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Abstract This report presents a generic pruning technique that aggregates severd
constraints sharing some variables. The method is derived from an idea called
sweep that is extensively used in computational geometry. A first benefit of this
technique comes from the fact that it can be applied on severa families of global
constraints. A second main advantage is that it does not lead to any memory
consumption problem since it only requires temporary memory that can be
reclaimed after each invocation of the method. This technique has been used
inside the SICStus finite domain solver in order to implement severa globa

constraints.
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1 Introduction

The purpose of this report is to present a generic pruning technique for finite domain®

constraint solving. This method is based on an idea that is widely used in

computational geometry and that is called sweep [5, pages 10-11]. In dimension 2, a

plane sweep algorithm solves a problem by moving a vertical line A from left to

right?. The algorithm uses the two following data structures:

— one data structure called the sweep-line status, which contains some information
related to the current position of the vertical line A,

— one data structure named the event point series, which holds the events to process,
ordered in increasing order according to the abscissa.

The algorithm initializes the sweep-line status for the starting position of the vertical
line A. Then the line A jumps from event to event; each event is handled and inserted
or removed from the sweep-line status. One common application of the sweep
agorithm is to solve the segments intersection problem [5, page 278] with a time
complexity that depends both on the number of segments and on the number of
segment intersections.

In our case, the sweep-line scans the values of a domain variable X we want to
prune, and the sweep-line status contains a set of constraints that have to hold for that
value of X where we currently are. The generic pruning technique, that we call value
sweep pruning, accumulates the values to be currently removed from the domain of a
variable Y that is different from the variable X we want to prune. If, for some
position x of the sweep-line A, al values of Y have to be removed, then we will
prune x from X . The method is based on the aggregation of several constraints that
share some variables in common. Let:

— X and Y betwo distinct domain variables,
- GM1 Vg ) CoVingiVimn ) be a st of m constraints such that

Vielm:{X,Y}c¥Vi1... Vi, }(i-e al constraints mention both variables X and Y).

The value sweep pruning algorithm will try to adjust the minimum? value of variable
X according to the conjunction of the previous constraints by moving a vertical line
A from the minimum value of X to its maximum value. In our case the events to
process correspond to the start and to the end of forbidden 2-dimensional regions for
the pair (X,Y) according to variable X .

1 A domain variable is a variable that ranges over a finite set of integers; min(X), max(X),
dom(X) and size_ dom(X) denote respectively the minimum value, the maximum value, the
set of possible values of variable X and the number of possible values for X.

2 In generd, a plane-sweep algorithm does not require, neither the sweep-line to be vertica,
nor moving the sweep-line from left to right.

3 It can also be used in order to adjust the maximum value, or even to prune completely the
domain of avariable.



The next section presents forbidden regions, while the third section describes the
value sweep pruning algorithm. The fourth section shows one other way of using
value sweep pruning. Section 5 discusses in which context value sweep pruning can
be applied and mentions three different examples where it was effectively used for
implementing different kinds of non-overlapping constraints. Finally the last section
shows how to enhance and extend value sweep pruning in different ways.

2 Forbidden regions

A forbidden region F according to one of the previous constraints C; (1<i<m) and
to two given variables X and Y, is defined by two intervals infg ..supg x and
ian,Y"SJpF,Y such that VX,y/XE ian,X "S"IpF,X A Ye ian,Y“pr,Y :Ci (Viyl,..,Vi’ni )W|th

the assignment X =x and Y =y has no solution. The next figure shows 5 constraints

and their respective forbidden regions according to two given variables X and Y.
The first constraint imposes X, Y and R to be pairwise distinct. The second and
third constraints are usual arithmetic constraints. The fourth constraint can be
interpreted as a non-overlapping constraint between two rectangles of respective
origins X,Y and T,U and of respective sizes 2,4 and 3,2. Finally the last constraint is
aparity constraint of thesumof X and Y.
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Fig. 1. Examples of forbidden regions

The value sweep pruning agorithm requires the forbidden regions of each
congtraint C; (1<i<m) to be generated on request as a set of rectangles R ;... R

such that:



- R,;U.UR, represents al forbidden regions of constraint C; according to

variables X and Y . Note that we do not request the rectangles to form a partition
of the forbidden space. This is because it sometime allows generating fewer
rectangles. more than 3 rectangles are necessary to cover the forbidden regions of
example B of Figure 1 if we would ask for a partition.

