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Abstract

This paper studies a computational logic for dis-
honest reasoning. We introduce logic programs
with disinformation to represent and reason with
dishonesty. We then consider two different cases
of dishonesty: deductive dishonesty and abductive
dishonesty. The former misleads another agent to
deduce wrong conclusions, while the latter inter-
rupts another agent to abduce correct explanations.
In deductive or abductive dishonesty, an agent can
perform different types of dishonest reasoning such
as lying, bullshitting, and withholding information.
We show that these different types of dishonest
reasoning are characterized by extended abduction,
and address their computational methods using ab-
ductive logic programming.

1 Introduction

People often behave dishonestly in daily life. In spite of this
fact, there are few studies that investigate inference mecha-
nisms and computational methods of dishonest reasoning in
artificial intelligence. This is a bit surprising because one of
the goals of Al is to better understand human intelligence and
to mechanize human reasoning. By contrast, there is a num-
ber of studies that argue dishonesty of humans in the field
of philosophy. Those studies investigate different categories
of dishonesty including lie [Mahon, 20081, bullshit [Franfurt,
20051, and deception [Mahon, 2007]. Recently, these dif-
ferent categories of dishonesty have been analytically stud-
ied by [Caminada, 2009] and a logical formulation has been
provided by [Sakama et al., 2010]. A study of dishonesty
in Al is not only a theoretical interest but also a practical
one. Some studies show the utility of lying in multiagent ne-
gotiation [Zlotkin and Rosenschein, 1991], database security
[Bonatti et al., 19951, education systems and e-commerce ap-
plications [Sklar et al., 2005]. To the best of our knowledge,
however, no study investigates general inference mechanisms
of dishonest reasoning and its computational methodologies.

The purpose of this paper is to explore a computational
logic for dishonest reasoning. We first introduce logic pro-
grams with disinformation as a language for representing and
reasoning with dishonesty. We next consider two different
cases of dishonesty:  deductive dishonesty and abductive

dishonesty. Deductive dishonesty misleads another agent to
deduce wrong conclusions, while abductive dishonesty inter-
rupts another agent to abduce correct explanations. Deductive
dishonesty arises in two different situations and is called of-
fensive dishonesty and defensive dishonesty, respectively. In
each case, three different types of dishonest reasoning are per-
formed by lying, bullshitting, and withholding information.
Abductive dishonesty has also been used in two different sit-
uations, and three different types of dishonest reasoning are
performed in each situation. We next characterize dishonest
reasoning by agents in terms of extended abduction proposed
by Inoue and Sakama [1995]. The characterization provides a
method of realizing dishonest reasoning in terms of abduction
and abductive logic programming, and also implies computa-
tional complexities of dishonest reasoning.

The rest of this paper is organized as follows. Section 2 in-
troduces logic programs with disinformation. Section 3 for-
mulates different types of dishonesty. Section 4 provides an
abductive characterization of dishonest reasoning. Section 5
discusses related issues and rounds off the paper.

2 Logic Programs with Disinformation

In this paper, we consider an agent who has a knowledge base
represented by a logic program. A (logic) program consists
of rules of the form:

Lyy---3Lp < Ligq,..., Ly, not Lypyyq,...,n0t L,
where each L; (n > m > [ > 0) is a positive/negative lit-
eral of a propositional language.! The symbol ; represents
disjunction and not is negation as failure (NAF). The left-
hand side of the rule is the head, and the right-hand side is
the body. A rule with the empty head is a constraint, while a
rule with the empty body is a fact. A fact L + 1is identified
with a literal L. Let Lit be the set of all ground literals in the
language of a program. A set S (C Lit) is consistentif L € S
implies =L ¢ S where =L = A if L = —A for an atom A.
The semantics of a program is given by its answer sets [Gel-
fond and Lifschitz, 1991]. First, let K be a program without
NAF (i.e., m = n) and S C Lit. Then, S is an answer set
of K if S is a consistent minimal set satisfying the condition
that for each rule of the form Lq;--+;L; < Liy1,...,Lm
inK,{L1,...,Ln} C Simplies {Ly,...,L;} NS # 0.
Second, given any program K (with NAF) and S C Lit,

