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Abstra
t. The problem of radio frequen
y assignment is to provide 
ommuni
ation 
hannels

from limited spe
tral resour
es whilst keeping to a minimum the interferen
e su�ered by those

whishing to 
ommuni
ate in a given radio 
ommuni
ation network. This problem is a 
ombinato-

rial (NP-hard) optimization problem. In 1993, the CELAR (the Fren
h \Centre d'Ele
tronique de

l'Armement") built a suite of simpli�ed versions of Radio Link Frequen
y Assignment Problems

(RLFAP) starting from data on a real network [16℄. Initially designed for assessing the perfor-

man
es of several Constraint Logi
 Programming languages, these ben
hmarks have been made

available to the publi
 in the framework of the European EUCLID proje
t CALMA (Combinatorial

Algorithms for Military Appli
ations).

These problems should look very attra
tive to the CSP 
ommunity: the problem is simple to

represent, all 
onstraints are binary and involve �nite domain variables. They nevertheless have

some of the 
avors of real problems (in
luding large size and several optimization 
riteria). This

paper gives essential fa
ts about the CELAR instan
es and also introdu
es the GRAPH instan
es

whi
h were generated during the CALMA proje
t.

Keywords: Ben
hmarks, radio link frequen
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onstraint satisfa
tion, optimization

1. Des
ription of the problem

1.1. An informal des
ription

When radio 
ommuni
ation links are assigned the same or 
losely related frequen-


ies, there is a potential for interferen
e. Consider a radio 
ommuni
ation network,

de�ned by a set of radio links. The radio link frequen
y assignment problem is

to assign, from limited spe
tral resour
es, a frequen
y to ea
h of these links in

su
h a way that all the links may operate together without noti
eable interferen
e.

Moreover, the assignment has to 
omply to 
ertain regulations and physi
al 
on-

straints of the transmitters. Among all su
h assignments, one will naturally prefer

those whi
h make good use of the available spe
trum, trying to save the spe
tral
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resour
es for a later extension of the network. Furthermore, when several bands

are available, and for various reasons (for example radio wave propagation, ease of

deployment et
.), the lower bands are usually most favored and one should try to

assign frequen
ies preferably from the lower bands.

In most 
ases, the number of available frequen
ies (the spe
tral resour
e) is mu
h

smaller than the number of frequen
ies that have to be assigned. In the CELAR

problems, a maximum of 48 frequen
ies are available while the largest problem

requires the assignment of 916 frequen
ies.

Finally, the problem 
an o

ur in two forms: it may be a �rst or bulk assignment

problem, where all transmitter and frequen
ies are assigned for the �rst time. Or it

may be an updating assignment problem, where a set of new transmitters have to be

assigned frequen
ies against a ba
kground of existing transmitters, with previously

assigned frequen
ies. In this 
ase, one should try, as mu
h as possible, to avoid the

modi�
ation of the ba
kground situation. So, in the most 
omplex 
ases, a good

assignment should avoid interferen
e as mu
h as possible, spare resour
es by using

as few frequen
ies as possible, try to use only low frequen
ies and it should also

avoid modifying an existing assignment.

A

ording to the type of the 
ommuni
ation network (e.g. mobile telephone, radio

relays, air-ground-air 
ommuni
ation et
.), the pre
ise de�nitions of the problem

may vary. In the sequel, we formally des
ribe the radio link frequen
y assignment

problem as de�ned by the CELAR and whi
h also form the basis of the GRAPH

instan
es whi
h were later generated.

1.2. Formal de�nition of the CELAR problems

We are given a set X of unidire
tional radio links. For ea
h link i 2 X , a frequen
y

f

i

has to be 
hosen from a �nite set D

i

of frequen
ies available for the transmitter

whi
h yield unary 
onstraints of type

f

i

2 D

i

(1)

Depending on the type of the problem (bulk or updating problem), some links

may already have a pre-assigned frequen
y whi
h de�ne unary 
onstraints of the

type

f

i

= p

i

(2)

Binary 
onstraints are de�ned on pairs of links fi; jg. These 
onstraints may be

either of type

jf

i

� f

j

j > d

ij

(3)

or of type

jf

i

� f

j

j = Æ

ij

(4)

In the �rst 
ase (equation 3), the two links i and j may interfere together. One

usually distinguishes among two types of interferen
e: 
o-site interferen
e when a
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transmitter and a re
eiver are at the same lo
ation (or 
lose together) and far-

site interferen
e, whi
h o

urs between equipment separated by some distan
e. In

the 
ase of the CELAR data, this distin
tion is useless be
ause the same type

of 
onstraints is used to model both types of interferen
es

1

. d

ij

is the minimum

distan
e whi
h must separate the two frequen
ies.

