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AG (accede⇒ AF libere)
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CTL
E�ADG�Kg8?_RPH79<=:;79P�Kq° J*>!@H:5<=J"L
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0R9=9:Q=6R/'S�,�.;/_3B/?(:(!E�,�3B9:/?>^0�12E�3=(_*)1K120�1I*FV:7!3B/?3B0�0�\�0�.XC�`�(�JO4LbF7�@BN+<=G�_s�d_d:;858;ADGI79PBN+N=@HG�KLAsNmAhW\<IADPBN=:57�PBNmKLA
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)_��9A*�

<=A*YZEBNZKL:?NI�hGIAh<�� �h7�YgYZA
RTCTL

�/7�@¢�D79P�<I:5P\@ � �D79YZYZA
TCTL

�h4 u�_ EHGI79EHGI:5JD<=J EHGIJ*�hJsKLADP!<=A«ND° J*�DG=:5<ZKH_9PBNg�DA*N
8;79}9:?>!@HA*NaL

AG (accede⇒ AF65s libere)
4
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bc79@BN�EHG=JsNOA*P�<I79PBNmKB_dPBN��DA|�I�,_dEH:5<=GIAc8;A*N�QB_9N=A*Nm:5P�	.7�G=YZA*858;A*N�KLA|8;_�KL:?N=E,7�PH:;QH:58;:5<=J8�!E�A*G=YZAh<=<I_9P�<fKLA|�h7�YZEHG=A*PBKLGIA
8;Ag<xw!E�A�KLA$PH7d<I:57�PiN=@HGR8;A*NI>!@HAD8;85AsN|PB79@BNR���HADG����H79PBNRe <=G�_s�d_d:;858;ADGs4�PB79@BNCPH7�@BNCQB_�NOA*G=7�PBN�AsN=N=ADP!<=:;AD8;85A*YgA*P�< NO@BGR85AsN
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u�_�KL:?NOE�7�PH:5QB:58;: <IJCKLA*N�N=w\NO<=y*YZA*N��h7�PBNO<=:5<=@HA|@HP KLA*N��h7�PB�hA*EL<IN��h8;J|KHA�8?_�N=J*�h@BG=:5<=J�:;P�	.7�G=Y$_`<I:;>!@HA�4 	§8qN*° _9}9:5<�KLA|8?_

Y$_dPH:;yDGIAgKH79P�<R8;AZN=w\NO<=y*YZA��d_ }�JDGIADG|85AsNCKLA*YZ_9PBKLA*NRKLAgGIJ*_985:?NI_`<I:579P KLA�<879���HA*NC�D79YZEL<=Ag<=ADP\@¤KLAZ�D79P�<IG�_d:;P�<=AsN|KLA
<=A*YZEBNfAh<cKLARE�ADG 	.79GIYZ_9PB�hA�4
³cPHA JD<=@BKHA _%Jh<IJ 	)_d:5<=A KB_dPBN���T9T�
 4�U+858;A KLJ �BPH:5<g8?_%KL:?N=E�79PH:;QH:;85:5<=J8��E�7!NOA�8?_%EHG=7�QH8;JDY$_`<I:;>!@HA8�vAh<gEHG=7�E�7�N=A$@HP

	.79GIY$_d8;:;N=YZAR�BKB_dPBNF8?_Z8;79}�:;>!@HAMKLAsNFEHGIJ*KL:?�D_`<�N��HE�79@HGF<=G�_d:5<=A*Gc�hAsNc>�@BA*NO<=:;79PBN*4B� 8;_��BP KLAM8 ° JD<=@BKLA8�,@HPHAMY$_�>�@BAh<O<IAR�
�h7HKLJDA ADP¢6+G=7�857�}X�/KL7�PHPHA«KLAsNgADW\A*YZEH85AsNZKq° _dPB_985wLN=A*NgKLA�KL:?NOE�7�PH:5QB:58;: <IJ E�7�@HG$KLA*N$NOE�Js�h:��,�D_d<=:;79PBNZKLA«N=wLNx<IyDYZA*N��
KLA�E�798;:5<=:?>�@BA*N�� AD<�KLA�EHG=7�EHG=:;Jh<IJ*N*4 bc79@BNMPH79@,NRQB_�NO7�PBNRN=@HG �DAh<O<IA�Jh<I@BKLA�E�7�@HG �h7�PHPB_:9?<=GIA$85AsNRPH79<=:;79PBNM>!@HA�PH7�@BN
A*NINI_d:;ADGI79PBN�Kq° AhWLEHGI:;YgA*GFKH_dPBN�@BP 	.7�G=Y$_985:?NOYZACEH85@BNF_�KH_dEL<IJ94

