T⟨⌉ C≀\{≀∇⇕⊣\⌋⌉ R⌉↕⊣⊔⟩≀\ {≀∇

⊔⟨⌉ F⊓∫⟩≀\ C⊣↕⌋⊓↕⊓∫

S↙ A∇⊓\↖K⊓⇕⊣∇ V⟩∫⟨⊣↕ G∇≀⊑⌉∇

M⊣† ∋∞⇔ E∈F∈

∞

O⌊|⌉⌋⊔⟩⊑⌉ T≀ ⌈⌉⊖F\⌉ ⊣ C≀\{≀∇⇕⊣\⌋⌉ ∇⌉↕⊣⊔⟩≀\ {≀∇ ⊔⟨⌉ {⊓∫⟩≀\ ⌋⊣↕⌋⊓↕⊓∫↙

∈

O⊑⌉∇⊑⟩⌉⊒

O I\⊔∇≀⌈⊓⌋⊔⟩≀\ ⊔≀ ⊔⟨⌉ {⊓∫⟩≀\ ⌋⊣↕⌋⊓↕⊓∫

O B⟩∫⟩⇕⊓↕⊣⊔⟩≀\ ∇⌉↕⊣⊔⟩≀\∫ {≀∇ {⊓∫⟩≀\ ⌋⊣↕⌋⊓↕⊓∫ O T⟨⌉ ⟩⌈⌉⊣ ⌊⌉⟨⟩\⌈ ⌋≀\{≀∇⇕⊣\⌋⌉ ∇⌉↕⊣⊔⟩≀\ O E↕⊣⌊≀∇⊣⊔⟩≀\ {≀∇ {⊓∫⟩≀\ ⌋⊣↕⌋⊓↕⊓∫ O C≀\{≀∇⇕⊣\⌋⌉ {≀∇ {⊓∫⟩≀\ ⌋⊣↕⌋⊓↕⊓∫ O A§⟩≀⇕⊣⊔⟩‡⊣⊔⟩≀\ O C≀\⌋↕⊓∫⟩≀\

