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Introduction

Logic of communication and change (LCC)
[J. van Benthem, B. Kooi and J. van Eijck, 2006]

is a multi-agent dynamic epistemic logic (DEL)
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Logic of communication and change (LCC)
[J. van Benthem, B. Kooi and J. van Eijck, 2006]

is a multi-agent dynamic epistemic logic (DEL)

communication among agents
... with public/private/secret { observation
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Introduction

Logic of communication and change (LCC)
[J. van Benthem, B. Kooi and J. van Eijck, 2006]

is a multi-agent dynamic epistemic logic (DEL)
communication among agents
... with public/private/secret { observation
factic change

» Verification of (secure) communication protocols in DEL
(e.g. Russian Cards Problems, Muddy Children Problem).
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Introduction

Introduction

Logic of communication and change (LCC)
[J. van Benthem, B. Kooi and J. van Eijck, 2006]
is a multi-agent dynamic epistemic logic (DEL)
communication among agents

... with public/private/secret | observation
factic change

» Verification of (secure) communication protocols in DEL
(e.g- Russian Cards Problems, Muddy Children Problem).

» Generation of plans or protocols in DEL planning.
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Logic of communication and change (LCC)
[J. van Benthem, B. Kooi and J. van Eijck, 2006]

@ Validity checking in LCC makes use of:
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Logic of communication and change (LCC)
[J. van Benthem, B. Kooi and J. van Eijck, 2006]

@ Validity checking in LCC makes use of:
» A translation of LCC to PDL (which requires program transformers).
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Logic of communication and change (LCC)
[J. van Benthem, B. Kooi and J. van Eijck, 2006]

@ Validity checking in LCC makes use of:

» A translation of LCC to PDL (which requires program transformers).
» Some PDL checker.

@ The translation is also used to generate a complete set of reduction of
axioms, together with those of PDL.
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Logic of communication and change (LCC)
[J. van Benthem, B. Kooi and J. van Eijck, 2006]

@ Validity checking in LCC makes use of:
» A translation of LCC to PDL (which requires program transformers).
» Some PDL checker.
@ The translation is also used to generate a complete set of reduction of
axioms, together with those of PDL.
@ (LCC 2006) uses an inefficient translation based on Kleene’s
translation of finite automata to regular languages.
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Introduction

Introduction

Logic of communication and change (LCC)
[J. van Benthem, B. Kooi and J. van Eijck, 2006]

@ Validity checking in LCC makes use of:

» A translation of LCC to PDL (which requires program transformers).
» Some PDL checker.

@ The translation is also used to generate a complete set of reduction of
axioms, together with those of PDL.

@ (LCC 2006) uses an inefficient translation based on Kleene’s
translation of finite automata to regular languages.

@ Our proposal: a new translation with lower complexity based on a

matrix treatment of Brzozowski’s equational method.
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LCC models

Let Var = {p,q,...} and Ag = {a, b, ...} be sets of atoms and agents.
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A brief sketch of LCC

LCC models

Let Var = {p,q,...} and Ag = {a, b, ...} be sets of atoms and agents
Definition (Epistemic model)

Atriple M = (W, (Ra)aeag, V) with:

Example (Agents b and ¢ know that a knows whether p)
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A brief sketch of LCC

LCC models

Let Var = {p,q,...} and Ag = {a, b, ...} be sets of atoms and agents.
Definition (Epistemic model)
Atriple M = (W, (Ra)aeag, V) with:

@ A non-empty set of worlds W = {wp, wy,

.

Example (Agents b and ¢ know that a knows whether p)
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A brief sketch of LCC

LCC models
Let Var = {p, q,.

Definition (Epistemic model)
Atriple M = (W, (Ra)aeag, V) with:
@ A non-empty set of worlds W = {wp, wy,...}.

@ An accessibility relations R; € W x W for each agent a.

..}and Ag = {a, b, ...} be sets of atoms and agents.

Example (Agents b and ¢ know that a knows whether p)

aoc
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A brief sketch of LCC

LCC models

Let Var ={p,q,...} and Ag = {a, b, ...} be sets of atoms and agents.

Definition (Epistemic model)
Atriple M = (W, (Ra)aeag, V) with:
@ A non-empty set of worlds W = {wp, wy,...}.

@ An accessibility relations R; € W x W for each agent a.
@ Avaluation V : Var — p(W).

