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Abstract

Decision making with varying kinds of preferences
simultaneously is pervasive in realities. In such sights it is
essential to know the interaction among the kinds of
preferences and the general principles of reasoning with the
kinds of preferences. In this paper, we introduce MKPL: a
many-kinds-preferences logic, to formalize four kinds of
preference. Firstly, we consider four kinds of preferences —
four interpretations on sets of ordered alternatives. Secondly,
we study such properties as reflexive, symmetric, transitive
of every kind of preference on partial ordered alternatives,
and study the transform of preference kinds considering the
changes of subsets of alternatives. Then, we develop MKPL
by extending proposition logic with four preference
connectives. Moreover, we propose a decision procedure of
MKPL.

Introduction

Preferences are essential for making intelligent choices in
complex situations, for mastering large sets of alternatives,
and for coordinating a multitude of decisions. In many
problems, making choices is to find a solution, where a
solution means an assignment of a certain value to each
variable in given set of variables such that the value is
taken from the finite domain of each domain. Without loss
of generality, restrict our discussion to the Boolean case
where the values for each variable are frue or false. The
number of assignments is exponential in the number of
variables. For this reason it is, in general, impossible for a
user to describe her preferences by all pairs of the
preference relation among assignments. This is where logic
comes into play.

From different disciplines, many definitions of
preference are given in logical ways. [von Wright 1963,
1972] give definitions of strong, weak, and ceteris paribus
preference. [Boutilier 1993, 1994] interprets ceteris paribus
by “all other things being normal”, whereas [Doyle and
Wellman 1994] defines it as “all other things being equal”
by mean of contextual equivalence. [Joseph Y. Halpern
1997] extend preference order on worlds to orders on sets
of worlds by several approaches. [M. Freund 2004]
introduce a logic of rational inferences and preferences.
[Otterloo, and Roy 2005] study a whole spectrum of global
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preferences on V3, IV, VV, and 33 four patterns. E.g.,
someone many prefer getting a raise (R) over honors (H)
can be expressed in a V3 pattern as “Every H-situation of
honors can be topped by one of getting a raise”. [J. Lang
2004] gives a survey of preferences defined with
proposition goals.

A drawback of the present state of the art in the logic of
preferences is that proposed logics typically formalize only
preferences of one kind. Decision making with varying
kinds of preferences simultaneously is a familiar sight in
realities. Varying kinds of preferences can be used
simultaneously. [S. Kaci and L. van der Torre 2005] first
defines four basic preference kinds considering two agent
types. Let V' be a finite set of propositional variables, ¥ the
set of propositional interpretations, > a total pre-order on
W, ¢ and y propositional logic well-formed formulas. The
semantics of preferences formulas defined as follows:

« Locally optimistic:¢">"y: > =¢">"y iff Vwe max(ga
=y, =) and Vwemax(yr—g, =), w=w'.

* Locally pessimistic:@">"y: = F¢"2"y iff Vwe min(gn
=y, =) and Vwemin(yr—g, =), w=w'.

» Opportunistic:¢">"y. = E¢">"yiff Vwe max(gr—y, > )
and Vw'e min(ya—g, =), wr=w'’.

e Careful:¢">"y. = E¢">"y iff Vwe min(ga—y, > ) and

Vwemax(yr—g, =), w=w'.

Where max(@, = )={we W|wg, Vw'e W: wEg= w=w'},
min(@, > )={we W| wEg, Vw'e W: wEg=>w' = w}.

Then, they extend them into sixteen strict and non-strict
kinds of preferences, and present algorithms to calculate
the distinguished preference orders according to a set of
preferences formulas.

[G. Brewka 2004] uses ranked knowledge bases together
with various preference strategies to represent various
kinds of preference, and expresses nested combinations of
preference descriptions using various connectives. This
gives the user the possibility to represent and reason
varying kinds of preferences simultaneously.

Our focus in this paper will be based on qualitative
preferences as four basic preference types of [S. Kaci and
L. van der Torre 2005]. We hope to give the user the
possibility to represent and reason her preferences in a
more natural, concise and flexible manner by four
approaches:

* Defining four more general kinds of preference based on
partial pre-order on W than those based on total pre-
order on W in [S. Kaci and L. van der Torre 2005].



* Ignoring von Wright’s expansion principle in the new
preference types. The principle means that a preference
of ¢ over s interpreted as a preference of gA— over
l///\—|¢.

* Regarding preference connectives as general propo-
sitional connectives, like A,v,— etc.

