
HAL Id: inria-00072970
https://inria.hal.science/inria-00072970v1

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.

Proof of the Subject Reduction Property for a
Pi-Calculus in COQ

Loïc Henry-Gréard

To cite this version:
Loïc Henry-Gréard. Proof of the Subject Reduction Property for a Pi-Calculus in COQ. RR-3698,
INRIA. 1999. �inria-00072970�

https://inria.hal.science/inria-00072970v1
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

ap por t  
de  r ech er ch e 

THÈME 1

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Proof of the subject reduction property for a
� -calculus in COQ

Loïc Henry-Gréard

N° 3698

May 1999





Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, B.P. 93, 06902 Sophia Antipolis Cedex (France)

Téléphone : 04 92 38 77 77 - International : +33 4 92 38 77 77 — Fax : 04 92 38 77 65 - International : +33 4 92 38 77 65

�������������
	���������������	�����������	���� �"!�����!#���$	&%'�(����)+*-,.�/) 01�/��01���2�1�
35476

8�9;:=<#>�?A@�BDC�E1FGBIHKJ;BIL
MON.P1QSR�TVUXW�YIZ[RI\^]`_�R�abZ[c`Z[a=PDQdRIZ

egf=hjikR�aVlGm�n[ojm
Wb\^p.p;hjf=abq`RrfsRDtuN.RDfstuN.R�vxw�yjzj{A|}U'lG\~cGTI{j{j{�U�TI| p�\j�jRIZ

