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Abstract—Identifying tractable classes of constraint satisfac-
tion problems (CSPs) has been studied over the past two decades,
and is now a very active research domain. Recently, some works
have shown the interest of these tractable classes from a different
viewpoint. For example, it is known that if there is no broken
triangle on each two values of a given variable in an arc-
consistent binary CSP, then this variable can be eliminated
without changing its satisfiability. Next, it has been proved that
even when this rule cannot be applied, it may be the case that
for a given pair of values no broken triangle occurs, if this is the
case, then we can perform a domain-reduction operation which
consists in merging these values while preserving satisfiability.

In this paper, we show that partial or total presence of
tractable properties in non-binary constraints is sufficient for
them to be decomposable into a set of lower arity constraints
while preserving equivalence. More precisely, we prove that
the presence of bijection or Dual Broken Triangle Property in
non-binary constraint permits to decompose it while preserving
equivalence.

I. INTRODUCTION

Much research has been devoted to identifying properties,
called tractable properties under which we can solve CSP in
polytime (the class of CSPs satisfying one of these proper-
ties is called tractable class). Most of this area of research
includes three main directions. The first direction studies the
structural properties of the constraint network. For example, it
is well-known that tree-structured binary CSP can be solved in
linear time no matter the associated relations [1]. The second
direction concerns the language defining the constraints, i.e.
the value combinations related to constraints. For example,
bijection constraints [2] can also be solved in linear time [3].
The last direction investigates both the two last kind properties,
such as Broken Triangle Property (BTP) [4] and its extensions
DBTP [5], k-BTP [6], WBTP [7] or m-wBTP [8]. Except
BTP and its extensions, most tractable classes rarely occur
in practice, which diminish their interest (see [9]). So, some
other work has focused on studying another way to exploit
tractable properties. In [3], the authors introduced the notion of
variable elimination based on tractable properties. Indeed, they
proved that partial presence of functional configuration permits
variable elimination to give a new CSP which leaves the
solution of the original CSP unchanged. In addition, Cooper et
al. in [4] proved that if there is no broken triangle on each two
values of a given variable in an arc-consistent binary CSP, then
this variable can be eliminated while preserving satisfiability.
More recently, it has been proved that the absence of broken

triangles on two values for a given variable in a binary CSP
allows us to merge them while preserving satisfiability.

In this work we continue this line of research and we
establish some links between tractable properties and con-
straint decomposition, i.e. we apply some properties related
to tractable classes for checking the decomposability of con-
straints. More precisely, we show that whether two or more
variables in the scope of a given non-binary constraint satisfy
bijection, then so makes it decomposable into two constraints
of arity less than that of original one. We also prove that the
absence of dual broken triangle w.r.t. any partition of variable
in the scope of a given constraint allows us to decompose it
into three lower arity constraints. In fact, decreasing the arity
of constraint could have a substantial effect on the process-
ing complexity. For example, given a binary CSP, checking
whether a variable ordering exists for BTP can be achieved
in polytime [4]. However, given a non-binary CSP, checking
whether a variable ordering for DGABTP (the generalization
of BTP to CSPs with arbitrary arity) exists is NP-complete
[10]. Finally constraint decomposition may be considered as
a transformation leading to some tractable classes. Indeed, in
[9], the authors introduce the concept of transformation (e.g.
filtering by consistency, decomposition, binary encoding...) of
CSPs and show its interest especially when translated CSP
belong to a known tractable class.

The remainder of this paper is organized as follows. In
Section 2, we give formal background on constraint satis-
faction problems. Then we examine the cases of constraint
decomposition using bijection. In section 4, we show that the
absence of dual broken triangle in a given constraint prove
that it is decomposable. Finally, we give a discussion and
perspective for future work.

II. FORMAL BACKGROUND

We first define constraint satisfaction problems (CSPs).
Definition 1 (CSP): A constraint satisfaction problem is a
triple P = (X, D, C), with
e X ={x1,...,x,}: a set of n variables,
e D={D(x1),...,D(xy)}: a set of finite domains,
e C ={ci,...,c.}: aset of e constraints. Each constraint
¢; is a couple (S(¢;), R(c;)) where:
- S(¢) = {a:,;l,...,xiai} C X, is the scope of ¢;,
- R(e;) € D(xi,) x ... x D(;,,), is the associated
relation which allows r tuples.