'A rule with variables is viewed as the set of its ground instances.



the program K° is defined as follows: a rule Ly;---;L;
Litq1,..., Ly is in K iff there is a rule of the form
Ly;--+3L; < Liy1,...,Lm, not Lyyg1,...,not L, in K
such that {Ly,41,...,L,} NS = 0. Then, S is an answer
set of K if S is an answer set of K°. A (ground) literal L is
true in an answer set S if L € S. If a literal L is true in every
answer set of K, it is written as K |= L. A program is con-
sistent if it has an answer set; otherwise, it is inconsistent. If
K is inconsistent, it is written as K |= L. A set S of literals
is identified with the conjunction of literals included in S.

Next we introduce a framework for dishonest reasoning by
agents. An agent considers that some facts are effective for
deceiving but others are not. For instance, a person who may
lie about his/her age would not lie about his/her gender. Thus,
it is natural to assume that an agent uses specific facts for
dishonest reasoning. To encode this, we introduce a set D of
ground literals representing disinformation. A logic program
with disinformation (or LPD, for short) is defined as a pair
(K, D) where K is a program and D C Lit is a set of ground
literals satisfying one of the following conditions. For any
literal L € D, either (a) K = —L,or (b) K [~ L and K [~
—L. In case of (a), an agent believes that L is false, while
in case of (b) an agent believes neither the truth of L nor the
falsity of L. An agent with (K, D) reasons with believed-
true sentences in K and with disinformation in D. An LPD
(K, D) is consistent if K is consistent. Throughout the paper,
an LLPD is assumed to be consistent and we consider an agent
who reasons with a consistent LPD.

3 Dishonest Reasoning

3.1 Deductive Dishonesty

In [Sakama et al., 20101, the authors define lying as a speech
act of an agent, say a, who utters a believed-false sentence
o to another agent b with the intention that o is believed by
b. Then they introduce two different types of lying called of-
fensive lies and defensive lies. One offensively lies to have
a positive (or wanted) outcome that would not be gained by
telling the truth. By contrast, one defensively lies to avoid
a negative (or unwanted) outcome that would happen when
telling the truth. These two types of lies are called deductive
lies, since a liar intends to mislead another person to deduce a
wrong conclusion (or not to deduce a right conclusion). There
are other categories of dishonesty that are distinguished from
lying. Bullshit is a statement that is grounded neither in a be-
lief that it is true nor, as a lie must be, in a belief that it is
not true [Franfurt, 2005]. Withholding information is to fail
to offer information that would help someone acquire true be-
liefs and/or correct false beliefs [Carson, 2010]. Withholding
information is also used in a type of deception in [Caminada,
2009]. As we shall see, lies, bullshit, and withholding infor-
mation are handled uniformly in an LPD.

In what follows, we introduce the notion of offen-
sive/defensive dishonesty that extends the notion of offen-
sive/defensive lies of [Sakama et al., 2010]. Let Ot and O~
be a ground literal representing a positive outcome and a neg-
ative outcome, respectively.

Definition 1 (offensive dishonesty) Let (K, D) be an LPD
and O a positive outcome s.t. K = OT. Suppose a pair

(I, J) of sets of ground literals satisfying the conditions:
. (K\J)ulEO*
2. (K\J)UIEL

3. ICDandJ CK.

Then, (I, ) is called (a) a lie for O if [ # () and K |= =L
for some L € I; (b) bullshit (or BS) for OF if I # 0 and
K W —L forany L € I; (c) withholding information (or
W) for OF if I = (. In each case, (I,.J) is also called an
offensive dishonesty for O wrt (K, D).

The set I represents a set of facts that an agent does not
believe to be true (i.e., I C D), while .J represents a set of
facts that an agent believes to be true (i.e., J C K). By the
definition, a positive outcome O7 is not a consequence of a
knowledge base K. To entail OF, K is modified to a consis-
tent program (K \ J) U T by removing a set J of believed-true
facts from K and introducing a set I of disinformation to K.
In this case, (I, J) is called differently depending on its con-
dition. It is called a lie if a nonempty set [ is introduced to K
and 7 is believed false in K. It is called bullshit if a nonempty
set [ is introduced to K and K has no belief wrt the truth nor
falsity of I. It is called withholding information if I is empty
(and hence, .J is non-empty).