In the se
ond 
ase (equation 4), the two links i and j de�ne a duplex link, one

link being used for the 
ommuni
ation from a site A to B while the other is used to


ommuni
ate from B to A. The distan
e Æ

ij

is de�ned by te
hnologi
al 
onstraints

on transmitters. In the CELAR data, all links de�ne duplex links using link 2i� 1

and 2i and the value of Æ

2i�1;2i

is independent from i (and equal to 238).

Depending on the instan
e 
onsidered, some of the 
onstraints may a
tually be

soft 
onstraints whi
h may be violated at some 
ost. A mobility 
ost m

i

is de�ned

for 
hanging pre-assigned values, de�ned by 
onstraints of type 2 and an interferen
e


ost 


i

is de�ned for violation of soft 
onstraints of type 3. Constraints of type 1

and 4 are always hard. The 
omplete set of 
onstraints C is therefore partitioned

in a set H of hard 
onstraints and a set S of soft 
onstraints.

As sket
hed before, the 
riteria are numerous. Of �rst importan
e is the satisfa
-

tion of the interferen
e and pre-assignment 
onstraints. When an assignment exists

that satis�es all 
onstraints (hard and soft), se
ondary 
riteria 
an be 
onsidered:

one is usually interested in minimizing the largest frequen
y used and also in using

as few frequen
ies as possible in order to spare them for future updating problems.

So, several problems 
an be de�ned:

� Feasibility (FEAS): the problem is to �nd an assignment of frequen
ies to ea
h

link su
h that all 
onstraints in C (i.e., hard and soft 
onstraints) are satis-

�ed. The problem is not an aim in itself, just a preliminary problem before


onsidering se
ondary 
riteria. Obviously, the feasibility version of the RLFAP

is already NP-
omplete sin
e by 
onstraints of type 1 and 3, it is possible to

express the k-
oloring problem.

� Minimum span (SPAN): if all the 
onstraints in C 
an be satis�ed together, one


an try to minimize the largest frequen
y used in the assignment. In essen
e,

the SPAN problem should not be mu
h harder than the FEAS problem: it 
an

be redu
ed to a short sequen
e of FEAS problems using di
hotomi
 sear
h (and


an simply be 
ast as a Possibilisti
/Fuzzy CSP by adding soft unary 
onstraints

on the domain values).

� Minimum 
ardinality (CARD): if all the 
onstraints in C 
an be satis�ed to-

gether, one 
an try to minimize the number of di�erent frequen
ies used in the

assignment. The CARD problem appears to be more diÆ
ult than the SPAN

problem: it is not obvious how to redu
e it to a short number of FEAS prob-

lems or how to 
ast the global optimization 
riterion in one of the soft CSP

frameworks [17, 3℄ using only small arity soft 
onstraints.

� Maximum Feasibility (MAX): if all the 
onstraints in C 
annot be satis�ed

simultaneously, one should try to �nd an assignment that satis�es all 
onstraints

in H and that minimizes the sum of all the violation 
osts (interferen
e 
ost or
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mobility 
ost) for 
onstraints in S. This is a really 
hallenging problem, whi
h


an naturally be 
ast as a Partial CSP [8℄.

1.3. The GRAPH generator

The GRAPH generator (Generating Radio link frequen
y Assignment Problems

Heuristi
ally, see [20℄ was developed at Delft University of Te
hnology during the

CALMA proje
t. Its initial purpose was to provide small RLFAP instan
es that

are similar in stru
ture and hardness to the CELAR test problems. The following

guidelines were used for developing GRAPH:

� The same frequen
y domains as in the CELAR problems are used.

� The ratio of number of links and number of interferen
e 
onstraints is approxi-

mately the same as for the CELAR problems.

� The stru
ture of the instan
es 
on
erning 
onstraints of type 4 is the same as

that of the CELAR problems.

� The use of redundant information in the 
onstraints is avoided.