Example (Agents b and ¢ know that a knows whether p)

abc 0 bc a abc
Wo Wy
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A brief sketch of LCC

LCC models

Definition (Action model)

For a language £ upon Var and Ag that can be interpreted over relational
models, a 4-tuple U = (E, (Ra)aeag, Pre, sub) with:
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LCC models

Definition (Action model)
For a language £ upon Var and Ag that can be interpreted over relational

models, a 4-tuple U = (E, (Ra)aeag, Pre, sub) with:
@ E ={eg,...,en_1}is afinite non-empty set of actions.

Example (Public change to —p. | Private comm. by a to b about p.)

O, ®




LCC models

Definition (Action model)
For a language £ upon Var and Ag that can be interpreted over relational

models, a 4-tuple U = (E, (Ra)aeag, Pre, sub) with:
@ E ={eg,...,en_1}is afinite non-empty set of actions.

@ R, C E x E is an accessibility relation for each agent a.

Example (Public change to —p. | Private comm. by a to b about p.)

ag@ abc . Y . % bc
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LCC models

Definition (Action model)
For a language £ upon Var and Ag that can be interpreted over relational

models, a 4-tuple U = (E, (Ra)aeag, Pre, sub) with:
@ E ={eg,...,en_1}is afinite non-empty set of actions.

@ R, C E x E is an accessibility relation for each agent a.
@ pre: E — Lis a precondition map.

Example (Public change to —p. | Private comm. by a to b about p.)

ag@ abc . Y . % bc

€0 €0 (p'2) €1 (-p'3)
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A brief sketch of LCC

LCC models

Definition (Action model)
For a language £ upon Var and Ag that can be interpreted over relational

models, a 4-tuple U = (E, (Ra)aeag, Pre, sub) with:
@ E ={eg,...,en_1}is afinite non-empty set of actions.

@ R, C E x E is an accessibility relation for each agent a.
@ pre: E — Lis a precondition map.
@ sub : (E x Var) — L is a postcondition map (e, p) — ¢.

[Notation: pSU(®) .= sub(e. p) = ¢.]

Example (Public change to —p. | Private comm. by a to b about p.)

{pr 1}
ag@ abc . Y . %bc
€o €0 (p12) €1 (-p'2)
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LCC syntax

Definition (LCC language)
Extend PDL Ianguage with formula [U, e]¢ for an LCC pointed action model (U, e):

¢ TlplﬂsolsoAsollﬂ]sol[Ue]so
b al|?|mnr|rUn|n*
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LCC syntax
Definition (LCC language)

Extend PDL language with formula [U, e]y for an LCC pointed action model (U, e):
¢ == TIpl-plerelrlel[U. elp

n = al|le|mr|rUn|a*

Example (LCC modalities)

[a] agent a knows/believes that . ..
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LCC syntax
Definition (LCC language)

Extend PDL language with formula [U, e]y for an LCC pointed action model (U, e):
¢ == TIpl-plerelrlel[U. elp

n = al|le|mr|rUn|a*

Example (LCC modalities)

[a] agent a knows/believes that . ..
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LCC syntax

Definition (LCC language)
Extend PDL language with formula [U, e]y for an LCC pointed action model (U, e):

p = TIpl-elerellrel U, elp
n = al|le|mr|rUn|a*

Example (LCC modalities)

[a] agent a knows/believes that . ..
[a; b] agent a knows/believes that b knows/believes that . . .
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LCC syntax

Definition (LCC language)
Extend PDL language with formula [U, e]y for an LCC pointed action model (U, e):

p = TIpl-elerellrel U, elp
n = al|le|mr|rUn|a*

Example (LCC modalities)

[a] agent a knows/believes that . ..
[a; b] agent a knows/believes that b knows/believes that . . .
[aub] both agents a, b know/believe that ...
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LCC syntax

Definition (LCC language)
Extend PDL language with formula [U, e]y for an LCC pointed action model (U, e):

p = TIpl-elerellrel U, elp
n = al|le|mr|rUn|a*

Example (LCC modalities)

[a] agent a knows/believes that . ..

[a; b] agent a knows/believes that b knows/believes that . . .
[aub] both agents a, b know/believe that ...

[(aub)*] it is common knowledge among a, b that ...
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LCC syntax

Definition (LCC language)
Extend PDL language with formula [U, e]y for an LCC pointed action model (U, e):

p = TIpl-elerellrel U, elp
n = al|le|mr|rUn|a*

Example (LCC modalities)

[a] agent a knows/believes that . ..