Example 1 (1) Suppose a salesperson who is dealing with a
customer. The salesperson believes that a product will be sold
if the quality is believed to be good. However, he/she believes
that the quality is not good. The situation is represented by the
LPD (K, D) where Ky ={sold < quality, - quality <}
and D = {quality}. To have the positive outcome O+ =
sold, the salesperson introduces the fact I = {quality} to
K. However, the introduction makes Ky U I inconsistent, so
he/she eliminates the fact J = {—quality} from K;. As a
result, (K \ J) U I entails OF. In this case, (I, J) is a lie.

(2) Suppose another salesperson who believes that a prod-
uct will be sold if the quality is believed to be good. How-
ever, he/she has no information on the quality of the prod-
uct. The situation is represented by the LPD (K5, D) where
Ky = {sold + quality } with the same D as (1). To have
the positive outcome Ot = sold, the salesperson introduces
the fact I = {quality} to K. As aresult, K> UT entails O%.
In this case, (I, () is BS.

(3) Suppose another salesperson who believes that a prod-
uct will be sold unless the quality is believed to be not good.
However, he/she believes that the quality is not good. The
situation is represented by the LPD (K3,D) where K3 =
{ sold + not ~quality, - quality < } with the same D as
(1). To have the positive outcome Ot = sold, the salesper-
son conceals the fact J = {—-quality} in K3. As a result,
K3\ J entails O . In this case, (0, J) is WL

Note that to deceive a customer, a salesperson first modi-
fies his/her knowledge base with disinformation to know the
possibility of getting a positive outcome. The entailment of
O™ from (K \ J)UI does not mean the success of deceiving,
however. Lying, BS, or Wl is a dishonest act of an agent to at-
tempt to cause a believed-false belief in another. The success
of these acts depends on whether a customer believes infor-
mation I (or disbelieves J) brought by the seller. We do not
argue the effect of a dishonest act of an agent that is produced
in another agent.



Definition 2 (defensive dishonesty) Let (K, D) be an LPD
and O~ a negative outcome s.t. K = O~. Suppose a pair
(I, J) of sets of ground literals satisfying the conditions:

1. (K\J)UT O~
2. (K\J)UT} L
3.ICDand JCK.

Then, (I, J) is called (a) a lie for O~ if I # () and K = =L
for some L € I; (b) bullshit (or BS) for O~ if I # () and
K [ =L for any L € I; (c) withholding information (or
WI) for O~ if I = (). In each case, (I,J) is also called a
defensive dishonesty for O~ wrt (K, D).

By the definition, a negative outcome O~ is a consequence
of K. To avoid O~, K is modified to a consistent program
(K \ J) U that does not entail O~

Example 2 (1) Suppose a salesperson who takes an order of
a product from a customer. The salesperson believes that
the order will be canceled if the quality is not believed to
be good. However, he/she believes that the quality is not
good. The situation is represented by the LPD (K4, D) where
K, = { canceled < not quality, —quality + } and D =
{quality}. To avoid the negative outcome O~ = canceled,
the salesperson introduces the fact I = {quality} to K4 and
eliminates the fact J = {—quality} from K4. As a result,
(K4 \ J) U T does not entail O~. In this case, (I, J) is a lie.
(2) Suppose another salesperson who believes that the or-
der will be canceled if the quality is not believed to be good.
However, he/she has no information on the quality of the
product. The situation is represented by the LPD (K5, D)
where K5 = { canceled < not quality } with the same D
as (1). To avoid the negative outcome O~ = canceled, the
salesperson introduces the fact I = {quality} to K5. As a
result, K5 U I does not entail O~ . In this case, (I, () is BS.
(3) Suppose another salesperson who believes that the or-
der will be canceled if the quality is believed to be not good.
However, he/she believes that the quality is not good. The
situation is represented by the LPD (Kj, D) where Kg =
{ canceled < —quality, - quality + } with the same D
as (1). To avoid the negative outcome O~ = canceled, the
salesperson conceals the fact J = {—quality} in Kg. As a
result, K¢ \ J does not entail O~ . In this case, ((, J) is WL

Offensive dishonesty and defensive dishonesty are called
deductive dishonesty.

