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PROGRAMME 2

Calcul symbolique,

programmation

et génie logiciel
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%'&�(*),+&"-/.0(#1#23.046587:93-<;=1#2>&�?/@�&BADC0(#E�4>&�7F7
GIHKJMLNHPORQDQTS3UWVYX3ORZ\[^]_Z*`Ka:QcbdJNZfe\gN]_SMhNi_HKJMLMH^ORQDQ�ORjKekJNl
SFj6L�mSFlnefS�ZoJMLNe\[^eoSFZ

GIH=J�pqSFj�r6sutPv6wWx
y6ORi_izJMHKj>{:S�H=S�[K|_SFH^[K|_S
lW}~U_���M��V�U��
Q�ORH=`����N�R�WVY�R�cidO�LMSF`

����_���I� ������ ORl_`>[^S�HPO�i_izJMH=j�hzl_JM]_`>O�ZoZfJNl_`�mSFjK]d{:eoSFH�ZoS�i_H=JNb_Z��SFQTS�{:SWZ�O�HKSFi_H_mSF`=SFl:j^ORj=eoJNl�{:S�`>��JMH=QDSF`3izJMZoa:l_JMQDe�O�ZkSF``=JN]_`#��JNH=QTS�{:S�LMH^ORi_|_S�`0{:S�{#mS�[qef`KeoJMl_`6j=SFHKldOReoH=S�`>j�a:i3mSF`��n  ��� j�a~i3mSF`�¡¢>i_H��SF`�O�£NJMeoH�i_H_mSF`=S�l~j_mS
b_HKe��S�£MSFQDSFl:j
ZoSF`�j=H^O�£MOR]:¤,O�l~j_mSFH=eoSF]nH=`c`=]nHcZfS�`
  ���¦¥ jKSFH=lzORH=a§{:S�[^eo`KefJNl,{:e\O�LMHPO�Q�¨�h*l_JM]n`ORZoZoJMln`>QTJNl:j=H=S�H0[^JNQTQTS�l~j3eoZISF`Kj�idJN`=`KefbnZfST{©S
j�a:izSFH
[^SF`W  �0� j=JM]nj0S�l'`�ª O�j=j^OM[K|dORl:jT�O�[^JMln`=SFHK£MSFH�Z\OT[FO�l_JMl_e\[^eoj_mS${:S[^SF]©¤�[qe�¡
«6lci_H=JNidJN`=SFH^O�SFl_`K]_eoj=S6]_l_S�mSFjK]d{:S>[^JNQTidO�HPORjKeo£MS�SFl:jKH=S>ZoSF`#{:SF]:¤cQTJ_{:SF`�{:S3HKSFi_H_mSF`=SFl:j^ORj=eoJNl_`�¡:X#SFj=jKS
mSFjK]d{:S6idSFHKQTSFjKj=H^O
{:S�QTJNl~jKH=SFH6Z�ª eol:j=S�H�¬SFj�{:]'j�a:idO�LMS��ODZ�ª­ORe\{:S�{:S�idS�H=Qc]_j^ORj=eoJNl_`>izJM]_H�ZoSF`6��JNld[^j=eoJNl_`>izJMZoa:l_JMQDe\ORZoSF`3{:S
bzOR`=SN¡�«6l'£NSFH=H^O
idO�H3Z�OW`=]nefjKS�{:e¯®0mSFHKSFl:j=SF`�Q�mSFj=|_J_{:S�`3£~eo`^ORl:j��OcO�Q�mSFZoeoJMHKSFH�Z\O�H=S�i_H_mSF`KSFl:jPO�j=eoJMl
S�l�Q�mSFQTJNeoH=S>{:SF`6  ��� ¡
°²±z³ ��´Pµ�¶ ����,·�¸�¹»º*¼*½ hz¾�HPO�i_|_SF`>{:S�{#mS�[^eo`=eoJMl_`6j=SFHKldOReoHKSF`
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� µ ³ ��� l�j=|_eo`�HKSFidJNH=j�h��#Sc`=jK]d{:a�j=|_Sci_HKJMb_ZoSFQ¦JR�3j=|_ScHKSFi_HKSF`=SFl:j^ORj=eoJNl JR�3j=|nScidJNZfa:l_JNQTe\ORZz��]_ld[^jKefJNl_`�b:a
j=|_SQ�O�H��NS�{*h*HKS�{:]d[^S�{*h�JNHP{:SFHKS�{*h�j=SFHKldORHKa��={:S�[qef`KeoJMl,{©e�O�LMH^ORQT`z��jK|_ScQ�O�H��MS�{
  ��� ¡*¢3��j=SFHcOD`=|_JNH=j�i_H=SF`KSFl:jPO�j=eoJMl JR���>¡
� ]_j=S�H=j=HKSMª `��#JMH��TJMlDJMH^{:eoldORHKaT  ��� h��#S�`=|nJ
��|_J
�²efj�ª `uizJM`K`=eob_ZoS�j=JcQ�O�H���b_HPO�ld[K|_SF`6JR��  ��� �3efjK|TizSFH=Qc]njPORjKeoJMl_`�¡
�3Sq¤©j�h��uS�i_H=JNidJN`=S
OD[^JMQDidORH^ORjKef£NS>`Kj=]d{:a�bdSFj��#SFSFl�j=|nS
j��#JcH=SFinH=SF`KSFl:jPORjKeoJMl_`�J��u  ��� ¡: 3|_eo`>`=|nJ
�3`0jK|_S�bzSFl_S��zj�JR�]_`KeflnLcj=|_S�Q�O�H��NS�{c  ��� ��JNH3j=|_S�bzOR`=e\[6izJMZoa:l_JMQDe�O�ZN��]_ld[^jKeoJMl_`�¡�¢3��jKSFH3j=|dO�j�h��uS�`=S�S
{:e¯® S�H=SFl:j>QDSFj=|nJ©{©`��3|_e\[=|
[FO�lbzS
]_`KS�{�j=J�eoQTi_HKJR£MS>jK|_S�S� �[^eoSFld[^a�JR�ujK|_S
Q�ORH��MS�{�  ��� ª `>ORZoLMJNH=eoj=|nQT`3ORld{�j=JDH=S�{:]z[^Scj=|_S�QTS�QTJMHKac]_`=S�{
b:a�j=|_S  ��� ¡
! �#"*´�$ ±�
�% �R� ·�¸�¹»º*¼*½ h_jKSFH=lzORH=a&�={:S�[^eo`KefJNl'{:e\ORLNHPO�QT`
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-/.�0 ³ 
R±�% ��µ ³21�± 0 3

