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The Extensional Constraint: Tables and MDDs
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Tables are the oldest most

used CP constraints

MDDs are equivalent to tables
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2016 : New algorithm! Compact-Table [CP2016], based on bitwise

operations, completely outperformed existing algorithms
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Types of diagrams



Types of diagrams: MDD, ...
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From table to MDD
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Types of diagrams: MDD, sMDD,...
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MDD, sMDD and MVD
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Comparison between MDD and sMDD

80% of sMDDs

have at most

1.1 times nodes

all sMDDs have

less nodes
70% of MDDs

have 7.5 times

or more nodes

sMDDs: Less few nodes but a bit more edges than MDDs
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The Compact-MDD algorithm



Compact-Table algorithm in a nutshell

x y z

τ1 0 1 0

τ2 0 1 1

τ3 1 0 2

τ4 2 1 0

• Step 1: update

• incremental from removed values

• reset from remaining values

• Step 2: filtering

τ1 τ2 τ3 τ4

1 1 1 1

supports τ1 τ2 τ3 τ4

(x,0) ✔ 1 1 0 0

(x,1) ✔ 0 0 1 0

(x,2) ✔ 0 0 0 1

(y,0) ✔ 0 0 1 0

(y,1) ✔ 1 1 0 1

(y,2) ✔ 0 0 0 0

(z,0) ✔ 1 0 0 1

(z,1) ✔ 0 1 0 0

(z,2) ✔ 0 0 1 0
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Data structure of Ccompact-Diagram

x1

x2

x3

x4

x5

ROOT

A B

CED F

G HJ I

K L

SINK

e1 e2 e3 e4

Name Set Bit-set

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

supports[x4,0] {e1,��ZZe2 ,��ZZe3 , e4} [ 1 0 0 1 ]

arcsT[HJ,x4] {��ZZe1 , e2, e3,��ZZe4} [ 0 1 0 0 ]

arcsH[x4,K ] {e1, e2,��ZZe3 ,��ZZe4} [ 1 1 0 0 ]
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Compact-Diagram: Update



Compact-Diagram: Update
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Ccompact-Diagram: Filtering



Compact-Diagram: Filtering

x1

x2

x3

x4

x5

ROOT

A B

CED F

G HJ I

K L

SINK

✗ ✗

✗
✗

✗✗
✗

✗ ✗ ✗

✗

∆x2 = {1}

x1 x2 x3 x4 x5

{0, 1} {0} {0, 1} {0, 1} {0, 1}

(x ,v) currArcs[x] supports[x,v] ∩

(x1,0) 11 10 10

(x1,1) 11 01 01

(x3,0) 001000 101100 001000

(x3,1) 001000 010011 000000

(x4,0) 0001 1001 0001

(x4,1) 0001 0110 0000

(x5,0) 01 10 00

(x5,1) 01 01 01

DDPOT2024 - H. Verhaeghe - Compact-Diagram, a CP propagator for MDDs and Diagrams using bitsets 12



Compact-Diagram: Filtering

x1

x2

x3

x4

x5

ROOT

A B

CED F

G HJ I

K L

SINK

✗ ✗

✗
✗

✗✗
✗

✗ ✗ ✗

✗

∆x2 = {1}

x1 x2 x3 x4 x5

{0, 1} {0} {0, �A1} {0, �A1} {�A0, 1}

(x ,v) currArcs[x] supports[x,v] ∩

(x1,0) 11 10 10

(x1,1) 11 01 01

(x3,0) 001000 101100 001000

(x3,1) 001000 010011 000000

(x4,0) 0001 1001 0001

(x4,1) 0001 0110 0000

(x5,0) 01 10 00

(x5,1) 01 01 01

DDPOT2024 - H. Verhaeghe - Compact-Diagram, a CP propagator for MDDs and Diagrams using bitsets 12



Ccompact-Diagram: Results



Results (4000 instances, 10 min T.O., 10 Go)

MDD4R is only better on 12%

CT still the best 97%

of the time

At most twice the time required
for 50% with CMDDp and
for 60% with CMDDs

while only 5% with MDD4R

CMDD more efficiant than MDD4R

Reduction of gap between table contraint (CT) and layered graph
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Basic Smart Diagrams
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Compact-Table for Basic Smart Table in a nutshell

• Step 1: update
• incremental from removed values

(=, ̸=, ∗)

• reset from remaining values (generic)

• from lower/upper bounds

(≤, ≥)

• Step 2: filtering
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Compact-Table for Basic Smart Table in a nutshell

• Step 1: update
• incremental from removed values (=, ̸=, ∗)
• reset from remaining values (generic, ∈, ̸∈)
• from lower/upper bounds (≤, ≥)

• Step 2: filtering
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Reorganization of supports bitsets

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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Results for basis smart diagrams (4000 instances)
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Results for basis smart diagrams (4000 instances)
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Conclusion



Conclusion

• New type of layered graph (sMDD) allowing less

nodes

• Compression of the edges of diagrams using basic

smart edges allowing less edges

• More efficiant layered graph based propagator

(Compact-Diagram)

• Gap reduction between table based (CT) and

layered graph based (CD) propagator

• First propagator for basic smart MVDs (CDbs)
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Thank you for listening!

Any questions?
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