We assume that each variable is at least in the scope of one
constraint and if there are two constraints with the same scope
then they will be merged. |S(c;)| is the arity of the constraint
¢; (i.e. the number of variables in the constraint scope) and
it will be denoted a;. A CSP is said to be binary if the arity
of each constraint is two (in this case, we denote c;; the
constraint with S(c; ;) = {x;,x;}), otherwise it is non-binary
(n-ary or of arbitrary arity). A CSP is ternary when the arity
of each constraint is less than or equal to three.

We continue with the following notations which are neces-
sary for the rest.

Notation 1 (tuple and relation projection): Given a con-
straint ¢;, a tuple ¢ € R(c;) and a set of variables
{@iy, i} € Sla): t{zi, .z} = (v € t |
zj € {x;,...,x; }) is the projection of the tuple ¢ onto
{Ziyy 0y wiy b R(c)[{xiys s wiy }] = {t{xiy, 2, }] | t €
R(c;)} is the projection of R(c¢;) on {z,, ..., %, }

Notation 2 (constraint restriction): Given a constraint c;,

cil{xiy, .., x4, }] is the restriction of ¢; on {x;,,...,x;, } (C
S(¢;)). If we denote ¢, = ¢;[{zi,,...,zi, }], then S(cy) =
{iy, ., @i, } and R(cp) = R(c;)[{xiy, -os T H-
Given a CSP P, solving P consists of finding a solution,
i.e. assigning one value per domain for each variable without
violating any constraint. This problem is known to be NP-
hard for both binary and non-binary case. We now recall the
definition of some tractable classes which will be necessary
for the rest. The first concerns the bijection.

Definition 2 (bijection [2]): A binary relation R(c; ;) is
called bijection if each value in D(z;) is only compatible
with one value in D(z;) (and conversely). We can also say
the constraint ¢, satisfies bijection.

We now turn to the definition of Dual Broken Triangle
Property covering CSPs of arbitrary arity.

Definition 3 (DBTP [5]): A CSP P = (X, D, () satisfies
DBTP (for Dual broken triangle Property) w.r.t. the constraint
ordering < iff for all triples of constraints (c;, ¢j, ¢x) s.t. ¢; <
c; < ¢, for all t; € R(c;), t; € R(cj) and tx, 1), € R(cy) s.t.

e 1:[S(e:) N 8(¢p)] = 45[5(er) N S(ey)]

. tl[S(CZ) N S(Ck)] = tk[S(Ci) n S(Ck)]

o 13[S(c;) N S(er)] = t;[S(c;) N S(ex)]
then

o either t;C[S(Cl) n S(Ck)] = tz[S(Cl) n S(Ck)]

e OF tj[S(Cj) n S(Ck)] = tk[S(Cj) n S(Ck)]

When ) [S(¢;) N S(cx)] # ti[S(c;) N S(ek)] and t;[S(c;) N
S(ex)] # ti[S(c;)NS(cx)], we say that we have a Dual broken
triangle (DBT) on ¢, and it will be denoted (¢}, t;,t;, tx).

We now conclude this part with the following notation:

Notation 3: x i denotes a non-empty subset of ax variables
of X ({{zkysey i, } | V1 < i < ag,ap, € X}) and v
denotes a tuple (v, ..., vk, ) containing one value for each
variable in xg.

III. DECOMPOSITION BASED ON BIJECTION

In this section, we prove that the presence of bijection in
non-binary constraint is a sufficient condition to be decom-
posable.

Theorem 1: Given a non-binary constraint cy, if there are
x;,x; € S(ce) s.t. R(ce)[{xi, x;}] is a bijection, then ¢, can be
decomposed into two constraints without loss of equivalence:

o either ¢; ; and ¢ with S(¢}) = S(ce) \ {xi}

e or ¢; ; and ¢ with S(¢)) = S(ce) \ {z;}

Proof: Let ¢, be a non-binary constraint and x;, z; € S(c¢) s.t.
R(co)[{zi,z;}] is a bijection. We will prove by contradiction
that replacing ¢, by ¢; ; and ¢, with S(c;) = S(c) \ {xi}
(similarly if we replace ¢; by ¢; ; and ¢ with S(c}/) = S(cr)\
{z;}) preserves equivalence. For this, we suppose that there is
an assignment A = (..., v;, ..., vj,...) which does not violate
any decomposed constraint (obtained after decomposition) but
does not satisfy the original constraint c,. We can express it
as follows:

. A[{(E“(EJ}] € R(Ci’j) and

o A[S(c))] € R(c)) but

e A& R(cy)