[a; b] agent a knows/believes that b knows/believes that . . .
[aub] both agents a, b know/believe that ...

[(aub)*] it is common knowledge among a, b that ...
[(aub);(aub)] it is common belief among a, b that . ..
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LCC syntax

Definition (LCC language)
Extend PDL language with formula [U, e]y for an LCC pointed action model (U, e):

p = TIpl-elerellrel U, elp
n = al|le|mr|rUn|a*

Example (LCC modalities)

[a] agent a knows/believes that . ..

[a; b] agent a knows/believes that b knows/believes that . . .
[aub] both agents a, b know/believe that ...

[(aub)*] it is common knowledge among a, b that ...
[(aub);(aub)] it is common belief among a, b that . ..

[U, €] after executing action e of U it necessarily holds that ...
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A brief sketch of LCC

LCC semantics

Definition (Language LCC)
Extend PDL language with formula [U, e]y for an LCC pointed action model (U, e):

g = TIpl-elerellrel[U, elp
n = al|le|mr|rUn|a*
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A brief sketch of LCC

LCC semantics

Definition (Language LCC)
Extend PDL language with formula [U, e]y for an LCC pointed action model (U, e):

g = TIpl-elerellrel[U, elp
n = al|le|mr|rUn|a*

Definition (Semantics of LCC formulas and LCC programs)

The function ||_|| for some LCC epistemic model M = (W, (Ra)aeag, V) is:
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LCC semantics

Definition (Language LCC)
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Definition (Semantics of LCC formulas and LCC programs)
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A brief sketch of LCC

LCC semantics

Definition (Language LCC)
Extend PDL language with formula [U, e]y for an LCC pointed action model (U, e):

g = TIpl-elerellrel[U, elp
n = al|le|mr|rUn|a*

Definition (Semantics of LCC formulas and LCC programs)

The function ||_|| for some LCC epistemic model M = (W, (Ra)aeag, V) is:

ITIM=w lall™= R,
||P||M V(p) ||?<P||M I
lI=glM= W\ (il llr1; ol =l [[M o |2 )M
ller Agal™ = llerlM N [l llry U 2l = [l |[M U 2] M
7]l = {w e W | Vv((w,v) € lirM = v e lgl")} llr M = (lli™)*

IU.elelM= {we W]|w e pre(e)i™ = (w,e) € llg]|M®V}

v
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A brief sketch of LCC

LCC semantics

Definition (Update execution)
An epistemic model M® U = (WMeU_(RMeUy ., vM8U) with:

V.
U= ¢
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LCC semantics

Definition (Update execution)
An epistemic model M® U = (WMeU_(RMeUy ., vM8U) with:

WMeU  —  the pairs (w, ) such that M, w |= pre(e)

Example (After a public change to —p, it is common knowl. that —p.)

abc {pr 1)
] @2® - <0
P
abc
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LCC semantics
Definition (Update execution)

An epistemic model M® U = (WMeU_(RMeUy ., vM8U) with:

WMeU  —  the pairs (w, ) such that M, w |= pre(e)

RMeU  —  the pairs ((w, e), (v,f)) such that wR,v and e R,f

Example (After a public change to —p, it is common knowl. that —p.)

abc 0 {pr 1}
b g
p
abc a
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LCC semantics
Definition (Update execution)

An epistemic model M® U = (WMeU_(RMeUy ., vM8U) with:

WMsU  —  the pairs (w, e) such that M, w |= pre(e)

RMeU the pairs ((w, e), (v, f)) such that wR,v and e R,f

vMeU(p) =  the pairs (w,e) such that M, w |= ps'>(®)

Example (After a public change to —p, it is common knowl. that —p.)

abc 0 {p+—>J_}
b g
=0 s@®
p
abc a
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A brief sketch of LCC

LCC axioms

Definition (LCC = PDL + reduction axioms for [U, e)

