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Abstract

Consiraint networks ore a major approach to knowledge representation in
Concurrent Engineering (CE) systems. The networks model various factors in
CE as consiraints linked by shared variables. Many systems have been
developed to assist constraint network processing. While these systems can
be useful, their underlying ossumption that a solution must simultaneously
satisfy all the constraints is often unrealistic and hard to achieve. Proposed
in this paper is o hierarchical representation of constraint networks using
priorities, namely Prioritized Constraint Network (PCN). A mechanism to
propagate priorities is developed, and o new satisfiability definition taking into
account the priorities is described. Strength of constraint supporters can be
derived from the propagated priorities. Several properties useful for investigat-
ing PCN's and finding effective solving strategies ore developed.

1. Introduction competitive edge for companies that have
_ confronted with rapidly changing market re-

Recently, it has been widely conceived that quirements, such as shortening of product life-
Concurrent Engineering (CE) can provide a cycles, high quality and low cost products,
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civersity of customer demand, and so on. CE
is generally recognized as a practice to bridge
the gap between designing a product and other
various life-cycle activities, such as manufac-
ture, assembly, test, and maintenance, at an
early stage of design. The emphasis in the
development of CE systems is on the coordi-
nation of the various aspects involved in to
eliminate problems due to lack of communica-
tion and compatibility among different areas of
concern, The primary capability of the CE
systems is to handle different, often conflicting
goals, that need to be integrated into a working
whole by taking many constraints restricting
the design into account.

Since the influence of the early design stage
cn the product’s overall cost, performance, and
quality is usually much more significant than
that of the later stages, many researchers have
proposed a number of different approaches to
help designers with CE. Many of them have
mainly addressed techniques to represent CE
knowledge and to process the knowledge to
support CE activities. Constraint networks are
a major approach to knowledge representation
in CE systems [20]. The background and
cperation of the networks is reviewed in [9,
20].

While the constraint networks appear to be
a promising approach, it is a main drawback
that all of the constraints constituting a CE
model are dealt with equally importantly.
However, in reality, some constraints are

important, but others are less. Furthermore, it

is often very hard to find a solution that
simultaneously satisfies all the coostraints
provided. Sometimes constraints are conflicting
with each other so that some of them may
have to be ignored to satisfy the others. It is
especially true when a problem gets larger or
over-constrained. Indeed a programmer relies
on relaxing less important constraints when all
of them cannot be easily satisfied. If the
constraints can be ranked as their importance,
the relaxation can be performed more systemat-
ically. This notion of importance of constraints
leads us to the consideration of prioritizing
consiraints, Prioritization of constraints has
been studied by a few authors including [4,
10, 19]. They have suggested several hierarch-
ical schemes to compare different solutions

based on priorities.

2. Constraint Network Models and Con-
current Engineering

2.1. Constraint Satisfaction Problem

A constraint is a relation among a set of
variables. A relation specifies allowed relation-
ships among the objects represented by the
variables. A variable can be instantiated with
a value taken from its domain. A constraint
satisfaction problem is a problem of finding an
assignment of values to the variables, such that
all the constraints are simultaneously satisfied.
Formal definitions of the problem are found in
much literature including {t7]. The following
definition is adapted from [4];



Constraint Satisfaction Problem: A con-
straint satisfaction problem involves a set of &
variables, X = {X,, X,, ---, X, }, and a set of m
constraints, C = {C,, Cy, -, C,;}. A variable X;
has its domain, £;, which is the set of values
that the variable can have. A constraint C; is
a kay b on X;={X X X | CXieLlK, X X
and is a subset of the Cartesian product
£, X8, X X £;. An
values to all the variables, such that all the

assignment of

¢onstraints are simultaneously satisfied is called
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a solution, A constraint satisfaction problem is

a problem of finding such a solution or all the
solutions.

Constraints are uoseful in many applications,
such as geometric layouts, physical simulations,
user interface design, document formatting,
algorithm arimation, and design and analysis
supporting mechanical devices and -electrical
circuits [4, 19].