#�P �97�:5<F_dEHEB_9GI_;9;<IG=ACKLAD@LW �D79PB�DADEL<�N�A*NINOA*P�<I:5A*8;NaL
< @HPHACE�7�85:5<=:?>!@HACKHACKH:;N=E�79PH:;QH:;85:5<=JR�D79PBNO<=:5<=@HAC8?_gNOE�Js�h:��,�D_d<=:;79P KLA*NfKLGI79:5<IN��\79QH8;:;}�_`<I:57�PBN��!79@ :;P�<IADG�KL:;�h<=:;79PBNfKLA*NKL:���J*G=A*P�<�N�EBG=7L�DA*NINO@,Nm@H<=:;85:?N=_d<=A*@HGIN��LADP <=A*G=YZARKLARGIA*NINO7�@HGI�DA*NmE�79@BGF_9�D�D79YZEH8;:5GFKLA*N�<=79���HAsND4
< @HPHA EHGI79EHGI:;Jh<=J KHA KL:?NOE�7�PH:5QB:58;: <IJ AsNx<g@HPHA EBG=7�EHG=:;Jh<IJ >!@HAD8?�h7�PB>!@HA �D79PB�DADGIPB_dP�<�8;_ KL:?NOE�7�PH:;QH:58;:5<=JR�/>!@HA 8 ° 79PAhWLEHGI:;YgACE,_dGfAhWLADYZEH8;ACEB_9GI�DAC>!@HAR8¡° 79P �9A*@L<c>�@BAC8;ARN=w\NO<=y*YZACJh<=@,KL:5JR8?_ZNI_`<I:;N 	)_9NINOA�4

���8> ?A@B$DCE'6��$GFB�1CE'6��$
ªX79:?�h:X@HP¤AhWLADYZEH8;AZ<=GIy*NRN=:5YZEH8;A�>!@H:X:;858;@BNO<=GIA$�hAsNRKLA*@LW PH79<=:;79PBN*4
#�P¤KH:;N=E�7�N=A$KLA�KLAD@LWiEHG=7H�hA*NINO@,N
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�
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r
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³cP�ADWLADYZEH8;A KLA E�798;: <I:;>!@HA KHA KL:?NOE�7�PH:;QH:58;:5<=J NOA*GI_9: <TL
p1
_�85A KLGI79:5< K ° @L<I:58;:?NOA*G 8?_�G=AsN=N=79@HG��hAZE�ADP,KH_dP�<gKLA*@LW
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³cP�AhWLADYZEH8;A KHA�EHGI79EBG=:;Jh<IJ�KLA KL:;N=E�79PB:5QH:;8;: <IJ N=ADG�_d:5<TLv<I79@L<IA KHADY$_dPBKLA Kq° _9�*�hy*N e�8?_�GIA*N=N=79@BGI�hA8� KHA�8?_�EB_dG=<
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8?_gEHG=7�EHGI:5JD<=J94
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[ 1YX 0�1)12E�9=0�C /?,�356R/�3B/?(:(!E�,�3B9:/?(N\6]!,�* 6R7=9!*F6R/!3B0^]!,LX ,�.�P;3BE�9=/+(=(+,�($P�E�,�3+3B0
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•
�h7�P�	.79GIYZ: <IJRKq° @HP�N=wLNx<IyDYZAC�\:;NFeg�\:;NfK ° @HPBARE�798;: <I:;>!@HAMKLARKH:;N=E�79PH:;QH:;85:5<=J5L
u AgNOwLNO<=y*YgA 
¡_d8;857H�D_`<IAD@HG�KHA GIA*NINO7�@HGI�DAMKH_dP,NcPH7d<IG=A��D_�N �f�\:;798;Ah¦ <O¦ :58�8;A*Nc7�QH8;:5}!_`<=:;79P,Nf:;YZE�7�N=JDAsNFE,_dG�8;_�E�7�85:5¦
<=:?>!@HA��

•
�h7��HJDGIADPB�DACKq° @HPHARE�7�85:5<=:?>!@HARKLAMKL:?NOE�7�PH:;QH:58;:5<=J5L
U WL:?Nx<IAh¦ <O¦ :58vKLAsNf�D79P�<IGI_�KL:?�±<=:;79P,N�KH_dPBNf85AsN�GIyD}98;A*N�>!@H:vKLJ �BPH:?N=N=ADP!<f8?_gE�7�85:5<=:?>!@HARKLAMKL:?NOE�7�PH:;QH:58;:5<=J��

•
E�798;:5<=:?>�@BACAh<FEHGI79EBG=:;Jh<IJCKLAMKL:;N=E�79PB:5QH:;8;: <IJ�L
³FPBA�E�798;:5<=:?>�@BA�KLAgKH:;N=E�79PH:;QH:;85:5<IJgKL79PHPBJDA�E,A*G=YZAD<O¦ AD8;85AgKLAgN=_d<=:?N 	)_9:5GIAM@HPBA�EHGI79EHGI:5JD<=J�KLAgKL:?NOE�7�PH:;QH:58;:5<=JgN=79@L¦
�B_9: <IJDA��

Politique de disponibilité Propriété de disponibilité

Cohérence interne
de la politique

Conformité du système
vis à vis de la politique

Vérification d’une propriété

Vérification directe
d’une propriété

de disponibilité

Implémentation
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)EHGIJ*KL:?�D_d<

demande � realisation �?��_�w�_dP!<���B_9�D@HPHAR@HPBA �hADG=<I_9:5PBARKH@HG=J*AR�BAh<cPHJs�hA*NIN=: <�_dP�<��hADG=<I_9:;PHA*NfG=AsN=N=79@BGI�hAsND4HuX° _d8;857H�D_`<IAD@HGFKLAMGIA*NINO7�@HGI�DA*N�AsNx<����B_dGI}9JRKLA
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< droit � utilisation(p, r, d)
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p
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d
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< droit � disposer(p, r, d) LL8;A|EBG=7L�DA*NINO@BN p KL79:5<�E�7�@H�979:;G�_9�*�hJ*KHADG�e�8?_�GIA*NINO7�@HGI�DA d @HPH:5<=J*NFKLA�<IADYZEBNf_9EHG=ysN8 ° _��979:;GfKLADY$_9PBKLJDA8�H_9@ EH85@,N�<I_dG�Kq4
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φ, ψ, . . .
def
= p|¬φ|φ ∧ ψ|EX φ|AX φ|E(φ U ψ)|A(φ U ψ)

E �
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EFφ
def
= E(> U φ)
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AGφ
def
= ¬EF (¬φ) φ
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AFφ

def
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sn

(?E�. 6R/!3+.X*F/!3'7?C 0�C >^*)1 . X / �8* (+C /AP�0�('62X 7!C 0�C
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• M |=

s

EX φ ssi ∃s′ ∈ S
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M |=
s′

φ ∧ sRs′
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s

EX φ ssi ∀s′ ∈ S sRs′ ⇒ M |=
s′
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M
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∃n
C /!1 ]?,X/ I


 M |=
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 ∀i 0 6 i < n ⇒ M |=
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1
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φ
def
= p|¬φ|φ ∧ φ|E(φ U6k φ)|A(φ U6k φ)

E �
p
/?(+C[,�. 7?127!45/?.NC�6R/"1YX /!.�(!/!4�V!12/

Prop
6R/?( P;3BE=P�E�(+*)CD*FE�.�( 0�C E�4 * ]?,X/?(=>

k ∈ N ∪ {+∞}
U

#�P«KH:;N=E�7�N=ACKHA*Nf_9QHGIJD�\:;_d<=:;79P,N�N=@H:5�d_dP�<IA*NaL
EF6kφ

def
= E(> U6k φ) AG6kφ

def
= ¬EF6k(¬φ)

AF6kφ
def
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 M |=
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φ

def
= p|x ≺ c|x− y ≺ c|z.φ|¬φ|φ ∧ φ|E(φ U φ)|A(φ U φ)E �
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E(φ U∗k ψ)
def
= z. E(φ U (ψ ∧ z ∗ k))

A(φ U∗k ψ)
def
= z. A(φ U (ψ ∧ z ∗ k))7 �

∗ ∈ {6, <,>, >,=}
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EF∗kφ

def
= E(> U∗k φ) AG∗kφ

def
= ¬EF∗k(¬φ)

AF∗kφ
def
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KL7�: <c�9J*G=:��BADGFEH8;@BN=:5A*@HGINFEHG=7�EHGI:5JD<=J*NF>!@H:v}�_9GI_9P�<I:;NINOA*P�<F>!@ ° AD8;85A �h7�G=GIA*N=E�79PBK eZ8 ° :;P�<I@H: <I:57�P%KL7�P�<

