
HAL Id: inria-00072888
https://hal.inria.fr/inria-00072888

Submitted on 24 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

The Steam Boiler Controller Problem in Signal-Coq
Mickaël Kerboeuf, David Nowak, Jean-Pierre Talpin

To cite this version:
Mickaël Kerboeuf, David Nowak, Jean-Pierre Talpin. The Steam Boiler Controller Problem in Signal-
Coq. [Research Report] RR-3773, INRIA. 1999. <inria-00072888>

https://hal.inria.fr/inria-00072888
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
37

73
--

F
R

+
E

N
G

ap por t  


de  r ech er ch e 


INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

The Steam Boiler Controller Problem
in Signal-Coq

Mickaël Kerbœuf, David Nowak, Jean-Pierre Talpin

N˚3773

Octobre 1999

THÈME 1





���������	��

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

�*)+���-,

.0/21436587:9$;=<:>@?BADC!E�FHG#5JI�/2K0LNMJO&583HFBP8<Q5SR	T�UV/W<X>Y>@<[Z\5892]�/WR

^�_6`(a&b&cedgf�h@ijb@kmlJnNb�opijqJiro*`(a&b@i
sHtjumvrb�o�wHsyx{zy^�f

f$km|}|8umtjo�~}bVtjbY��_}b(t���_}b��
�X�:�m����d��e��o*um�}t*b�c@�m�X�Vd��m��|6k��Xb@i

�N�!�@�(�4�}�m�m� zpa&um�}��oj_6bV��kmtj��umlSi���uXtja-km��� i¡a-iB��umt¢o*_}b�~Jb@ij���m�#u��	t*b@kX��o*���XbeijqJiro*b(a-i(£:o*_}b&¤8¥�¦	§+¨�©mª
«e¬!­ ��umt*a-k���km|}|}t*uXkX��_®£Q�2¯ bm¯�o*_}b
��uXa
�}���}bY~Nl6ijbVu��!oj_6b�i¡qQ�6��_}t*um�6uml6i�~}k�o*k4°Su4±²��km�}�mlSk��mb�¤8¥�¦	§+¨�©
km�6~Noj_}bV|}t*uQu���kmi*i¡� iro�k��:o «e¬	­ £Si¡b@b(a-i¢oju&�8bVb@ij|SbY��� k�����qNijl}��ojbY~#km�6~�|}t*kX��o*���@k��W¯
³{�6~}b(b@~®£Joj_}b�~}b�ojb@tja&���}� iro*���V�(um�6�(l}tjt*b(�S��q&��a&|}����b@~´�Qq-oj_6b�i¡qQ�6��_}t*um�6uml6iBa&uQ~}b(�®uX��±�_}� ��_�¤8¥�¦+ª

§®¨�©µ��i���uXl}�6~JbY~¶iro*tjuX�}�m��q·i¡��a&|}���¹¸6bYi&oj_6bDi¡|8b@�(�¹¸S�@k4o*��uX�ºkm�6~·o*_}b=�mb@tj��¸S�@k4oj��um�»u��¼i¡l6��_¶ijqQi¡ojb@a-i(¯
½Dumt*b(u4�mb@t@£ «e¬!­ ��iB�}u�oB����a&�¹o*b@~-o*u�ijuma&b$¾Q���6~-u��+|}t*um|8b(tjoj��b@iBk��6~Ni¡uS£X��o*i�l6i¡b\b(�6km�}��b@iyo*u�~J� ijtjb@�Xk�t�~
±�_Sk4o$�(km���8b���_}b@��¾Xb@~#~Jl}t*���6��o*_}b�ij|SbY����¸S�(k�oj��um�´iro�k��mbX¯
³{�µoj_6��i�kmt¡o*���(��bX£�±¢b&l}�6~Jb@tj�����6b&oj_}b-�4k�t*��uml6ie��bYk4ojl6tjbYi¼u���o*_}� i-¤8¥�¦	§+¨�©mª «e¬!­ ��umt*a&km�Hk�|}|6tju:km��_

±���oj_=k�� k�t*�mb¼ij�@k���b¼�@kmijbViro*l6~Jqm£J�Sk�a&b(��q¿o*_}b
À:ojbYk�aÂÁ¢uX����b(t�|}t*um�6��b@a#¯
Ã=Ä:ÅÇÆ*È
É �4Ê!�m� tjbYkm��o*���Xb#ijqJiro*b(a-i@£�ijqQ�6��_}t*um�}uXl6i�a&uQ~}b(�W£¢�Xb(t*�¹¸8�(k4o*��uX�®£�a&uJ~Jb@�p��_}b@��¾Q���}�6£¢|}t*uQu��
kXijij� iro�k��:o@£J��umxW���6~JlS��oj��um�

Ë Ì+ÍjÎÐÏ@Ñ�Í�Ò!Ó�ÎÐÔWÕ�Ö

Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)

Téléphone : 02 99 84 71 00 - International : +33 2 99 84 71 00
Télécopie : 02 99 84 71 71 - International : +33 2 99 84 71 71



� ���#�!�V"´���$� �����	�+�	��
�� )J"µ��������� ��� �-��'��#
��*)+���-,


�� �
��� � � sykmtja&�J��b@iH~J���Çh(t*b(�:o*i!��uXtja-k���� i¡a&b@i!|8b(t*a&b�o¡o�k��:oH� ke�(um�6�(b(|Jo*��uX��~}b@iyijqQi¡oj`@a&b@i�t*h@km��oj��� i(£
��� k�|}|}t*uJ��_}b\��umt*a�b@����b�¤8¥�¦�§®¨�©�ª «e¬	­ £��������H��� lJoj����� i*k4oj��um�´��uXa
�}���}h@b¼~}l�� k��}�:k��Xb\~Jb¼|}t*um�Xt*kma�a-k�oj��um�
ijqQ�6��_}t*um�}b���°6u�o
~}b¿~Jum�}�6h(b@i�¤Ç¥�¦�§+¨	©#b�o
~Jb-��� kXijij� iro�k��:o�~Jb&|}tjb@l}�mb «e¬!­ £	ijb(a��}��b��(ojt*b-|6k�tjoj� ��x
l6����`(t*b(a&b(�:o$km~6k�|Jo*h(bm¯
wH�#b��Çb�oY£J��k���uX�6��l6tjt*b(�6�(b\~Jh(ojb@tja&���}��i¡ojbe���6~Jl}��ojb¼|6kmtB��b¼a�uJ~J`@��b¼ijq:�S��_}tjuX�}b\ijl}t¢��b��:l}b(�!¤8¥�¦	§+¨�©

bYiroV��uX�6~Jh¿ij��a&|}����¸6b&��umtjojb@a�b@�:o���k´ij|ShY����¸S�(k�oj��um� b�o�� k´�mh@tj��¸S�(k�oj��um�µ~Jb&ojb@��i�ijqJiro*`(a&b@i@¯¿wH� uXlJojt*bm£
«e¬!­ � � bYiro�|6kXi�����a&��ojh!��l}�#��b@t¡o�k����&orq:|8b¼~Jb\|6tjuX|}tj��h�o*h@i�b�o�k����6i¡�W£Qi¡uX�¿lJoj������i*k4o*��uX�¿|Sb@tja&b(o�~Jb\� k���t*b
km�6i¡ojt�km��o*��uX��~Jb��(b"�Xl6�®|Sb@lJo#��o*tjb¼�Xh(t*�¹¸6h¼|8b(�6~6k��:o$��k�|}_Skmijb¼~}b�i¡|8h@�(�¹¸S�@k4o*��uX�®¯

$ek��6i#��bµ~JuJ��l}a&b@�XoY£p�}uXl6iNijuml6�����m�}uX�6i¿��b@i#~J���8h@tjb@�:o*iNkXi¡|8b@��o*i#~Jb��(b�ojojb k�|}|}t*uJ��_}b´��umt*a&b(����b
¤Ç¥�¦�§+¨	©�ª «e¬!­ ���%� k�� ~JbV~�� l}�}bVh(ojl6~Jb�~}b��(kmi¢� ijijl}b�~Jb¼��� ���6~JlSiro*tj��bm£&�&i*k��muX��t¢��bV|6tjuX�}��`@a&be~Jl=i¡ojbYk�a
�8um����b(tY¯
'�É �Y� Æ �)( � � ijqJiro*`(a&b@iBt*h@km��oj��� i(£:a&uJ~J`(��b\ijqQ�6��_}t*um�}bX£m�mh@tj��¸S�@k4oj��um��£Xa&uJ~Jb(��x{��_}b@��¾Q���}�6£:kmi*i¡� iro�k��:oB~Jb
|6tjb@l}�mbX£}��u�xÐ���6~Jl6��oj��um�



���&����� ���
	���
 ����������

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

* + ������� � �-,��	�����

³{��oj_6��i�kmt¡o*���(��bX£:±¢be���Q�mbYiro*���:k4o*b$oj_6b¼�(uma��}���6b@~�l6i¡beu��	oj_}bVijqQ�6��_}t*um�}uXl6iH� k��}�Xl6k��Xb�¤8¥�¦	§+¨�©&km�6~¿um�
o*_}b�|}tjuQum��kmi*i¡� iro�k��:o «e¬!­ ��umt¼i¡|8b@�(�¹��qQ���}�#km�6~=�Xb(t*�¹��qQ���}�N|}t*um|8b(tjoj��b@i\u���k�� k�t*�mb
i*�(km��b��(kmijb�i¡ojlS~Jqm£
�Sk�a&b(��qm£Qo*_}b�iro*b@kma �SuX����b(t�|6tjuX�}��b@a´¯
^�_6��i¼~JuJ��l6a�b@�:o¼� i¼~J���:� ~JbY~[���:oju�or±Bu#a-k����[|6kmt¡o�i(¯/.!��t*i¡oj��qm£	k4� ojb@tVk�ij_}umtjo¼tjbY�(k����!u��Ho*_}b-��um�:o*b�nQo@£
±¢b�|}t*b@ijb(�:o$o*_}b¿¤Ç¥�¦�§+¨	©�ª «e¬!­ ��uXtja-km��k�|}|6tju:km��_#��umtpoj_}b�~Jb@ij���X�=u��yt*b@km��oj���mb�ijqJiro*b(a-i(¯$^�_6b(�®£8±Bb
t*b(|8umtjoVoj_6b¿tjbYi¡l6�¹o�i�u��$ij|SbY������qQ���}��k��6~ �Xb(t*�¹��qQ���}�´oj_}b�iro*b@k�a�xÐ�SuX����b(t
|}tjuX�}��b(a ±��¹o*_ oj_}� i�a&b�o*_}uJ~+¯
0pu�o�k��}��qm£J±¢bV~Jb@i*��t*���8b¼uml}t¼¤Ç¥�¦�§+¨	©���a&|}��b(a&b(�:o�k4oj��um�´���=~Jb�o�k�����i@¯

1�231 46587:9�;=<?>@5BA@CED�;F5HGID
f$b@km��oj���mbVijqQi¡ojb@a-i�k�t*beum� ojb@�´i*k4��b(orqN��t*��oj� �(k��®km|}|}�����@k4o*��uX�6i�±�_}� ��_´kmtjb¼���=��_6k�t*�mbeu���_6k��S~J�����}�&a
l6�¹x
o*��|6��b¿���:ojb@t*kX��oj��um�Si¼±��¹o*_ oj_}b-b@�:�Q��tjuX�}a&b(�:o@¯�^�_}b(q k�t*b-k�� i¡u´u�� o*b(�·�(uma&|Su:i¡bY~[um�$i¡b@�mb(t�k���|6kmt*km����b(�
�(uma&|8um�}b@�Xo�i�oj_Sk4oe�(uQum|8b(t�k4ojb¼o*uNkm��_6��b@�mb¼oj_6b�b�nJ|8b@��o*b@~=�8b(_Sk��:��uml6t@¯�^�_}uXijb
�(uma&|SuX�}b(�:o�i�tjuXl}�m_6��q
�8b(��um�6�&oju-or±¢u-a-k����#|6tjuJ��bYijip��� kmi*i¡bYi(¯¢^�_}b(q´k�t*b¼b(��oj_}b@tp|6kmt¡o$um�!o*_}b����:ojb(tj� km�(bV±��¹o*_´oj_}b�b(�Q�Q��t*um�}x
a&b@�Xo¼±�_}� ��_�b@�6ijl}tjbYi$o*_}b&b�n}��_6km�}�mb�u��Ho*_}b-~}k4o�k}£Çumteoj_6b(qD�(kmtjt*q´umlJo¼|}t*uJ��b@i*ij���}��um�[oj_}bYi¡b&~}k4o�k}¯
^�_6b(t*b���umt*bm£!��uX�6��l}t*t*b(�6�(qD��i
u�� o*b(�·k�� ��a&|SuXt¡o�k��:oV��b@k�ojl}t*b-o*_6k4o�ij|8b@����¸S�@k4oj��um� km�6~ |}t*um�mt�k�a&a&���}�
��uXtja-km��� i¡a-i¢_6k��Xb\o*u�o*k�¾Xb¼���:oju-kX�(��uXl}�:o@¯
zp�}u�o*_}b(t¢b@i*ijb(�:oj� k��Çkmij|SbY��oY£Xa-k�qQ�Sb\oj_6bpa&uXi¡o¢��a&|SuXt¡o�k��:o@£:� iBt*b(��� k��}������orqm¯!³{�6~Jb@b@~+£Qt*b@kX��oj���mb\i¡qJi¡ojb(a-i
kmtjbpu�� ojb@�-������_6k�t*�mb�um����t*�¹o*���@k��6_Ql}a-km�¿umtBb@��uX�}uma&� ��tjbYi¡uXl}t���b@i@¯	^�_Ql6i@£Xoj_}b@q�um� ojb@�¿tjb��:l}��t*b���uXtja-k��
�Xb(t*�¹¸8�(k4o*��uX�¿o*u:uX��i�±�_6b(�´�Sb@���6�&~}b@ij���X�}b@~+¯