Table 1. Various constraint network representations

Networks Author(s) Const. Domainz | N2 Objective
Type'

\Frimal/Dual Dechter & Pearl R DCA n | To identify a backirack free tree structure
('89) [3] !

Expanded Net Haralick {78} (6] R D/F 2 iTo show complate relations biw two sels of

' domain values I
Montanari's Net [Montanari {74) (13l R D/E : 2¢ |To derive minimal network with algebraic
operations

Hypergraph Montanari & Rossi R DCA n | To represent constraints involving mulii-vari-
'87) [14] ables

Consistency Net[Freuder ('78} [5] R DiF n | To prepracess networks with generalized con-

sistency theory

Operands Net [Sussman & Steele E Ci n |To represent equality constraints for mainly
'80) (18] electrical circuit design |

Pe/T Net Murata & Zhang L DiF n |To separate logic from controt Homn clausel
'88) 115] logic program (concurrence & parallefism) i

Sipartite Young et al. ('92) G €D n |To visualize general constraints for CE!
{20 knowiedge representation ‘

IMeta-Net Kim & O'Grady ('95) G CD/l n |To study structural and operational properties |
9] of CE constraint networks

1} R: Refation, E: Equation, L: Logic, G: General

2) C: Continuous, D: Discrete, DC: Discrete and/or continuous, F: Finite, | Infinite

3) Number of variables in & constraint
4} Expandabie to n variables (n ) 2)
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2.2, Constraint Network Representations
If a set of constraints is represented in a

form of network, it is caliled a constraint
network. A constraint network can be comnsi-
dered as a graphical version of a list of
constraints. The constraint network is a conven-
ient form of expressing declarative knowledge,
allowing a designer to focus on local relation-
ships among entities in the domain that he/she
considers. A set of constraints collectively
defines a feasible solution space where the
modeled systern c¢an be set up. The constraints
that restricts a particular object are clustered,
50 that their interrelationships can be easily
zdentified.

There has been a body of literature in
constraint networks, including [12] and [16].
Depending on the objects and their interrela-
rionships ¢that one may want to represent,
networks of constraints have different forms.
Usually nodes are utilized to represent objects,
such as variables, constrainis, and domain

values. Existence of a relationship between two

objects is represented as an arc connecting the

relevant nodes, Literature dealing with various
ways of constraint network representations is
presented in Table 1. A more detailed discus-
sion can be found in [9] as well as the
references cited.

2.3. Constraint Networks and CE

A CE design problem can be modeled by a
constraint network. Any restriction on a design
or design knowledge can be declaratively

specified by a form of constraint. It is an
advantage of the constraint-based approach that
the declarativity allows for designers to focus
only on local relationships among entities in
the design domain [20]. Since a constraint
involves a set of relation symbols, variables,
constants, and functional symbols, a CE
COnstraint Network (CECON} model is written
by a conjunction of such constraints as follows;

(1) a_feasible_designT):- A7, 6 AT, Ty A, F)

where m is the total number of constraints,
T is the set of all the variables, and ¢, is a
constraint defined by 7", T;, A;, and F; which
are a set of relation symbols, variables,
constants, and functional symbols, respectively.
The purpose of the CECON model is to find
a solution that satisfies every constraint,

After Sutherland’s Sketchpad, a constraint-
based sysiem for drawing and editing pictures
on a computer, there have been a number of
constraint programming languages, such as
ThingLab [1], MOLGEN [17], CLP( & ) [7].
etc. Many existing constraint languages are
reviewed in [9, t2]. Most of them are heavily
dependent on application domains, such as
graphical user interface design, molecular
genetic experimental design, puzzle problems,
mechanical design and analysis, etc. Therefore,
their capability to handle constraints are limited
to the type relevant to their domain. SPARK
is somewhat more general systems for CE [20).
With its capabilities, such as user-aided con-



straint satisfaction, bi-directional inference, vio-
aation  detection and correction  suggestion,
SPARK can effectively support designers.
The constraint definitions employed in the
above approaches commonly use a triple
(relations, objects, and values) whereby no
room is provided for expressing how much
important a constraint is. If a model is over-
constrained, as means that it has no feasibie
solution, one may have to relax some of the
constraints, On the other hand, for an under-
constrained modei wherein a large number of
solutions exist, one may try to choose a better
sofution. However, the definitions provide no
sound criteria either to choose constraints to
be relaxed or to sort out a better solution. Such
a notion is prevailing in CE design problems.
Thus, the existing definitions and the consiraint
languages based on the definitions have in-
herent limitations when applied to the CE
problems. Here in this paper, the fourth entity,
namely priority, is attached to the definition
shown in (1), so as to represent the importance

of constraints.