79P �!:;ADP!<CKLA�EB_dGI8;ADGs4B6/79@HG|AhWLEHGI:5YZA*G��DA*N�EHG=7�EHGI:5JD<=J*N�KLA�Y$_dPH:;yDGIA EH85@,N�85J*}9yDGIAR�,PH7�@BN�_9858;79PBN�KLJ �BPH:;G
R
<IAD8;8;Ag>�@BA

wRzv
NO7�: <f�\G�_d: NO: 85AsN�YZ79PBKHA*N

w
Ah<
v
79P!<f8;ACY��DYZAREB_9NIN=JC_��`_dP!<

z
4���° A*NO<FeZKL:;GIA

wRzv
def
= ∀p ∈ Prop ∀z′ ∈ Z (z′ � z ⇒ V2(w, z

′, p) = V2(v, z
′, p))

uvA*N�EBG=7�EHG=:;Jh<IJ*N�>!@HA
Q
KL79:5<f�9J*G=:��BA*GfN=79P�<F85AsNfN=@H:5�d_dP�<IA*NaL


): �
Q(w, z,X) ⊆ X

L
Q
PHAM�I�H7�:;N=:5<F>!@HACEB_9G=YZ:q8;ARN=79@BNO¦ ADPBN=ADY QH8;A

X �

):5: �

Q(w, z,X) = Q( w, z,X ∩ {u ∈ W/wRzu} )
L
Q
PHA E�AD@L<|���H7�:;N=:5G�>!@HAMEB_9G=YZ:v8;A*NcYZ79PBKLAsNc_��D�hAsN=N=:5QB85AsN

KLA*EH@H:?N
w
eg8¡° :;PBNx<�_dP!<

z �

.:;:5: �

Q(w, z,X) = ∅ ⇒ X ∩ {u ∈W/wRzu} = ∅
L
Q
E�AD@L<F<=7�@��x79@HG�N�EHGI79E�7!NOA*G�KLAsNXzOQ�79P,N§{|YZ79P,KLA*NfEB_dGIYZ:

�hA*@LW >!@H: N=79P!<F_9�*�hAsN=N=:5QB85AsN
�


.:;���
z′ � z ⇒ (wRzv ⇒ Q(w, z′, X) = Q(v, z′, X))

L'KLAD@LW����HADYZ:;PBN�_sw�_9P�< 85A Y �*YgA EB_�N=N=J�_��`_dP!<
z
N=A

�979:;ADP!<fEHGI79E�7!NOA*G��LegP ° :;YZE�79G=<=AR>!@HA*8qYZ7�YgA*P�<cKLAR85A*@HGfEB_�N=N=JC�D79YZY @HP �H8;A*NfY��DYZA*N+zxQ�7�PBN§{C���HADYZ:;PBN*4
@ 1BA/�'&."*&¡�,�²jq�/C Ev1!� �H�r"s&)oqp'�«#'�

DTL F�
/+( 9:E�.;6�*)C *FE�.�($P�E�,�3`]!,LX ,�.;/
DTL

W J?E�3+4 ,�12/'(!E�*)CA\�3B0�*F/5680�.�(",�. 45E�.-6R/
w
6 X ,�. 4�E�6RQ!12/

M
(?E�.XC$6R7 Z^.N*F/+(

3B7:9!,�3=(+*)\�/!45/?.NC�6R/"120T450�.N*FQ?3B/U(+,�*)\�0�.XC / I
• M |=

w

>

• M 2
w
⊥

• M |=
w

p(t) ssi p ∈ V2(w, V1(t))

• M |=
w

2tA ssi ∀v ∈W (wRV1(t)v ⇒ M |=
v

A)

T9a



• M |=
w

3tA ssi ∃v ∈W (wRV1(t)v ⇒ M |=
v

A)

• M |=
w

Ot(A/B) ssi ∀v ∈ Q(w, V1(t), ‖ B ‖) M |=
v

A

• M |=
w

Pt(A/B) ssi ∃v ∈ Q(w, V1(t), ‖ B ‖) M |=
v

A

• M |=
w

t′ < t ssi V1(t
′) � V1(t)

• M |=
w

t′ = t ssi V1(t
′) = V1(t)E��

‖ A ‖
687+(+* �R.;/

{w / M |=
w

A}

@ 1BA/�'&."*&¡�,�²j,j C Ev�L"*&¡( � �H�9"*&)��� # �5p'��� � � �`�ip�0¡� F
M |=A ssi ∀w ∈W M |=

w

A
� .;/

DTL
W J?E�3+4 ,�12/ /+(+C�\�0�1I*F68/"(+*OC E�,�C[45E�68Q?12/'1205(!0�CD* ( J?0�*)C_U

u�_«G=A*EHGIJ*N=ADP�<�_`<I:57�PiKHA$8 ° 79QH8;:5}!_`<I:57�P¤KH_dPBNM8;_%NOJ*YZ_9P�<I:;>!@HA�A*NO<M:;P�<IJDGIA*NIN=_9P�<=A�4 ��° AsNx< 8?_ 	.79P,�±<=:;79P�KLA �I�H7�:5W
Q>!@H:�KLJh<IADGIYg:;PHA 85AsN�zxQ�7�PBNx{ZJh<�_`<�ND4
	x�h:D���DA �h7�PB�hA*EL< P ° A*NO< EB_�N _dQBN=798;@ 4 �m79YZYZA�E�79@HG