Roughly speaking, GRAPH generates RLFAPs by 
reating an undire
ted graph

G = (V;E) 
ontaining mutually 
onne
ted 
liques of a 
ertain size. In this graph,

nodes 
orrespond to 
ommuni
ation links (so V � X) and an edge 
onne
ting two

nodes i and j represents an interferen
e 
onstraint 
on
erning the 
orresponding


ommuni
ation links. Subsequently, a frequen
y f

i

is assigned to ea
h node i of

the graph, and required frequen
y distan
es d

ij

are assigned to its edges obviously

su
h that jf

i

� f

j

j > d

ij

. In the �nal stage of generation some edges are removed

from the graph randomly.

GRAPH is 
apable of generating problems of ea
h type mentioned in the previous

subse
tion. On generation, GRAPH delivers a solution to the generated instan
e.

For problems of type FEAS a feasible assignment is given, while for problems of

type CARD and SPAN an optimal assignment is generated. To obtain instan
es

that are 
onje
tured to be more diÆ
ult, GRAPH provides the option to further

randomize the interferen
e 
onstraints. The solution generated by GRAPH then

is no longer guaranteed to be optimal. Finally, when generating problems of type

MAX, GRAPH provides an upper bounding assignment.

The author of GRAPH 
onje
tures [20℄, based on some preliminary 
omputational

results, that the instan
es generated by GRAPH are in general slightly harder than

the CELAR instan
es. Sin
e until now only few 
omputational results on the

GRAPH instan
es are known, no more de�nitive statements about the relative

hardness of CELAR and GRAPH instan
es 
an be made yet.

2. Instan
es and results

All the RLFAP instan
es de�ned in this paper share the same �le syntax des
ribed

in the next se
tion. All the instan
es 
an be downloaded from the following URL:
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1. ftp://ftp.
s.unh.edu/pub/
sp/ar
hive/
ode/ben
hmarks/FullRLFAP.tgz

2. ftp://ftp.
ert.fr/pub/lemaitre/FullRLFAP.tgz

For CELAR instan
es, most of the information found in this se
tion 
an be found

in the �le 
elar.blurb provided with the instan
es and whi
h was 
onstantly

updated when new results were 
ommuni
ated to T. S
hiex

2

.

2.1. Syntax of the data �les

Ea
h instan
e is des
ribed by four �les that should reside in the same dire
tory.

File 'dom.txt'

This �le des
ribes the domains that are initially allowed for the variables of the

problem. Ea
h line des
ribes one domain. The �rst domain is a dummy domain

whi
h results from the union of all the other domains and whi
h is not a
tually

used by any variable.

Ea
h domain is des
ribed using �xed width �elds.

Field 1 Domain number

Field 2 Domain 
ardinality

Field 3..n Values in the domain

The domain number is used in the 'var.txt' �le.

File 'var.txt'

Ea
h line des
ribes a variable using �xed width �elds. Fields 3 and 4 are not

always present.

Field 1 Variable number

Field 2 Domain number (see dom.txt)

Field 3 Initial value (variable is assigned, optional)

Field 4 Mobility (index of 
ost of modi�
ation, optional)

Variable numbers are used as identi�ers and are not ne
essarily 
onse
utive. The

mobility may be 0,1,2,3 or 4. 0 means that the value of the variable is already

assigned and may not be modi�ed. 1 to 4 means that an initial value is assigned

to the variable and may be modi�ed with a de
reasing 
ost of modi�
ation (see


st.txt). Fields 3 and 4 are optional.

File '
tr.txt'

Ea
h line de�nes one binary 
onstraint. A 
onstraint is de�ned by the following

�elds:

Field 1 Number of the �rst variable

Field 2 Number of the se
ond variable

Field 3 Type of the 
onstraints (see below)

Field 4 Operator to use (see below)

Field 5 Deviation (see below)

Field 6 Weight Index (optional, see below)
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Fields 1 and 2 use the variable number in �le 'var.txt'. Field 3 may take value

D, C, F,P or L. It is useless and refers to the original meaning of the 
onstraint.

Fields 4 and 5 de�ne the 
onstraint. Field 4 is the relational operator that should

be used to 
ompare the absolute value of the di�eren
e of the two variables to the

integer given in �eld 5 (
alled the deviation). It 
an be either \>" or \=". The

semanti
s of the 
onstraint is therefore:

jField1� Field2j Field4 Field5

Field 6 is optional and is used when 
onstraint violation is allowed. It may go

from 0 to 4. 0 if the 
onstraint must be mandatory met, 1 to 4 otherwise with a

de
reasing weight in the optimization 
riterion. If the Weight Index is missing, 0

is assumed. Constraints with a non null Weight Index are said to be \soft".