* Studying a whole proof system.

Firstly, we present four general preference types
considering four interpretations on sets of partial-ordered
alternatives. Secondly, we study such properties as
reflexive, symmetric, transitive of every kind of preference
on partial ordered alternatives, and study the transform of
preference kinds considering the changes of sets of
alternatives. Then, we develop MKPL by extending
proposition logic with four preference connectives.
Moreover, we propose a decision procedure with MKPL.

Four Kinds of Preferences

Let V be a finite set of propositional variables, ¥ the set of
propositional interpretations, ¢ and y propositional logic
well-formed formulas. If > is a partial order on W, max(g,
> ) and min(¢, > ) may be empty, and are inexplainable.
We present four more general preference types as follows:

« Locally optimistic:¢™>"y: = E¢=>" y iff Jwe {we W| w

E@} and Vw'e {we W] wEw}, w=w'.

« Locally pessimistic:¢"> y: = F¢">" y iff Vwe {we W] w

E¢} and In'e {we W wEp}, w=w'.

« Opportunistic:¢ >y = Eg>"y iff Fwe {we W] wie)
and Iw'e {we W wEky}, w=w'.
o Careful:¢">"y: = E¢">"y iff VYwe {we W| wk¢} and

VYw'e {we W wEky}, w=w.

Evidently, If > is a total pre-order on W, we can get
that (gA—p)>"( YrA=g)e >My (pr—p) "2 YA=0)e
F>"y, (Or—y) = (Yr—P=d">"y; and (9r—p)"2"(yn
—P=d ="y,

Example 1. Let V={p, ¢}, pAq = pA—q = —prq > DA
We can see that = Fp '>"q, = F=q">"—p, = Ep™>7q etc.

Note that our preferences on V3, 3V, VV, and 33 four
patterns are different from those of [Otterloo, and Roy
2005]. E.g., “someone prefers getting a raise (R) over
honors (H)” expressed in our V3 pattern means “For each
R-situation of getting a raise, there exist some H-situations
of honor that are topped by it”.

Properties and Transform

Above four kinds of preference mean four methods of
going from an ordering on worlds to one on sets of worlds.
With the uniform meaning, methods in [S. Kaci and L. van
der Torre 2005] can only go from a total pre-order on
worlds to one on sets of worlds, and our methods can go
from the more real-life partial order on worlds to one on
sets of worlds. A propositional formula ¢ represents a set
of worlds {we W] w |F¢}. We can study these preferences
from the set theory discipline.

96

Properties of Order on Sets of Worlds

Proposition 1. Let Q be a finite set of alternatives, R a
partial order on Q, 4 and B subsets of Q. We define the
following relations on sets of alternatives:

* R3v: AR5yB iff A% and B=, or dac A and Vbe B, aRb.
* Ry3: AR3B iff A#J and B=, or Vac A and b€ B, aRb.
* R55: AR3B iff A#D and B=0, or Jac A and 3be B, aRb.

* Ryy: ARyyB iff A2 and B=0, or Vac A and Vbe B, aRb.
then

1) R33and Ry5 are reflexive on 2°-&.

2) Ray, Ry3, and Ryy are transitive on 29

Proof. 1) R is reflexive, then Vce Q, cRc must hold. For
any Ae 2°.3, VYae A=ac Q, aRa must hold, then AR334
and ARy3A4.

2) R is transitive, then if Va, b, ce Q, aRb and bRc, aRc
must hold. Let 4, B, Ce 2, then

e when AR3yB and BR3y,C, if C=J AR5yC must be true,
else if dae A, Vbe B, aRb and dbe A, Vce B, bRc, then
aRc must be true, so AR5yC.

e when AR3B and BR5C, if C=J ARy3C must be true,
else if Vae A and Abe B, aRb and Vbe A and dce C, bRc,
then aRc must be true, so ARy3C.

e when ARywB and BR.C, if C=J ARyyC must be true,
else if VaeA and Vbe B, aRb and Vbe A and VceC,
bRc, then aRc must be true, so ARy C.

Transform of Preference Kinds

As showed in fig.1, preference reasoning with four kinds
of preferences is to find complete preference relations R,,
(x,y€ {V, 3}) on 22 that must be consistent with the known
part of R,,. The part of R,, on single element sets is just R.