Propositional tautologies

(K) [7l(¢ = ¢) = ([rle = [x]y) (top) [U.e]T & T
(test) [?e1]ez & (p1 — ¢2) (atoms) [U,e]p < (pre(e) — p*°(©))
] (seq) [mimelp o [m]lrle (neg.) [U.e]-¢ < (pre(e) — —[U.ep)
(ChO’CG) [11 Ume]p © [ri]e Afr2]e  (conj) [U,e](e1A¢2) « ([U, el AU, e]p2)
mix) [7]e & ¢ A [x][r*]e (prog.) [U,elllr]p & NT[TP(m)][U, ele
( nd) ¢ A[r*](¢ = [r]e)) = [7]e  (MP) + 1 and + @1 — @o imply + o
(Nec,) + ¢ implies + [7]e. (Necy) + ¢ implies + [U, €]y

v
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LCC program transformers [J. van Benthem et al., 2006]
Definition (Program transformers TU)
Given some U with E = {eg,...,en-1}, the T,.]U function (0 <i,j<n-1)is

TU( a) — ?pre(e);a if eiRae; TY(2g) = ?(pre(ei) A [U,eile) ifi=]
71 otherwise /AN 71 ifi#j

T (mime) = UkSo(TR(m): Tg(re)) TP (w1 Ume) = TP (1) U TP (m2)
T (") = Kj)(n) where Kj is inductively defined as:

ijn ijn

KY () — {7TUTU(7T) if i =

& T (n) otherwise
(Ko ()" iti—k—j
u _ ) kkk(”)) kk(”) ifi=k#j
ern ) = Kia (7): (K, kkké )’ if ik =

K () U (K (1); (K (1)) Ky () if % K #
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A brief sketch of LCC

LCC program transformers [J. van Benthem et al., 2006]

Example (T;(a))

[U,eo][a]p path in M® U
[Too(a)l[U. eolp A [T5;(a)][U, e4]p
eo (PT) e (p) [7LllU.eolp A[?7-p;a][U.eq]p  pathin M
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LCC program transformers [J. van Benthem et al., 2006]

Example (Ty)(7*) = Kis(7))

KHJS(”) = Kﬂ)z(”) U (K1Uzz(”) ' (Kzuzz(”))* ; Kz%z(ﬂ))
Toi (7)

OLDIOAED

Un U(r
= ((K1U11(7T))* ; K1%1(7T)) U T (7) T5o(m)

((K1U11(”))* ' K1Uo1 () ;
(K2Uz1 (m)u (K2U11(7T) ) (K1U11(7T))* ; K1U21 ()
(Kapq () U (K3, (m) & (K (1) 5 Kigy (7)) = ...

o

asiba
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u §
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Translation of £ cc to Lpp, from (LCC 2006).

Definition (Translation functions t and r.)
t(T) =T r(a) =a
t(p) =p r(B) =B
t(—¢) = —t(p) r(?e)  =t(e)
t(p1 A g2) = t(p1) A t'(g2) r(mi;me) = r(m); r(rz)
t([7]e) = [r(m)]t(¥) r(m Umz)= r(m) U r(me)
t([U.e]T) =T r(x) = (r(@)
t([U. e]p) = t(pre(e)) — t(p>*))
t([U. e]-¢) = t(pre(e)) — —t([U, ele)
t([U,el(p1 Ag2)) = t([U, elg) A t([U, e]g2)
t([U, ell[rle) = NS [r(T7 (0))H([U. ejle)
t([U.e][U.ele)  =t([U,e]t([V", e]p)) )

L w |
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A new translation of LCC to PDL

Outline

e A new translation of LCC to PDL
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Brzozowski’s equational method.
Example (The transformations of 7*-paths e; — e;, denoted X")

Let S’ be the transformed direct 7 path e; — e; in U.

301

@@@ =)
S1 1 822
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Brzozowski’s equational method.
Example (The transformations of 7*-paths e; — e;, denoted X")

Let S’ be the transformed direct 7 path e; — e; in U.

s X% = ?pre(eg) U (S°; X10)

@@@ =)
S1 1 822
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Brzozowski’s equational method.
Example (The transformations of 7*-paths e; — e;, denoted X")

Let S’ be the transformed direct 7 path e; — e; in U.

s X% = ?pre(eg) U (S°; X10)

OO0 — (7% X9) U (5™ X)
SH 822
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Brzozowski’s equational method.
Example (The transformations of 7*-paths e; — e;, denoted X")

Let S’ be the transformed direct 7 path e; — e; in U.

s X% = ?pre(eg) U (S°; X10)

821
OWBOSNO = (STiX®) U (1)
g g22 X20 — (322;X20) U (321;X10)
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Brzozowski’s equational method.
Example (The transformations of 7*-paths e; — e;, denoted X")