�����D�1�(�.�j�j� MON.��Z�p&\^p;R1f p�f=RIZ[RDvAauZ�\GQSR�asN.h`q���hjf-t�h`q`��v.���x��t1\^��t�]���]�Z ��v�asN.R����r��p.fsh�h^�b\jZsZ[��Z[as\^vKaI�$��v
hAfsq`RDfbash]�Z=R asN.��Z�RDvK����f=hAv.QSR1vKabash��hAf=Q�\^���� 1R�p.fshjp;R1f=a=��RDZ�h^��asN.RV¡�¢£�¤tD\^��t�].��]�ZD¥VMON.��Z�QSR1a=N.h`q#t1hjv�Z=��ZkauZb��v
Q�\^¦���v.�S\dZ=c�vKas\jt�a=��tVq.��Zst�fs��QS��v�\(as��hAv§;R�ak¨/R1RDv©��fsR1Rªv�\^QSRIZ¬«�a=N.RDv�tD\^����RIqp&\^fu\^QSR�asR1fuZs�\^v�q§&hA].v�q�v�\^QSRDZ
«�a=N.RDv
t1\j����RDq®�(\^fs��\j§.��RDZu¬h^�Oa=N.Rp.f=h`t1RDZsZ[RIZ1��Z[hGasN�\(a-��QSp.����t1�¯a-f=RDv�\^QS��v.�AZrhj��§&hA].v�q�v�\jQdRIZ�\^fsR©\~�jhA��q.RDq
��v®a=N.R©Z=].§�Z[a=��a=]`as��hAv�hjp;R1fu\(a=��hjv$¥dMON.��ZªasRDtuN.v.��°K].RSN�\jZª§;R1RDv�]�Z[RIq®§Kc®o.¥±lGt1²ª��v.v�\�\jv�q}W�¥ e�hj����\jtu¦G��v�\jv
R1_KasR1v�Z=���jR�Z[a=]�q.cdhj�$e�Mb³�´±µ~¶¤¥�·}RV]�Z[Rba=N.��Z¸t1h`q`��v�� N.RDf=R�ash�p.fsh(�jRbZ=].§`ikRIt¹a¸fsRDq.]�t¹as��hAv©p.fshjp;R1f=akc���hjf/\rakc�p;R
Z=c`ZkasR1Q2hj��\dQShjv�\Aq`��tV�x��t1\j��t1].��]�Z1¥
ºG»K¼x½=¾-¿ �(À��j� �x��t1\j��t1].��]�Z1�&���r�-�.Z=].§`ikRIt¹a�fsRDq`]�t�a=��hjv
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	�� � � �¸R�fs\jp.p;hjf=abp.f=YIZ[RDvKa=R�].v�R���hjfsQ�\^����Zs\(as��hAv�q.]��x�¤tD\^��t�].��q.\^v&Zb��R Z[c`Z[a=PDQdR-q� \j��q.R�����\�p.fsR1].�AR
���r�-��p;hj��vAa©q`RGq`RDp�\^f=a��jRDfsZdq`RDZSp�f=RD].�jRIZ-q`R�p.fshjp�f=��Y�asYDZSq`] �x�¤tD\^��t�].�£¥���\#QSY�asN.h`q`R�R1QSp.��h(cjYDR�p;hj].f
t1h�q.R1f���RDZ�v.hAQ�Z�t�hjv&Z[��ZkasRªR1v���\SZ=Y1p�\jfs\^a=��hjv�Z[c�vKas\^_���°K].Rrq`RDZOv�hjQ�Z�����§.fsRDZr« p�\^fu\^QSP1a=fsRDZu�R1a�q`RDZ�v�hjQ�ZO����YDZ
« �~\jf=��\^§���RIZs��jR1v���].Rbq� YD�K��a=RDf���RDZgfsR1v�hjQSQ�\^�jRIZ���QSp.����t���a=RDZ¸q.\^v&Zg��RIZ�Z=].§�Z[a=��a=]`as��hAv�ZD�jasRDtuN.v.��°K].R�p.fshjp;hAZ=Y1ROR�a
��vKa=R1v&Z[���jRDQdRDvKab]`a=������Z=R1R�p�\jf�o.¥xlGt1²ª��v.v�\dR1aVWr¥&e�hA����\jtu¦�´±µI¶�p&hA].fb��\d��hjfsQS\j����Zs\(a=��hjv�q`RIZbe�Mb³x¥��$\Sp.fsR1].�AR
R��;RIt¹a=]�Y1R��t��¸RDZ[adt1R1����Rq.R©��\�p.f=hAp.fs��Y1a=Y©q`R�t�hjv&Z[RDf=�(\(as��hAv®q.RDZrakc�p;RDZ�«����������! �"$#%�'&(�) �"+*-,/.x q� ]�v �x�¤tD\^��t�].�
QShjv&\jq`��°K].R¬akcKp;Yj¥
0 ¿ �D� ½ �21 � ��� �x�¤tD\^��t�].�£�&���r�-�`p.fsYDZ=R1fs�(\(a=��hjv�q`RDZ�akcKp;RDZ
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MON.R��x�¤tD\^��t�].��]�Z N&\jZ�§;R1RDvr��vKa=fsh`q`]�t1RDqª��v�TD{j|A{/§Kc¬W�hj§���v l�����v.R1fI�^o^hK\jtuN.��Q e�\^fsf=h(¨®\^v�q�1¬\~����q¬·�\^��¦jRDf�´ |^¶£�
\AZ�\jvrR�_�a=RDv�Z[��hjvrhj�`a=N.R����O³ªp.fsh`t�RDZsZ$\j���AR1§.fu\.�~\^v&qªR�_�a=RDv�q.Zg���O³  Z�p.fsh`t�RDZsZ Z=c�v�tuN.fshjv.�� D\^a=��hjvªR�_`p.fsRDZsZ[�����¯akc
¨���a=N-QdhA§.������akcVhj�.v�\^QSRIZ1�~��v�hjfuq`R1f a=h�N&\~�jR�\�t1hjQSp.��R�asRg��hjfsQ�\^���� I\(a=��hjvrhj�.t�hjv&t�].fsf=RDvKa$p.fsh�t1RDZsZ[RIZ1¥32 p.fsRDt1��Z=R
q`RIZ=t1f=��p`as��hAv}hj�/�x��t1\j��t1].��]&Z¬��].v�q.\^a=��hjv�Z�tD\^v®§&RS��hA].v�q®��v ´ |~¶¤¥42 v�\(as].fu\^�gR�_�asR1v�Z=��hAv}hj�¸asN.R�QShjv�\Aq`��t-�x�
tD\^��t�].��]�Z�t1hjv�Z=��ZkauZ���v}t�hjv&Z[��q`R1fs��v.�Sv�\^QSRras].p.��RDZ¬\jZOasN.R��(\^��].RDZba=N�\^a¬tD\^v�§&R-p�\jZsZ=RDq�§&R1ak¨¸RDR1vGp.fsh`t�RIZ=Z=RDZr�
��v�Z[a=RD\Aq�hj�^ik]�Z[a�v&\^QSRDZ�5�asN.R�6 , �879� &/*- O�x�¤tD\^��t�].��]�ZD¥�MON.��Z��jRDfsZ=��hAv�h^�&�x�¤tD\^��t�].��]�ZD�^q`RDZst�fs��§;RDq §�cªW�¥ l�����v.R1f���v´8:I¶¤�K\j����h(¨bZ�asN.R���vKa=fsh�q.]�t¹as��hAv©h^� \
;�fuZ[a¸v.hja=��hjv�h^�$q.��Zst���p.����v.R�hjv�asN.R�]�Z=Rbhj� v�\^QSRDZD�AZ=��v�t�R¬\rf=RIq`]�t�a=��hjv©t1\jv
§;Rr��v&t�hjfsfsRDt¹aO§;RDt1\j]�Z=R¬hj��\jv�\jf=��akc�QS��Z=Q�\(astuN$¥<2bv�h^a=N�R1fbt�hAv�Z[a=fu\^��vAaOhjv�a=N�Rr]�Z[Rªhj��v�\jQdRIZO��ZO��vKa=fsh`q`]�t�RIq
§�c=1 ¥ ³`\jv.�j��hjfs�j�g´ {(¶¸´�T?>~¶�\jv�q�t1hjv�t1R1fsv�ZOa=N�R &/* #%�' " *-,(. ��� * " 7 h^��v�\jQdRIZ1�&a=N&\(aV��ZD�&asN.R1��fª\^§.������akc�a=h©§;Rd]�Z[RIq\AZ�RDQd��a[asR1fuZ1��fsRDt1R1���jR1fuZ�hAf¸§;h^asN}« hjf/v.hjv.R~¹¥gMON.��Z/v�\^QSR¬]�Z=\j�jR�q.��Zst���p.����v.R¬��Z¸��QSp.��R1QSR1vKa=RIq©§�c�\jZsZ[h`t1��\^a=��v.�
" 7 6 � �ash#v�\jQSRDZD��\jv�q §�c q`R@;&v.��v��}\�p�f=RIq`��tD\(asR�a=N�\^aSZ[as\^a=RIZra=N&\(ada=N.R�v�\^QSR©asN�\(a�\^p�p&RI\^fuZr��v \��A���AR1vp.fsh`t�RIZ=Z�t1hjQSp.����RIZO¨��¯asN�asN.R�t1\jp�\jt1�¯akcSasN.R1c�\^fsRV�A���AR1v�§�c\^v�R1v�����f=hAv.QSR1vKaD¥
MON.R�p�f=h�h^� Z�p.fsRDZ=R1vKasRDq-N.R1fsR�\jZg\^v�\jp.p.����tD\(a=��hjvdh^�&a=N.Rbt1h`q`��v��¬hj�&asN.R��x��t1\^��t�]���]�Z���Z���v-asN.��Z�t�hAvAasR�_�a�a=N.R