- R,..R, aresorted inincreasing order on their respective start onthe X axis.

This will be handled by providing the two following functions* for each triple
(X,Y,C;) wewant to be used by the value sweep algorithm.
— get_first_forbidden regionX,Y,C; ), which correspond to:
Let firstc, bethe smallest value e min(X).max(X) such that:
inf < firste <sup
. . . Re X G Re X
3 aforbiddenregion R of C; with {Supp(:iy > min(Y) A infe, v < max(Y)”

Returns all forbidden regions R, of C; such that:

inchl x < firste, < SUPR,, X
Supg,, .y 2 min(Y) Ainfg v <max(Y)’

— get_next_forbidden_regionsX,Y,C;,prev;) (prey; is the position of the previous
start-event of C; ), which correspond to:
Let nextc, bethesmallest value greater than prev; such that:
forbidden regi f G, with | Re X =G
3 aforbiddenregion R, of C; wit SUpr, ,Yzmin(Y)AinfRC < max(Y)’

Returns al forbidden regions R, of C; with:

Il’lfRCI X = neXtCI
supr, y 2min(Y) A infr_ v <max(Y)"

Finally, two additional functions check_if_in_forbidden regiongx,y,C;) and
max_ysize forbidden_regiong X,Y,C;) have to be provided in order to respectively:
— testif given values xe dom(X) and ye dom(Y) belongs or not to a forbidden region

of congtraint C; .
— compute an upper bound of the quantity Lna>z)()|Forbid(Y,x)|, where Forbid(Y, x)
Xeaom

is the set of values y of variable Y such that constraint C;(Vi;...V; , ) with the
assignment X =x and Y =y hasno solution.

4 Two equivaent functions get last_forbidden regions and get_prev_forbidden regions are
also provided for the case where the sweep-line moves from the maximum to the minimum
value.



If we consider congtraint (E) of Figure 1 (i.e. X+Y= 0 (mod 2)), and we assume

Xe0.2 and Yel.3 then a complete scan of X would produce the following

sequence of calls:

— get_first_forbidden regiond X,Y,X +Y =0(mod2)) returns regions 0.01.1 and
0..0,3..3,

— get_next_forbidden_regions(X,Y, X +Y =0 (mod2),0) returnsregion 1..1,2..2

— get_next_forbidden_regiongX,Y,X +Y =0(mod2)1) returns regions 2.21.1 and
2.23.3.

A call to max_ysize forbidden regiongX,Y,X +Y =0(mod2)) would return 2, since for

any value of X e 0.2 we have at most two forbidden positions for Ye 1..3. We now
show how to use the max_ysize forbidden regiong X,Y,C;) function in order to get a
condition, which tell us when value sweep pruning can for sure not bring anything.
This condition can be used as a filter in order to avoid unnecessary calls to the value
sweep pruning algorithm. Let:

— X and Y betwo distinct domain variables,

- GMa1 Vg ) CoVingiVimn ) be a st of m constraints such that

Vielm:{X,Y}c¥Vi1..Vi, | (i.e. @l constraints mention both variables X and
v).
If > max_ysize forbidden_regions(X,Y,C;)<size dom(Y) then value sweep pruning is

iel.m
not useful since al values of Y cannot be completely covered by the different
forbidden regions.