Let S’ be the transformed direct 7 path e; — e; in U.

go1 - X00 — ?pre(eo) U (301 : X10)
OEBONO = (sl )
st g22 X0 = (822; XZO) U (321;X10)

Solve ' by substitution and Arden theorem: - = A “UB =  =A"B
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Brzozowski’s equational method.
Example (The transformations of 7*-paths e; — e;, denoted X")
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OEBONO = (sl )
st g22 X0 = (822; XZO) U (321;X10)

Solve ' by substitution and Arden theorem: - = A “UB =  =A"B

= (8% (pre(eo) L (S 1)) U (ST )
= (8% ?pre(eo)) U (S10; 8%, yu (S )
= (8% 7pre(eo)) U (((87%: 8°) U ™T); X )
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Brzozowski’s equational method.
Example (The transformations of 7*-paths e; — e;, denoted X")

Let S’ be the transformed direct 7 path e; — e; in U.

go1 - X00 — ?pre(eo) U (301 : X10)
OEBONO = (sl )
st g22 X0 = (822; XZO) U (321;X10)

Solve ' by substitution and Arden theorem: - = A “UB =  =A"B

= (8% (?pre(eo) U (S 1)) u (ST )
= (89 7pre(ep)) U (8%, S, Yyu (S )
= (8% ?pre(eo)) U (((8™% 8% u 8™); 1)
= (((8"%:8°")u 8™); ") u (8™ 7pre(eo))
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Brzozowski’s equational method.
Example (The transformations of 7*-paths e; — e;, denoted X")

Let S’ be the transformed direct 7 path e; — e; in U.

go1 - X00 — ?pre(eo) U (301 : X10)
OEBONO = (sl )
st g22 X0 = (822; XZO) U (321;X10)

Solve ' by substitution and Arden theorem: - = A “UB =  =A"B

= (8% (?pre(eo) U (8% ) U (ST )

(S0 7pre(eo)) U (S19; 8%, yu (S )

(8% 7pre(eo)) U (((S'%; 8%) U s™); X 1)

(((879;:8°) U s™); X ") U (S'°; 7pre(eo))
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A new translation of LCC to PDL

New program transformers pV(r)[i, j]

Definition (Program transformers for r-paths e; — ¢)

7pre(e;);a if eiRag; ?(pre(ei) A [U,eilp) ifi=j
7L ifi#j
U\(?L)) ifeo+#T#{?L1)

[an otherwise
1)

[an otherwise

w(@)ij] = { u Q)i = {

1o (ms Uma)lisf] = @ (o) [is ], 1V ()i, ]} where @F = {

O (e o) [i,f] = @ {0 (1)1 K] @ () [k, ] | O <k <
ifoc+?7L+#p

o, p
where cOp =
?1  otherwise

pd(n) = S (u(m) | AV) defined next.

ur I
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A new translation of LCC to PDL

Program transformers " (7*)[i, ]
Definition ((cont'd))

p9(r*) = 8J(uV(x) | AY) where

pre(e;) ifi=j

(uY(x) | AY) is an n x 2n matrix with AY[i, j] = .
71 otherwise

SY(M|A)=A and S!(M|A)=S/  (Subsi(Ardi(M|A))), where

N[i, j] ifi#k
. 7L ifi=k=j
Ardk(N)[”.l] = . 70 5
NIi, ] ifi=k#jand N[k,k] =71
N[k,k]*© N[i,j] otherwise
N[i, j] if i =k
Subsc(N)[i,j] = {71 ifi#k=j
®{N[i, k] © N[k, j], N[i,j]} otherwise
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A new translation of LCC to PDL

New program transformers

Example ((cont'd) 1/7)

301
OEBOS0O
S11 822

€0 e e €o e e

eo | 7L S 71 | ?pre(eg) 7L 7L

e | SO s 721 71 ?pre(eq) 71

e | 7L 8% §% 71 71 ?pre(ez)

.
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New program transformers

Example ((cont'd) 2/7)

301

OO0
S11 822

€0 €1 es €0 (=2 €2
€0 g S 71 | ?pre(eo) 7L n
er | (8M); 80 721 71 71 (S™)*; 7pre(e1) 71
e 71 S21 822 71 71 7pre(ez)

)
S
L]—g <&
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A new translation of LCC to PDL

New program transformers

Example ((cont'd) 3/7)