3. Schemes of Hierarchical Representa-

tions

Decomposition is a promising approach to
representing exceedingly large and complex
systems whose whole profile can’t be readily
seen with a single enormous representation.
The decomposition is often represented by a
hierarchically organized structure. A hierarchi-
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cal formalism places emphasis on the arrange-
ment of entities in hierarchies or on the
hierarchical relationships between entities, Very
often, the structure can be represented in a
hierarchical tree form, where a node is
associated with an entity (activity) and the node
is divided into subnodes along with arcs. A
node at a lower level represents a more detailed
entity or a more basic concept of the
represenied system, while a node at a higher
level is a more generalized entity.

A conjunctive hierarchy is perhaps the most
common structure where 2 node is disaggregal-
ed mto several subnodes. Each subnode
represents a proper subset of its parent node
in a more detailed manner. In order to find a
solution for a node, all of its subnodes must
have solutions. The other common hierarchical
structure is a disjunctive hierarchy. In contrast
with the conjunctive hierarchy, the distinct
subnodes sharing a common parent represent
alternative methods of satisfying the parent, A
solukion always exists for a node if at least
one of its subnodes is solvable. A hybrid
hierarchy is of somewhat general since it uses
themes from both conjunctive and disjunctive
hierarchies. ANDJOR trees [20] are useful for
representing such structures. A simple ANDY/
OR tree is iliustrated in Fig. 1. Conjunctive
and disjunctive hierarchies are respectively
associated with OR and AND arcs. An AND
arc is indicated by an arch connecting all the
subnodes. The properties of AND/OR irees are

discussed in [9].
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Fig. 1. AND/OR Tree

The above AND/OR hierarchy can be further
generalized using priorities, namely priority
hierarchy. This is useful for the case where a
priority can be assigned to each ncde. The
priority of a node can be determined by its
relative degree of importance or preference.
The nodes with the highest priority are called
required nodes. The other nodes having lower
prioritics are called preferential nodes. The
priority hierarchy provides a more generalized
OR scheme since the subnodes can be ranked
with respect to their priorities. A required
nodemust be solved, and thus determines the
faasibility of the problem. This node directly
follows a conjunctive hierarchy. On the other
hand, a preferential node has a similarity to a
disjunctive hierarchy since it can remain
unsolved. However, it is considered to be
desirable if the node is solved. The preferential
nodes provide us a way to deal with the quality
of solutions. The more highly prioritized
constraints a solution satisfies, the better the

solution s,

Networks

4. Prioritized Constraint
(PCN)

A new method that can combine the concept
of priority hierarchy and a constraint network
representation is proposed. Let p; denote the
priority assigned to constraint ¢, and d=p, %
A priority can be a numerical value in the
interval [0, 1]. A constraint whose priority is
equal to 1 is called a required constraint.
Otherwise, a preferential constraint. If all the
priorities used in a constraint network model
are required, then it is equivalent to a classical
non-prioritized model. Instead of the numeric
priorities, symbols, such as [required, very
strong, strong, weak, very weak], can also be
used. Now, a CECON model is restated by a
conjunction of prioritized constraints as follows;

