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THE EXTENSIONAL CONSTRAINT: TABLES AND MDDS UCLouvain
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2016 : New algorithm! Compact-Table [CP2016], based on bitwise
operations, completely outperformed existing algorithms W



THE 3 DIMENSIONS OF EXTENSION UCLouvain
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CT: UPDATE UCLouvain

Classical update Reset update
supports[zb] |00 |0 |1 = | supports[za] | 1]0]0 |0
4 supports[zd | 1100 £ { supportsfzc [0 1[0 |0
supportslzfl [0[ 100 < | supportslzel [0] 0] 0] 1
~U= U=
mask |0[0]1]0] mask |1[1]0]1]
n n
old currTable [1[1]1]0]| old currTable [1][0[1]0]
new currTable [0 [ 0] 1] 0] new currTable [1][0[0]0]




CT: PROPAGATION

c[ofa]afo]

currTable

[o]1]1]0]

N N

orts[x,b]

[1]1]0]0] [oJofof1]

a
o

supportsx.al

o

[of1]of0] lofofofo]

v 7 v

not empty empty
I 4

a € dom(x) dom(x)\{b}

UCLouvain



1ST DIMENSION: FROM GROUND TABLES TO SMART TABLES




BASIC SMART TABLE UCLouvain

A Basic Smart Table contains unary Smart Elements representing multiples values
single value: e %, KX, A @ f
‘ x Y z /
i [ value: . U © @ ©
1 . . cian) ___— universalvalue: « . . . . . .
:Z #b“ : S*a ——— exclusion: # e a, b, @ @ x 6
T4 Z-C #.b ? — upper bound: < ¢ ., ., ., A, ¥, x

%ower bound: > ¢ . x. 8@ 8 0

set: € {a, ¢, d} ., X, ., ., ¥, X



CT*: CT WITH MODIFIED CLASSICAL UPDATE UCLouvain

eleolNe)

*

1
supports*zbl 0
4 { supports*[z,d] 0
supports*[zf] 1

NU_

mask -n
old currTable 7\“

new currTable 7\““




CT*: BENCHMARKING [[JUCLouvain

o CT*eCT oShortSTR2 “STR2

100 Complexity of CT*:
(1) =—> f same as CT (O(rdt))
»n 80 (2 ’
o (4) (1) CT* best 90% of the
% 60 time
£ (2) CT requires < 2x
5 40 time on 80%
NS 90 (3) (3) ShortSTR2 needs
l > 2x time
0 (4) ShortSTR2 needs

1019 28374655 64738291 10 97 .- n oo
7 (time)

600 instances, 20 variables, domain size from 5 to 7, 40 random tables by instances, arity of 6 or 7, tightness
[0.5%;2%], 1, 5, 10 or 20 % of short tuples



CT*: ALREADY HANDLING # v UCLouvain

|dom(z)| == |dom(z)| > 1

Trivial! If |Ay| < |dom(z)|

Handled b iabl [
andled by variable x Tuple always valid!

At least one valid value
supports*[z][r] =0

|A| > |dom(z)| always true! If|AL] > [dom(z)|
ResetUpdate(x) used :

and already working! ResetUpdate(x) used

and already working!



ADDITION OF < v AND > v

<d<b>e>bh
ol
~mask | 1[1]1]1]
N
supportsMin(s,_c | (1]of1]1]
z.min, N
supportsMax[x,\(L] ‘1 ‘ 1 ‘ 0 ‘ 1‘

T.max

newmask [ 1 ] O]O [ 1]
| [1]
| [1]

old currTable ]

0 1
0 1

OTI
OTO

new currTable ]

UCLouvain



ADDITION OF € s: CT WITH RESET UPDATE ONLY

UCLouvain

sets structured sets
{a} 1 *
{a},{b},{a, b} 3 a, b, * 3
{a} {0} {ch L O, [ abeta
{a,c},{b,c}, {a, b, c} # b, ¢, *
{a}, {b}, ..., {a, b}, (@D, a,b, ¢, d,
@5 @8 @D, (- o, 15| <b>c#a 11
{a,b,c},....{a, b, c, d} £ b,# ¢, # d, *
{a}, {0}, {a, v}, (6. (EIED. (@8D). a.b.c.d,e
@G0 0D 68 @D @D | <v<c>c
{a. b, <} (I (EIBE). (EIEED. > d# a# b,
-,...,{a,b,qd}, {a, b, e, d, e} #c,# d,# e *




CT®: CT WITH MODIFIED UPDATE UCLouvain

- supports[zuv]: supports value v

- supports*[zuv]: supports only value v

- supportsMin[zvl: supports at least one value > v
- supportsMax[zuv]: supports at least one value < v



CT;s: BENCHMARKING UCLouvain

Complexity of CT?*:
B same as CT (O(rdt))
5]
E (1) CT®* best on 40 + 30%
Z
(1) = ot (82g(yCT needs < 2x for
(1) =P ?
20 (3) Overhead due to Set
10 only
01.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 7.1

speedup ratio

XCSP3 instances with only tables, transformed into basic smart table with at least 10% compression (1) with only
< wand > v (2) with < vand > v + post processing to add * and # v, (3) with elements treated as simple sets