J8K Ä �$LNM!�X�J�)L É�O z\i¡qQ�6��_6tjuX�:q � i�oj_6b=a�u:iro-�6k�ojl}t�k���a&uJ~Jb@����umt¿��uX�6��l6tjt*b(�:o&|}tjuX�mt�k�a&a&���6��k��S~
ijb(b@a-iNo*_Ql6i�oju¶�Sbµ±¢b(����km~}km|JojbY~ ��umt#o*_}bµij|8b@����¸S�@k4oj��um�0u���tjbYkm��o*���Xb�ijqJiro*b(a-i(¯ zpijq:�S��_}tjuX�}umlSi
� k��6�ml6km�mb@i�����¾mbEP�ÀQsRQ�c)S
T}umt:UWVÇ¨!Q S
T6k�t*b��6kXi¡bY~�uX��oj_6��i�a&uJ~Jb(�W¯yÀQ���S��b¢oj_}b¢|}t*um�Xt*kma�a&���}�$a&uJ~Jb(�Jum�
o*_}b@ijb¼��km�}�mlSk��mbYi�� i¢��uml6�6~Jb@~#uX�¿oj_6bV���:ojb@tj��b@k��Q���}�
um�!b(nQojb(t*�6km�8b@�mb@�Xo�i(£Q�Xb(t*�¹¸S�@k4o*��uX��iju:uX�N�8b@�(uma&b@i
k&��_6km����b(�6�m���}��� i*i¡l}bX¯
^�_6b\ijq:�S��_}tjuX�}umlSiyk�|}|}t*uXkX��_�oju��(um�6�(l}t*tjb@�6��qYX�±�_}� ��_Ni¡o*k�tjojbY~&oju
�Sbe���Q�Xb@i¡oj���Xk4o*b@~����!Q�c[Z\T^]Hb@�6k��}��b@i
o*uVk��mum� ~¼o*_}��iy~}�#_¿��l6�¹orqX£X~J� i¡t*b(�:k�t�~J���}�$b�nJbY��lJo*��uX��km�6~
�(uma&a
l}�6���@k4oj��um��~Jl}t�k4o*��uX�6i(¯	³Ðoyoj_Ql6i�b@�6k��}��b@i
o*u�ij|8b@������qm£6�mb(t*����q¿k��6~#i¡��a
l6��k�ojb¼k
t*b@kX��oj���mb¼ijqQi¡ojb@a k4o$k
��l}�6��o*��uX�6k��+��b(�Xb(�W¯y^�_}b`� ���
�&%?����	��B��bYk4o*l}tjb
um�+oj_}bei¡qJi¡ojb@a ±������8uX�}��q��8be��_6b@��¾mbY~-k4oBoj_}b\��a&|}��b(a&b(�:o�k4oj��um�#iro�k��Xb$um�Nk�|6k�tjoj� ��l}� k�t¢k�t���_}��ojb@��ojl}t*bm¯
½[k��Qq=|}t*um�mt�k�a&a&���}�N� k��}�Xl6k��Xb@i\����¾mbbadcfe gihijkQ�c\l[TÐ£fm�e�gij=hij}©nQ �:£��\THuXt�¤�gm¨ogijqp�r+¨Hh�gie-Q�c@�
T�k�t*b
�Skmijb@~#um�´o*_}��ieijq:�S��_}tjuX�}umlSi�k�|}|}t*uXkX��_®¯@0\k�a&b(��qm£	¤8¥�¦	§+¨�©!Q ZJ£!cY�\T	� ipk¿~}k�o*k�°6u4±0� k��6�ml6km�mb¼±�_}� ��_
_Sk��6~J��b@i����J¸6�6�¹o*b�i¡b��Xl6b(�6�(b@i�u��y~}k�o*k=s!o*_}b`t �#"����
�ut�¯

vVÄ �
L^M��m�J�[L É�O ^�_}b�a�u:iro´��uXa�a&uX�²±¢k�qºo*u �mb@tj����q ijk���b�orqº|}t*um|8b(tjoj��b@i�u���t*b@km��oj���mb[ijqJiro*b(a-i���i
a&uJ~Jb@�¹x{��_}b@��¾Q���}�6£Y±�_}� ��_�t*b(����bYi®um��i¡bYk�t���_}���6�$b�nJ|8b@��o*b@~V|6tjuX|Sb@t¡o*��bYi®����k�¸6�6�¹o*bBa&uJ~Jb(�:u��6oj_}b¢i¡qJi¡ojb(a´¯
^�_6��iNa�b(oj_}uJ~¶_6kXi¿ijb(�mb@t*km�$km~J�4km�Xo�k��Xb@i@¯w.}uXt¿���6iro�k��6�(bm£���o�� i¿��uXa�|6��b(oj��qºkmlJojuXa&k�oj� �=k��6~ �:l}��ojb
� kXiroY¯H½=umt*b(u4�Xb(tY£m��o$|}t*uQ~}l6��bYi���uml6�Xo*b(t*b�n}k�a&|}��b@i¢±�_}b@�No*_}bV�mb@tj��¸S�@k4oj��um��_6k�|6|Sb@�6i�oju�� km���W¯HÁ¢lJo�oj_}b
a-km��� ~Jt�k�±��6km��¾Ji¼um��a&uJ~Jb@�B��_}bY��¾:���}�=k�t*b&oj_6bNiro�k4o*b¿b�nJ|}��uXij��uX��|6tjuX�}��b@a km�6~�oj_}bNtjbYiro*tj� ��o*��uX�µum�
b(nJ|}tjbYijij���}��b�|}tjuX|Sb@t¡o*��bYi+o*uekp�m���mb(��£�~}b@��� ~}km�}��bX£���uX�m� ��¯�³{�S~Jb(bY~+£4|}t*um|8b(tjoj��b@i+o*_6k4o����:�Xum���mbH|Sk�t�k�a&b�o*b(t�i