3.2 Abductive Dishonesty

Lies are also used for interrupting abductive reasoning. In
[Sakama et al., 20101, such type of lies is called abductive
lies. An agent abductively lies when another agent may pro-
duce an unwanted explanation for him/her in face of some ev-
idence. The following story is due to [Sakama et al., 2010].
Suppose a man, say, Sam, who is coming home late be-
cause he is cheating on his wife. Based on the evidence
“Sam arrives late”, his wife could perform abduction and
one of the possible explanations would be “Sam cheats on his
wife”. Sam does not want this abduction to take place, so he
lies about a possible other reason, “I had to do overtime at
work”. Sam’s hope is that once his wife has this incorrect
information, her abductive reasoning process will stop.

We extend the notion of abductive lies in two ways. First,
we introduce the notion of abductive dishonesty that includes
abductive lies as a special case. Second, we consider two
different types of evidences: a positive evidence and a neg-
ative evidence. A positive evidence is a fact that is oc-
curred, while a negative evidence is a fact that is not occurred.
Each evidence requires an account of its occurrence (or non-
occurrence). A knowledge base of an agent includes a secret
set of literals that he/she wants to conceal from another agent.
A secret set is represented by a (non-empty) set X satisfying
¥ C K N Lit. A positive (resp. negative) evidence ET (resp.
E7) is defined as a ground literal such that E* € Lit \ ©
(resp. E— € Lit \ ¥). With this setting, abductive dishonesty
is defined as follows.

Definition 3 (abductive dishonesty for positive evidences)
Let (K,D) be an LPD, X a secret set, and ET a positive
evidence s.t. K = ET and K \ ¥ £ E*. Suppose a pair
(I, J) of sets of ground literals satisfying the conditions:

. (K\(CUJ)UIEE*
2. (K\(SUJ)UT KL
3. ICDandJ CK.

Then, (I, ) is called (a) a lie for ET if [ # () and K |= =L
for some L € I; (b) bullshit (or BS) for ET if I # 0 and
K £ L forany L € I; (c) withholding information (or
W) for ET if I = (. In each case, (I,.J) is also called an
abductive dishonesty for ET wrt (K, D) and X.

By the definition, a positive evidence E7 is explained in
K using facts in the secret set . To explain E+ without 3,
a set J of believed-true facts is removed from K and a set [
of disinformation is introduced to K. As a result, a consistent
program (K \ (XU J)) U I entails E*. In this case, (I, J) is
called a lie, BS, or WI, depending on its condition.

Example 3 (1) Suppose that Sam has the LPD (K, D)
where K1 = {late + cheat, late < overtime, cheat +,
—overtime « } and Dy = {overtime}. Let ¥ = {cheat},
that is, Sam wants to keep his cheating secret. In face of the
positive evidence ET = late, however, cheat is the only
reason to explain Et. Although Sam did not work over-
time, he introduces I = {overtime} to K; and eliminates
J = {—overtime} from K. As aresult, (K; \ (XU J))UTl
entails ET. In this case, (I, .J) is a lie.

(2) Suppose that Sam has the LPD (K5, D) where Ko =
{late <« cheat, late < trafficcjam, cheat <},
D> = {traffic_jam}, and ¥ = {cheat}. Sam does not know
whether there was a traffic jam or not, but introduces I =
{traffic_jam} to K3 as a possible account of E+ = late. As
aresult, (K \ ¥) U I entails E*. In this case, (I, ) is BS.

(3) Suppose that Sam has the LPD (K3, D;) where K3 =
{late < cheat, late < not—overtime, cheat <,
—overtime < } with the same D; and ¥ as (1). Although
Sam did not work overtime, he eliminates J = {—overtime}
from K3. As aresult, K3\ (¥ U J) entails E* = late. In
this case, (f, J) is WL

Note that the entailment of E* from (K \ (XUJ))UT does
not mean the success of deceiving. Sam just expects that his
wife will make the same abduction as he does. The success
of his dishonest act depends on the belief state of his wife.