∋

F⊓∫⟩≀\ C⊣↕⌋⊓↕⊓∫ ↖ S†\⊔⊣§ T⟨⌉ {∇⌉⌉ ⊣⌋⊔⟩≀\∫ ∇⊣\}⌉⌈ ≀⊑⌉∇ ⌊† K ⊣\⌈ ⊔⟨⌉ ⊣}⌉\⊔∫ ∇⊣\}⌉⌈ ≀⊑⌉∇ ⌊†

P∅ Q A A A ⊣∇⌉ ⌈⌉⊖F\⌉⌈ ⌊†¬

K ¬¬ℑ ⊓♥§ ⇐I\√⊓⊔⇒ ⊓♥§ ⇐O⊓⊔√⊓⊔⇒ ≃ ⇐F⊓∫⟩≀\⇒

△

P ¬¬ℑ ′ ⇐I\⊣⌋⊔⟩≀\⇒ K¬Q ⇐P∇⌉⊖F§⇒

Q ⇓ R ⇐S⊓⇕⇕⊣⊔⟩≀\⇒

Q|R ⇐C≀⇕√≀∫⟩⊔⟩≀\⇒ ⇐§⇒Q ⇐S⌋≀√⌉⇒ ∪§ ℑ †⊎Q ⇐M⊣⊔⌋⟨⇒ ∪§ ℑ̸ †⊎Q ⇐M⟩∫⇕⊣⊔⌋⟨⇒ ⇐A⇐♥§⇒⇒ ⇐I⌈⌉\⊔⟩⊖F⌉∇⇒

▽

F⊓∫⟩≀\ C⊣↕⌋⊓↕⊓∫ ↖ S⌉⇕⊣\⊔⟩⌋∫ O√⌉∇⊣⊔⟩≀\⊣↕ S⌉⇕⊣\⊔⟩⌋∫ ⟩∫ }⟩⊑⌉\ ⌊† ∫⊔∇⊓⌋⊔⊓∇⊣↕ ⌋≀\}∇⊓⌉\⌋⌉ ∇⊓↕⌉∫ ⊣\⌈ ⊣

↕⊣⌊⌉↕↕⌉⌈ ⊔∇⊣\∫⟩⊔⟩≀\ ∫†∫⊔⌉⇕↙ P ⇓ Q Q Q ⇓ P

P ⇓ ⇐Q ⇓ RQ ⇐P ⇓ Q⇒ ⇓ R

P ⇓ ′ Q P P |Q Q Q|P P |⇐Q|R⇒ Q ⇐P |Q⇒|P |′ Q P

T⊣⌊↕⌉ ∞¬ S⊔∇⊓⌋⊔⊓∇⊣↕ ⌋≀\}⊓⌉\⌋⌉ ∇⊓↕⌉∫

⇐§⇒′ Q ′ ⇐§⇒⇐†⇒P Q ⇐†⇒⇐§⇒P ⇐§⇒⇐P ⇓ Q⇒ Q ⇐§⇒P ⇓ ⇐§⇒Q ⇐§⇒MP Q M⇐§⇒P ⟩{ § ℑ∈ \⇐M⇒ P |⇐‡⇒Q Q ⇐‡⇒⇐P |Q⇒ ⊒⟨⌉∇⌉ ‡ ℑ∈ {\⇐P ⇒

A⇐♥†⇒ Q P {♥†ℑ♥§} ⟩{ A⇐♥§⇒

⌈⌉{

ℑ P

T⊣⌊↕⌉ ∈¬ S⊔∇⊓⌋⊔⊓∇⊣↕ ⌋≀\}⊓⌉\⌋⌉ ∇⊓↕⌉∫ ⇐⌋≀\⊔⌈↙⇒

PREF ℵ K¬P K ℵ→ P

SUM

P

K

ℵ→ P

′ P ⇓ Q K ℵ→ P ′ PAR P K ℵ→ P ′ P |Q K

ℵ→ P

′

|Q

COM P ⊓♥§ ℵ→ P ′ ∅ Q ⊓♥†ℵ→ Q

′

∅ |♥§| ℑ |♥| P |Q {♥§ℑ♥†} ℵ→ P |Q ′ SCOPE P ≃ ℵ→ P ′∅ ‡≃§∅ ‡ ℑ̸ § ⇐‡⇒P ≃\ℵ→ P ′ {§ℑ‡}

T⊣⌊↕⌉ ∋¬ O√⌉∇⊣⊔⟩≀\⊣↕S⌉⇕⊣\⊔⟩⌋∫ ∇⊓↕⌉∫

∀

PASS P K ℵ→ P ′∅ ‡ ℑ∈ \⇐K⇒ ⇐‡⇒P K ℵ→ ⇐‡⇒′

OPEN P ⇐♥†⇒⊣♥§ ℵ→ P ′∅ ‡ ∈ ♥§ ℵ ♥∅ ⊣ ℑ∈ {‡∅ ‡} ⇐‡⇒P ⇐‡ ♥†⇒⊣♥§ ℵ→ ′

MATCH

P

K

ℵ→ ′

∪§ ℑ §⊎ K ℵ→ P ′

MISMATCH P K ℵ→ P ′ § ℑ̸ † ∪§ ℑ̸ †⊎ K ℵ→ P ′

T⊣⌊↕⌉ △¬ O√⌉∇⊣⊔⟩≀\⊣↕ S⌉⇕⊣\⊔⟩⌋∫ ∇⊓↕⌉∫ ⇐⌋≀\⊔⌈↙⇒

∃

H†√⌉∇⌉∐⊓⟩⊑⊣↕⌉\⌋⌉ D⌉⊖F\⟩⊔⟩≀\ ¬ A ⌊⟩∫⟩⇕⊓↕⊣⊔⟩≀\ is a binary symmetric relation S between agents such that P S Q implies: If P M ! P^′ ⊒⟩⊔⟨ ⌊\⇐M⇒ ∩ {\⇐Q) =^ then Q M ! Q ′and P^′∪ S Q^′∪ for some substitutive eKect [ of M.