xfxzy:{)| }'}�|



S � ��������������������	�

�����W���������/
��d������� �����q%�� �����'� � �q��� � ���
uXt��}um�´�����}bYk�t��Ql}a&b(t*� �(k��Ç�4k���l}bYi��(k��6�}u�o$�8b¼|}tju4�Xb@~�~J��t*b@��oj��qN±���oj_=k�a&uQ~}b(��xÐ��_}bY��¾mb@t@¯
^�_6b(umt*b(a |}tju4�Q���}� ��i¿�}u�o¿����a&��ojbY~¶�:q·oj_}u:i¡b=t*b@i¡ojt*����oj��um�6i@¯0�\�ºoj_}b[u�oj_6b(t-_6km�6~+£¢oj_}� i-a&b�o*_}uJ~+£
±�_6����_´� i��6kmijb@~#um�´k&a-k4o*_}b(a-k4o*���@k��+��um�X���e�m���mb@���Qq#k
��uXtja-km�®i¡qJi¡ojb(a´£}t*b
�:l}��t*b@i����Xo*b(t�km��oj��um�N±���oj_
k¿l6i¡b@t@¯e^�_}b�o*_}b(uXtjb@a |6tju4�Q���}�-|}t*uQ�(b@i*i$� i$o*_}b(t*b���uXtjb�i¡��u4±Bb@t�oj_Sk��=o*_}b
a&uJ~Jb(����_}bY��¾:���}�¿uX�}bm£Çk��S~
��o$�(km��ijuma&b�o*��a&b@i¢�8beojb@~}��uXl6i(¯H^�_6b(umt*b(a |}t*u4�mb@t*i¢�(km�N�8bV��� kmi*i¡��¸6b@~�km�@��umt�~J���}�Vo*u�o*_}b(��t�~Jb(�Xtjb@b\um�
kmlJojuXa-k4oj��um��¯!^	uQum� iH����¾Xb «e¬	­ Q �\TÇumt�a@j6¦ ¬ t*b
�:l}��tjb\kV_}���m_}b@t����Xo*b(t�km��oj��um�-±���oj_¿o*_}bplSi¡b@tBk��S~&oj_Ql6i
o*_}b(q#k�t*be�@k�����bY~�����
[
��/�
t t � t'�?�
�q��t�¯
«e¬!­ ��ie±¢b(���Hi¡l6�¹o*b@~=o*u´tjbYi¡uX���Xb
��uXa�|6��b(nD|}tjuX�}��b(a-i(¯
³Ðo¼b@�6k��6��bYi$o*u#a-km�}��|6l}��k�ojb���umt*a
l}� kmi\u��Boj_}b
�@k�� ��l}��l6i�um�!���6~JlS��oj���mb��(um�6i¡ojt*l6��oj��um�6i Q�c@�\TÐ£6b(nQojb(�S~Jb@~´±���oj_=��umxW���6~JlS��oj��um� Q�cmc'TÐ£Sk&��um�X���@k��+� k��}�Xl6k��Xb
�(uma&���}����t*uma orqQ|8b\o*_}b(uXtjqX¯y^�_:lSi(£Jij���6�(b «e¬!­ �(km�N_6km�6~J��b\���J¸6�}��ojb¼uX�Jvrb@��o*i@£:��o���i¢±¢b(���+km~}km|JojbY~-oju
t*b(|6tjbYi¡b@�Xo�ij���X�6k�� i(¯

1�2��  "!E5 A�;o5H7 G$#�%'&d<)(35+*-,.&0/@;1*2&0(435*6&879(35HG

C

maximum gradient of increase
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pump controllers
provided data: flow

pumps
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provided data: status
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N1
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steam boiler
maximal capacity:
minimal limit:
maximal limit:
minimal normal:
maximal normal:
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U1