So there are two tuples ty,t; € R(cy) s.t.:

o tol{wi, 23] = Al{wi, 2;}] and t0[S(cy)] # A[S(c))]

o tyl{wi 23] # Al{wi, 2;}] and 4[S(cy)] = A[S(c})]
ty[{z;}] must be different to t,[{x;}], otherwise A € R(c,).
In this case, A[{x;}] is compatible with both ¢,[{z;}] (=
Alfa;})) and t[{z;}] G+ Alfa }). Sinee R(eg) {1, } is a
bijection, so it is impossible that a value € D(x;) is compatible
with two different values € D(x;). O

Example 1: The first table shows a decomposable constraint
c¢ because R(ce)[{xi, x;}] is a bijection. The second illustrates
two constraints obtained after decomposing the first one.

R(cy) R(cij) R(c))
z |z | x| @y T ||z am w
a b c d ab acd
a | b c d a' v a cd
a// b// C// d/ a// b// a// c// d/

A. Generalizing bijection to CSPs of arbitrary arity

We now generalize bijection to CSPs of arbitrary arity.
Before that, we must point out that a first attempt was
made in [11] and it represents a simple extension but not a
generalization.

Definition 4 (G-bijection): Given a non-binary constraint

¢, the relation R(cy) satisfies G-bijection (for Generalalized
bijection) if there are two disjoint subsets x; and x; with
S(c) 2 zrUxy st Yoy € R(cp)[Vi], there is a unique
vy € R(cg)[zs] such as (vr,vy) € R(ce). We can also say
the constraint c, satisfies G-bijection.
If S(ce) = =y Uz, we can speak of total presence of
G-bijection in constraint c;, otherwise we speak of partial
presence. We now give the link between partial presence of
G-bijection and decomposability.

Theorem 2: Given a constraint ¢, of arbitrary arity, if there
are three disjoint subsets of variables z;, x; and xx with
S(ce) = zrUzy Uz st ez Uy satisfies G-bijection,
then ¢, can be decomposed into two constraints ¢, and ¢}
(with S(c¢}) = xzy Uzy and S(¢}/) = x; U x k) without losing
equivalence.



Proof: Let Cy be a constraint of arbitrary arity and three
disjoint subsets of variables z7, x; and zx with S(¢;) =
xr Uxy Uzxg st c)ry U ay] satisfies G-bijection. We
will prove by contradiction that replacing ¢, by ¢} and ¢}
(with S(¢)) = zy Uxy and S(¢j) = x5 U xk) preserves
equivalence. For this, we suppose that there is an assignment
A = (vr,vy,vK) which does not violate ¢, neither ¢ but
does not satisfy the original constraint c,. We can express it
as follows:

o Alz;Uzy] € R(c}) and

o Alz;Uzk] € R(c]) but

o A¢ R(cy)
So there are two tuples ty,t, € R(cy) s.t.:

. tg[:L'[ U l‘J] = A[I] UIJ] = (U],’UJ) and tg[x] U IK] =

Alzr Uzk] # (vr,vk)
. tZ[{,UI ULUK} = .A[l‘[ Ul‘[{} = (’U[,UK) and tHCL‘I Ul‘]} =
.A[.’L‘[ Ul‘J] #* (’U[,UJ)

ty[xzs] must be different to t/[x;], otherwise A € R(c).
Similarly for tj[z ] which should be different to t;[zk]. In
this case, A[z;] is compatible with both ¢,[x ;] (= A[zs]) and
tylxg] £ Alzg)). Since R(c;)[zr U zs] is a G-bijection, so
it is impossible that vy (which is A[z;]) is compatible with
ty[x ] and t,[z ;] at the same time. O

Example 2: Given a constraint ¢, and the partition x; =
{zi,zm}, x5 = {zj,zs} and zx = {z4}, the constraint
ce[zr Uz y] satisfies G-bijection and also it is decomposable
into two constraints ¢, and ¢/ with S(c;) = {xi, Tm, z;, T}
and S(c¢}) = {2, Tm, Ti}-

R(ce)
€T Im €5 Ts Tk
a b d | d e
a b c | d e’
a b d | d e’
a | v c | d e’
a// b C// d e/

If we consider the partition x;
{z;, x5, z1}, co satisfies G-bijection.
Based on Example 2, one can suppose that if ¢, satisfies G-
bijection w.r.t. a given partition of variables in its scope x; and
xy then colz; U 2;] and ¢z} U x ] also satisfy G-bijection
(with 7 C z; and z/; C z;). But this is not true because
cel{z;} U ;] does not satisfy G-bijection.

