5d d > S?7EG?@`DF> 9N75@ZS2>;@`>HG8L^UF>HPR@ O Q @RUWL^U I�@N�c��D3IK7E<2LZ@^UWd O2DF>Hd >HG=L�>HG 9 1?Q5UF@^UWP`<2G ���D3@^<YX LaS2Q5G?9\S + YHLq7�-2DWUWP`<2G?>�9;Q5P^PR>;@^OcQ5G?S?7EG?9;> >HG8L^PR> 9 1]759H<2GCS2>;@a9N7EPq759HL75HPR>;@`>HL�<2G�G?Q5dO-2PR> -2UWG]7EUWPR>
T U '?� � � 3 W�� � Q5d d > DF>;@ 9N7EPq759HL75HPR>;@ @qQ5G8LBPR>HD[7EL^UWVX>Hd >HG=LaO >H< G?Q5dO-2PR>H<Jb�S?7EG?@ DF>;@ 7EDWO�1]7�-c>HLR@ Q 9;9HUFS2>HG/;Lq7E<Jb M8Q5GeDWUWd UWLR>BD[7`Lq7EUWDWDF> S2>;@$9;Q S2>;@/S2> 9N7EPq759HL75HPR>;@ 8 @ -2UWLR@NM=9;>B:=<2U?O >HP^d >HL%S2>TPR>HO2PRY;@R>HG=LR>HP

28 = 2569N7EPq759HL75HPR>;@BSJU \ YHPR>HG8LR@ T�9N7EPq759HL75HPR>;@TG?Q5P^de7E<Jb M]759;9;>HG=L^<?Y;@NM?OcQ5G?9HL^<]7EL^UFQ5G M]>HLR9 � W��
* 7 IKQ5G?9HL^UFQ5G�S + >HG?9;Q S?7�'X>�G?> Oc>H<2L ]HL^PR>�>�b O2P^UWd Y;> 7EG]7ED Q=L^UF:=<?>Hd >HG8LNM O2<2UF@R:=<?>ZD[7e9;Q5P^PR>;@^OcQ5G?S?7EG?9;>>;@^LT7EPN-2UWL^Pq7EUWPR> � � >HOc>HG?S?7EG8LNM?D[7 9N7EPRSJUWG]7EDWUWLRYZS2>aD + >HG?@R>Hd -2DF> S2>;@'V57EDF>H<2PR@'S + UWGJIKQ5P^de7EL^UFQ5G�YHLq7EG=LTY4'87EDF> 89;>HDWDF>ZS2>;@T9;Q S2>;@NM2>HDWDF>`Oc>H<2L�]HL^PR>`LRQ5Lq7EDF>Z>HL ]HL^PR>`<2G?> 7EO2O2DWUF9N7EL^UFQ5G UWG(.^>;9HL^UWVX>2T�>HG I 7EUWLB@^<2P .^>;9HL^UWVX>XW��
� D + 1?>H<2PR>`S + ��G8LR>HP^G?>HLNM Q5G 9;Q5d O2PR>HG?SJPR> :=<?>`9;>HLT>HG?9;Q=S?7�'X> 7\UWG=LRYHP�]HL 8S]HL^PR>aO]7EP^Lq7�'XY`O]7EPTDF>ade7+b ;UWd <2d S + Q5PRSJUWG]7ELR>H<2PR@NM3S2> I 7�#;Q5G 8 OcQ5<2VXQ5UWP\7JXe971?>HP 9;Q5P^PR>;9HLR>Hd >HG8L @^<2PZ<2G�Q5PRSJUWG]7ELR>H<2P\� <2G�LR>�bJLR>9;Q5d OcQ @RY @^<2P)<2G Q5PRSJUWG]7ELR>H<2P��a� S P75;@�V UWLR>%S2>;@3G?Q5P^d >;@�S + >HG?9;Q S?7�'X>'S2>;@�9N7EPq759HL75HPR>;@"@R>%@RQ5G8L�UWd OcQ @RY;>;@N�

� >'I�<2L$S + 7�-cQ5PRS DF> 9N75@$7E<Jb : Lq7ELR@N; �BG2UF@ 7;VX>;9 D[7`G?Q5P^d > �a� � �R��� * 7ZG?Q5P^d > �`� � �R�3S2Y U?G2UWL$<2G?> 9;Q5P^PR> ;@^OcQ5G?S?7EG?9;> >HG8L^PR>%<2G\>HG?@q>Hd -2DF>'S2> %N�?@ 9N7EPq759HL75HPR>;@�VX>HPR@3DF>;@3G?Q5d -2PR>;@�-2UWG]7EUWPR>;@�@R<2P ) -2UWLR@NMES2> ��� � ��� ���
8 � ��� ��� � � T U '?� � � 3 W�� * > .n>H< S2> 9N7EPq759HL75HPR>;@B�`� � �R�$9;Q5d O2PR>HG?S DF>;@ � P DF>HL^L^PR>;@NM]>HG de7 .s<?@R9H<2DF>;@ >HLB>HGd UWG8<?@q9H<2DF>;@NM5DF>;@ %�� 9712U \cPR>;@"S2> � 8 Y M5S2>;@�9N7EPq759HL75HPR>;@"S2>%O Q5G?9HL^<]7EL^UFQ5G T V=UWPN' <2DF> MEOcQ5UWG8LNM5OcQ5UWG8L<; V UWPN' <2DF> MS2>H<Jb OcQ5UWG8LR@NM �W�W� W�>HL$S2>;@%9N7EPq759HL75HPR>;@ S2>B9;Q5G=L^P)�5DF> T PR>HLRQ5<2P 8`D[7ZDWU ' G?> MXLq7�-2<2D[7EL^UFQ5G MJ>HLR9 � W��  PR>;@R:8<?>BLRQ5<?@DF>;@TQ5PRSJUWG]7ELR>H<2PR@�759;9;>HO2LR>HG8L`7E<(.nQ5<2PRS + 1=<2U�DF>;@T9N7EPq759HL75HPR>;@ >HG?9;Q=S2Y;@T@q>HDFQ5G D[7 G?Q5P^d >Z�`� � �R�~�J� G 9N7EPq759 ;L75HPR>a>;@^L/D[7�O2DW<2O]7EP^L'SJ< LR>Hd O?@%>HG?9;Q S2Ya@^<2P%<2G Q 9HLR>HL[Z=>HG G?Q5P^d >a�`� � �R� T ) -2UWLR@ W�M8DF> -2UWL%S2>�OcQ5UFS IKQ5P^LS2>`D + Q 9HLR>HLT>;@^LB7EDFQ5PR@ 8 � �
_�>;@eG?Q5P^d >;@e@R> @RQ5G8L >HG?@^<2UWLR> S2YHVX>HDFQ5O2OcY;>;@ 7E< G2UWVX>N7E< UWG8LR>HP^G]7EL^UFQ5G]7ED`7;VX>;9 DF>;@ .^>H<Jb S2> 9N7EPq759 ;L75HPR>;@`�^� & M S2Q5G=L`DF> �n� & ; @?@?>?Y :=<2U�>;@RL DF> .^>H<CS2> 9N7EPq759HL75HPR>;@Z9;Q5d O2PR>HG]7EG=LZDF>;@`9N7EPq759HL75HPR>;@Z759;9;>HG8L^<?Y;@I�Pq7EG$#N7EUF@N�  DW<?@BPRY;9;>Hd d >HG8LNM D[7\G?Q5P^d > �PN � � & _a�1O >HP^d >HL S2>`PR>HO2PRY;@R>HG8LR>HP�>HG <2G?>Z@R>H<2DF>ZG?Q5P^d >`DF>;@9N7EPq759HL75HPR>;@�S2>`D[7 O2DW<2O]7EP^L S2>;@�7EDWO�1]7�- >HLR@ SJ< d Q5G?S2> M?de7EUF@ >HDWDF>`G?Y;9;>;@R@^UWLR> % P -2UWLR@TOcQ5<2PTPR>HO2PRY;@R>HG=LR>HP<2G 9N7EPq759HL75HPR> ���

� � l p i r�� i �~l h�i y i k�u w p wxmKl p i r�� � ) l � � � � � v � � ��k � � l �.� �nmKlsrNu l � mKlnm)g i0� i g�u � � lnm F
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������� � � > � �B>HO2PRY;@q>HG8Lq7EL^UFQ5G�S2>;@TPRY;>HDF@B@R>HDFQ5G D[7 G?Q5P^d > ���"�/�
��( ,�� ( &"')7�*8� 	:( ��,�� 9 ( � 9 0 #%( & 24�524!�7=& *8( # *87=& &80 ( #