R (unknown)

the part of R,
based ofr-the.Raqwn

Fig.1. Preference Reasoning

We study preference reasoning in the following patterns:
(1) < patterns

* CcA, ARB = CR,,B
« CCB, AR B = AR,,,C
* ACC, AR,B = CR,,/B

* BcC, AR B = AR.,C
(2) N patterns

* (ANC)R,,B = CR,B, AR/B
« AR,(BNC) = AR,,B, AR,,,C
* AR,B =(ANC)Ry,/B, (ANC)R B

« AR,,B = AR, (BNC), AR,(BNC)
(3) Upatterns

*(AUO)R,B = CR.B, AR»/B
« AR (BUC) = ARB, ARC



*AR,,B =(4AUC)R B, (AU C)R,B
*AR,,B =AR/(BUC), AR (BUC")
By predigesting iterative results,
following proposition.

Proposition 2. Let Q be a finite set of alternatives, R a
partial order on Q, 4, B and C nonempty subsets of Q. It
can be concluded that

(1) for Rgv

. ARng, AQCDCRng
. ARavB:>(A n C)Rng, or (A N CC)Rng
. ARng,BgCDAREC

. ARng,CgB:%ARng
(2) for REIEI

. ARagB,AgCDCRgaB
° ARHHBD(A N C)RagB, or (A N C'C)RHHB
* AR33B,BcC= AR5C

° AREHB :>ARE|E|(BO C), or AREH(Bn CC)
(3) for va

° AvaB,CgA:>CvaB
« ARyyB,AcC=CR3B
. AvaB,BgCDARVQC

. AvaB,CQB:kAvaC
(4) for Rvg

« ARysB,AcC=CR3B
« ARy3B,CCA=CRy3B
. ARVQB,BQC:>ARv3 C

° ARVHB:> ARVH(BH C), or ARVH(BQ Cc)
Proof. 4, B, and C are nonempty.
(1) AR3yB=3dac A, Vbe B, aRb,

e AcC=vae C, then Ice C, cRb. That is CR5yB.

* it must be ac ANC or ac ANC, then ce ANC, VbeB,
aRb or Ice ANC’, Vbe B, cRb. That is (ANC)R=vB, or
(ANC)R3yB.

e BcC=be C, then dce C, aRc. That is AR3;3C.

 if CcB, then Vce C=>ce B, and aRc. That is AR5yC.
(2) AR33B&dac A, Abe B, aRb,

e AcC=vae C, then Ice C, 3be B, cRb. That is CR3B.

* it must be ac ANC or ac ANC*, then Ice ANC, Vbe B,
aRb or Ice ANC’, Vbe B, cRb. That is (ANC)R=vB, or
(ANC)R3yB.

e BcC=be C, then Jac 4, be C, aRb. That is AR35C.

* it must be be BNC or be BNC*, then Jae A, 3ce BNC or
Jee BNC", aRc. That is ARz3(BNC), or AR33(BNC).
(3) ARyyB=Yae A, Vbe B, aRb,

e CcA then Vece C=ce 4, and cRb. That is CRyvB.
e AcC= ae C, then dce C, cRb. That is CR5yB.
e BcC=be C, then Ice C, aRc. That is ARy3C.

e CcB, then Vce C=ce B, and aRc. That is AR C.
(4) ARVHB<:>VaeA, dbe B, aRb,

e AcC= ae C, then dce C, cRb. That is CR33B.

we conclude the
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» CcA then Vee C=ce A4, and cRb. That is CRy3B.
e BcC=be C, then Jce C, aRc. That is ARy3C.

e it must be beBNC or be BNC, then Jce BNC or

Jee BNC, aRc. That is ARy3(BNC), or ARy3(BNCY).
The above principles give us a clear picture of four kinds
of preference from set theory discipline.

MKPL Logic

We develop MKPL by extendlng Vproposmon loglc with
four preference connectives 7" , 7>, and ">"
Definition 1 (Language). leen aset V={py, ..., p,} be a
finite set of propositional variables, we define the set Lyp;
of MKPL formulas as follows.

* pi€ Lygpr

@, We Lyxpr=>—0€ LpL,¢— W Lypr, 2" We Lykpy,
3}

>, Vv, A, T,L,(,) are defined as usually, > has the same
priority as that of v.

x,ye iV,

Definition 2 (Semantics). Given a preference model
M=(W, R), W the set of propositional interpretations 2", R
a partial order on W, we W, we write w a set of variable,
pew iff p is true. The semantics of MKPL is defined as
follows.