{z;,zn} and z; =

B. A sufficient condition for decomposing into a tree of binary
constraints

A partial presence of G-bijection allows decomposition.
Here, we show that the decomposition is also allowed when
G-bijection is totally present in a constraint ¢, and | 2y |= 1.

Theorem 3: Given a constraint c, of arbitrary arity, if
there are two disjoint subsets of variables x; and x; with
S(ce) = xyUxy and | 21 |= 1, cp[z1Ux 5] satisfies G-bijection,
so ¢y can be decomposed into a tree of binary constraints
connecting the variable in z; to each variable in x; without
loss of equivalence.

Proof: In order to prove that equivalence is preserved after
decomposition, it suffices to show that any assignment A

satisfies R(cp) iff it does not violate any new binary constraint.
(«<=) Suppose, for a contradiction, that there is an assignment
A which does not violate any new constraint (obtained after
decomposing c¢) but does not satisfy the original constraint
c¢. This case is only possible if there are at least

o two tuples t;, ¢/ in R(c,) and

e a variable x; € x5
S.t.:

o til{zi}] = Al{zi}] and Yoy € x5\ {2}, [{zn}] =

Al{zy}] and [{z;}] # Al{z;}]
o t{l{zi}] = Al{z:}] and #/[{z;}] = A[{x;}] and 3z, €
ey \A{z;} [ {a}] # Al{}]
Thus, after decomposing ¢y, A will not violate any new
constraint whereas initially it does not satisfy the original
constraint cy.

This case cannot exist because by definition of bijection,
each value in D(x;) must be compatible with only one v; in
R(cg)[xs]. This provides the contradiction we were looking
for.

(=) It is clear that if an assignment .4 is consistent for
R(cy) then so is for the new binary constraints obtained after
decomposition. In fact, each value in v; may be compatible
with more than one value v; in D(x;), but v; is compatible
with exactly one value of each variable in x ;. Thus the set
of all compatible values with a value v; in D(z;) constitute a
unique v in R(c¢y)[x,]. O

If we consider ; = {x;} and z; = {z;,2m,x}, the
constraint of Example 1 satisfies the condition of the previ-
ous theorem and can also be decomposed into three binary
constraints Ci,j» Ciom and Ci k-

C. A sufficient condition for decomposing into a chain of
binary constraints

Partial or total presence of (G-)bijection is a sufficient
condition to a given constraint to be decomposable. Here we
will add a weaker condition to ensure the decomposition of
non-binary constraint into a chain of binary ones. Firstly we
start by the following definition:

Definition 5 (BCC): Given a non-binary constraint ¢y, a bi-
nary constraint chain of ¢,, denoted BCC(cy), is a set of binary
constraints ¢; ;41 with 1 <4 < ap and z;, 2,41 € S(cy).

It is clear that binary constraint chain of a given constraint ¢y is
not one-off. For each variable ordering, we obtain a new BCC.
For Example 2, {c1,2,¢2,3,¢3,4, a5} is a possible BCC(cy).

Proposition 1: Given a constraint ¢, of arbitrary arity, if
for all three disjoint subsets of variables x;, x; and xx with
S(ce) = xrUzy Uk, e[z U] satisfies G-bijection, so ¢,
can be decomposed into BCC(c,) without loss of equivalence.
Proof: Let ¢, be a constraint of arbitrary arity s.t. for all three
disjoint subsets of variables x;, x; and zx with S(c/) =
xrUz Uz, colar Uxy| satisfies G-bijection. We will prove
by contradiction that replacing ¢, by one of its BCC preserves
equivalence. For this, we suppose that there is an assignment
A which does not violate any binary constraint in BCC(cy)
but does not satisfy the original constraint c,. We can express
it as follows:



o Vi with 1 <4 < ay, A[{x;,z;41}] € R(c;41) but

e A& R(cy)

So, there is at least a value v; € A which is not compatible
with v; € A (we indicate that j is equal to either i —1 or ¢ 41
). We necessarily have two tuples ¢,,t, € R(c;) s.t. neither ¢,
or tj is equal to A, i.e.:

o Vo € S(e)\ {2} tel{wm)] = Al{wn}] and tel{z;}] #
Alfee; )], with to[{z;}] = ]
o pl{zi}] = A[{wi}] and 3wj,x, € S(e) \ {zi} |
tl{z;}] = Al{z;}] and t)[{zx}] # Al{wi}]
This implies that (v;,v;) and (v;,v}) € R(ce). In this case,
if we denote x5 = z;, x5 = x; and zx = S(ce) \ {xi, 2,1},
c¢ does not satisfy G-bijection whatever x, x; and xj which
contradicts our assumption. O
Example 3: Consider the ternary constraint ¢, which satis-
fies G-bijection whatever x; and z ;.