4 °8�� ³25 ±�% � % � %
��_µ ± �76 ± � 1�³21�± 0 % �_��8 ± 0 µ ³21�± 0 �96 ± ¶ " 0 ± � 1 � ¶��©�6� ± ����8 ±�
 ��� % �;:�<=< >U_¡o�@?²mS�j=|_J_{:SF`�ORZoL�mS�b_H=e\gN]_SF`3]_jKeoZfeo`_mSFSF`�A�A�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A �
U_¡­U CÜSF`3LMH^ORi_|_S�`0{:S�{#mS�[qef`KeoJMl�j=SFHKldOReoHKSF` �   ��� A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A �

Un¡ Un¡o� � mS��zl_eoj=eoJMlDA�A�A$A�ABA�A$A�A�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A �
Un¡ Un¡­U � l:jKSFH=i_H_mSFjPO�j=eoJMlEA$A�ABA�A$A�A�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A �
Un¡ Un¡­�   ��� H_mS�{:]_eoj7A�A$A�ABA�A$A�A�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A �
Un¡ Un¡ � G H=JMinH=e�mSFj_mSFA�A�A$A�ABA�A$A�A�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A �
Un¡ Un¡­� Sq¤©S�QTi_ZoS0{©S0  ��� H_mS�{:]_eojGA�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A �

H :$<I< ³ "J6 ��_� -�K
�_¡o� � mS��dlnefjKeoJMl�{©SF`>  ��� j�a:i3mSF`GA�A$A�A�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A �N�

�n¡f�N¡o� � mS��zl_eoj=eoJMlDA�A�A$A�ABA�A$A�A�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A �N�
�n¡f�N¡­U � l:jKSFH=i_H_mSFjPO�j=eoJMlEA$A�ABA�A$A�A�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A �N�
�n¡f�N¡­� G»SFHKQc]_jPO�j=eoJMln`�]_j=eoZoeo`_mSFS�`LA�A�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A ��U
�n¡f�N¡ � CÜS�[^jK]_H=S
{Üª ]nl�  ��� j�a:i3mSMA�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A ��U

