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INntroduction

e A true (or self-fulfilling) lie, is a lie that becomes true when it is made

e Example: Thomas’ party

e | ogical vs. non-logical true lies

e Qutline:

e Background

e Public true lies

e Private true lies
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Introduction and Background



Modal logics of knowledge and belief

pu=pl| Bip| |1 Aps Dual: B;¢ = —B;—¢

M= (5~1,...,~n, V) ~y; accessibility rel. over S
M,s = B;¢ & Vt~; s M,T = ¢




Modal logics of knowledge and belief

pu=pl| Bip| |1 Aps Dual: B;¢ = —B;—¢

M= (5~1,...,~n, V) ~y; accessibility rel. over S
M,s = B;¢ & Vt~; s M,T = ¢

If we want to model knowledge rather than belief we
assume that each ~; is a equivalence relation.
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Lies

e Dimensions:

e \Who is the lier: one of the agents in the system, or an outsider?

e \Who are being lied to (and what do the others know about that)?

e \What are the agents’ attitudes to possible lies?

e Credulous agents: believe everything

e Skeptical agents: believe everything consistent with their existing
beliefs



Lies

e Here:

* Two cases: one of the agents in the system + outside observer

e Credulous/skeptical agents

e Public lie, to all other agents

e Private lies



Public true lies from the outside



Untruthful announcements: link-cutting semantics
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Untruthful announcements: link-cutting semantics

a a
ZCL) ﬁ()
's .t

[

-

Update obtained
by removing links
going into states
where the
announcement Is
false
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Models of lying

Already seen:

- reflexivity Is not preserved under lying

- seriality preserved only for believable lies

Prase

Praservation of transit

4 )

Models of lying
are K45 models,

or KD45 models If
we only allow

VIty:

City:

believable lies
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True lies: from the outside

believable and M, s = /\beAg By

~

@ 1s a‘tr/ue lie in M, s it M,s = —¢and M|4,s = ¢

¢ is a,true lie,iff VMVs: (M,s =—-¢, = Mly,s=¢

\ \

believable and M, s = Ny 4, Byl)
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—Xample

¢ is a true lie in M, s iff M, s = —¢ and M|y, s
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Relations to (un)successful updates

True lie in M, s: M,s =—-¢ and M|4, s

Successful update in M, s: M,s = ¢ and M|y, s =

Unsuccessful update in M, s: M,s = ¢ and M|y, s =




Other Moorean definitions

Self-refuting truth:
True lie:
Successful formula:
Impossible lie:
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Other Moorean definitions

Self-refuting truth:
True lie:
Successful formula:
Impossible lie:

e Unsuccesstul

o Self-refuting

VM,s M,s = ¢
VM,s M,s = ¢
VM,s M,s = ¢
VM,s M,s = ¢

® =pAN\-Byp
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|
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Syntactic characterisation of true lies

e Exactly which formulae are (believable) true lies?

¢ \\We give a syntactic characterisation of believable true lies for the single-agent
case

e The technique is based on Holliday and Icard (AiML 2010), who characterise
the unsuccessful and self-refuting formulas (also in the single-agent case)



Characterisation: preliminaries

Every KD45 formula is equivalent to one on normal form: a disjunction of
conjunctions of the form
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where a and ~; are conjunctions of literals and [; is a disjunction of literals.
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Every KD45 formula is equivalent to one on normal form: a disjunction of
conjunctions of the form

S=aAOBIA...AOBL A0V A ... A OV

where a and ~; are conjunctions of literals and [; is a disjunction of literals.

Clarity (Holliday and Icard) Given a conjunction or disjunction y of lit-
erals, L(x) denotes the set of literals. L(x) is open iff no literal in L(x) is the
negation of any other. A conjunction 6 = a AUB A ... ALB, AOV1I A ... AOYm,
on normal form is clear iff (i) L(«) is open; (ii) there is an open set of liter-
als {l1,...,l,} with [; € L(B;); and (iii) for every ~; there is a set of literals
{l1,...,1,} with [; € L(5;) such that {l1,...,l,}UL(7y) is open. A disjunction
on normal form is clear iff at least one of the disjuncts are clear.