* Q5PR@R:=<?>eD[7 PR>HD[7EL^UFQ5G1>HG8L^PR> <2G�YHDFYHd >HG=L S + UWGJI�Q5P^de7EL^UFQ5G >HL @RQ5G�Oc>HG?S?7EG8L -2UWG]7EUWPR> @R> 9;Q5d O2PR>HG?S M
' PRQ @R@RQ d Q S2Q2M29;Q5d d >`<2G?>`PR>HD[7EL^UFQ5G <2G�8\<2G M?Q5G O]7EP^DF>`VXQ5DFQ5G8L^UF>HP�S + >HG?9;Q=S?7�'X> �  7EPB9;Q5G=L^PR> M?DFQ5PR@R:=<?>D[7�PR>HD[7EL^UFQ5G @R> 9;Q5d O2PR>HG?S O2DW<2L)�5L 9;Q5d d > D + 7�' PRY4'87EL S2> O2DW<?@RUF>H<2PR@ >HG?9;Q=S?7�'X>;@NM�Q5G O]7EP^DF> O2DW<2L)�5L S2>
;�T`O";�a�7>TC5"9 �R9<3 �R5]� * > 9N75@�DF> O2DW<?@�@^UWd O2DF> S2> PR>HO2PRY;@R>HG=Lq7EL^UFQ5Ge>;@^L�9;>HDW<2U?S2>;@�>HG8L^UF>HPR@�PR>HD[7EL^U IK@NM59;Q5d O2PR>HG]7EG8LS2Q5G?9�DF>;@'>HG8L^UF>HPR@ G?Y4'87EL^U IK@N� * 7�PR>HO2PRY;@R>HG8Lq7EL^UFQ5G D[7 O2DW<?@ @^UWd O2DF>a9;Q5G?@^UF@RLR> 8�>HG?9;Q S2>HP'D[7ZV 7EDF>H<2PT7�-?@RQ5DW<?>SJ< G?Q5dO-2PR>ZO]7EP�9;Q5G8VX>HPR@^UFQ5GC>HG�-]75@R> � M?O2<2UF@BS + 759;9;Q5DWDF>HP�<2G -2UWL�S2> @^U ' G?>`V 7ED[7EG8L � @^U�DF>`G?Q5d -2PR>\>;@^LOcQ @^UWL^U I3>HL % @ + UWD >;@^L G?Y4'87EL^U In� & G O]7EP^DF>aUF9HU S2>aPR>HO2PRY;@R>HG=Lq7EL^UFQ5G 9N7EP'D + >HG?9;Q=S?7�'X>`@q>�9;Q5d O2PR>HG?S >HG S2>H<Jbd Q5PR9;>N7E<Jb�SJUF@ .^Q5UWG8LR@N����G�PRYN7EDWUWLRY M)9;>HL^LR> PR>HO2PRY;@R>HG8Lq7EL^UFQ5G >;@^LZOc>H< <2L^UWDWUF@RY;> � * >;@ >HG=L^UF>HPR@ PR>HD[7EL^U IK@ @RQ5G=L
'XYHG?YHPq7EDF>Hd >HG8L`>HG?9;Q S2Y;@BO]7EPa9;Q5G8VX>HPR@RUFQ5G�>HG -]75@R> � O2<2UF@BO]7EP�9;Q5d O2DFYHd >HG8L 8 � M >HG?9;Q=S?7�'X>\:8<?> G?Q5<?@G?>ZS2YHLq7EUWDWDF>HPRQ5G?@BO]75@'UF9HU