301
e@e ==
S11 822
€0 €1 es €0 (2] €2
€0 n & 7L ?pre(eo) 7L i
er | (8810 21 (821 | (8")7L (S')*; 7pre(er)  (SM)7L
€2 71 s S22 71 7L ?pre(ez)

R
S
3

S

u: 4
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New program transformers

Example ((cont'd) 4/7)

SO1
OEBONO
s11 322
€0 e s €0 €1 €2
€0 7L S 71 | ?pre(eo) [ 7L
e (8" 8" L0071 71 (S")"; 7pre(eq) 71
e | (S2';(S'); 810 721 s% 71 (S%;(S"); 7pre(ey))  ?pre(ez)

o
"naas?

)
S
=l ]g

<&
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New program transformers

Example ((cont'd) 5/7)

301
@ s L)
S11 322
[=h) €4 e €o €1 €2
e 71 SO1 71 ?pre(eo) 71 71
e (s'); s 71 7L 7L (S')*; 7pre(eq) 7L
ex | (S21;(S")58"%u?L 71 (S?';71)us?? 7L 71 ?pre(ez)

)
S
L]—g <&
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A new translation of LCC to PDL

New program transformers

Example ((cont'd) 6/7)

301
OEBOn0
S11 822
€0 e es €0 €4 €2
€0 g SO 71 | ?pre(eo) i 7L
e (S')*; 810 7L 7L 71 (S')*; 7pre(eq) 7L
e | (S2';(8™); 8% 721 §% 7L 71 ?pre(ez)

o
"naas?

)

S

=l ]ﬁ
S

Pardo, Sarrién, Soler and Velazquez (US) Efficient progr. transf. for transl. LCC to PDL Workshop LLI, November 2014 26/35




A new translation of LCC to PDL

New program transformers

Example ((cont'd) 7/7)
SO1
O¥BONO
S11 S22
€o €4 €es €o €4 €2
€0 7L S 71 | 7pre(eo) i 7L
e (8" 8" 7L 7L 71 (8™)*; ?pre(eq) 7L
e | (82;(S'): 81 71 S (8%;71)

(8%:(S")"; Ppre(er))  (S%';71)
u?L

u?L U ?pre(es)

e

Workshop LLI, November 2014
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A new translation of LCC to PDL

A new translation £ cc — LppL.

Definition (Translation functions t’, r’)

t'(T)

t'(p)

t'(-¢)

t'(¢1 A @2)
t'([le)
t'([U,e]T)
t'([U.e]p)

t'([U, e]-¢)
t'([U, e](¢1 A ¢2))
t'([U, el][7]e)
t'([U, e][U, e']ep)

=T r'(a) =a

=p r'(B) =B

= t'(p) r'(?¢) =7t'(¢)

= t'(¢1) A t'(¢2) r'(riime)  =r'(m)ir'(n2)
= [r'(@]t'(¢) r'(mume) =r(m)ur(re)
=T r'(z) = (r(m)

= t(pre(e)) — 1 (™))
= t'(pre(e)) — ~t'([U. ele)
= t'([U.e]p) A t'([U, e]e2)
=A 01)[ - [ (u
= t([u. e]t'([U’ e'l¢))

YD ([U. ele)

Pardo, Sarrién, Soler and Velazquez (US)
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A new translation of LCC to PDL

Correctness of the new translation

Lemma

LetU = (E, R, pre, sub) be an action model with e;, e; € E; let n be an LCC
program. For any epistemic model M,

ITP@EIM = M

asida
R
S
3 ?{;
u s
S
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Correctness of the new translation

Lemma

LetU = (E, R, pre, sub) be an action model with e;, e; € E; let n be an LCC
program. For any epistemic model M,

ITP@EIM = M

Corollary

The translation functions t’, r’ reduce the language of LCC to that of PDL.
This translation is correct.
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Correctness of the new translation

Lemma

LetU = (E, R, pre, sub) be an action model with e;, e; € E; let n be an LCC
program. For any epistemic model M,

ITP@EIM = M

Corollary

The translation functions t’, r’ reduce the language of LCC to that of PDL.
This translation is correct.

Fact
The complexity of 'I'UU (m) in (LCC, 2006) is exponential. The complexity of
uY(n) is O(g - n®), where g is the number of subprograms

V.
- 2 L~ |
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A new translation of LCC to PDL

New axioms for LCC; soundness and completeness.