* M, whp iff pe w
« M, wig iff M, wie

* M, wEg—y iff M, w=¢, or M, wy

« M, w=¢"2 "y iff M, weg and VYw'e W(M, w'ky), or
Yw,e W(M, wiE¢) and VYw,e W(M, wyFEw), wiRw,

« M, weg>"y iff M, wig and VYw'e W(M, w'#p), or
HWIG W(M Wl':¢) and VWZE W(M Wz':l//), WIRW2

« M, weg>y iff M, wEg and Yw'e W(M, w'y),
3W|€ W(M W]':¢) and HWQE W(M Wz':l//), WIRW2

o M, we¢">w iff M, wig and Yw'e W(M, w'p), or
Vwie W(M, wiF@) and Iw,e W(M, woFy), wiRw,

Lemma 1. Given a MKPL formulas ¢, if 0¢ expresses that

¢ is satisfiable, then ¢ ges(¢>" ja)) If # ¢ expresses that ¢ is
a tautology, then & ge>—(—¢>"—

Proof. Let M=(W, R), wbe a preference model,

(1) M, w=0g iff IweW, M, wkp. M, weg>¢ iff
Iwie W(M, wiF@) and Iw,e W(M, wyFw), wiRw,, that is
In'e W, M, wEg.

(2) ¢ 0P (—F>"—).

Definition 3 (Maximal Propositional Conjunction). A
maximal propositional conjunction is an ordered
conjunction of atoms or negated atoms such that every
atom in V is mentioned exactly once.

or

According to a usual procedure of transforming a
propositional formula into complete normal propositional
disjunction, it is easy to decide whether ¢ can be expressed
by a maximal propositional conjunction. We write a ¢ if @
can be expressed by a maximal propositional conjunction.



Evidently, no matter what R is, there is exactly only we W7,
we have M, wF@. Therefore, we can treat a maximal
propositional conjunction as a world of 2" in the following.

Definition 4 (Proof System S)p;).

Axiom

1
2
3
4
5
6
7
8

. all propositional tautologies

. Y00

- AGAAYS(F2 Y972 )

YA 2 WA 2 DOYNB 2 WAY 2 )
YA ZWAY 2 0 Un (82 WA 2 )
YA 2 (82 AP SOYA(E = WAL 2 D
YA 2 (AP WAPISOYR—(8"Z WAL D

. Order axiom:

«R3IT: Op g9

«RV3: 0p—0">"¢

cTVYV: (02" WA 2" P—0">"y
< TV (2 YAy 2 P97y
«TAV: (02" YA P>y

. Transform axiom:

<AVRI: (OprOYAOPDA S (DA -7 W
-JVR2: OIROYAOPA(F=" W= (oA =" WV(dr—))]
2"y

<AVR3: (OPAOYAOPA (=" YA e (Y P—F>y
AVR4: OPAOYAOPDA (627 Yre (> W —F=2"y
JIAR1: (OPAOYAO DA S (B PAP > Y)—> 7>y

JAR2:  (OPAOYAOPAGT Y= ((IA )= WV(Pr— >
7

“JAR3: (OPROYAOPA(F> WA e (Y= P—d>y

“JAR4: (0RO YAOPAFT Y—(F= (YA DIV (Yn—
»)

VVR1: (OrOYAOPDA ¢ (DA Y)—Y > "y
VVR2: (OSAOYAODA # (3= PDAF 2" W)=Y >"y
VVR3: (0RO YnOPA(D"=" Y)n ¢ (> P—0">"y
VVR4: (OO YAOPA(S 2" )n e (> —0">"y
*VARI1: (OPAOYAOPA (9> PA(P = Y- 7>y
VAR2: (OPAOYAOPAS (P> DA(P> W)=V >y
VAR3: (OPAOYAOPA (82" YA (WP —¢">7y
VAR4:  (0pAOYAOPAR > —(0) 2 (A ))V(¢7 > (wn

—_

10. Modus Ponens: ¢, ¢—> =
Where x, y, x', y'e {3,V}, Order axiom and Transform
axiom are rewrite of proposition 1 and proposition 2 in

Lykpr-
Proposition 3. Sy xp; is sound and complete.

Proof. (1) Soundness. The validity proofs for each axiom
are given below.

« Axiom 2: Suppose that M, wiEg™>"w. We have that M,

wE¢ and Yw'e W, M, wly, or xw,e W(M, wiF@) and
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e W(M, wyFW), wiRw,, where x, ye {3,V}. This
means that there exist(s) models of @, that is M, w0 @.