* >;@ZG?Q5dO-2PR>;@�PRY;>HDF@�Q5G8L 7E<?@R@^U�I 7EUWLZD + Q(-/.^>HL�S2> G?Q5dO-2PR>H<?@R>;@\PR>HO2PRY;@R>HG8Lq7EL^UFQ5G @^<2P SJU \ YHPR>HG8LR>;@�de7 ;9712UWG?>;@T7NV57EG=L'S + >HG 7EP^P^UWVX>HP 8�S2>;@$G?Q5P^d >;@'SJ< LRQ Oc> S2> D[7ZG?Q5P^d >a�s�"�"� T���G?@^L^UWL^<2LR>BI�Q5P ��DF>;9HL^P^UF9N7ED 7EG?S��DF>;9HL^PRQ5G2UF9 �"G�' UWG?>;>HP^UWG�' W��"�BG PRY;>HD Oc>H<2L @ + >�b O2P^UWd >HP O]7EP <2G I 759HLR>H<2P\d�<2DWL^UWO2DWUFY O]7EP <2G?> 9;>HP^Lq7EUWG?>O2<2UF@R@q7EG?9;> S2> SJU bc�3� G?>eO2PR>Hd U65HPR> G?Q5P^de7EDWUF@q7EL^UFQ5G 9;Q5G?@RUF@^LR>F8 LRQ5<(.^Q5<2PR@ PR>HO2PRY;@R>HG8LR>HP DF>;@\PRY;>HDF@ S?7EG?@<2G?> I�Q5P^d >�9N7EG?Q5G2UF:8<?> Mc9 + >;@^L<; 8 ; SJUWPR>\Q���D[7 O]7EP^L^UF>�>HG=L^U65HPR> SJ< I 759HLR>H<2P�7e<2G?>ZV 7EDF>H<2P�>HG=L^PR> % >HL Y >HGV 7EDF>H<2P 7�-?@RQ5DW<?> �?� UWG?@^U DF>;@'PRY;>HDF@ 0
100, 0

M
0, 0067

>HL −1, 5@RQ5G8LTPR>HO2PRY;@q>HG8LRY;@�>HG I�Q5P^d >Z9N7EG?Q5G2UF:=<?>`O]7EP 0
1, 0 × 102 M 6, 7 × 10−3 >HL −1, 5 × 100 �
� DBIK7E<2L 7EDFQ5PR@ PR>HO2PRY;@q>HG8LR>HP DF> I 759HLR>H<2P :=<2Ua>;@^Le<2G G?Q5d -2PR>�PRY;>HDa7NVX>;9 <2G?>�O]7EP^L^UF>�>HG8L^U65HPR>CS + <2G9712U \cPR>e>HL <2G?> de7EG8L^UF@q@R> M O2DW<?@ <2G>�bJO Q @q7EG=L :=<2U/>;@^LZ<2G�>HG8L^UF>HP PR>HD[7EL^U I^� * 7 G?Q5P^d >e�s�"�"� OcQ5<2PZDF>;@PRY;>HDF@%O2PRQ=9#5;S2>�S2> de7EG2U65HPR>�@RUWd UWD[7EUWPR> M8de7EUF@'7;VX>;9�<2G G?Q5d -2PR>�PR>HO2PRY;@R>HG=LRY�>HGF-]75@R> � �  Q5<2P <2GePRY;>HD >HG

-]75@R>`S2>H<Jb MJD[7\O]7EP^L^UF>Z>HG8L^U65HPR> SJ< IK759HLR>H<2PB>;@RL%G?Y;9;>;@q@q7EUWPR>Hd >HG8L % MJO2<2UF@'UWDIQ 7\<2G?>ade7EG=L^UF@R@R>ZS2Q5G2G]7EG=LDF>ZG?Q5dO-2PR>�S2>�9712U \cPR>�@RU ' G2UVU]9N7EL^U I�@NM]O2DW<?@B<2G�>�b OcQ @q7EG=L S2> S2>H<Jb T�>HG�DWUF>H<�>HL O2D[759;> S2> D + >�b OcQ @q7EG8LaS2>
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Modèle

Vue Contrôleur

lien de consultation

lien de dépendance
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<Nom de classe>

...

<Nom> : <Type> = <valeur−initiale>
...

<Nom>(<paramètres>) : <type résultat>

Variables

Opérations
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t1 : Tortue

x = 100
y = 200
cap = 90.0

t2 : Tortue

y = 50
cap = 180.0

x = 400

x : Integer = 0
y : Integer = 0
cap : Float = 0.0

avance(nPas : Integer)
recule(nPas : Integer)
gauche()
droite()

Tortue
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