SDL
�v@BP zOQ�79P\{$JD<I_`<��\@

KLAZ8 ° JD<I_d<R�D79@HG�_dP!<|E�A*@L<RPHAZE,_9N_�D<=GIARzOQ�79P\{��\@¤Kq° @HP¤_d@H<=GIA94rU+PiEH8;@BN!� :;�D: �q8?_ 	.7�PB�±<I:57�P
Q
EBG=A*PBK ADP¤_9G=}�@HYZADP�<

@HP¤A*PBN=ADY QH8;A�Kq° JD<I_d<INM�*_dPBKL:?KH_d<IN��qAD< KL79:5< KLJD<=ADGIYZ:;PHADGM85AsN=>!@HA*8;NMNO7�P�<�zxQ�7�PBNx{gEB_dGIYZ:X�DAD@LW\¦§�h: 4 u�_«KLJ �,PH: <I:;79P�KLA
8 ° 7�QH85:;}�_d<=:;79PiA*NO< KL79PB�ZEH8;@BN��BPBA�>!@HA�KH_dPBNR8;A*NM_d@H<=GIA*N 	.7�G=Y$_d8;:?NOYZA*N��qY$_d:?NCEH8;@BNM�D79YZEH8;AhWLAR� �hA�>�@B:XADYZE;�*���HA�KLA
KL:?NOE�7!NOA*GfKq° @HP�NOwLNO<=y*YgARK ° _dWL:57�YgAsND4
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bc79@BN�_��979PBNmQ�A*N=79:;P Kq° AhWLEHGI:5YZADG�8 ° 79QH8;:;}�_`<I:57�P _s�9As�cJ*���HJ*_9PB�hA 
¡� 	m3 �±4X#�G��!�x@,N=>!@ ° :;�D: �L8;A*N�857�}9:?>!@HA*NmJh<=@BKH:5J*A*N�PHA

8;AME�A*G=YZAD<O<=A*P�<|EB_9N*4,bc79@BN�_d8;8;79PBNcKL7�PB�RPH7�@BNc:5P!<=JDGIA*NIN=ADGce KLAD@HW 	.79GIY$_d8;:;N=YZA*Nc>�@B:�79P�< 	)_9: <|�DAh<�A ��7�GO<s4,u+° @BP�AsNx<
QB_�NOJRNO@BGf8;_g8;79}�:;>!@HARKq° _��±<I:57�P �L8 ° _9@L<=GIACA*NO<f:;PB�D85@BNFKH_9PBN

CTL
4

�*�-6���� � � �*7�%9' � " %��+" � #&% #&2 )+1 =�>*"���� % � :<1&2+'
~�:;}9P!@BY¨Ah< �C@H:;E�ADGM7�P�<��h79Y QB:5PHJ KH_dPBNT�53s��
m@HPHA�8;79}9:?>!@HA$KLJ*79P!<=:?>�@BA�KLw\PB_dYZ:?>!@HA 
.Q,_9N=JDA�NO@BGM85AsNM_��±<=:;79P,N �

:;P�<=GI7LKL@B: <IAFEB_dG ��ADw9A*G+KH_9PBN$�53s��
 ��_��9A*��8?_R857�}9:?>!@HA�<=ADYZE�79GIAD8;8;A94R	§8;N+8¡° 79P!<+PH79YZYZJDAU1]E ��* ]!,X/U6R7=E�.XCD* ]!,X/a6 Z�.;0�4'* ]!,X/
C /?4�P�E�3B/!1)1]/"C /?4�P�E�3+* (!7:/'1I*).;7=0�*)3B/ 


DDLTLB
�h4

�mAD<O<IA�8;79}�:;>!@HA��h7�Y QH:;PHA�8;_�857�}9:?>!@HA$EHG=7�E�7�N=: <I:;79PHPHA*858;AR� 8;_�8;79}�:;>!@HA�Kq° _9�h<=:;79PBN�� 8?_«8;79}�:?>�@BAg<IADYZE�79GIAD8;85A8�vAh< 8?_
8;79}9:?>!@HACKLJ*79P!<=:?>�@BA94
u+° A*PBN=ADY QH8;ARKLAsNf_��±<=:;7�PBN

Act
AsNx<cKLJ �BPB: G=Js�h@HG�N=:5�9A*YgA*P�<FKLAC8?_gY$_dPH:;yDGIARNO@H:;�`_9P�<=A�L