File '
st.txt'

The �le de�nes the 
riterion to optimize on this instan
e in natural language.

When appli
able (i.e., MAX is 
onsidered), it also 
ontains the four interferen
e


osts (noted a

1

; : : : ; a

4

) and the four mobility 
osts (noted b

1

; : : : ; b

4

) that should

be used for 
onstraints with a non zero Weight or Mobility Index.

2.2. The CELAR instan
es

The table 1 
on
isely summarizes the properties of the eleven CELAR instan
es.

The table gives, in order, the number of links, the number of 
onstraints, the


onstraint graph density, whether the set of 
onstraints C de�nes a feasible problem,

whether enfor
ing ar
-
onsisten
y [14℄ on the set C dete
ts infeasibility by wipe-out

(WO), does nothing (AC) or simply deletes some values (number of values deleted),

the 
riterion 
onsidered on the instan
e, the value of the best solution found and

whether a proof of optimality has been built for this solution (if a number is given,

then it is the best lower bound available).

Initially, ea
h CELAR instan
e has been de�ned with one 
orresponding 
riterion.

It is either SPAN or CARD if the instan
e is feasible or MAX otherwise. We

suggest, in order to de�ne more problems (and essentially open problems) that

feasible instan
es be also ta
kled with the other se
ondary 
riterion. These \new"

instan
es will be numbered 01b, 02b, 03b, 04b, 11b (SPAN 
riterion) and 05b

(CARD 
riterion). No result is reported on these new problems.

Within the CALMA proje
t, several te
hniques, mainly from OR, have been ap-

plied; see for a 
on
ise overview [19℄ and for more detailed information the CALMA

reports. These te
hniques in
lude

� Bran
h and Cut,

� Constraint satisfa
tion,

� Lo
al sear
h, in
luding tabu sear
h and simulated annealing,

� Geneti
 algorithms,

� Potential redu
tion.
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Table 1. The CELAR instan
es

Inst. # of # of Graph Feas. AC Enf. Crit. Best Opt.

# Var. Con. Dens. result found proof

01 916 5 548 0.0132 Yes AC CARD 16 Yes

02 200 1 235 0.0620 Yes AC CARD 14 Yes

03 400 2 760 0.0345 Yes AC CARD 14 Yes

04 680 3 967 0.0171 Yes 13 868 CARD 46 Yes

05 400 2 598 0.0325 Yes 12 046 SPAN 792 Yes

06 200 1 322 0.0664 No WO MAX 3 389 Yes

07 400 2 866 0.0359 No WO MAX 343 592 No

08 916 5 745 0.0137 No WO MAX 262 No

09 680 4 103 0.0177 No WO MAX 15 571 14 875

10 680 4 103 0.0177 No WO MAX 31 516 31 204

11 680 4 103 0.0177 Yes AC CARD 22 Yes

Most of these te
hniques proved to be eÆ
ient for problems of type FEAS, SPAN

and also CARD. Problems of type MAX turned out to be more diÆ
ult. Several

of the above mentioned te
hniques were 
apable of �nding good quality solutions

to these instan
es as well, but proving optimality appears to be 
onsiderably more

time-
onsuming.

Outside of the proje
t, the CELAR ben
hmarks have mainly been used in the

CSP/CLP 
ommunity for assessing the performan
e of ar
-
onsisten
y enfor
ing

algorithms [18℄, for satisfa
tion (feasibility) algorithms [1℄ or for the 
omputation

of lower bounds in 
onstraint optimization problems [6℄. It should be said that, as

long as ar
-
onsisten
y enfor
ing is performed as a preliminary step, all CELAR

instan
es (ex
ept instan
e 11) de�ne a trivial satisfa
tion problem whi
h 
an be

solved in a matter of se
onds by a simple naive ba
ktra
k algorithm (without any


onstraint propagation during ba
ktra
k). Only instan
e 11 
an be 
onsidered as a

de
ent ben
hmark for FEAS

3

.

