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the extensional constraint: tables and mdds
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Tables are the oldest most
used CP constraints

MDDs/MVDs are equivalent to
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2016 : New Algorithm! Compact-Table [CP2016], based on bitwise
operations, completely outperformed existing algorithms
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the basic smart multi-valued variable diagram



mdd and mvd
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basic smart mvd

A basic smart MVD

x1

x2

x3

∗= b

∈ {a, c}≤ b∈ {b, c} ≥ e

̸= c̸= b

labeled with Smart Elements

single value: = e

universal value: ∗

exclusion: ̸= e

upper bound: ≤ c

lower bound: ≥ c

set: ∈ {a, c, d}

representing multiples values
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the compact-diagram algorithm, for mvds



data structure

x1

x2

x3

x4

x5

α

β

e1 e2 e4e3

Name Set Bit-set

currArcs[x4] (1) {e1, e2, e3, e4} [ 1 1 1 1 ]

supports[x4,0] (2) {e1,��ZZe2 , e3, e4} [ 1 0 1 1 ]

arcsT[α,x4] (2) {��ZZe1 , e2,��ZZe3 ,��ZZe4} [ 0 1 0 0 ]

arcsH[x4,β] (2) {��ZZe1 , e2, e3,��ZZe4} [ 0 1 1 0 ]

(1) mutable (2) immutable and precomputed
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compact-diagram

1. Which edges are still valid?

Update phase

2. Which values are no more supported?

Propagation phase
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compact-diagram: update
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compact-diagram: filtering
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x1 x2 x3 x4 x5
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(x1,0) 11 10 10
(x1,1) 11 01 01
(x3,0) 10000 10101 10000
(x3,1) 10000 01010 00000
(x4,0) 1000 1011 1000
(x4,1) 1000 0100 0000
(x5,0) 1000 0101 0000
(x5,1) 1000 1010 1000
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the compact-diagrambs algorithm, for bs-mvds



update from compact-tablebs for bs-table

Algorithm: Direct removal part of the update
if layer without ∈ then

if |∆(x)| < |dom(x)| then
Incremental update (=, ̸=, ∗);
Lower bound update (≤);
Upper bound update (≥);

else
Reset update (=, ̸=, ∗, ≤, ≥, ∈);

else
Reset update (=, ̸=, ∗, ≤, ≥, ∈);
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reset update (=, ̸=, ∗, ≤, ≥, ∈)

do
m
(x
)

=
a

↓

̸=
c

↓

∗

↓

≥
c

↓

≤
b

↓

∈
{b

,d
}

↓

supports[x,a]
supports[x,c]
supports[x,e]

1 1 1 0 1 0
0 0 1 1 0 0
0 1 1 1 0 0

∪ =

mask 1 1 1 1 1 0
∼=

mask 0 0 0 0 0 1

Algorithm: Reset update
foreach value a ∈ dom(x) do

mask[x]← mask[x] |
supports[x, a];

mask[x]← ∼ mask[x];

A bit of supports[x,a] is set to 1 if the label allows a.
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incremental update (=, ̸=, ∗)

∆
(x
)

=
a

↓

̸=
c

↓

̸=
d

↓

∗

↓

≥
c

↓

≤
b

↓

supports∗[x,a]
supports∗[x,c]
supports∗[x,e]

1 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

∪ =

mask 1 0 0 0 0 0

Algorithm: Incremental update
foreach value a ∈ ∆x do

mask[x]← mask[x] |
supports∗[x, a];

A bit of supports∗[x,a] is set to 1 if the label allows only a.
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lower and upper bound updates (≤, ≥)

=
a

↓

̸=
c

↓

∗

↓

≥
a

↓

≤
c

↓

≤
b

↓

supportsMin[x,x.min]
supportsMax[x,x.max]

0 1 1 1 1 0
1 1 1 1 1 1

∼=
∼ supportsMin[x,c]
∼ supportsMax[x,d]

1 0 0 0 0 1
0 0 0 0 0 0

∪ =

mask 1 0 0 0 0 1

Algorithm: Lower and upper bound
updates
if dom(x).minChanged() then

mask[x]← mask[x] | ∼
supportsMin[x, x.min];

if dom(x).maxChanged() then
mask[x]← mask[x] | ∼
supportsMax[x, x.max];

A bit of supportsMin[x,a] is set to 1 if the label allows at least a value ≥ a.

A bit of supportsMax[x,a] is set to 1 if the label allows at least a value ≤ a.
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edge reordering

word 0 word 1 word 2
w0 w1 w2 w3 w4 w5 w6 w7 w8 w9 - -
= ≤ ≥ ∈ ̸= > ̸∈ < ̸= ∗

⇓

word 0 word 1 word 2 word 3
w0 w4 w8 w9 w3 w6 - - w1 w7 - - w2 w5 - -
= ̸= ̸= ∗ ∈ ̸∈ ≤ < ≥ >
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update by categories

word 0 word 1 word 2 word 3
w0 w4 w8 w9 w3 w6 - - w1 w7 - - w2 w5 - -
= ̸= ̸= ∗ ∈ ̸∈ ≤ < ≥ >

Incremental or
Reset update
(depending if
|∆(x)| < |dom(x)|)

Reset update Lower bound
update

Upper bound
update
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cdbs: results



table→ mvd→ bs-mvd

A Table

x1 x2 x3

0 0 0
0 0 1
0 0 2
0 1 0
0 1 2
0 2 0
0 2 1
1 0 0
1 0 1
1 0 2
...

...
...

into an MVD

x1

x2

x3

0 1 21

1 2 4 5 0 20
1

0
10

2

into a bs-MVD

x1

x2

x3

∗= 1

∈ {0, 2}≤ 1∈ {1, 2} ≥ 4

̸= 2̸= 1
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comparison between bs-mdds and bs-mvds
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conclusion

∙ New type of layered graph (basic smart MVD)
allowing less edges

∙ Dedicated propagator (CDbs)
∙ Gap reduction between table based (CT) and
layered graph based (CDbs) propagator

x1

x2

x3

∗= 1

∈ {0, 2}≤ 1∈ {1, 2} ≥ 4

̸= 2̸= 1
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Thank you for listening!

Any questions?
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