R(ce) R(cij) | R(cjn)
€T, Xj Tl ZTi Tj Tj Tk
a |V | abt/ b
a// b c// a// b b c//
a/ b// c a/ b// b// c

D. Link with general multivalued dependency (GMvD)

Let’s establish the link with general multivalued depen-
dency' [12].

Proposition 2: Considering a constraint ¢, of arbitrary arity

and three disjoint subsets of variables x;, x; and xx with
S(ce) = zrUx Uz, if co[zr U] satisfies G-bijection then
¢y satisfies GMvD.
Proof: Suppose for a given constraint ¢, and three disjoint
subsets x7, x; and xx with S(¢;) = Uz Uz and o[z U
x 7] satisfies G-bijection but ¢, does not satisfy GMvD. There
are vy € R(ce), vr,v; € R(ce) and vpe,vj € R(ce) sit.

e (vr,v7,vK) € R(ce)
o (v, v, v)) € R(cp)
o (vr,v7,V%) ¢ R(ce)
o (vr,v,vK) ¢ R(ce)
We supposed that ¢g[x; Uz ;] satisfies G-bijection, so there is a
unique value vy € R(cy)[xs] such as (vr,vy) € R(ce)[xUz ]
which is not actually the case. O
The converse is false by means of example 4.
Example 4: Consider the ternary constraint ¢, which satis-
fies MvD (x; — x;, 2 and x} — x4, x;) but is not a bijection.

'Given a constraint ¢, of arbitrary arity, we say that c, satisfies general
multivalued dependency (GMvD) if there are three disjoint subsets x7, x 7 and
zg with S(cp) = zrUz jUz K s.t. Yo € R(ce)[xg], Vo, v’ € R(cp)[z ]
and Yug, vy € R(cp)[zk] if

o (vr,v5,vK) € R(cp)

4 (vlzvfjv U/}() S R(CZ)

Then,

e (vr,v},vK) € R(ce) and

o (vr,v7,v%) € R(cp)

In this case, we denote x; — xj,T k.

R(cy)
x| T | T
a b c
a |V |
a | b | c
a | b |
a |V | ¢

IV. DECOMPOSITION BASED ON ABSENCE OF DUAL
BROKEN TRIANGLE

We now turn to the second tractable class namely DBTP
[5] which represents an extension of BTP to CSPs of arbitrary
arity. We will begin with the following notation:

Notation 4: Given a constraint ¢, of arbitrary arity, we
denote by Inst(c,) = (X', D’,C") a binary sub-CSP with:

o X' ={x; € S(ch)}

« D' = {D(l’l) | x; € X/}

e O = Aay |

R(ce)[{wi, x5}
We also denote by Inst(zr,xy,2x) = (X",D"”,C") a sub-
CSP with:

o« X'={x; ex;Ux; Uz}

e D" ={D(x;) | z; € X"}

o C" ={er,cyand cx | VS = I,J or K, S(cs) = zs

and R(Cs) = R(C@)[l‘s]}

In practice, if we have to check whether a tuple ¢ € R(c; ;),
we do not have to translate ¢, into Inst(c), but we can
directly use co[{z;, z;}].

Theorem 4: Considering a constraint ¢, of arbitrary arity, if

Inst(c;) does not contain any DBT, then ¢, can be replaced
with binary constraints in Inst(ce) without loss of equiva-
lence.
Proof: Let ¢, be a constraint of arbitrary arity s.t. Inst(cy)
does not contain any DBT. We will prove by contradic-
tion that replacing ¢, by Inst(cs) preserves equivalence.
Obviously, we suppose that there is an assignment A =
(e Viy ooy Vg, .o, Uk, -..) Which does not violate any binary con-
straint in Inst(c,) but does not satisfy the original constraint
ce. We can express it as follows:

o Vo, x; € S(cr), A[{zs,z;}] € R(c; ;) but

. ./4 ¢ R(C[)