2.3. The GRAPH instan
es

Table 2 summarizes the properties of the fourteen GRAPH instan
es. Most of the


olumns have been de�ned in se
tion 2.2 for the CELAR instan
es. However, and

be
ause the GRAPH generator produ
es both an instan
e and a solution for the

instan
e, we also report, in the last two 
olumns, the value of the solution built

by the generator and whether this solution was known to be optimal at generation

(for non randomized CARD/SPAN instan
es). For MAX problems, the mobility

and interferen
e 
osts used are always f1000; 100; 10; 1g. It may be noted that until

now, there has been 
onsiderably less work done on the GRAPH instan
es than on

the CELAR instan
es.

As for CELAR instan
es, ea
h GRAPH instan
e has been de�ned with one 
or-

responding 
riterion. We suggest feasible instan
es be also ta
kled with the other



8 B. CABON, S. DE GIVRY, L. LOBJOIS, T. SCHIEX AND J.P. WARNERS

se
ondary 
riterion. These \new" instan
es will be 
alled 01b, 02b, 08b, 09b, 14b

(SPAN 
riterion) and 03b, 04b, 10b (CARD 
riterion). No result is reported on

these new problems.

Table 2. The GRAPH instan
es

Inst. # of # of Graph Feas. AC Enf. Crit. Best Opt. Gen. Known

# Var. Con. Dens. result found proof value opt.

01 200 1 134 0.0570 Yes AC CARD 18 Yes 46 No

02 400 2 245 0.0281 Yes AC CARD 14 Yes 14 Yes

03 200 1 134 0.0570 Yes 340 SPAN 380 Yes 380 Yes

04 400 2 244 0.0281 Yes 776 SPAN 394 Yes 394 Yes

05 200 1 134 0.0567 No WO MAX 221 No 221 No

06 400 2 170 0.0272 No WO MAX 4 115 No 4 223 No

07 400 2 170 0.0272 No WO MAX 4 324 No 4 413 No

08 680 3 757 0.0163 Yes AC CARD 18 No 48 No

09 916 5 246 0.0125 Yes AC CARD 18 Yes 18 Yes

10 680 3 907 0.0169 Yes 386 SPAN 394 Yes 394 Yes

11 680 3 757 0.0163 No WO MAX 3 080 No 5 786 No

12 680 4 017 0.0174 No WO MAX 11 827 No 12 894 No

13 916 5 273 0.0126 No WO MAX 10 110 No 14 144 No

14 916 4 638 0.0111 Yes AC CARD 10 No

4

8 Yes

The GRAPH instan
es have been used in the CALMA proje
t as `surprise in-

stan
es'; the parti
ipants in the proje
t were asked to report on their results on

these instan
es within one week after re
eiving them. The best solutions found are

reported in [19, 11, 12, 22℄.

2.4. CELAR sub-instan
es

While all CARD, SPAN and FEAS CELAR instan
es have already been solved to

optimality, most MAX CELAR instan
es still remain unsolved. In the pro
ess of


onstru
ting lower bounds for CELAR number 6 instan
e, a set of small but hard

sub-instan
es of CELAR 6 have been extra
ted [6℄. These instan
es are ideal for

ben
hmarking, being in the rea
h of 
urrent algorithms and yet reasonably hard to

solve. Ea
h sub-instan
e is simply de�ned by a strongly 
onne
ted subgraph of the

initial problem 
onstraint graph

5

.

In order to respe
t the stru
tural properties of the target problem, the sub-

instan
es extra
tion pro
ess 
an be formulated as a graph partitioning problem.

Given a set X of variables, we try to separate X into K nearly equal sized dis-

joint subsets by removing some 
onstraints between subsets while minimizing the

total weight of removed 
onstraints. This problem 
an be easily formulated as an

optimization problem by de�ning an appropriate 
riterion whose minimum value


orresponds to the optimal partition [15, 7℄. Although �nding an optimal solu-

tion to a graph partitioning problem is NP-
omplete, heuristi
 methods su
h as
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sto
hasti
 or lo
al sear
h methods generally yield good approximate solutions in a

reasonable time.

We have sele
ted in table 3 some properties of �ve sub-instan
es of the CELAR

instan
e 6 obtained with this extra
tion pro
ess using simulated annealing [9, 7, 5℄.

With the ex
eption of CELAR6-SUB0, ea
h CELAR6-SUB

i

is a sub-instan
e of

CELAR6-SUB

i+1

and is therefore presumably simpler to solve.