Definition 4 (abductive dishonesty for negative evidences)
Let (K, D) be an LPD, ¥ a secret set, and £~ a negative
evidence s.t. K = E- and K \ ¥ | E~. Suppose a pair
(I, J) of sets of ground literals satisfying the conditions:

. (K\(ZUJ)UIEE"
2. (K\(ZUJ)UTEL
3.]CDandJ CK.

Then, (I, J) is called (a) a lie for E~ if I # () and K = =L
for some L € I; (b) bullshit (or BS) for E~ if I # () and
K [~ -L for any L € I; (c) withholding information (or
W) for E~ if I = (). In each case, (I,J) is also called an
abductive dishonesty for E~ wrt (K, D) and X.

By the definition, a negative evidence E~ is not a conse-
quence of K in the presence of the secret set X.. To keep unac-
countability of £~ without X, a set .J of believed-true facts is
removed from K and a set I of disinformation is introduced
to K. As a result, a consistent program (K \ (X U J))U T
does not entail £~

Example 4 Sam and his wife promised to have a dinner at a
restaurant. However, Sam does not come to the restaurant on
time because he is arguing with his girlfriend over the phone.
To calm his wife’s anger, Sam has to invent an excuse for not
coming on time.

(1) Suppose that Sam has the LPD (K4, D,) where Ky =
{ on_time < not call, not overtime, call <, —overtime < }
and Dy = {overtime}. Let ¥ = {call}, that is, Sam wants
to keep his calling secret. In face of the negative evidence
E~ = on_time, however, call is the only reason to explain
the non-occurrence of £~. Although Sam did not work over-
time, he introduces I = {overtime} to K; and eliminates
J = {—overtime} from K. Asaresult, (K, \ (XUJ))UI
does not entail £~ . In this case, (I, J) is a lie.

(2) Suppose that Sam has the LPD (K5, D5) where K5 =
{on_time <« notcall, not traffic.jam, call <} and
Ds = {traffic.jam}. Given ¥ = {call} and E- =
on_time, Sam introduces I = {¢raffic_jam} to K5 as an ac-
count of the non-occurrence of E—. As aresult, (K5 \X)UT
does not entail £~ . In this case, (I, () is BS.

(3) Suppose that Sam has the LPD (Kjg, Dg) where Kg =
{on_time < not call, remember, call <, remember < }
and Dg = {remember}. Given ¥ = {call} and E~ =
on_time, Sam excuses that he mistook the time and elimi-
nates J = {remember} from Kg. As aresult, K¢ \ (X U J)
does not entail £~ . In this case, (0, J) is WL

3.3 Comparing Dishonesties

In the previous sections, we have introduced different types
of deductive or abductive dishonesty. In this section, we com-
pare dishonest attitudes of agents and provide preference re-
lations between them. By the definition, we can see:

Proposition 1 Lies, BS, and WI are pairwise disjoint.

Normally one wants to keep his/her dishonesties as small
as possible. In lying, for instance, a smaller lie would be con-
sidered less sinful than a bigger one from the moral view-
point. Moreover, for self-interested reasons, a smaller lie
would cause less personal discomfort and result in lower crit-
icism/punishment if detected.

To compare dishonesties, we introduce a partial order re-
lation I> over elements from 27% x 2% For two elements
(I,J) and (I',J') in 2L x 2Lt (1 .J) > (I',.J') means
that (I, J) is more or equally preferred to (I', J'). We write
(I,J)> (I',J)if (I,J) > (I',J") and (I', J") B(I,J).

Definition 5 (comparison between the same type of dis-
honesties) Let (I,.J) and (I',.J') be two lies for the same
outcome/evidence. Then, (I,.J) > (I',J") if I C I' and
J C J'. (I,J) is most preferred if (I', J') > (I, J) implies
(I,J) > (I',J") for any lie (I’, J'). The preference relation
is defined for BS and WI in the same manner. The most pre-
ferred lie, BS, or W1 is also called a minimal dishonesty.