(2) a_feasible_design(T):- AL p ¢ (T, T, A, E}

It is a requirement of a solution that all the
required constraints be satisfied, whereas it is
optional to satisfy preferential comstraints. The
purpose of this model can be to find a solution
satisfying as many highly prioritized constraints
as possible. In order to compare the solutions,
various schemes, such as sum of p/s (where
p; is the priority of a satisfied constraint),
weighted sum of p;s, sum of square of p;s,

etc., can be used.
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4.1. Constraint satisfaction in non-priori-

tized models

A constraint is sarisfied if the varable
instantiation meets the constraint specification.
Otherwise, unsatisfied. If the instantiation is not
enough to assess the constraint, it is indetermi-
rate. The fact that constraint ¢ is satisfied by
interpretation [ and variabie instantiation U is
writien as =, #[U]. Many constraint satisfac-
tion algorithms, including search methodologies,
consistency  checking, local propagation,
mathematical programming, etc., have been
developed to solve CSP [9, 12]. However,
unfortunately, the problem is known as an NP-
hard problem unless special cases.

The system considered in this paper does not
employ automatic constraint satisfaction. Rath-
er, it supposes user-aided constraint satisfaction
{201, whereby the system and a user cooperate
with each other to solve the problem. The
system provides a deductive mechanism based
on local propagation of known states [1, 12,
18], which is one of the simplest and easiest
constraint satisfaction mechanisms to imple-
ment. A constraini itself enforces satisfying the
relationship specified on its variables. If the
information propagated into a constraint node
along its arcs is enough to deduce a new value,
the value is computed. This value may be able
to be used for other deduction steps. Whenever
this deductive process can’t repeat further, the
user triggers a new round of the process.

Local propagation alone can’t solve every

CSP problem. However, it is very powerful

when a constraint network possesses many
algebraic equations and it is sparse, as [18] has
pointed out. Since it requires no predetermined
sequence of processing unknown variables and
constraints, declarativity can be effortlessly
implemented. It also facilitates keeping depen-
dency relationships among constraints and
providing explanation about the results of
system’s inference, which is particularly impor-

tant in the user-aided constraint satisfaction [9].

4.2. Priority propagation

Local propagation in a traditional constraint
network disseminates known values over the
network, whereas that in PCN propagates
priorities as well, Consider a prioritized con-
straint @(r,, -+, t.). Suppose that a value
for v, is able to be deduced from ¢ when
variables in 7, which is a proper subset of
(r, -, 7,), are known. Then, this value is
propagated into other constraints having 7,
and it carries the minimum among the propa-
gated priorities of r and the priority of @.
The priority accompanied by 7, is defined as

follows.
(3) g=Minip, Ngin{gﬂ T,eT H

This propagated priority g, is one of the
constraint priorities which have contributed to
the deduced value. Since, in this paper, a
priority represents the importance of a con-
straint, g, is the priority of the least important
one among the constraints that have affected
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the overall deducing process.

4.3. Satisfiability definition of prioritized

constraints

To deal with a prionitized constraint, its
semantics need to be explicitly specified. The
concept of level of satisfiability is introduced
on the top of traditional satisfiability definitions
(satisfied, unsatisfied, indeterminate}. The level
depends on the priorities of constraints which
have contributed to the variable instantiation in
the consiraints. The history of such priority
information is maintained by priority propaga-
tion. For simple discussion, the nofations and
terminology in Genesereth and Nilsson [8] are
generally used, but modified to represent the
level of satisfiability,

If prioritized constraint ¢ is satisfied by an
interpretation f and a variable instantiation U
and if its level of satisfiability is ¢, then @ is
g-level satisfied and denoted by |=]@[U]. If
it is unsatisfied, @ is g-level unsatisfied and
i =f@[U]. If the interpretation is not enough
to assess the constraint, 1t is indeterminate as
in the traditional definition.

First, consider an atomic constraint which
involves only one relation symbol, such as =,
», {, =, <, or a predicate. The satisfiability
of a prioritized atomic constraint is formally
defined as follows.

@) [=fpdlr, -, T UV Tpfl 7)),

Tz, H €lly), where ¢=Minlg, -, g,)

Since the level of satisfiability, g, is the

minimum of the propagated priorities g;'s, it is
simple to calculate and intuitively acceptable.

The followings are sausfiability definitions
for various forms of prioritized non-atomic
constraints which involve at least one relation
symbol, as T (negation), A {conjunction), Vv
{disjunction), = (implication), € (equivalence},
universal quantification, and existential quantif-
ication. The level of satisfiability of a non-
atomic constraint is driven from those of its

component atomic constraints.