3 Thevalue sweep pruning algorithm

The value sweep pruning algorithm uses the following data structures:

— the sweep-line status contains the current possible values for variable Y according
to the position of the vertical line A (i.e. the current positionin X ). More precisely
the sweep status can be viewed as a cumulated profile (denoted Py,s) that records
for each position of Y the number of forbidden regions that currently intersect the
sweep-line A. The basic operations required on this data structure are:

- toinitialize to empty the profile,

- to add in the profile atask of height 1 that starts and ends at two given positions,

- to remove from the profile atask of height 1 that starts and ends at two given
positions,

- to check if there exists a point of the profile that is situated at altitude O,

- to return arandom point of the profile that is situated at altitude O.

— the event point series (denoted Qgey) CONtains the start and the end+1 (+1 since
the end is still forbidden), according to the X axis, of the forbidden regions



associated to the congtraints C;,..,C,, and to variables X and Y . These events are

sorted in increasing order. The basic operations required are:

- toinitialize to empty the queue,

- to add an event in the queue,

- to extract an event of minimum value from the queue,

- To check if there exists at |east one start-event associated to a specific constraint
C (1<i<m).

This last primitive is the trigger that will be used in order to gradually insert the start
and end-events associated to the forbidden regions of a given constraint C, (1<i<m)
when a start-event associated to constraint C; is removed from the queue Qgen -
Before going more into the detail of the algorithm, let us illustrate how it works on a
concrete example. Assume we want to find out the minimum value of variable X

according to the conjunction of the 5 constraints that were given in Figure 1. The next
figure shows the status of the sweep-line A (i.e. the cumulated profile Pygy,s) @ the

different positions of A onthe X axis.
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Fig. 2. Status of the sweep-line A at each stage of the algorithm

The minimum value of variable X is 4, since this is the first stage where the
cumulated profile associated to the sweep-line has a point that is located at atitude O
(i.e. at position 0 on the horizontal axis). We now give the main procedure.



Algorithm FINDMINIMUM( C;,..,Cy, X ,Y)

Input. A set of constraints C,,..,C,, and two domain variables X and Y present in each
congtraint.

Output. An indication that no solution exists or the minimum value min_x of X, and avalue
ye dom(Y) such that (min_x,y) do not belong to any forbidden region associated to the
constraints C,..,C,,, according to variables X and Y .

1. Initialize an empty event queue Qgyent -
for each constraint C; (1<i<m) do
for all forbidden regions R, returned by get_first_forbidden regiondX,Y,G;) do
Insert maxfinfg_ x,min(X)) in Qg asastart-event.
if supg_  x +1<max(X) then Insert SUPR,, x +1 N Qeyeny @ an end-event.
if Qeyent isempty
or theposition m of the smallest event of Qe S greater than min(X) then
Set min_x to min(X), y to arandom vaueof dom(Y) and exit.

2. Initialize the sweep-line status to an empty profile Pyays-
for all non overlapping intervals low..up/ Vve low..up:ve dom(Y) do

origin:low
Insert rectangle {end:  up in Pgas-
high: 1

3. while Qg isnot empty do

4. Move the sweep-line A to the position m of the smallest event of Qg -
for eachevent E of Qg thatisat position m do HANDLEEVENT(E).
if at least one point of the profile Py iSat dtitude O then
Set min_x to m, the current position of sweep-line A.
Choose randomly an instant y where the height of the profile Pgqy,s iSO.
exit.
5. fail.

The 5 steps of the algorithm respectively correspond to:

— thefirst step initializes the event queue Qu ey tO the start and end-events associated
to the “earliest” forbidden regions associated to each constraint. Note that we only
insert events that are effectively within min(X)..max(X) and min(Y)..max(Y). If no
such events are found or if no event intersects min(X) then we exit from the
procedure.

— the second step initializes the cumulated profile to O for the values that belong to
dom(Y) and to 1 otherwise. These last values will be forbidden forever, since no

corresponding end-event was inserted in the event queue Qg -



— thethird step iterates on the positions of the sweep-line A.
— the fourth step extracts from the event queue Quoy @l events associated to the

current position of the sweep-line A, and handle them. After, it checksif there exist
at least one feasible solution for the current position of A and exit from the
procedureif it is effectively the case.