Definition (LCC = PDL + reduction axioms)

Propositional tautologies
(K) [r)(¢ =) = ([n]e = []y) (top) [U.e]T & T
(test) [?01]p2 < (01 — @) (atoms) [U,e]p < (pre(e) — psw(®))
(seq.) [m1;male & [m1][m2]e (neg.) [U,e]-¢ < (pre(e) — —[U,e]y)
(choice) [m1 Uma]e < [mi]e A [m2]e  (conj.)
)

(mix) [l & ¢ A lrllnle (prog) [Uellre <

AW @ ede

m)[i]#?
(ind) ¢ A[e](e = [7le)) = [*'le  (MP) o and - @1 — @2 imply @2

(Nec,) + ¢ implies F [7]e. (Necy) + ¢ implies + [U, €]y

[U, e](¢1Ag2) < ([U, ele1 AU, e]g2)

v
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A new translation of LCC to PDL

New axioms for LCC; soundness and completeness.

Definition (LCC = PDL + reduction axioms)

Propositional tautologies
(K) [r)(¢ =) = ([n]e = []y) (top) [U.e]T & T
(test) [?01]p2 < (01 — @) (atoms) [U,e]p < (pre(e) — psw(®))
(seq.) [m1;male & [m1][m2]e (neg.) [U,e]-¢ < (pre(e) — —[U,e]y)
(choice) [m1 Uma]e < [mi]e A [m2]e  (conj.)
)

(mix) [l & ¢ A lrllnle (prog) [Uellre <

A et [PV el

m)[i]#?
(ind) ¢ A[e](e = [7le)) = [*'le  (MP) o and - @1 — @2 imply @2

(Nec,) + ¢ implies F [7]e. (Necy) + ¢ implies + [U, €]y

[U, e](¢1Ag2) < ([U, ele1 AU, e]g2)

Corollary
The new axiom system for LCC is sound and complete.

v
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Summary and future work
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Summary and future work

Summary

@ We presented an alternative definition of the LCC program
transformers
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Summary and future work

Summary

@ We presented an alternative definition of the LCC program
transformers

instead of Kleene’s method, we used Brzozowski’s equational method.

o
"naas?

)
S
=l ]g
<&

Pardo, Sarrién, Soler and Velazquez (US) Efficient progr. transf. for transl. LCC to PDL Workshop LLI, November 2014 32/35




Summary and future work

Summary

@ We presented an alternative definition of the LCC program
transformers

instead of Kleene’s method, we used Brzozowski’s equational method.
@ Our proposal generates:
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Summary and future work

Summary

@ We presented an alternative definition of the LCC program
transformers

instead of Kleene’s method, we used Brzozowski’s equational method.
@ Our proposal generates:
» A more efficient translation LCC — PDL.
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Summary and future work

Summary

@ We presented an alternative definition of the LCC program
transformers

instead of Kleene’s method, we used Brzozowski’s equational method.
@ Our proposal generates:

» A more efficient translation LCC — PDL.
» A new set of reduction axioms for LCC.
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Summary and future work

Summary

@ We presented an alternative definition of the LCC program
transformers
instead of Kleene’s method, we used Brzozowski’s equational method.

@ Our proposal generates:
» A more efficient translation LCC — PDL.

> A new set of reduction axioms for LCC.
» A more elegant and simpler implementation to be used with PDL

checkers.
i 4
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o
"naas?

Efficient progr. transf. for transl. LCC to PDL

Pardo, Sarrién, Soler and Velazquez (US)



Summary and future work

Future Work

@ Simplify some of the definitions used in program transformers

o fo#?T=p
eg. oOp=

p fo=7T
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Summary and future work

Future Work

@ Simplify some of the definitions used in program transformers
o fo#?T=p
eg. oOp= .
p fo=7T

@ Simplify the algorithm for the Ardx and Subsy functions
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Future Work

@ Simplify some of the definitions used in program transformers

o fo#?T=p

eg. oOp=
g P {p ifo=7T

@ Simplify the algorithm for the Ardx and Subsy functions

disregard the N[i,j] =?L elements with j < k or j > n + k, for any
n x 2n matrix N[i, j|
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Future Work

@ Simplify some of the definitions used in program transformers

o fo#?T=p

eg. oOp=
g P {p ifo=7T

@ Simplify the algorithm for the Ardx and Subsy functions

disregard the N[i,j] =?L elements with j < k or j > n + k, for any
n x 2n matrix N[i, j|