(8) |=Nrp o )UL iff | =P B(U],
where gi=1—¢.

®) |<Hp(¢,A ¢ NIUT iff |=F 4107 and
<7'¢ UL, where ¢=Min{g,q;}

() |=fpl8,v 6 DIUYiff [=f'¢ U} or |=fiéJU),
whete g=Max{gg} and 6=(K| <" ¢ (U]}

(8) |=§(p( 8, ¢ NIV
iff =79 [U), where g=q; or
iff |=F¢{U] and |=f'4 [U],
where g=Min{g;.q;}

©) |=fp(¢.e U iff [=]'(4,> $)[U),
=9, & ¢ )IU], where ¢=Min{q.:}

(10) |=%p(¥v ¢ MUY iff for any object d; in
the unmiverse of discourse |=F#[V]
where V(v)=d, and V()=U(#) for
# %=y, where g=Min{q, -, q ;| }



(11} |=f(p(3 v $ N{U] if for some object d;
in the universe of discourse |:ff @[V]
where V(v)=d; and Viw=U( &) for

N i
MEY, whercl q;llf\/éug{qx},
and O={K| |=;" 9[V]}

4.4. Qverriding mechanism

While processing a plain constraint network,
the local propagation propagates vaiues through
the network. This traditional propagation
mechanism is concerned with satisfiability of
e constraints involved. Since a solution, by
cefinition, should satisfy all the constraints,
various user inputs may have to be tried unti
gvery violation is resolved away. As the
constraint network is very large and complex,
the job becomes more and more difficult and
cumbersome. When the mechanism encounters
such a constraint violation too often, it may be
considered to explicitly relax some of the
constraints. This, however, is not an easy task
“or the user to perform without knowing the
-mportance of constraints.

In comparison with plain constraint network
processing, the local propagation in PCN has
a radically differed feature. This new mechan-
ism involves both value and priority propaga-
tion. The priority propagation is used to
evaluate the levels of satisfiability explained in
a previous section. The value propagation is
the same with that in the traditional one when
no violation takes place. However, when 1t
produces violations, the value propagation is
controlled by the priority propagation. A
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violation is caused by propagating multiple
values into the same variable. One value is
randomly chosen in a traditional propagation.
The priority propagation makes the value with
the highest priority override the others. This
value guarantees that the most highly priori-
tized constraint is always satisfied, while
allowing less important ones to be unsatisfied.
Recall that it is unnecessary to satisfy all the
constraints with PCN. The major concern is
discovering a better solution by satisfying as
many highly prioritized constraints as possible.
Actually, the priority propagation provides an

implicit constraint relaxation mechanism.

4.5. An illustrative example

An informal illustrative example is presented
in Fig. 2. Consider designing a triangular plate
shown in Fig. 2 {a). Two sides, A and B, must
be perpendicular, and the length of side A be
16 Cm. It is suggested that the length of side
B is 14Cm<B=<20Cm. Angle needs tc be at
least 45° , but less than 55° . The plate can
be cui out from a steel strip currently available
at stock whose width is 18 Cm. For ease of
cutting operations, the designer wants A=B.
These design specifications are represented in
constraint forms as in Fig. 2 (b). Priorities
‘ appear  in
parentheses. The strings in > are constraint
ID.

A graph is an effective tool to show local

assigned to each constraint

propagation as depicted in Fig. 2 (c). Shown

in a box is either a consiraint or a user input.
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Each of these is identified by ID with its
prioritan and level of satisfiability, ‘U1” indi-
cates a user input. It is assumed that the user
input has its priority of 1.0. Directional arcs
represent the paths of value and priority
prepagation. Each arc is associated with a
propagated value and its propagated priority.
As soon as a user asserts x0=0, constraints
(C3» and {C6> deduce xI-16 and x1=18,
respectively. These two values for the same
variable propagate into constraints {C7, {C1,
and {(CS5). Since the priority of x1=16 is
greater than that of xI=18, the former overrides
the latter. Therefore, three arcs transmiiting
x1=18 and ome arc ftransmitting x0=0 are
disconnected. Into {C6&) does xi=16 also
propagate, as is represented by a thick arc. This
propagation forces the previously satisfied
sonstraint to be indeterminate. Constraint {C1}
can deduce x2=16, but has no place to be
oropagated. Resultantly, the value and priority