Characterisation: main result (single agent)

Definition 1. A formula ¢ on normal form is an unsuccessful lie iff there exists

sets S and T of disjuncts of ¢ such that every 0 € T' has a conjunct 1By such
that any normal form of

X="90N0O N X1 A X2 X3
1S clear, where

= N\ tO) A N\ —t(9) )=0*A N\ 0 Ay)

ocT OZT Oy 1N OES

“AePAN 0T xa= AV 0~ o)

ocesS oS 0cT oS

@ 18 an unsuccessful lie iff any normal form of ¢ is an unsuccessful lie.




Characterisation: main result (single agent)

Definition 1. A formula ¢ on normal form is an unsuccessful lie iff there exists
sets S and T of disjuncts of ¢ such that every 0 € T' has a conjunct 1By such

that any normal form of
X="9N0PAX1AX2N X3
1S clear, where

= N\ tO) A N\ —t(9) )=0*A N\ 0 Ay)

ocT OZT Oy 1N OES

“AePAN 0T xa= AV 0~ o)

ocesS oS 0cT oS

@ 18 an unsuccessful lie iff any normal form of ¢ is an unsuccessful lie.

Theorem 1. A formula ¢ is not a believable true lie if and only if it 1s an

unsuccessful lie.

0= a N\ 61/\.../\ ﬁn/\o”}q/\..

N\ OYm
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() ()

S.pP,q =—=7P,(q

¢ = (qV Bg)N((pV—Bg)A\—Bp) I/

P, q

M,s = ¢
M‘¢,S :q5
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Alternation example: false-true-false

(M‘¢)‘¢7 S = _'¢



Alternation: open questions

e Do examples exist for every finite alternation sequence?

e |f not, how to characterise realisable sequences?

e A stronger version: for which sequences is there a formula that can realise it
on any model?



True lies from the inside
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system
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b —
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Update obtained
by removing links
going into states

where the
announcement Is
false, for all other
agents than a
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Unbelievable lie
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Believable lie:

a
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True lies: from the inside

believable and M, s = N\yea, ByBao

@ 18 a“(elie by ain M,s it M,s = B,—¢'and M\%a¢,3

¢ is atrue lie by aiff VMVs : (M, s = Ba—¢ = MG 4,5

N\ \

believable and M, s = /\beAg By B.¢)
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—xample: from the inside

= B,—¢ and M|% 4,5 |5
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(it can be shown that ¢ is not a believable true lie on any
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¢ =pV Byp

a a,b
M: ,;Q b .g)

o P
b U g

M‘qbl .;Qb > ,Q

t

® 1s a believable true lie in M, s




.. but not a proper true lie by a

® =pV Byp

a b a’ab
) LA L)
.S >.t >.t




.. but not a proper true lie by a

® =pV Byp

a b a’ab
) LA L)
.S >.t >.t

¢ —¢




.. but not a proper true lie by a

® =pV Byp

a b a’ab
) LA L)
.S >.t >.t

¢ ¢ ¢
Bo¢




.. but not a proper true lie by a

® =pV Byp

a b a’ab
) LA L)
.S >.t >.t

¢ ¢ ¢
Boo Ba¢




.. but not a proper true lie by a

® =pV Byp

a b a’ab
) LA L)
.S >.t >.t

¢ ¢ ¢
_‘Ba¢ Ba¢ Ba¢




.. but not a proper true lie by a

® =pV Byp

a b a’ab
) LA L)
.S >.t >.t

¢ ¢ ¢
_‘Ba¢ Ba¢ Ba¢
Ba_'¢




.. but not a proper true lie by a
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f) >.f2 J)
¢ ¢
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B,

¢ is also not a believable true lie (same counterexample)



The Logic of Lying, and Private True Lies
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Language with explicit public lies and
announcements