P is bisimilar to Q, written P ẊQ, if P S Q for some bisimulation S. DeΨFnition : A hyperbisimulation is a substitution closed bisimulation, i.e., a bisimulation S with the property that P S Q implies P [SQ[ for any substitution [. Two agents P and Q are hyperequivalent, written P X Q, if they are related by a

hyperbisimulation.

The weak arrow

DeΨFnition : Composition of two transitions N is deΨFned by P ( M @! N M^′_{ℵ→⇒Q} iK there exists an agent P^′ such that P M @! P^′ and P^′∪_M^M

′

ℵ→ Q, where [ M is a substitutive eKect of M.

DeΨFnition : Conjunction of two fusions ’ and , written ’ ^ , is deΨFned to be the least equivalence relation containing ’ and . DeΨFnition : The weak trM =) is deΨFned as: M =) Q if for some n ˘ 0, P

M1_{@! N A A A N} Mn_{∂ω Q} and one of the following holds

1. M is a communication and M = M i for some i and M j= 1 for all j 6= i.

2. M and all Mi are fusions and M = M1

^ A A A ^ M n . The empty

conjunction being 1, P^1=) P holds for all P .

11

Weak Hyperequivalence

DeΨFnition : A weak bisimulation is a binary symmetric relation S between agents such that P S Q implies: If P

M

! P^′ with bn(M) “ fn(Q) =^

then Q M ) Q ′and P^′∪SQ^′∪ for some substitutive eKect [ of MP is weakly bisimilar to Q, written P

˙

YQ, if P S Q for some weak bisimulation S.

DeΨFnition : A weak hyperbisimulation is a substitution closed weak bisimulation S with the property that P S Q implies P [SQ[ for any substitution [. Two agents P and Q are weak hyperequivalent,

written P Y Q , if they are related by a weak hyperbisimulation.

12

Hypercongruence

Weak hyperequivalence is not a congruence. It is not preserved under the summation operator. For example a:0 Y 1:a:0 but a:0 + b:0 6Y 1:a:0 + b:0.

DeΨFnition : Two agents P and Q are weakly hypercongruent , written P Y + Q, iK for any substitution [ P [ M @! ′ ⊣\⌈ ⌊\⇐M⇒∩{\⇐M⇒ ℑ ∅ ⟩⇕√↕⟩⌉∫ Q∪^Mℑ⇒_⇓ Q^′ ⊣\⌈ P ′∪ M Y Q ′∪ M where [ M, is a substitutive eKect of M, and vice-versa.

ENciency relations

O An eNciency relation is a reMexive and transitive relation, that

takes into consideration behavioural equivalence.

O Originally motivated and deΨFned in [3] and [4] as being which could compare equivalent processes on an abstract measure of computational complexity.

O Possible to regard these preorders as deΨFning reΨFnement relations

which preserve behavioural equivalence.

O Hence, if P and Q are two agents, and if T is such a relation

then P T Q means P and Q are behaviourallyequivalent and P is a reΨFnement of Q.

The idea

The intuition is that if P and Q are two agents related by a

conformance R, then P and Q are observationally equivalent and for every execution of Q there exists an execution of P which has at least as many or larger number of silent actions.

Elaboration

DeΨFnition : Let R be a binary relation on processes.