* Axiom 3: Suppose that M, wE=a gas . There is exactly
only one w”, M, w”¢, and There is exactly only one w’,
M, wEw. So M, w|:¢*>y YW RW SM, weg > y/holds
for any x, y, x’, y'e {3,V}.

« Axiom 4-7: Suppose that M, w EOya(((6">"wAp™>"p).
then

1) Iw'e W, M, wEwand M, w=(0">"wap, Yw'e W, M,
wky, or
2) Iwe W, M, wEy, Iwie WM, wiH(¢"> y)A)) and
VWZE W(M WzFﬂ WIRW2

If 1) holds, then M, wEOw M, wH(#"'> Yrp=M,
WF¢V> yoand M, wey M, wey and VweWw, M,
why=M, wEy 72"y These three conclusions can be
combined to derive M, wEO yA(¢"> YA 2" 7).

If 2) holds, then M, w EOyz M, wilg V> M, wiEy M,
wEOW and M, wF¢"> l//:>Vwoe W(M, woE@), Iwe W
(M, woFW), woRwy—= M, w|:¢ >My. M, wiEy, Ywae W(M,
waE=p), wiRw,= M, w=y?>"y. These three conclusions
can be combined to derive M, w)=<> YA WA )

The above proof procedure is reversible, so we can get
that OYA((6"2 WA = DO YR YA 2)
For other interpretations of x, y, x’, y/, and axiom 5-7, the
proof are of the same type.

* Axiom 8:  these axioms can be easily derived from the
corresponding conclusions in proposition 1.

* Axiom 9: these axioms can be easily derived from the
corresponding conclusions in proposition 2.

(2) Completeness. Syxp, is complete iff F¢ implies
SukprF@. Let S be a maximally consistent set containing ¢.
All we need to do is to show that there is a model M, w
such that Vye S: M, wEOw. In Sykpr, all axioms are based
on a partial order, we need to construct M=(W, R) with R a
partial order.

Let S"={a">'/3 both crand 3 are maximal propositional
conjunction, x, ye {3,V}}, then construct M=(W, R) with
w=2" and R—{éa Pla> fe S } According to axiom 3,
R={(«, Bla’> SP} (e Pla "> e STy ={(ey ﬁ)|0?>3ﬂ
eSSy ={(a, B)lar=" e S}. According to axiom 8, 9, R is
reflexive and transitive: a partial order.

A Decision Procedure

In this section, we propose a decision procedure for SAT
of MKPL, that is, a procedure to decide whether there is a
preference model for a given formula ¢ of MKPL.

Definition 5 (Preference Formula). A MKPL formula ¢ is
a preference formula iff it has the form o>’ o>’fBis a
basic preference formula iff both o and [ are
propositional formulas. &>’f is a normal preference
formula iff both o and [ are maximal propositional
conjunction.

Lemma 2. Conjunction expansion principles.



© (1) O@APAGA-DAGZ PP = WA(9r—D
>"y)

* (2) 02"y (82" (YA DI 2 (W)
« (3) ="y ((en D2 YV((9n—) 27 W)
c (D 2 YT (A )AFZ (yr—))
;;;;) HIAPANIA—DAB 2 W —(9A D 2 WA(9r—))

* (6) Y@ (YAPV(P' 2 (yr—p)

* (D) G2y (oA )= Yv(9r—D 2" Y)

* (8) Y= (YA DFZ (Yr—7)
Proof.(1) can be derived from axiom 2 and VVRI, (2) can
be derived from axiom 2 and VVR4, (3) can be derived
from axiom 2 and IVRI1, (4) can be derived from axiom 2
and 3VR4, (5) can be derived from axiom 2 and V3IR2, (6)
can be derived from axiom 2 and V3R4, (7) can be derived

from axiom 2 and 3JR2, (8) can be derived from axiom 2
and 39R4.

Lemma 3. Disjunction expansion principles.

(1) (VD2 W00 (872 YNT 2" W)

“Q2) 2" (p P02 YA(P'=T

) (V2T y (g2 WV (72T Y)

(4) #2 (PP (F2 YN

“(5) (v D" 2Yn0n0 (9 2 YA )

“(6) ¢ (v (9" W92

() (P2 Y2 (72 Y)

“(8) 2 (Y P2 Yv(F27))

Proof. (1) can be derived from axiom 2 and VVRI, (2) can
be derived from axiom 2 and VVR4, (3) can be derived
from axiom 2 and 3VR1, (4) can be derived from axiom 2
and VR4, (5) can be derived from axiom 2 and V3IR2, (6)
can be derived from axiom 2 and VIR4, (7) can be derived
from axiom 2 and 33R2, (8) can be derived from axiom 2
and 39R4.