¢ == T|p|-¢|oNo[Bo|({lg)o]|(i9)¢

TAUT all the instances of tautologies Z/{iqﬁ . B A\ ¢

DISTK *x( — V) = (% — *)
. 6.6 — ¥ i~
; :
GEN g S
v (p—= W) A (e = e S
INV (p = W) A (-p = [i]-p) B
PRE (T <y o)
PRE (iv) T < ("¢ A By) O
DET (i)Yo — [iv]¢ O
DET () — [i0]¢ =
NM (iv) By — B[W]¢ O
NM (1v) B¢ — B[]¢ @
PR Blly]¢ — [iv] B¢ D
PR Blly]g — [19] B¢




Language with implicit public lies and
announcements

¢ = T|p[-p| oA |Bo|(io)¢

TAUT all the instances of tautologies

DISTK *x(p — ) = (¢ — *P)
VD P, =

(0
GEN %
INV (p = ivlp) A (=p — [iv']-p)
PRE GOYT < (¥ V (B A —)))
DET (i) — [i]e
NM (iv)Bo — B¢ — [i1h]9)
PR B(y — [iv]¢) — [iv] B¢

M, wE () = M,wE YV (=) A Bp) and M QU, (w,u) E ¢

where u is the ¢-action ifft M, w F 1.
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Language with explicit private lies and

announcements
¢ =T |pl=d|dNd|Big| (90| ((Y0)d | (70 : p > @)
o :(! g Q " ﬁgb/ \Q o :(IV

/() post condition: p — (=¢ — p) A (¢ — )



Language with explicit private lies and

announcements
¢ == TIpl=0| oA | Bidp | {190)d | (iD)0 | (7 :p— )¢
» ™ ; ® )
Uy ¢ G T Ugy: 29 g/cb\g T Urgpsy s T
(g) post condition: p — (=¢ — p) A (¢ — V)
TAUT all the instances of tautologies
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The party example
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The party example

—P1, P2 —1—— TP1P2

% The update model U for j'ps:

2
O
1 D2 2
()

P1, P2 1 P1, P2 .
’ 7 Z/{ilpz . —|p2

Updated model (M ® U)

rY——— T/
—p17P2 —1—= 7P1, P2 —P1, P2 —1—— Tp1P2

\4\1
2
P1, P2 1 P1,DP2
2\_/




—xample (continued)



—xample (continued)

Updated model (M ® U)

Y T/
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—xample (continued)

The update model U’ for 7Bips : p1 — T:

Updated model (M ® U)
1,2
e—— T/ { )
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—xample (continued)

The update model U’ for 7Bips : p1 — T:

Updated model (M ® U)
1,2

Y T/ ( >
Pp17P2 —1—= TP, P2 —P1, P2 —1—— TP1P2 I

\/Ll
2
P1, P2 1 P1,P2
2\_/

Updated model (M @ U @ U')
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—xample (continued)
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—xample (continued)

The update model ¢/ for !py:
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—xample (continued)

The update model ¢/ for !py:

e T
P17P2 —1—=> D1, P2 —P1, P2 —1—— P11 P2

S

P1, P2 —1 D1, P2
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Updated model M U U’ @ U")

)

P17P2 —1—=DP1, P2
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P1, P2 —1— P1,DP2
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—xample (continued)
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Updated model M U QU @U" @ U"")
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—xample (continued)
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D12 —I1—> P1, Do The update model U"" for ?7Bapy : pa — T:
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—xample (continued)

1
g > /17 ) . .
D12 —I1—> P1, Do The update model U"" for ?7Bapy : pa — T:

\2 &1,2) &1 ,2) (1 >2>

p1, P2 —1— p1, Do 1
27

Updated model M U QU @U" @ U"")
)
P1p2 — 1= P1, P2
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P1,P2 —1— P1, P2
which is similar to —

1,2




—xample (continued)

—P1, P2 —1—— P11 P2
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Summary

e Motivation
e formalising true lies

¢ understanding certain monotonicity properties of public announcement
logic

e Related to other Moorean phenomena

e Future work:
e Characterisation: the multi-agent case
¢ Alternation questions
e Understanding relationships

* Lying games



Q lost twin
Q dark secret
Q deadly game

FROM THE CREATOR OF PRETTY LITTLE LIARS
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