Z=].§`ikRIt¹abfsRDq`]�t�a=��hjv�p.fshjp;R1f=akcj��¨�N.��tuN�Z[as\^a=RIZ/a=N�\^a�a=N.��Z�t�hAf=fsRDt�a=��hjvp�f=RIq`��tD\(asR¬��ZOp.fsRDZ=R1fs�jRIq©§�c�a=N�Rr�~\jf=��hj]&Z
¦���v�q.Z�hj��fsRDq`]�t�a=��hjv�ZO��vG\d��\j§&RD����RDq�a=fu\^v&Z[��a=��hjv�Z[RDQ�\^vKa=��t1ZD¥

��BA CD�E�0#.�$F��$!G���H!GI0/J�LKM!�%N�L#.� �
MON.R¬Q�\^��vq`�PO©t�].��akc���v�t�h`q`��v.� p�f=h`t�RIZ=Z¸\^���jRD§.fs\AZg��Z¸��v©fsR1p.fsRDZ=R1vKas��v.��a=N.R¬§.��v�q`��v.�-hj� v�\^QSRIZ���v©asR1fsQSZD¥�n�v
asN.Rr�x�¤tD\^��t�].��]�Zr« h^��¨�N.��tuN�asN.R�Z[c�vKas\^_©��Z�q`RDZst�fs��§;RDq�§;R1��h(¨�¹�`v�\jQdRr§���v�q.��v.�SR1_���Z[asZ���vak¨/hS�(\^fs��R1a=��RDZQ5
��» � »SRUT&» �(�j� n�va=N.Rªp.fsh`t�RDZsZ�¡3VXW�Y�Z\[S��a=N�RVv�\jQSR0W���Z¸§;hj]�v�q©��vasN.Rªt�hjvKas��v�]�\^a=��hjv©p.fsh`t�RIZ=ZE[S��¨/\j�¯as��v�� ash