— finaly the last step returns a failure since the sweep-line A did a complete scanning
of the domain of variable X without finding any solution.

Holes in the domain of variable X are handled in the same way as constraints
Ci...Cy: one additional constraint that, for each interval of consecutive removed
values, generates start and end-event. The next procedure specifies how to handle
start and end-event points.

Algorithm HANDLEEVENT( E)

1. Extract E from Qgyent -

Get the corresponding forbidden region Rg and constraint Cg .
origin: max(infRE ,Y,min(Y))
if E isastart-event then Insert rectangle jend: min(supg_y,max(Y)) in Pyays.
high: 1
if Qevent do not contain any start-event associated to constraint Cg  then
Let prevg =maxinfg_ x,min(X)).
for all forbidden regions Ree returned by
get_next_forbidden regionsX,Y,Cg, prevg) do
Insert i”fRCE,x in Qayent 8s astart-event.

if supg_ x +1< max(X)

then insert SUPR;,_, X +1in Qgyent @ an end-event.

origin: max(infRE ’Y,min(Y))
else Removerectangle 4end:  min(supg_ ,Y,max(Y)) from Pyatus-

high: 1
According to the fact that we have a start or an end-event E, we add or subtract a
rectangle of height 1 to the cumulated profile Pgyys- The extremities of this rectangle
match respectively the start and the end on the Y axis of the forbidden region that is
associated to the event E. When E was the last start-event of a given constraint Cg,
we search for the next events of Cg and insert them in the event queue Qgent -

One reason for returning a random feasible solution is that it will be used as a first
check in order to avoid running again systematically the complete agorithm if the
previous returned feasible solution is still feasible®. The motivation to return a random

5 For this check, we will use the check_if_in_forbidden_regions function that was introduced
in section 2.



value comes from the fact that, if we use the value sweep pruning algorithm for
pruning several variables, we don’t want to get the same feasible solution for several
variables, since one single future assignment could invalidate this feasible solution.
This would result in reevaluating again the value sweep pruning algorithm for several
variables.

If we use the value sweep pruning algorithm for doing a complete pruning then
each call to the agorithm will lead to a complete sweep over the domain of the
variable we want to prune. However, if we use the algorithm for adjusting the
minimum or maximum value then we will have a complete sweep on each branch of
the search tree. This is because the sweep process will be stopped each time we find a
first feasible solution.

Let us assume the total number of forbidden regions intersecting the initial domain
of variables X and Y to be denoted nforbid . For a complete sweep, the next table

indicates the number of times each basic operation will be respectively performed.

Table 1. Maximum number of callsto each basic operation

Basic operation Maximum number
of calls
Initialize to empty the queue 1
Add an event in the queue 2 x nforbid
Extract an event of minimum value from the queue 2 x nforbid
Check ?f there exists at least one start-event associated to a specific nforbid
constraint
Initialize to empty the profile 1
Add in the profile atask nforbid
Remove from the profile a task nforbid
Check if there exists a point of the profile that is situated at altitude O 2 x nforbid
Return arandom point of the profile that is situated at altitude O 1

Note that from a deductive point of view, the value sweep pruning agorithm is
similar to the work done in [9]. However the main difference is that the set of
forbidden regions associated to each pair of variables (X,Y) was stored explicitly in a
quadtree for which one need to restore the previous state on backtracking. With the
sweep, one can reclaim the data structures (i.e. the queue and the profile) after each
invocation to the method.

4 Using the value sweep pruning algorithm for adjusting decreasing
monotonic domain variables

This paragraph explain another way of using the value sweep pruning algorithm for
adjusting the maximum value of a certain class of domain variables that we introduce
in the next definition.