�_¡­U mN�gN]_eo£MORZoSFld[qS>SFl:j=HKS
l�O0]z{:`PA�A$A�A�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A ���
�n¡ Un¡o� � mS��zl_eoj=eoJMlDA�A�A$A�ABA�A$A�A�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A ���
�n¡ Un¡­U G H=JMinH=e�mSFj_mS���JMld{nORQTS�l~j^ORZoSQA�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A ���
�n¡ Un¡­� � mSFQDJMl_`Kj=H^ORj=eoJNlQA�ABA�A$A�A�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A ���
�n¡ Un¡ � ¢6ZoLMJMHKeoj=|_QDS>{:S�H_mS�{:]z[^j=eoJMl�`=]_H>{:S�`>  ��� j�a:i mSF`RA�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A ���
�n¡ Un¡­� N ¤©S�QTi_ZoS0{©S0H_mS�{:]d[qj=eoJMl
`K]_H3]_l�  ��� j�a:i mSDABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A �2S

�_¡­� X3O�l_JMl_e\[^eojKS0{:]�  ��� j�a:i mSTABA�A$A�A�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A �2U
�_¡ � «6i3mSFH^ORjKefJNl_`3`=]nH>ZoSF`3  ��� j�a:i mSF`VA�A�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A ���

�n¡ �z¡o� G H=eold[^eoizS�{©SF`>JNi mSFHPO�j=eoJMln`�mSFZ�mSFQTSFl:j^OReoH=SF`WABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A ���
�n¡ �z¡­U ¢6ZoLMJMHKeoj=|_QDS3S^® S�[^j=]dO�l:j>]_l_S�JNi mSFHPO�j=eoJMl²mSFZ�mSFQDSFl:jPO�efHKS>SFl:jKH=S
{:S�]:¤
idJNZfa:l ¬JNQTSF`�A$A�A�A$A�ABA�A$A U�X
�n¡ �z¡­� � mSF£NSFZoJMi_izSFQDSFl:j {*ª ]_lD  ��� j�a:i3mS7A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A Un�
�n¡ �z¡ � Y©]_b_`=jKeoj=]_jKefJNl_`ZA$A�ABA�A$A�A�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A UNU

�_¡­� X#J_{_O�LMS>eol:j=S�H=l_S
{©SF`>  ��� j�a:i3mSF`MA�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A UN�
3 ����_��� ¶ ³ �_³ �'[ ± �76 � 

�\1 � ± 0 � 0 ³�
 �D¶��_��:$<I<8� ³ ¶��_��:�<=< ³ "J6 ��_� 4]H
�d¡o� GIH_mSF`=S�l~j^ORjKefJNl'{:S ·�¸�¹»¼*½M¸ A�ABA�A$A�A�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A UN�
�d¡­U ¢  �[=|zORLMS�{:S�`3  �0� A�A$A�ABA�A$A�A�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A U��
�d¡­� N»¤_SFQDi_ZoS0{:S6��JNld[^jKefJNl_`>{:S ·�¸�¹»¼*½M¸ A�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A U��
�d¡ � X#JNQTidO�HPOReo`KJMl�SFl:j=H=S�ZoSF`3  ��� SFj3ZoS�  �0� j�a:i3mS�`^A�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A UN�

>`_6� 
 ��6��_µ ³21ba �_� 4Jc
�_¡o� d3jKefZoeo`PO�j=eoJMlT{Üª ]nl_S�jPORbnZfS�izJM]_H3`Kj=J_[��MSFH6ZoSF`3l\O�]d{:`eABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A U�U

�n¡f�N¡o� G H_mSF`KSFl:jPORjKeoJMl
{:S�Z\OWjPORbnZfSDA�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A U�U
�n¡f�N¡­U N ¤©S�QTi_ZoSTA$A�A�A$A�ABA�A$A�A�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A U�U

�_¡­U � QDi_Z�mSFQTSFl:j^ORj=eoJNl${:e¯®0mSFH=S�l~jKS
{:SF`6JMi3mS�HPORjKeoJMl_`�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A UN�
�n¡ Un¡o� � l:j_mSFH�¬SFj�{*ª ]_l_S�l_JN]_£MSFZoZoS>eoQDi_Z�mSFQTSFl:j^ORj=eoJNlLA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A UN�
�n¡ Un¡­U G H_mSF`KSFl:jPORjKeoJMl A$A�ABA�A$A�A�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A UN�
�n¡ Un¡­� � {#mSFS�{:S�Z�ª­ORZoLMJNH=eoj=|_QcSfA$A�A�A$A�A�A�A$A�ABA�ABA�A�A$A�A�A$A�A�ABA�ABA�A$A�A�A�A$A�A�A$A�ABA�A$A ��X

g [ ± 0 µR¶���� 1�± 0 HJ-

c � 0h0 �"i*� HJ-

Ï�Ï Úkj�l�m�n2o



� � 	���� �	��V�&� �����
!]����� � ����		��
 	
�9�&� ��!]	