§&R-Z[].§&Zkas�¯as]`a=RIqG§�c�\^v�hja=N.RDf�v�\jQdRr§;R���hAf=R][ tD\^v�§;R�R�_`RDt1]`a=RIq��¯auZ[RD�¯�b«B[ ��ZVZ=\j��q�a=h§&R0^[�j]&\^fuq`RDq`_
§�cd¡�VXW3Y�¹¥�MON���ZV\^§�Z[a=fu\jt�a=��hjv���ZVZ[��QS����\^f�a=hba.��t1\^��t�]���]�ZV\^§�Z[a=fu\jt�a=��hjv «�R1_.t�R1p.ab��hjf�a=N.R-�j]�\jfsq`��v.��fshj��R
h^��a=N.Rr��v.p.]`a¹¹¥

c$� ¿Nd�» � » �1�D� R �^� R�¿Ne � n�v©asN.RVp�f=h`t�RIZ=Z$VBfSWhg9ijYk[S�KasN.RVv&\^QSR0W���Z�hAv.��cS§;hj].v&q©§�c�\-Zst�hAp&R¬t�hjv&Zkasfs\j��vKaD¥�n¤asZ
h`t1t�]�f=RDv�t�RIZ$��vl[ \^fsR/v.h^a�a=hª§;ROZ=].§�Z[a=��a=].a=RDq �A\^v&qra=N�R�§.��v&q`R1fgt1\jv-§;R ��m2" #��)& �'&(�~asN�\(ag��Z�R�_�a=RDv�q`RIq�ash
p.fsh�t1RDZsZ[RIZgasN�\(a�¨/hj].��q©t�hAQSR�ash-fsRDt1R1���jR"W�¥�MON.��ZOt1hjv�Z[a=fs]�t¹as��hAv©��Z¸¨�N&\(aO�j���jRDZ�a=h-a=N�R¬�x��t1\j��t1].��]�Z¸\j���
�¯auZ�R1_`p.f=RIZ=Z=���K��akcj¥�n�v�� \jt�aD�K�¯��asN.RVtD\^��t�].��]�Z���Z�f=RIZkasf=��t¹asRDqda=hn;�v.��a=RVa=R1fsQ�Z1�ja=N�\^a¸��Z1�Aa=RDf=Q�Z�¨��¯asN.hj]`a¸a=N.R
§�\^v���«.o /hAp&RDfs\^a=hjfI�Ka=N.RrZst�hAp&RªfsRDZ[a=fs��t�a=��hjv�tD\^v�§&R�Z[as\^a=��t1\j����c�f=RDp.��\jt�RIq©§�c©fsR1v�\jQS��v.�KZ/h^��fsRDZ[a=fs��t¹a=RIq
v�\^QSRIZO§Kc©��f=RIZ[N�v�\^QSRIZ1�.p�f=RIZ[RDf=����v.��asN.R�Z[RDQ�\^vKa=��t1ZQ5

p VqW3YjZ rts�VkfSWug9ijYjV.vp-w WMxkZ [ts�VBfSWugJizy{Yk|0}MY
§&RD��v��dfsR1p���\At�RDq�§�c*5

p VXW3YjZ r~s p*w � xkZ [�s�|
�
MON.R�v�\^QSRfsRDZ[a=fs��t¹a=��hjv
��Zdv.RDRDq`RIq a=h®R�_`p.fsRDZsZrasN�\(a=o�VBfSWhg9ijY�vp-w WMx�\^��¨O\~c�Z-Z[RDv�q.Zd\���fsRDZ=N v�\jQSRashp.fsh�t1RDZsZ[RIZ¸a=N�\^ab����ZkasR1v�a=h©tuN�\jv.v.RD� p ¥