Definition decreasing monotonic domain variable according to a given constraint
A domain variable Vv, (1<i<n) is caled decreasing monotonic according to a

constraint  C(v;,...V,,) if the following condition holds: C(v,..,V;,...v,) true =
YV<V; :C(Vy,e V., Vy) true.

We now state the conditions under which value sweep pruning can be used for
adjusting the maximum value of a decreasing monotonic variable. Let:

— X, Y and L be3distinct domain variables,
— CiMi1Vip ) CoVin1Vinn ) be @ set of m constraints such that

Vielm:{X.Y,L}c M. Vi, | (i.e @l constraints mention both variables X , Y

and L),
— L is a decreasing monotonic variable according to each constraint of

Gz Vi, ) CoVinVinn, ) -

We compute the maximum value of variable L by using a binary search, where at
each step, we call the value sweep pruning algorithm in order to check for feasibility.
Let us show a simple example where we have the two following non-overlapping
constraints C; ,C, , corresponding to the pairs of rectangles (RR1), (RR2)

respectively, and the two following latest-end constraints C; ,C, :
C, : X+L<3v4<XvY+3<2v4<Y
C, : X+L<5v7<XvY+3<4v5Y,
Cg :X+L<9,

Cq :Y+3<7. v
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Fig. 3. Finding the maximum length of R

R isarectangle beginning at (X,Y) with awidth of L and aheight of 3. X ,Y and
L are domain variables with respective domain 1..8, 1..4 and 1..8. From the previous
definition, L is a decreasing monotonic variable according to constraints C; and
C, . So, we evaluate the maximum value of L by searching for the largest value |
such that the value sweep pruning algorithm does not return a failure (i.e. finds a
feasible solution). The next figure shows the sequence of tries made by the binary
search in order to find out that 5 is the maximum feasible value for variable L. For
each try, we indicate the two forbidden regions F1 and F2 respectively associated to



rectangles R1 and R2. For try (A) where we get a positive answer, we also show a
feasible solution for placing rectangle R with an effective length of 5. In this solution,
R dtarts at coordinates (4.1). Since the two forbidden regions overlap, we given them
explicitly as a quadruple (FX ,FY,LX,LY) where FX isthe X coordinate of the
leftmost point of the forbidden region, FY isthe Y coordinate of the lowest point of
the forbidden region, LX and LY are the size of the forbidden region on the X and
Y axes. The dashed lines on the X and Y axes correspond to values that are
removed by the latest-end constraints C; ,C, according to the sizes L ,3 of rectangle

Ronthe X and Y axes.

Y4 Y4 Y A

R1]
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Fig. 4. The different calls to the value sweep pruning agorithm for localizing the maximum
length of rectangle R

5 Structure of the global constraints for which one can apply value
sweep pruning

Although value sweep pruning can be applied to any arbitrary set of constraints for
which one provide the forbidden regions, this may not be very easy to use in practice
in a systematic way for at least two reasons:

— in a system where no global constraints are used, one would have to identify
automatically, within the set of all posted elementary constraints, the pertinent
subsets of constraints for which the method can be applied. This would cause a
similar problem as extracting automatically specific structures from a set of linear
constraints for linear programming.

— in a system where one would use ad-hoc global constraints, the method would be
useless, unless one provides a specific implementation of value sweep pruning for
each global constraint.

The purpose of this section is to characterize the applicability of value sweep pruning
according to the classification of the global constraints we described in [1]. Before
presenting typical global constraint patterns where one can apply value sweep
pruning, we first shortly recall the main principles of the classification.



Global constraints are defined in terms of graph properties that have to hold, where
the graph corresponds to a structured network of the same elementary constraints. The
arcs are defined with a set of predefined arc generators that correspond to classical
regular structures one can find in the graph literature [8, pages 140-153]. The next
table gives examples of regular structures that we provide. We use the following
pictogram for the graphical representation of a constraint network. We employ an
arrow for arity 2, and an ellipse for a bigger arity. In these last cases, since the
vertices of an arc are ordered, a circle at one of the extremity of the ellipse indicates
the “direction” of the ellipse. For example, the ellipse that contains vertices 1, 2 and 3
means that a 3-ary constraint is applied on nodes 1, 2, and 3 in this specific order.