� � �
!����T�����3!#��� �
C�ª JNbMp^S�[^jKek�3{:]'inH=J�p^S�j N�G ��¢� >y�SF`Kj�{©S$[^JNl:j=H=eob_]nSFH�OR]�{umSF£MS�ZfJNi_izSFQTSFl:j�{:S$[qJMld[^S�i_j=`�h {:S�Q�mS�j=|_J_{:SF`6SFj�{:S�ZfJNLMe\[^eoSFZo`
izJM]_H3Z\Oc[^JNld[^SFi_jKeoJMl�SFj>Z\OWQTeo`=S6SFl O�]_£:H=S�{*ª­ORi_i_Zoe\[FO�j=eoJMl_`3{_O�l_`3ZoS�{©JMQ�O�eol_S>{:]�j=SFQDi_`3H_mS�SFZ�¡]C*S�`>j=H^O�£MOR]:¤TSq® S�[qj=]3mSF`
`�ª eol_`^[^H=eo£MS�l~j�{_ORln`0ZoS
[qJMl:j=S^¤_jKS${:S�Z\O�i_H=JNLMH^ORQTQ�ORjKekJMlc`Ka:ld[K|_H=JNl_SM¡ CÜSF`�Z�O�l_L~O�LMSF`6`=a:ld[K|_HKJMl_SF`�£:eo`=SFl:jT�O�H=S�ld{:H=ScinZf]n`
`M¬]nH=S�SFjci_Zo]_`W��OM[qefZoScZ\O�i_H=JNLMHPO�QTQ�ORj=e¯JMl'{©S�`Ka:`=j��S�QTSF`TgN]_e#eol~jKSFHPO�LMeo`=`KSFl:jT[^JMl:jKefl�¬]_QTSFl:j
O�£NS�[T{©SF`cSFl:£:efHKJMl_lnSFQTSFl:jK`
S^¤_eoLMS�O�l:j=`�¡:X�ª SF`=j#{_ORl_`#[^S0[FON{:H=S�gN]�ª­O
mS�j_mS0{#mS��dl_e*]_lcZ\O�l_L~O�LMS3{:S3i_H=JNLMH^ORQTQ�ORjKefJRl�jKSFQTi_`�H_mSFSFZ*`Ka:ld[K|_H=JNl_SMh ·F¸�¹»º*¼*½�� S��=h{:SF`Kj=eol3mS��OWZ\Oc[^JMlz[^SFi_jKefJNl�SFj$�OWZ\O�QDef`KS>SFlIO�]_£:H=S�{:S�`=a:`Kj��SFQDSF`3j=SFQDi_`3H_mS�SFZ�¡
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�n¡3{*ª ]_lTSFln`=SFQcb_ZoS�{:S�[^JNl~jKHPO�efl:jKSF`43 ¥ �5&'+�¨6� X_h
�z¡3{*ª ]_l_S6��JMlz[^j=eoJMl�{*ª=mSF£MJNZo]_j=eoJMl87 ¥ �5&�+�¨3{:S ¥ � �.� �9� � ¨ (;:�0 {_O�l_` ¥ � ��� �9� � ¨ ( h
�n¡3{*ª ]_l_S�[^JMl:jKHPOReol:j=S�{*ª eol_eoj=e\O�Zfeo`^ORj=eoJNl<3>= ¥ �
¨6� X_¡

d3l�`Ka~`Kj��SFQDS�{:a:ldORQDe�gN]_S3`KSFHPO l_JMj_mS�� ?
@ A 3 ¥ �5&�+
¨B� X�8C � 7 ¥ �5&�+�¨3>= ¥ � ¨ � X
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SIGALI

Module de
gestion memoire

interpreteur

Module TDD
 - reduction
 - operation

Module 
polynome

�»eoLM]_HKS$���

n � ±�% �I¶��=:$<I<¦� O�l_`>[^SFjKj=S�idORHKj=eoS�`KJMl:j3S^®*S�[^j=]3mSFSF`�ZfS�`3JMi3mSFH^ORjKefJNl_`>S�j>ZoSF`3H_mS�{:]d[^jKefJNl_`�`=]_H6ZoSF`>izJMZoa:l ¬JMQDSF`�SFli_H=JR£NSFldORlz[^S
{:]DQTJ_{:]_ZoS>izJMZoa:l ¬JNQTSM¡
n � ±�% �I¶����d�_� ³�1�± 0 � ��~� ±�1 
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«6l�]_j=eoZoeo`=S�idJN]_H>[^SFZ\O�Z\O���JMHKQc]_ZoS3L�mSFl3mS�HPORZoeo`_mS�S
{:S$Y:|dO�l_l_JMl�¡
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