oropagations end uwp with the satisfaction of

<C1>(1.0) xl=x2

(C3) and {C1), whose levels of satisfiability
are 1. Other constraints are indeterminate yet.
This example shows that the overriding mechan-
ism can satisfy more important constraints if
possible. If x1=18 were used instead, constraint
{C3) which is more important than {C6)
would be violated. This implicit constraint
relaxation is further discussed in the nexi
section,

5. Properties IN PCN

5.1. Strength of supporters

In order to assess constraint @(7,, -+, 7 ),
all or some of the variables may have to have
values, The values are provided by either local
propagation or user input. If @’ is the
constraint from which 7, receives a value,
@’ is called a 1-step or direct supporter of
@. The list of all the direct supporters of @
is denoted by S'(@). Let ¢ be a direct

supporter of @’, that is ¢ € S{@’). @”

0.1)
<C2>(1.0) 0=yl |
1 |
<C3>(1.0) x1-x0=16 216,13 '-Lmuﬂ_i xms,nl
<C4>(0.9) 14<y2-y1<20 - s, 1) '
«C5> (0.8) tandsoc Y2~ ¥ qansse T cr06 % laon]  Lososy Ui
x1-x0 A T(18,07) |
; vl= -] = ; — i
== <C6>(0.7) (y2-y1=18) or (x1-x0 = 18) WLTW e |
(IU, yO) (xl, yl) <C7>(0.6) y2-yl=xl- x0 : ¥ D
(a) Triangular plate {b) Constraint model (c) Propagation and Overriding

Fig. 2. An lllustrative Example



is called a 2-step supporter of @. The list of
all 2-step supporters of @ is denoted by §(P).
This can be similarly generalized into S™(&),
which is the list of n-step supporters. An
clement in S"(@) is, obviously, a direct
supporter of an element in §"'(@). There
exist (n—1) intervening constraints between a
constraint in $™(@) and @. If @ is a user
‘nput, it is self-supportive and, in other words,
has no supporters. SY(@) denotes the set of
all K-step supporters, =1, ie.8%(@)x=UTS (@)

Constder a constraint @ which has severai
supporters, Some of them are more important
-han @, others are less, Suppose that the
priority of @ is p and its level of satisfiability
is g. Recall g is the minimum of the propagated
priorities. Comparing p and ¢ provides a useful
insight into the relationships between the
constraint and its supporters. If g=p, which
means all the supporters of ¢ are more
important than @, the constraint is strongly
supported. Symmetrically, if ¢ {p, @ is weakly
supported. For the latter case, at least one
supporter is less important than &.

let’s define several notations used in the
next section. Q@) is the list of levels of
satisfiability, such that its 4-th member is the
level of satisfiability of the &-th member of
S @). Simnilarly, P(®) is the list of priorities
of the supporters, Symbol oc is a relation, such
that [a,, -+, @] [B,, -+, B)] if a,<b; for Yij
where B=[b;, b, "‘vbu,-]- For exampie, [1, 2,
3] e {[1, 2], {21 [5, 3. 4l].
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5.2. Properties of supporters

In this section several properiies of support-
ers are discussed. The readers who may need
formal proofs can refer to [11]. The next
property is concerned with the fact that levels
of satisfiability decrease monotonicaily as
propagation proceeds.

Property 1: Let ¢ be a list of constraints
that are assessed. Then, O"'(¢)ecQ/(¢) for °j.

This is directly resulting from the definitions

of level of satisfiability, priority propagation,
and overriding roechanism.
A strongly supported constraint implies that all
of its supporters are satisfied at least the level
of its own priority. This observation can be
proved by Property 1.