Definition 5 defines preference relations based on the quan-
tity measure. That is, comparing the same type of dishon-
esties, the smaller the better. We next compare different types
of dishonesties based on the qualitative measure. Given a pos-
itive outcome O, suppose that a lie, BS, and WI all bring
about O, In this case, we consider that W1 is preferable to
BS, and BS is preferable to a lie. WI is considered preferable
to lies and BS because WI does not introduce any disinfor-
mation. BS is considered preferable to lies because BS is
consistent with a knowledge base while a lie is inconsistent
with it. This account leads to the following definition.

Definition 6 (comparison between different types of dis-
honesties) Let (I, J1), (I2,J2), and (I3, J3) be a lie, BS,
and WI for the same outcome/evidence, respectively. Then,
(13, J3) > (IQ, JQ) > (Il, Jl)

4 Abduction and Dishonesty

4.1 Extended Abduction

Abduction is a form of hypothetical reasoning that explains an
observation by introducing hypotheses to a knowledge base.
Abductive logic programming [Kakas et al., 1998] realizes
abduction in logic programming. An abductive program is a
pair (K, A) where K is a program and A is a set of ground
literals called abducibles. Given an observation G as a ground
literal satisfying K [~ @, a set I of ground literals explains
Gif() KUTEG, (i) KUT [~ 1, and (iii) I C A\ K.
Inoue and Sakama [1995] introduce an extended notion of
abduction in which hypotheses can not only be added to a
knowledge base but also be removed from it to explain (or
unexplain) an observation. Let (K, .4) be an abductive pro-
gram and G a ground literal, called a positive observation,
satisfying K & G™. Let (I,J) be an element of 24 x 24,
Then, (I, J) is an explanation of G+ (with respect to (K, A))
if (i) (K\J)UI = GT, (i) (K\J)UI £ L, (iii)) I C A\ K
and J C AN K. On the other hand, given a ground literal
G, called a negative observation, satisfying K = G, a pair
(I, J) is an anti-explanation of G~ (with respect to (K, A))
if (@) (K\J)UI =G, (1) (K\J)UI = L, Gi)) I C A\K
and J C AN K. An (anti-)explanation (I, .J) of a positive
(or negative) observation G (or G) is minimal if for any
(anti-)explanation (I, J") of G* (or G™),I' CTand J' C J
imply I' = I and J' = J. The abductive framework is called

The definition requires that G is included in every answer set of
K U I and I is also called a skeptical explanation.



extended abduction, while the framework that only considers
introduction of hypotheses is called normal abduction.

Example 5§ Suppose a bird, say Tweety, which normally
flies. One day, an agent observes that Tweety does not
fly. He/she then assumes that Tweety broke its wing. The
situation is represented by the abductive program (K, A)
where K = { flies « bird, not broken-wing, bird < }
and A = {broken-wing }. In this case, the negative ob-
servation G~ = flies has the anti-explanation (I,.J) =
({broken-wing}, D) such that K U T £ G~. Then the agent
revises the knowledge base to K’ = K U {broken-wing}.
After several days, the agent observes that Tweety flies as be-
fore. He/she then considers that the wound was healed. In
this case, the positive observation GT = flies has the expla-
nation (I, J) = (0, {broken-wing}) such that K'\ J |= G*.

4.2 Computing Dishonesties by Abduction

Comparing definitions of deductive dishonesty and extended
abduction, we can observe structural similarities between
them. Viewing a positive (resp. negative) outcome as a
positive (resp. negative) observation, an offensive dishon-
esty (resp. defensive dishonesty) (I, J) for the outcome wrt
(K, D) in Definition 1 (resp. Definition 2) is identified with
an explanation (resp. anti-explanation) of the observation wrt
(K, L(K) U D) where L(K) = K N Lit. Formally,

Theorem 1 Let (K, D) be an LPD and O™ (resp. O~ ) a pos-
itive (resp. negative) outcome. Then,

1. (I,J) is a (minimal) offensive dishonesty for OF wrt
(K, D) iff (I,J) is a (minimal) explanation of O wrt
(K,L(K)UD).

2. (I,J) is a (minimal) defensive dishonesty for O~ wrt
(K, D) iff (1,J) is a (minimal) anti-explanation of O~
wrt (K, L(K)UD).