MON.RVt�h`q`��v.��h^��asN.RDZ=R�\j§�Zkasfs\At¹as��hAv�ZgQ ]&Zka�QSRDR�a/Z=R1�AR1fu\^�.t1f=��a=RDf=��\jZQ5 ash-\^����h(¨ \�Z=��Qdp���R�q.R@;�v.��a=��hjvh^�xa=N.R
Z=].§�Z[a=��a=]`as��hAv hjp;R1fu\(as��hAv®\~�Ahj��q`��v����(\^fs��\^§.��RDZrtD\^p`as].f=RIZ1��\^v�q}asNK]&Zr��QSp.����t���a f=RDv�\^QS��v.�AZD��\j����h(¨ \�v&\(a=]�fs\j�
t1h�q.��v.��h^��asN.R-Z=R1Q�\jvAas��tDZ�fsR1��\(as��hAv �x\^v�q�\~�Ahj��q�a=h�N�\~�jRrash�t1hjv�Z=��q`R1f�� ��t�hAvK�AR1fuZ[��hjv���v#p.fsh�h^� ZD��asN�\(aª��Zbash
\j����h(¨ asN.RrQ�\^v.��p.].��\(as��hAv�hj�$a=RDf=Q�ZOasN�\(ab¨�������f=RDp.f=RIZ[RDvKa/asN.R1��f�¨�N.hA��R��$�£RI°A]����(\^��R1v&t�Rrt���\jZsZ1¥

2 q`��f=RIt¹a�t�h`q`��v.� hj�$v�\^QSRIZ¸§�c�\dZ[R1a¸¨���a=N�q`RDt1��q.\j§.��R�RD°K]�\j����akcj�`\dZ[hA��].a=��hjv©]�Z=RDq§�cSMª¥.l�RD��N&\^Q5]�Z=��v��
�ª�$�#´ z(¶¤�(��QSp.����RDZg\�q.��O©t�]��¯a�q`R�;�v.��a=��hjvdh^�.asN.R/Z=].§�Z[a=��a=].a=��hjvdhjp;R1fu\(a=��hjv$�IRD�jRDv�ik]�Z[a���hAfgZ[].§&Zkas�¯as]`a=��v.�¬v�\^QSRDZ
��hAf�v�\jQdRIZ1¥
VkfSW3Ykr��Q�����M����Z¬Z=��QSp.��c�q.R@;�v.RIq���hjf$Wu���\^v�q���hAf"W�����.�������W$�x§.]`a¬��QSp.����RDZ�\©f=RDv�\^QS��v.�
��hAf�W�������L����W$¥
n�v41-¥J����fuZ=tuN�¦jh/��´ y(¶¤�^asN.R�t1h�q.��v.�r]&Z[RIZ�q`R$�/fs].� ikvS��v�q`��t�RIZ1�Aa=N�\^a���Z1�Af=RDp.��\At�RO§;hj].v�qSv&\^QSRDZg§�c-p&hA��vKa=RDfsZ

ashVasN.R1��f�§.��v�q`R1fI�jt1h�q.RDq�§�cªasN.ROvK]�Q §;R1f�h^�;§.��v&q`R1fuZ�hjv.R/N�\jZ�ash¬t1f=hKZ=Z$a=h0;�v�qd\��A���AR1v-v�\^QSR  Z�§.��v�q`R1fI¥�MON.��Z
QSR�asN.h`q�\^����h(¨bZ¬ash�§;R©Z=].f=RdashGQS\jv.��p.].��\(a=RSp.fsh`t�RIZ=Z=RDZªQSh`q`].��h=� �¤RD°K].���(\^��R1v�t1Rj��Z=��v�t�Rdak¨/h��$�¤RD°K].���~\j��RDvKa
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MON.R�QSR1a=N.h`qd]�Z=RDqdN.R1fsRO��Z�\�asfs\jv�Z=p&hKZ[��a=��hjv-a=hªasN.R��x�¤tD\^��t�].��]�ZgZ=c�vAau\(_-\jv�qSZ[RDQ�\^vKa=��t1Z�a=hªasN.R�hjv�R�]�Z[RIq

��v ´±µI¶$ashe�Mb³x¥xMON.R���q`RD\©��Zba=h©q`��Zkas��v��j].��Z[NG§�c�ak¨¸h©q.� �xR1fsR1vKaVt1hjv�Z[a=fs]�t¹ashjfuZ1�.a=N.Rr��fsR1R-\^v�q�§;hj].v&q�v�\^QSRDZ
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���r� «[´ �(¶ ���Z¬\©p�f=h�h^��\AZ=Z=��Zkau\^vKa�§�\AZ[RIqGhjvGasN.R©�/\^��t�].��]�ZVh^��n�v�q`]&t¹a=���jR©�¸hjv&Zkasf=]�t�a=��hjv�Z-«£�¸n=�O�¥;n¤ar\^����h(¨bZ
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