FAPP ˘ ROADEF Challenge 2001

Page 1 / 17

FAPP ˘ Frequency Assignment Problemwith

Polarization.

ROADEF CHALLENGE 2001 1

October 2000 ˘ Revision 2 ˘ 13/10/00

Thierry DEFAIX ˘ DGA/DCE/ETC5/ CELAR/TCOM 2

Summary:

The ever-increasing demand for communication, coupled with the limit of spectra available, have made frequency assignment more and more difficult to accomplish effectively. Optimization of this process has therefore become a preoccupation for both civil and military network administration and deployment.

One role of the CELAR, a technical center of Délégation Générale pour l´Armement (DGA), is to study new methods to optimize the use of the available spectra for the French army. The subj ect proposed here concerns, in particular, frequency allocation in Hertzian telecommunication networks.

This problem, studied within the project CALMA (Combinatorial ALgorithms for Military

Applications) from1993-95 was further enriched to take into account polarization, and the relaxation of certain electromagnetic compatibility constraints.

1 THE PROBLEM E ................................ ................................ ................................ ................................ ........ 2

1.1 `P

HYSICAL ´ DESCR IPTION ................................ ................................ ................................ ........................ 2

1.2 M

ATHEMATIC ALFORMULATION ................................ ................................ ................................ .............. 3

2 FILE FORM ATS ................................ ................................ ................................ ................................ .......... 5

2.1 I

NPUT FILE ................................ ................................ ................................ ................................ ................ 5

2.2 O

UTPUT FILE ................................ ................................ ................................ ................................ ............ 9

3 EXAM PLES ................................ ................................ ................................ ................................ ................ 11

3.1 E

XAMPLE 1 ˘

UNIQUE DOMAIN FREQUENCY WITHOUT C LASS 1 CONSTRAINTS ................................ ...... 11

3.2 E

XAMPLE 2 -

COMPLETE ................................ ................................ ................................ ........................ 13

1 principal URL (ROADE F) : http:// www.prism. uvsq.fr/~vdc/ROADEF/CALLENGE S/2001/ secondar yURL (ENST A) : http://www.ensta.fr/~diam/roadef2001_fapp

2 CELAR/T COM ˘ BP 7419 ˘ 3517 4 BRUZ Cedex

FAPP ˘ ROADEF Challenge 2001

Page 2 / 17

1 The probleme

1.1 `Physical´ description

The problempresented here is that of the optimal frequency allocation in hertzian telecommunication networks. The network is therefore composed of a set of sites in which the transmission supports (antennas connected to emitters or receptors) are located. A hertzian connection joins two geographic sites; it may be composed of one or more paths .

A path is a uni-directional radio-electric bond, established between antennas at distinct sites, and having a given frequency and polarization. We will refer to the set of paths for a problemas T .

We define a frequency resource as a pair ( frequency , polarization ) in which the components are associated with the carrying frequency of the transmitted signal, and to the wave polarization, respectively. To simplify the model, we will consider the latter to be a binary variable (e.g., only vertical or horizontal).

For each path i

Î T , we define a set of resources available, called the domain of the path. It is

composed on the one hand of the domain frequency, referred to as F

j (i)

, and on the other hand of the

polarization information, P

p (i) which may include a required polarization or not. Two paths may have

identical domains.

A frequency allocation consists of obtaining a pair (frequency, polarization) for each path and

satisfying certain radio-electric compatibility constraints.

In addition to the abovementioned constraints, several coupling constraints must be taken into

account. They are:

1. Equality or not of frequencies across paths: f

i

= f

j or f

i

¹ f

j

,

2. Distance between frequencies:

ij j i f f e = - or

ij j i f f e ¹ - ,

3. Equality or not of polarities across paths : p

i

= p

j or p

i

¹ p

j

,

4. Minimal distance between frequencies:

ï î ï

í ì

¹

=

³ -

j i ij j i ij

j i p p p p

f f

si si

d g

.

Site

                            Connection

Path

                                                                                                FAPP ˘ ROADEF Challenge 2001

Page 3 / 17

                                                                             Constraint 4 above requires that the required distance between frequencies depend on their

                                                                             polarizations. In general, the minimal distance is smaller if the polarizations are not identical.

                                                                             We define a feasible solution  to be an allocation for each path that satisfies the full set of constraints.