Proof.In an LPD, KN'D = ). Then, I C Diff I C (L(K)U
D)\ K and J C K iff J C (L(K) U D) N K. Hence, the
results hold. a

Similarly, abductive dishonesty is characterized by ex-
tended abduction as follows.

Theorem 2 Let (K, D) be an LPD and E™ (resp. E™) a pos-
itive (resp. negative) evidence. Then,

1. (I,J) is a (minimal) abductive dishonesty for E* wrt
(K, D) iff (I,J) is a (minimal) explanation of ET wrt
(K\ X, L(K)UD).

2. (I,J) is a (minimal) abductive dishonesty for E~ wrt
(K, D) iff (1,J) is a (minimal) anti-explanation of E~
wrt (K \ ¥, L(K)UD).

Theorems 1 and 2 show that dishonest reasoning is realized

using extended abduction. We next show computation using
a method provided by [Sakama and Inoue, 2003].

Definition 7 (update program) Given an abductive pro-
gram (K, A), its wupdate program UP is defined as
the program UP = (K \ A) U UR where UR =
{a «< mnota, @+ nota|a € A}U{+a < a |
a€ A\N\K}U{—a<¢ nota|a e ANK }. Here, @, +a,
and —a are new atoms uniquely associated with every a € A.
The atoms +a and —a are called update atoms.

The set of all update atoms associated with the abducibles
in A is denoted by U A, and U A = UAT UUA™ where UAT
(resp. U A7) is the set of update atoms of the form +a (resp.
—a). An answer set S of UP is called U-minimal if there is
no answer set 7' of U P such that TNUA C SNUA. In what
follows, IT={+a|a€l}and J-={—-a|a€ J}.

Proposition 2 ([Sakama and Inoue, 2003]) Ler (K, A) be an
abductive program and U P its update program.

1. (I,J) is an explanation of a positive observation G iff
UPU{ <« not G } has an answer set S such that [T =
SNUAT, J==SNUA™, and (K \ J)UTU{+ G*}
is inconsistent. In particular, (I,J) is a minimal expla-
nation iff S is a U-minimal answer set among those sat-
isfying the above condition.

2. (I,J) is a (minimal) anti-explanation of a negative ob-
servation G~ iff UP U { < G~ } has a (U-minimal) an-
swer set S such that It = SNUAY and J— = SNUA".

Deductive dishonesty is computed using update programs.
In what follows, givenaset S = {ly,...,[;} of literals, not S
means the conjunction notly, . .. ,not ly.

Theorem 3 Let (K, D) be an LPD and U P the update pro-
gram of (K, Ay where A = L(K) U D.

1. (I,J) is an offensive dishonesty for a positive outcome
OF wrt (K, D) iff UP U { « not O" } has an answer
set S such that It = SNUAY, J- = SNUA™, and
(K \ J)UIU{+ O} isinconsistent. In particular,

(@) (I,J) is a minimal offensive dishonesty iff S is a
U-minimal answer set among those satisfying the above
condition.

(b) (I, J) is alieiff (i) U PU{ +—not OF }U{ +not D}
has an answer set S such that IT = SNUAT, J— =
SNUA, and (K \ J)U I U {+ O*} is inconsistent,
and (ii) K U {< —L} is inconsistent for some L € I.

(c) (1,J) is BS iff (i) the above condition (i) of (b)
holds, and (ii) K\U{« — L} is consistent forany L € I.

(d) (0,J) is WLiff UPU {<+ notOT } U {+ a |
a € D} has an answer set S such that J— = SNUA™,
and (K \ J) U {«+ O} is inconsistent.

2. (I,J) is a (minimal) defensive dishonesty for a negative
outcome O~ wrt (K, D) if UP U {< O~ } has a (U-
minimal) answer set S such that It = S N UAY and
J- = SNUA. In particular, lies, BS, and WI are
computed in a way similar to 1.