Table 3. The 6 CELAR sub-instan
es

Instan
e # of # of Graph Optimal

Var. Con. Dens. Cost

CELAR6-SUB0 32 223 0.4697 159

CELAR6-SUB1 28 314 0.8306 2669

CELAR6-SUB2 32 369 0.7439 2746

CELAR6-SUB3 36 439 0.6968 3079

CELAR6-SUB4 44 499 0.5274 3230

CELAR6 200 1322 0.0664 3389

By 
ombining the optimal 
osts of the disjoint CELAR6-SUB0 and CELAR6-

SUB4 sub-instan
es, one may obtain a lower bound on the CELAR instan
e 6

optimal 
ost whi
h, surprisingly, equals the best solution found so far [11℄, and

thus proves its optimality.

3. Hints and Tri
ks

The Radio Frequen
y Assignment problem is not new and several existing results


an be used. First, several lower bounds have been de�ned that 
an be used to solve

the SPAN and CARD problems. The most famous result uses generalized version

of the 
hromati
 number of the 
onstraint graph as a lower bound for CARD [13, 4℄.

It has been further re�ned in the framework of the CALMA proje
t [10℄ to take

into a

ount the spe
i�
ities of the CELAR instan
es (and the spe
i�
 intera
tion

between the 
onstraints of type 4 and 1). The lower bound 
omputation de�nes an

NP-hard problem, but it is nevertheless useful be
ause the problem it de�nes is in

pra
ti
e mu
h simpler than the original CARD problem.

In the CELAR instan
es, the spe
i�
 intera
tion between the 
onstraints of type 4

and 1 
an be exploited to a
tually divide the number of variables in ea
h instan
e

by 2. The 
onstraints jx

2i�1

� x

2i

j = 238 that 
onne
t the two links f2i� 1; 2ig,

that form a duplex link are, be
ause of the nature of the domain of the variables,

a
tually bije
tive and one 
an simply merge the two variables in one

6

. This applies

for all CELAR instan
es, and so for all GRAPH instan
es as well. As a side e�e
t

of this simpli�
ation problems, some pairs of variables may be 
onne
ted by more

than one 
onstraint

7

.
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4. What and where to report

Just any result using the CELAR or GRAPH instan
es 
an be reported to T. S
hiex

8

.

Naturally, we are most interested in improved results (better solutions, better lower

bounds, proof of optimality) and referen
es to the te
hni
s used. But we are also

ready to 
olle
t any referen
e that uses the RLFAP instan
es. These results and

referen
es will be made available to the publi
 on the following URL http://www-

bia.inra.fr/T/s
hiex/CELAR.html.

Among the 25 original problems presented here, there is probably more opportu-

nity for improvement among the GRAPH problems, whi
h have been the obje
t of

mu
h less work. To these 25 problems, one 
an add 14 new problems, de�ned by

applying the alternate se
ondary 
riterion to existing feasible instan
es. These 14

problems are 
ompletely open, the SPAN being probably the easiest ones.
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Notes

1. In some other 
ases, several transmitters in the 
o-site situation may generate \intermodula-

tion produ
ts". In order to avoid interferen
es, no transmitter should use a frequen
y whi
h


orresponds to an intermodulation produ
t of other frequen
ies used at this site. This yields

additional non binary 
onstraints.

2. People should be aware that there are several versions of this �le, sometimes outdated. Pay

attention to the fa
t that the older versions were ambiguous on how some mobility 
osts were

to be interpreted. The last version should always be available at the USA site.

3. However, it 
an simply be solved using a forward-
he
king algorithm. A good variable ordering

su
h as domain/degree, later popularized in [2℄, was 
ru
ial however.

4. The best solution found with optimization algorithms uses 10 frequen
ies, however, as indi
ated

in the table, the GRAPH generator gave a solution that uses 8 frequen
ies when it generated

the instan
e. Therefore this solution is known to be suboptimal.

5. When two sub-instan
es involve disjoint subsets of 
onstraints, the sum of their optimal 
osts

is still a lower bound of the target problem.

6. This 
an be observed using the union of all possible domains, that 
ontains 48 values: for

any frequen
y f 
hosen in the domain, there is only one value f

0

in the domain that satis�es

jf � f

0

j = 238.

7. For the best results, these multiple edges should not be propagated independently in ar
-


onsisten
y enfor
ing algorithms.

8. Either use e-mail to ts
hiex�toulouse.inra.fr or mail to the CSP mailing list at 
sp�www-

bia.inra.fr.
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