1. R is an elaboration iK for every (P; Q) 2 R the folconditions hold for every action sequence s; t O A ↙

P

→ ′ ⇒ ∃′ ¬ ∃⊔ ¬ ∧∫ ∧

⊔ ∧ Q

⊔ ⇒ ′ ∧ ′ R ′ Q ⊔ → ⇒ ∃′

¬ ∃∫ ¬ ∧∫ ℑ

∧⊔ ∧ |⊔| T |∫| ¬ P ∫⇒ ∧ ′ R ′ ∈↙ R is an elaboration iK for every (P; Q) 2 R the folconditions hold for every K OV and t OA +P ”=) P_{′ ⇒ ∃Q ′ ¬ ↑} ℑ⇒ Q ′ ∧ P R Q P

ℑ⇒ P

⇒ ∃Q ′ ¬ Q

ℑ⇒ Q

∧ P R Q ′ Q ⊔ ℵ→ Q ′ ⇒ ∃P ′ ¬ P ⊔ ℑ⇒ P ′ ∧ P ′ R Q ′

∞

C≀\{≀∇⇕⊣\⌋⌉ D⌉⊖F\⟩⊔⟩≀\ ¬ P⪅ ≑ ⋚ iK for some visible action K not occuring in P or Q, P + K:0 ⪅ ⋚ ≑ ≓0.

Proposition : P⪅ ≑ ⋚ iK for every a 2 A

(P a@! P^{⇒ ∃ Q ′} ¬ Q ⊣ ℑ⇒ Q ∧ P ⪅ ⋚ ′_{⇒ ∧} ⇐Q ⊣ ℵ→ Q

′

⇒ ∃ P

′

¬ P ⊣ ℑ⇒ P ′ ∧ ′ ⪅ ⋚′⇒ T⟨⌉≀∇⌉⇕ ¬ ≑ is a precongruence relation over CCS expressions.

Elaboration for fusion calculus DeΨFnition : A binary relation R is an elaboration iK (P; Q) 2 R 1. P M @! P^′

⇒ ∃ Q ′

¬ Q ℑ⇒ Q ∧ P ∪ R Q ∪

∈↙ Q M ℵ→ Q ′ ⇒ ∃ P ′ ¬ P ℑ⇒ P ′

∧ P

′∪ R ′ ∪

{≀∇ ∫≀⇕⌉ ∫⊓⌊∫⊔⟩⊔⊓⊔⟩⊑⌉ ⌉K⌉⌋⊔ ∪ ≀{ M D⌉⊖F\⟩⊔⟩≀\ ¬ A ∫⊓⌊∫⊔⟩⊔⊓⊔⟩≀\ ∪ ⟩∫ ⌋⊣↕↕⌉⌈ ⟩\|⌉⌋⊔⟩⊑⌉ ⟩K § ℑ̸ † ⇒ ∪⇐§⇒ ℑ̸ ∪⇐†⇒ D⌉⊖F\⟩⊔⟩≀\ ¬ I{ R ⟩∫ ⊣ {⊓∫⟩≀\ ⌉↕⊣⌊≀∇⊣⊔⟩≀\ ⊔⟨⌉ ⌋↕≀∫⊓∇⌉ ≀{ R ⊓\⌈⌉∇ ⟩\|⌉⌋⊔⟩⊑⌉ ∫⊓⌊∫⊔⟩⊔⊓⊔⟩≀\∫ ⟩∫ ⊣ ⌊⟩\⊣∇† ∇⌉↕⊣⊔⟩≀\ S⇔ ∫⊓⌋⟨ ⊔⟨⊣⊔ S ℑ ∪{R∪ ¬ ∪ ⟩∫ ⊣\ ⟩\|⌉⌋⊔⟩⊑⌉ ∫⊓⌊∫⊔⟩⊔⊓⟩≀\}