@ An implementation in Prolog of the proposed translation, to be

combined with e.g. pdiProver, to be applied to:
w:
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Future Work

@ Simplify some of the definitions used in program transformers

{0’ ifo+?7T=p
eg. oOp=

p fo=7T
@ Simplify the algorithm for the Ardx and Subsy functions

disregard the N[i,j] =?L elements with j < k or j > n + k, for any
n x 2n matrix N[i, j|

@ An implementation in Prolog of the proposed translation, to be
combined with e.g. pdiProver, to be applied to:

» Verification of epistemic protocols (Russian Cards Problems).
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Future Work

@ Simplify some of the definitions used in program transformers

{0’ ifo+?7T=p
eg. oOp=

p ifo=7T
@ Simplify the algorithm for the Ardx and Subsy functions

disregard the N[i,j] =?L elements with j < k or j > n + k, for any
n x 2n matrix NI, j]

@ An implementation in Prolog of the proposed translation, to be
combined with e.g. pdIProver, to be applied to:
» Verification of epistemic protocols (Russian Cards Problems).
» Planning algorithms for LCC.

Mpzs
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Summary and future work

Thank you for your attention!
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Summary and future work

Bibliography

@ Johan van Benthem and Jan van Eijck and Barteld Kooi, Logics of
communication and change, Information and Computation, 11(204)

1620-1662, (2006)

asiDa
3 o

w: &

35/35

o
"naas?

Workshop LLI, November 2014

Efficient progr. transf. for transl. LCC to PDL

Pardo, Sarrién, Soler and Velazquez (US)



Bibliography

@ Johan van Benthem and Jan van Eijck and Barteld Kooi, Logics of
communication and change, Information and Computation, 11(204)
1620-1662, (2006)

@ John H. Conway, Regular Algebra and Finite Machines, Chapman
and Hall, (1971)

5104
N Oo
S
3 »
u §
g &

Pardo, Sarrién, Soler and Velazquez (US) Efficient progr. transf. for transl. LCC to PDL Workshop LLI, November 2014 35/35




Bibliography

@ Johan van Benthem and Jan van Eijck and Barteld Kooi, Logics of
communication and change, Information and Computation, 11(204)
1620-1662, (2006)

@ John H. Conway, Regular Algebra and Finite Machines, Chapman
and Hall, (1971)

© Janusz A. Brzozowski, Derivatives of Regular Expressions, Journal of
the ACM, 11(4), 481-494, (1964),

5104
N Oo
S
3 »
u §
g &

Pardo, Sarrién, Soler and Velazquez (US) Efficient progr. transf. for transl. LCC to PDL Workshop LLI, November 2014 35/35




Bibliography

@ Johan van Benthem and Jan van Eijck and Barteld Kooi, Logics of
communication and change, Information and Computation, 11(204)
1620-1662, (2006)

@ John H. Conway, Regular Algebra and Finite Machines, Chapman
and Hall, (1971)

© Janusz A. Brzozowski, Derivatives of Regular Expressions, Journal of
the ACM, 11(4), 481-494, (1964),

© Dean N. Arden, Delayed-logic and finite-state machines, SWCT
(FOCS), 133-151, (1961)

Pardo, Sarrién, Soler and Velazquez (US) Efficient progr. transf. for transl. LCC to PDL Workshop LLI, November 2014 35/35



Bibliography

@ Johan van Benthem and Jan van Eijck and Barteld Kooi, Logics of
communication and change, Information and Computation, 11(204)
1620-1662, (2006)

© John H. Conway, Regular Algebra and Finite Machines, Chapman
and Hall, (1971)

© Janusz A. Brzozowski, Derivatives of Regular Expressions, Journal of
the ACM, 11(4), 481-494, (1964),

© Dean N. Arden, Delayed-logic and finite-state machines, SWCT
(FOCS), 133-151, (1961)

@ S.C. Kleene, Representation of Events in Nerve Nets and Finite
Automata, 3—41 in: Automata Studies (Claude E. Shannon and John

McCarthy, eds.), Princeton University Press, (1956) -
i

Pardo, Sarrién, Soler and Velazquez (US) Efficient progr. transf. for transl. LCC to PDL Workshop LLI, November 2014 35/35




	Introduction
	A brief sketch of LCC
	A new translation of LCC to PDL
	Summary and future work