:
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steam measurement device
provided data: outcome of steam

water level measurement device
provided data: quantity of water
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JAUGE_REPAREE
JAUGE_ERR_ACK

NIVEAU
NIVEAU_MIN
NIVEAU_MAX
VAPEUR_MIN
VAPEUR_MAX

VAPEUR
UMDV_REPAREE
UMDV_ERR_ACK

STATUS1
POMPE1_ON

CONT1_ON
POMPE1_ERR_ACK
POMPE1_REPAREE

CONT1_ERR_ACK
CONT1_REPARE

STATUS2
POMPE2_ON

CONT2_ON
POMPE2_ERR_ACK
POMPE2_REPAREE

CONT2_ERR_ACK
CONT2_REPARE

STATUS3
POMPE3_ON

CONT3_ON
POMPE3_ERR_ACK
POMPE3_REPAREE

CONT3_ERR_ACK
CONT3_REPARE

STATUS4
POMPE4_ON

CONT4_ON
POMPE4_ERR_ACK
POMPE4_REPAREE

CONT4_ERR_ACK
CONT4_REPARE

JAUGE_OK
JAUGE_ERR
JAUGE_REPAREE_ACK
UMDV_OK
UMDV_ERR
UMDV_REPAREE_ACK
FLOT1
POMPE1_REPAREE_ACK
POMPE1_OK
POMPE1_ERR
CONT1_REPARE_ACK
CONT1_OK
CONT1_ERR
FLOT2
POMPE2_REPAREE_ACK
POMPE2_OK
POMPE2_ERR
CONT2_REPARE_ACK
CONT2_OK
CONT2_ERR
FLOT3
POMPE3_REPAREE_ACK
POMPE3_OK
POMPE3_ERR
CONT3_REPARE_ACK
CONT3_OK
CONT3_ERR
FLOT4
POMPE4_REPAREE_ACK
POMPE4_OK
POMPE4_ERR
CONT4_REPARE_ACK
CONT4_OK
CONT4_ERR

APPEL_GESTION_ERREU
RS{}

NIV

VAP

S1

S2

S3

S4
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J_OK

U_OK

F1

P1_OK

C1_OK

F2

P2_OK

C2_OK

F3

P3_OK

C3_OK

F4

P4_OK

C4_OK
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UNITE_REPAREE

UNITE_ERREUR_ACK
MESURE

MESURE_MIN
MESURE_MAX

UNITE_OK
UNITE_ERREUR
UNITE_REPAREE_ACKERREUR_MESU

RE{}

STATUS
POMPE_ON

CONT_ON
POMPE_ERR_ACK
POMPE_REPAREE

CONT_ERR_ACK
CONT_REPAREE

FLOT
POMPE_REPAREE_ACK
POMPE_OK
POMPE_ERR
CONT_REPARE_ACK
CONT_OK
CONT_ERR

ERREUR_POMPE_CONTROLEUR{}

STATUS
POMPE_ON

CONT_ON
POMPE_ERR_ACK
POMPE_REPAREE

CONT_ERR_ACK
CONT_REPAREE

FLOT
POMPE_REPAREE_ACK
POMPE_OK
POMPE_ERR
CONT_REPARE_ACK
CONT_OK
CONT_ERR

ERREUR_POMPE_CONTROLEUR{}

STATUS
POMPE_ON

CONT_ON
POMPE_ERR_ACK
POMPE_REPAREE

CONT_ERR_ACK
CONT_REPAREE

FLOT
POMPE_REPAREE_ACK
POMPE_OK
POMPE_ERR
CONT_REPARE_ACK
CONT_OK
CONT_ERR

ERREUR_POMPE_CONTROLEUR{}

MESURE_MIN
MESURE_MAX

MESURE
UNITE_REPAREE

UNITE_ERREUR_ACK

UNITE_OK
UNITE_ERREUR
UNITE_REPAREE_ACKERREUR_MESU

RE{}

STATUS
POMPE_ON

CONT_ON
POMPE_ERR_ACK
POMPE_REPAREE

CONT_ERR_ACK
CONT_REPAREE

FLOT
POMPE_REPAREE_ACK
POMPE_OK
POMPE_ERR
CONT_REPARE_ACK
CONT_OK
CONT_ERR

ERREUR_POMPE_CONTROLEUR{}

NIVEAU_MIN
NIVEAU_MAX
VAPEUR_MIN
VAPEUR_MAX

NMIN
NMAX
VMIN
VMAX
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COND_ETAT_OK

ERREUR_ACK

REPARE

ETAT

(| ETAT ^= COND_ETAT_OK default REPARE default 
   ERREUR_ACK
 | ZETAT := ...$... init ...
 | ETAT := ... default ...
 |)

UNITE_OK

ERREUR

(| ZEC := ETAT$1 init 0
 | UNITE_OK := ETAT=0
 | ERREUR := when ((ETAT=1) and (ZEC/=1))
 |)
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MESURE

