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5.53 circuit
DESCRIPTION LINKS GRAPH
Origin [229
Constraint circuit(NODES)
Synonyms atour, cycle.
Argument NODES : collection(index—int,succ—dvar)
Restrictions required(NODES, [index, succ])

NODES.index > 1
NODES.index < |NODES|
distinct(NODES, index)
NODES.succ > 1
NODES.succ < |NODES|

Enforce to cover a digrapf described by th&0DES collection with onecircuit visiting

Purpose )
P once all vertices of7.

index — 1 succ — 2,

Example < index —2 succ — 3, >
index —3 succ —4,

index —4 succ—1

Thecircuit constraint holds since if0DES argument depicts the following Hamiltonian
circuit visiting successively the verticés2, 3, 4 and1.

Typical |NODES| > 2
Symmetry Items ofNODES arepermutable
Remark In the originalcircuit constraint ofCHIP the index attribute was not explicitly present.

It was implicitly defined as the position of a variable in d.lis

Within the context of linear programming][ this constraint was introduced under the
nameatour. In the same contextlpP0, page 380] provides continuous relaxations of the
circuit constraint.

Within the KOALOG constraint system this constraint is editycle.

Algorithm Since allsucc variables of thel0DES collection have to take distinct values one can reuse
the algorithms associated with theldifferent constraint. A second necessary condi-
tion is to have no more than one strongly connected compoReaning for enforcing this
condition can be done by forcing alirong bridgeto belong to the final solution, since
otherwise the strongly connected component would be brakant. When the number of



Origin
The origin of the constraint: reference to a paper, to a person, to an other constraint or to a system.


Constraint
The constraint name and its arguments.


Synonyms
List of synonyms for the name of the constraint.


Argument
Argument of the constraint and its corresponding type.


Restrictions
Additional conditions refining the type declarations of one or several arguments of the constraint.


Purpose
Definition in natural language of the meaning of the constraint.


Example
One or several examples of ground solutions of the constraint.


Typical
Typical condition on the arguments of the constraint.


Symmetry
A mapping (e.g., permutation of arguments, permutation of items, permutation of attributes, permutation of values, translation of attributes) that preserves the solutions of the constraint.


Remark
Miscellaneous comments about the constraint that do not fit in the other slots.

http://www.cosytec.com

Algorithm
References (or short description) to the filtering algorithm attached to the constraint.


Systems

See also

Keywords
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vertices is odd (i.e|NODES| is odd) a third necessary condition is to have a bipartitplyra
(see theAlgorithm slot of thebipartite constraint).

Further necessary conditions (useful when the graph issepaombining the fact that
we have a perfect matching and one single strongly connexegbonent can be found
in [347]. These conditions forget about the orientation of the afdhe graph and charac-
terise new required elementary chains. A typical patteralinng four vertices is depicted
by Figure5.116where we assume that:

e There is an elementary chain betweesgndd (depicted by a dashed edge),
e b has exactly3 neighbours.
In this context the edge betweerandb is mandatory in any covering (i.e., the arc fram

to b or the arc fromb to a) since otherwise a small circuit involvirig ¢ andd would be
created.

Figure 5.116: Reasoning about elementary chains and dedfee have an elemen-
tary chain betweenandd and ifb has3 neighbours then the edge, b) is mandatory.

When the graph is planat$7[ 127 one can also use as a necessary condition discovered
by Grinberg [L77] for pruning.

Finally, another approach based an the notiof-tdughness05 was proposed inf09
and evaluated for small graphs (i.e., graphs with upsteertices).

circuit in Gecodecircuit inJaCoP,circuit in SICStus

common keyword: alldifferent (permutation), circuit_cluster (graph constraint,
one_succ), path (graph partitioning constraint, one_succ),
tour (graph partitioning constraint, Hamiltonian).

generalisation: cycle (introduce a variable for the number of circuits).
implies: alldifferent.

related: strongly_connected.

combinatorial object: permutation

constraint type: graph constrainigraph partitioning constraint

filtering: linear programmingplanarity teststrong bridge DFS-bottleneck
final graph structure: circuit, onessucc

problems: Hamiltonian



Systems
References to the constraint in some concrete constraint programming systems.

http://www.gecode.org/doc-latest/reference/group__TaskModelGraph.html
http://www.gecode.org/
http://jacopapi.osolpro.com/JaCoP/constraints/Circuit.html
http://www.jacop.eu/
http://www.sics.se/sicstus/docs/latest4/html/sicstus.html/Combinatorial-Constraints.html
http://www.sics.se/sicstus/

See also
Related constraints grouped by semantics links.
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Arc input(s) NODES
Arc generator CLIQUErscollection(nodesl,nodes?2)
Arc arity 2
Arc constraint(s) nodesl.succ = nodes2.index
Graph property(ies) e MIN_NSCC= |NODES|
e MAX ID=1
Graph class ONE_SUCC
Graph model The first graph property enforces to have one single stroogiyected component con-

taining |NODES| vertices. The second graph property imposes to only haeeitsr Since
each vertex of the final graph has only one successor we doeeat to use set variables
for representing the successors of a vertex.

Parts (A) and (B) of Figuré.117respectively show the initial and final graph associated
with the Example slot. Thecircuit constraint holds since the final graph consists of one
circuit mentioning once every vertex of the initial graph.

MIN_NSCC

MIN_NSCC=4,MAX_ID=1
(A) (B)

Figure 5.117: Initial and final graph of theircuit constraint

Signature Since the initial graph contaifl§0DES| vertices the final graph contains at m¢{¢@DES)|
vertices. Therefore we can rewrite the graph prop&fN_NSCC = |NODES| to
MIN_NSCC > |NODES|. This leads to simplifMIN_NSCC to MIN_NSCC.

Because of the graph prope@[ IN_NSCC = |NODES| the final graph contains at least
one vertex. Since a vertaxbelongs to the final graph only if there is an arc that has
as one of its extremities the final graph contains at leastanoe TherefordIAX _ID

is greater than or equal to 1. So we can rewrite the graph pgsopdAX_ID = 1 to
MAX_ID < 1. This leads to simplifM AX_ID to MAX ID.




Graph model
Explicit description in terms of graph property of the meaning of the constraint.


Signature
Provides some explanations about the graph based signature of the constraint.


20030820 603