∞∀

R⌉∫⊓↕⊔∫ ≀\ ⌉↕⊣⌊≀∇⊣⊔⟩≀\ P∇≀√≀∫⟩⊔⟩≀\ ¬ A\† ∫⊓⌊∫⊔⟩⊔⊓⊔⟩≀\ ∪ ⌋⊣\ ⌊⌉ ⌈⌉⊖F\⌉⌈ ⊣∫ ⊣ ⌋≀⇕√≀∫⟩⊔⟩≀\ ≀{ ⊣\ ⟩⌈⌉⇕√≀⊔⌉\⊔ ⊣\⌈ ⊣\ ⟩\|⌉⌋⊔⟩⊑⌉ ∫⊓⌊∫⊔⟩⊔⊓⊔⟩≀\↙ P∇≀√≀∫⟩⊔⟩≀\ ¬ C↕≀∫⊓∇⌉ ≀{ ⊣ {⊓∫⟩≀\ ⌉↕⊣⌊≀∇⊣⊔⟩≀\ ⟩∫ ⊣ {⊓∫⟩≀\ ⌉↕⊣⌊≀∇⊣⊔⟩≀\↙ P∇≀√≀∫⟩⊔⟩≀\ ¬ I{ S ∞

⊣\⌈ S ∈ ⊣∇⌉ ⊔⊒≀ ⌋↕≀∫⊓∇⌉∫⇔ ⊔⟨⌉\ S

∞

N ∈ ⟩∫ ⊣↕∫≀ ⊣

⌋↕≀∫⊓∇⌉↙ P∇≀√≀∫⟩⊔⟩≀\ ¬ T⟨⌉ ⊓\⟩≀\ ≀{ ⊣ {⊣⇕⟩↕† ≀{ {⊓∫⟩≀\ ⌉↕⊣⌊≀∇⊣⊔⟩≀\∫ ⟩∫ ⊣ {⊓∫⟩≀\ ⌉↕⊣⌊≀∇⊣⊔⟩≀\↙ P∇≀√≀∫⟩⊔⟩≀\ ¬ C ℑ ∪{R¬R ⟩∫ ⊣\ ⌉↕⊣⌊≀∇⊣⊔⟩≀\} ⟩∫ ⊔⟨⌉ ↕⊣∇}⌉∫⊔ ⌉↕⊣⌊≀∇⊣⊔⟩≀\↙ P∇≀√≀∫⟩⊔⟩≀\ ¬ ≲ C ℑ ⌋↕≀∫⊓∇⌉ ≀{ ≲ C ⇔ ⟩↙⌉↙ ⊔⟨⌉ {⊣⇕⟩↕† ≀{ ⌉↕⊣⌊≀∇⊣⊔⟩≀\∫ ⟩∫ ⌋↕≀∫⌉⌈ ⊓\⌈⌉∇ ⟩\|⌉⌋⊔⟩⊑⌉ ∫⊓⌊∫⊔⟩⊔⊓⊔⟩≀\∫↙ P∇≀√≀∫⟩⊔⟩≀\ ¬ ≲ C ⟩∫ ⊣ √∇⌉≀∇⌈⌉∇↙

∞∃

H†√⌉∇⌉↕⊣⌊≀∇⊣⊔⟩≀\

D⌉⊖F\⟩⊔⟩≀\ ¬ A hyperelaboration is a substitution closed elaboration,

i.e. if S is a hyperelaboration then P S Q ) P [ S Q[ for any subsitution [. ≲ is the union of all hyperelaborations. Proposition : ≲ ⋌Ⓢ ⋑≏≫Ⓢ⋒⋓ ∔≪⋓⋒® Ⓢ⋑≫⌜⋒ ⌢≪⋓ ⋑≫≎⌜≫Ⓢ⋌⋔⋌≫≪≲

⋞⪕

◁≫≪⋏≫®≎⌢≪⋑⋒ ⋏≫® ⋏∔Ⓢ⋌≫≪ ⋑⌢≏⋑∔≏∔Ⓢ

▼⌟⌜⋒®⋒≏⌢⋐≫®⌢⋔⋌≫≪ ⋌Ⓢ ≪≫⋔ ⌢ ⌜®⋒⋑≫≪⋎®∔⋒≪⋑⋒≲ ⊵⋒⟲⋆≪⋌⋔⋌≫≪ ≓ Two agents P and Q are related by a fusion conformance, (written as P ≲^+ Q) iK for any substitution [ the following holds P [ M @! P^′ ⊣\⌈ ⌊\⇐M⇒ ∩ {\⇐Q⇒ ℑ ≃ ⇒ Q∪^M