MESURE_MIN

MESURE_MAX

VAL_OK

VAL_OK := (MESURE<=MESURE_MAX) and (MESURE>=
          MESURE_MIN)

COND_ETAT_OK

REPARE

ERREUR_ACK

UNITE_OK

ERREUR

REPARE_ACK

ETAT_UNITE{}
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� i\�}u�oe�}b@�(b@i*ijkmtjq��SbY�(k�lSi¡b
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� i��}umoB¸S�}��ij_}bY~NqXb�o@£Qb@�mb(�N�¹�
��o$|}t*u4�Q��~JbYi�k��(umt*tjbY��o��4k���l}bm¯

^�_}b@�®£Jl6ij���6��±���oj_�oj_}� i¢|}t*uQ�(b@i*iBkm�N���6i¡o*k��S��b
um�6o*_}b7	"!�#�!

�
����= !6	�a&uJ~Jb(�W£4o*_}b�|}t*um�mt�k�a ijb�ojx
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o*b(����i!o*_}b$��uX�:ojt*um�:|}tjuJ�(b@i*i!k�oyb@km��_&��qJ�(��b����8kel}�}��o
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z ¸St*i¡o�|}t*uQ�(b@i*i¼b(�6km�}��b@i¼o*uDi¡b(o¡oj��b-o*_}b¿��uX�Jx
STATUS

POMPE_ON

CONT_ON

VAL_CONT_OK

VAL_POMPE_OK

FLOT

OK_CONT

OK_POMPE

(| STAT := ... cell ...
 | VAL_POMPE_OK := ... default ...
 | VAL_CONT_OK := ... default ...
 | FLOT_OK := ... default ...
 | COND_FLOT_OK := ... when ...
 | FLOT := ... default ...
 | ZFLOT := ...$... init ...
 |)

COND_ETAT_OK

ERREUR_ACK

REPARE

REPARE_ACK

UNITE_OK

ERREUR

ETAT_UNITE{}

COND_ETAT_OK

ERREUR_ACK

REPARE

REPARE_ACK

UNITE_OK

ERREUR

ETAT_UNITE{}
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ijb�o¡o*��bek4o�bYkm��_-a&uma&b@�Xo
o*_}bpi¡o*k�ojb�u��Ço*_}b(��tBkXijijuJ��� k4ojbY~
l6�}�¹o�iHt*b(�:k�t�~J���6�\o*_}bp~J� k���um�Xl}b$i¡o*k��Xb�k��6~�o*_}bp��uX�6~J��oj��um�6iHu��+�4k�����~J��orq
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P

(| HP := (^FLOT1) default (^FLOT2) default 
         (^FLOT3) default (^FLOT4)
 | F1 ^= F2 ^= F3 ^= F4 ^= D1 ^= D2 ^= D3 
   ^= D4 ^= P ^= HP
 | F1 := FLOT1 cell HP
 | F2 := FLOT2 cell HP
 | F3 := FLOT3 cell HP
 | F4 := FLOT4 cell HP
 | D1 := (10.0 when F1) default 0.0
 | D2 := (15.0 when F2) default 0.0
 | D3 := (20.0 when F3) default 0.0
 | D4 := (25.0 when F4) default 0.0
 | P := D1+D2+D3+D4
 |)

VAJMIN
VAJMAX

VMIN
VMAX

(| ... ^= ...| 
VCALMIN := ...| 
VCALMAX := ...| 
VMAX := ...| 
VMIN := ...|)

P

NMIN
NMAX

NAJMIN
NAJMAX

VAJMIN
VAJMAX

(| NCALMIN ^= 
   NCALMAX
 | NCALMIN := ((
   NAJMIN-(
   VAJMAX*5.0))-
   (0.5*6.0*5.0*
   5.0))+(P*5.0)
 | NCALMAX := (
   NAJMAX-(
   VAJMIN*5.0))+
   (0.5*3.0*5.0*
   5.0)+(P*5.0)
 | NMAX := 
   NCALMAX$1 
   init 1000.0
 | NMIN := 
   NCALMIN$1 
   init 0.0
 |)

NIV

J_OK

VAP

U_OK

(| NIV 
   := 
    NIVE
    AU
 | VAP 
   := 
    VAPE
    UR
 | U_OK 
   := 
    UMDV
    _OK
 | J_OK 
   := 
    JAUG
    E_OK
 |)

NAJMIN
NAJMAX

VAJMIN
VAJMAX

(| 
VAPEUR_
CAL_MAX
:= ...|

VAPEUR_
CAL_MIN
:= ...|

NIVEAU_
CAL_MAX
:= ...|

NIVEAU_
CAL_MIN
:= ...|

VAPEUR_
AJ_MAX 
:= ...|

VAPEUR_
AJ_MIN 
:= ...|

NIVEAU_
AJ_MAX 
:= ...|

NIVEAU_
AJ_MIN 
:= ...|
)

