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Motivations

e fully exploit the possibilities of Shared Memory tool: OpenMP
for Irregular Applications: ie. no predictability, big variability
with the best performance up to hundreds of processors

e to solve hard(er) and large(er) combinatorial problems

giving a simple and generic methodology

— pushing loop-level parallelization to the limit.




\ The Langford’s Problem /

e 1.(2,4): 2 blocks for each of the 4 colors. (~ L(s,n) )

e with constraints for placing the 8 blocks:
a number of blocks separate the two blocks of the same color
red: 1 block, blue: 2 blocks, yellow: 3 blocks, green: 4 blocks.

e counting the number of different solutions

green red yellow red blue green yellow blue

( J.E. Miller Web Site: http://www.lclark.edu/miller/langford.html )
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\ The basic encoding of L(2,4) as CSP

The following CSP P = (X, D, C, R) where

1. Variables X correspond to the positions of the 8 blocks:
X = A.X‘f;vm‘wu . ;quw A;N‘f »vm‘m are H@Qu »vm‘wv Na are U:H@u m%oo.v

2. Domains D = {D; ={1,...,6},D5 ={3,...,8},
Dy ={1,...,5},Dg ={4,...,8}, D3 ={1,2,3,4},
D7 = {5,6,7,8Y, Dy = {1,2,3}, Dg = {6,7,8}}

3. Constraints C = {C; 5 = {X1,X5},Ca6 = { X2, X6},
Csr ={X3,Xr},Cug = { X4, X}, Cotigigr = {X1,...,Xs}}
(two blocks of the same color have constrained positions
and all the blocks have different positions)




\% Relations R = {R15,Ro6, R3 7, Ra g, Ranaiff } given in mﬁ@bmSB/

(all the possible positions of two blocks of the same color)

e Ris e {X1+2=X5}={(13),(2,4),(3,5), (4,6),(5,7),(6,8)}
o Rog < {Xo+3=Xg}=1{(1,4),(2,5),(3,6),(4,7),(5,8)}

o Rys e {Xs+4=X;}={(1,5),(2,6),(3,7),(4,8)}

o Ris o {X4+5=Xs}={(16),(2,7),(3,8)}

* Rondig & 1 X1 #Xo # ... # Xg}
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A compact encoding of L(2,4)

The following CSP P = (X, D, C, R) where

1. Variables X correspond only to the first positions of the 4 blocks

X ={X1, X5, X3,X4} , (= X is the position of the first red
block, etc.)

2. Domains D = AEH = A:;...UQTUM = A:;...umwfbw =
{1,...,4}, D4y ={1,2,3}} (= X1 cannot be placed in position 7
or 8, etc.)

3. Constraints C = AQHQM = ANTNNTQH@ = ANTNwTQ?% =
{X1, X4}, 003 ={Xs, X3},C004 = { X, X4}, Cs54 = { X3, X4}}
(the first position of two different colors are constrained)
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\#. Relations R = Amfwv .mfm: mfﬁ mwvwv mwvf mwkw where

(5,3),(5,1),(6,2),(6,4)}
(the first red position constrains the first blue position)

— A:Hu Mvu AHU wvu Awu Hvu Awu wvu Awu wvu Amr Hvu Amr wvu Amu Hvu Amu Mvw

=1(1,2),(1,3),(2,3),(3,1), (4, 1), (4,2) }}

~

e Rio o {X1#Xo, Xi+2# X0 +3, X1 #Xo+3, Xy # X +2}
=1(1,2),(1,4),(1,5),(2,3),(2,5),(3,1),(3,4),(4,2),(4,5), (5,1),

e Riz o {X1#X3, X1 +2# Xs+4, X1 # Xs4+4, X5 # X, +2}
e Ri s o{Xi1 #Xy, Xi +2# X4 +5, X1 #Xu+5, Xy # X, +2}
¢ Rys & {Xo # X3, Xo4+3#Xs4+4, Xy # Xz +4, X3 # X, +3)
o Roy o {Xo# Xy, Xo4+2# X4 +5, X0 # X445, X4 # Xo+3)

¢ R34 & {Xg# Xy, Xs+4# Xy +5,X3# X, +5 Xy #X3+4}
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Why this problem? /

Randomly generated CSP are too much artificial, different models

are in discussion, hard to interpret results (even in sequential)

some instances have no solution and others have a lot
L(2,n) #0 with n =4k or n =4k — 1
L(2, n) increases roughly as 4n /3"

the 1.(2,20) instance was still open until recently

it represents a real challlenge for CSP Resolution
symetries, duality, .
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Some Backtracking improvements

e Filtering by Forward Checking: FC
removes values of domains wich are detected locally inconsistent
before or while searching.

e Heuristic for Dynamic Variable Ordering: MRV
Minimum Remaining Value for a first fail principle

¢ Decomposition :
replaces if possible one CSP by some easier subproblems.

k
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Forward-Checking

e Principle : partial filtering with Arc Consistency property
when a variable is instantiated and restoring when Backtracking ;

e Example :
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Minimum Remaining Values

e Principle

e Example :

remaining values in its domain (First Fail Principle);

assign first the variable with the minimum
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Decomposition Methods

— Structural Decomposition : (Freuder’s Theorem 82)
"Cycle Cutset” or "Tree Clustering” methods.
main idea : use of relations between the variables,
— Memory explosion, not yet used for Parallelizing.

— Domain Decomposition : (Jégou 93)
main idea : use of relations between the values of the domains;

— Decomposition (P) : Py, ... ,Ps
* Micro-Structure (P) : u(P)
+ Triangulation (u(P)) : I'(
+* Maximal Cliques (I'(u(P),0) : Y1, ..., Y

\_ \
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Parallel Resolution of CSP

Distributing the search tree :

Processor 1 Processor 2 Processor 3

Domain Decomposition :

Shared Memory

& & &

Processor 1 Processor 2 Processor 3
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\ Tree Search Distribution approach /

e Main (simple) idea : Assigning all the possible values to some
DepthLevel variables: Generate and Test step.

¢ Generation Algorithm (P) : Py, ... ,Ps
— For i = 1 to DepthLevel do

For j = 1 to d do /d = domains size/
ﬁw A|VA;X<H = @T;vmw = V2, v

¢ Number of subproblems (tasks): § =d
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ene ate and Test step
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ow to choose the initial a 1ables to be ed

e Na ve strateg : fi s S S
( s P s Xp )
Sear trateg : S s 8 S
S S S S S S S
S p S red e ear e ort
Parallel trateg : S s S s S
S ks S S S
ind e ore aralleli S S

¢ nde endent trateg : s ” ”
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