ℑ⇓

Q ′ ⊣\⌈ P ′M

≲⋚

′ M where [ Mis a substitutive eKect of M and vice-versa

Results on Conformance Proposition : P ≲^+Q iK for all R; P + R≲^+Q + R

Proposition : Conformance is an elaboration and P ≲ + Q implies

P ≲⋚

≖®≫⌜≫Ⓢ⋌⋔⋌≫≪ ≓ ◁≫≪⋏≫®≎⌢≪⋑⋒ ⋌Ⓢ ⌜®⋒Ⓢ⋒®∽⋒⋓ ∔≪⋓⋒® Ⓢ⋑≫⌜⋒≜ ⋑⋋≫⋌⋑⋒≜ ⌜®⋒⟲⋆⌞≜ ⋑≫≎⌜≫Ⓢ⋌⋔⋌≫≪≜ ≎⌢⋔⋑⋋ ⌢≪⋓ ≎⋌Ⓢ≎⌢⋔⋑⋋ ≫⌜⋒®⌢⋔≫®Ⓢ ≖®≫⌜≫Ⓢ⋌⋔⋌≫≪ ≓ ◁≫≪⋏≫®≎⌢≪⋑⋒ ⋌Ⓢ ⌜®⋒Ⓢ⋒®∽⋒⋓ ∔≪⋓⋒® ®⋒⋑∔®Ⓢ⋌∽⋒ ⋓⋒⟲⋆≪⋌⋔⋌≫≪ ≖®≫⌜≫Ⓢ⋌⋔⋌≫≪ ≓ ◁≫≪⋏≫®≎⌢≪⋑⋒ ⋌Ⓢ ⌢ ⌜®⋒≾⋑≫≪⋎®∔⋒≪⋑⋒≲

⋞⋞

⊐⌞⋌≫≎⌢⋔⋌✠⌢⋔⋌≫≪ ⊵⋒⟲⋆≪⋌⋔⋌≫≪ ≓ A match sequence M̃ is complete on a set of names V if for some equivalence relation R on V, called the equivalence relation

corresponding ~ M, it holds ~ M ) [x = y] iK xRy and

M̃ ) [x 6= y] iK :(xRy)

DeΨFnition : An agent is in head normal form (HNF) on V (a ΨFnite set of names) if P is of the form ∑ ]∈I ♥⟩ ⇐♥⟩ ⟩ ¬P ⟩ ⇒

where for all i, x̃i “ V = ^; x̃ i ` obj(K i) and M̃i is complete on V. Lemma : (Saturation Lemma) Let P be in HNF on V, where fn(P ) R V . If P [ M =) + P^′ then ‘_W P ℑ P ⇓^♥MM¬P^′ where M̃ agrees with [ and is complete on V.

23

Summation S1 P + 0 = P S2 P + Q = Q + P S3 P + (Q + R= (P + Q) + R

Table 5: Axioms for structural congruence

Scope R1 (x)0 = 0 S2 (x)(y)P = (y)(x)P S2 (x)(P + Q= (x)P + (x)Q Match and Scope RM1 (x)[y = z]P = [y = z](x)P if x 6= y; x 6= z

Table 6: Axioms for structural congruence (contd.)

Summation

S4 P + P = P

Match M1

~

MP ~ NP if

~

M ,

~

N M2 [x = y]P = [x = y](P fx=yg) M3 MP + MQ = M(P + Q) M4 [x 6= x]P = 0 M5P = [x = y]P + [x 6= y]P

Table 7: Axioms for hyper-equivalence

26

ScopR3 (x)K:P = K:(x)P if x =2n(K)