VALEUR

UNITE_OK

VAL_MIN
VAL_MAX

VALEUR_AJUSTEE_MIN
VALEUR_AJUSTEE_MAX

VALEUR
S_AJUS
TEES{}

VALEUR

UNITE_OK

VALEUR_AJUSTEE_MIN
VALEUR_AJUSTEE_MAX

VAL_MIN
VAL_MAX

VALEUR
S_AJUS
TEES{}
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.!���6k�����qX£�k4o!oj_}b¢uml}oj|}lJoY£mk$|6tjuJ��bYiji���i!������_6kmtj�XbHu��6oj_}b���uX�6iro*�¹o*lJoj��um�
u��}o*_}bB�6l}�6~J��b�o*_6k4o��Xk�oj_}b@t*i
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DECISION

QTT_EAU ACTION_POMPES
{}

DECISION

QTT_EAU

JAUGE_OK

DEMARRAGE_OK

ERREUR_DEMARRAGE

DECISION_POMPE

QTT

PROG_READY

ACTION_VALVE

DEMARRA
GE{}

NIV_CRITIQUE

DECISION

QTT_EAU
DECISION{}

ERR_DEMARR

DEMARRAGE_OK

NIVEAU_CRITIQUE

ARRET_MANUEL
ERR_TRANS

MODE_OP
MODE_OPERATO
IRE{}
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QC

QA
DECISIONDECISION_EXTREMUM{}
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DECISIONDECISION_EXTREMUM{}

DECISION_MIN

DECISION_MAX

DECISION
DECISION := 
... default 
...

QTT_EAU

NIVEAU_CRITIQUE

DECISION

(| NIVEAU_CRITIQUE := when ...
 | ECOUL_VAPEUR_MAX := ...+...
 | ECOUL_VAPEUR_MIN := ...-...
 | QTT := ... default ...
 | QTT_EAU := ... default ...
 |)

QCMIN

QAMIN

QCMAX

QAMAX

(| QCMIN 
 := ...
 | QAMIN 
 := ...
 | QCMAX 
 := ...
 | QAMAX 
 := ...
 |)
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QTT_EAU

QTT_A_ATTEINDRE

(| ...| ...| ...| 
...| ...| ...| ...| 
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OBJECTIF_QTT

COMB

CALCUL_COMBINAISON{}

COMB_CHOISIE

(| ...| ...| ...|
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COMB_EXACTE

COMB_CHOISIE

COMB_CHOISIE := (
        COMB_EXAC
        TE when (
        COMB_EXAC
        TE/=16)) 
        default 
        MIN

QTT
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MIN_POS

MAX_NEG

MIN

(| MINIMUM ^= MIN
 | MINIMUM := (MIN_POS when 
   (MIN_POS/=0.0)) default 
   MAX_NEG
 | CHOIX := (0 when (MINIMUM
   =R0)) default (1 when (
   MINIMUM=R1)) default (2 
   when (MINIMUM=R2)) 
   default (3 when (MINIMUM=
   R3)) default (4 when (
   MINIMUM=R4)) default (5 
   when (MINIMUM=R5)) 
   default (6 when (MINIMUM=
   R6)) default (7 when (
   MINIMUM=R7)) default (8 
   when (MINIMUM=R8)) 
   default (9 when (MINIMUM=
   R9)) default (10 when (
   MINIMUM=R10)) default (11
   when (MINIMUM=R11)) 
   default (12 when (MINIMUM
   =R12)) default (13 when (
   MINIMUM=R13)) default (14
   when (MINIMUM=R14)) 
   default (15 when (MINIMUM
   =R15))
 | MIN := (CHOIX when (
   MINIMUM/=0.0)) default 16
 |)

R0
R1
R2
R3
R4
R5
R6
R7
R8
R9

R10
R11
R12
R13
R14
R15

R
MIN_POSIT
IF{}

R0
R1
R2
R3
R4
R5
R6
R7
R8
R9

R10
R11
R12
R13
R14
R15

R
MIN_POSIT
IF{}

D0
D1
D2
D3
D4
D5
D6
D7
D8
D9
D10
D11
D12
D13
D14
D15

ND0
ND1
ND2
ND3
ND4
ND5
ND6
ND7
ND8
ND9
ND10
ND11
ND12
ND13
ND14
ND15

(| ...| 
...| ...| 
...| ...| 
...| ...| 
...| ...| 
...| ...| 
...| ...| 
...| ...| 
...| ...| 
...| ...| 
...| ...| 
...| ...| 
...| ...| 
...| ...| 
...| ...| 
...| ...| 
...|)

X NRNR := -
   X
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