α :: a|
�B� �

|
� �B&)0

|α1 + α2|α1&α2|α

a
KHJ*N=:5}�PHAC@HPBAM_9�h<=:;79P«_d<=7�Yg:?>!@HAR� �H� � Ah< � �H&)0 N=79P�<cKLAsNF_9�h<=:;79P«N=E�J*�D:;_985AsN�G=A*EHGIJ*N=ADP�<�_dP!<fG=A*N=E�A*�h<=:;�9ADYZADP!<mzxP ° :;Y�¦

E�79G=<=AR>!@HA*858;AR_9�h<=:;79P\{|AD<mzxJs�I�HAs��{±4
&
KLJ*PH7d<IAC8 ° ADWLJ*�h@L<I:;79P EB_dG�_d8;8;yD8;AR�\AD<

+
8;AR���H79:5W A*P�<=GIARKLA*@LW _9�h<=:;79PBN*4

#�P�KL:;N=E�7�N=A�Kq° @BP�ADPBN=ADY QH8;A KLA$EBG=7�E�7�N=: <I:57�PBNR_`<=7�YZ:;>!@HAsN
Prop

4�u+° A*PBNOA*Y QH85A KLAsN�	.7�G=Y @H8;A*N
ΣDDLTLB

KLA
DDLTLB


)>!@HAR8¡° 79P PB7d<=A*GI_
Σ
E�79@HGF_d8;8;JD}9A*G�8¡° J*�DG=:5<=@BG=A �mA*NO<FKLJ �BPH:v_9:5PBN=:OL

�@E���* ]!,X/AP-3BE:P�E�(=* C *FE�.N.;/!1)12/
• >,⊥ ∈ Σ
•
N=:
A ∈ Prop

_9857�GIN
A ∈ Σ

•
N=:
A,B ∈ Σ

_9857�GIN
A ∧B,¬A ∈ Σ�@E���* ]!,X/ 6 X 0R9!C *FE�.�(

•
N=:
α, α′ ∈ Act

_9857�GIN
[α]A,PREFER(α, α′), DO(α), DONE(α) ∈ Σ�@E���* ]!,X/"C /?4�P�E�3B/?1 12/

•
N=:
A ∈ Σ

_d8;79G�N
◦A ,�A ∈ Σ

•
N=:
A,B ∈ Σ

_9857�GIN
AUB,ASB ∈ Σ�@E���* ]!,X/ 687:E�.XCD* ]?,X/

•
N=:
A ∈ Σ

_d8;79G�N
O(A) ∈ Σ

Td�



#�P«KLJ �,PH: <cADPBN=@H:5<=AR8;A*N�7�E�JDG�_`<IAD@HG�N+<IADYZE�79GIAD8?Nf�h8?_9NINO:?>!@HA*N�N=@H:;�`_dP!<INaL
< 3A

def
= >UA< 2A

def
= ¬3¬AAh<F8;A*Nf79E�JDG�_`<IAD@HG�N�KHJD79P!<=:?>!@HA*NaL

< P (A)
def
= ¬O(¬A)

< F (A)
def
= O(¬A)

@ 1BA/�'&."*&¡�,�²jB� C
DDLTLB �

��� #��\0)� F� . 45E�6RQ!12/
M

P�E�,�3
DDLTLB

/?(=C�687FZ[.X*[68/"120T4�0�.X*FQ!3�/"(=,�*)\�0�.NC /�I
M = (A,Σ,Π,6, R,Ro)

E �
• A

/?(+C�,�. /?.X(?/!45V?1]/[Z[.X*^6 X 7?\�7!.;/!4�/!.XC (
• Σ

/+(+C�,�. /!.�(!/?45V!12/'6	�27!C 0�CF(
• Π : Σ → Prop

/?(+CH,�.;/ J?E�.-9?CD*FE�. 0�C CD3+*FV!,X0�.XC"S�9:<X0 ]!,X/ 7!C 0�CH1YX /!.�(!/!4�V!12/ 6R/?(UP;3BE=P�E�(+*)CD*FE�.�( 0�C E�4 * ]?,X/?(
\�7?3+* Z 7:/?( PX0�3'9:/!C�7!C 0�C_U

• 6
/?(+C[,�.-/H3B/!120�CD*FE�. & /+(+C�4�/!*)1)1]/?,�3 ]!,X/RJ P�/!3+4�/!CDC 0�.XC�6R/ 9:E�4$PX0�3B/!3U12/?("7?C 0�C (

• R : A×Σ×Σ → {0, 1}
/+(+C ,�.-/�3B/?1]0�CD*FE�.W*).;6�* ]?,X0�.XC[9=E�4 4�/!.NC 12/?(_7!\�Q!.;/!45/?.NCF(�C 3B0�.�( J?E�3+45/?.NC 1]/+(a7?C 0�C ( I