Property 2: For a constraint ¢(=p¢) in a
PCN, any element in Q" is greater than or
equal to p if and only if @ is sirongly
supported.

Since @ is strongly supported, p<g=0’ by
definition. Property 1 says that Q*cQ'ecQ - oc)”
Obviously, any element in Q" is greater than
or equal to p. Proving the other side is
straightforward.

The propagated priority of a variable is
determined by the comesponding supporter.
Thus, a strongly supported consiraint is support-
ed by the constraints whose levels of satisfia-
bility are as large as its priority. A designer
may want constraints to be not only satisfied
but strongly supported. Suppose that constraint
@ be unsatisfied and strongly supported. This
status is determined by the constraints which
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are more important than &. If one wants to
satisfy this constraint, some of more highly
prioritized constraints should be sacrificed.
However, this clearly deteriorates the quality
of solution. Therefore, strongly supported and
unsatisfied constraints are automatically relaxed
by the priority propagation mechanism. In other
words, the constraint is internally removed
from a PCN. This is beneficiary particularly
when the PCN is an over-constrained model.

From Property 2, we can also show that the
priority of a strongly supported constraint is
less than or equal to all of its supporters’
priorities.

Property 3: For a constraint ¢ in a PCN,
iff the priority associated with any constraint in
x" is greater than or equal to p, @ can be
strongly supported.

Noting that ¢~ <g} "= Min (" Min(g?, -, gfN<p",
the proof is straightforward. This provides a
strategy of triggering local propagation. In
order to find a solution that makes every
constraint strongly supported, the most impor-
tant should be considered first. Its results carry
highly prioritized values into other less impor-
tant ones. Otherwise, it is not possible @ to
strongly support all the constraints.

Finally, for a weakly supported constraint @,
at least an element in Q'(@) is less than p.
In other words, @ is currently affected by the
constraints whose levels of satisfiability are less
than p. When ¢ is satisfied, its justification
is supported by a less important constraint ¥.
The status, however, can be changed when

more important constraints come inte play and

provide highly prioritized variable instantiation.
This overrides the effect of . If, on the other
hand, @ is unsatisfied, the violation is
undesirable since less important constraints are
satisfied. Now, the overriding mechanism may
be convened by a user input. The input which
forces @ to be satisfied but may cause to be

violated can improve the solution quality.

[ERTILR KR

CHHLTILG)

C7(0.6,1) j&— CA(L1) |

(a) Weakly supported constraint

CK0909) L2(L,1)
4 —lcozes 2|5
9| - |5
14,1 L1

(b) User input improving sotution quality

Fig. 3. Overriding a weakly supported constraint

Consider the example shown in Fig. 2 again.
After the propagation in Fig. 2 (c), the user
may initiate another local propagation by
instantiating y0 with 0. This results in violating
{C5) and {C6) as shown in Fig. 3 (a). Notice
that both of these are weakly supported. Since
{C5) is more important than {C7), the user
may want to satisfy the former rather than the
latter, Inputting y2 = 14 with a higher priority



=

than 0.6, the user can force the input value to
override the propagated value. Now, constraint
{C5) is satisfied, but {C7) violated. The
resulting propagation is depicted in Fig. 3 (b).

€. Conclusion

Representation and reasoning are the twin
pillars of Al-based systems. The criteria
determining the usefulness of a system, such
as range of applicability, limitations, and ¢ase
of use, are very much dependent on the
representation methods and reasoning schemes
used. PCN is proposed as an approach to
representing importance of constraints. PCN
can provide several advantages over traditional
constraint networks through facilitating sys-
tematic handling of the constraints. First, PCN
can greatly improve the expressive power of a
constraint network representation. Second, it
gives more flexibility in dealing with constraint
satisfaction. Satisfying all the constraints is not
necessary anymore while providing a basis of
soth choosing constraints to be relaxed and
comparing different solutions. Third, an over-
tding mechanism forces less important con-
strainis to be violated to satis{y important ones.
This is especially helpful under an over-
constrained problem. Finally, but not less
importantly, several properties associated with
PCN can be useful for investigating PCN and

developing effective solving strategies.
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