Proof. The results hold by Theorem 1 and Proposition 2. In
particular, the condition of I # () in lies and BS is realized by
the constraint <— not D which represents that at least one of
the element in D is in S. By contrast, the condition of I = ()
in WI is realized by the set of constraints { < a | a € D}
which represents that no element in D is includedin §. O

Abductive dishonesty (lies, BS, and WI) is computed in a
similar manner using the update program of (K \ ¥, L(K) U
D). As we have discussed in Section 3.3, minimal dishon-
esties are preferred to non-minimal ones. The preference is
realized by computing U-minimal answer sets. On the other
hand, WI is preferred to BS, and BS is preferred to lies. The



preference is realized by firstly computing WI, then comput-
ing BS. Lies are computed only when both the computation
of WI and BS fail.

Finally, we address the complexity results for dishonest
reasoning. First, normal abduction is encoded into an LLPD.

Proposition 3 Given an abductive program (K, A) and an
observation G, a set I(C A\ K) explains G wrt (K, A) (in
normal abduction) iff (I,0) is an offensive dishonesty for G
wrt (K, A\ K).

Let X be either a positive/negative outcome or a posi-
tive/negative evidence. Then, a ground literal L is relevant to
some deductive/abductive dishonesty for X if L € I U J for
some dishonesty (I, J) for X. A ground literal L is necessary
for every deductive/abductive dishonesty for X if L € TU J
for every dishonesty (I, .J) for X.

Theorem 4 Let (K, D) be an LPD.

1. Deciding if there is a deductive/abductive dishonesty for
a positive (resp. negative) outcome/evidence wrt (K, D)
is ¥ -complete (resp. ©F -complete).

2. Deciding if a literal is relevant to some deduc-
tive/abductive dishonesty for a positive (resp. negative)
outcome/evidence wrt (K, D) is 25 -complete (resp.
S¥-complete). Relevance to some minimal dishonesty
is T -complete (resp. L -complete).

3. Deciding if a literal is necessary for every (minimal) de-
ductive/abductive dishonesty wrt (K, D) for a positive
(resp. negative) outcome/evidence is I1Y -complete (resp.
17 -complete).

Proof. The hardness holds by the encoding of normal abduc-
tion into an LLPD (Proposition 3) and the complexity results of
normal abduction reported in [Eiter et al., 1997]. The mem-
bership holds by Theorems 1 and 2. a

5 Discussion

We have shown similarities between abduction and dishonest
reasoning, while there are dissimilarities between them. First,
positive (resp. negative) observations in abduction are true
(resp. untrue) facts and explanations (resp. anti-explanations)
are plausible assumptions. In dishonest reasoning, on the
other hand, positive (resp. negative) outcomes are disbelieved
(resp. believed) facts of an agent, and offensive (resp. defen-
sive) dishonesties are disinformation that is believed-false or
believed not to be true. Second, abductive dishonesty is com-
puted using a part of a knowledge base excluding a secret
set, while abduction computes explanations using the whole
knowledge base. Third, abduction can accompany revision
of a knowledge base by assimilating assumptions that ac-
count for observations. By contrast, dishonest reasoning does
not accompany revision of a knowledge base because deduc-
tive/abductive dishonesty is disbelieved by an agent.

Lies, bullshit, and withholding information have been stud-
ied in the field of philosophy [Franfurt, 2005; Mahon, 2008;
Carson, 2010]. Only recently have their logical features been
studied in AI. Caminada [2009] argues potential utilities of
dishonest reasoning in the abstract argumentation framework.
Sakama et al. [2010] provide formal accounts of different
types of dishonesty using propositional multi-modal logic.

However, these studies provide no computational method of
dishonest reasoning. In particular, characterization of dishon-
est reasoning in terms of abduction has never been explored.
In this paper, we use logic programming as a knowledge rep-
resentation language. It is worth noting, however, that the
logical framework of dishonest reasoning and its relationship
to abduction do not depend on a particular logic.

The abstract framework proposed here is simple but ex-
pressive and capable of capturing different aspects of dis-
honest reasoning that arise in human society. Understanding
when an agent behaves dishonestly and how dishonest rea-
soning is performed by agents is useful in identifying systems
that mislead users, and providing ways to protect users from
being deceived. Detecting dishonest agents and preventing a
success of deception are issues for future research.
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