Table 2. Examples of regular structures produced by the arc generator

ARC GENERATOR ARC ARITY EXAMPLE
PATH

2 D@
PATH 3

CLIQUE 2

CLIQUE (#)

The graph properties that one wants to be verified on the final graph (i.e. the graph
from which we remove the arcs associated to constraints that do not hold) are
constraints on usual graph characteristics such as.

— NVERTEX the number of vertices of the final graph,

NARC the number of arcs of the final graph,

Nscc the number of strongly connected components of the final graph,

MAX_ NSCC the number of vertices of the largest strongly connected component of
the final graph.

For instance, the number of distinct values constraint nvalue(D,{V;...V,}) where
M...V,} is acollection of domain variables and D is adomain variable that is equal
to the number of distinct values of {v;,..,V,,}, is defined in terms of graph property by:

— ARC GENERATOR : CLIQUE,

— ARC ARITY : 2,

— ARC CONSTRAINT: =,

— GRAPH PROPERTY: NSCC = D.

Part (A) of next figure shows the initiadl graph associated to the
constraint nvalue( D, {V;, V,, Vs, V, }), while part (B) gives the final graph associated to

the solution nvalug(2, {8, 3,8, 8}). The consgtraint holds since D is equal to the number



of strongly connected components of the final graph where we only keep the arc
congtraints that hold.

= A) =
Fig. 5. The number of distinct value constraint

Next table shows 3 global constraint patterns where value sweep pruning can be
applied.

Table 3. Patterns of global constraints for value sweep pruning

PATTERN 1 PATTERN 2 PATTERN 3
ARC GENERATOR CLIQUE CLIQUE (%) PATH
ARC ARITY 2 2 n (n>2)

ARC CONSTRAINT reflexive
PROPERTY symmetric

GRAPH PROPERTY MAX NSCC<1 NARC= | VERTEX | -n+1

NARC= | VERTEX | %- | VERTEX |

We now discuss each pattern separately.

— Since the first pattern imposes the final graph to have strongly connected
components with no more than one node, such that each node has one loop, we
have to enforce the negation of all constraints between a node and the other nodes.
This will be the set of constraints we consider in the value sweep pruning
algorithm. For the negation of the arc constraint we will have to provide the set of
functions introduced in section 2 for defining the corresponding forbidden regions.
One typical instance of the first pattern is the aldifferent(X;—Y;,.., X, —Yq)

congtraint that enforces al differences to be pairwise distinct. In this case, the
associated arc constraint is X; Y, = X -Y; .

— The second pattern enforces all arc constraints to hold. For this reason we will
consider for the value sweep pruning agorithm the constraints between a node and
the other nodes. We will have to provide the forbidden regions associated to the
given arc constraint.

— The third pattern describes a diding constraint on group of consecutives variables.
In this case we consider each pair of consecutive variables and al the arc
congtraints that mention that pair of variables to be the set of constraints that is
given to the value sweep pruning algorithm.

The value sweep pruning algorithm was used in order to implement within the
SICStus finite domain solver [2] 3 globa constraints that correspond to the second
pattern. These global constraints have respectively the following arc-constraints:

— The non-overlapping constraint between rectangles that is defined in [1, page 14],



— The cyclic non-overlapping constraint between rectangles that is defined in [1,
page 14],

— The minimum distance constraint between rectangles, where the minimum distance
depends of the type of the rectangles; a matrix gives for each pair of possible types
the corresponding minimum distance.

The value sweep pruning agorithm was implemented once and different functions
were given for defining the forbidden regions associated to the 3 previous arc-
constraints.

