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Presentation of the software 5i|_i4L



As a conclusion,

- interval methods are fast when the number ? of
variables is small (here 2).

- when ? is large, constraint propagation can be
used to limit the number of bisections
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A SJ?r|o@�?| D E%�c � � � c %?� is a subset of U?.
A RoJ�eS|Jo associated with D is a function

F�D G d o$ dd o_Do �

A constraint D is RoJ�eS|@K,e if a polynomial
projector is available for D.



Presentation of the solver �hL�2_



Among projectable constraints, we have

� @S+S,�S SJ?r|o@�?|r such as
%2� n %� t�? E%2� � f

%2 n i T E%e� ' �

which can be projected using interval arithmetic,

� ,�?e@o SJ?r|o@�?|r such as
S%� � e%2 n S%e n 2 � f

b%� n %� n S%e � D ' f

which can be projected using linear programming,
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which can be projected using convex optimization
techniques.
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Decompose the CSP to be solved into a conjunction
of projectable constraints.

, @4T*i: The CSP
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can be decomposed into the � following projectable
constraints:
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Consider the three following constraints

D� G + ' %2c

D2 G %+ ' �c

D� G + ' �2% n ��

To each variable %c +, we give the domain o�4c4d.

�J?r|o@�?| RoJR@}@|�J? projects all constraints
upto the equilibrium.













E���, + 5 o�4c4d2 ' dfc4d

E�2�, % 5 �*dfc4d ' dfc4d

E���, + 5 dfc4d _ EE�2� �dfc4dn��
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E���, + 5 dfc �o _ dfc �*2o2 ' dfc �*eo

E�2�, % 5 dfc �*2o _ �*dfc �*eo ' >
+ 5 dfc �*eo _ �*> ' >



V� w���w ���5W5A,��v

If F�
D

and F�
E

are two projectors for two D and E, the
contractor

F�D � F�E � F�D � F�E � F�D � F�E � � � �

is not necessarily a projector for D_E.





�hLM*i4: Decrease the pessimism due to local
consistency.

5L*�|�L?: Increase the class of projectable con-
straints to avoid unnecessary decompositions.



VW� wW�,�+��A+Wj W�,"N�wWAv

The constraint � E%�c %2� given by3
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is an LMI.
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A set of linear inequalities is an LMI. For instance+
@��%� n @�2%2 n K� � f

@2�%� n @22%2 n K2 � f

is equivalent to the following LMI
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,**�TtL�_t @hi w�W ti|t (Schur complement
theorem).

�%2� n 2%22 � 2%�%2 � D/

3
EC � %� %2

%� 2 �

%2 � �

4
FD � f

/

3
EC � f f

f 2 �

f � �

4
FD n %�

3
EC f � f

� f f

f f f

4
FDn %2

3
EC f f �

f f f

� f f

4
FD � f�



w�Wt @hi �?�L*�i_ �? }*LM@* LT|�4�3@|�L?
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#iUL4TLt�|�L? : The previous set of constraints
can be decomposed into the following set of
projectable constraints

D� G
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�i||ih : The constraint given by
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is convex (better, it is an LMI). Its projector can be
built using convex techniques.
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A matrix � of V? is RJr�|��e re6�_es�?�|e (PSD),
denoted by � � f, if

;3 5 U?c 3T�3 � f�



A�iLhi4: The set of PSD matrices is convex.
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For instance, the constraint F E%�c %2� given by

3
EC � n %� n .%2 e n D%� � %2 S n 2%� n %2

e n D%� � %2 2 n D%� n D%2 b n D%� n %2

S n 2%� n %2 b n D%� n %2 e n %� n H%2

4
FD � f

is convex, because it is the reciprocal image of the
convex set V�

n by the @ss�?e function:
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The projection of an LMI with 6 variables requires
26 LMI optimizations.

Each of them can be performed by SeDuMi which
has a worst-case complexity of
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