Rt(σ, σ
′)
*).;6�* ]!,X/`]!,X/U1 �]7?\�Q!.;/!4�/!.XC

t
CD3B0�.X( J?E�3+4�/"1 �]7?C 0�C

σ
/!.
σ′
U

• Ro : (Σ × Path(M )) × (Σ × Path(M )) → {0, 1}
3B/!1I*F/�,�. 9=E�,�P-12/6[ 7!C 0�C��-9=<�/!4'*). \

(σ, ρ)
0�, �W9=E�,�P;1]/+(

(σ′, ρ′)
]!,�*[9:E�.�(+CD* CD,X/!.XC^(!E�. *F687:0�1 687:E�.XCD* ]?,X/�I 12/+("E8V?1I* � 0�CD*FE�.�('68/

σ
(!E�.XC[(!0�CD* ( J?0�*)C /+('680�.X(HC E�,�(_1]/+(

σ′
U

#�P PB7d<=A
‖α‖

8¡° ADPBN=ADY QH8;AMKLA*NfJD�9J*PHADYZADP!<INFKLA
A
>!@ ° 79P«_�N=N=7L�h:;AR�LKH_9PBN�8?_ZNOJ*Y$_dP�<I:;>!@HA8�Heg8 ° _9�±<I:57�P

α
4

uvA*N 	.7�G=Y @B85AsN/ND° :;P�<=A*G=EBG=yD<=ADP!</:?�h:HN=@HG KLA*N �I�BADYZ:5P,ND4dbc79@BN _s�97�PBN�Q�A*N=79:;PgKLAf>�@BAD8?>�@BA*N/KLJ �BPH:5<=:;79PBN/E�7�@HG KL79PHPBADG
8;A*N�GIyD}�85AsN�KLAR8;_ZN=JDY$_9P�<=:?>!@HA94
[L79:5<

ρ = (. . . , σi, ti, σi+1, ti+1, . . .)
@HP �I�HA*Yg:;P Kq° Jh<�_`<IN��s<IGI_9PBN=: <I:57�PBNfe$<=G�_s�9A*GINf8;AMYZ7LKLy*85A

M
4�uX° ADPBN=ADY QB85A

KLA�<=7�@BN 85AsN ���HADYZ:;PBN
ρ
E�7�NIN=:5QH8;A*N e«<IGI_��9ADG�N

M
A*NO<g_dEHE�AD8;J

Path(M )
4'uvA�:;yDYZA Jh<�_`<gKLA

ρ
A*NO<

ρ(i)
4
ρ−(σi)KLJsNO:;}9PHAC8;ACEHGIJ �BW\ARKLA

ρ
>!@H: �BPH: <cEB_dG

σi

�HAD<
ρ+(σi)

85AMNO@ �gWLAMKLA
ρ
>!@H:v�h7�YgYZADP,�hACEB_9G

σi

4
@ 1BA/�'&."*&¡�,�²jH2
Path(M , σ) = {ρ/ρ ∈ Path(M )

/!C
∃iσ = ρ(i)}

Path+(M , σ) = {ρ/ ρ
9:E�4'45/!.;9=/�PX0�3

σ}
Path−(M , σ) = {ρ/ ρ

(!/UC /?3+4 *).;/AP�0�3
σ}

#�P«KLJ �,PH: <�KLAREH85@,Nf8;_Z�D79PB�D_d<=J*PB_`<I:57�P NO@HGFKLAsNf���HA*Yg:;PBN 

◦
�±4

@ 1BA/�'&."*&¡�,�²j � C Ev1!� �H�r"s&)oqp'�«#'�
DDLTLB F�
/+( 3BQ �R12/?($PXE�,�3B]!,LX ,�.;/ J?E�3+4',�1]/ (!E�* C$(!0�CD* ( J?0�*)C /aP�0�3 1YX 7!C 0�C

σ
6�, 9:<X/?4 *).