2ND DIMENSION: FROM POSITIVE TO NEGATIVE TABLES




17

135119 9sJeds

[NTUCLouvain

BCISELEN 185119 paIndwo0d9id
~—
& — old|lo|lo|d|ollo|o|«
[y — —|o|lo|lw|lolol|lo|—|o
o
> € g |- olo|—|lo|-|lo||lo|lo|—
— i a
ANn ﬂo.wl " |o|d|lollolo|w]||lo|-|o
i -1 ©
= S a
S e a |lo|lo|d|l—|o|o||lo|+|o
= > >
2 RS v
= & — L e ele e e e
o >
= & — ° |lo|+|ollo|—|o|lo|—]|o
w )
o < — D lalolollo|lo|w||—|o|lo
— L | ©
= T TE® T §%©S T 8% T
= 888 §848 §84
T
(&)
"))
<<
n
v |l moaooaooua oo
>
U @ glovoouvuwoouvooca
W Fa)
©
= = gl ®mao oc uvua v oca
wn o |
A .N — N M < a0 O I~ 0
o = O S < S S
() on
" )
= = SO,
< N oo
o o 3
) = = =
o0 s a ¢
o O S o
£ SIS
- o
O e =




CT,eq: CT WITH MODIFIED PROPAGATION UCLouvain

HESESES HESENESE]
= n = N
HEICIENED HEIERI
GeTATe] {ATATeTe]
I I
bitCount =1 # bitCount =2 =
| dom(y)| x |dom(z)] | dom(y)| x |dom(2)]
—_—— —_— =
=2 “ =1 =2 l} =1

a € dom(x) dom(x)\{b}



: BENCHMARKING [[JUCLouvain

neg*

CT ey AND CT,

Complexity of CT,,.,:
100 *STRNe ®CT,.,®CT.; CT's complexity x
/r T complexity of bitcount
=% (O(rdLk))
2 w .
8 (2) (3) Complexity of CT;,:
g 60 CTheg's cOmplexity, us-
= ing ¢ the # of tuples with
g 40 dummy ones (O(rd% k)
X 90 (1) STRNe best 85%

(2) CT,., requiers max

0101111121213 1414151516 1.6 14
7 (time) (3) CT,e, requiers max

1.6x

600 instances (with high number of solution), 20 variables, domain size from 5 to 7, 40 random tables by
instances, arity of 6 or 7, tightness [0.5%;2%], 1, 5, 10 or 20 % of short tuples
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neg*

CT,eq AND CT,

Complexity of CT,,.,:
®CT)cy ®CT;,., *STRNe CT's  complexity — x
100I|r' complexity of bitcount
(1) (O(rdtk))
Complexity of CT;,:
CTheg's complexity, us-
ing ¢ the # of tuples with
dummy ones (O(rd% k)
(1) CT,,eq best 85% of the
time
(2) < 1.8x for CT;,,
010 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 8.2 (3) STRNe requiers >
7 (time) 2.5x on 40% of in-

stances

w 80

o
3
S

(3)

% instance
1NN
(@)

[\
S

45 instances (with low number of solutions), 10 variables, domain size of 5, 40 random tables by instances, arity
of 6, tightness 10,... 90%, no short tuples %
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neg*

CT ey AND CT,

®CT?, ®CT,ey *STRNe Complexity of CT,,.,:

100" — CT's  complexity  x
(1) = complexity of bitcount
g 80 (O(rdLF)
é’ a0 Complexity of CT;,:
g (2) =3 — (3) ;Tneg's complexity, u;-
8 40 ing ¢ the # of tuples with
5; dummy ones (O(rd% k)
20 (1) CT;,., best 90% of the
0 time
10 4.988 13 17 21 24 28 32 36 40 (2) > 6x for 50%
7 (time) (3) > 11x for 50%

100 instances (with low number of solutions), 3 variables, domain size of 100, 40 random tables by instances,
arity of 3, tightness [0.5;2%], 5, 10 or 20 % of short tuples



3RD DIMENSION: FROM TABLES TO GRAPHS
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MDD, SMDD AND MVD [[JUCLouvain
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DATA STRUCTURE UCLouvain

. Name | Set Bit-set
B currArcs(z] {e1,e0,e3,e4) [1111]
" supports[zs,0] | {e1, s, 3, ea} [1001]
v arcsT[Gzy] {s( e, e3,5¢} [0110]
- arcsHlzy,I] {er, e, 3¢, ¢} [1100]

¢ &
y
.
ey

24



COMPACT-DIAGRAM: UPDATE

UCLouvain

currArcs[z]
[11]

currArcs|a]
[1111]

currArcs|zs]
[11111]

currArcs(zl
[1111]

currArcs|as]
[1111]
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COMPACT-DIAGRAM: UPDATE
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st step
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currArcs[z]
[11]

currArcs|a]
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COMPACT-DIAGRAM: FILTERING UCLouvain