6 Variantsof value sweep pruning

6.1 Making value sweep pruning stronger

In the standard value sweep pruning algorithm, all forbidden regions are derived from
individual elementary constraints. However it is possible to get bigger forbidden
regions from the conjunction of several elementary constraints or from a given global
constraint. We illustrate this last point by the following example.

Let us assume we have the constraint alldifferent(X; -Y;,.., X, - Y,) that enforces all
differences to be pairwise distinct. Using a pruning algorithm [3], [6] that finds out all
edges between a pair of variables X;,Y, (1<i<n) and the pairs of values x,y that do
not belong to any maximum matching of size n, one can generate forbidden regions
that can be accumulated by our value sweep pruning algorithm. Note that when these
forbidden pairs of values are considered separately, they are usually not directly
useful for reducing the domains of the variables.

6.2 Digunctive value sweep pruning

This paragraph introduces a variant that is useful for integrating disunctive
constraints within the value sweep pruning algorithm. Let:
- X,Y, Z;,.,.Zgbe 2+d distinct domain variables,

- CMi1 Vi, ) ColVimg Vi, ) be a set of m constraints such that:
Vielm:{X,Y,Z,..Zg}c Vi1V | (i @l constraints mention all variables
X,Y and Z,,..Z4).

Such that variables z,,..,Z4 have to satisfy one of the two following constraints
CZ4(24,..24) O CZy(Z4,...24) -

The standard value sweep pruning agorithm will not catch the digunctive
congtraint. In order to handle actively the digunctive constraint, we have to run two
versions of the value sweep pruning algorithm. Each version will enforce one
aternative of the digunction which may lead restricting the domain of variables



Z,..Zq and thus result in bigger forbidden regions for variables X and Y. The
process will be stopped as soon as one of the two sweep-lines finds a feasible
solution. A typical example of digunctive value sweep pruning is when the two
congtraints Cz,(Z;,...Z4) and CZ,(Z,,..,Z4) correspond to two possible sets of values
for the attributes of an object [4, page 10].

6.3 Multi-dimensional value sweep pruning

It is possible to generalize the value sweep pruning agorithm to more than two
variables in order to consider multi-dimensional forbidden regions. We first come up
with a generalized definition of value sweep pruning and then discuss how the
algorithm is affected. Let:

- Xy,.,Xq be d distinct domain variables,

— CMi1 Mg, ) ColVimgi Vi, ) be @ set of m constraints such that
Vielm:{X;..Xq}cM1..Vio | (e al constraints mention al variables
X100 Xq)-

The generalized value sweep pruning algorithm will try to adjust the minimumS
value of variable X; according to the conjunction of the previous constraints by

moving a vertica line A from the minimum value of X; to its maximum value. In our

case the events to process correspond to the start and to the end of forbidden
d -dimensional regionsfor X;,., X4 according to variable X; .

From an agorithmic point of view the only thing to modify is to generalize the
cumulated profile of the sweep status to a quadtree or an octree [7], which stores the
number of forbidden regions that overlap one point associated to avalue of X; and to

variables X,,..,Xq .

7 Conclusion

We have presented a value sweep pruning algorithm that performs global constraint
propagation by aggregating several constraints that share two variables in common.
This method is quite general and can be applied on a wide range of constraints. The
usual way to handle finite domain constraints is to accumulate forbidden one-
dimensional regions in the domain of the variables of the problem. However this is
inefficient for constraints that do not initially have any forbidden one-dimensional
forbidden regions since they have to be handled in a “generate and test” way (i.e.
forbidden values appears only after fixing some variables). VValue sweep pruning is an
aternative that allows accumulating forbidden regions much more early in time. One

6 As for the 2-dimensiona case, it can also be used in order to adjust the maximum value, or
even to prune completely the domain of avariable.



key point is that we do not represent explicitly al forbidden regions but rather ask for
them in afocused way in order to try to perform specific pruning.
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