ρ
>$6R0�.�( 12/�45E�68Q?1]/

M
>�(!E�.XC$12/+(

(+,�*)\�0�.XC /+( I
• M |=

ρ,σ

p ssi p ∈ Π(σ)

• M |=
ρ,σ

A ∧B ssi M |=
ρ,σ

A
/!C

M |=
ρ,σ

B

• M |=
ρ,σ

¬A ssi M 2 A

• M |=
ρ,σ

[α]A ssi ∀σ′ ∈ Σ ∀ρ′ ∈ (ρ−(σ) ◦ (σ, t, σ′) ◦ Path+(M , σ′)) [Rt(σ, σ
′) ⇒ M |=

ρ′,σ′

A]

• M |=
ρ,σ

O(A) ssi ∀σ′ ∈ Σ ∀ρ′ ∈ Path(M , σ) (Ro((σ.ρ), (σ
′, ρ′)) ⇒ M |=

ρ′,σ′

A

• M |=
ρ,σ

PREFER(α1, α2) ssi ∀t ∈ ‖α2‖ (Rt(σ, σ2) ⇒ (∃t′ ∈ ‖α1‖(Rt′(σ, σ1) ∧ (σ1 6 σ2))))

• M |=
ρ,σi

◦A ssi M |=
ρ,σi+1

A

• M |=
ρ,σi

�A ssi M |=
ρ,σi−1

A

• M |=
ρ,σ0

A U B ssi ∃k (M |=
ρ,σk

B ∧ ∀j 0 < j 6 k ⇒ |=
ρ,σj

A

• M |=
ρ,σ0

A S B ssi ∃k (M |=
ρ,σk

B ∧ ∀j k < j 6 0 ⇒ |=
ρ,σj

A

• M |=
ρ,σ0

DO(α) ssi ρ = (. . . , σ0, t0, σ1, . . .)
/!C
t0 ∈ ‖α‖

T��



• M |=
ρ,σ0

DONE(α) ssi ρ = (. . . , σ−1, t−1, σ0, . . .)
/?C
t−1 ∈ ‖α‖

@ 1BA/�'&."*&¡�,�²j � C Ev�L"*&¡( � �H�9"*&)��� # �5p'��� � � �`�ip�0¡� F� . .-E�C /?3B0
M |=

σ

A
(=(+*

∀ρ ∈ Path(M , σ) M |=
ρ,σ

A
U �'/U4��!4�/?>

M |= A
(=* �R.N* Z /

∀σ ∈ Σ M |=
σ

A
U

I .�Z^.X>[E�. 6�*)C ]!,LX ,�.;/ J?E�3+4 ,�12/ /?(=C�\�0�1I*F68/�[
|= A

\ (=(+*OC E�,�C[4�E�6RQ!12/
M

1205(!0�CD* ( J?0�*)C_U
bc79@BN�KL:?N=E�7�N=79PBNc_d@ NOA*:5P KLA��DAh<O<IA 8;79}�:;>!@HA KLA 8 ° 79QH8;:5}!_`<I:57�P�>!@ ° @HPHA��DADG=<I_d:;PHA 	.7�G=Y @H8;A�NO7�: <�Jh<�_dQH8;:;AR��_dEBE�AD8;JDA

79QB85:;}�_d<=:;79P�Kq° �h<IG=A�4��|G879�DA _d@HW¤79E�J*GI_d<=A*@HGIN
DONE

AD<
DO

�'79P�E�AD@H<gAhWLEHGI:;YgA*G 8 ° 79QH8;:5}!_`<I:57�P�Kq° ADWLJ*�h@H<=ADGg@HPHA
�hA*GO<�_d:;PHA _��±<=:;79P 
)_dEBE�AD8;JDA 79QH8;:;}�_d<=:;79P�KHA 	)_d:;G=A �+�'AD<gEH8;@BN�EBG=Js�h:?NOJ*YgA*P�<��'8¡° 79QB85:;}�_d<=:;79P KLA 8 ° ADW\Js�h@L<IADGZ_s�d_dP!<�@HPHA
J*���HJ*_9PB�hA8�B>!@HAM8 ° 7�P«YZ7LKLJD8;:?NOA _d8;79G�N�EB_dGF@BPHA 	.79GIY @H8;A94-#�P«PH79<=A

O(α < A)
8 ° 79QH8;:;}�_`<I:57�P«Kq° A �rA*�h<=@HADG�8¡° _9�h<=:;79P

α_��`_dP!<f>!@HAR8;_ 	.7�G=Y @B85A
A
PHAMKLA*�!:;ADPBPHAC�\G�_d:;A94

@ 1BA/�'&."*&¡�,�²j,t�
0�687FZ[.X*)CD*FE�.TP;3BE=P�E�(!7:/5680�.�(DK ��� PU/+(+C�1205(+,�*)\�0�.XC / I

O(α < A)
def
= O(¬A U DO(α))

U+858;ARAhWLEHGI:;YgAC8 ° 79QH8;:5}!_`<I:57�P >!@HA
A
NO7�: <
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à réaliser la tâche T
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l’allocateur de tâches
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