1

{0,1}3 {0} ~ {0,1} {0,1}  {0,1}

24

T

3

2

o @ (zv) | currArcsix] supportslxy] | N

" (21,0) 11 10 10

¥ @ (21,1) 11 01 01

4 ,/ (23,0) 001000 101100 001000

i ’ (23,1) 001000 010011 000000

5 (24,0) 0001 1001 0001

~ ) (24,1) 0001 0110 0000
(25,0) 01 10 00
(25,1) 01 01 01

Aacz = {1}
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COMPACT-DIAGRAM: FILTERING UCLouvain

1

{01} {0} {01} {01} {E1}

24

T

3

2

8 (zv) | currArcsix] supportslxy] | N
v (21,0) 11 10 10
v (21,1) 11 01 01
- (z5,0) | 001000 101100 001000
v (z3,1) | 001000 010011
- (21,0) 0001 1001 0001
> (24,1) 0001 0110
(25,0) 01 10
(25,1) 01 01
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CD: BENCHMARKING UCLouvain

—-(CD? Complexity of CD:
100 - Q_Ilp_ M@@ similar to cT
8 %0 ;"'—_:_____—"'"__' (O(max(n, d)r2))
< ,::" &~ (3) (1) CD gives best re-
(1) @ 4 sults, sMDDs better than
w40 MDDs
E 20 (2) MDD4R only best on
2)\0 (2 12%
01 2 4 8 16 (3) MDD4R requires >
7 (time) 2 on 35%

XCSP3 instances with only tables, transformed into sMDD or MDD instances only



CD: BENCHMARKING UCLouvain

—(CT —-CD?

Complexity of CD:
-==CDP
(1) L9 CD __._E/IEPEE similar to cT
O 80 // e (O(max(n, d)re))
=60 r"'"—------"', (1) CT still best 95%
75 40 17_' (2) Reduction of the gap:
a ) CD*® requires < 2x for
.Z 20 N 60%, CDP requires < 2x
& Of‘ 2 4 8 16 32 64 132 for 50%, while MDD4R
T (tjme) requires < 2x for 5%

XCSP3 instances with only tables, transformed into SMDD or MDD instances only

28



BASIC SMART DIAGRAMS UCLouvain
Domains @ R
20 :{0,1,2} :
2 :{0,1,2,3,4,5} . L 2 _ o
T2 - {07 1, 2} ﬁ( 0 >P
c{1,2} >4 €{0,2} =

1245

A
N

29



CD: BENCHMARKING UCLouvain

100%

80%

75} . . .
S oo (1) CT and CT?* still dominating
< .
E (2) CD% becomes efficient
o 0% when compression is high
i — CTonp 3) gap reduced
20% [ & F === CT" on Bpst || ( ) §ap
R R D" on Bran
;'b (2) -« CD on ﬂ:ldddd
0% s L L L -
20 21 22 23 24 25 26 27 28 29

7 (time)

XCSP3 instances with only tables, transformed into bs-table, MDD and bs-MDD instances only
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CONCLUSION UCLouvain
CTneg add x

D ™
(\@@ QQ%?}

./—add*—>@

H. Verhaeghe, C. Lecoutre and P. Schaus. Extending Compact-Table to Negative and Short Tables. AAAIT7
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CTneg add x CTtwg

z%’é& Qe‘%@&
N add # o,
e{v,w, ...}

H. Verhaeghe, C. Lecoutre and P. Schaus. Extending Compact-Table to Negative and Short Tables. AAAIT7
H. Verhaeghe, C. Lecoutre, Y. Deville and P. Schaus. Extending Compact-Table to Basic Smart Tables. CP2017
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CONCLUSION UCLouvain

CTneg add = CTr

neg
) X
0@@ QQ?}
add # v,
e{v,w, ...}

H. Verhaeghe, C. Lecoutre and P. Schaus. Extending Compact-Table to Negative and Short Tables. AAAIT7
H. Verhaeghe, C. Lecoutre, Y. Deville and P. Schaus. Extending Compact-Table to Basic Smart Tables. CP2017

H. Verhaeghe, C. Lecoutre, P. Schaus. Compact-MDD: Efficiently filtering (s)mdd constraints with Reversible
Sparse Bit-Sets. JCAI18
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CONCLUSION [[JUCLouvain

z%’éx Qe%?}&
N add # o,
6 {U’ w? }

H. Verhaeghe, C. Lecoutre and P. Schaus. Extending Compact-Table to Negative and Short Tables. AAAIT7

H. Verhaeghe, C. Lecoutre, Y. Deville and P. Schaus. Extending Compact-Table to Basic Smart Tables. CP2017
H. Verhaeghe, C. Lecoutre, P. Schaus. Compact-MDD: Efficiently filtering (s)mdd constraints with Reversible
Sparse Bit-Sets. JCAI18

H. Verhaeghe, C. Lecoutre, P. Schaus. Extending Compact-Diagram to Basic Smart Multi-Valued Variable
Diagrams. CPAIOR19
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PERSPECTIVES UCLouvain

- Increasing non-determinism in diagrams
- Closing the gap between diagrams and tables propagators

- Direct use of compressed tables and non-deterministic diagrams in applications

33



Thank you for listening!

Any questions?

https://hverhaeghe.bitbucket.io/

34
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