R4 (x)K:P = 0 if x is the subject 0

i.e. if S is a hyperelaboration then P S Q ) P [ S Q[ for any subsitution [. ≲ is the union of all hyperelaborations. Proposition : ≲ ⋌Ⓢ ⋑≏≫Ⓢ⋒⋓ ∔≪⋓⋒® Ⓢ⋑≫⌜⋒ ⌢≪⋓ ⋑≫≎⌜≫Ⓢ⋌⋔⋌≫≪≲

⋞⪕

◁≫≪⋏≫®≎⌢≪⋑⋒ ⋏≫® ⋏∔Ⓢ⋌≫≪ ⋑⌢≏⋑∔≏∔Ⓢ

▼⌟⌜⋒®⋒≏⌢⋐≫®⌢⋔⋌≫≪ ⋌Ⓢ ≪≫⋔ ⌢ ⌜®⋒⋑≫≪⋎®∔⋒≪⋑⋒≲ ⊵⋒⟲⋆≪⋌⋔⋌≫≪ ≓ Two agents P and Q are related by a fusion conformance, (written as P ≲^+ Q) iK for any substitution [ the following holds P [ M @! P^′ ⊣\⌈ ⌊\⇐M⇒ ∩ {\⇐Q⇒ ℑ ≃ ⇒ Q∪^M

ℑ⇓

Q ′ ⊣\⌈ P ′M

≲⋚

′ M where [ Mis a substitutive eKect of M and vice-versa

21

Results on Conformance Proposition : P ≲^+Q iK for all R; P + R≲^+Q + R

Proposition : Conformance is an elaboration and P ≲ + Q implies

P ≲⋚

≖®≫⌜≫Ⓢ⋌⋔⋌≫≪ ≓ ◁≫≪⋏≫®≎⌢≪⋑⋒ ⋌Ⓢ ⌜®⋒Ⓢ⋒®∽⋒⋓ ∔≪⋓⋒® Ⓢ⋑≫⌜⋒≜ ⋑⋋≫⋌⋑⋒≜ ⌜®⋒⟲⋆⌞≜ ⋑≫≎⌜≫Ⓢ⋌⋔⋌≫≪≜ ≎⌢⋔⋑⋋ ⌢≪⋓ ≎⋌Ⓢ≎⌢⋔⋑⋋ ≫⌜⋒®⌢⋔≫®Ⓢ ≖®≫⌜≫Ⓢ⋌⋔⋌≫≪ ≓ ◁≫≪⋏≫®≎⌢≪⋑⋒ ⋌Ⓢ ⌜®⋒Ⓢ⋒®∽⋒⋓ ∔≪⋓⋒® ®⋒⋑∔®Ⓢ⋌∽⋒ ⋓⋒⟲⋆≪⋌⋔⋌≫≪ ≖®≫⌜≫Ⓢ⋌⋔⋌≫≪ ≓ ◁≫≪⋏≫®≎⌢≪⋑⋒ ⋌Ⓢ ⌢ ⌜®⋒≾⋑≫≪⋎®∔⋒≪⋑⋒≲

⋞⋞

⊐⌞⋌≫≎⌢⋔⋌✠⌢⋔⋌≫≪ ⊵⋒⟲⋆≪⋌⋔⋌≫≪ ≓ A match sequence M̃ is complete on a set of names V if for some equivalence relation R on V, called the equivalence relation

corresponding ~ M, it holds ~ M ) [x = y] iK xRy and

M̃ ) [x 6= y] iK :(xRy)

DeΨFnition : An agent is in head normal form (HNF) on V (a ΨFnite set of names) if P is of the form ∑ ]∈I ♥⟩ ⇐♥⟩ ⟩ ¬P ⟩ ⇒

where for all i, x̃i “ V = ^; x̃ i ` obj(K i) and M̃i is complete on V. Lemma : (Saturation Lemma) Let P be in HNF on V, where fn(P ) R V . If P [ M =) + P^′ then ‘_W P ℑ P ⇓^♥MM¬P^′ where M̃ agrees with [ and is complete on V.

23

Summation S1 P + 0 = P S2 P + Q = Q + P S3 P + (Q + R= (P + Q) + R