                                                                             Unfortunately, most problems do not admit any such feasible solution. The domains are too restrictive

                                                                             or the requirements to numerous. The operator must therefore look for ^partial~ solution. For this

                                                                             purpose, we introduce two classes of constraints:

                                                                                                      ·
                                                                                                              Class 1: Strong or necessary constraints (1-3 above, and domain constraints)

                                                                                                      ·
                                                                                                              Class 2:  CEM constraints (type 4) for which we will authorize a progressive relaxation. For

this purpose, we introduce the relaxation level: level 0 corresponds to no relaxation. Going

from level k to level k+1 involves a relaxation of some or all of the frequency distances

defining each constraint, the maximum level being 10:

ï

î
ï

í
ì

¹

³

³

³

³

³

=

³

³

³

³

³

³

-

j
i
ij
k

ij
ij
ij
j
i
ij
k

ij
ij
ij

j
i

p
p
p
p

f
f

si
si

)

10

(

)

(

)

1

(

)

0

(

)

10

(

)

(

)

1

(

)

0

(

d
d
d
d
g
g
g
g

�

�

�

�

In this context, we will define a feasible solution of level k  to be an allocation for each path that

satisfies all the strong and necessary constraints and all constraints at level k. We call such a problem

k -f easible.

In case no feasible solution exists, the new objective function becomes, in order of priority  :

                         1.  search for k*  the smallest relaxation level for which a k*- feasible solution exists;

                         2.  minimi ze the number of CEM constraints not satisfied at level k* - 1  ;

                         3.  minimi ze the number of CEM constraints not satisfied at levels less than k* - 1.

1.2  Mathematical formulation

                    Let T  be the set of paths,  F

0

, F

1

,� , F

N

 : N  the frequency domains (in general, N << |T|).

                    Let P

                                                     -1

                                                             ={-1}, P

                                                                                                                  1

                                                                                                                       ={1}, P

0

={-1,1}  be the three possible polarization domains.

                    For each i

                                                                                 Î
                                                                                            T , we associate  :

ï

î
ï

í
ì

Î

Î

)

(

)

(

i
i
i
i

P
p

F
f

p
j

                    where

                                                             j
                                                                      (i) and

                                                                                                                  p
(i) indicate respectively the frequency and polarization domain numbers of i.

                    In matrix form, the constraints are  :

                                                                                        FAPP ˘ ROADEF Challenge 2001

Page 4 / 17
ï
ï
ï
ï
ï
ï
ï

î
ï
ï
ï
ï
ï
ï
ï

í
ì

¹

=

¹

=

¹

-

=

-

=

-

+

+

³

-

j
i
j
i
j
i
j
i
ij
j
i
ij
j
i
k

ij
j
i
k

ij
j
i

j
i

p
p
p
p
f
f
f
f
f
f
f
f
k
p
p
p
p

f
f

e
e
d
g
10

,

,

1

,

0

,

2

2

)

(

)

(
�

                                                                                        Let

{ }

0

:

)

,

(

)

0

(

)

0

( >

+

=

                                                                                                                   Q

ij
ij
j
i
d
g
, the number of CEM (class 2) constraints

                                                                                        Let

ï

þ
ï

ý
ü

ï

î
ï

í
ì
-

+

+

<

-

= )(
)

(

)

(

2

2

:

)

,

(
k

ij
j
i
k

ij
j
i

j
i
k
p
p
p
p

f
f
j
i

                                                                                                                  V
d
g
, the number of violated constraints

                                                                     at level k.

                                                                                        We set

Æ

=

- )
1

(
V
 et every problem is 11-feasible.

                                                                                        We would like to minimize the following function  , c(T,F,P,M) :

÷

÷

ø
ö

ç
ç

è
æ

+

Q

+

Q

=

-

<

-

�

1

)

(

)

1

(

2

10

10

                                                                                                          )

                                                                                  ,

                                                                 ,

                                               ,

                              (
k
i

i
k

V

V
k

                                                                                         M

                                                                        P

                                                     F

                                   T

                       c

 where k  is such that the problem is k -feasible.

                    Remark  :  If a constraint is violated at level m, it is violated at j <m, and therefore counted m+1
times in the cost function.

                    FAPP ˘ ROADEF Challenge 2001

Page 5 / 17

2  File formats

                    The input files (name.in) and the output files (name.out) are ASCII files. Each input file contains
data for the allocation model, and each output file contains solution evaluation data. All data are
formatted according to the rules below.

                    ·

                            Numerical fields are aligned to the right

                    ·

                            Alphanumerical fields are aligned to the left

                    ·

                            A field of the type `CEM with equal polarizations´ must always be followed by a field of the

                                             type `CEM with different polarizations´ for a single path pair.

                    The different fields are:

                    ·

                            Input file