Our decision procedure is inspired by von Wright’s
decision procedure in his preference logic, and similarly
includes two steps: normalization and consistency
checking. The normalization step to transform a well-
formed formula into its normal form is based on axioms 4-
7, conjunction expansion principles, and disjunction
expansion principles. In the normal form, all preference
formulas are normal preference formulas. The consistency
checking step is based on axiom 8, axiom 9, and truth
tables. Following the normalization step, one assigns truth-
values to these normal preference formulas and computes
the resulting truth-tables. We describe the procedure using
an example as follows.

Example 2. Let V={p, ¢}, g=prga((p">"—p)rg) 2" (—gv
p)). Check the satisfiability of ¢ as follows:

1. Normalization

(1)Decompose preference formulas of ¢ into basic
preference formulas by axiom 4. Transform ¢ into ¢@,.

#1= pAGAP "= p)A(G 2" (=g vp))
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(2)Remove disjunction in preference formulas based on
disjunction expansion principles (4), and transform ¢,
into ¢.

0= PAAP 2 DING 2 NG 2 D)
(3) Suppose pe ¥, but does not occur in for ¢ of a basic
preference formula ¢>’f. According to conjunction
expansion principles, transform basic preference
formulas into normal preference formulas. For ¢:
-Use conjunction expansion principles (1) and (2) on
p v>Y —p, we get:

((pAg) >V(ﬁPN@))A((PAQ)V>V(ﬁPAﬁ61))A((PAﬁLI) >"(=
PADIA (A=) ™27 (=pA—q))
* Use conjunction expansion pr1nc1p1es (3) and (4) on
¢2"=q. we get (pAg)2 (A=) A((pAg) 2" (—p
A=I((—pAg) 2 (pA=g)A (pAg) 2T (=pA—q)))
. Use conjunction expanswn principles (3) and (4) on
7>"p, we get: ((prg)™> (pA g))A((pAq) >"(pAg)V
(=AY =" (PA=)A (-pA9) 2 (PAG)))

Combine these results, transform ¢, into ¢,

0= pran((prg) =" (—prg)A(prg)’ >V(ﬂpAﬂg))A((pAﬂq)

2 (PAQ)INPA—q) 2 (pA—gA((prg) 2 (p/\ﬂcg))
A((PM]) 2 (A ((—prg) = (p/\ﬂ%))A((ﬂpAq) 2
(ﬁpAﬁ@)))A((((pAQ) 2 (P/\—'Z))/\((P/\Q) > (pAg))VI((

—PAgY2"(pA =) A(=pAg)Y 2" (PA9)))

2. Consistency checking
Assign truth-values to the normal preference formulas
and computes the resulting truth-tables in the following
way:
*The constituent of the form &>’ is assigned frue.
*If both &>'f and B">"y are assigned true,
constituent o > ¥is also assigned rue.

the

*Finally, ones compute the truth-table in a standard way.
Check @5, we can get M=({prq, pA—q, —pAqG, =pA—q}, R),
W= pAq is a model of @;, where R is as showed in Fig.2.

q _%p/\f/

| >

—pAg —pPAg

Fig.2. R

Conclusion

In this paper, we introduce MKPL: a many-kinds-
preferences logic with finite set of propositional variables,
to formalize four kinds of preference. We hope to give the
user(s) the possibility to represent and reason her(their)
varying kinds of preferences simultaneously in a more
natural, concise and flexible manner by four approaches:
(1)Defining four more general kinds of preference based
on partial order on W than those based on total pre-order



on W in [S. Kaci and L. van der Torre 2005]. (2) Ignoring
von Wright’s expansion principle in the new preference
types. (3)Regarding preference connectives as general
propositional connectives, like A,v,— etc. (4) Studying a
whole proof system. Moreover, we propose a decision
procedure with MKPL.

We are currently extending the work in this paper in the
following directions.

* We are investigating expressive power of MKPL for
preference representation by comparing with other
preference definitions.

* We plan to add ceteris paribus constraint in MKPL, and
plan to investigate computational issue related the
approach. In particular, it would be interesting to see the
application of varying kinds of preferences in logic
programming.

» We are trying to contain more combination strategies in
MKPL, and to find general principles of reasoning with
varying kinds of preferences simultaneously.
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