So, there is at least a value v; € A which is not compatible
with v; € A. We necessarily have two tuples ty,t;, € R(cy)
s.t. neither ¢, or tz is equal to A, i.e.:

o Vo, € S(co)\{x;} tel[{zm}] = Al{zm}] and t,[{z;}] #
Al{z;}], with to[{z;}] = v/

J

Ly Tj

€ S(c) and R(ci;) =

o t)i{zi}] = Al{z:}] and Jzj,z € S(er) \ {zi} |
tl{z;}] = Al{z;}] and [{zx}] # A[{zx}] with
tel{zr}] = vy,

In this way, the four couples (v;, %), (vi,v},), (v}, vx) and
(vj,v;,) form a DBT on c¢; ;. But we supposed that there is
no DBT in Inst(c,). O

Going back to Example 4, Inst(cy) contains many DBT
(e.g. ((a,b"),(a,c),(b,c),(a’,b))) so ¢, is not decomposable.



The previous theorem can also be applied to decompose a
non-binary constraint into three constraints of arity less than
that of original one.

Corollary 1: Considering a constraint ¢, of arbitrary arity, if
there are three disjoint subsets of variables z;, ;7 and xx with
S(ce) = xrUzyUxk and Inst(zy, x5, xx) does not contain
any DBT, then ¢, can be decomposed into three constraints
celrr U xgl, colzr Uxk] and ¢o[ry U x| without loss of
equivalence.

A. Link with general interdependency (GID)

We now establish the link with a previous works, namely
general interdependency? [12].

Proposition 3: Considering a constraint ¢, of arbitrary arity

and three disjoint subsets of variables x;, x; and zx with
S(ce) =xrUzy Uk, if Inst(xy, x5, xx) does not contain
any DBT then ¢, satisfies GID.
Proof: Suppose for a given constraint ¢, and three disjoint
subsets 7, x; and xx with S(Cp) = z; Uxy; U xk and
Inst(xy,xy,xK) does not contain any DBT but ¢, does not
satisfy GID. There are v;,v; € R(c), vs,v; € R(cg) and
Vi,V € R(cy) sit.

o (vr,v7,vK) € R(cp)

o (vr,v7,0%) € R(cp)

o (V,v5,0%) € R(ce)

We supposed that Inst(xy,z;,2x) does not contain
any DBT, so ¢, is decomposable into three constraints
Cg[l’] U JUJ}, Cg[l’] U JUK] and Cg[.fj U JL‘K] without loss
of equivalence. In this case, we have many DBT like
((vg,vK), (vr,vy), (1, V%), (v}, V%)), which contradicts our
assumption. O

The natural question arises: is the converse assertion true
as well? By means of example 5, we can answer no because
the contraint ¢, satisfies GID but Inst(c;) contains a DBT
((b,c), (a,b), (a,c), (¥, c)) on cjk.

Example 5: Consider the ternary constraint ¢, which satis-
fies GID but Inst(cy) contains a DBT.

R(ce)
xX; €5 Tk
a b c
a | b |
a// b/

V. CONCLUSION AND PERSPECTIVES

It is a classical fact that instances of CSP can be converted
in polytime to equivalent binary ones. There are several such
reductions: dual encoding, hidden variable transformation and

2Given a constraint ¢, of arbitrary arity, we say that c, satisfies general
interdependency (GID) if there are three disjoint subsets xy, z ;j and x i with
S(ce) = xr Uz g Uzk and if Yoy € R(ce)[x1],Vv,v’; € R(ce)[s] and
Yok, vl € R(ce)[zk] st

o (vr,vy,vK) € R(cp)

o (vr,v,vg) € R(ce)
then, there is no v} € R(c¢)[zg] s.t.

o (V] ,vf],v/K) € R(cy) or

d (ij v, UK) S R(cf)

double encoding. A second way is to convert each non-binary
constraint into a clique of binary ones, but unfortunately it
does not preserve equivalence.

In this paper, we proposed to replace non-binary constraints
by conjunctions of binary projections of the original constraint.
We provided some conditions based on properties of tractable
classes which ensure that translation of non-binary constraint
into binary ones preserves equivalence. The first proof of
decomposability relies on the presence of bijection while the
second is based on the absence of DBT.

There are many directions to continue this work. First,
it would be interesting to validate this study through an
experimental trials. The second, it would be desirable to extend
our theoretical results to other tractable properties. In other
words, we have to check if other tractable properties could
be used to check the decomposability of constraints or more
generally to check its applicability in other subdomain in CP.
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